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[Jammy] Thank you very much, Ichiguchi-san. Good afternoon, everybody. Thank
you for joining me here today. It is my pleasure to be here at your office, NISTEP. I also
want to thank Ichiguchi-san and Kamiyama-san and Chuma-sensei for the invitation to
come to Japan and to present some of our works, how we collaborate at SEMATECH
and why collaboration is critical in our opinion. And to me the discussion that we have
today is more around how future of research and development must be done and how it

is necessary to be done, as we go into many complex situations in the coming years. This

is probably example of

semiconductor technology,

SEMATECH Tokyo

but the same example can March 15, 2013

be applied in many other Accelerating the next technology revolution

fields. Semiconductor R&D and SEMATECH:
To take this discussion [EN[E=leK el @ €1le]sr=| N @e] s e e=1il0]y!
off, T would like to go [EaLRZIRANI=SI=V VY=ol k

through semiconductor [CASEAURTESaIOE

industry, how the industry [EEERERIH A
VP, Materials and Emerging Technologies
has grown and what [ESEIEEET

scaling is all about, and I

also talk a little bit about Fig. 1
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That may give you an idea of
why a collaborative

organization like

taking place in the industry? Fig. 2
The semiconductor industry

is continuously going through changes and transitions. It is important to look at that
change and transition today. And of course, Toriumi-sensei is a big part of some of these
changes in the industry; some of his research directly impacts many of the things that
I'm going to talk about today.

At the end of this presentation, I would like to highlight some of the discussion
topics that we go through as a summary point. What I would like to do is to talk about
what makes a consortium successful, why a consortium can be successful and what is
necessary for that.

Now, through all this presentation, please stop me if I am speaking too fast. I speak

very fast, so please stop me and tell me to slow down.

Contents B

+ Growth of semiconductor industry and scaling SEMﬁTECﬂ/:
FEREFRLHHEOREE Fig. 3

So, let’s start with the first topic: semiconductor industry growth (Fig. 3). In the
semiconductor industry, we have what is called a virtuous cycle (Fig. 4). We call it
virtuous because we innovate, and that innovation leads to new technology, and that
new technology obviously is giving us lower cost and more functionality. Once we have a
virtuous cycle, we have more applications, business increases, and then obviously
revenue is going up. So once there is more revenue, again we invest it back in R&D, and

more ideas, more innovation, and we continue. This is how we have been doing for a



long time. Although this is
called a virtuous cycle, this
may be a dangerous cycle in
one way. The danger comes
because the need for R&D
and the cost of R&D are
continuously increasing.
Unless the application space
is expanding faster, you
would not gain an advantage
from the virtuous cycle. You
will see that during the
presentation.
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semiconductor industry can do a presentation without talking about Gordon Moore. I

am from the semiconductor
industry, so I have to tell
you about Moore’s Law (Fig.
5). I am sure that many of
you are familiar with
Moore’s Law, so I do not
have to spend too much
time here. Just I want to
make one very important
Law 1is

point:  Moore’s

neither a technology law

] T,
Moore's Law SEMATECH /
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nor a scientific law. It is

purely economics. When

Fig. 5

the number of transistors is doubled, the designers can put more circuits on the same

chip. More circuits mean more functionality. Therefore, the customers and consumers

are happy that the next-generation cell-phone can do more work and the

next-generation laptop can be faster. At the end, that is literally what has been

happening.

Right here, I want to say “If we can get this kind of functional improvement by

other methods, it is also good.” I think the industry is going in that direction. I was

talking to Kamiyama-san a little before, and both of us believe that conventional scaling
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approaches may not be necessary. Some of the ideas that are being looked at today
might be more appropriate for future generations. If we select materials that are
pioneered by various groups, a lot of non-lithography techniques might be the direction
that we should look into. We will come back and talk about that subsequently.

For those of us in the room here who might want to get an idea of what kind of
semiconductor technologies and how the scaling happened, Fig. 6 might be of an
interesting chart. In 1970s, when the Intel’s first chip 4004 was introduced, the number
of transistors was about 2,300. That means it is like an auditorium or a hall. In
mid-1980s, when Intel 286 was introduced, the capacity in terms of transistors was
about 134,000 just like a stadium. By the time when Pentium III was introduced, the
number of transistors went up to 32 million, which is like the population of Tokyo. Now,
we have 1.3 billion transistors, and some of the chips that are being made today are
close to 2 billion transistors. The number of 1.3 billion is equaling to the population of
China. If transistors were people, this is how you would see them. You can imagine the
size of these data.

What is interesting is that actual chip size has not changed. I think this is probably
the most important thing in the industry. The chip size has to remain the same as back
in 1970s. In reality, what we have is the population of China on a chip. That is really the
scaling power that we are all working on today.

Now, another very important factor within the Moore’s Law is that we are getting
lower and lower cost. Figure 7 shows the cost per transistor and per frequency. The
frequency is a typical measure for performance improvement, in general. So far, that is
how the industry has been looking at it. From that perspective, there is a significant

reduction in terms of cost as being scaled. You have not only been able to put more



]
Moore’s Law Enables Lower Cost p
Ao |
Microprocessor Cost 9
Per Transistor Cycle o
p Logarithmic Plot A
1067
=10
10 -
L'}
=
S
@
2t
§ 10 =
=
&
-16
10 -
-19
lo i | 1 1 1 1 1 1 L} 1 1
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Halving time: 1.1 years Year Source: Internet
Fig. 7

transistors in a chip by making them smaller, but also you have been able to reduce the

cost per transistor as well at the same time.
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Now, let’s start looking at technology trends and industry trends and where are the
gaps (Fig. 8). The big driver was a personal computer in 1990s, and PC was a big thing
(Fig. 9). Everything was made for PC and everything was geared around PC. In 2000s,

it was on Internet. The computer Technology Trends £

SEM.ITEC!I'I

was important, but how fast the . o s
PC (1990s) — Internet {2000s) — Smart Computing & Connectivity (>2010)

romputer was be able fo set e ) o st

Internet information was more
important than the computer e
itself. Today, it is more about =

smart technologies. By smart, it

1990s 2000s

is not just a technology being

smart; it is more about how the
(2011 GSA Forum, Nvidia, 2011 KSIA, Dongbu)

technology interacts with us. It

Fig. 9
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these technologies. If we look into how this is doing, we are putting all these
technologies together so that we have a higher level of functional integration, and we
can access information wherever we want, whenever we want, and whatever
information we want. We may access the entire collection from Library of Congress or
the entire scientific database may be available in our pockets. That is the direction we
are headed. This is an important change we are seeing right now.

This trend is also related to some other changes that are coming in mobile
computing platforms and mobile communicating platforms (Fig. 11). Mobile
communications and mobile computing are coming together. At the same time, the

growth rate for mobile communication platform is very fast (see Fig. 11). In fact, the

demand is so much higher
Industry Trends sg',.{'ﬁ\c“ﬁ:

e P — &

for communication chip

Mobile Computing

that the supply cannot
match. It is expected to be
the same way for the next

few years. It 1s also

important  that  these

computing platforms - System Drivers:

« Low and ultra-low power logic with multi-core/multi-modules
always have a - Dense 3D NVM RAM for Solid-State Disc (SSD) and dense DRAMs (TB)
communication part + High-level of functional integration (Digital, analog, RF, NVM, DRAM,

MEMS, low power displays,...)
attached to them. That is + Faster data transfer needs between modules and between chips

- Significant gaps - leads to device technology evolutions

why these two are coming

together. Similarly, behind Fig. 11




every cell-phone, there are cellular technologies. This means that cellular technology is
also growing very rapidly.

