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Fig. 12. Scanning electron micrograph of cross section showing glass
of 100 μm thickness with vias of diameter 20 and 40 μm pitch after
polymer lamination, polymer patterning, electroless copper deposition, and
semiadditive processing.

processing techniques. In general, any polymer film that
is compatible with electroless metal deposition can be used
in conjunction with an appropriate patterning process. For
example, a photo-sensitive polymer film could be used for
direct patterning instead of laser ablation. Depending on the
needs of specific applications, the most suitable materials and
processes can be chosen accordingly.

Finer via pitch is desirable in digital high-performance
applications such as 2.5-D and 3-D IC. A preliminary test
was done to assess the capability of the via-first process
to metallize glass with small diameter and fine-pitch vias.
Glass substrates were obtained having 100 μm thickness and
vias with an entrance and exit diameter of 20 and 10 μm,
respectively, and 40 μm pitch. The previously described
processes were successfully completed, and a cross section
of the metallized glass with daisy-chain structures is shown in
Fig. 12. The copper coverage is uniform along the polymer-
lined surface and the sidewalls of the glass vias. In this case,
the via aspect ratio was as high as ten. The aspect ratio, higher
than what is readily achievable by sputtering, is limited only
by the practical limits of electroless and electrolytic copper
deposition. The smallest diameter and finest achievable pitch
depends on the polymer patterning capability because the
amount of excess polymer etched around the glass vias will
limit the amount of polymer coverage between adjacent vias.
Fine-pitch metallization requires the diameter of the etched
polymer region to be as close as possible to that of the
underlying glass via.

The ability to scale to fine pitch is not only desirable in
digital high performance applications. Closely packed vias
can be used to design impedance-matched high-speed signals
from chip to board [30], with via guard wall acting as elec-
tromagnetic interference (EMI) shield to protect the adjacent
signals from crosstalk [31]. The high-speed and EMI-shielded
signals are crucial for radio-frequency, millimeter-wave, and
optoelectronic applications [32]. Closely packed power and

ground vias can also mitigate the power handling concerns of
conformal filled vias to ensure power that integrity is met.

V. CONCLUSION

A via-first process was shown that enables electroless cop-
per metallization on glass substrates. The process utilizes a
thin (5 μm thickness) polymer film that serves as an inter-
mediate adhesion layer between glass and electroless copper.
A polymer precure step proved to be necessary in order to
prevent polymer flow into the vias during lamination and
curing. Optimized polymer precuring results in no observable
flow of polymer into the vias, and this tented structure pro-
vides the ideal conditions for subsequent patterning. Several
methods of polymer patterning were used, including plasma
etching as well as CO2 and UV laser ablation. Each process
was capable of opening the vias, and the patterning quality
was comparable across all methods. A conformal copper
seed layer was deposited by electroless deposition. Finally,
daisy chains were patterned by semiadditive processing. Cross-
sectional analysis showed that the plated copper was contin-
uous and without plating defects on the glass via sidewalls
and on the polymer-laminated glass surface. The adhesion
between copper and polymer was measured by peel testing
before and throughout 96 h of HAST conditions and showed
negligible changes in copper adhesion between the polymer
films laminated with precured (tenting) and normal (nontent-
ing) conditions. Additionally, the maximum change in daisy-
chain resistance was only 1.18% after 1000 thermal cycles,
validating the thermomechanical reliability of the structure
fabricated by this process. Vias with 10–20 μm diameter
with 40 μm pitch in 100-μm-thick glass were successfully
metallized to demonstrate the dimensional capability of this
process.
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