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DPSS UV laser projection ablation of 10pm-wide patterns in a buildup film
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Abstract

To engrave high-density circuit-line patterns in IC substrates, we applied a projection ablation technique in which
a dielectric (ZrO,/SiO,) mask, a DPSS UV laser instead of an excimer laser, a refractive beam shaping optics and
a galvo scanner are used. The line/space dimension of line patterns of the dielectric mask is 10pm/10pm. Using a
n -shaper and a square aperture, the Gaussian beam from the laser is shaped into a square flap-top beam; and a
telecentric f-0 lens focuses it to a 115um x 105um flat-top beam on the mask. The galvo scanner before the f-0
lens moves the beam across the scan area of 40mm x 40mm. An 1:1 projection lens was used. Experiments
showed that the widths of the engraved patterns in a buildup film ranges from 8.1pm to 10.2pum and the depths
from 8.8um to 11.7um. Results indicates that it is required to increase the projection ratio to enhance profiles of

the engraved patterns.
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Table 1 Specifications of the DPSS UV laser used in

experiments
Parameters Values
Wavelength (nm) 355
Max. ave. power (W) 33 @ 100kHz
Max. rep rate (kHz) 300
Pulse duration (ns) < 40 up to 110kHz
M’ <13

Beam  Refractive beam
expander shaping optics

—

SQUAre
aperture

Wave
plates

DPSS UV Laser

Laser
scanner
e Projection mask

. Projection lens

Specimen (buildup film)

Telecentric
-0 lens

Fig. 1 Schematic of the experimental setup.

Projection lens

Buildup film

Fig. 2 Experimental setup.
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Fig. 3 Transmission of 355nm laser through the designed
1.129um-thick dielectric (ZrO,/Si0,) layer.
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Fig. 4 SEM images of the dielectric layer of an as-
etched dielectric mask.
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Fig. 5 SEM image of the dielectric layer of an as-
ashed dielectric mask(11 layers of ZrO,/SiO,).
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Fig. 6 TEM images of the dielectric mask of which
the 1" layer of the dielectric layer from the
fused silica is (a) ZrO, and (b) SiO,
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Fig. 7 (a) the dielectric mask installed on the experimental
setup and (b) its optical microscope image
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Fig. 8 Laser beam profiles just before (a) the square
aperture and (b) the dielectric mask(uniformity
80%).
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Table 2 Optimal experimental conditions

Item Unit Value

Ave. power W 2
Rep. rate kHz 100

Pulse energy w 20
Energy density mJ/em’ 150
Scan speed mm/s 300
Overlap ratio % 97

No. of scanning 2
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Fig. 9 Optical microscope images of the engraved patterns
in the buildup film. The average pattern widths are

(a) 9.4um, (b) 9.7um, and (c) 8.7um.

Table 3 Widths of the engraved patterns(unit: pm)

Patterns Ave. Max. Min.
Horizontal 9.4 10.0 9.0

Vertical 9.7 10.2 9.5
Slant (45°) 8.7 9.2 8.1

Table 4 Depths of the engraved patterns(unit: pm)

Ave. Max. Min.
9.0 11.7 8.8
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Fig. 10 Cross section of the engraved patterns. The
average depth is 9.9um(The thickness of the
buildup film is 10pm.).
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Fig. 11 Patterns engraved in the 40mm X 40mm buildup
film.
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