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(57) ABSTRACT 

Software for controlling processes in a heterogeneous semi 
conductor manufacturing environment may include a Wafer 
centric database, a real-time scheduler using a neural net 
Work, and a graphical user interface displaying simulated 
operation of the system. These features may be employed 
alone or in combination to offer improved usability and 
computational efficiency for real time control and monitor 
ing of a semiconductor manufacturing process. More gen 
erally, these techniques may be usefully employed in a 
variety of real time control systems, particularly systems 
requiring complex scheduling decisions or heterogeneous 
systems constructed of hardWare from numerous indepen 
dent vendors. 
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METHODS AND SYSTEMS FOR CONTROLLING A 
SEMICONDUCTOR FABRICATION PROCESS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This claims the bene?t of US. App. No. 60/746, 
163 ?led on May 1, 2006 and US. App. No. 60/807,189 ?led 
on Jul. 12, 2006. This application is a continuation-in-part of 
US. application Ser. No. 10/985,834, ?led on Nov. 10, 2004, 
Which claims the bene?t of US. App. No. 60/518,823 ?led 
on Nov. 10, 2003 and US. App. No. 60/607,649 ?led on 
Sep. 7, 2004. This application is also a continuation-in-part 
of US. application Ser. No. 11/123,966 ?led on May 6, 
2005, and a continuation-in-part of US. application Ser. No. 
11/302,563 ?led on Dec. 13, 2005. 

[0002] Each of the foregoing commonly-oWned applica 
tions is incorporated by reference herein in its entirety. 

BACKGROUND 

[0003] 
[0004] This invention relates to, inter alia, methods of 
utilizing a Wafer-centric database to improve system 
throughput. 

[0005] 2. RelatedArt 

[0006] The handling of Workpieces such as Wafers Within 
a semiconductor manufacturing environment can present 
signi?cant computing challenges. HardWare such as process 
modules, handlers, valves, robots, and other equipment are 
commonly assembled from a variety of different manufac 
turers each of Which may provide proprietary or pre-com 
piled softWare unsuitable for a neWly conceived process. In 
addition, fabrication-Wide softWare typically compiles rel 
evant data as simple, chronological logs of output from 
sensors, process modules, controllers, and the like, so that 
?nding information for handler or Wafer-speci?c processing 
requires an initial search of all of the potentially relevant log 
?les for data, folloWed by processing the search results into 
a form suitable for process control such as scheduling 
decisions. 

1. Field 

[0007] There remains a need for improved softWare suit 
able for real-time control of semiconductor manufacturing 
processes. 

SUMMARY OF THE INVENTION 

[0008] Software for controlling processes in a heteroge 
neous semiconductor manufacturing environment may 
include a Wafer-centric database, a real-time scheduler using 
a neural netWork, and a graphical user interface displaying 
simulated operation of the system. These features may be 
employed alone or in combination to offer improved usabil 
ity and computational ef?ciency for real time control and 
monitoring of a semiconductor manufacturing process. 
More generally, these techniques may be usefully employed 
in a variety of real time control systems, particularly systems 
requiring complex scheduling decisions or heterogeneous 
systems constructed of hardWare from numerous indepen 
dent vendors. 

[0009] In one aspect, a user interface disclosed herein 
includes a display of a three-dimensional simulation of a 
semiconductor Workpiece handling system that includes a 
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hardWare item; and a link to information related to the 
hardWare item, Wherein the link may be substantially con 
tained Within an area of the display Where the hardWare item 
resides, and Wherein the information may include at least a 
status of the hardWare item and technical information for the 
hardWare item. 

[0010] The three-dimensional simulation may be a real 
time simulation based upon operation of a physical semi 
conductor Workpiece handling system. The semiconductor 
Workpiece handling system may include a plurality of hard 
Ware items, each one of the plurality of hardWare items may 
have a link to information associated thereWith. The tech 
nical information may include a list of replacement parts for 
the hardWare item. The technical information may include a 
manual for the hardWare item. The technical information 
may include a maintenance log for the hardWare item. The 
link may be activated by a mouse over of the link. The link 
may be activated by a mouse click of the link. The infor 
mation may be displayed in a neW WindoW upon activation 
of the link. The information may be displayed in a pop-up 
WindoW upon activation of the link. The status information 
may include sensor data received from the hardWare item. 
The status information may include diagnostic information 
for the hardWare item. The diagnostic information may 
include one or more of a performance evaluation, an 
expected time to failure, a maintenance alert, and an oper 
ating condition alert. The hardWare item may include one or 
more of a robotic arm, an end effector, an isolation valve, a 
heating station, a cooling station, a load lock, a vacuum 
pump, a robot drive, a metrology device, a sensor, a process 
module, and a device Within a process module. The hard 
Ware item may include a Workpiece. The Workpiece may 
include a semiconductor Wafer. The status information may 
include a particle map. The status information may include 
an estimated temperature. The status information may 
include a Wafer center location. The status information may 
include substantially real time data for the hardWare item. 
The display may include a tool for user selection of a 
perspective for vieWing the three-dimensional simulation. 

