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2002 Factory Integration Scope Includes
Wafer, Chip and Product Manufacturing

< < The Factory > >
Si Substrate | 5
.......... We | | Wafer | .| Chip | |Product| | 3|,
Reticle __» Mfg Mfg Mfg 5
Mfg a
,ncreas,ngcost& """ * FEOL . Probe/Tgst » Packaging
Cycle time implications * BEOL e Singulation » Test

Factory is driven by Cost, Productivity, and Speed.:

= Reduce factory capital and operating costs per function

= Enable efficient high-volume production with operational models for high and
low product mixes and other business strategies

= Increase factory and equipment reuse, reliability, and overall efficiency

= Enable rapid process technology shrinks and wafer size changes

= Faster delivery of new and volume products to the end customer
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Factory Integration Requirements and Solutions are
Expressed through 6 Functional Areas

Production Equipment ¢ Facilities '-‘&
* Process and Metrology equipment * Cleanroom, Labs, Central Utility Building e

* Facilities Control and Monitoring Systems
* Power, Plumbing, HVAC, Utilities, Pipes, UPS
* Life safety sysiems, waste treatment

* Mainframe and process chambers
* Wafer Handling Robots, Load Ports
* Internal software & computers

”” ”” ’I’I
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Material Handling Systems Factory Information & Control
* Wafer and Reticle Carriers ' * Data and Control systems required to, *run i a
* Automated storage systems * Decision support W ]

* Interbay & intrabay transport systems
* Personnel guided vehicles
* Internal Software & computers

* Process control
* Plan, Schedule, Dispatch ﬁ‘ﬁ e
* Computers, databases, software outside equipment
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2002 Factory Integration Focus Areas

New business requirements driving changes to the factory design

= Combination of many different industry business models. |IDM, Foundry, Joint
Ventures, Collaborations, other Outsourcing, etc

» Faster new product delivery from design to customer delivery

= Need for better Integration of the Factory with the process technology and product
development cycle[ New Term = Engineering Chain |

Implications of 300mm factory sizes reaching 30k-40k wspm on facilities, AMHS, and
factory control systems

Gaps Factory productivity/Equipment OEE and methods to improve including
Equipment Engineering Capabilities (EEC)

» EEC includes e-diagnostic, fault detection, process control, on-line manuals, spares
management etc.

Factory modeling needs and gaps to do design analysis, demand planning, optimization
tradeoff analysis, etc.

Preparing for more 2003 focus on Packaging & Test Manufacturing driven by cost,
business requirements, and increased product integration needs
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2002 Difficult Challenges
> 65nm through 2007 < 65nm after 2007

« Managing Complexity e Post Conventional CMOS
— Quickly and effectively Manufacturing Uncertainty
integrating rapid changesin — Inability to predict factory
semiconductor technologies and requir ements associated with

miget gond'tlonsh _ different manufacturing
— Need tointegrate the entire r equir ements

product development process

« Factory Optimization _ _
— Productivity increases are not *  450mm Wafer Size Conversion

keeping pace with needs — Timing and manufacturing

« Flexibility, Extendibility, Scalability paradigm for thiswafer size

— Ability to quickly convert to new conversion

semiconductor technologies while
reusing equipment, facilities, and
skills

Key change: Need to improve integrated product development cycle time
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Integrated Solutions are Essential to Meet Needs

Technology Requirements

Inteqrated Solutions

O New disruptive process
technologies

(o

(o

&=

&

* Agile Manufacturing

- Equipment Engineering
Capabilities

157nm litho = O
High K gate stack

- Single wafer control

» Engineering Chain Mgmt

Low k dielectrics O ]
Copper processing & a * Process Control
’@, ’@ - FDC, R2R, W2W control
+ .
=0 - IM and M2M matching
(2 Improved Productivity o -

&=

*x Material Handling

- Direct Transport for Send
Ahead, monitors, hot lots

Decreased Factory Cycle
Time (QTAT)

Improved Equipment
Efficiency

Reduction in non-product Integrated Factory
(l.e. test) wafer usage

- Integrated Sorters,
Stockers, Metrology?

» Flexible Factory Designs

More efficient direct labor Goal = Meet Factory - Quick ramp-up operation
Faster factory conversion Challenges a_tnd Technology - Extend & Scale quickly
at technology nodes Requirements

- Convert quickly
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Key Factory Operations, Production Equipment, and
Year of Production 2001 2002 2003 2004 2005 2006 2007 2010 2013 2016
Wafer Diameter 300mm | 300mm | 300mm | 300mm | 300mm | 300mm | 300mm | 300mm 450mm 450mm
~
Factory cycle time per mask layer 1.2 1.2 1.2 1.1 11 1.1 0.9
Factory » (non-hot lot) (days)
Operati ons Factory cycle time per mask layer 0.75 0.6 0.6 0.55 0.5 0.4 0.4
(hot lot) (days)
7| Number of lots per carrier (lot) Multiple [Multiple [Multiple |Multiple [Multiple [Multiple [Multiple Multiple ~ Multiple
Bottleneck equipment OEE 75% 78% 80% 82% 84% 87% 88% 90% 91% 92%
Production < Average equipment OEE 55% 58% 60% 65% 67% 70% 72% 74% 75%
Equipment
Overall factory non-product wafer <16% <15% <14% <12% <11% <11% <10% <9% <9%
usage as a % of production
Ability to run different recipes and | Partial Yes Yes Yes Yes
\| parameters for each wafer

