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1999 2002 2005 2008 2011 2014
Technology Node 180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
200 mm 300 mm 300 mm 300 mm 300 mm 450 mm
1.75 days 1.5 days
1.2 days 1.0 day 1.0 day 1.0 day 1.0 day 1.0 day
One lot One lot One lot One lot One lot One lot
1.8 days 1.6 days 4 da da da da
0.9 days 0.85 days 0.8 d 0 d 0.7 d 0.65 d
Single lot [4] D 0 p 0 ple lo JER D 0
< 18 months |< 16 months | < 14 months 0 0 0 mo
N 0.9'N 0.8 0 0.6 0
/ 12 weeks 10 weeks 8 6 4
Solutions Exist___] Solutions Being Pursued[ |

No Known Solutions [N
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difficult challenges
complexity management factory

optimization / / extendibility, flexibility, scalability

potential solution
thrust factory operations production
equipment material handling systems factory systems

facilities

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

Factory | Production Material Factory

Operations | Equipment || Handling Systems Facilities

Complexity Management

v

| Factory Optimization

v

v

| Extendibility, Flexibility, Scalability

Schematic Showing the Factory Integration Thrusts and Difficult Challenges
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PGV (personal guided vehicle)

300mm

advanced process control system

MTBF 6



Year 1999 2002 2005 2008 2011 2014
Technology Node 180 nm 130 nm 100 nm 70 nm 50 nm 35 nm
Wafer Diameter 200 mm 300 mm 300 mm 300 mm 300 mm 450 mm

High Volume/Low Mix Factory requirements
Factory cycle time per 1.75 days 1.5 days
mask layer (non-hot lot)
[1] R T e
Factory cycle time per 1.2 days 1.0 day 1.0 day 1.0 day 1.0 day 1.0 day
mask layer (hot lot)
Number of lots per carrier One lot One lot One lot One lot One lot One lot
High Volume/High Mix Factory requirements
Factory cycle time per 1.8 days 1.6 days 1.4 days 1.3 days 1.2 days 1.1 days
mask layer (non-hot lot)
[2.3]
Factory cycle time per 0.9 days 0.85 days 0.8 days 0.75 days 0.7 days 0.65days
mask layer (hot lot) [2,3]
Number of lots per carrier | Single lot [4] [RYAIASELEER RSN ISR Multiple lots
Common Requirements across both factory types
Groundbreaking to first < 18 months | <16 months | < 14 months  [EEEARNITNRS EIAESN A1 X0N L IR NN (o R A1
full loop wafer out
Total number of N 0.9"N 0.7°N 0.6"N 0.5"N
operators and technicians
in the factory
Product/ process change- 12 weeks 10 weeks 8 weeks 6 weeks 5 weeks 4 weeks
over time
Solutions Exist [ | Solutions Being Pursued | No Known Solutions (NN
Factory Operations Technology Requirements

[1] 3%
[2] 5 10
[3] 10%
[4]

Factory cycle time per mask layer

1.5

Number of lots per carrier

Groundbreaking to first full loop wafer out

Total number of operators and technicians in the factory

20

20x 1.5 30



Process/product changeover time

80% 20%



Year 1999 2002
Technology Node 180 nm 130 nm
Wafer Diameter 200 mm 300 mm
i i < 98% of <98% of <98% of
Relative capital cost [1] <1.37 200 d : J
2] previous previous previous
0w | node node node
Relative consumables, exhaust, emissions, and ; 10% less 10% less 10% less 10% less
L <1.0
utilities than than than than
200mm previous previous previous previous
node node node node
Bottleneck production equipment OEE [3] (SEMI 75% 89% 91% 92% 92%
E79)
Average production equipment OEE [3] (SEMI 55% 65% 71% 78% 80% 82%
E79)

Relative equipment footprint <1.0°200 <98% of <98% of <98% of <1.0 "of
mm previous previous previous 300 mm

node node node

Relative maintenance and spares cost < <984 of <98% of <98Y% of <120% of

1.07°200 m previous previous previous previous
m node node node node

Overall factory non-product wafer usage (per < 16% of < 12% of < 11% of < 10% of < 9% of
wafer start) ODIEA0IN production production production production

% Capital equipment reused from one process node

> 70% > 0% > 80% > 80% > 80% >20%
to next

Wafer edge exclusion [4] 3mm 2mm 1mm 1mm 1mm 1mm

Production equipment lead time (months from
order to full throughput capability) [5]

Production equipment installation, including

NCRUGIRGEN < 8 months < 7 months < 6 months <5 months <5 months

LRI < 0.95° of < 0.95" of | <0.95" of < 0.95" of

hook-up and qualification cost as a % of capital < 6% cost cost cost cost cost
cost NI of previous of previous of previous of previous
node node node node node
Process equipment availability [6] (SEMI E10) > 85% > 90% > 93% > 95% > 95% > 95%
Metrology equipment availability [6] (SEMI E10) > 90% >95% >95% >98% >98% >98%