[0011] In one aspect, a system disclosed herein includes a 
state machine that controls operation of a semiconductor 
manufacturing system that may schedule processing of one 
or more Workpieces, the state machine may include a 
plurality of states associated by a plurality of transitions, 
each one of the plurality of transitions may have a Weight 
assigned thereto, Wherein When the state machine is oper 
ating Within one of the plurality of states, a selection of a 
transition from the one of the plurality of states to another 
one of the plurality of states may be determined by evalu 
ating the Weight assigned to each one of a number of 
possible transitions from the one of the plurality of states; 
and a neural netWork that may receive as inputs data from 
the semiconductor manufacturing system and may provide 
as outputs the Weights for one or more of the plurality of 
transitions. 

[0012] At least one of the states may represent a state of 
an item of hardWare Within the semiconductor manufactur 
ing system. At least one of the states may represent a 
position of a Workpiece Within the semiconductor manufac 
turing system. At least one of the states may represent a 
position of an isolation valve Within the system. The neural 
netWork may be updated in substantially real time. The 
neural netWork may be updated every 20 milliseconds. The 
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inputs to the neural network may include one or more of 
sensor data, temperature data, a detected workpiece position, 
an estimated Workpiece temperature, an actual Workpiece 
temperature, a valve state, an isolation valve state, robotic 
drive encoder data, robotic arm position data, end effector 
height data, a process time, a process status, a pick time, a 
place time, and a control signal. The inputs to the neural 
netWork may include at least one process time for a Work 
piece Within the semiconductor manufacturing system. The 
at least one process time may include one or more of a target 

duration, a start time, an end time, and an estimated end 
time. The inputs may include a transition time. The transi 
tion time may include one or more of a pump doWn to 
vacuum time and a vent to atmosphere time. At least one of 
the states may include a transition to itself. The state 
machine may be updated in substantially real time. The state 
machine may be updated every 20 milliseconds. The system 
may also further include a plurality of state machines, each 
one of the plurality of state machines may control a portion 
of the semiconductor manufacturing system according to 
one of a plurality of neural netWorks. 

[0013] In one aspect, a computer program product dis 
closed herein includes computer executable code embodied 
in a computer readable medium that, When executing on one 
or more computing devices, performs the steps of: control 
ling operation of a semiconductor manufacturing system 
With a state machine to schedule processing of one or more 
Workpieces, the state machine may include a plurality of 
states associated by a plurality of transitions, each one of the 
plurality of transitions may have a Weight assigned thereto; 
receiving data from the semiconductor manufacturing sys 
tem; calculating the Weight assigned to each one of a number 
of possible transitions from a current state of the plurality of 
states by applying the data as inputs to a neural netWork; and 
selecting a transition from the current state of the plurality 
of states by evaluating the Weight assigned to each one of the 
number of possible transitions from the current state. 

[0014] At least one of the plurality of states may represent 
a state of an item of hardWare Within the semiconductor 
manufacturing system. At least one of the states may rep 
resent a position of a Workpiece Within the semiconductor 
manufacturing system. At least one of the states may rep 
resent a position of an isolation valve Within the system. The 
computer executable code may further perform the step of 
updating the neural netWork in substantially real time. The 
computer executable code may further perform the step of 
updating the neural netWork every 20 milliseconds. The 
inputs to the neural netWork may include one or more of 
sensor data, temperature data, a detected Workpiece position, 
an estimated Workpiece temperature, an actual Workpiece 
temperature, a valve state, an isolation valve state, robotic 
drive encoder data, robotic arm position data, end effector 
height data, a process time, a process status, a pick time, a 
place time, and a control signal. The inputs to the neural 
netWork may include at least one process time for a Work 
piece Within the semiconductor manufacturing system. The 
at least one process time may include one or more of a target 

