METHOD OF PROVIDING CONSISTENT QUALITY OF TARGET
MATERIAL REMOVAL BY LASERS HAVING DIFFERENT OUTPUT
PERFORMANCE CHARACTERISTICS Technical Field [0001] This
invention relates to use of a laser to drill vias in or otherwise process
portions of material of electronic materials products and, in particular, to
techniques of achieving with consistent high quality vias drilled or regions
formed after material processing by laser-based systems exhibiting
different operating output parameters. Background Information [0002]
Lasers are used to drill vias in and ablate material from electronic
materials products, such as homogenous films, particulate filled resins,
polyimides, and fiber reinforced polymers, either with or without metal
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different lasers but remain within the specifications of the laser. Variation in laser
output performance characteristics within the specified limits can result in differences
in drilled via quality among multiple lasers, multiple beam positioning heads, and
multiple laser systems, even when the same process is performed and same
material is used on all systems. Specifically, variation in parameters within the
specifications of the laser can cause, especially for blind via drilling applications,
bottom copper cladding residue formation or nonhomogeneous melting, which
results in differences in drilled via quality. In these applications, the pulse energy
used during the drilling process can also affect via taper (ratio of bottom diameter to
top diameter of via) as well as the quality of bottom copper cladding. A high quality
blind via is one that has a desired bottom diameter and all thin film resin material

removed from the bottom to exhibit a shiny copper cladding spot.



link severing, resistive material trimming, thick or thin film passive
component thermal annealing, and substrate material scribing by laser
outputs. [0004] The quality metric for link severing governs the extent of
operational damage to materials surrounding and underlying a link
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optical system. Such deviations in pulse energy can cause undesirable variations in
via quality metrics.

[0006] What is desired, therefore, are techniques for achieving laser drilling of
vias or other removal of material with consistent high quality from multiple lasers,
multiple beam positioning heads, and multiple laser-based systems. It is also
desired to achieve consistent removal of material by a laser, the output performance
characteristics of which vary within specified limits over time.

Summary of the Invention

[0007] This invention entails adjusting laser pulse energy to account for the
effects of laser pulse width variations among different lasers. Laser pulse energy
adjustments are motivated by an understanding of the effect of laser pulse width
variations among different lasers on satisfying a quality metric associated with a
laser-processed target. In a preferred embodiment, the adjustments normalize the
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to form each via can be modified, based on the pulse energy applied to

the via location, to control different via quality metrics. [0008] The

conventional method of controlling a via drilling process entails controlling

the pulse energy for the given process. The pulse energy, EP, for use in
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where F is the pulse fluence in J/cm? and 1 is the laser pulse width in ns. Taking
steps to keep F/ Jt constant among lasers in a group of different lasers provides
more consistent laser processing. This is true for laser processing operations other
than via drilling and targets other than those having copper cladding.
[0009] Additional aspects and advantages will be apparent from the following
detailed description of preferred embodiments, which proceeds with reference to the
accompanying drawings.

Brief Description of the Drawings

[0010] Fig. 1 is a set of four light microscope images showing differences in
quality of 58 uym diameter blind vias drilled in the same copper-clad target material
with different lasers emitting pulsed laser beams at the same fluence but with
different pulse widths.

[0011] Figs. 2 and 3 are each a set of four light microscope images showing
similarities in quality of 58 um diameter blind vias drilled in the same copper-clad



[0012] Fig. 4 is a graph showing a curve that represents, for different

lasers, as a function of F/j the number of laser pulses ablating bulk Model

ABF dielectric target material to form a 58 pm blind via having a taper of

75%. [0013] Fig. 5 is a graph showing via taper as a function of a number
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58 um diameter vias drilled to depths of 35 um-40 um at approximately the same

fluence level with 355 nm UV lasers having different pulse widths. The top two
photographs represent images of blind vias focused at the upper surfaces of the
target materials, and the bottom two photographs represent images of blind vias
focused at a lower copper cladding layers at the bottoms of the vias. (The parameter
Pws represents laser power at the work surface.) Comparison of the left-hand and
right-hand side pairs of photographs shown in Fig. 1 reveals that, at the same
fluence level, a shorter pulse width Laser A slightly melted the bottom copper layer
and a longer pulse width Laser B barely cleaned the dielectric material off the bottom
copper layer. Laser A and Laser B each emit 355 nm light beams. The brightness
of the bottom copper layer is significantly different for the same fluence level with two

different laser pulse widths.