Now, the new technologies’ needs are very different. In case of communication
technologies, main important thing is low and ultra-low power technologies. You need
ultra-low power devices and cell-phones. Even cloud computers also need low power
technology because the number or the size they have to deal with is so huge that they
need a power plant right by the side of a server station. It will be expensive. In fact,
Google started their server station by Columbia River in Oregon State only because
there was a power plant right next to it. They need that much of energy just to run a
server station today. Therefore, the low power is very important.

Second important thing is memory technology. Dense memory is another absolute
need. We all create a lot of information on a daily basis. All the information is not just
created, but it is also stored. In some cases, the information may be multiplied many
times and saved. For example, university degrees, health records, benefits, and
financial reports are kept in different locations multiple times. If we are going to store
such information for the entire lifetime or if people create one’s own information, we
have to think about how to save it. How much memory each person would have on the
planet? We have 7 billion people today, and from today standard, each person may
consume 10 terabytes of information through the entire life. Information of seven billion
times 10 terabytes are a huge load of memory.

We talked about function integration in the previous part (see Fig. 10), and it
means more companies are coming together. There is a large problem when we use the
fast logic and high-density memory: How fast do we send information from the logic to
memory? And how fast do we take it from memory storage and send it to the logic when
we need 1t? The communication channel becomes a very important piece. Namely, the
fast data transfer between the modules or between the chips is a very important thing.

All these things have significant gaps. This is what the industry wants, but I do not
think that it is possible today. We need some new revolutionary changes in the device
technology. I will come back to that later, but I want you to hold that in your mind.

Now, I would like to show you how ITRS, the International Technology Roadmap for
Semiconductors, is treating the same thing (see Fig. 12). One direction is, of course, the
Moore’s Law direction, and the other one is functional diversification of more than

Moore’s Law or beyond Moore-based technologies.
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different components on
one chip has a big advantage because it means that we get more scaling indirectly. It is
equivalent to the ordinal scaling that was done with dimension shrinking. Thus, higher
value systems using “system on a chip” or using “system in a package” is a new direction
the entire industry is going.

I talked about gaps and about changes, and those changes are here (Fig. 13). The
device evolutions or technology evolutions are listed up in Fig. 13. There are very

important things in three categories. The first category is that most devices are going

Device Evolutions and Gaps O
/- 3D FinFETs, Gellll-V FETs, low V4, FETs WATECH

« Transition: Planar to non-planar device processing with non-Si materials
+ Challenges: Tools, heterogeneous integration, models, test methods, design
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\ - Challenges: Tools,_unknown physics, test methods, madels, reliability /

/~ - System on a Chip (SOC) \
- Transition: Discrete memory/logic to integration of logic, memory, RF, analog...
« Challenges: Restricted process /tool options, mixed materials on die, cost (yield)

= 3D TSV, photonic interconnects/System in a Package (SIP)

- Transition: Planar ICs to ICs between chips; all electrical to electrical/optical
- Challenges: Processes/materials/tools, standards, models, design, packadging, test

- Extreme UV (EUV) Lithography
+ Transition: DUV immersion to EUV
« Challenges: Processes/materials/tools, masks, resists,...
+ 450 mm wafers
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\ + Challenges: Tools, processes/materials, cost.... /




towards 3-dimensional devices. We are no longer making devices on a flat surface, but
we are making 3-dimensional structures. Scaling itself is going to take advantage of
3-dimensional structures now. Next important piece is that a lot of new non-silicon
materials are coming out both for logic and for memory.

We need electrons in a memory device in order to store a piece of information. The
current memory technologies, however, do not store enough electrons. We have about 10
electrons in each memory cell. The 10 electrons are not good enough statistically to
ensure that we can come back and access the information after one year. That is a big
issue. Another important part is low power. Because of low power or ultra-low power
technologies, we may not use CMOS, but we may use something different technology. It
1s another important change that is coming up.

The next changes that we should be looking into are the System-On-a-Chip and
System-In-a-Package, which we talked earlier. These two are also significant changes
because we are putting different components on the same die. You have the same size of
die, but you have a lot more functionality coming from the die. Thus, System-On-a-Chip
and System-In-a-Package are new important trends.

The last one is an equipment-based change. You need the right two sets of
infrastructure. Extreme UV is one area, which is extremely difficult, and there are a lot
of works going on in that direction. The other is wafer size; there is a transition from
300 mm to 450 mm diameter.

Each of these things has a huge amount of works and resources that are necessary
to make these changes happen. What is interesting to me is that the industry is
pursuing all these changes at the same time today. In the past, even if you did one of
them, it was a large change. But we are all working hard to cause all of these changes at

the same time. That is the big challenge.

Contents HX SEMATECH)
» Rising cost of R&D and SEMATECH context
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Now, let me talk about the cost of R&D and what is happening in the cost of R&D.
Before that, I would like to mention a little bit of the history of the industry itself. The

semiconductor industry started in the United States, Silicon Valley area, 50 years ago
(see Fig. 12). It was Bell Lab. that invented the first transistor. A lot of the
semiconductor industry started in the Silicon Valley area, and this industry is
continuing to grow faster than the GDP of the United States. The semiconductor

industry is needed economically. If there is not this industry, the economy will collapse



Semiconductor Industry Fact Sheet

* Founded in the U.S. approximately 50 years ago SEMATECW

* Industry continues to grow faster than GDP and is economically indispensable

* 2011 annual sales of ~$300 billion worldwide enabling electronic systems production of
$1.1 trillion (#1 value-add of any industry and has highest economic multiplier)

+ Vital component of the IT industry, the strongest productivity growth engine in the world

* Major source of high-wage employment in the U.S.

« U.S. semiconductor industry directly employs about 200,000 people in the U.S.

« The #1 (largest) U.S. export performance industry

* 80% of the U.S. industry’s sales are overseas
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in many countries.

The annual sale in 2011 was $300 billion worldwide. That $300 billion allows for
making systems that are valued at $1.1 trillion, and allows for a huge employment
potential. These are very large numbers because they also have an economic multiplier
factor. Every high-technology job creates 5 to 10 other jobs. Thus, the economic
multiplier factor is very high in this industry. Because the semiconductor industry is a
very vital component of IT, it is a growth engine for the world. In the U.S., the
semiconductor industry has the largest employer with high wages. There are about
200,000 people employed in this industry in U.S. alone. Now, it is the number-one
export performance industry for U.S. along with jet engines and aircraft. Eighty percent
of the U.S. industry sales are outside the United States. Thus, a lot of exports come from
this.

The worldwide revenue is continuing to increase. The interesting fact to me is that
the ratio of R&D expense to the revenue is also going up. Very few industries can claim
that they will spend 20% of their revenue for R&D. It is a necessity at the same time in
the semiconductor industry.

This is probably a sign of the future and how things are going to be looked at, not
only in this industry but other industries as well, biotechnology and medical technology
and so on. Why is this happening? One reason why this was inevitable to happen in

many industries in the past is that the industry was vertically integrated. For example,

10
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EDA
also kept internally Equipment and materials Ejia:;g:r:gt
developed chip
technology such as

process technology. They also made their own software tools for verification and design

layout. Of course, they did not buy the equipment and materials from outside. That was

before.

Today, the industry is fragmented (see Fig. 16). Since mid-90s, the industry splits

up into several segments. Many companies decided to become fabless. In fact, some

newly started companies were purely design-driven and fabless. They contracted

manufacturing to a foundry. Memory, logic, and IDMs (Integrated Device Manufacturer)

essentially became a small separate segment. Packaging and assembly became a

separate segment. EDA (Electronic Design Automation), equipment, and materials

became another segment with suppliers clearly being distinguished there.

