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Structure of PresentationStructure of Presentation

• Semiconductors as a baseline

• Case Example of evaluating technology

• Introducing new technologies

• Methodology for Change
– Cost Drivers

– Insertion

• Summary
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Semiconductor ProductivitySemiconductor Productivity
• The semiconductor industry has invested at a

uniquely prodigious rate the last 40 years to
maintain a productivity improvement
unprecedented in human history
– Doubling the number of transistors/bits available on a

chip about every two years while reducing the cost of
those transistors/bits ~30% annually

• This amazing rate of productivity increase has
enabled an improved standard of living in the
US and the world in general
– Semiconductor improvements have also the basis for the

continuous global superiority of the US military
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Semiconductor Process OverviewSemiconductor Process Overview

Wire

Via

Being changed.
Multiple types of
Transistors –
levels increasing
Hi Speed Low Vt
Hi Speed Hi Vt
Hi Perf Low Vt
Hi Perf Hi Vt

“nano” realm



5 5

$0

$200

$400

$600

$800

$1,000

$1,200

85
Q1

85
Q3

86
Q1

86
Q3

87
Q1

87
Q3

88
Q1

88
Q3

89
Q1

89
Q3

90
Q1

90
Q3

91
Q1

91
Q3

92
Q1

92
Q3

93
Q1

93
Q3

94
Q1

94
Q3

95
Q1

95
Q3

96
Q1

96
Q3

97
Q1

97
Q3

98
Q1

98
Q3

99
Q1

99
Q3

00
Q1

00
Q3

01
Q1

01
Q3

P4
P3P2

80386

25MHz
16MHz 20MHz

68000 68020

AM386

Pentium

Pentium
Pro

Hyper-Competitive Industry
MPU Selling Price over Time

Based on information from DataQuest and MicroDesign Resources.

Not Tracked Region



$100,000

$1,000,000

$10,000,000

$100,000,000

1975 1980 1985 1990 1995 2000 2005 2010 2015
Year

S
te

p
p

er
C

ap
it

al
C

o
st

Historical Cost Data
12-99 IST Est.
Iline Data VLSI 99
DUV Data VLSI 99
Expon. (Historical Cost Data)

70nm Node (2009):
EUV: $17.48M
157: $16.1M
SCALPEL: $8.85M

Current 100nm Node
(2006):
157: $14M
193: $11M
SCALPEL: $7.7M

Exposure Tool Costs are GrowingExposure Tool Costs are Growing

Based on Gene Fuller Data - ~2000

The Exposure (Lithography) Tools create the
circuitry on the wafers by imaging the
pattern on the mask. Today this is typically
done at a 4x reduction, i.e., 100nm features
on the wafer are 400nm on the mask. Speed
has remained relatively constant.
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Mask Set Cost ProjectionsMask Set Cost Projections –– Also UpwardAlso Upward
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Masks contain the images of the features
that are created on the wafers to provide
the functionality of the circuits.
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Productivity Sustains the IndustryProductivity Sustains the Industry
Example:Example: DRAM Value TrendsDRAM Value Trends

Cost to process 1 cm2 is about the same over this period (a few dollars)
75-100mm 150mm 200mm 300mm 450mm
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““It's hard to make predictions,It's hard to make predictions,
especially about the future.especially about the future.””

-- Yogi BerraYogi Berra

The Semiconductor Industry has had 40The Semiconductor Industry has had 40
years of unprecedented growth, how longyears of unprecedented growth, how long
will it continue?will it continue?
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ITRS 2001 Version Predicting LithoITRS 2001 Version Predicting Litho
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The Lithography R&D MountainThe Lithography R&D Mountain
Required WorldRequired World--wide Fundingwide Funding (1999 est.)(1999 est.)
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These numbers were revisited in 2002 and resulted in more than a 2X increase in total required funding!



1212

A Problem Arose with 157nm!A Problem Arose with 157nm!

