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METHOD FOR SCHEDULING SEMICONDUCTOR BACK-END FACTORIES

BACKGROUND
Field

(60013 Embodiments of the present disclosure generally relate o improving
opergtions for a back-end semiconductor factory, and more particularly 1o
techniques for confrolling a scheduling system for a back-end semiconducior

factory.

Description of the Related Art

180023 Manufacturing facilities across many different industries are responsible
for producing producis that are used in every facet of life. In the case of
semiconductor manufacturing, for example, semiconductor manufacturing facilities
manufacture products such as microprocessors, memory chips, microcontrollers,
and other semiconductor devices that have a ubiquitous presence in everyday life.
These semiconductor devices are used in a wide variety of applications, examples
of which include automobiles, computers, home appliances, cellular phones, and
many more. In recent vears, both the number of applications and demand for
devices (inciuding semiconductor devices) has steadily increased. This increased
demand has led manufacturing facilities {o become increasingly conscious of

increasing product variety and reducing delivery times.

00031 Each manufacturing environment is unigue and extremely complex, often
requiring immense amounts of capital for the necessary equipment, tools, facilities,
etc. Because manufacturing is so capital infensive, even small increases in factory
performance {(e.g., such as building to demand, shortening order to delivery time,
etc.} can have large effects on financial performance (e.g., by reducing cost through
leaner manufacturing, freeing up capital tied to idle inventory, etc.). For this reason,
many manufacturing facilities have implemented planning systems in their facilities

to ensure the complex plan for products are providing for on-time deliveries.
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[0004] in the pasi, semiconducior back-end factories, where products are
assembled and tested, have been simple encugh that they could be efficiently run
without significant effort. Typically planning may be performed using simple EBExcel
spreadsheets and schedules generated manually, if they are created at all. However
this is changing rapidly. The back-end processes are becoming more complex, e.g.,
reentrant flows are now common, so that the simple processes that worked in the
past are not capable of effectively running the factory. At the same time, advances in
supply chain oplimization are requiring that the factories have much sironger
requirements {o meet externally imposed due dates. Current processes are both not
capable of efficiently running the factery, nor are they capable of meeting the naw,

stringent supply chain requirements.

[8005] There is a need for an improved method for planning and scheduling a

factory back end.

SUMMARY

[{00086] One or more embodiments presented herein may provide techniques for
planning and scheduling a factory back end. The technigue begins by running a first
mathematical programing model applied to factory data and production targets that
produces a solution and processing the solution 1o produce a bottleneck loading
plan for at least one machine of the factory's bottlensck machine families. The
technigue further includes running a second mathematical programing mode!
applied 1o the botileneck loading plan that produces a solution and processing the
solution {o produce a conversion schedule for the at least one machine of the
botfleneck machine families. The technique further includes creating a lot schedule
for the factory by running a simulation that follows the conversion schedule. The

technique further includes publishing the ot schedule.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] So that the manner in which the above recited features of the present
disclosure can be understood in detail, a more particular description of the
disclosure, briefly summarized above, may be had by reference to embodiments,

some of which are illustrated in the appended drawings. lt is 10 be noted, however,
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that the appended drawings illustrate only typical embodiments of this disclosure
and are therefore not to be considered limiting of its scope, for the disclosure may

admit to other equally effective embodiments.

[0008] Figure 1 Hlustrates a block diagram of one architecture for a
manufacturing ervironment configured with a planning and scheduling system, in

accordance with embodimenis of the present disciosure.

[0009] Figure 2 is a block diagram ilustrating the planning and scheduling

system.

(0010} Figure 3 is a flow diagram illusirating a method for planning and

scheduling a factory back end.

[0011] To facilitate understanding, identical reference numerals have been used,
wherever possible, to designate identical elements that are common to the Figures.
Additionally, it is contemplated that elemenis disclosed in one embodiment may be

beneficially used in other embodiments described herein without specific recitation.