Now, at the top is the system house. The companies that make systems are the ones

Implications for technology introduction .
* |dealized IDM model SEMATECH,/

— Systems architecture/trade-offs determined within company boundaries

— Enhanced ability to experiment, iterate on technology options

— Investments based on systems profitability independent of supply chain financials
— Early entry to markets to drive cost reductions

— Strong influence on suppliers to support IDM pathfinding and commercialization

* Impact of today’s industry structure
— Segmentation creating new visibility, coordination, and affordability challenges

— Changes that occurred 10-15 years ago (length of technology pipeline) are now
being realized

industry structu . impact
disrupti - : realized
10 - 15 years
1990 2000 2010

Fig. 17




that control the profits in the industry today. They do not necessarily need to spend as
much money for R&D as I have shown. R&D burden is continuously getting pushed
down. This is a very important change that has taken place.

Another important issue is how long it takes for a new concept to become a
manufacturable idea. It takes at least ten years. Many concepts that we are using today
have been looked at for almost 10 to 20 years by the universities, by research labs, or by
national labs. It took a long time before they became production-worthy. There is a very
long technology pipeline (see Fig. 17). It needs a long time and a lot of resources for that
to happen.

Again, if each company is spending money on their own technology development in
this fashion, you can imagine how much money is going to be spent in the whole
industry. That is exactly what the problem is today. The semiconductor industry
revenue is growing, but it is flattening out (Fig. 18). However, the total R&D cost, as a
part of that revenue, is also growing. The gap, which is essentially the profit that
companies make, is shrinking and reducing rapidly. That is a dangerous sign. Every
company is forced to spend money on R&D multiple times. This is what needs to be
addressed.

The revenue itself of the semiconductor industry is growing for a long period.
However, the revenue is becoming flat although there is a variation on the equipment
side. The equipment is crucial for the semiconductor manufacturing. In fact, you cannot
make chips without the right equipment.

Japan 1s very strong in the equipment industry. Today, the equipment industry and
material supply industry are very strong in the U.S. and Japan. That is very important

because we may not have to make the chips like we used to make. If the equipment

Industry revenue vs. R&D expenditures
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industry makes better equipment, it is a very controlling factor. That is a very
important issue. Now, at the same time, the revenues of equipment industry are very
flat (Fig 19). I will talk subsequently about how we make better equipment. I am going
to come back to this topic.

Another important trend is the significant consolidation. The top-five OEMs

(Original Equipment Manufactures) are supplying up to 60% of the market (Fig. 20).
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Fig. 20
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There are five chip-making companies and also there are five equipment-making
companies. Namely, the five equipment-making companies are supplying to the five
chip-making companies for a $300 billion. Therefore, the risk becomes higher than ever
before.

Losing some chance from a chip-making company may drive equipment companies
out of business. That is a big risk factor. You can see some of these risk factors in the
large year-to-year variability of revenue shown in Fig. 20, but their R&D cost has to
keep up without that kind of variability. The shock is very high in the industry.

The same thing happens to the equipment sub-system (Fig. 21). When equipment
companies make equipment, they need the pumps, robotics, and all kinds of
sub-components that go into the equipment. The sales variability is even higher for such
subsystem supplier as shown in Fig. 21. They are much more reactive; their R&D
budget shakes and goes up and down almost in step with what the industry needs. This
1s a problem because the technology is so high-end that we need the sub-components to
be much higher quality than before. If we have low quality sub-components in today’s
fab, we would lose billions of dollars quickly. We have to be very careful about that.

Here, I would like to say that technologies drive our success in the industry (Fig.
22). So, how do we bring a new technology from a lab to fab? To do that, a comprehensive
and industry-wide collaboration is important. The challenges are global because the

industry is also global. In fact, problems cut across companies many times. To find a

R&D affordability: supply chain &4t @@ ER&D s@!{_f
* Equipment subsystems ~$4.9B market (~15% of wafer fab equipment
market) H$ITOAT LRSI TRERTRBO15%LUT (498 FILLT)
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* R&D expenses are becoming even more unaffordable RrapRE#H#EX
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new technology, you need to
align the material supplier
and new equipment company.
the supply
chain has to be completely

they

Consequently,
aligned. Eventually,
have to supply to these large

companies in a very high

Too many challenges to solve alone "\

HETORMANLELINLSIREAE R SEMATECH/

» Success in semiconductors is driven by technology
innovation and advances in manufacturing
FEERFERORMEE, TERMEH ) &I 5 i 4 E R

» Success depends on comprehensive industry-wide
collaboration I ORI ER DX

— Challenges are global, and cut across industry ecosystem
— Solutions require significant investment, leveraged funding

& SIA r—

Fig. 22
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volume. If there is no supply

chain alignment across the

globe, it may be difficult to
manufacture.

The significant investment is also necessary for these things to be successful.
Therefore, there are many consortia in the industry today. Some of them are the
large-sized consortia that are working. There are a few consortia in Japan, but I choose
EIDEC (EUVL Infrastructure Development Center) specifically because it is developing
very important future technologies by getting a lot of contributions from many

companies.

Z

SE MMECIL-I/

Contents B

« History of SEMATECH, collaboration model and impact
SEMATECHD & #H: HEETIVEFE R

Fig. 23

Now, let me talk about SEMATECH itself. The need for high technology and the
need for collaborative work brought SEMATECH to life. SEMATECH was established
in 1987 by the government of the United States, both the defense department and the
House Science & Technology Committee (see Fig. 24). They got together and put $100
million per year. The industry also started putting $100 million per year. That was the
original budget for SEMATECH. It is, of course, a non-profitable consortium, and was
supposed to be an experiment for five years. Today, it is 26 years old; we just finished
our 25th year anniversary.

It is interesting to me that in Washington D.C, today, whenever there is a crisis in
any industry, the government wants to start a SEMATECH for that industry. When we
had a problem in the auto industry in Detroit in 2008, the government of the United
States said, “We should start a SEMATECH for the auto industry.” It was a problem
with battery technology, and the government said, “We should start SEMATECH for the

battery industry.” For the solar industry, they had a similar concept.
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I would emphasize
that SEMATECH
very successful model.
The government likes
this kind of model and
thinks that

industries

1s a

many
can benefit
from that model.
Personally, however, I do
not believe that the same
model can be applied
all

They have to have the

across industries.

1987: Government and industry agree SEMATECH
needed to regain U.S. manufacturing leadership

SEMATECH /
1987
Defense Dual Proposals Semiconductor
Science Board Industry
\ Association

House Armed Services Senate Armed Services

House Science & Cong ress

Senate Commerce
Technology

Public Law 100-180

|
$100M/year (+ $100M/year from Industry)
Department of Defense/Advanced Research Projects Agency

'
SEMATECH

National not-for-profit consortium - five year “experiment”

in public/private cooperation
Il ewecpzgrs |

Fig. 24

right situation for it to be successful. I will talk about that subsequently, but that is my

opinion.

Once SEMATECH was established, there was a definite impact. We saw that the

industry in the U.S., which was declining, started picking up and it improved to a
leadership position (Fig. 25). One of the focus areas at SEMATECH was how we
improved the equipment quality and reliability in order to boost the device yield. That
was the focal theme when SEMATECH was established. We saw that it had an impact

and the benefit came out.

Since then, SEMATECH moved on from the initial position of serving the U.S.

industry to the next position very quickly; it became a part of the international

community because the

U.S. government, as well

as the member
companies of
SEMATECH, realized

that this problem is not
local to the United State.
This problem is global.
We have to work together
with many companies in

many other countries.

