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More than Moore
or More Moore: a SWOT analysis
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More Moore v More than Moore

* Europeans popularized in 2000’s
— Sound bites “No Exponential is Forever”
—1n 90’s Moore expressed doubts

 MM: who knows when it will end

 MtM: a new ontology for semiconductors
— The new reality after MM?
— A new business model
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~ Moore'slaw .

Refresher

* A doubling of components
— In a year (1965, modified to 2 years in 1975)

— for roughly the same
manufacturing cost

— due to lithographic shrinking
« Shrinkonomics

— 1stwork in Innovation
Economics

Moore’s clock

of economic innovation:

 How long it takes to
— halve the cost
— in a measure of user value
— with a known innovation vector
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Strengths of More Moore

* Declining Cost per Function
— Made possible by steady innovation
— Self-fulfilling prophesy

* Bryant's corollary
— Need less capacity = free fabs

» Soclal feedback loop
— drives technologists & financiers
— Success with each node reinforces the effort
— Resources far larger than More Than Moore
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Moore’s Law and
the value of Shrinkonomics

Average Price Per Transistor for all Semiconductors
(in Nanodollars)
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Moore’s Law Drives Consumption

Worldwide Transistor Consumption
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Moore’'s Wall is the
poor vision of many

a prophet

« 1968: End of Optical Lithography seen
as bringing ML to a close, wih mutiple follow-on's

throughout the 70s, 80s, and 90s, until people tired of the death of optical
argument

« 1993: Even Moore loses faith with No
Exponential is Forever VMIC speech

« 1996: my 15t Scientific American article
published, with the commission to

address growing questions about
Moore’s Wall.

— the answer: Failure Mode would

be Economics, not technology and
not expected any time soon

- same answer in a follow-up article in 2004

« 2003: But, Forever can be Delayed
Moore at ISSCC
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Weaknesses

2004: The R&D Crisis

First given at ISMI Manufacturing Week

RD&E Spending per Node * Chip sales g.r(,),\gg/:

(WW in $M. Includes both Chip and Equipment Spending)
«1995 - 2004

* R&D Spend growth
* 12%

* By 2020,

* if unabated,

* R&D spend
reaches 40%

100000

Clearly
unaffordable
*Either:
*Slow ML

« or up RONR

1957 1958 1959 1960 1962 1964 1969 1972 1974 1976 1979 1982 1984 1986 1988 1990 1993 1995 1997 1999 2001 200

Node in nm & Year
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2010: The R&D Crisis Averted

First given at ISS 2010

RD&E Spending per Node
(WW in $M. Includes both Chip and Equipment Spending)
100000

1957 1958 1959 1960 1962 1964 1969 1972 1974 1976 1979 1982 1984 1986 1988 1990 1993 1995 1997 1999 2001 2003 2005 2007 2009

Node in nm & Year

Copyright © 2010 by VLSlresearch inc All Rights Reserved

32 nm brought to production with only a 2.2% rise in R&D cost
Proof that Coopetition & Consolidation Work
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Weakness

sut.. Moore’s Law has not driven a
Revenue Growth Difference

Moore's Law Driven versus Not Moore's Law Driven
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Moore’s Law Driven =
— NAND
— DRAM
- MPU

Moore’s Law Laggards =
— everything else

The reason?

— Most Moore’s Law
Gains are Given
Up in Price

 DRAM -12%
* NAND -16%
 MPU -1%

* Average -3%
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Threat: Keeping Moore’s Law on track will
be a Bigger Challenge in this Decade

Capital Productivity: The Lithography Metric

© Litho Tool Cost Per Pixel O
=Ayv g Price Per Transistor O O O
¢ Litho Tool Prices

1960 1970 1980 1990 2000 2010
Year

Copyright © 2011 by VLSI Research Inc. All rights reserved.
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Opportunity
Litho often stalls with new generations
Hence the need for new wafer sizes

Capital Productivity: The Lithography Metric

« EUV

— Higher cost @22nm RERE A

00”’

— @125 WPH? ceee?
— Worse If 60WPH

* |It's happened. before
— With new litho-tech

L 2

* Proximity

« Scanners 1980 1990 2000 2010
Year

« Steppers 2011 by VLS| Research Inc. All rights reserved.
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Opportunity

The New Era of Materials
« 1G: Copper, Capacitor HIK — TaO2, Ru
« 2G: LoK & Strain ... Ge
« 3G: HIKMG ...Hf,O,
« 4G: II-V, -1V, Ge, Ga, GaN, TiO,

* Drivers: Nanochips
— device physics a new game <100nm
— power for battery life & mobility

— power for fewer losses in transmission
« Power chips for green tech

13
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Why Care About Moore’s Law?

