12

Unveiling the
Next Generation

in Integrated Circuit Substrate Circuit Formation

Ron Huemoeller, Sukianto Rusli, 5. Krishna Kuchibhotla, Leszek Wojcik, Sreeram Appasamy, and Kanti Jain

he electronic  packaging in-

dustry has been crippled by

the incremental technology ad-

vancement produced by substrate
manufacturers over the past decade. While
semiconductors  and  related  packaging
technologies  progress  at alarming  rates,
typically doubling in functionality every
couple of years, the substrate portion of the
integrated circuit (IC) packaging industry
continues to fall farther and farther behind.
This has created a significant technology
gap, forcing semiconductor manufacturers to
compensate their chip design by adding more
redistribution layers or, even worse, additional
size to the chip iwelf. Thus, the 1C industry
is in dire need of a significant change at the
substrate level ro remove the innovative barrier
that exists today and allow chip designers to
continue their efforts in reducing size and cost
while increasing functionality.

A collaborative effort between Amkor
Technology, Unimicron, Anvik, and Atotech
has led to a significant breakthrough
in  substrate  manufacturing  techniques,
allowing both layer and formac reduction
reduction) currently

(thus  cost over

available  state-of-the-art  technologies.
The tremendous growth and need for a
disruptive technology in IC substrates has

helped facilitate the implementation of this

new method thar allows miniaturization of

both design features and substrate formar.
This

photoablation techniques, rtogether with

innovative technology uses laser
specially developed plating processes, to form
electrical paths for signal propagation within
the dielectric, as opposed to conventional
technologies that form signal paths above
the dielectric.

This technology provides opportunity for
significant gap closure to current needs in the
chip packaging industry. The laser-structured
approach offers a unique opportunity to
simultaneously improve upon traditionally

incremental improvements in design as well
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as optimize electrical performance at the same
time by reducing signal paths. Ultmarely,
this approach addresses critical needs for
the coming generations of chip-packaged
substrates by notonly driving miniaturization
in design but also by improving the electrical
performance of the package. This article
unveils the technology and benefits thar the
laser-embedded approach provides.

Background
Substrate innovation continues to be paced
by known technologies in the substrate
manufacturing  industry,  limiting  the
ability of manufacturers to close gaps
that exist between packaging technology
and substrate-based technology. Part of
this is due ro the reliance on incremental
approaches to roadmaps and part to limited
development budgets within the substrate
industry. Margins at the substrate level have
forced manufacturers to focus on business
and roadmaps with visible demand rather
than invest in future rechnologies that
might offer promise in better gap closure
to the packaging industry. Additionally,
the incremental approach to technology
has been predicated on photolithographic
techniques and miniaturization of the
through-hole. Although this approach has
allowed the steady progression of geometries
to just under 20 pm signal width and
100 pm via diameter, the primary issue of
space utilization and electrical performance
still has nor been fully addressed. Even with
the full adoprion of laser blind vias through
coreless concepts, the basic problem remains:
how to reduce the footprint of the substrate
itself while maintaining or improving upon
the electrical performance.

A collaborative effort has brought forth
a new method of manufacturing substrates
that not only allows the miniaturization of
signals ro 10 pm and below with padless vias
and reduction of layers from current design

sets today, but also maintains all elecrrical

requirements of the package." This article
discusses an overview of the technology,
as well as a portion of the findings and
conclusions from the work completed to
date jointly between Amkor, Unimicron,
Anvik, and Atotech. The intent is to convey
the overall benefit of the laser-embedded
approach from both a cost and performance
perspective, in addition to presenting a
preview of the beginning of a new era in
substrate manufacturing techniques.

Laser-Embedded Approach

Laser-embedded technology is predicared
upon the use of a laser to create recesses
within the dielectric material for subsequent
signal formation, as opposed to current
photolithographic techniques used today
where signals are formed on the surface of
the dielectric. In general, the intent is to
not only create much smaller patterned
features as a result but to bypass the yield
and cost-sensitive photolithography stages
as well. Through work completed to date,
this has been accomplished with a number
of ablation techniques. In fact, multiple
laser choices have been tried and proven
effective, including both excimer and UV
YAG systems, with each offering uniquely

different benefits.