SEMATECH i Yy
Supporting U.S. technology recovery SEMATECH /
“The most significant finding of the Task Force is that U.S. technology leadership
in semiconductor manufacturing is rapidly eroding and that this has serious
implications for the nation's economy and immediate and predictable consequences
for the Defense Department.” - Defense Science Board Task Force
on Semiconductor Dependency - February 1987
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SEMATECH Overview

Hrstory SEMATECII'D
SEMATECH: a dynamic industry consortium
r’i@ ISMI g —
Y, 4 . f m SEMATECH Alliance \\\ PVMC
sw“”n.”l*ﬂlr“"“ “ﬂ / chE Program and G450C
SEMATECH ) ik, e (4a0)

1987 1995 2000 2003 2007 2008 2010 2011
* Widely recognized as the model for successful industry-government collaboration

* Helped recapture US lead in semiconductor manufacturing
« Successfully managed $870M in federal funding (through 1996) and ramping up global membership

* Led industry-wide initiatives to enable industry transitions (next-generation patterning, next wafer
size, novel materials and device structures)

+ Catalyst for technology commercialization and economic development

[ ew™eszon 2% |
Fig. 26

The first step was the transition to 300mm wafer size. The wafers were 200mm
diameter before that, and the industry was considering to switch to 300mm. They used
that as an opportunity to form the “International 300mm Initiative,” which was the first
international consortium (Fig. 26). From that time, SEMATECH became permanently
international SEMATECH.

Then we started looking at different opportunities. One main opportunity, which we
were pursuing, is our relationship with the State of New York and the College of
Nanoscale Science and Engineering (CNSE) in the State University of New York (see
Figs. 26). That is our partner.

SEMATECH today

Member-driven Global Consortium
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There are two important partnerships that we have right now. The U.S.
Department of Energy asked us to work on photovoltaics to improve the
manufacturability. So we started the photovoltaic manufacturing consortium (PVMC)
with the U.S. Department of Energy. There is also a work going on in 450 mm wafer size
transition; G450C. Now, this whole SEMATECH model, a catalyst for the industry to
develop technology, has been recognized as being quite successful.

Thus, SEMATECH is a global consortium today (Fig. 27). Originally, we had only
the chip-making companies, but we have now more members from the entire industry
even though the chip-making companies are the core members.

We have people from the SEMATECH Ecosystem (Fig. 28), which consists of IC fabs
such as IBM, original equipment manufactures (OEMs) or equipment suppliers, and
materials and substrates suppliers. We have subsystem or consumable suppliers,
fabless companies, and semi-component companies as well, who become a part of this
consortium. It is very important that the entire Ecosystem comes into play together at
the same time. It is necessary to have everybody’s opinion because somebody else may
impact the person who uses it at the end. We see that such examples are increasing.

The other important thing is that SEMATECH has a strong worldwide network
among chipmakers, suppliers, universities, and government agencies including the
State of New York (Fig. 29). Although the State of New York is a very important partner
for us, we also have relationships with many government agencies around the world,
and we have the facilities and research activities there. We work with research labs not

only in the United States but also in other countries. The partnership with suppliers is
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also very close and dense.
More than 60 universities
are also in our partnership
today. We continue to expand
the relationship with
universities because it 1is
important for us to develop
new ideas and new research
projects.

If we summarize this, I
should say that SEMATECH

Ecosystem is a good example

of very strong partnerships

SEMATECH network
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* Fabless » National research

* Packaging

Universities Suppliers
+ Equipment
| + Materials

+ Software

* Funded research

* New ideas and
approaches

= Over 60 universities in U.S.,
Asia, Europe and Australia

Fig. 29

among industry, academia and government (Fig. 30). Some of the universities and

national labs are listed here.
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Let me show you where
SEMATECH was started first. In
1987, SEMATECH was started in
Austin. Figure 31 is a 200mm facility.

SEMATECH Started in Austin 1987 200 mm fab

It has been sold and now it is a private
facility of R&D foundry that runs over
there. Of course, we continue to
maintain a small presence in this
facility, but most of our activities are
in New York

In New York, there is a 300 mm

Fig. 31

fabrication facility that the State of New York has built. It was necessary for us to move
because we had an opportunity to make the transition to 300 mm in this core facility by
ourselves (see Fig. 32). Otherwise, we could spend almost a few hundred million dollars
to convert the fab to 300 mm. We were able to collaborate with other companies like
IBM and the State of New York, and were able to use this facility. Thus, SEMATECH,
IBM and the State of New York collaborated together to get this facility going. Today,
the same office building is shared by all of us: The entire second floor is for SEMATECH,
the third floor is for IBM and partners, and the fourth floor is for the university faculty.
Subsequent to the original fab, we constructed the additional fab, NanoFab 300

SEMATECH Locations - Albany
Curent CNSE facilities and ke site partners

~
SEMATECI;I/

NanoFah 3 >uth

SEMATECH & CNSE

$75M, 150K ft e - = T Partnership Rolos
32K Cleanroom . = ST & e University
(\:GLH:GE OF NANOSCALE

Completed: < AT 0 Nort SCIENCE & ENGINEERING

- $100M, 100K ft2 Nanok U Suppliers
X, 15K Cleanroom  Tsagm, 7o i [N PGS
4. 4K Cleanroom
ast 7. Completed: 3_: @%@ ASML
$100M, 250K ft2 ?? kW

..Coml.eted: 3/09 ; e M+ W GROUP

+ B00,000 sq.ft. of cutting-edge facilities, with 85,000 sq. ft. of 300mm cleanrooms with a planned expansion to
1,250,000 sq. ft. 105,000 sq. ft. of 300 and 450mm cleanrooms

+ More than 250 industry partners including electronics, energy, defense & biohealth
+ Over $12B investments and over 2,600 R&D jobs currently on site (projected increase to 3500 R&D jobs by 2013)

Fig. 32
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North, which has a 300 mm cleanroom, and the total area is about 228,000 square feet.
When we were constructing this fab, we ran out of space because there were too many
tools for many programs at that point. We needed to construct an extension fab of 300
mm right by the side of that. Today, in fact, all three fabs are full, and there is no room
to put a new tool. If we want to bring a new tool here, we have to throw something out.

When we started the 450 mm program and the EUV (Extreme Ultraviolet
Lithography) program, we realized that a new facility was needed. So we needed a new
building right across the street. Figure 32 is an old picture, and this new building is
almost done. The total square footage available on the site today is 800,000 square feet
of office space, not counting the new building. We will be adding even more space when
the new building is fully functional.

There are 2,600 R&D jobs on the site today. The total investment is about $12
billion in this facility, from industry, government and others. What is also important is
there are more than 250 industry partners working on this site. Now, we have many
companies working with us (see Figs. 27 and 28). We also have the equipment suppliers
who have established room capabilities there. That is a very important component of
how this place is working today.

President Obama visited us to inaugurate the new building last year (Fig. 33), and
we were all quite inspired by having President Obama there. The new building is up
and running now.

I want to switch my topics and talk about SEMATECH’s program (Fig. 34). What
does SEMATECH do? What do they focus on? Do they research? Do they develop

something? Do they manufacture something? Those are questions that you may have.