* Price is a Critical Demand Driver

» without Shrinks . . .
— few reasons for New Designs

* Moore’s Law Laggards are pulled

along by Moore’s Law Leaders

Fear of the Unknown

» Electronics last for far longer than
— we replace them
— growth could dwindle to nothing

— especially with technostress
a demand killer
consumer electronics slowing
going to dentist preferred over
buying a cell phone
*  Without Moore’s Law there won't
be New & Improved Supply Push

VL Slresearch .
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We Didn’t Stop Using Cars

N

FORD MOTOR COMPANY'S EQUIVALENT TO MOORE'S LAW
(the early years of the auto industry)

900

e —— Average Price

700 - —— Average Cost
— Average Profit

DOLLARS PER UNIT SOLD

Moore’s Clock for Autos was 2.5 years

VLSIlresearch =
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Wi

imagine . . .
semicon

t

Where would We be

0
=4

ductors?
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More than Moore ... or
Is there life after Moore’s Law?
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More than Moore
Strengths

Term popularized by Europeans in the last decade

Sound bite: a new offshoot in semiconductor technology

— extend the benefits of Moore’s Law without scaling
« Advanced packaging

— Create entirely new value chains using the same technology
developed for Moore’s Law

3D Packaging

EST. Emergent Semiconductor Technologies
— MEMS: Micro-Electro-Mechanical-Systems

— Solid State Lighting

— PV Solar Cells

VLSlresearch -
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3D Packaging:

Most Common Form of MtM thinking

* Volume mostly in wire
bonded stacked die

— An evolution of 2D
Hybrid/SiP
« Kilby's IC
« TSV is mostly in cell
phone camera units
— Complex = Costly
— Lot’s of promise
— In the Hype Cycle since the
nineties

VLSlresearch
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B TSV Required 4 Technologies

(A) Micro Bump Technology
(B) TSV Formation Technology
(C) Post TSV Technology

(D) FC Assembly Technology

http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-

ic-coming-of-age http://www.chiphistory.org/

19


http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://electronics.wesrch.com/paper-details/pdf-EL1SE1UN1LORM-2-5d-3d-tsv-ic-coming-of-age
http://www.chiphistory.org/
http://www.chiphistory.org/

EST: Emergent
Semiconductor
Technologies

« The use of Semiconductor Manufacturing Technology to
create new markets:
— MEMS: Micro-Electro-Mechanical-Systems

« Micromachines in Japan and Micro-Systems Technology in Europe
« MOEMS: Micro-Opto-Electro-Mechanical-Systems

— Nanobots/machines
— LED Lighting and Displays
— Solar PV
 Why Semiconductors?
— Established tool & material supply base
— Easy to machine and alter electrical & optical properties
— Performs well under many different forces

« Small, high growth application focused markets
VLSlresearch =
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EST: MEMS

| e | ||

==

Issys density sensor - ( _ = Piezoresistive
= : ; .3 3 Accelerometer
Platform

Vacuum Cavity Sealing Material
™,
[~ Micromachined Capping Wafer
LY T (.T'E“Er T, Biligon
) | —— or Uillaes 7
f  T— f Bond Pads
E— | /

Dievice Water ™

Cavity
Platform

oy

Cantillever

Fhud Inlet / Outlet

Doug Sparks

Jerwei Hsieh
http://electronics.wesrch.com/pdfEL1SE1EZDLFIS

http://electronics.wesrch.com/pdfEL1SE1EZDXVWL
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Strength: Vibrant Market

« MEMS have real
applications

 Critical to all cell
phones and tablets

e Critical to Autos

MEMS Microphone,
Accelerometer,
E-Compass,
BAW Duplexer

MEMS Microphones
for Noise Cancellation

mems-back-to-double-digit-growth

Microphone PCB with
MEMS Microphone

http://electronics.wesrch.com/paper-details/pdf-EL1SE1EZDIKMX-

Source - iSuppli Corporation Teardown Analysis — Motorola Droid Mobile Handset

VL Slresearch .
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Weakness:
lots of science fiction In the science

Nanobots in Development E = T “N
— Medicine Y : \

« Cancer — chemotactic sensors
* Drug Delivery

* Cell repair

— Energy

* Qil extraction nanosponges
* Qil spill clean up

 Solar power efficiency

» Ozone layer

— Detection and Defense

» Space exploration

 Military Defense

« Chemical Warfare Detection
- nanosensors detect <10 ppb  [E et

yst Svid k

http://scienceblogs.com/framing-science/NanotechFly.jpg
Lindsey Armstrong, Christopher Arnold, Kamal Banjara, Ahmad Al-douah
http://electronics.wesrch.com/pdfEL1SE1IEZDTSWO
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But today’s science fiction is
often tomorrow’s science

Research Programs

The main medical foci of the research programs in our lab are
cancer, rigenerative medicine, cardiovascular medicine and infectious diseases.

Multi-Stage Drug

= Proteomic NanoChips Fracture Putty
Delivery System

J‘M | **l&u-f’u——«’wl'\.