- Progress lacking in OEE improvements, NPW reduction, and ability to run different
process parameters for each wafer
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Key Material Handling, Factory Info and

Control Systems, and Facilities Reguirements
Year of Production 2001 2002 2003 2004 2005 2006 2007 2010 2013 2016
Wafer Diameter 300mm | 300mm | 300mm | 300mm | 300mm | 300mm | 300mm | 300mm | 450mm [ 450mm
Ability to run different Partial Yes Yes Yes Yes Yes Yes Yes
Facto ry Info recipes/parameters for each
& Control wafer
| wafer Transport system capability Separate | Separate | Separate Some Direct Direct Direct Direct Direct Direct
interbay/ | interbay/ | interbay/ | Separate tool tool tool tool toolto  tool to
intrabay intrabay intrabay Some
Direct tool tool
I\/Iater_l al < AMHS throughput [40k wspm Factory]
Handling
- Interbay transport (moves/hour) 2400 2600 2800 3000 3250 3500 3750
- Intrabay transport (moves/hour) 170 180 190 200 3250 3500 3750
L Factory construction time (months) 12 12 12 10 10 10 10
Facilities from ground break to all facility
ready

+ Good progress on AMHS single transport hardware system development

- Facilities momentum needed to reduce cycle time (Standards, prefabrication, etc.)
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2002 Assessment of Key Gaps
e Technology Gaps that Need Attention Today ey ap
Integrated intrabay readiness for 300mm Factories
Ability to run different process parametersfor each wafer
Production equipment OEE
NPW Reduction
Hot Lot and normal cycletimesfor high mix factories
Faster Product delivery
Efficient Product development
Better modeling capabilities

» Future Technology Gaps and Focus Areas

Factory softwar e systemsto support Direct Transport AMHS
Equipment Engineering Capabilities and Standards
Engineering Chain M anagement Systems

I mpact of 157nm and Next Generation Litho on the Factory
Post Conventional CM OS M anufacturing

450mm Wafer Processing

© N o g s~ DdF

o 0k WD

These are Key Focus areas for Factory Integration for 2003
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Trandlating Metricsto Reality

Metric

Potential Solution it isdriving

Production Equipment Overall Equipment a)  Equipment Engineering Capabilitiesincluding: e-Diagnostics, APC, spares
Efficiency (OEE) management, fault detection, on-line manuals to improve MTTR
b) Integrated factory scheduling and dispatching capabilities to improve
equipment utilization
Non-product wafers as a % of factory wafer starts | @  Techniques to design equipment for reliability
b)  Advanced Process Control systems
Number of transport types in the factory a) Direct tool transport using conveyors
b) Direct tool transport using overhead hoist
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Industry Business Model Is Changing

~oundry/Fabless Collaboration Age
Age
Transactions and Interlinkage
IP will be flexible and open.
Design Marketing EP/BP
Foundry | |Marketing
=
Marketing Foundry

I'T Isamust and Speed is most important
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Engineering Chain Management
Customers want new products delivered faster [design = ship]

The Engineering Chain integrates the development flow from design specification to
customer delivery for a new product through engineering data exchange

— Engineering Chain = Design @ Reticle @ Process|ntegration # Customer =
High Volume

— Thisisdifferent from supply chain mgmt which focuses on efficient volume
production

Engineering chain management ensures customer cycle times are met, while new
products are properly integrated with the process

Mass Production
Supply Chain (OZD) Factor
Sale _Q.I’.d.e“m SCP _we_“m_y MES Shipp'g‘g
o t /S

ommerée Data

E tEZupt lier e-Diag
De 'n Mainteenanc o [
Pmriurtl Dp\/pllnlnmpnf. CAEqpt-lt' >
y glneMr k Chal; + °;E,:’:a'° \ 4
as rocess L
Devmn’t Devmn't -[ EES> YMS

gineering Data Recip
e
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Continued Standardization 1s needed to Reduce
Integration Time, Cost, and Complexity

Production Equipment | Factory Information & Control
* AMHS interfaces
_ * E-Factory standards (EEC, APC,
*Automation data etc.)
mte_rfa_ces *Equipment Data Interfaces
* Facilities hook-up
*Companjgata

*ESD * Securityi= el .. [
Test Equipment B =i
* Automation data
Partner

interfaces
* AMHS interfaces Security
*Facilities hook-up ( Firewall o3| o [0

*ESD o] [los
Customer /
Supplier

Material Handling Systems

oo oo oo

*Production Equipment Interfaces :a(e::halte?/vei ht
* Automation data interfaces & ght, ght,
- temperature
* Facilities hook-up . L oiim
*Carriers &3 XEquipment - -
* Safety Not an exhaustive list
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Potential Solutions driving R&D Agenda

@R 1 tcrnational Technology Roadmap for Semiconductors
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Key Messages
|mproving the Factory’s Cost, Productivity and Speed is essential

Business strategies, market demands, and process technology changes
continue to make factories difficult to integrate

More focus must be spent on new product development and high mix factory
cycle times

. Gaps in Production Equipment OEE, Factory NPW usage, and Factory
modeling must be improved.

. e-Factory concepts are being developed to solve complexity, integration and
equipment OEE issues

. Standards have been very effective in 300mm, but must be implemented more
consistently in some areas

More focus must be given to Post-Fab manufacturing (Assembly, Test, etc.) to
Improve productivity
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