We d t h b ; =
© [0 1oL TEREareh beeats® & 1 President Obama visits Albany

baSiC research iS not President Obama visits Albany high-tech center

with Gov. Andrew Cuomo

O
SEM nTECﬂ
‘Right now, some of the most advanced

1 1 oy o et e i : manufacturing work in America is being done right
lntereStlng fOI' us. We dO nOt e here in upstate New York. Culting-edge

businesses from all over the world are deciding to

manufacture anythlng because | 7 "~ | build here and hire here. And you've got schools
o like this one thal are training workers with the
1t iS left to companies. What " ; - exact skills that those businesses are looking for.”

we do 1s the technology
development. We do work a
little bit with universities and
national labs, so that there is
applied research that is being

done, and so that we

understand what are the new

components coming out of Fig. 33
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SEMATECH’s Program Portfolio

Applied Research Development Manufacturing Enablement

Fundamental studies Feasibility established Technology demonstrated
Academic compaonent Prototype demonstration or Enables commercialization
Establishes feasibility pilot line created Applies competencies to
New, forward thinking Shifts from fundamentals to  commercial challenges
: : < = applications : ~

High risk/high potential " L ) Industrial scale-up

Builds on existing academic

competency

University/National
Lab collaborations

SEMATECH technology programs
L}

Basic research Early stage Technology transfer Manufacturing
development to member
development

Role in Industry
Bridging research, development, commercialization, and manufacturing
A membership driven global consortium
Driving technical consensus for the industry
Pulling research into the industry mainstream
Leading major programs to address critical industry transitions
Focus on manufacturability

Fig. 34
universities and what are the promising new ideas. How do we take that idea from a lab
and make it manufacturing-worthy? How do we take it to a fab?

If we have a new technology, can we just directly manufacture it? Maybe we cannot.
Do we have the right equipment? Do we have a good understanding of what kind of
materials are needed? What kind of precursor is appropriate first? Do we have the right
model? We want to understand liability, and we want to understand failure mechanism
in these materials. There is a lot of work that happens at SEMATECH.

There are fundamental works such as basic physics and engineering. They are,
however, common works, and all the member companies need the works anyway. They
can do the works by themselves with spending a lot of money, or they can come to
SEMATECH and share resources. Once they do that, then they can bring it back to
their own company and become competitive. That is where we focus. A technology has
been manufactured, and then we go there and say, “How do we make it more efficient?
Is the equipment consuming too much electricity? Is this process consuming too much
water? Is there an environmental or a safety issue with these chemistries or these
precursors? How can we address those things?” Those are important issues as well.
Those kinds of things are tackled by one of our groups called ISMI.

This is the comprehensive set of activities that we have (Fig. 34.). It is very
important that we are membership-driven; we do not conduct these projects just by

ourselves, but we get direction from the industry. They tell us, “We need this. How we
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SEMATECH Economic Impact and Value -\
Economic Impact Study — U.S. SEMATECH /

« Attracted hundreds of companies, billions of dollars in investments,
thousands of jobs
- Attracted more than $12 billion dollars in capital investment
— Created more than 80,000 high-tech, high-wage jobs
— Semiconductor R&D has a multiplier effect of five resulting in an additional 400,000 ancillary jobs

* The SEMATECH Effect

— Led industry-wide initiatives to enable multi-billion dollar industry transitions
— Resource, cost, and risk sharing resulting in significant cost avoidance for members/industry
— Member companies now represent more than half the world's semiconductor production

 Estimated economic impacts in the United States of:
$482.8 billion in expenditures

$235.4 billion in gross domestic product

$141.8 billion in personal income

$50.3 billion in supported retail sales

More than 3.1 million permanent jobs

Fig. 35
are going to put this together?” Thus, we work with them to define problems and
milestones, and develop the technology. We also get consensus from the industry so that
there is a common standard and common benchmarking. It is very important for us to
make sure that the problems are critical so that companies cannot solve themselves. If
the company can solve them alone, there is no point in wasting our resources there.

The economic impact of SEMATECH is quite large (see Fig. 35). The economic
impact study was done by AngelouEconomics, an independent economic development
consulting firm, in December, 2008. At that time, huge numbers were derived as a
benefit because of the establishment of this consortium; $482 billion in expenditure,
$235 billion in GDP, and $141 billion increase in personal income. These are very
1mpressive numbers. It started in Texas that was cowboy country before 1987. It was
dependent on oil and ranching. That was the economy in Texas. Today the
high-technology industry is the largest employer in the State of Texas. There is a proof
which tells why this kind of consortium is valuable.

Let me summarize here as shown in Fig. 36. A trend in the industry is consolidation.
Both device makers and supply chain have significant consolidation. The cost of R&D is
rising; very few funders can invest. The problem in the supply chain is an insufficient
early feedback from the device makers. Infrastructure affordability is very expensive. A
material supplier needs to have the equipment, and also needs to have the best
structures that are electrically testable. Where do they get that? They are neither a chip

maker nor an equipment maker. Hence, infrastructure access is very important, and the
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business model may be
broken because of this. The
R&D burden is pushed down

because the cost is high for

the smaller companies.
Therefore, a compelling
collaborative model is
necessary, and it 1is also

important to show a clear

pathway to 450 mm activity.
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+ Consolidation — device makers, supply chain
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* Increasing need/pressure to collaborate
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« A growing and compelling collaborative model in Albany

and clear pathway to 450mm activities

NYMZIWA=—IZE T HERLEBREBADHIHERETILE
450mmIBIT~ D BAFEZS R IR

Fig. 36

Contents B

)
SEMATEC!I'I/'

» Major technology transitions in semiconductor industry

PEAER(CHHREELTH/OS—DHB

Fig. 37

Now, let me quickly go through some of the technology transitions and why this is
important (Fig. 38). Especially, I want to share with you the magnitude of the problem

Major manufacturing technology transitions
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we are trying to deal with
as we try to make these
changes. In terms of wafer
size, I talked about 450mm
transition. In terms of
device, we experienced the
change in high-k and
changes to  FinFETs,
germanium device and

other new types of devices.

EA - -
g > Waler area increase >= =

Interconnects are going
towards 3-dimension Fie. 39
connections. Lithography is going towards EUV (extreme ultraviolet). Many new
changes are coming and are continuously happening.

Of course, SEMATECH has been in the middle of all these changes over the years.
Our organization structure is based on those kinds of changes. Today, we have a
lithography group, an interconnect group, materials and emerging technologies group,
and a manufacturing group. These four groups correspond to what you see in Fig. 38. As
we do some of this work, we keep a focus on what is coming in the future, but not what
the industry can do today. I will explain that in a short.

From the perspective of a wafer size, we are going to 450 mm. The wafer size will
become 450 mm hopefully in the next 3 to 5 years because the industry goes in that
direction. The main reason for going from 100 mm to 450 mm wafer is the area
advantage that reaches about 20 times (Fig. 39). You can get chips roughly 20 times

more 1In a single

process. Thus, the | SEMATECH — program summary £\~

SEMATECH/
productivity goes up |Lithography N Materials/Emerging Technologies
+ EUV Manufacturability and * CMOS - Ge, llI-V, fin/NWFETSs, Xj

and the cost per chip Extendibility « Memories — NAND. R/STT RAMs

« Mask Infrastructure « Emerging Technologies

should come down : .
* Resist/Materials Development Center litarconnect

quite dramatically. | «Alternative Lithography « 3D/2.5DTSV Interconnects
This is the big [|Metrology
advantage here. Manufacturing — ISMI |
e the | o =
I summarize the - i o
* Mature Fabs Emerging Technologies JEEREMER ISMI
programs in « Manufacturing Capabilities
SEMATECH that has

been done (Fig. 40). Fig. 40
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Since 2007, they
have been working in
this area shown in
Fig. 41. They have
found early design
and prototypes. They
have made a new
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test bed. They have looked at many issues, and that is very useful for the industry,

although it is not enough.

Because it was not enough, there was a big gap (Fig. 42). We told the industry, “Now

you need to take this information and put it into a new consortium where you have to

put more resources to build that consortium. What you really need is a new fab with 450

”»

mim.