duration, a start time, an end time, and an estimated end 
time. The inputs may include a transition time. The transi 
tion time may include one or more of a pump doWn to 
vacuum time and a vent to atmosphere time. At least one of 
the states includes a transition to itself. The computer 
executable code may further perform the step of updating 
the state machine in substantially real time. The computer 
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executable code may further perform the step of updating 
the state machine every 20 milliseconds. The computer 
executable code may further perform the step of controlling 
operation of a semiconductor manufacturing system With a 
plurality of state machines, each one of the plurality of state 
machines controlling a portion of the semiconductor manu 
facturing system according to one of a plurality of neural 
netWorks. 

[0015] In one aspect, a method disclosed herein includes 
controlling operation of a semiconductor manufacturing 
system With a state machine to schedule processing of one 
or more Workpieces, the state machine may include a 
plurality of states associated by a plurality of transitions, 
each one of the plurality of transitions may have a Weight 
assigned thereto; receiving data from the semiconductor 
manufacturing system; calculating the Weight assigned to 
each one of a number of possible transitions from a current 
state of the plurality of states by applying the data as inputs 
to a neural netWork; and selecting a transition from the 
current state of the plurality of states by evaluating the 
Weight assigned to each one of the number of possible 
transitions from the current state. 

[0016] At least one of the plurality of states may represent 
a state of an item of hardWare Within the semiconductor 
manufacturing system. At least one of the states may rep 
resent a position of a Workpiece Within the semiconductor 
manufacturing system. At least one of the states may rep 
resent a position of an isolation valve Within the system. The 
computer executable code may further perform the step of 
updating the neural netWork in substantially real time. The 
computer executable code may further perform the step of 
updating the neural netWork every 20 milliseconds. The 
inputs to the neural netWork include one or more of sensor 
data, temperature data, a detected Workpiece position, an 
estimated Workpiece temperature, an actual Workpiece tem 
perature, a valve state, an isolation valve state, robotic drive 
encoder data, robotic arm position data, end effector height 
data, a process time, a process status, a pick time, a place 
time, an encoder position, a time remaining for a Workpiece 
in a process module, a time remaining for a Workpiece in a 
load lock, and a control signal. The inputs to the neural 
netWork may include at least one process time for a Work 
piece Within the semiconductor manufacturing system. The 
at least one process time may include one or more of a target 

duration, a start time, an end time, and an estimated end 
time. The inputs may include a transition time. The transi 
tion time may include one or more of a pump doWn to 
vacuum time and a vent to atmosphere time. At least one of 
the states may include a transition to itself. The method may 
further include the step of updating the state machine in 
substantially real time. The method may further include the 
step of updating the state machine every 20 milliseconds. 
The method may further include the step of controlling 
operation of a semiconductor manufacturing system With a 
plurality of state machines, each one of the plurality of state 
machines may control a portion of the semiconductor manu 
facturing system according to one of a plurality of neural 
netWorks. The method may further include training the 
neural netWork to calculate Weights for a desired Workpiece 
processing schedule. The state machine may schedule con 
current processing of a plurality of Workpieces. 

[0017] In one aspect, a method disclosed herein includes 
connecting a plurality of nodes into a neural netWork, each 
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one of the nodes represented by a programming object; 
de?ning a condition for converting one of the plurality of 
nodes into a second plurality of nodes; and When the 
condition is met, converting the one of the plurality of nodes 
into tWo or more nodes. The condition may include a 
processing constraint. 

[0018] In one aspect, a system disclosed herein includes a 
semiconductor manufacturing system; a controller that con 
trols processing of Workpieces Within the semiconductor 
manufacturing system, Wherein the controller permits a 
selection of one or more of a plurality of scheduling tech 
niques to control processing. 

[0019] The plurality of scheduling techniques may include 
one or more of rule-based scheduling, route-based schedul 
ing, state-based scheduling, and neural-netWork-based 
scheduling. The controller may provide an interface for user 
selection of the one or more of the plurality of scheduling 
techniques. The controller may select the one or more of the 
plurality of scheduling techniques according to a processing 
metric. The controller may employ at least tWo of the 
plurality of scheduling techniques concurrently. 
[0020] In one aspect, a method disclosed herein includes 
creating a data structure for a Workpiece, the data structure 
including an identity of the Workpiece and one or more ?elds 
for storing information relating to the Workpiece; processing 
the Workpiece in a semiconductor manufacturing system; 
receiving data from the semiconductor manufacturing sys 
tem relating to the processing of the Workpiece; and storing 
the data in one of the one or more ?elds of the data structure. 

