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METHOD EMPLOYING UV LASER PULSES OF VARIED ENERGY DENSITY TO FORM BLIND
VIAS IN MULTILAYERED TARGETS

15 Related Application
This application is a continuation-in-part of
U.S. Patent Application No. 08/276,797, filed July 18,
1994.
Technical Field
20 The invention relates to lasers and, in
particular, to a method and an apparatus for employing
laser-generated ultraviolet light of varied power density
to form depthwise self-limiting blind vias in targets
having at least two layers with different thermal
25 absorption characteristics in response to ultravioclet
light.
Background of the Invention
The background is presented herein only by way
of example to multi-chip modules (MCMs), which are multi-
30 material, multi-layered devices that are becoming one of
the most preferred components of the electronics packaging
industry for a variety of aerospace, computer, military,
and telecommunications applications. MCMs are replacing
or reducing the complexity of printed circuit boards, thus
as enhancing product efficiency and reliability. MCMs
present, however, new manufacturing obstacles because MCMs
require smaller vias and finer lines, and use a variety of
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.MCMs and other multi-material, multi-layered
5 electronic devices for packaging single chips such as ball

grid arrays, pin grid arrays, circuit boards, and hybrid
and semiconductor microcircuits typically include separate
component layers of metal and an organic dielectric and/or
reinforcement materials. The standard metal component

10 layer(s) may contain aluminum, copper, gold, molybdenum,
nickel, palladium, platinum, silver, titanium, or
tungsten, or combinations thereof. These layers typically
have a depth or thickness of about 9-36 um (where 7.8 x 10°
' kg of metal equals a thickness of about 9 um), but may be

15 thinner or as large as 72 pum. A standard organic
dielectric layer may include bismaleimide triazine (BT),
cardboard, cyanate esters, epoxies, phenolics, polyimides,
or polytetrafluorethylene (PTFE). These layers typically
have a depth of about $0-400 um. A standard reinforcement

20 component "layer" may include fiber matts or dispersed
particles of aramid fibers, ceramics, or glass woven or
dispersed into the organic dielectric layer to reinforce
it. These reinforcements typically have a diameter or
thickness of about 1-10 um. Stacks having several layers

25 of metal, dielectric, and reinforcement material may be
larger than 2 mm.

Traditional tools, punches, and production
processes are designed for machining larger, less dense
components. For example, well-known mechanical processes

30 are either inadequate or prohibitively expensive for
generating vias with diameters as small as 12 um. Even
when miniaturization is not the chief issue, mechanical
processes are still inadequate. For example, laminate
circuit board applications are plagued by the wear and

35 breakage of mechanical drills on the laminate and
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fibers, ceranjcs, Oéx&éﬁ%@%&“%ﬂ%Pt%E slow to process MCMs and most other

electronic components.

Much work has been directed toward developing
laser-based micromachining techniques to process these
types of electronic materials. However, laser types,

10 operating costs, and laser- and target material-specific
operating parameters such as beam wavelength, power, and
spot size vary widely.

Conventional excimer lasers, for example, may
generate laser output wavelengths from about 200 to 350

15 nm, but create poor quality multi-mode beam structures
that simple lens elements cannot bring to a tight focus.
Consequently, excimer laser output must be tailored by
complex and expensive beam-shape controlling apertures or
masks, often made from copper or other metallic material.

20 Thus, the power density practically achievable with an
excimer laser for via drilling is severely limited. These
lasers are also generally limited to repetition rates of
less than 200 Hz and are, therefore, too slow for
deployment as a production tool for a variety of desirable

28 applications. 1In addition, the high cost of excimer
systems and their gases prevents their easy deployment and
puts them beyond the reach of many small and mid-sized
manufacturers. The halogen gases used in excimer laser
processing chemically react with the components of the

30 resonator and thereby cause degradation and frequent
replacement. Moreover, halogen gases are materials that
are hazardous, toxic, and damaging to the environment.