VL Slresearch

Copyright © 2011 VLSI Research Inc. All rights reserved.

http://medical.wesrch.com/paper-details/pdf-ME14GWMAWTHJIM-nanochip-

research-in-medicine-for-cancer-rigenerative-cardiovascular-and-infectious-diseases
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But today’s science fiction is
often tomorrow’s science

Intracellular trafficking of pSi
particles in macrophages

00:03:23.699M| 00:09:27. 72648 00:12:29.68 14 00:15:31 683 00:18:33.55048

J774A.1
macrophages

eScanning electron
microscopy
15 min
eTransmission electron
microscopy
15 min
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EST: LED Lighting

Philips Lumileds

Phosphor Layer
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Cathode

LED Chip

Bond Layer

Ceramic Substrate

Metal Interconnect Layer

Thermal Pad G E

(electrically isolated)
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 LED prices have
flatlined
— < $200/KIm
— 60W Equivalent

 CFL
— < $6/Kim

* Incandescent
— < $2/Klm

« Not competitive at
the consumer level

« Competitive at
Enterprise level

— Maintenance, Power &
Security

* Opportunity for Major
Breakthroughs

VLslresegreh

Threats: LED Pricing
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PV Solar prices will
soon break through
$3W grid-parity
barrier.

PV solar panel
prices have
dropped 4.6% since
beginning of the
year

Currently running at
a 3-year Moore’s
Law rate

— It'sbeen
accelerating

= Solar PV Panel Price Performance
-4 \Week Rolling Average

32885
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IIIICD
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PV Solar Pricing
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Opportunity
MtM EST Markets

Solar PV 204 25-30% Politically driven. BP disaster will help.

' Still relies on subsidy

15t Gen Mature
- 0)
MEMS 7.4 >-20% 2"d Gen growth>40%
LED Liahtin 6.2 30-40% Power plant capital requirements are
ghting ' the driver

N 5 Huge Medical and Military Apps are the

' J Driver
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Thank You

This presentation will be available at

http /. WESRCH.com

If you have further questions, e-mail us at:
clientservices @ vlsiresearch.com

For local support, contact us in:

Silicon Valley: 1-408-453-8844
Europe: 44-1234-83-4666
Japan:81-3-3492-1341

Taiwan: 886-2-89131366

follow Dan Hutcheson's photos on twitter
@wildphotons

see them all at flickr.com/photos/wildphotons/
VLSlresearch "
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Appendix: Web sites

VLSlresearch.com
 VLSI's market research page

* For research on the semiconductor supply chain

ChipHistory.org
» Education site on semiconductors
* Virtual history museum
« Based on industry donations

weSRCH.com

 Where Technology = Opportunity
» Avirtual science & engineering conference

* Ads reach 200K visitors per month
« 15-20mins & 35 page views / visit, >1 visit / week
* High signature authority and income viewership
* High Yield on Targets for your business

VL Slresearch B
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Disclaimers

This presentation may contain stock information that is obtained from the opinions of industry analysts. Quoted past results are not necessarily
indicative of future performance. None of the information should be seen as a recommendation to buy or sell. We are not stock analysts. You
should contact a registered investment advisor as to the nature, potential, value or suitability of any particular investment action. To the extent
any of the information contained herein may be deemed to be investment advice, such information is just an opinion and is not tailored to the
investment needs of any specific person. Although data was obtained from sources considered reliable, it cannot be guaranteed. No
independent steps have been taken to confirm its accuracy, truthfulness, or completeness.

VLSI Research is paid in connection with the analysis and investigation herein, which may be included in this publication. Certain statements
in this report, and other written or oral statements made by VLS| Research are “forward-looking statements” within the meaning of the U.S.
federal securities laws. All statements, other than statements of historical fact, are forward-looking statements within the meaning of these
laws. In some cases, you can identify forward-looking statements by terminology such as "may", "will", "should", "expects", "intends", "plans"”,

"anticipates"”, "believes", "thinks", "estimates", "seeks", "predicts", "potential”, and similar expressions. Although VLSI believes that these
statements are based on reasonable assumptions, they are subject to numerous factors, risks and uncertainties that could cause actual
outcomes and results to be materially different from those projected. These factors, risks and uncertainties include those listed under "Risk
Factors" and elsewhere in our clients’ Annual Reports on Form 20-F filed with the U.S. Securities and Exchange Commission. Those factors,
among others, could cause actual results and performance to differ materially from the results and performance projected in, or implied by, the
forward-looking statements. You should carefully understand that forward-looking statements are not guarantees of performance or results.
New risks and uncertainties arise from time to time, and VLSI Research can not predict those events or how they may affect you, the reader.
Except for any ongoing obligations to publish or disclose material information or as required by the federal securities laws, VLS| Research Inc
does not have any intention or obligation to update forward-looking statements after the date of this report.

Copyright © 2011 by VLSI Research Inc. Printed in the United States of America. All rights reserved. No part of this publication may be used
in any legal proceedings nor may any information contained herein be disclosed to any third party, or reproduced, or transmitted to any third
party, in any form or by any means -- mechanical, electronic, photocopying, duplicating, microfilming, videotape, verbally or otherwise --
without prior written permission of VLSI Research.

The Chip Insider® is a registered trademark of VLS| Research Inc
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