Number of process recipes per carrier Single Multiple Multiple Multiple Multiple Multiple

Solutions Exist [__| Solutions Being Pursued[___| No Known Solutions [ NN

Production Equipment Technology Requirements

[1] 29%

15 20%
[2] 13001 1.3 V4.0 Daniel Seligson “300mm
[3] 1998

[4]
[5]
(6]



Relative capital cost
130nm 300mm

200mm /200mm

Relative consumables, exhaust, emissions, and utilities

130nm 300mm
200mm /200mm

90%

Bottleneck production equipment OEE

[OEE
Average production equipment OEE

[OEE
Relative equipment footprint
130nm 300mm
200mm /200mm
SEMI
Relative maintenance and spares cost
130nm 300mm
200mm
100nm
98%

Overall factory non-product wafer usage (per wafer start)

% Capital equipment reused from one process node to next

%
N+1
N X N+1
X/Y

Wafer edge exclusion

/300mm
98%
/300mm
100nm
ESH
OEE
SEMI E79 1
OEE
SEMI E79 1
/300mm
98%
/300mm
/200mm
%
N+1

(mm)

100nm

100nm
[ SEMI E72

]

Production equipment lead time (months from order to full throughput in factory)



Production equipment installation, hookup and qualification cost as a % of capital cost

Process equipment availability
100%
SEMI E10
Metrology Equipment Availability
SEMI E10
%

Number of process recipes per carrier

100%

%



Year 1999 2002
Technology Node 180 nm 130 nm

Wafer Diameter 200 mm 300 mm
Material handling tota
capital cost as a % of total < 5% < 3% [1]
capital cost
Transport system types Interbay and | Interbay and
within a factory intrabay intrabay
MTTR (minutes) (SEMI E10) 30 20
Failures per 24 hour day <1 <1
over total system (SEMI
E10)

System throughput
Interbay transport 1000 1200
(moves/hour)
Intrabay transport 150 170
(moves/hour)

Stocker (moves/hour) 200 240
Stocker cycle time (seconds) 18 15
Factory wide carrier Average=10 Average=10
delivery time (in minutes) Maximum=20 [ Maximum=20

Solutions Exist [ ]

[1]
[2]

2005
100 nm

300 mm

< 2% [2]

Some
inter/intraba
y and some
direct (one

integrated
system)
15

<0.5

200

300
12
Average=8
Maximum=15

Solutions Being Pursued [ ]

2008
70 nm

300 mm
< 2%

One
integrated
system

360
10
Average=5
Maximum=15

2011
50 nm

300 mm
< 2%

One
integrated
system

n/a

360
10
Average=5
Maximum=15

No Known Solution

Material Handling Systems Technology Requirements

Material handling total capital cost as a % of total capital cost

%

%
1,000M$

30/1,000

Transport system types within a factory

MTTR

3%

Failures per 24 hour day (over total system)

30M$

24

2014
35 nm

450 mm
< 3%

One
integrated
system

10
Average=5
Maximum=10




24

System throughput

Stocker cycle time

Factory-wide carrier delivery time



Year 1999 2002
Technology Node 180 nm 130 nm
Wafer Diameter 200 mm 300 mm
Factory systems cost including
integration < 3% < 3%
(% of capital)
MTBF for mission critical
L > 6 > 6
applications (months)
Mean Time to Recover for mission 90 45
critical applications (minutes)
Factory system reuse > 80% > 80% of > 80% of > 80% of > 80% of > 80% of
previous previous previous previous previous
node node node node node

% of equipment to factory systems 75% 100% 100% 100%
interface standards defined [2] 300 mm 300 mm 300 mm 300 mm
% conformance: equipment to factory 100% 100% 100% 100%
systems interface standards [2] 200 mm 300 mm 300 mm 300 mm
% of factory systems to factory 15% 100% 100% 100%
systems interface standards defined 300 mm 300 mm 300 mm 300 mm
[2]
% Conformance: factory systems to 0% 75% 100% 100%
factory systems interface standards 300 mm 300 mm 300 mm
[2]
Time to install/upgrade a mission
critical application in a working <60 <30
factory (minutes)
Time to install/upgrade a mission
critical database in a working factory 6-24 6-24
(hours)
Number of process recipes per carrier Single Multiple Multiple Multiple Multiple Multiple

Solutions Exist [ ]

[1]
[2] 450mm
GJG

Factory systems cost including integration

MTBF for mission critical applications

Solutions Being Pursued

/1 No Known Solution D

Factory Systems Technology Requirements [1]

]

MTBF

MTBF
(MTBF)

Mean time to recover for mission critical applications

[ MTBF



Factory system reuse

% of equipment to factory systems interface standards defined

% conformance: equipment to factory systems interface standards

% of factory systems to factory systems interface standards defined

% conformance: factory systems to factory systems interface standards

Time to install/upgrade a mission critical application in a working factory (minutes)

/ ( )

Time to install/upgrade a mission critical database in a working factory (hours)

/ ( )

(Hour)