DETAILED DESCRIPTION

{00123 A scheduling system is provided to plan and schedule a semiconductor
back-end factory. The front-end is the part of the manufacturing where work is
performed on the wafer level, whereas in back end the work is pearformed at chip
and module levels. The front end and back end factories can be on the same or on
different locations. Although embodiments of the disclosure generally relate 1o the
back end factory, it should be apprecialed by one skilled in the art that the
scheduling sysiem disclosed here is may be ulllized for managing the front end
factory as well. Note ithai, for the sake of convenience, terminology related to the
manufacture of semiconductor devices is used in much of the following description
as a reference example of the manufacturing production process that can be
planned/scheduled using the techniques presented herein. Similarly, many of the
following embodiments use back-end semiconductor manufaciuring faciliies as
reference examples of fypes of manufacturing environments in which the technigues

presented herein can be used to provide and implement the scheduling system.
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{06131 Embodiments presented herein may include techniques for generating a
ot scheduie publishable to a dispaiching system of the back-end factory. The lot
schedule determines the time sach ot processes and the maching the ot is
processed on. Alternatively, the techniques generate, for each machine, a list of lots
that are o be processed and when each ot is to siart. To achieve this, the back-end
factory planning and scheduling system employs a method using mathematical
optimization to schedule semiconductor assembly and test facilities. The method
breaks scheduling inio three phases: creation of a botlleneck Ioading plan, creation
of a conversion schedule identifying when machine conversions are 1o be
performed, and creation of a ot schedule. The system creates and oplimizes the
boitleneck loading plan using a planning module. The planning module takes as
input the demands on the factory, factory performance data, such as units per hour,
machine capacity and quantity, target machine utilization, etc. The planning module
creates g mathematical programming mode!l, using for example linear programming
(LP} or mixed integer programming (MIP). The model is run {o generate a solution,
which is processed {o produce a boitleneck ioading plan for each of the factory's
botfleneck machine families. The plan includes what should be processed on each
one of the machines in the one, two, or more families of bottleneck machines. The
boitleneck icading plan specifies which producis the bottleneck family (machines)
should process in a given time interval. In one example, the bottleneck loading plan
optimizes on-time delivery of product and minimizes the number of conversions
needed. The botlleneck loading plan may oplimize other key process indicators
(KPis), such as a list of preferred products o be processed on specified machines,
etc. The bottleneck loading plan is fed to a conversion module that is optimized to
provide on-time delivery of product and spread out conversions evenly throughout a
specified time period. The conversion module creates a mathematical programming
model, using for example linear programming (LP) or mixed integer programming
(MIP). The modsl is run o generale a scolution, which is processed 1o produce a
conversion schedule for each machine including the time for each conversion and
what quantity of each siep of a faciory process is 1o be processed for each

conversion. This data is fed to a lot scheduling module which runs a simulation that
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uses the conversion schedule to creale a ot schedule that is published o a factory's

dispatch system.

[0014] Figure 1 is a block diagram illustrating one archiiecture of a manufacturing
environment {or system) 100, in which aspecis of the present disclosure may be
practiced. In ong embodiment, the manufacturing environment 100 is an example of
a semiconductor front-end or back-end manufacturing facilily. As shown, the
manufacturing environment 100 includes a computing system 110, manufacturing
execution system (MES) 150, enterprise resource planning {(ERP} system 120,
factory storage system 180, external storage system 170, run stores 180 connected
via a network 122, and other factory CIM systems 190 (e.q., a product life cycle
management system. In general, the network 122 can be a wide area network
(WAN), local area network (LAN), wireless LAN (WLAN), etc. The factory storage
system 160, external storage sysiem 170 and run stores 180, in general, can be any
kind of storage sysiem, including, for example, relational and/or hierarchal
databases, distributed filing systems, network altached storage (NAS), storage-area
network {(SAN), efc. In one embodiment, the computing system 110, MES 150 and
ERP system 120 can be any kind of physical computing system having a neiwork
inferface, such as a deskiop computer, laptop computer, mobile device, tablet

computer, server computing systems, gateway computers, and the like.

[8015] The computing system 110 may include memory 142, central processing
unit (CPU)Y 144, and user interface 140, The memory 142 may have data and
applications stored therein. For example, the memory 142 may store planning data
for use by a user. The memory 142 may also store applications such as a planning
application and/or a scheduling application configured to implement one or more of
the operations for running on the CPU 144. The planning application may generate
plans for the manufacturing environment 100. For example, in the case of
semiconductor manufacturing, a user can generate plans for determining if capacity
of the manufacturing system can satisfy demands, what changes (if any) the
manufacturing system should implement 1o meetl demands, project future output of
the manufacturing system, determine which products the manufaciuring system

produces, where the products will be produced, the amount of products to produce,
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run experiments to determine what operations the manufacturing system should
perform, eic. The scheduling application may generate schedules for the
manufacturing environment 100,  For example, in the case of semiconductor
manufacturing, a user c¢an a conversion schedule for each machine including the
time for each conversion and what quantity of each step of a factory process is o be

processed for each conversion.