Because poor beam quality, large beam area, and
low pulse rates are inherent to excimer lasers, beam-shape

35 controlling masks are typically needed to efficiently use
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zblation is generated over a large area, subsequent laser
" pulses are partly blocked, or superheated debris change
5 the nature of the ablation process to a more thermal
process. As the power density is increased, an increasing
amount of the target material can be ablated until a
"saturation depth" of cut per pulse in a material is
reached. The saturation depth imposes a practical limit
10 in both the power density and repetition rate of an
excimer laser that can be utilized to further increase the
ablation rate, irrespective of whether the target is
multi-layered.
Conventional CO, lasers, on the other hand,
15 typically generate laser output wavelengths of about
10.6 um, creating spot sizes that are toco large for
conventionally desirable via processing. As compared with
ultraviolet lasers, CO, and other IR lasers have
considerably longer pulse widths and much wider variance
20 in the absorptivity of the organic materials and metals.
These characteristics result in a destructively thermal,
rather than photochemical, process.
Furthermore, because preimaged copper contact
masks are so prevalent, the laser fluence must be set
25 below the damage threshold of copper. This limits the
types of materials that can be drilled and requires
problematic cleaning steps, exacting layer to layer
alignment, and copper etching.
Summary of the Invention
30 An object of the present invention is,
therefore, to provide an ultraviolet laser system and
method for forming vias in targets having at least a
conductor layer and a dielectric layer.
A preferred embodiment of the present invention
35 triples or gquadruples the frequency of the output of a
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cannot bring to a fti i S, ntly, exciner_|aser output
tai [ored by densities, i.e., praferably two different pulse
intensities or spot sizes. The parameters of the output
5 pulses are selected to facilitate substantially clean,

simultaneous drilling or via formation in a wide variety
of materials sgch as metals, organic dielectrics, and
reinforcement materials having different thermal
absorption characteristics in response to ultraviolet

10 light. These parameters typically include at least two of
and preferably all of the following criteria: high average
power of greater than about 100 milliwatts measured over
the beam spot area, a temporal pulse width shorter than
about 100 nanoseconds, and a repetition rate of greater

15 than about 200 Hz.

The ability to generate ultraviolet light output
pulses at two power densities facilitates the formation of
depthwise self-limiting blind vias in multilayered
targets. For example, a blind via can be formed in a

20 target composed of a layer of dielectric material covered
on either surface by a layer of metal. The blind via
formation process entails first using beam pulses at a
power density above the metal ablation threshold to
machine through the metal layer and then using beam pulses

25 at a power density below the metal ablation threshold but
above the dielectric ablation threshold to machine through
the dielectric material. The machining process provides a
depthwise self-limiting blind via because via formation
stops after the beam cuts through the dielectric material.

30 The reason is that the beam pulse power density is
ingsufficient to progress depthwise beyond the dielectric
material to vaporize the remaining metal layer, even if
beam pulses continue to strike the target.

The depthwise self-limiting capability in blind

s via formation is advantageous because multilayered targets
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ultraviolet llght laser facilitates the machining of
nonuniformly thick targets.

In a first preferred embodiment, a first laser
output of a high intensity is used to ablate a metallié
layer, and a second laser output of lower intensity and

10 equal spot size is used to ablate an underlying dielectric
layer. This intensity change may be easily accomplished
in a Nd:YAG laser, for example, by increasing the laser
repetition rate to produce pulses of lower intensity. 1In
a second preferred embodiment, a first laser output of

15 high intensity is used to ablate a metallic layer, and a
second laser output of equal intensity and greater spot
size is used to ablate an underlying dielectric layer. In
both embodiments, the energy density of the first laser
‘output is greater than the energy density of the second

20 laser output. In a third embodiment, both the intensity
and spot size of the first and second laser outputs are
varied.

An advantage of the present invention is that

the laser system output pulses generated and the methods

25 of using them eliminate the saturation limit on the power
density ablation rate per pulse. This allows full use of
the much higher pulse rate and ablation rate per pulse
properties of the invention than those possible with like
profile pulses produced by an excimer laser. This is true

30 irrespective of whether the target is of single- or multi-
layered material.

