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Founded in 2003, NTT-AT Nanofabrication Corporation (NTT-AT N) has the mission of
devel oping and manufacturing |eading-edge, ultrafine products using nanotechnol ogy inherited
from NTT Laboratoriesand NTT Advanced Technology (NTT-AT). While providing the semi-
conductor industry with an array of productsthat hold the key to next-generation L Sls, the com-
pany is also intent on applying nanotechnology to fields outside semiconductors in response to
client needs. We asked President Akinori Shibayama, who has long been involved with high-
precision processing technology since his days at NTT Laboratories, to tell us about current
trends in this technology and the direction of new product development.

Providing ultrafine products based on
X-ray lithography

—Mr. Shibayama, could you give us an outline of
NTT-AT Nanofabrication?

Well, to begin with, the parent organization of our
company isNTT Advanced Technology, whose main
role is to manage technology transfers from NTT
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Laboratories. In April 2003, the UltraHigh Precision
Division of NTT-AT became an affiliated company
under the name of NTT-AT Nanofabrication Corpo-
ration”. Using world-class nanotechnol ogy cultivated
by NTT-AT, we develop, manufacture, and sell X-ray
masks (Fig. 1) for lithography as our major productin
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Fig. 1. X-ray mask.
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the field of semiconductors, as well as diffraction
gratings, Fresnel lens, standard scales, and other
productsin the field of optics. Since NTT-AT is gen-
erally associated with software for telecommunica-
tions systems, the name “NTT-AT Nanofabrication”
was chosen to make it clear that we are a manufactur-
ing company using nanotechnology.

—What is NTT-AT Nanofabrication’s distinguishing
feature?

Its most outstanding feature would be theinheriting
of lithography technology from NTT Laboratories,
which has been researching and devel oping thistech-
nology for some time. To give you some background
here, thelast half of the 1970s saw major advancesin
theintegration of LSI devices, and the transferring of
fine circuit patterns to silicon wafers by optical means
was the mainstream technology at that time. It soon
became apparent, however, that minimum feature
dimensions would have to exceed the limits of optical
wavelengths if Moore's Law was to be maintained.
This redization led to two new R&D trends: using
electron beams and X-rays as aternatives to optical
radiation. During my days at NTT Laboratories, my
research dealt with both of thesetrends, but | was par-
ticularly involved in X-rays lithography using syn-
chrotron orbital radiation (SOR). Unfortunately, This
lithography itself has not found widespread usein the
semiconductor field dueto its high cost, but we make
use of it in our X-ray masks that have become our
leading product.

—What are some of the technical issues surrounding
X-ray masks?

The structure of an X-ray mask is fundamentally
different from that of an optical mask that transfersa
pattern through the use of chrome on areticle. Specif-
ically, an X-ray mask is achieved by first placing a
thin film about 2 um thick having high X-ray trans-
mittance on silicon material and then forming a pat-
tern on that film using tantalum film as an X-ray
absorber. In other words, the pattern cross section has
adimension in the vertical direction. Thisis signifi-
cantly different from aflat optical mask, and it isthis
feature that makes it possible for the first time to
achieve control in the vertical direction in fine
processes. | might add here that the fabrication of a
micro-order membrane several centimeters square is
extremely difficult in itself, and the technology for
achieving thisis another of our strong points.
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We are applying such speciaized technologies even
to applications outside the semiconductor field. One
example is Fresnel zone plates for use in X-ray
microscopes. Such a plate consists of a series of con-
centric rings that are used to focus X-rays. One prob-
lem here, however, is that the outermost step-like
structure of this pattern can significantly affect reso-
lution, but we have nevertheless managed to achieve
a resolution of 50 nm, a world-class level. | don't
think other companies in Japan are currently capable
of this. We are also applying our thin-film technolo-
gy to sample holders for use with X-ray microscopes
for our customersin biotechnology fields.