That takes a billion dollars at least, but SEMATECH does not have the budget. It is
the industry’s job to do that at this point. That is exactly what they are doing in G450C

(the Global 450mm consortium—see Fig. 43). That was started by the governor of New

York as shown in the photo. You can see all the company heads are sitting here in the

second photo. Heads of Intel, Samsung, IBM, Global Foundries, TSMC and other

companies are there.

GAP
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450mm: coordinating industry convergence o -

Research
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« Alignment of time tables and roadmaps
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The Global 450mm Consortium (G450C)

New York based consortium

— The announcement made September 27, 2011 at
Governor Cuomo’s economic development conference, was a
major economic-development deal for the state — projects to
boost NYS economy

— The agreement consists of two projects, totaling $4.4B,
featuring the five industry players (IBM, Intel, TSMC,
Samsung, Global Foundries) who will be making
substantial cash investments

— Consortium is funded to collaboratively work with
suppliers to develop 450mm equipment

G450C objectives: preparing for pilot line

introduction
— Test wafer operations will continue and expand as
resources accelerate support of supplier development and
equipment demonstrations
— Focus on scale up - minimize changes not related to wafer
size to reduce risk and cost

— Demonstrate a full 450 mm tool set (~ 50 tool types)

SEMATECH, 7

Fig. 43

The next big challenge is lithography (Fig. 44). Lithography scaling has been

continuously pushing down in terms of wavelength. Today the goal is a 13.5 nm

wavelength. To make that happen, we have to do many things together.

I will show you what that is. What I want you to keep in mind is that these changes

Lithography scaling
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are very difficult but evolutionary. If you think about the physics, it is a very natural
progress. In terms of readiness, however, the technology is not completely ready (Fig.
45). The resist resolution, the reticle protection, and the optics quality have improved
quite a bit. It is probably ready for manufacturing in these three aspects, but the source
power is very poor; therefore, the throughput is low. The mask capability is also not very
good (see Fig. 45), and we cannot make defect-free masks today. Even if we have an

EUYV tool, we cannot use it still because the mask technology has to improve. There is a

GAP | oy
Underi t tin EUV |
mantmeony oupmont | SOLUTION

Design

Matrodogy equipment suppliers

EIDEC KLA  SEMATECH

e m
cyoreny L -
Matorials | Connects multiple segmerts of the
- | EUNV supply chain i a partnership fo
Hﬂ::gh Development Manufacturing m collectively fund the development
I of neaded metrology tools by

* Uncertainty in timing
« Common infrastructure
Fig 45
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lot of work that needs to be done in this area.

There is a big gap here (Fig. 46). That is why we started a group called EUV EMI
that focused on mask inspection technology (see right side in Fig. 46). The resist
technology has also a problem (Fig. 47). If you want to do lithography, you need to have
the right-quality resist. The problem for resist suppliers is that they cannot access the
EUV equipment. It is very expensive and costs more than $120 million. Rather than

having the equipment to buy it, we put the equipment together in Albany; both a large

Manufacturing Revolution Needed
7 Ewv SEM ECI'V

+ Transition: DUV immersion to EUV
+ Challenges: Processes/materials/tools, masks, resists,...

« 450 mm
« Transition: 300 mm to 450 mm wafer size
- Challenges: Tools, processes/materials, cost....

« EUV is critical for industry roadmap
« Critical infrastructure readiness issues —Mask technology/defects & resists
« CD Metrology and local mask/wafer repair will be needed
+ 450mm
* Yield — edge exclusion, uniformity WiW, send-ahead loss...
* Need in-line or fab returnable on-wafer metrology and analytics
+ Nanodefects become a significant issue

* Need detection, analysis and mitigation techniques and tools to address

nanodefects
| isMaech2073 |

Fig. 48
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exposure tool and small micro-exposure tools. We allow them to come and work with us
so that they can take advantage of this and develop the resist formation.

EUV and 450 mm are the two technologies I just talked about (Fig. 48). I want to
say that these two technology changes are very evolutionary; it is a very natural change.
This is what we do. To manufacture these technologies, however, we need a
revolutionary approach because they are difficult in terms of new physics and cost. We
have to take a completely different approach.

Let us move on to the devices (Fig. 49). We have a lot of activities in both memory
and logic devices, focused on advanced materials. We also have activities focused on
advanced structures such as Fin-FETs, nanowire FETs, and quantum FETs. This is
very common; many companies do that, too. Although some of these structures will be
used at least two generations ahead, we also keep focus on what might be coming in the
future. We have focused also on Graphene, NEMS-based devices, and tunneling
transistors (see Fig. 49). This is important to us because some of these technologies,
which are called “beyond CMOS”, quickly start moving into CMOS technology area,
examples being nanowire FETs or Fin-FETs. The industry has to watch when that

transition takes place and we need to drive it in the industry.

SEMATECH logic and memory activities

==
Focused on materials and nanostructures SEMATECH /
; Beyond CMOS
Advanced Materials .i\i;h\.;lanced Structures Mateflala/SBuctires
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FinFETs

SEMATECH /

By JOHN MARKOFF

Published: May 4. 2011

Intel Increases Transistor Speed by Building Upward

HILLSBORO, Ore. — Intel announced on Wednesday that it had
again found a way to make computer chips that could process

information more quickly and with less power in less space.

Sourge: NY Times
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Press release by Intel; May, 2011

Fig. 50

There is a large change that is coming up. As we make this change from planar

device to non-planar Fin-FET-like devices, there is quite a big challenge. Intel

introduced these technologies two years ago (Fig. 50), and the entire industry is trying

to make the same change.

Some roadmaps for the industry today are firmly 3-dimensional (Fig. 51). On the

roadmap, we see also that we are going towards germanium CMOS. In the germanium

Manufacturing Development
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» 3D devices
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» SOC (memory+analog+RF)

» New materials
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CMOS works, there are a lot of excellent works that have been done by Prof. Toriumi
and his team. We are hoping that the industry will actually introduce germanium
CMOS within the next two years or so after a 3-dimensional device Fin-FET.
Subsequent to that, the III-V device will come probably along with the germanium
device. That will be another Fin-like device like ITI-V TFET. If we go beyond that, we
believe that we have to have a new type of device like a quantum tunneling transistor or
2-dimensional graphene device.

A quite big change will be coming up in the next 10 or 15 years. This change has to
be managed carefully because we need to understand exactly where the applications are
and what the trends are. If we just take Fin-FETs, there are many different Fin
structures that we can make at SEMATECH. Every option of structures has pros and
cons, and it may not necessarily be the right structure for a particular device. In the
case of nanowires, we can make stack nanowires and put all kinds of structures there.
However, each structure has many issues. Thus, we will have advantages and
disadvantages.

Even in memory technology, the memory has become 3-dimensional today, and
Toshiba has pioneered the biggest memory. A three-dimension is a very important
concept because the industry can scale at the small cost without scaling physical
dimension by lithography for the first time. The small cost scaling is the direction the
entire industry will be going in the near future.

The other important part is new materials. New materials are rapidly introduced

into these technologies. However, I think there is a big gap. We do not have the right
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* 3D FinFETs, Gellll-V FETs, low V,FETs
« Transition: Planar to non-planar device processing with non-Si materials
« Challenges: Tools, heterogeneous integration, models, test methods, design

- 3D Flash memories, RRAM, STTRAM

« Transition: Planar to dense 3D memories with new materials
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+ Semiconductor world is 3D!
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Fig. 53

materials, and we do not know how to make these materials. All these materials have to

be put on top of silicon at present (Fig. 53). We cannot use other material independently.

