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Factory
Operations

Production
Equipment

Material
Handling

Factory
Systems Facilities

Complexity Management

Factory Optimization

Extendibility, Flexibility, Scalability

            Maintain/reduce cost per unit area
      Achieve ramp time reduction
Accommodate different business models
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• FEOL
• BEOL

• Probe/Test
• Backgrind
• Singulation

•  Packaging
•  Test

The factory

This denotes the scope of 1999 Factory Integration Chapter
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Research Required Development Underway Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

2002 20051999 2011 20142008
First Year of IC Production

DECISION SUPPORT TOOLS FOR
CYCLE TIME REDUCTION AND
ASSET UTILIZATION
IMPROVEMENT

Tools for understanding trade-off between
cycle time and equipment utilization and
hotlots

Tools/algorithms for wafer release (start)
policies based on bottleneck monitoring

Tools/algorithms for forecasting demand

Tools to accurately predict individual lot
cycle times to ensure On-Time-Delivery

Tools/models for optimized operator and
technician staffing levels and developing
optimal training/cross-training plans

Integrated optimization techniques for supply
chain management & control
(fab/sort/assy/test/distribution)

Tools for determining optimum quantities of
auxiliary resources. e.g., Reticle and Spares
quantities

Tools for determining optimal test wafer
plans

EXECUTION TOOLS FOR
OPERATIONAL COST
REDUCTION

Real-time scheduling and dispatching
algorithms integrated with MHS - must
consider auxiliary resources, labor, and
status of factory

Real-time optimization of operator and
technician activities

Non-product wafer tracking and control
capability

Spares usage optimization and tracking and
control capability

Real-time supply chain management & real-
time control capability

300 mm

300 mm

300 mm

300 mm

300 mm

300 mm 450 mm

300 mm 450 mm

300 mm

450 mm

450 mm

450 mm

450 mm

450 mm

300 mm 450 mm

300 mm 450 mm

300 mm 450 mm
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Research Required Development Underway Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

2002 20051999 2011 20142008
First Year of IC Production

INTEROPERABLE COMPONENTS
AND SIMPLIFICATION

Standard interfaces between wafer transport
and equipment

Standard interfaces between platform
(equipment base/frame) and chamber

Standard utilities, drain and exhaust
connections

ID standards (wafer, carrier)

Operator user interface standards

Host computer (CIM) interface standards

Ergonomic & human friendly equipment
maintenance standards

NON-PRODUCT WAFER
REDUCTION

Continued improvements and development
for in situ monitoring

Statistical analysis and feedback control
improvements

Filler (dummy) wafer reduction

Conditioning wafer reduction

Test wafer reduction

CHEMICALS, GASES, EXHAUST,
POWER AND HEAT LOAD
REDUCTION

Recycling systems

Reuse systems

Higher contribution of materials to processes

Alternative material

Heat load reduction

SPARES COST REDUCTION
Commonality - fewer unique spare parts

Modularization

PROCESSING CYCLE TIME
REDUCTION

Transition from batch process to single wafer
process

Integrated chamber modules (deposition
plus clean)

RAMP-UP CYCLE TIME
REDUCTION

Installation period reduction (quicker
assembly on-site)

Qualification period reduction (more pre-
qualification at supplier)

MULTIPLE GENERATION
UPGRADABILITY 

High exchangeability of chamber modules

High exchangeability of chamber parts and
fittings

Modular equipment control system

Common equipment base/frame with
modules

300 mm

450 mm300 mm

450 mm300 mm

450 mm300 mm

450 mm

300 mm 450 mm

450 mm300 mm

450 mm300 mm

450 mm300 mm



��������	
��
������

�?@����:A�=��B���?�C�DE�?FG�C��=���C�?�H�>�H��?�C��I��C�?C��BJ

Research Required Development Underway Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

First Year of IC Production

EQUIPMENT UPTIME ENABLERS
Wafer monitoring systems

Self diagnostic functions

Self tuning functions

In situ cleaning

MULTIPLE LOTS PER CARRIER
Recipe cascading supported by continuous
(non-stop) operation

Data collection and data reduction

Single wafer tracking and control

2002 20051999 2011 20142008

300 mm

300 mm

300 mm
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Research Required Development Underway Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

2002 20051999 2011 20142008First Year of IC Production

EASE OF IMPLEMENTATION
Installation simplification

Simple system component modules,
optimized for easy move-in, setup, and
integration