Achieving even finer processing with next-
generation technology and promoting new
applications

—What are some current trends in lithography tech-
nology development?

| previously mentioned that processing technology
using light will encounter abarrier dueto wavelength
limits. Discussion on this problem continues even to
this day. The wavelength used in the 1970s was about
440 nm, while that used today is about 193 nm. The
argon laser isthe most commonly used light source at
present, and this laser is expected to be followed by
the fluorine laser. As for processes that use wave-
lengths beyond light, the development of exposure
technologies using electron beams is progressing
including electron projection lithography (EPL) and
low energy e-beam proximity projection lithography
(LEEPL).

—Are you developing products for electron-beam
systems?

Yes, of course. But the problem when using elec-
tron beamsisthat they do not pass through thin films,
in contrast to light and X-rays. An obvious solutionto
this problem isto make holesin the film, but the film
itself can break down from stress if hole punching is
not performed carefully. In our products, stress is
strictly controlled and no breakdown occurs even if
holes are formed. For film with athickness from 1 to
22 um, we have been able to make openings of sub-100-
nm-wide lines or holes in severa centimeters square.
Using this technology, we can form holes and lines
that form an LS| device patternin diamond or SIC film
to produce stencil masks for the lithography market.

Another new product is a fine-hole fluorine resin
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sheet (Fig. 2) that we achieve by forming an array of
uniform holes each with a diameter of about 1 pmon
perfluoroalkoxy (PFA) material using a semiconduc-
tor process. This product is receiving much attention
for use as various types of filters in the field of
biotechnology and as electrolytic films in direct
methanol fuel cells(DMFC) to beincorporated in cell
phones and PDAs (personal digital assistants). |
should note here that controlling ion transmission in
conventional macromolecule-film products is diffi-
cult due to significant dispersion in hole density and
diameter. Our product, however, is man-made and
allows processing even on the sub-micrometer order,
which simplifies control. While PFA is a chemically
stable material and somewhat difficult to process, |
believe that the technical significance of this product
will be apparent as this problem is overcome. By the
way, we developed this fine-hole fluorine resin sheet
through a combination of our specialized technolo-
gies.

—\What direction do you expect product devel opment
to take from here?

I would like to see it respond to the various needs
arising at sitesinvolved with the development of lead-
ing-edge technology. The nanoimprint mold (Fig. 3)
is one example of a new product that falls into this
category. This is a kind of a stamp for producing
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nano-order patternsat low cost. At NTT-AT Nanofab-
rication, we fabricate patterns of various shapes up to
several tens of nanometers in sizein accordance with
customers’ designs. What makes our molds stand out
is that processing can be performed in the depth
direction and that mold material can be chosen from
four types, namely, silicon carbide (SiC), quartz, sili-
con, and tantalum. By the way, nanoprinting equip-
ment is still in the research stage—technology and
systemsare far from mature. And as can be expected,
avariety of requests are being made concerning mate-
rias. Under these circumstances, our policy isto sat-
isfy these requests as far as possible. At the same
time, we don’t intend to limit our work to simply
responding to customer needs. We also plan to pre-
sent our customers with our own proposals.

Having a personal impact on both R& D and
business

—Mr. Shibayama, what kind of R&D have you been
involved with up to now?

Well, asauniversity student, | researched high-fre-
quency devices using indium-phosphorus semicon-
ductors. At that time, gallium arsenide wasacommon
topic of research, but even crystals of indium phos-
phorus could not be made then without difficulty, so
I think | wasinvolved in advanced research of a sort.

PFA film (10 pm thick)

Fine holes
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(b) SEM photograph

Fig. 2. PFA film with artificially formed holes.
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Fig. 3. Nanoimprint molds.

But after entering the research laboratories of Nip-
pon Telegraph and Telephone Public Corporation, |
took up research themes completely different from
those | had pursued in my university days. The first
was the development of electron-beam exposure
equipment, which | was engaged in for about eight
years beginning in 1975. This work included joint
research with manufacturers that contributed to the
development of practical equipments.