[0021] The data structure may be an object oriented data 
structure. The data structure may be embodied in a relational 
database. The method may include creating a plurality of 
data structures for a plurality of Workpieces. The data may 
include a measured property of the Workpiece. The mea 
sured property may include a location of the Workpiece. The 
measured property may include a process time for the 
Workpiece. The measured property may include a tempera 
ture of the Workpiece. The data may include a calculated 
property of the Workpiece. The calculated property may 
include an estimated temperature of the Workpiece. The 
method may include updating the estimated temperature 
according to a thermal model for the Workpiece. The method 
may include storing a time at Which the temperature Was 
estimated. The Workpiece may include a semiconductor 
Wafer. The method may include providing data from a 
plurality of process modules for storage in the data structure. 
The method may include providing data from a robotic 
semiconductor Wafer handler for storage in the data struc 
ture. The method may include storing a time in one of the 
one or more ?elds of the data structure. The method may 
include storing an attribute of the data in one of the one or 
more ?elds of the data structure. The attribute may identify 
a source of the data. The attribute may identify a time that 
the data Was acquired. The method may include retrieving 
data from at least one of the one or more ?elds of the data 
structure and using the retrieved data to control processing 
of the Workpiece. The data may include a recipe for pro 
cessing the Workpiece. The data may include a particle map 
for the Workpiece that identi?es a location of one or more 
particles on the Workpiece. The data may include a process 
history for the Workpiece. 
[0022] In one aspect, a computer program product dis 
closed herein includes computer executable code embodied 
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on a computer readable medium that, When executing on one 
or more computing devices, performs the steps of: creating 
a data structure for a Workpiece, the data structure including 
an identity of the Workpiece and one or more ?elds for 
storing information relating to the Workpiece; receiving data 
from a semiconductor manufacturing system relating to 
processing of the Workpiece While the Workpiece is pro 
cessed by the semiconductor manufacturing system; and 
storing the data in one of the one or more ?elds of the data 
structure. 

[0023] The data structure may be an object oriented data 
structure. The data structure may be embodied in a relational 
database. The computer program product may include code 
the performs the step of creating a plurality of data structures 
for a plurality of Workpieces. The data may include a 
measured property of the Workpiece. The measured property 
may include a location of the Workpiece. The measured 
property may include a process time of the Workpiece. The 
measured property may include a temperature of the Work 
piece. The data may include a calculated property of the 
Workpiece. The calculated property may include an esti 
mated temperature of the Workpiece. The computer program 
product may include code that performs the step of updating 
the estimated temperature according to a thermal model for 
the Workpiece. The computer program product may include 
code that performs the step of storing a time of attaining the 
estimated temperature. The Workpiece may include a semi 
conductor Wafer. The semiconductor manufacturing system 
may include a plurality of process modules that provide data 
for storage in the data structure. The semiconductor manu 
facturing system may include a robotic semiconductor Wafer 
handler that provides data for storage in the data structure. 
The computer program product may include code that 
performs the step of associating a time With the data in one 
of the one or more ?elds of the data structure. The computer 
program product may include code that performs the step of 
storing an attribute of the data in one of the one or more 
?elds of the data structure. The attribute may identify a 
source of the data. The attribute may identify a time that the 
data Was acquired. The computer program product may 
include code that performs the step of retrieving data from 
at least one of the one or more ?elds of the data structure and 
using the retrieved data to control processing of the Work 
piece. The data may include a recipe for processing the 
Workpiece. The data may include a particle map for the 
Workpiece that identi?es a location of one or more particles 
on the Workpiece. The data may include a process history for 
the Workpiece. 

[0024] In one aspect, a system disclosed herein includes a 
semiconductor manufacturing system; at least one program 
to control operation of the semiconductor manufacturing 
system to process a plurality of Wafers, and to receive data 
from the semiconductor manufacturing system relating to 
one of the plurality of Wafers; a database that maintains a 
data structure for each one of the plurality of Wafers and 
stores the received data in the data structure corresponding 
to the related one of the plurality of Wafers. The at least one 
program may include softWare to optimiZe throughput of the 
semiconductor manufacturing system according to Wafer 
speci?c data in the database. 