MHS support structures independent of
cleanroom infrastructure

Automated or zero field hardware alignment
and positioning capability (teaching and
adjustment not required)

Easily extended transport system rail

Quick Ramp-up
Automated software configuration (HW
independent structure and parameter
setting)

Pre-tested integrated MHS modules
requiring no field testing

Dynamic (high volume transfer load)
simulation test and automatic transfer
capability estimation (throughput and carrier
delivery time)

Ease of Maintenance
Fault tolerant transport system controllers

Automated preventive/predictive
maintenance, calibration, and fine tuning

System by-pass transport feature to allow for
minimum impact of component downtime

Automatic trouble monitoring/recording, with
error analysis, diagnosis, disposition, and
recovery

Uninterrupted material handling control
system during software installation/upgrade

MATERIAL TRANSPORT
SYSTEM CONFIGURATIONS

Integrated limited direct transport system
that performs inter AND intrabay transport
with standard interfaces AND bay stockers

Single direct tool-to-tool integrated system
FOR full direct transport with vehicle bypass
transport capability

System or vehicles for simultaneous
transport and delivery of wafer carriers and
reticle carriers

Direct transport with central storage

Large scale conveyors and next generation
vehicles

MATERIAL HANDLING STORAGE
SYSTEM CONFIGURATIONS

Large capacity central storage systems and
zero fab floor footprint stocker

Modular field upgradeable stockers which
are expandable to very large capacity

TRANSPORT LOA
IDENTIFICATION & TRACKING
METHODS

Carrier identification system for separate
tracking of empty carrier and lid

Wafer ID reading to support 450mm wafer
tracking

450 mm

300 mm

300 mm

300 mm

300 mm

300 mm

300 mm

300 mm

300 mm

450 mm
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Research Required Development Underway Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

First Year of IC Production

MATERIAL HANDLING CONTROL
CAPABILITY

Integrated material control system for
interbay and intrabay control

Intelligent empty vehicle traffic management
control for direct transport system

Transport vehicle dynamic scheduling and
predictive control capability

Advance WIP carrier transportation
scheduling systems with prediction capability
for lot movement optimization

Advance reticle transportation scheduling
systems integrated with WIP movement

Flexible lot size transport, capable of
handling split and merge. (Note: same size
carrier with variety of multiple lots)

INTERFACE STANDARDS
DEVELOPMENT

Production equipment to material handling
system hardware interface for carriers

Next generation exposure equipment to
material handling system interface standards
for reticles, reticle handling

Stocker to interbay and intrabay transport
system interface for carriers

Direct interchange capability of interbay
to/from intrabay

Software control interface standardization
from handling hardware to the host

Standardized single wafer equipmen
interface with wafer transport system,
including interoperability to equipment
chamber

2002 20051999 2011 20142008
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Research Require Development Underway Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

2002 20051999 2011 20142008
First Year of IC Production

IMPROVE OVERALL FACTORY
EFFECTIVENESS
Cycle Time and Throughput

Real-time scheduler and automated
dispatching integrated with MES & AMHS

Factory systems that support wafer, recipe,
and Reticle cascading

Factory systems that support multiple lots
per carrier

Highly Reliable Systems
Fault tolerant computer systems with
transparent hardware switching for failures
(minimal to no impact)

Software application fault detection and fault
tolerance

Real-time distributed factory systems
monitoring to detect faults

Distributed factory systems for fault
detection and correction

Low Maintenance Systems
Software applications capable of dynamic
upgrades (minimal to no impact

Databases capable of dynamic upgrades
(minimal to no impact)

Automatic/Dynamic factory system
reconfiguration

Integration testing of overall factory systems
through simulators or emulators

Standard install programs for factory
systems (Wizards)

Flexible Manufacturing Systems
Scalable system performance

Web capable interfaces for factory systems

Wireless/portable user interfaces

IMPROVE FACTORY YIELD
Recipe management for all production
equipment

Integrated in situ sensors supporting
automatic process control

Real-time systems to detect process
excursions and automatically stop productio

Real-time yield management systems to
correlate test and probe data with process
information to automatically determine
process problems

ACCOMMODATE PROCESS AND
PRODUCT COMPLEXITY

Decision support systems to facilitate data
searches and information correlation on
process and operational data
Data collection granularity to be configurable
(Batch, lot, run, wafer, die, etc.)