Then, in 1985, | became amember of the SOR lith-
ography project that | mentioned earlier. | was main-
ly in charge of the SOR ring, which is used to extract
wavelengths for exposure purposes from light radiat-
ed when an electron orbit bends. This equipment was
traditionally large because it used electromagnets
whose relatively weak magnetic fields cannot easily
bend electron orbits. Consequently, with the aim of
constructing smaller equipment, | took on the devel-
opment of asuperconducting SOR ring. At that time,
though, it was thought that a practical ring-type
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superconducting magnet was not feasible, and anum-
ber of respected researchers from other research insti-
tutions were known to have unanimously said “stop
useless research.” At the same time, research based
onasimilar concept wasalso being conducted in Ger-
many, and we became strongly aware of each other’s
direction. The project became very exciting as a
result. In the end, the German group, though later
bearing fruit in the United Kingdom, was not suc-
cessful, and our team became, in 1988, the first
research group in the world to successfully develop a
superconducting ring. For this, we received a Presi-
dential Commendation from NTT.

| also conducted joint research from 1997 to 2000
with the Association of Super Advanced Electronics
Technologies (ASET), an organization associated
with the Ministry of International Trade and Industry
(currently the Ministry of Economy, Trade and Indus-
try). | then became involved in management and
moved to NTT-AT in 2001, becoming president of
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NTT-AT Nanofabrication upon its founding last year.

—What do you consider your role to be at NTT-AT
Nanofabrication?

In one word, | would say “business,” but with that
being said, | must tell you that only a small percent-
age of my activities involves approaching customers
directly. That is because our products and technolo-
gies are introduced through Web sites and journal
articles, or even exhibitions, which are often followed
up by inquiries or consultations where business real-
ly begins. Many of our customers are scientific or
research institutions, and most products are made to
order. In fact, manufacturing a single product for a
customer is not unusual. At the same time, we are a
private enterprise that must keep profitsin mind if we
aretosurvive, and thisiswhere | stepin. My jobisto
find good matches between our technologies and cus-
tomer needs.

Our business area, moreover, is one of advanced,
specialized technologies, and there are many casesin
which we ourselves take a second look at technology
we have developed and say “couldn’t we also apply
this to that field?” A good example of this would be
thefine-holefluorineresin sheet that | mentioned ear-
lier, which we found could be applied to fuel cells.
Thisfield is completely outside my area of expertise,
but after being approached about this possibility and
investigating it thoroughly, | realized that our tech-
nology and facilities could make it work. Thisiswhy
our policy isto accept customer requests as far as pos-
sible. In accepting such work, the most important cri-
terion, | believe, is whether our technology can be
made good use of and whether we can discover a
product market that cannot be easily entered by other
companies.

—Isthereanything that you have kept in mind in your
work up to now?

Yes, that would be the need to ascertain what kind
of impact your work will have. Let me give you an
example. When attempting to improve the perfor-
mance of some type of equipment, it might be possi-
ble to achieve the level desired by combining that
equipment with existing technology. If that were the
case, | think that the technology should be used—
there's no reason to create new technology and sys-
tems specifically for that purpose. Yet, in many cases,
existing technology is not sufficient to get what you
need. In that situation, we would then spend the
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money and take the time needed to develop new tech-
nology. However, achieving just a minor improve-
ment in performance does not make for interesting
research. If weare going to go to the trouble of devel-
oping new technology, then it better have a major
effect. For thisreason, | alwaystry to determine what
kind of impact one thing will have on another. This
makes up most of my work, not only in R&D but also
in business matters.

Applying the achievements of
NTT Laboratories

—Mr. Shibayama, what is the future outlook for NTT-
AT Nanofabrication?