Additional objects and advantages of the present
invention will be apparent from the following detailed
description of preferred embodiments thereof, which

35 proceeds with reference to the accompanying drawings.
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exci mer beam The mask nethod forces ablation of a |large area rather than
at a point. Because debris fromablation is generated over a | arge area,
subsequent | aser pulses are partly bl ocked, or superheated debris change 5
the nature of the ablation process to a nore thermal process. As the power
density is i nWOSa445 an i ncreasing amount of the target matRGHVEP7RER be
ablated until a "saturation depth" of cut per pulse in a material is
reached. The saturation depth inposes a practkgal limt |0 in both the
power density and repetition rate of an excinmer |aser that can be utilized

to further increase the abl atg,QBfl Bh€erifd R5PIF k¥E piawhieider the target
is multi-Iayered. . . . . .

Fig. 1 is an isometric view of the components of
a simplified laser system employed for generating
desirable laser pulses in accordance with present

s invention.

Fig. 2 is an enlarged sectional side elevation
view of a multi-layered target having a through-hole and a
blind via.

Figs. 3A and 3B show cutting profiles for

10 forming a through-hole and a blind via, respectively.

Fig. 4 is a depth of cut per pulse wversus power
density graph showing qualitatively the comparative
relationship of the depth of cut per pulse achievable with
an excimer laser and with the present invention.

15 Fig. 5 is an energy per pulse versus repetition
rate graph showing metal and dielectric ablation
thresholds,

Fig. 6 is an energy per pulse versus spot
diameter graph showing a profile of a first laser output

20 pulse having energy sufficient to ablate metal and a
second laser output pulse having energy sufficient to
ablate dielectric but not ablate metal.

Fig. 7 is a diagram that shows gualitatively the
differences in spot size that correspond to different

25 distances between the target and the laser beam focal
plane.

Figs. 8A and 8B are fragmentary cross-sectional
views showing the sequential steps carried out to form a
depthwise self-limiting blind via of a target composed of

30 a layer of dielectric material positioned between a top
conductor layer and a bottom conductor layer.

Fig. 9 is a fragmentary cross-sectional view of
an incomplete top layer opening for a via that can be
machined in accordance with the present invention.

vs scapp



Conventional COQ2 |asers, on the other hand, 15 typically generate | aser
out put wavel engt hs of about 10.6 [err]m creating spot sizes that are too

| arge for conventionally desirable via processing. As conpared with
ultraviolet |lasers, CO2 and other IR |lasers have considerably |onger pul se
wi dt hs and nuch wi der variance 20 in the absorptivity of the organic
mat eri al s anwoweialss. These characteristics result in a de®OTAISYINEE3y
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thermal , rather than photochenical, process. Furthernore, £5§ﬁ§usegg+eﬁﬂegﬂd
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| aser system and but has a second dielectric layer positioned between
conductor layers.

5 Fig. 11 is a fragmentary cross-gectional view of
the target of Fig. 10 but with a blind via characterized
by a depthwise-stepped width of increasing diameter from a
top conductor layer to a bottom conductor layer.
Figs. 12-19 present tables of respective

10 Examples 1-8 of parameters of laser pulses produced by a
355 nm laser system that are employed by the present
invention.