[0016] The MES 150 is generally configured to manage and conirol the operation
of a current work-in-progress (WiIP) within the manufacturing environment 100,
However, it should be appreciated that other systems may be configured to manage
sources of data and operations in the manufacturing environment. The plans and
schedules generated on the computing system 110 may be loaded inlo memory,
manufacturing equipment, the MES 150, or other suitable locations for organizing
the demands in the plan for fulfilment by the MES 150. For a frontend
semiconductor manufacturing factory, the MES 150 can control one or more
processes related to the fabrication of semiconductor substrates. For a back-end
semiconductor manufacturing factory, the MES 150 can control one or more
processes related fo cutling, assembly, and testing of semiconductor die on the
substrates. The MES 150 can monitor the operation of one or more tools {or
equipment} operating in the manufacturing environment 100, receive data directly
from the tools, receive data from the ERP system 120, analyze data from the tools
and ERP system 120, and/or collect the data. In one embodiment, the MES 150 can
store the data (received from the iools) into factory siorage system 160, Such
information stored in the factory storage system 160 can include information
regarding the current WIP, number of tools in the manufacturing environment,
coperating paramesters (&.¢., processing speeds, capacity load, and the like) of the
tools, manufacturing data, and cother metadata characteristic of the manufacturing

environment 100,

6017} The ERP system 120 is configured to collect, store, manage and interpret
data related 1o resources within the manufacturing environment {(e.g., amount of
capital, raw materials, production capacity, etc.), curreni and future commitments

within the manufacturing environment (e.q., orders, projected sales, delivery dates,



WO 2019/216991 PCT/US2019/022800

etc.), information relaied to supply chain management {e.g., such as information that
describes movement and storage of raw materials, WIP inventory, amount of
finished goods, finances, and cther information related t© the flow of goods and
services from supplier o ultimately the consumer), and the like. In one
embodiment, some or all of this information can be stored inio the faciory storage
system 160, ERP system 120, or other suilable siorage device. The collective
information regarding a guantity of parts associaled with a commitment to g
cusiomer is represented by a single demand. The collective demands are organized

o form the plan.

[0018] The MES 150 may be configured fo contain information for planning and
scheduling a factory back end. The planning and scheduling information provided
by external and internal sysiems to plan and schedule for factory utilization ensures
timely fulfilment of various customer demands. Allernatively, the planning and
scheduling system may be contained in an external sysiem or other suitable
location. The demands are planned and scheduled based on commitments for
fulfilment and machine utilization. The MES 150 may utilize a planning and
scheduling system (item 200 in Figure 2) o simulate and schedule factory

production.

[0019] Figure 2 is a block diagram illustrating a planning and scheduling system
200, The planning and scheduling system 200 has a planning module (PM) 210, a
conversion module (CM) 220, a lot scheduling module (LM} 230, and a dispatching
system (DS) 240, The PM 210, CM 220 and LM 230 may all be connecled by a
block-based (drag and drop) workflow engine. The internal operations of the PM
210, the CM 220, the LM 230, and the DS 240 may also employ block-based
workflows. A workflow consisis of an orchestraled patiern of business activity
enabled by the sysiematic organization of resources info processes that transform
materials, provide services, or process information.  The workflow depicts the
sequence of sieps needed 1o create the plan, create the schedules, and publish the
schedule for use manually by an operator or automatically for use by the dispatching
system 240. This includes gathering data from ERP system 120, MES 150, eic,,

and transforming #t to the format needed by the system, creating an optimization
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model of a plan or conversion schedule, solving it, processing the result into a plan
or conversion schedule, creating a simulation model, using the conversion schedule
in the simulation meode!, running the simulation model, processing its resulls info a
lot scheduie, and publishing the lot schedule to the dispatching system. The timing
of various events, e.g., creating a new plan or schedule, is also included in the
workflow. Generically, the PM 210, CM 220 and LM 230 may be connectad by any

suitable workflow engine.

