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The Anvik HexScan large-area, dual-function, projection lithography and
photoablation system is designed for high-resolution, high-throughput pat-
terning for production of microelectronics, optoelectronics, and MEMS devices.
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COVER ARTICLE

Large-area excimer laser lithography
and photoablation systems

K. Jain, M. Zemel, M. Klosner, Anvik Corp., Hawthorne, New York

Many microelectronic, optoelectronic, and microsys-
tem devices require large-area patterning with mod-
erately high image resolution and precise alignment.
A new class of projection lithography systems using
excimer laser sources pattern photoresists as well as
photoablate polymers for large-format products, with
feature sizes from 15um to below 1um and substrate

sizes from 150x150mm to 610x915mm.

production of numerous microelectronic, optoelectronic,
and microsystem devices. The lithography requirements for

the fabrication of such large-format products are dis-
tinctly different from those of semicon-

Large-area lithography is an important requirement in the

ductor ICs, and require a new class
of projection lithography sys-
il tems that provide both
= moderately high-reso-
lution imaging and
very large exposure
area capability.

In the world of
displays, pattern-
ing 1pm features
is  considered

“high resolution,”
but for ICs even
0.25um lithography
barely qualifies as

(Left) The Anvik HexScan
large-area, dual-function, projection
lithography and photoablation system.
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FIGURE 1. lllustration of large-area projection lithography
technology, showing seamless scanning with a single-planar
stage and hexagonal illumination beam.

leading edge. The highest-density flexible electronics and printed
circuit boards are beginning to use ~20pm features on fields that
are 150mm and larger. Thus, although it is customary to focus on
the minimum printable feature size when discussing resolution,
it is equally important to consider the size of the substrate over
which the resolution is being achieved.

Common IC exposure tools, including steppers, scanners, con-
tact printers, and direct-writers, have various shortcomings, includ-
ing limited substrate size capability, low throughput, prevalent
stitching errors, high system cost, limited resolution, poor yield,
mask life degradation, and insufficient power to drill multiple vias
simultaneously. A new class of large-format exposure tools over-
comes these limitations using a large-area laser projection lithog-
raphy technology.

New products, such as flat panel displays and advanced chip
packages, require advanced patterning, but conventional expo-
sure tools are approaching the end of their capabilities. For exam-
ple, advances in contact printers have enabled them to print
~25um features, but they are unlikely to provide 300mm sub-
strate lithography capability at the 5pm level, much less at
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FIGURE 2. Seamless exposure is obtained by complementary
overlap between adjacent hexagonal scans. The effective scan
width is the scan-to-scan pitch, given by w = 1.5 |, where |, is
the hexagon side length.

1um. Even more critically, they are unlikely ever to be able to
meet the corresponding alignment requirements. Steppers, on
the other hand, may satisfy the resolution and alignment con-
siderations, but not the large substrate size requirement without
problematic stitching between the segmented fields. The litho-
graphic and economic challenges of large-format products are
inherently different from those of ICs. The appropriate figure of
merit would include large substrate capability, depth of focus,
and alignment system flexibility, as well as resolution and cost
of ownership.

We have developed a new class of projection lithography systems,
called HexScan [5], that provide both high-throughput, high-res-
olution resist patterning and dielectric via drilling for fabrication of
large-format, high-performance electronic products [1-3]. These
results are achieved with a unique, hexagonal seamless scanning
technique and a single-planar stage configuration. Different versions
are attractive for high-volume, cost-effective production of micro-
electronic products with feature sizes ranging from 15um to below
1pim and substrate sizes ranging from 150x150mm to 610x915mm.

Large-area laser projection
The core technology of the Anvik large-area laser projection
systems is illustrated in Fig. 1. The panel and the mask are held
on a single-planar, x-y scanning stage. The illumination system
comprises a UV excimer laser source and a beam-processing opti-
cal system. The exposure wavelength is selected based upon the
application. The 351nm XeF excimer wavelength is ideally suited
for conventional i-line resists, whereas the 248 and 193nm (KrF
and ArF) wavelengths work for deep-UV lithography. For pho-
toablation, the most commonly used excimer laser wavelength is
308nm (XeCl), although the others may be used. The laser radi-
ation is processed and relayed by a beam delivery system that
transforms it into a beam of hexagonal cross section that is typ-
ically 10-50mm in size (vertex-to-vertex) with a uniform inten-
sity profile. The beam-processing system illuminates the mask
from below as shown in Fig. 1.

The mask pattern within the illuminated hexagonal region is
imaged onto the panel by a Ix-magnification projection lens through

a folded image path. The projection lens, the illumination sys-
tem, and all other optical components are stationary, as are all the
light paths. The sole moving component is the single-planar stage,
which is scanned in a serpentine fashion in the x-y plane such
that successive hexagonal scans partially overlap, as shown in Fig.
2. Since the time-integrated exposure dose delivered by each hexag-
onal scan has a trapezoidal profile, the complementary overlap
between adjacent trapezoidal dose profiles results in a cumulative
exposure dose from all scans that is totally seamless and uniform
across the entire panel.