• The CaF2 has an issue with bi-refringence that
needs to be compensated.

• The CaF2 meeting the specifications for
compensation was more difficult to produce
than anticipated.

• Concern arose about having a sufficient supply
of CaF2 for industry needs.

• This raised sufficient concern that Immersion
Lithography became interesting to the industry.

CaF2 is the chemical representation of Calcium Fluoride.
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ITRS 2003 Version Predicting LithoITRS 2003 Version Predicting Litho

Change in direction
may be required
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Lesson LearnedLesson Learned

Cut your losses!

Even if $2B has been spent!
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Integrated CircuitsIntegrated Circuits

Images Courtesy of IBM Research Center Web Site



1616

History of LithographyHistory of Lithography
Size versus WavelengthSize versus Wavelength
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Immersion Lithography effectively divides the wavelength by the index of refraction of the liquid. 193-I and 157-I stand for Immersion Lithography.
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Development InterdependencyDevelopment Interdependency

Every element of the “nano” manufacturing infrastructure
must be ready for the “process” to succeed

248nm Exposure Tool
– Ready for production in 1991
– Only reached production in 1995

Why was there a 4 year delay?
– Resists were not production worthy
– Resulting in insufficient experience
– Resulting in lack of willingness to take risks

Learning: Complete infrastructure must be ready
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Dangers of Cost Driven SavingsDangers of Cost Driven Savings
• A new process that “saves” 15% would seem to

be something for immediate implementation.

• Consider a 300mm wafer with 200 devices
– Selling price of the good devices is $100
– Manufactured cost is bare device is $20
– Yield is 95%
– Effective company net is $19,000 per wafer
– Run rate is 5,000 wafers per week.
– (total value is left as an exercise)

• A 15% savings would yield $14,250 per week in
manufacturing cost savings. (~$0.75M/year)
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Dangers of Cost Driven SavingsDangers of Cost Driven Savings

• However, new process change over usually
have yield loss and ramp up issues.

• Assume only 10% loss for 3 months until
production is up to previous standards.

• 10% loss is $1,900 per wafer lost product
revenue or ~$10M per week!!!!

• A three month ramp to previous volumes and
yields would cost $130M

• Which choice would you make?
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Semiconductors: First Nano IndustrySemiconductors: First Nano Industry
• Model of early nanotech adoption, foundation for other nano industries

– People, capital, technology, infrastructure, experience, and culture will
enable the transformation of nano into the advanced technology economies
of the future

• Lessons learned that will apply to follow-on nano industries
– Meeting technical challenges

• New requirements in nano region; issues do not just scale
• Operating environment is critical
• Complete infrastructure must be ready (development interdependency)

– Meeting economic/business challenges
• High barrier to entry
• Each new generation costs more
• Shorter and shorter life cycles
• Development issues and technology acceleration can crash infrastructure
• Greatest benefits come to earliest successful entries

– Being late means losing leading edge capabilities



InterconnectsInterconnects

CNT advantages:
(1) Small diameter
(2) High aspect ratio
(3) Highly conductive along the axis
(4) High mechanical strength

Courtesy of M. Meyyappan
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NanowiresNanowires

Ray Solanki, Oregon Science and Health University, Feb.23, 2004 issue Applied Physics Letter
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The Nanotech ChallengeThe Nanotech Challenge
• Learnings from semiconductor industry can assist

in coordinating industry, university, government,
and infrastructure roles as nano industries develop

• In advanced technologies, companies and countries
that want to control their own destiny must be at the
leading edge
– Advanced technologies will drive the economy for the next 50 years

US Dept. of Commerce

– Enabler for national security and competitiveness
– But competition is global and severe and already upon us
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SummarySummary

• Introducing new technology has risks.

• Successful technologies can still result in
corporate losses

• Understanding technology includes
understanding the infrastructure. Failure to
consider the total picture can result in losses

• There will be many technology “losers”, but
the successful will understand the technology
and how to drive development to satisfy a
consumer need.