6020} The PM 210 determines the factory plan. The planning module 210 takes
in as input factory data and production targets from a current staie of the factory 205
using a block-based workflow.  This data may include demands of producis (e.g.,
customer orders of integrated circuits, wafers, modules etc.), material availability,
equipment capacily, equipment output (UPH) and a host of other parameters. The
current state of the factory may include at least one of a weekly plan, parameters of
the factory, and works in progress (WiP). WIP inciudes at ieast one of current WIP

and WIP as applied to arrivals of raw materials.

(00211 The PM 210 may develop a botlleneck loading plan 215 for optimizing
equipment ytilization and/or optimizing on-time delivery and cother KRPs. The PM
210 may additionally prioritize demands in determining the botileneck loading plan
215, The botlieneck loading plan 215 is a list of demands (e.g. customer orders)
due at the end of specified time pericd. In an example, the specified time period may
be a day, a few days, a week, a month, etc. The parameters of the factory include
at least one of information identifying at least one boitleneck equipment group,
equipment information including experiment qualifications, processing speed, routes,
and conversion information. The botlleneck loading plan 215 can be configured with

a block-based data processing language.

6oz} The PM 210 develops the botlleneck loading plan 215 for at least one
maching of one or more botileneck equipment families. As used herein, a
boitleneck tool refers {0 a tool which whose performance can no longer be improved
by improvements to other tools in a factory. As used hersin, a Inading plan refers to

what the factory is fo produce in a given time pericd (g.g., 1 day, 1 week, oic.). As
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used herein, a bottleneck loading pian is a plan for a given time period of what is to
be produced by bottleneck {ools. Equipment families refers to a set of identical or
similar tools from the same manufacturer {o be used for carrying out a plan in a
given time period. The boitleneck loading plan 215 may look at units processed
daily, shifily, half-daily, or in other buckets of time and develop a plan for uiilization
of each piece of equipment. The PM 210 does not determine which families are
bottlenecks, but decides, given a list of botllenecks, what these bottlenecks should
work on. The PM 210 runs a first mathematical programing model applied to factory
data and production targets that produces a solution and processes the solution to
produce a bottleneck loading plan 215 for at least one machine of the factory's
boitleneck machine families. The mathematical programing model may be, but is
not limited {0, mixed integer programming MIP models, mixed inleger guadratic
programming MIQP models, and linear programming (LP) models. The planning
module 210 may run at a frequency as conditions change in the factory. For
example, equipment goes off line, orders are being fulfilled or unfulfiled or the
botileneck loading plan 215 has become stale due {0 age. The bottleneck loading
plan 215 determings the amount of time spent in each conversion and how much of
each product should be produced during each conversion. The PM 210 may output
the botlleneck loading plan 215 to the CM 220.

(00231 The CM 220 foliows the bottleneck loading plan. The CM 220 takes in as
input the bottleneck loading plan 215 from the PM 210 and ouipuis a conversion
schedule 225 indicative of when machine conversions are to be performed 225 in
order to fulil a conversion schedule for the at least one machine of the factory's
boitleneck machine families. When machine conversions are o be performed 225
includes a time for each conversion and what quantity of each step in the production
flow is 1o be processed before each conversion. The CM 220 runs a second
mathematical programing model applied o the botlleneck loading plan 215 that
produces a solution and processes the solution to produce a conversion schedule
225 for the at least one machine of the bottleneck machine families. The conversion
schedule 225 includes the ime for each conversion and what quantity of each step
of a factory process is to be processed before each conversion. The conversion

schedule 225 includes when at least one machine conversion is {0 be performed.
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The production of the conversion schedule 225 can be configured with a block-

based data processing language.

[0024] The conversion schedule maximizes on-time delivery, minimizes a
number of conversions, minimizes cycle time, and other KPis. The conversion
schedule may distribute conversions evenly through the specified ime period. The
conversion schedule is indicative of when maching conversions are to be performed

in order to fulfil a conversion schedule for each machine.

[0025] The LM 230 iakes the conversion schedule 225 and outputs to a lot
schedule 235 for the entire factory which includes at least an identification of sach
machine in the faciory and corresponding and start ime and finish time for each lot
of each machine of the entire factory for each time period. The lot schedule 235
may also splil a single lot to process simultanecusly on more than one machine.
This splitting can be controlled using the block-based configuration of the simulation.
The lot schedule 235 is fed to the dispaich system DS 240. The LM 230 creates the
lot scheduie 235 by running a simulation that follows the conversion schedule 225.
The lot schedule 235 is indicative of the amount of each product 1o process on each
bottleneck tool for a specified time period. The production of the ot schadule 235,
&.g., picking which lot to process next on a machine, can also be configured with a

block-based data processing language.

