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obody can deny that semi-
conductor lithography con-
tinues to become a more and
more complex beast. The
1:1.1_\> when |":(u|':|r th:.mt__'z]li
you couldn’t print features at
dimensions smaller than the
wavelength of the light being used to do
the printing are just a memory. Today's
leading-edge lithography tools are using
193 nm excimer lasers to produce com-
mercial t-hip.\; at the 90 nm technolo

node. And 193 nm tools are expected

carry on into the 65 nm node and — with

the help of a little water — even into 45
nm. And who knows? If the planets are all
perfectly aligned and engineers can work
out just the right flavoring in that water,
maybe 32 nm is within reach of today’
star waw u]:.-n:lh as well.

[t all sounds like a fairy tale come true.
But it's not without a price. The complex-
ity that lithographers, lens manufacturers,
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the lithographic process are faced with is
phenomenal. It's a greal balancing act,
with trade-offs to be made around every
comer. In addition to a plethora of resolu-
tion enhancement techniques (RETs),
more recent discussions have even includ-
sility of shifting from a 4x r

duction ratio (the amount the pattern on
the mask is {:'|11iu.'.'i]|_\ reduced to achieve
the size goal on the wafer) to a la
duction ratio — perhaps 8x. There

ly not a chipmaker out there that actually
wants to make this kind of shift — they
would take a considerable hit in 1||l|‘1l_t_EIl—
put — but they may eventually have to
come to terms with the necessity of this
kind of move nonetheless

But life

in the next generation, despite a shift to a

certainly doesn’t get any easier

wavelength that would go back to bei

smaller than the feature size being print-

ed. Extreme ultraviolet (EUV) lithogra-
. ; _

phy — the 13 nm frontrunner in the n

generation lithography (NGL) race that is

(P SEMICONDUCTOR INTERNATIONAL

* =]

' One on One:
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‘1. Atransparent template is used as the “mold”
in the room-temperature, UV-curable Step and
Flash Imprint Lithography (S-FIL) process.

The UV-curable technique is one of three broad
categories of nanoimprint lithography methods.

(Source: Molecular Imprints)

scheduled to make its mainstream debut
at the 32 nm node in 2013 — is anything
but simple. Despile Intel’s insistence on
making it work (in fact, the chipmaker's
rn.ulm;ip marks its incorporation into pro-
duction by 2009), EUV development is
rife with obstacles, particularly with
gard to sources and masks. Some question
whether it will ever be ready for prime
time. And if it does manage it, it'll come at
a huge cost-of-ownership premium.
k-beam lithography — whether direct-
write or projection — is another NGL
candidate to hit the Most L.
cent years. But its throughput problems

ely list in re-

put it firmly in a toolbox reserved for such
critical layers as contacts or vias, where it
can really be of use.

The simple life

Not surprisingly, then, the semiconductor
industry has begun to take notice of a
technique that harkens back to the 19th
century, .'-.1i'|i| \\ip:‘r.‘ ||H'_" x|'.-!l:_‘ {'lL‘.']H ('ll'_
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Nanoimprinting

RETs, complex lightsources and reduc-
tion optics. Nanoimprint lithography
(NIL) instead uses a 1:1 template to pro-
duce linewidths that have already gone
beyond the 10 nm mark, and foresee vir-
tually no limit in resolution. All of this ata
price tag significantly lower than even to-
day’s leading-edge optical tools, not to
mention the exponentially more expen-
sive EUV alternative.

After almost a decade of work and inves-
tigation into the technology by several aca-
demic and industry groups, nanoimprint
lithography finally made it onto the Inter-
national Technology Roadmap for Semi-
conductors late last year, added to the list
of pessible candidates for post-optical li-
thography techniques at the 32 nm node.

NIL, has been gaining attention and
momentum, with more commercial man-
ufacturers and investors joining the game.
It is beginning to work its way from acade-
mia to commercial industry, although the
industrial involvement is still primarily at
the R&D level. Some of the biggest play-
ers in nanoimprint lithography grew out of
university programs — for example, Mole-
cular Imprints Inc. (M1, Austin, Texas) li-
censed its technology from work done at
the University of Texas, while Nanonex
Corp. (Monmouth Junction, N.J.) sprang
from research at Princeton University.

Stephen Chou, who founded Nanonex in
early 2000 and is still a professor of engi-
neering at Princeton, is considered a pio-
neer in NIL. Other major players in the
field include EV Group (Schiirding, Aus-
tria), SUSS MicroTee (Garching, Ger-
many) and Obducat (Malmé, Sweden).

Variations on a theme
The basic idea of nanoimprint lithogra-
phy involves pressing a stamp or template
into a compliant layer (Fig. 1) — typically
a thin polymer film whose structure can
be thermally or chemically solidified to
retain the pattern from the template. Buf
there are a few varieties, which can be
loosely divided into hot embossing, mold-
ing and stamping techniques (Fig. 2).
The hot embossing process uses a poly-
mer that can be thermally modified to
achieve patterning. The coating is heated
above its glass transition temperature (1)
to flow through the stamp, then is cooled
again to set the design. Although “hot”
may send lithographers running, fearing
for their device thermal budgets (EV
Group, for one, is considering a name
change for its hot embossing technique)
the relatively low temperatures applied
are not considered to be an issue.
UV-NIL works in much the same way,
except the coating is a low-viscosity

Nanoimprint lithography, with its use
of 1:1 templates, has the potential to
return lithographers to a simpler
time, yet still achieve feature sizes of
<10 nm. Though moving from
academia to industry, it is still very
much in its infancy, and has yet to be
praven in a production environment.

monomer that is later polymerized by a
halogen lamp, whose UV light crosslinks
the resist layer to form a solid structure.
SUSS MicroTec actually has a tool (the
NPS200) that has both UV and thermal
curing processes on one platform.

A third technique, commonly referred
to as micro contact printing (nCP), is an
additive technology. It applies a fluid di-
rectly onto a soft stamp, then the self-as-
sembling monolayers attach to the surface
to create a structure that requires no addi-
tional curing or temperature changes.

2. Shown here are the three nanoimprint tech-
nigues. UV-NIL (left) uses UV curing to polymerize a
low-viscosity monomer; hot embossing (middle)
thermally modifies a thin polymer film; and micro
contact printing (right) uses a soft stamp in an addi-
tive technigque. (Source: EV Group)
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