We have a center that has focused on all these areas of the next-generation devices
(Fig. 52). Again, the challenge here is that a revolutionary manufacturing technology is
necessary to make a new type of memory, a new type of Fin-FET, a nanowire FET, a
III-V material FET, or a germanium FET (Fig. 53). We do not have the well-suited tools
today. We need to bring many new technologies in ALD, CVD, and RIE, understanding

Technqlogy Trends: New Drivers sﬁ}
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* Enables low power, low form factor solutions

* Minimal performance compromise
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» Small form factor

» High bandwidth

* Increased memory density
» Lower power consumption
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the physics behind them. We do not have these technologies. Ideas are revolutionary,
but we need to put resources to make the revolutionary manufacturing possible.

The last area of new technology trends is System-on-a-Chip (SOC) as shown in Fig.
54. The other important part is System-in-a-Package (SIP), where we are stacking
memory and logic chips together. Stacking memory and logic chips enable high
bandwidth (or high speed) and low power (Fig. 55). It is also a very cost-effective
solution. In this technology, Samsung has been working very hard. They have shown
that, if we stack the chips together, we can get a 35% improvement in package size and
50% improvement in power consumption. The memory bandwidth or speed goes up by
800%. It is a significant improvement in bandwidth, which is important for many
systems today.

A lot of attention for 3D interconnection is received by the industry. We are working
in this area as well, but there is also a big gap there because many things are immature
in that area (Fig. 56).
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Standards for 3D technology are very important (Fig. 57). We are trying to help all

the companies that have an interest in this technology, and try to establish standards.
Those who define the standards are the people who would also define the technology
tomorrow. This 1s a very important activity.

Of course, all this leads to more heterogeneous integration systems as shown in Fig.

58 down the road, but I do not want to spend time on that. Again, here is the problem
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(Fig. 59). We need revolutionary changes to make these technologies happen. A lot of
researches are necessary in each of these areas for them to be successfully
manufactured. We are not at the stage.

One new area that is also coming up quickly is the 10 nm size device (Fig. 60). The

Manufacturing Revolutions Needed £\
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size device. Thus, the economic model of the industry would fail if you do not know how

to do that (Fig. 61).
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Fig. 62

If we want to find a 20 nm defect on a 300 mm wafer, it is like finding 150 mm wafer
in the entire country of Japan (see Fig. 62). If we go into the space and then ask
someone, “Tell me where the 150 mm wafer is kept in Japan,” it becomes extremely
challenging. We need to do something in this area. One example of this is our vacuum
chamber. We saw a lot of carbon-based 100 nm particles on the wafer when we were
using a standard O-ring (Figs. 61 and 63). We went to the O-ring supplier and told them,
“We have a problem. Can you fix it?” They said “Okay. No problem,” and came back to

give us a new silicon O-ring. But we found that there were many 20-40 nm silicon
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Improving manufacturing productivity
through SEMATECH ISMI SEMATECH

» Addressing the manufacturing needs and requirements of both
leading-edge and mature/mainstream fabs, through tailored opportunities
for benchmarking and shared learning

» Developing new environment, safety, and health technologies for resource
conservation and manufacturing sustainability

+ Coordinating with the industry to drive early standards, guidelines, and
infrastructure for a cost-effective transition to the next wafer size
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=
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Mature Fabs  Manufacturing Metrology 450mm
Capabilities Technology Technology Transition

Fig. 64
particles. 100 nm particles have gone but there are many 20 nm particles (Fig. 63).

A decrease of nano-defect is important. We need to understand how to fix this
problem. The problem may not be the tool itself but may be in the subcomponents
although we have not worried about this. If we make a 90 nm device, this may not
matter that much. But this is a crucial issue when we start making 20 nm devices.

There are ESH (environment, safety, and health) implications (see Figs. 64 and 65)

in manufacturing issues and metrology techniques. A whole range of issues is being

Environment, Safety and Health SéﬁTECﬁ:’
ESH Technology Center

*Global Legislation and Regulatory Strategies
— Greenhouse gases / emissions estimation
— Emerging chemical / material regulations

+«Resource Conservation Initiatives

— Fab/Tool energy use and analysis
— Supplier interactions / roadmap development

* Technology Assessment Initiatives

- New process materials evaluations and assessment
- Nanomaterial exposure / Toxicity evaluation

— Occupational health and safety

Fig. 65
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The consortium-like model is very useful because all of them sit together and

discuss about what a problem is and what will be needed (Fig. 67). If suppliers focus on

the area of specialty, they will get a better answer. All of them can save money and

everybody benefits on that.

If they need, they can bring it to universities or national labs to work with them.

They can also bring it to other consortiums to collaborate. This is a model that is very

efficient, and we have used this in many areas. I believe this kind of structure is

absolutely needed in order to develop all the new technologies that I showed you. I want

to emphasize that these consortiums are not limited to any specific country, specific

region or specific industry. It is global. We have to work globally, and we are doing that

in the semiconductor field.

40



Contents B £

SEM.&TECI:I-,-\
» Consortia success factors and Summary

A= T LORDEREEED Fig. 68

In the last few minutes, let me summarize the success factors of the consortium
(Fig. 69). If you look at the consortium itself, the success factors are its industry-led
model and the clear mission. What are we doing in the consortium? That is a very
important factor. Another important factor is the leadership that comes from the
industry. The industry should say, “I need this technology. I want to do this. It is the
important problem to solve.” The industry should also recognize that it is not a
tomorrow’s problem, but it has to be long-term. A tomorrow’s problem is the proprietary
problem that they have to solve internally: product development is not a consortium
activity but a confidential activity. Our task has to be done in a longer-range fashion. It
1s the way that we can save cost. It is also important to include the entire eco-system. It
cannot be just for chipmakers nor equipment and material suppliers; it has to be a
broad-based ecosystem-driven activity.

It should be noted we cannot always this consortium model to other industries. The
industry has to be mature and has to have enough revenue to support the consortium. If

the industry is very small for some new technology that might be coming up, it does not
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— (iii) it has adapted to change and (iv) it is global

Fig. 70

make sense to have a consortium.

I feel also that it is very beneficial to drive everybody to come together and form a
consortium if there is a crisis in that industry; otherwise there is a less incentive for
companies to decide that they sit together and work with other companies. A crisis is
the necessary factor in some ways. It is also important for both government and
industry funds to be working together.

Engagement of all the participating members is very important. They need to
engage actively with the consortium because what they are doing is for the industry and
for member companies. Another extremely crucial factor is agility. They should respond
agilely to any changes that may be happening in the industry. If we start a project today,
it may not make sense six months later. We should stop the project and look at the new
activity that is necessary, rather than trying to continue the project with wasting our
time and money.

Partnerships have to be global, and the business of $300 billion is global. Without
the global partnership, we cannot come across the right ideas. If partnerships are not
global, you do not get the right material quality, the right equipment quality, and the
latest technology that is necessary. Eventually, the customers are also global. We need
to be able to provide solutions in a global fashion, and that is the reason why
partnerships should be global.

Now, I want to extend the summary here (Fig. 70). I have shown that the cost of
R&D and the affordability of R&D are going up dramatically. The collaboration is the
only answer to that. In particular, a global collaboration enables affordable R&D so that

they can continue to keep pace with the development cycle of the technology.
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As I have shown, ideas of future device manufacturing are evolutionary, but the
manufacturing solutions have to be revolutionary. It is a very challenging situation that
the industry faces today. We have to have new tools and new methods. In fact, some
physics of that is not understood. It is crucial for us to make the physics clear so that the
revolution is going to take place. We cannot introduce all the changes at the same time,
and they have to come in one by one.