{0026 The dispaiching system (DS) 240 attempts to follow detailed lot
schedules 235 provide by the LM 230, The DS 240 handies exceptions such as
unexpected equipment shutdown or other manufacturing interruptions such as the
unavailability of raw material required in the operations. The DS 240 may provide
and/or analyze real-iime feedback with regard o maintaining the detailed ot
schedule 235, In one example, the DS 240 may sample real-time factory data,
compare the factory data with the detailed ot schedule 235 and provide ad hoc
adjiustments io the detailed lot schedule 235, The block-based workflow may be
configured o receive eventis from the faciory, €.g., a machine going down. When an
event is received the workflow may gather factory data and based on thal data

regenerate or adjust the lot schedule 235, In ancther example, the aforementionsd

10
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tasks to be performed regarding following the detailed lot schedules 235 by the DS

240 may be performed manually by a human operator.

[0027] All these operations may be performed in the workflow and is configurable
by the end user. The lot schedule 235 may be automatically regensrated or re-
optimized based on deviations from the existing ot schedule 235 by a certain
amount or threshold. The deviations may be based on per line, per iool, or
deviations across the entire fabrication environment  Incremental scheduls
correction, near term reordering/break-ins, detecting temporary bandwidth may
additionally be performed by the DS 240. Alternately, the DS 240 may sample real-
time factory data, compare the factory data with the detailed ot schedule 235 and
provide notification to the LM 230, For example, the DS 240 may provide a
notification to the LM 230 upon a varance in the deiailled lot schedule 235
exceeding a threshold. The LM 230 provides an updated detailed ot schedule 235
to the DS 240 upon receipt of the notification.

[0028] Figure 3 is a flow diagram 300 illusirating a method for planning and
scheduling a factory back end. At block 310, the planning and scheduling system
200 extracts factory data and production targets 205 from a current state of the
factory using a block-based workflow. The current state of the factory comprises at
least one of a plan, parameters of the factory, and works in progress {(WiP). WIP
inciudes at least one of current WIP and WIP as applied o arrivals of raw materials.
Parameters of the factory include at least one of identifving at least one botllensack
equipment group, equipment information including experiment gqualifications,

processing speed, routes, and conversion information.

[0029] At block 320, the planning and scheduling system 200 runs a first
mathematical programing model applied to factory data and production targets that
produces a solution and processes the solution o produce a bottleneck leading plan
215 for at least one machine of the factory's botileneck machine families. The
boitleneck loading plan 215 includes quantities processed each day. The bottleneck
loading plan 215 minimizes the number of conversions by applving one or more soft

constraints on the maximum number of conversions per time period.
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[0030] At block 330, the planning and scheduling system 200 runs a second
mathematical programing model applied to the bottleneck Inading plan that produces
a solution and processing the solution to produce a conversion schedule for the at
least one machine of the botlleneck machine families. The conversion schedule 225
identifies the time for each conversion and what guantity of each siep of a faciory
process is o be processed before each conversion. The conversion schedule 225
is indicative of when at least one machine conversion is to be performed. The
conversion schedule 225 maximizes on-time delivery, minimizes a number of
conversions, minimizes cycle time and may oplimize other KPis. The conversion
schedule 225 may distribute conversions evenly through the given time peried. The
mathematical programing model may be an MIP oplimization model that further
models individual machines and models quantity of products processed. One or
more outputs of the created conversion schedule 225 includes guantity of product
processed for each bottlenack step for each ime periocd on each machine and time
spent in each conversion for each fime period on each machine. The conversion
schedule 225 is indicalive of when machine conversions are o be performed in
order to fulfil a conversion schedule for each machine of the factory for a time
interval. At least one indication of when machine conversions are to be performed
inciudes a time for each conversion and what guantity of each step in the production

flow is to be processed before each convarsion.

[0031] At block 340, the planning and scheduling system 200 creates a ot
schedule 235 for the factory by running a simulation that follows the conversion
schedule 225, The simulation tool is also applied to the conversion schedule 225
and the bottleneck loading plan 215 to create the lot schedule 235, The lot schedule
238 includes an identification of each machine in the factory and corresponding and
start time and finish time for each lot of each machine ¢of the entire factory for the
specified time period. The lot schedule 235 includes the amount of each product to
process on each tool of the entire factory for the specified time period. The ot
schedule 235 may also split a single ot to process simultaneously on more than one
machine. This splitling can be controlled using the block-based configuration of the

simulation.