Figs. 20-22 present tables of respective
Examples 9-11 of parameters of laser pulses produced by a
15 266 nm laser system that are employed by -the present
invention.
Detailed Description of Preferred ! im 8
With reference to Fig. 1, a preferred embodiment
of a laser system 10 of the present invention includes a
20 resonator 12 defined by a laser rod 14 positioned between
a rear mirror 16 and an output mirror 18 along an optic
axis 20. Mirror 16 is preferably 100% reflective, and
mirror 18 is partly transmissive to light propagating
along optic axis 20. Laser rod 14 preferably includes a
25 solid-state lasant such as Nd:YAG, Nd:YLF, Nd:YAP, or
Nd:YVO,, or a YAG crystal doped with holmium or erbium.
Laser rod 14 may be pumped by a variety of pumping sources
(not shown)} well known to persons skilled in the art, but
a krypton arc lamp is or a suitable diode laser would be
30 preferred for laser system 10 of the present invention.
Q-switches and their uses, positioning, and
operation are also well known to persons skilled in the
art. In laser system 10, a Q-switch 24 is preferably
positioned within resonator 12 along optic axis 20 between
35 laser rod 14 and mirror 16. The Q-switch may also be used
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met hod for formng vias in targets having at |east a conductor |ayer and a
dielectric layer. A preferred enbodi nent of the present invention 35
triples or quadruples the frequency of the output of a WO 97/ 44155

PCT/ US97/ 03723 conti nuously punped, Q sw tched, Nd: YAG | aser to generate
ultraviolet Iight output pulses at two different power densities, i.e
preferably twowadffessent pul se intensities or spot sizes. Thbcﬁﬁﬁﬁﬁﬁﬂérs of
the output 5 pul ses are selected to facilitate substantially clean,
si-nul taneous drilling or via formation in a wide variety of materials such
as netals, organic dielectrics, and reinforcenefit materials having

di fferent thermal abasspaotduq_g Cgﬁéﬁ (115 'CﬁeEPriﬁéﬁoi}?eUté) ngaq_.[aggl J,et 30

li'ght. These paraneters plIca e at
5,197,0 4, whlch is herein incorporated by reference.

The output of laser rod 11} is converted to a
preferred ultraviolet wavelength through two stages of
5 harmonic generation or frequency conversion. Second
harmonic generation may be produced by a first frequency
converter 32 such as a nonlinear crystal inserted along
optic axis 20 and angle-tuned for optimum phase matching
with the output of laser rod 14. Skilled persons will
10 appreciate that there are numerous other techniques
conventionally employed for phase matching. The amount of
energy converted to the second harmonic is a function of a
number of laser characteristics including peak power, mode
structure, and beam divergence of the fundamental
1s wavelength. Pertinent factors for selecting a particilar
nonlinear crystal include nonlinear coefficients, angular
acceptance, and damage threshold.
In a preferred laser system 10 that is a
continuously pumped, Q-switched, Nd:YAG laser, frequency
20 doubling is efficiently accomplished with a barium borate
crystal 32 positioned within resonator 12 along optic axis
20, as shown in Fig. 1. Skilled persons will appreciate
that numerous other frequency converting crystals might be
used, such as lithium borate.
25 The doubling process is enhanced by a Brewster
plate polarizer 26 preferably positioned between rear
mirror 16 and laser rod 14. 1In addition, output mirror 18
is selected to be highly reflective to the fundamental
-wavelength generated by laser rod 14 (1064 nm for a
30 Nd:YAG} to increase the intracavity peak power, thereby
increasing the harmonic conversion (to 532 nm) efficiency
by as much as 80%.
A second frequency converter 34 (also preferably
barium borate) is positioned along optic axis 20 between
s first frequency converter 32 and mirror 18 within



and preferably all of the followng criteria: high average power of greater
than about 100 mlliwatts neasured over the beam spot area, a tenporal
pul se wi dth shorter than about 100 nanoseconds, and a repetition rate of
greater 15 t han about 200 Hz. The ability to generate ultraviolet |ight
out put pul ses at two power densities facilitates the formation of depthw se
sel f-1imtinguddnatssvias in multilayered targets. For exanpberussrosad via
can be fornmed in a 20 target conposed of a |ayer oOf peh-et-eettmimcmrBloli A
covered on either surface by a |ayer of netal. The blind WIS SHEERHASOBEEN
process entails first using beam pul ses at a b‘bwer densijty abBRLACED neta