[0025] In one aspect, a computer readable medium dis 
closed herein has stored thereon a data structure, the data 
structure may include: a ?rst ?eld uniquely identifying a 
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wafer; a second ?eld containing a measured value for the 
wafer during a fabrication process; a third ?eld containing a 
calculated value for the wafer; and a forth ?eld containing 
information about at least one process step to which the 
wafer has been exposed. The data structure may include a 
?fth ?eld containing at least one prospective processing step 
for the wafer. 

[0026] In one aspect, a system disclosed herein includes a 
semiconductor handling system including at least one robot 
and a plurality of process chambers; a software controller 
that controls operation of the handling system to process one 
or more workpieces; and an electronic interface that may 
include a shared medium that couples the at least one robot, 
the plurality of process chambers, and the controller in a 
communicating relationship. 

[0027] The shared medium may include a daisy chain in 
which the at least one robot, the plurality of process cham 
bers, and the controller share at least one wire. The shared 
medium may include a wireless network. The operation of 
the handling system may include controlling one or more 
slot valves. The operation of the handling system may 
include moving the one or more workpieces among the 
process chambers with the at least one robot. The operation 
of the handling system may include receiving sensor data 
from at least one of the plurality of process chambers. 

[0028] In one aspect, a system disclosed herein includes a 
semiconductor handling system that may include at least one 
robot and a plurality of process chambers; at least one 
workpiece within the semiconductor handling system; a 
database that stores data for the at least one workpiece 
indexed according to a unique identi?er for the at least one 
workpiece; a controller that controls operation of the semi 
conductor handling system, the controller may employ a 
neural network and a ?nite state machine to schedule 
handling of the at least one workpiece; and a graphical user 
interface that may display a real time three-dimensional 
view of the semiconductor handling system and the at least 
one workpiece. 

BRIEF DESCRIPTION OF FIGURES 

[0029] The foregoing and other objects and advantages of 
the invention will be appreciated more fully from the 
following further description thereof, with reference to the 
accompanying drawings wherein: 

[0030] FIG. 1 shows a semiconductor processing system. 

[0031] FIG. 2 shows a high-level software architecture for 
controlling operation of a semiconductor processing system. 

[0032] FIG. 3 shows a graphical user interface for human 
monitoring and control of a semiconductor processing sys 
tem. 

[0033] FIG. 4 shows a ?nite state machine. 

[0034] FIG. 5 shows a neural network. 

[0035] FIG. 6 shows a neural network providing weights 
to a ?nite state machine. 

[0036] FIG. 7 shows a process for controlling a semicon 
ductor processing system with a ?nite state machine and a 
neural network. 
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[0037] FIG. 8 is a functional block diagram of a self 
propagating object in a neural network. 

[0038] FIG. 9 shows a data structure for wafer-centric data 
handling. 
[0039] FIG. 10 shows a use of wafer-centric information 
to control a workpiece fabrication process. 

[0040] FIG. 11 shows an application of time-based wafer 
data stored in a wafer-centric database. 

[0041] FIG. 12 shows a software system including a black 
box data recorder. 

[0042] FIG. 13 shows a network for interconnecting pro 
cess hardware. 

DETAILED DESCRIPTION 

[0043] The systems and methods described herein relate to 
software for operating a semiconductor manufacturing sys 
tem. While the following example embodiments are directed 
generally to semiconductor fabrication, it will be understood 
the that the principles disclosed herein have broader appli 
cability, and may be usefully employed, for example, in any 
industrial control environment, particularly environments 
characterized by complex scheduling, control of robotic 
components, and/or real time processing based upon system 
states, sensor feedback, and the like. 

[0044] FIG. 1 shows a semiconductor processing system. 
The system 100 for processing a wafer 104 may include a 
plurality of valves 108, a plurality of process tools 110, 
handling hardware 112, control software 114, and a load 
lock 116. In general operation, the system 100 operates to 
receive a wafer 104 through the load lock 116, to move the 
wafer 104 among the process tools 110 with the handling 
hardware 112 so that the wafer 104 may be processed, and 
to remove the processed wafer 104 through the load lock 
116. 