12



WO 2019/216991 PCT/US2019/022800

{0032} At block 350, the planning and scheduling system 200 publishes the ot
schedule 235. The lot schedule may be processed sither by a dispatching system
240 of the factory or manually by an operator. The lot schedule 235 is indicative of
the amount of each product to process on each bottleneck tool for the specified time

period for the entire factory.

[0033] Nexi, back-end semiconductor processing is performed in accordance
with the lot schedule 235, thereby producing assembled and tested integrated circuit

{(iC) packages from semiconductor wafers in a more efficient manner.

[0034] The descriptions of the various embodiments of the present disclosure
have been presented for purposes of illustration, bul are not intended to be
exhaustive or limited 1o the embodiments disclosed. Many modifications and
variations wili be apparent {o those of ordinary skill in the art without departing from
the scope and spirit of the described sembodiments. The {ferminclogy used herein
was chosen o best explain the principles of the embodiments, the practical
application or technical improvement over technologies found in the markeiplace, or
to enable others of ordinary skill in the art to understand the embodiments disclosed

herein.

[6035] As will be appreciated by one skilled in the art, aspects of the present
disclosure may be embodied as a system, method or computer program product.
Accordingly, aspecis of the present disclosure may take the form of an entirely
hardware embodiment, an entirely software embodiment (including firmware,
resident software, micro-code, etc) or an embodiment combining software and
hardware aspecis that may all generally be referred o herein as a "circuil,” "module”
or “system.” Furthermore, aspects of the present disclosure may take the form of a
computer program product embodied in one or more computer readable medium(s)

having computer readable program code embodied thereon.

80236} Any combination of one or more computer readable medium(s) may be
utilized. The computer readable medium may be a non-transitory computer
readable storage medium. A computer readable storage medium may be, for

example, but not limited fo, an elecironic, magnetic, optical, slectromagnetic,

13
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infrared, or semiconducior system, apparatus, or device, or any suitable combination
of the foregoing. More specific examples (a non-exhaustive list) of the computer
readable storage medium would include the following: an electrical connection
having one or more wires, a portable computer diskette, a hard disk, a random
access memory (RAM), a read-only memory (ROM), an erasable programmable
read-only memory (EPROM or Flash memory)}, an optical fiber, a portable compact
disc read-only memory (CD-ROM), an optical storage device, a magnetic storage
device, or any suilable combination of the foregoing. In the coniext of this
document, a computer readable storage medium may be any tangible medium that
can contain, or store a program for use by or in connection with an instruction

execution system, apparatus, or device.

8037} Program coode embodied on a computer readable medium may be
transmitted using any appropriate medium, including but not limited to wireless,

wireline, optical fiber cable, RF, etc., or any suitable combination of the foregeing.

[0638] Computer program code for carrying out operaiions for aspects of the
present disclosure may be wrilten in any combination of one or more programming
languages, including an cobject oriented programming language such as Java, C#,
Smalltalk, C++ or the like and conventional procedural programming languages,
such as the "C" programming language or similar programming languages. The
program code may execule entirely on the user's computer, partly on the user's
computer, as a stand-alone scftware package, partly on the user's compuler and
partly on a remote computer or entirely on the remote computer or server. In the
latter scenaric, the remote computer may be connected to the user's computer
through any type of network, including a local area network (LAN) or a wide area
network (WAN), or the connection may be made to an exiernal computer {for

example, through the internet using an Intemet Service Provider).

[0039] Aspacts of the present disclosure are described above with reference o
flowchart lllustrations and/or block diagrams of methods, apparatus (systems) and
computer program products according to embodiments of the disclosure. 1t will be

undersiood that each block of the flowchart illustrations and/or block diagrams, and
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combinations of blocks in the flowchart illustrations and/or block diagrams, can be
implemented by computer program instructions. These computer program
instructions may be provided 10 a processor of a general purpose computer, special
purpose computer, or other programmable data processing apparatus o produce a
maching, such that the instructions, which execute via the processor of the computer
or other programmable data processing apparatus, create means for implementing

the functions/acts specified in the Bowchart and/or block diagram block or blocks.

