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This invention relates to use of a laser to drill vias
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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.
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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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| aser-processed target. In a preferred enbodi nent, the
adj ustnents normal i ze theeffect of pulse width
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[0010] Fig. 1 is a set of four light microscope images showing differences in

quality of 58 ym 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 ym diameter blind vias drilled in the same copper-clad



material to forma 58 mblind via having a taper of
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npari son of the eft-hand and ri ght -hand side pairs

anneafinghancgerilhg. shown in Fig. 1 reveals that, at the

0013f 1O Rl e e nir Badbalartls Hipeforobedmptitiiphyystrate the
problewh §6lvat BhyithbasesntBrbarigl ¥ sebR@nigit hMierodtepe pidtines of two
mat erial off the bottom copper |ayer. Laser A and

58 pmediameterades delied (Bdspim ofidghwmitbam atiarRpreXingaelydbs same
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photpgraphs epticsent PlEdds dpiplindodas socustddt tieé uppbs surfaclshof the

oroepaAisofd e ol B g s o B vias
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se f nce in and t aser pul'se
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.



width in ns. [0017] Figs. 2 and 3 are each a set of
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rca F rocess and trecaLl.%u at e
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width effect is

A / T
- Laser
Fpuiy = Foon ==

™ ‘nom 4

T nom

where Fpyy is the fluence to be used during drilling, From is the nominal fluence
programmed into the laser system for the given process, tiaser 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
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di fferent pul se energy to satisfy the F/V t paraneter
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a correspon art
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pul se 'energy for a given via in real tinme and adj ust
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achieve better via bottom surface quality. The nunb
redustioputhegpacting ¢optrobsysiem ¢ancdelgsk eomulaeeneéexe@rteogwen via in
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the degRerta r|PtWEI>T thanstrhesforticsxmepludisen shernge of 58 pulses
[0021]_1t wll Dbe obvious to those having skill in the

achlaves ar?é% iEn{aPeRaAgaiional Pulsesyisld Beruseddetaghievedpetter via
oS ARKHARGE e AIRESY FHRCE AT B ilepRcHL A g
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determ ned onl the follow ng . cl ai Cl ai ns
averageIRS PSR TPr A SRovas ey & Iud ein hepgrsmimed pulse
enerspeci fied for regions of target speci men materi al

ocessed by laser output pulses enmitted by different
[002d]es It will be obvious to those having skill in the art that many changes may be

made to the details of the above-described embodimenis without departing from the
underlying principles of the invention. The scope of the present invention should,

therefore, be determined only by the following claims.



of a group of lasers, the |aser output pul ses before
processing of target specinmen material characterized
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 the ?‘ﬂi"?tg’ re&ﬁrgggﬁ eﬁg the specified quality metric and o
exgr a¥Rethetifod\bRdSint 1 2iMdwichtBe |4RFRREESShY of6 tehr%et specimen

~ fluence and pul se width of the |aser pulses. _
material feume A Vie 81 g OF thesiegiens ofithg taiagtispgcimen material.
spgcifj e j f ' teri .
oPEC ol SERMES, BlyhRh B LSREABrEY iy rotudes an

ablatyié &iget matétialhasingainmjor perficy coveredipes nidtakdladding, and in
the laser emtting aseries of out

whichegife af thsualib Mty Belizles thy CQPHBiﬁPrFHItRé:ﬁTég"éi/g‘gaﬂmg upon
rom i B Bl B el GO K 0 e i &Y get
spbéciTiermethod of claim 1, in which each of the laser output pulses covers a
target area, and in which the adjusting of the pulse energy values includes
determining for the lasers in the group a ratio representing the specified quality
metric and expressed as |
F
‘\/‘T )
where F and T are, respectively, the fluence and puise width of the laser pulses.
6. 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
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10. 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 havi.ng scaled laser pulse energy vaiues
corresponding to the quality metric, the parameter expressed as F/Jr , 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 7 is the pulse width of the pulses of the

nominal pulsed beam.