[0045] The wafer 104 may be any wafer or other work 
piece processed by the system 100. More generally, terms 
“wafer” and “workpiece” are used herein as a short hand for 
all substrates and other materials that might be handled by 
a semiconductor fabrication system. It will be understood 
that, while the following description is applicable to wafers, 
and refers speci?cally to wafers in a number of illustrative 
embodiments, a variety of other objects may be handled 
within a semiconductor facility including a production 
wafer, a test wafer, a cleaning wafer, a calibration wafer, or 
the like, as well as other substrates (such as for reticles, 
magnetic heads, ?at panels, and the like), including sub 
strates having various shapes such as square or rectangular 
substrates. In addition, a particular wafer-related operation 
may relate to a batch of wafers, which may be arranged 
horizontally within a plane, vertically stacked, or otherwise 
positioned for group handling, processing, and so forth. All 
such workpieces are intended to fall within the scope of the 
term “wafer” or “workpiece” as used herein unless a differ 
ent meaning is explicitly provided or otherwise clear from 
the context. 

[0046] The valves 108 may include slot valves or any 
other isolation valves or other hardware for isolating the 
environment of a process tool 110 from a shared vacuum 
environment of the system 100. Each valve 108 may be 
operable to selectively isolate one or more interior cham 
bers. 
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[0047] The process tools 110 may include any tools or 
modules suitable for processing semiconductor Wafers. For 
example, the process tools 110 may include any semicon 
ductor process module or tool, including Without limitation 
metrology tools, deposition tools, lithography tools, etching 
tools, coating tools, bulfer stations, storage tools, inspection 
tools, heating/cooling stations, and so forth. The process 
tools 110 may also, or instead, include cluster tools With a 
number of different process tools arranged about a common 
Wafer handler. 

[0048] The handling hardWare 112 may include one or 
more robotic arms, transport carts, elevators, transfer sta 
tions and the like, as Well as combinations of these. In 
general, the handling hardWare 112 operates to manipulate 
Wafers 104 Within the system 100, such as by moving a 
Wafer 104 betWeen tWo of the process tools 110, or to/from 
the load lock 116. While in certain instances, the handling 
hardWare 112 may include a single robotic arm or transport 
cart, more complex combinations may be usefully 
employed, such as a number of robotic arms that hand off 
Wafers along a line of process tools (either directly or via a 
transfer station), a number of robots that service a cart (such 
as a magnetically levitated cart or a cart on rails) for 

relatively long distance transport, and so forth. All such 
combinations that might be usefully employed to manipulate 
Wafers and transfer Wafers among process tools 110 are 
intended to fall Within the scope of the handling hardWare 
112 described herein. 

[0049] The control softWare 114 performs a variety of 
tasks associated With processing Wafers 104 Within the 
system 100. By Way of example and not limitation, the 
control softWare 114 may control operation of the valves 
108, process tools 110, handling hardWare 112, and load lock 
116. Each of these hardWare items may have a proprietary or 
open programming interface, and the control softWare 114 
may also, or instead, manage communications With these 
hardWare items, such as by interpreting data from the 
hardWare or providing control signals to the hardWare. At a 
more abstract level, the control softWare 114 may coordinate 
the various components of the system 100 to schedule 
processing of one or more Wafers 104, such as by coordi 
nating and controlling operations of the load lock 116 and 
handling system 112 to move a Wafer 104 into the system 
100 and into one of the process tools 110. The control 
softWare 114 may also provide an external programmatic 
interface for controlling the entire system 100, and may also, 
or instead, provide information to a fabrication-Wide com 
puter infrastructure, such as event logs, status information, 
and the like. As Will be described in greater detail beloW, the 
control softWare 114 may employ a neural netWork to 
calculate Weights for a ?nite state machine that controls 
process scheduling. As Will also be described in greater 
detail beloW, the control softWare 114 may use data from or 
provide data to a Wafer-centric database. The control soft 
Ware 114 may also provide a graphical user interface for user 
interaction With the system 100 and related process data. 
More generally, the control softWare 114 may support any 
softWare functions associated With status, monitoring, main 
tenance, evaluation, programming, control, and/or operation 
of the system 100, Whether With respect to particular 
devices, the system 100, or a fabrication facility of Which the 
system 100 forms a part. 
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[0050] The load lock 116 may include any device or 
combination of devices that operate to control access to a 
vacuum or other controlled interior environment 118 main 
tained for the handling hardWare 112 and process tools 110. 
It Will be appreciated that, While a single load lock 116 is 
depicted, the system 100 may include multiple load locks 
116, such as an exit load lock opposite the ?rst load lock 116 
(i.e., at the bottom of FIG. 1), one or more mid-entry load 
locks 116, and the like. The load lock 116 may include 
multiple shelves for batch Wafer operations, heating/cooling 
systems, sensors to detect, e.g., Wafer position, temperature, 
and the like, and any other systems or sub-systems useful for 
handling and/or temporary storage of Wafers in transit 
betWeen the interior environment 118 and an exterior envi 
ronment. The load lock may include vacuum pumps, vents, 
gas supplies, slot valves, and any other hardWare useful for 
handling Wafers in this context. It Will be further appreciated 
that the load lock 116 may expose the interior environment 
118 directly to an external environment such as a clean 
room, or may be coupled to an equipment front end module, 
uni?ed pod handler, or the like to transition single Wafers or 
groups of Wafers betWeen the interior environment 118 and 
other areas of a fabrication facility. 