Number of process recipes per carrier



potential solutions

SCM SUPPLY CHAIN MANAGEMENT &

SCM&

100 1000 1ISO 3-5



450mm 300mm



First Year of IC Production 1999 2002 2005 2008 2011 2014

DECISION SUPPORT TOOLS FOR
CYCLE TIME REDUCTION AND
ASSET UTILIZATION
IMPROVEMENT

Tools for understanding trade-off between

cycle time and equipment utilization and
hotlots

300 mm | 450 mm

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

300 mm | 450 mm

Tools/algorithms for forecasting demand

Tools to accurately predict individual lot 300 mm | 450 mm

cycle times to ensure On-Time-Delivery

Tools/models for optimized operator and
technician staffing levels and developing 300 mm | 450 mm
optimal training/cross-training plans

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

300 mm | 450 mm

Tools for determining optimum quantities of

. A 300 mm | 450 mm
auxiliary resources. e.g., Reticle and Spares
quantities
Tools for determining optimal test wafer 300 mm | 450 mm
plans

EXECUTION TOOLS FOR
OPERATIONAL COST

REDUCTION
Real-time scheduling and dispatching
algorithms integrated with MHS - must 300 mm | 450 mm

consider auxiliary resources, labor, and
status of factory

Real-time optimization of operator and 300 mm | 450 mm _-
technician activities

Non-product wafer tracking and control |

capability

Spares usage optimization and tracking and | |

control capability

Real-time supply chain management & real- | 450 mm _-
time control capability

I Rcscarch Required [ pevelopment Underway [ Qualification/Pre-Production

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

Factory Operations Potential Solutions



First Year of IC Production 1999 2002 2005 2008 2011 2014

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 | |

I Rescarch Required [ pevelopment Underway [ qualification/Pre-Production

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

Production Equipment Potential Solutions



First Year of IC Production

1999 2002 2005 2008 2011 2014

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

T | o
| 300 mm | 450 mm _

| | | T ]
| |

| | | ssomm [
| o
| |
| |
[eoomm | [ aso o N
| 300 mm | 450 mm _-
| 300 mm | | 450 mm _-

_ Research Required

I:l Development Underway

I:I Qualification/Pre-Production

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

Production Equipment Potential Solutions (continued)



First Year of IC Production

1999 2002 2005 2008 2011 2014
EASE OF IMPLEMENTATION
Installation simplification
Simple system component modules, | 300 mm | |

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 300 mm |

Quick Ramp-up

Automated software configuration (HW
independent structure and parameter
setting)

300 mm |

Pre-tested integrated MHS modules 300 mm |
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

YS! g . 300 mm | |
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 ANDintrabay transport 300 mm
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

Large scale conveyors and next generation
vehicles 450 mm

MATERIAL HANDLING STORAGE
SYSTEM CONFIGURATIONS

Large capacity central storage systems and
zero fab floor footprint stocker

Direct transport with central storage 300 mm

Modular field upgradeable stockers which
are expandable to very large capacity

TRANSPORT LOAD
IDENTIFICATION & TRACKING
METHODS

Carrier identification system for separate 300 mm
tracking of empty carrier and lid

Wafer ID reading to support 450mm wafer
tracking

I
H

_ Research Required :I Development Underway :I Qualification/Pre-Production

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

Material Handling Systems Potential Solutions



First Year of IC Production 1999 2002 2005 2008 2011 2014

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 450 mm

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 _

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

300 mm |

for reticles, reticle handling

w
S
S
3
3

w
o
o
3
3

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

I Rescarch Required [ pevelopment underway [ Qualification/Pre-Production

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

Material Handling Systems Potential Solutions (continued)



First Year of IC Production
1999 2002 2005 2008 2011 2014

IMPROVE OVERALL FACTORY

EFFECTIVENESS
Cycle Time and Throughput

Real-time scheduler and automated |

dispatching integrated with MES & AMHS Soolmm | |

Factory systems that support wafer, recipe, | 300 mm | |
and Reticle cascading

Factory systems that support multiple lots | 300 mm | |
per carrier

Highly Reliable Systems

Fault tolerant computer systems with | 300 mm | |
transparent hardware switching for failures
(minimal to no impact)

Software application fault detection and fault | 300 mm | |
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

w
o
o
3
3

Scalable system performance

Web capable interfaces for factory systems

Wireless/portable user interfaces

w
o
o
3
E

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 production

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 | | |

w
o
o
3
3

(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 | |

. 0 ——
interfaces
Standard FS to AMHS equipment interfaces I:l 450 mm _-

INCREASING PURITY REQUIREMENTS
FOR PROCESS AND MATERIAL

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

Improve mini-environment capability

I Rescarch Required [ pevelopment Underway [ Qualification/Pre-Production

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

Factory Systems Potential Solutions
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ITRS'99 Figure
ITRS'99 Figure
ITRS'99 Table 51
ITRS'99 Table 52
ITRS'99 Table 5
ITRS'99 Table 5
ITRS'99 Table 55
ITRS'99 Figure
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