6040} These computer program instructions may alse be stored in a computer
readable medium that can direct a computer, other programmable data processing
apparatus, or other devices fo function in a particular manner, such that the
instructions stored in the computer readable medium produce an arlicle of
manufacture including instructions which implement the function/act specified in the

flowchart and/or biock diagram block or blocks.

(00417 The flowchart and block diagrams in the Figures illustrate the architecture,
functionality, and operation of possible implemeniations of systems, methods, and
computer program products according to various embodiments of the present
disclosure. In this regard, each block in the flowchart or block diagrams may
represent a module, segment, or portion of instructions, which comprises one or
more executable instructions for implementing the specified logical function{s). In
some alternative implementations, the functions noted in the block may occur out of
the order noted in the figures. For example, two blocks shown in succession may, in
fact, be executed substantially concurrently, executed in parallel, or the blocks may
sometimas be exscuted in the reverse order, depending upon the funclionality
involved. It will also be noted that each block of the block diagrams and/or flowchart
iliustration, and combinations of blocks in the block diagrams and/or flowchart
iliusiration, can be implemented by special purpose hardware-based systems that
perform the specified functions or acts or cary out combinations of special purpose

hardware and computer instructions.

[6042] Advantageously, the method described herein creates a lot to machine

plan and schedule for a semiconductor manufacturing environment. The schedule
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reduces conversions, may provide on-time delivery, increase overall throughput,
decrease cycle time, and other KPis, efc. for each iot by addressing factory
bottlenecks at machines. The [of assignment are scheduled 10 the machine, or split
to multiple machines, based on priority, available resources and other manufacturing
constrainis. The schedule may be simulaied to determine fulure ot processing.
The schedule is monitored in real-time to effect changes therein as deviations
appear in the schedule which allow for further optimization. Furthermors, the real-
time monitoring of the schedule in selected time buckets allow for further
optimization by reviewing high vield and low vield buckets for process
improvements. Sl further, embodiments of the enable a computer {0 automatically

create a schedule whereas before it could not automatically create a schedule.

8043} While the foregeing is directed to embodiments of the present disclosure,
other and further embodiments of the disclosure may be devised without departing
from the basic scope thereof, and the scope thereof is determined by the claims that

foliow.
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CLAIMS

1. A method for improving a factory back-end comprising:

receiving factory data comprising identification of a bottleneck family comprising
at least one semiconductor processing machine of the bottleneck family, and at least
one of processing speed, factory route, and conversion information of the at least one
semiconductor processing machine;

receiving production targets comprising a time period comprising at least one
week, and a quantity of semiconductor product to be produced on the at least one
semiconductor processing machine;

running a first mathematical programming model comprising one of a mixed integer
programming model, a mixed integer quadratic programming model, and a linear
programming model, that takes the factory data and the production targets as input, to
produce a first solution, and processing the first solution to produce a bottleneck loading
plan defining components of the production targets to be produced by the at least one
semiconductor processing machine of the bottleneck family during the time period;

running a second mathematical programing model comprising a mixed integer
programming model to model semiconductor products processed, applied to the
bottleneck loading plan, that produces a second solution comprising a conversion time
for a semiconductor processing machine and a quantity of steps in a production flow to
be processed before conversion, and processing the second solution to produce a
conversion schedule for the at least one machine of the bottleneck machine families;

creating a lot schedule for the factory identifying a start time and a finish time for
at the least one semiconductor processing machine for each lot processed on the
semiconductor processing machine for the time period, and indicating an amount of
product to process on the at least one semiconductor processing machine of the
bottleneck family for the time period, by running a simulation that follows the conversion
schedule; and

processing the lot schedule with a dispatch system coupled to the at least one
semiconductor processing machine to automatically produce semiconductor products in

accordance with the lot schedule.
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2. The method of claim 1, wherein the bottleneck loading plan identifies when

machine conversions are to be processed.

3. The method of claim 1, wherein the conversion schedule distributes

conversions evenly through a selected time period.

4, The method of claim 1, wherein the lot schedule includes at least an
identification of each machine in the factory and corresponding start time and finish time

for each lot for each time period.

5. The method of claim 1, wherein the second mathematical programing model
further models equipment groups or individual pieces of equipment and models quantity

of products processed.

6. The method of claim 1, wherein the conversion schedule includes quantity
of product processed for each machine of the bottleneck machine families for a specified

time period and time spent in each conversion for the specified time period.