[0051] It Will be appreciated that the description of the 
system 100 is purposefully generic. A semiconductor pro 
cessing system may include a Wide array of hardWare, 
sensors and the like, all of Which may be controlled or used 
by the control softWare 114 to achieve desired Wafer pro 
cessing. For example, although four process tools 110 are 
depicted, it Will be understood that feWer or more tools 110 
may be employed, and each tool 110 may be a single tool, 
a process module, a cluster tool, stacked process modules, 
batch processing modules, and so forth. Further, While a 
linear arrangement is depicted, any suitable layout of tools 
110 and handling hardWare 112 may be usefully employed 
according to a particular process design. Further, tools such 
as aligners, robots, carts, tracks, elevators, and the like may 
be employed, along With sensors (such as pressure sensors, 
optical sensors, contamination sensors, etc.), timers, 
sWitches, valves, actuators, relays, motors, and so forth, may 
be suitably employed to control or monitor processes. All 
such variations are intended to fall Within the scope of the 
system 100 described herein. 

[0052] In more complex processing scenarios, the system 
100 may process multiple Wafers concurrently. Thus a ?rst 
Wafer may be introduced and moved by the handling hard 
Ware 112 to a process tool 110 and, While the ?rst Wafer is 
being processed, receive a second Wafer Which may be 
moved to a different process tool 110. Additional Wafers may 
be introduced, and/or one of the Wafers Within the interior 
environment 118 may be moved among the various process 
tools 110. Thus, any number of Wafers may be concurrently 
handled and/ or processed consistent With the physical capa 
bilities of the system 100. 

[0053] FIG. 2 shoWs a high-level softWare architecture for 
controlling operation of a semiconductor processing system. 
In general, the softWare 200 may include a number of 
process tool interfaces 202, other hardWare interfaces 210, a 
controller 220 including a hardWare interface 210 for inte 
grating communications With the foregoing, a user interface 
component 222, a scheduling/control component 224, a 
diagnostics component 226, and a fabrication facility inter 
face 230, and one or more databases maintained for facility 
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Wide use, such as a Wafer database 242, and a records 
database 244. It Will be appreciated that the foregoing 
softWare components and the arrangement thereof as 
depicted in FIG. 2 has been generalized to facilitate discus 
sion of the more speci?c systems described below, and that 
numerous variations are possible. 

[0054] The process tool interfaces 202 may be program 
ming interfaces resident on process tools, process modules, 
cluster tools, or the like. 

[0055] Interfaces to other hardWare 204 may include 
physical interfaces (e.g., Wire leads or a Wireless netWork 
connection) or programmatic interfaces to any other hard 
Ware useful in a semiconductor manufacturing process. This 
may include, for example, interfaces to robots, carts, eleva 
tors, aligners, slot valves, pumps, vents, heaters, coolers, 
electrically controlled grippers, and so forth. This may also 
include sensor interfaces such as outputs from thermom 

eters, optical sensors, pressure sensors, gas detectors, volt 
meters, ohmmeters, robotic drive encoders, and so forth. 

[0056] The controller 220 may be an integrated controller 
for a processing system, such as the system 100 described 
above. The controller 220 may be embodied on a computer 
or Workstation located physically near the system, or may be 
embodied in a remote computer located in a control room or 
other computer facility, or may be integrated into a fabri 
cation-Wide softWare system. 