cladding for blind vias, where F is the pulse fluence in J/cm2 and i is the
laser pulse width in ns. [0017] Figs. 2 and 3 are each a set of four
photographs of microscope images that illustrate the effect of the
invention on laser drilled via quality. The top two and bottom two
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remkﬁﬁgrmamtfor the given process, tiLaser is the actual pulse width of the
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value, different lasers in a group can be normalized to one another by normalizing
the ratio F/~/t for each laser in the group. One method of achieving normalization
entails normalizing all lasers relative to the nominal pulse width specification so that
all of the lasers drill as though each of them is a nominal pulse width laser at any
given set of process parameters. The equation to normalize the lasers for this pulse

width effect is

V TLaser
Fou =F

nom ’

T

where Fpy is the fluence to be used during drilling, From is the nominal fluence
programmed into the laser system for the given process, T aser is the actual pulse
width of the laser being used, and t,om, is the nominal pulse width specification of the
laser.

[0019] In one typical procedure, an operator sets in a system input device a
fluence value specified for a given processing operation. The system has in memory

stores previously entered laser parameter data. Laser system software can



different pulse energy to satisfy the F/j parameter consistent with the
quality metric needed for use during drilling, i.e., the pulse energy based
on the pulse width of the actual laser being used. This same methodology
may also be used for correcting pulse width variations as the laser pulse
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achisée/%gg%%% via taper. Additional pulses would be used to achieve better via
bottom surface quality. The number of pulses could be either increased or
decreased to create the desired taper for the given via, depending on whether the
average pulse energy for that via was higher or lower than the programmed pulse
energy.

[0021] It will be obvious to those having skill in the art that many changes may be
made to the details of the above-described embodiments without departing from the
underlying principles of the invention. The scope of the present invention should,

therefore, be determined only by the following claims.



material characterized by nominal pulse energy values determined by
pulse width and peak power values, comprising: specifying a quality
metric for laser-processed regions of target specimen material; and
adjusting the nominal pulse energy values of the laser output pulses to
establish, for each laser in the groug)ggjdsted energy values that cause
the re ons of target specimen material processed by the laser output
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actual pulse width, comprising: 7 specifying a quality metric to be met by
regions of the target specimen material upon completion of laser
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en%r_g_\,i.h/gIH]e (gc'ihc?f At 1, in which each of the lasers in the group emits a

series of the laser output pulses, and further comprising changing the number of
laser output pulses in the series of one or more of the lasers to process associated
regions of the target specimen material in response to detection of a deviation from
the adjusted energy values.

3. The method of claim 1, in which the laser processing of target specimen
material forms a via in one of the regions of the target specimen material.

4. The method of claim 3, in which the target specimen material includes an
ablatable target material having a major surface covered by a metal cladding, and in
which the quality metric includes the condition of the metal cladding upon removal of
the ablatable target material to form the via.

5. A method of meeting consistently a quality metric specified for regions of
target specimen material processed by laser output pulses emitted by a laser
operating within an output performance specification range, the laser emitting a
series of output pulses each of which characterized by a nominal energy value and
an actual pulse width, comprising:



output pulses to provide a series of output pulses with scaled energy
values for processing the regions of target specimen material, the
parameter being a function of the actual pulse widths of the laser output
pulses. 6. The method of claim 5, in which the laser pulses with scaled
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values derived from pulse width and peak power values of the nominal
pulsed beam; and scaling the nomin?‘}lﬁulse energy values by a
parameter to produce a target specimen processing pulsed laser beam
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metric, the parameter expressed as F/f, where F is the fluence computed
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the nominal pulsed beam. 8

8. The method of claim 7, in which the target specimen material includes an
ablatable material having a major surface covered by a metal cladding, and in which
the quality metric includes the condition of the metal cladding upon removal of the
ablatable material to form the vias.

9. A method of meeting consistently a quality metric specified for a laser
emitting a target specimen processing pulsed laser beam for processing a target
specimen material, comprising:

determining nominal pulse energy values of a nominal pulsed beam emitted
by the laser, the nominal pulse energy values derived from pulse width and peak
power values of the nominal pulsed beam; and

scaling the nominal pulse energy values by a parameter to produce a target

specimen processing pulsed laser beam having scaled laser pulse energy values
corresponding to the quality metric, the parameter expressed as F/AJ7, where F is
the fluence computed from the peak power values of the laser pulses of the nominal
pulsed beam incident on a target area and T is the pulse width of the pulses of the

nominal pulsed beam.