Figure 1 Excimer Ablated Signals

The laser-embedded formar allows the
formation of recessed signals to below
10 pm (4 pm demonstrated) and the
creation of near padless vias to facilitate a
reduction in both package size and formar.
Resolution  of  designed-in  features  to
+] pm, with registration at better than
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2.5 pm, is realized with the laser structuring
approach. The registration is a direct resulr
of the simultaneous creation of microvias
and the completely recessed signal channels.
Because the creation of the vias and signals
occur simultaneously, all patterned fearures
are precisely aligned, facilitating the landless
microvia structures. Thus, as a result, the
laser-embedded approach enables significant
layer reduction by availing more routing
space on each plane of the substrate.

Critical aspects of this approach also
include the ability to manage the ablation
process with high panel throughput. This,
however, is greatly affected by the laser
choice and level of integration employed. In
this respect, the laser choice will also have
rremendous  influence on the subsequent
substrate  fabrication  processes. This s
especially true  when considering  the
performance and cost tradeofts of the ablation
process chosen (UV YAG versus Excimer).
Equipment cost, throughput, maintenance,
and consumables are all varying factors
affecting the cost equation of this process.
However, as discussed in the following
section, the cost equation must be balanced
with the performance of the final product.

Laser machine technology is developing
rapidly and performance standards only a few
years ago were replaced by equipment that
will ablate the patterns required in seconds
rather than minutes. This improvement is
the result of not only advances in the laser
sources bur also in the software and control

systems for the machines.

The Laser Structuring Process
Larger features adversely affect the direct write
approaches (UV YAG), as the write time is
significantly increased as a result, The direct
dependence on ablation area requirements
highlights a negative characteristic of the
direct write approach because larger feature
areas require more ablation time to complete

and therefore lower the throughput. If

large lands are required for subsequent

Figure 2 Mass Ablation of the Dielectric
Surface Area
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via connections to top-side layers, the
time required to crate these lands could be
prohibitive, depending on size. Therefore,
careful design consideration should be given
when considering pad, ground, and other
larger patterns. It is important to note that the
laser structured approach allows the creation
of traces without the need for lands or pads,
thus enabling even UV YAG approaches.

Excimer ablation, on the other hand,
allows for better resolution and depth
control, as well as higher throughput when
the pattern has larger features.'* This can be
of significant consequence when considering
the creation of lands, ground planes, or other
larger features in the patterning process.
Figure 1 shows an example of excimer-
ablated signals paths at 12_pm line and
space. Excimer systems operate at typically
248 or 308 nm welvn:h:ngﬂ‘ls, prm«'iding a
more incremental ablation approach to
dielectric removal and thus providing high
resolution and better depth control. Excimer
SYSTEMS can operate in average power ranges
up to 300 W, depending on configuration
and projection lens design. Additionally, the
mask-based excimer laser projection ablation
system  provides a unique advanrage. It
enables mass ablation of the dielectric surface
area to create any fearure size desired, across
a large area, without penalty for increased
density (Figure 2).

The Anvik Hexscan 4050 SXEisan excimer
laser-based mass photoablation system that
uses a unit-magnification projection imaging
system to transfer patterns from a photomask
onto a substrate. The mask is imaged onto
the substrate using a unique hexagonal
seamless

scanning rechnique (shown

in Figure 3). The Anvik Hexscan 4050

Figure 3 Hexagonal Seamless
Scanning Technique

SXE's mask projection technique enables
mass ablation of dielectrics over large area
substrates  without penalty for increased
feature density, in direct contrast to
UV YAG direct write systems where
increased feature density greatly increases
the write time and consequently reduces
the throughput.

The Anvik Hexscan 4050 SXE (Figure 4)
can pattern on a variety of dielectrics with
resolutions down to 5 pm with alignment
accuracies of 2.5 pm and very precise depth
control of less than 1 pm. It can also carry

out photoablation patterning on a variety of

thin film metals and ceramics.

Figure 4 Anvik Hexscan 4050 SXE

In the Anvik Hexscan 4050 SXE, the
mask and substrate are mounted on the
same scanning platform that is capable of
moving them synchronously in the x and
y directions. The illumination beam is a

homogenized hexagonal beam from a KrF
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