[0057] The hardWare interface 210 may provide an con 
sistent internal interface for the controller 220 to exercise 
programmatic control over inputs and outputs for the hard 
Ware described above. 

[0058] Within the controller 220, the user interface com 
ponent 222 may provide a user interface for human control 
and monitoring of operation of the system 100. The user 
interface, Which is described beloW in greater detail, may 
include graphics, animation, simulations, manual control, 
recipe selection, performance statistics, and any other inputs 
or outputs useful for human control of the system 100. It Will 
be appreciated that a Wide variety of interface techniques are 
knoWn and may be usefully employed to provide a graphical 
user interface as described beloW. This includes netWork 
oriented interface technologies such as Web server technolo 
gies, as Well as application-oriented interface technologies. 
Unless otherWise speci?ed or clear from the context, all such 
technologies may be suitably employed With the systems 
and methods described herein. 

[0059] The scheduling component 224 processes recipes 
for Wafers Within the system 100. This may include sched 
uling of movements among process tools, as Well as pro 
cessing Within particular process tools. The scheduling com 
ponent may receive recipes in any suitable machine readable 
form, and may create corresponding control signals for the 
system 100. During execution, the control signals may be 
communicated to system components through the hardWare 
interface 210. Recipes and other system control instructions 
may be received from a remote location such as a central 
fabrication control system through the fabrication facility 
interface 230, or may be entered locally at a computer device 
that operates the controller 220. 

[0060] Scheduling may be controlled in a number of 
different Ways. For example, the scheduling component 224 
may employ state machines and neural netWorks as 
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described in greater detail beloW. HoWever, numerous other 
scheduling techniques are knoWn in the art for minimiZing 
or reducing processing time and cost, many of Which may be 
usefully employed With the systems and methods described 
herein. For example, the system may employ rule-based 
scheduling, route-based scheduling, state-based scheduling, 
neural netWork-based scheduling, and so forth. 

[0061] In one embodiment, the scheduling component 224 
may permit selection of one or more of these various 
scheduling models to control operation of the system 100. 
This may be presented, for example, as a user-selectable 
option in a user interface such as the interface described 
beloW. Once a scheduling technique is selected, a user may 
be prompted for any inputs such as rules, process steps, time 
constraints, and so forth. In other embodiments, the selec 
tion of a scheduling technique controlled by the controller 
220 based upon, for example, optimiZation or other analysis 
of hardWare connected to the hardWare interface 210 and/or 
any recipes scheduled for execution. Computerized selection 
of scheduling techniques may employ the creation and/or 
evaluation of one or more processing metrics such as an 

estimation of processing resources required, fault tolerance, 
throughput, or any other useful criteria With Which auto 
mated selections of scheduling techniques may be objec 
tively compared. In embodiments, the scheduling compo 
nent 224 may employ multiple scheduling techniques 
concurrently. While one example of this is the neural 
netWork-Weighted state machine described beloW, it Will be 
appreciated that numerous other combinations may be use 
fully employed. For example, the scheduling component 
224 may use a state machine to control robotics, While 
rule-based scheduling is employed to control and optimiZe 
use of process tools. All such variations are intended to fall 
Within the scope of this disclosure. 

[0062] The diagnostics component 226 may monitor 
operation of the system 100. This may include tracking 
scheduled maintenance as Well as monitoring operation of 
the system to identify hardWare failures and to determine, 
Where possible, When failures are becoming more likely 
based upon current operation. One useful hardWare diag 
nostics system is described, for example, in Us. application 
Ser. No. 11/302,563, incorporated by reference herein. The 
diagnostics component 226 may also monitor softWare per 
formance using, for example, the “black box” techniques 
described beloW. 

[0063] Other components 228 may include any other 
useful modules, executable ?les, routines, processes, or 
other softWare components useful in operating the controller 
220, and more generally, in controlling operation of a 
semiconductor manufacturing system 100 as described 
herein. This may include, for example, device drivers for 
controlling operation of hardWare through the hardWare 
interface 210. This may also include database management 
softWare, communications protocols, and any other useful 
softWare components. 

[0064] The controller 220 may include a fabrication facil 
ity interface 230 that may provide an interface to other users 
Within a fabrication facility. This may include a number of 
different types of interfaces. For example, the fabrication 
facility interface 230 may include a programmatic interface 
that facilitates remote operation and control of the controller 
220. The interface 230 may also, or instead, include a Web 






