First, let me point out that the Ultra High Precision
Division of NTT-AT was set up in 1992 and NTT-AT
Nanofabrication was founded in 2003. In other
words, it took about ten years for one division of
NTT-AT to grow and develop before becoming an
independent company. How the company will contin-
ue to develop over the next ten years is a matter of
vital importance. The most desirable approach for the
company’s business is to become a user and incuba-
tor of NTT technology. To this end, my role in the
coming yearswill beto construct asolid stagefor this
process. By the way, of the 40 employees making up
our staff, about 30 are young up-and-coming people.
My sincere hope is that, in ten years time, they will
say “we're glad that we came to work at NTT-AT
Nanofabrication.” As for myself, | have not given
much thought to where | might be ten years down the
road, but | know that | would liketo befacilitating the
use of research results from NTT Laboratories in
some way, shape, or form.

—How do you view the relationship between NTT
Laboratories and NTT-AT Nanofabrication?

Our technologies are not ones that can be created in
a single day. For example, X-ray mask technology
has been researched at NTT Laboratories from vari-
ous angles since the 1970s. But it was only after sev-
eral decades of results that this technology could be
turned into abusiness. And it is for this reason that |
believe this relationship cannot be a one-sided affair.
Even superior research will not bear much fruit
unlessit can see the light of day in the outside world.
This is where NTT-AT Nanofabrication comes in.
Finding the most effective way to apply research
resultsto the real world is where we can demonstrate
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our abilities.

—Do you have any suggestions for NTT Laborato-
ries?

Looking back at the history of NTT Laboratories, |
would say that they have been through several phas-
es. First, there was the period up until the 1960s or so
during which they began to accumulate technology
starting from nothing. The next period was the time
up to NTT privatization when they endeavored to be
adriving force in the industry through telecommuni-
cations technology. The technical level of surround-
ing companies, however, has since risen significantly.
The direction of NTT itself, moreover, has been
changing. | think the reason for thisisthat NTT Lab-
oratories is now anxious for results and makes too
much use of outside technology. The feeling is that
existing technology only covers part of what it takes
to get a new product out the door. In my opinion,
though, this does not make for smooth product devel-
opment and also hinders the full use of existing tech-
nology. | am also afraid that NTT's traditional
research scheme connecting basic research with
product development and application will belost asa
result. Even if 100% of existing technology is not
necessary, it isvitally important, | think, that most of
the key technologiesin question are those that belong
to us, especialy in the case of hardware. Of course,
achieving fast resultsis often essential today, but it is
also important that the overall picture not be over-
looked. Though the present period is adifficult one, |
would hope that the positive elements of NTT that
have been built up over itslong history are not lost.

—Mr. Shibayama, could you conclude with a mes-
sage for young researchers?

Yes, certainly. | believe it is important and neces-
sary that a synergistic effect be produced between the
young researchers of NTT Laboratories and the
alumni of those laboratories including myself who
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are now working at group companies. The LSI tech-
nology that we have come to develop is of course
important, but the times are changing. Today, it is
imperative that we give birth to the things that this age
demands. | would therefore like to ask all young
researchers to do more “dreaming.” | would like to
see them engage in more talk like “that would be
amazing” or “I would love to make that possible.”
Such talk should lead to more talk like “we can do
that in this way—let's give it atry.” If better interac-
tion like this can take place, | think even greater
strength can be generated in the NTT Group leading
to a scheme whereby researchers play a more active
role in the business world by making optimal use of
research results.

Interviewee profile

m Career highlights

1975 Completed the graduate program at Tokyo
Institute of Technology and entered the
Musashino Electrical Communications Labo-
ratory of Nippon Telegraph and Telephone
Public Corporation.

1990 Senior research engineer at NTT LS| Laborato-
ries.

1998 Research manager at NTT Telecommunication
Energy Laboratories.

2001 Director of the Precision Technology Division
inthe Leading-Edge Key Technology Business
Headquarters of NTT Advanced Technology.

2003 President and C.E.O of NTT-AT Nanofabrica-
tion Corporation.

= Major awards

1989 Presidential Commendation from NTT for
“Research of Superconducting SOR Ring.”

1994 MNE '94 Best Poster Award
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