Thus, this large-area lithography technology makes it possi-
ble to obtain the desired resolution by selecting a projection lens
of a suitable numerical aperture, and to deliver that resolution
over very large substrate areas efficiently by the technique of
hexagonal seamless scanning. Another key advantage is its mod-
ular design — the main subsystems, including the illumination,
imaging, and stage modules, are integrated in a mutually non-
interfering manner. This unique feature permits not only choice
of different user-specified system configurations, but also upgrad-
ability of the systems as products migrate from one generation
to the next.

The overall specifications of one of our high-resolution systems,
the Ium-resolution HexScan 1010 SDE, appear in the table. The pro-
jection assembly in our systems is a unit-magnification, refractive
imaging system designed for the specified resolution. For example,
the HexScan 1010 SDE has an NA of 0.174, which provides 1pum res-
olution at the 248nm wavelength. Other system models have reso-
lution specifications from 0.5-15pm, with corresponding NAs ranging
from 0.35 (for A = 248nm) to 0.0144 (for & = 351nm). The projec-
tion lens field diameter ranges from 10-50mm.

The air-bearing x-y scanning stage supports both the mask and
substrate and is capable of scanning in either direction at
speeds up to 500mm/sec. Its travel ranges are designed to meet
the panel size specifications. The stage utilizes an optical encoder
to provide position and velocity control, which is fully integrated
with the system control software.

\

/

Performance specifications for the
HexScan 1010 SDE projection system

Seamless scanning projection
1um ]
1:'1mr:rruérg';rr\'irf|cation refractive lens
0.174 (£ /2.87) '
v 8um
1 ;éOOx250mm

Resoluton
Projectjqn system
Numerical aperture

Depth of focus

Exposure source KrF excimer laser

Exposure wavelength

248.4nm, line-narrowed

Aligﬁmgnt precision ] 7;9.72'5um i
Alignment system ~ Automatic
~ Panel & mask handling Automatic
Exposure throughput 120 panels/hr
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Finally, all of our systems incorporate a high-precision, auto-
matic optical alignment system, consisting of an optical metrol-
ogy system and an x-y-8 fine positioning system. The HexScan 1010
SDE system, with its 1pm resolution, has an alignment specifica-
tion of +0.25um. Such capability is necessary for layer-to-layer align-
ment in multilayer circuits and for front-to-back alignment in
microsystems and dual-
sided panels.

Patterning

results

The Anvik large-area
lithography technology
has been demonstrated
on several systems in
use in commercial and
military production of

large format microelec-

) tronic and optoelec-
FIGURE 3. 1pm lines and spaces

imaged on a large-area, deep-UV
projection lithography system having a
248nm KrF excimer laser source.

tronic devices. Figure
3 presents results
obtained on the Hex-
Scan 1010 SDE deep-
UV lithography system:
The SEM shows Ipm
lines and spaces pat-
terned in a 1pm-thick
deep-UV photoresist.
The system hasan 8um
depth of focus and can
expose substrate sizes
up to 200X250mm at a
rate of 120 panels/hr.
Imaging
showing 10pm fea-
tures, obtained in a
13pm-thick  liquid
photoresist using the
lower resolution Hex-
Scan 2100 SPE system,
: ' ' | are presented in Fig.
| 4. This system is
- designed for patterning
| 460x610mm circuit
boards and its large
depth of focus —
| 560pum — minimizes
| substrate planarity
requirements. Using

FIGURE 4. Results obtained on a
large-area projection lithography system
for printed circuits, showing 10pum fea-
tures in a 13um-thick resist.

results

standard resists, the
I exposure speed of the
system is <20 sec/panel.

—

FIGURE 5. Results obtained on a
large-area projection photoablation
system, showing 8um-wide, 5.6pm-deep
trenches ablated in a polymer.

These large-area
projection lithography
systems, due to their
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excimer laser source, also function very effectively as photoab-
lation tools. Excimer laser photoablation of polymers [4] is widely
used in the production of multilayer circuits to form the inter-
connect vias and in the production of inkjet printheads to
form the nozzles. Extensive work has been carried out on
direct projection ablation using such a dual-function system in
a wide variety of cured polymers, including polyimides, acrylics,
polycarbonates, etc., for numerous applications in microelec-
tronics and optoelectronics. As an example, Fig. 5 shows pho-
toablation-patterning results obtained in the polymer DuPont
Pyralin P12611D using a HexScan 3030 SXE system that incor-
porates a 308nm XeCl laser and provides a resolution
of 3pm.

Conclusion

Large-area lithography is becoming an important process in the pro-
duction of numerous microelectronic, optoelectronic, and microsys-
tem devices. The lithography requirements for the fabrication of such
large-format products are distinctly different from those of semi-
conductor ICs, and are ideally met by a new class of projection lithog-
raphy systems that provide high-resolution imaging, large depths of
focus, and very large exposure area capability. The systems can also
function as dual-mode production tools, capable of patterning pho-
toresists as well as photoablating polymers. |
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