7. A non-transitory computer-readable medium containing computer program
code that, when executed by a processor, cause the processor to perform a method for
improving a factory back end, the method comprising:

receiving factory data comprising identification of a bottleneck family comprising
at least one semiconductor processing machine of the bottleneck family, and at least
one of processing speed, factory route, and conversion information of the at least one
semiconductor processing machine;

receiving production targets comprising a time period comprising at least one
week and a quantity of semiconductor product to be produced on the at least one
semiconductor processing machine;

running a first mathematical programming model comprising one of a mixed integer
programming model, a mixed integer quadratic programming model, and a linear

programming model, that takes the factory data and the production targets as input, to
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produce a first solution, and processing the first solution to produce a bottleneck loading
plan defining components of the production targets to be produced by the at least one
semiconductor processing machine of the bottleneck family during the time period;

running a second mathematical programing model comprising a mixed integer
programming model to model semiconductor products processed, applied to the
bottleneck loading plan, that produces a second solution comprising a conversion time
for a semiconductor processing machine and a quantity of steps in a production flow to
be processed before conversion, and processing the second solution to produce a
conversion schedule for the at least one machine of the bottleneck machine families;

creating a lot schedule for the factory identifying a start time and a finish time for
at least one semiconductor processing machine for each lot processed on the
semiconductor processing machine for the time period, and indicating an amount of
product to process on the at least one semiconductor processing machine of the
bottleneck family for the time period by running a simulation that follows the conversion
schedule; and

processing the lot schedule with a dispatch system coupled to the at least one
semiconductor processing machine to automatically produce semiconductor products in

accordance with the lot schedule.

8. The non-transitory computer-readable medium of claim 7, wherein the

bottleneck loading plan identifies when machine conversions are to be processed.

9. The non-transitory computer-readable medium of claim 7, wherein the

conversion schedule distributes conversions evenly through a selected time period.
10.  The non-transitory computer-readable medium of claim 7, wherein the lot

schedule includes at least an identification of each machine in the factory and

corresponding start time and finish time for each lot for each time period.
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11. The non-transitory computer-readable medium of claim 7, wherein the
second mathematical programing model further models equipment groups or individual

pieces of equipment and models quantity of products processed.

12. The non-transitory computer-readable medium of claim 7, wherein the
conversion schedule includes quantity of product processed for each machine of the
bottleneck machine families for a specified time period and time spent in each conversion

for the specified time period.

13. A system for improving a factory back end, the system comprising:

at least one processor; and

a memory containing a program that, when executed by the at least one processor,
cause the system to:

receive factory data comprising identification of a bottleneck family comprising at
least one semiconductor processing machine of the bottleneck family, and at least one
of processing speed, factory route, and conversion information of the at least one
semiconductor processing machine;

receive production targets comprising a time period comprising at least one week
and a quantity of semiconductor product to be produced on the at least one
semiconductor processing machine;

run a first mathematical programming model comprising one of a mixed integer
programming model, a mixed integer quadratic programming model, and a linear
programming model, that takes the factory data and the production targets as input, to
produce a first solution, and processing the first solution to produce a bottleneck loading
plan defining components of the production targets to be produced by the at least one
semiconductor processing machine of the bottleneck family during the time period;

run a second mathematical programing model comprising a mixed integer
programming model to model semiconductor products processed, applied to the
bottleneck loading plan, that produces a second solution comprising a conversion time

for a semiconductor processing machine and a quantity of steps in a production flow to
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be processed before conversion, and processing the second solution to produce a
conversion schedule for the at least one machine of the bottleneck machine families;

create a lot schedule for the factory_identifying a start time and a finish time for at
least one semiconductor processing machine for each lot processed on the
semiconductor processing machine for the time period, and indicating an amount of
product to process on the at least one semiconductor processing machine of the
bottleneck family for the time period by running a simulation that follows the conversion
schedule; and

process the lot schedule with a dispatch system coupled to the at least one
semiconductor processing machine to automatically produce semiconductor products in

accordance with the lot schedule.

14.  The system of claim 13, wherein the bottleneck loading plan identifies when

machine conversions are to be processed.

15. The system of claim 13, wherein the conversion schedule distributes

conversions evenly through a selected time period.

16. The system of claim 13, wherein the lot schedule includes at least an
identification of each machine in the factory and corresponding start time and finish time

for each lot for each time period.
17. The system of claim 13, wherein the second mathematical programing

model further models equipment groups or individual pieces of equipment and models

guantity of products processed.
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