FACTORY SYSTEMS (FS) REUSE
Standardize FS to FS interfaces

Standard FS to decision support system
interfaces

Standard FS to production equipment
interfaces

Standard FS to AMHS equipment interfaces

INCREASING PURITY REQUIREMENTS
FOR PROCESS AND MATERIAL

Improve systems to monitor and control
chemical, safety and environmental items

Improve mini-environment capability

450 mm

300 mm

300 mm
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300 mm

450 mm

300 mm
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300 mm

300 mm

300 mm

300 mm

450 mm



��������	
��
������

������������5555����5555����
�
�
�
�1111222233334444

�?@����NO���������>����G��=���C�?�H�>�H��?�C�



��������	
��
������

������������5555����6666����777788881111



33339999

�?@����NP����?H?�?���=���C�?�H�>�H��?�C�

Research Required Development Underway Qualification/Pre-Production

This legend indicates the time during which research, development, and qualification/pre-production should be taking place for the solution.

2002 20051999 2011 20142008
First Year of IC Production

FACILITIES CAPITAL COST
REDUCTION AND OPERATIONS
COST CONTAINMENT

Use benchmarking activities to develop
standard performance metrics and best
practices for facilities construction,
operation, reliability and equipment
installation

Develop standard facilities design
specifications that reduce unique customer
factory designs

Develop strategies for extending factory
lifetime including layout flexibility,
incremental addition of facilities service
capacity and reuse of older facilities

Develop and implement global standards for
building, fire and life-safety codes as well as
risk management practices

Ensure that production equipment complies
with industry guidelines and standards for
facilities services and utility consumption

HIGHER FACILITIES SERVICES
RELIABILITY

Use benchmarking activities to develop
industry reliability metrics and best practices

Use reliability engineering principles and
standards in facilities systems design

Use total productive maintenance
methodologies in the operation and
maintenance of facilities systems

Implement voltage sag (dip) immunity
standards for production equipment, facilities
services, and utilities

Improve control system reliability through
use of more robust system design,
hardware, and software

MORE EFFICIENT PRODUCTION
EQUIPMENT INSTALLATION

Use benchmarking activities to develop
standard production equipment installation
metrics and best practices

Use flexible factory layouts that allow for
easier installation, removal, and
reconfiguration of production equipment over
the life of a factory

Drive use of SEMI standards for production
equipment installation

Improve existing standards and develop new
equipment specification standards to reduce
complexity and customization of production
equipment installation

FACILITIES SOLUATIONS FOR
ESH REQUIREMENTS

See potential solutions table in ESH chapter
for other solutions involving facilities design
and operation

450 mm300 mm200 mm

300 mm 450 mm

300 mm200 mm

300 mm200 mm
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Factory SystemsProduction Equipment

Facility Systems Material Handling Systems

Sub-fab level

Bay ceiling

S
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ck
er

T
al

l S
to

ck
er

Sto

ck

Standards for single transportation
system serving interba and intraba
functions

Stocker to transporter
interface standards

Transporter to loadport
interface standards

Standards for safety
counter-measures

Transport
specific
equipment
model*

Stocker

D
ee

p 
S

to
ck

er

Integrated
mini-environment
standards

Rear user-
interface
standards

PGV docking
standards

Loadport
standards

Wafer and carrier
standards

Carrier ID
standards

Buffering standards
for continuous
operation

Standards for
safety counter-
measures

Carrier
environment
standards

Equipment footprint
and height management
standards

Reticle carrier and
loadport standards

Production
Equipment
(side view)

Enhanced parallel
I/O standard for ground
based transporters

Enhanced parallel I/O
standard for ceiling based
transporters

Rear of production
equipment

Fab level

Utility, fluids,
exhaust, drains
hook-up
standards

Maximum
move-in
size stds

Sub-fab  standards

Raised floor
height
standards

Wall interface
standards

Environment/
cleanliness
definition

Rear
U/I

Maximum
weight
standard

Standards for facilities systems
safety counter-measures

Materials supply
container standards

Factory
Network

SECII
GEM
HSMS

Utilization
tracking
standard

Enhanced parallel
I/O standards

Carrier mangement
standard

Process Job,
Control Job
standards

Wafer level tracking and
control standards

Carrier
ID standard

DCOM

Manufacturing
Execution
Systems

Decision
Support
Systems

CORBA/

Production
equipment

Process
Control
standards

CIM systems
interface

standards

Other
Systems

Standard for data
formats, data access,
and inter application
interfaces

specific
equipment
model*

Fab level

S
to

ck
er

Cleanroom
temperature and RH

Cleanroom height
standards

ranges
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