If T look at SEMATECH itself, the next issue is why SEMATECH has been
successful. One of the success factors is the industry-driven consortium; it has evolved
with the industry. We tried to change the structure of SEMATECH when the industry
changed. Thus, we also adapted to change. When we started, we were doing equipment
analysis. Subsequent to that, we need to develop technologies such as low-k technology,
copper technology, and high-k nanowire technology. When we were required to do
something different, we went and did that. Very quickly, we became a global
partnership consortium rather than focusing only on the United States businesses. This
is another important factor that made it successful and worldwide adaptable.

I am going to stop my presentation with this summary. I want to thank you for your

attention.

SEMATECH,/

/

Thank You

Fig. 71
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[Jammy] It is a very good question. The core member companies of SEMATECH are
chip-making companies, and they all share the patents. Everybody gets license to the
patents. When we work with equipment suppliers or material suppliers, the patents are
only shared between SEMATECH and that company. The core members also get a
license to that because they have to give the license anyway when the equipment
manufacturers sell the tool to the chip-makers. It is very easy for them to share that

effort.
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very general. In the last section, you mentioned that the leadership from the industry
was a key for the success. Could you tell me the actual example of how the industry
shows the leadership for success? Toriumi-sensei has mentioned that the flexibility of
the project is a key for the success. Could you explain keys for the success again?

[Jammy] Thank you for very good questions. In terms of the leadership, I can take
EUV (extreme ultraviolet) lithography technology. Lithography is a key step that we
have to do for patterning silicon wafers. We use it now, but many companies did not
know whether EUV was going to be successful or not. What I really appreciate is that
some companies in our consortium have focused intensively on it. They knew that it
might not be successful and that it might not go into commercial production. At the
same time, however, they had to make sure that it would work or not.

One of the large contributions that the consortium can make is to find out what does
not work. You do not always get a final solution. For every final solution, there may be
10 solutions that do not work. If all those 10 solutions are pursued by everybody, they
will waste a lot of money. So, that is a very important contribution.

The industrial companies, such as Intel, IBM and others, are showing a lot of
leadership at SEMATECH. They are really focusing resources. They are putting people
into SEMATECH and trying to push the technology forward. Because they want to
know if a new technology is going to work or not, that kind of engagement is necessary.
It is the leadership that I mean. Same thing happened when we did high-k metal gate. A
similar technological leadership was there even when we were trying to do some of the
work on Fin-FETs. There were a lot of direct connections and interactions with their
leading internal researchers who do the work.

Does it answer your question about the leadership?

[E % 3] Yes, thank you. You seem to take a risk to identify the very aggressive area.

[Jammy] Right. High risk, high reward. When I say leadership in consortia, it does
not mean that the consortium is very successful. We want them to sit at a table and
discuss the problems; for instance, “I would like to have a 250 ml bottle. I would like to
make the shape of the bottle like this because I want to pack the bottle in this fashion
and because customers can hold it easily.” That kind of engagement is important. It is
the leadership that I was talking about.

Your second question is about flexibility. In terms of flexibility, I think it is what
Toriumi-sensei has referred to. Imagine that we are making a bottle. We may find that
another company has actually invented the same bottle, or market wants the smaller
bottle than that we are going to make. In that case, we should be flexible to change the

plan to meet market needs. We have to do that quickly. We cannot wait, and should say,

53



“I started this design, but I stop it immediately.” Thus, we would wrack this project and
start another project. If it is too late, the market has already gone. That flexibility is
necessary for us to be in line with the market needs.

In the case of SEMATECH, we started working on equipment evaluation in order to
improve the equipment quality. That was our first focus in 1987. Around 1995, the
whole focus of SEMATECH changed into the development of process technology such as
low-k material, copper technology, and even some SOI-based substrate development.
These were all given to SEMATECH, and we had to have such flexibility. Around 2000,
It became clear that we needed to focus on the high-value added technologies such as
high-k metal gate and silicon nitride. Many new processes that have been used in the
industry were developed at SEMATECH.

As the industry changed, we also changed. Our projects changed, and even the
composition of the membership also changed. Only chip-makers were members initially,
but now, we include equipment makers as members. We changed the structure so that
we can share intellectual property that you were asking before. We are very careful to
include their intellectual property.

We have also brought in fabless companies as members. We are right now bringing
component makers too. We have many companies sit at the table for discussion. In fact,

1t is also very important.

['Z[# 4] A business is the annual process through the market. How do you choose
the next research area?

[Jammy] The input of the next research area comes from our members. We meet
with members three times a year at the technical level, at the strategic level and at the
executive board level. All of actions get done there. The financial details are discussed at
the executive board level.

At the same time, our team at SEMATECH goes out and talks not only to many
intelligent faculty members but also to many people in the industry who are making
equipments. We are making an idea as follows: “I think we need to do this, or we need to
develop this. This is going to be a problem in five years from now. If we want to fix this
problem within five years, what do we need to do now? How do we set up a plan?” That
1s the thinking we do. Then, we go to our member companies and show our results to
them. We tell them why we need to do the project. In many cases, our members say,
“That is good, but it is not necessary to do the project now. We can wait for the
university to finish it.” In that case, we start the project at a low level. If we do not do

that, we are not ready when the industry needs it. Thus, we have to think very carefully.
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We work with the industry to make sure that we are doing what the industry wants, but
we also have to apply our own judgment as a consortium to do the right thing so that we
are able to use the technology whenever it is necessary.

[EZR# 4] Thank you so much.

[Jammy] You are welcome.

[Fl&#F] thicZERRHIE, BT LET,

[ZR# 5]Thank you very much for your impressive presentation. If my understanding
is correct, most of your presentation is about “More Moore,” and you mentioned “Beyond
CMOS” a little. I am very interested in the future plan or strategy for “More than
Moore” such as bio-electronics for instance. How does SEMATECH have the activity in
that direction?

[Jammy] That is also a very good question. Thank you. I did not tell you everything
because I had only one hour. I think we have activities in “More than Moore.” As shown
in Fig. 12, I do not believe that there is a barrier between “More Moore” and “More than
Moore.” I thought before that there was a certain barrier between them. I think now
that the barrier is pointless. Some of “More than Moore” technologies have been
developed at SEMATECH. Thus, we have activities.

About five years ago, we started the technology development in one of these areas.
We call it an emerging technology. Our idea is how we shape the technology. For
example, MEMS (Micro-Electro-Mechanical-System) is one of these technologies.
However, we are not interested in MEMS because everybody is doing that. We focus on
nanoscale electromechanical switches and their systems. How can we put the nanoscale
system on a CMOS? Is there a benefit if we do that? Is there a potential advantage? Is
there a performance improvement? Are there new applications that can become
available? Which industry is going to be a customer? Is it really plausible or not? Those
are questions that we ask.

There was a question on gallium nitride, “How can we make use of materials like
gallium nitride?” Of course, the industry is now using gallium nitride. What should
SEMATECH do? Why does SEMATECH waste time and money for gallium nitride? At
that point, it became obvious to us that doing gallium nitride is not good. However, we
introduced gallium nitride on the large-scale silicon device. It is quite useful if we can
put gallium nitride devices in CMOS-controlled circuitry at the same time. We can
make power devices, laser, and other photonic devises. We can do different things with
similar ideas.

Thus, we have many “More than Moore” technologies at SEMATECH. We are very
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cautious in how we approach those technologies because the member companies who
pay our bills today are strongly silicon-driven companies. If I give them an impression
that I am doing something completely new, the immediate reaction would be “Why?” It
is a very natural reaction, but they soon recognize it to be important. They came back
and said, “You are correct. You are doing the right thing.” In any case, we have to be able
to justify what we are doing. “Do we have a real advantage?” It is a long answer for a
short question.
[E7& 5] Thank you very much.
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