abl ati on t hreshol rﬂ&%@ r l; _la bean
pul ses 25 at gré%mer er@fgl %’Q gy%%ﬁteﬂgenté?ufh g?%’f\g{én tﬂ'&gml% 9but
above the diel ect rf¥5%BMt i9én tpﬁr EurdAmRR R InyaEABRERR OWEHD th&ECARVERS&ORI ¢
mat eri al . The machéff i eicyc oFs appouk it el yeopthwi TResebsohattr ict@plki Bd

via because via folﬁwtﬂeo%eparated into the two wavelengths, (532 nm and

5 355 nm) with one or more beamsplitters (not shown). The
third harmonic output 38 at 355 nm may also be varied by
rotating the input polarization of the 532 nm resonator
output 36 with a polarization state changer 42 positioned
along optic axis 20. Polarization state changer 42 may be

10 a guarter-wave plate or a variable polarization state
changer under operative control of a central processing
unit (not shown) such as described in U.S. Patent No.
5,361,268, which is herein incorporated by reference.

The third harmonic ocutput 38 may be manipulated

15 by a variety of well-known optics including beam expander
lens components 44 and 46 that are positioned along beam
path 50 before a series of beam-directing reflectors 52,
54, 56, and 58. Finally, the third harmonic output 38 is
passed through a focusing lens 60 before being applied as

20 processing output beam 62 to target 40. Variable
apertures, adjustable collimators, or other variable lens
elements may be substituted for or employed in addition to
focusing lens 60 to modify the spatial spot size of
processing output beam 62. Other preferred wavelengths of

25 processing output beam 62 include 213 nm (frequently
quintupled) and 266 nm (frequency quadrupled). Skilled
persons will appreciate that frequency converter 34 and
polarization state changer 42 would be preferably
positioned external to rescnator 12 if frequency

30 quadrupling is desired. |

Fig. 2 is a cross-sectional side view of an
enlarged portion of a generic laser target 40 that may,
for example, be an MCM, capacitor, circuit board,
resistor, or hybrid or semiconductor microcircuit. For
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stops after the beamcuts through the dielectric material. 30 The
reason i s that the beam pul se power density is insufficient to progress
dept hwi se beyond the dielectric material to vaporize the renai ni ng netal
Fayer, even if beam pul ses continue to strike the target. The depthw se
self-limting capability in blind 35 via formation is advantageous
because nul ti WepaHeaSt ar get s WO 97/ 44155 | PCTIUSI7/03723

PCT/ US97/ 03723 6 can present unpredictable, inconsistent target depths that
result from warpage, nonuniformlayer thickness, or nonuniformflatness of
the nmounting fixture. Mrreover, the 0.25 nilliheter focal |ength tolerance

of the 5 ul t r aydrabedtidnc@t chaget 4@Cid idepli®telin8s "BEPI MY Hh1Y four
nonuni form y thick f§¥é¥§f%4. 66, 68, and 70.
Layers 64 and 68 wmay contain, for example,
standard metals such as, aluminum, copper, gold,

5 - molybdenum, nickel, palladium, platinum, silver, titanium,
tungsten, metal nitrides, or combinations thereof.
Conventional metal layers vary in thickness, typically
between 9-36 um, but may be thinner or as thick as 72 um.
Layer 66 may, for example, contain a standard organic

10 dielectric material such as benzocyclobutane (BCB),
bismaleimide triazine (BT), cardboard, cyanate esters,
epoxies, phenolics, polyimides, PTFE, various polymer
alloys, or combinations therecf. Conventional organic
dielectric layers 66 vary considerably in thickness, but

1s are typically much thicker than metal layers 64 and 68.

An exemplary thickness range for organic dielectric layers.
66 is about 50-200 um, but they may be placed in stacks as
large as 1.6 mm. Layer 66 may also contain a standard
reinforcement component or "layer 70." Layer 70 may be

20 fiber matte or dispersed particles of, for example, aramid
fibers, ceramics, or glass woven or dispersed into organic
dielectric layer 66. Conventional reinforcement layers 70
are typically much thinner than organic dielectric layers
66 and may be on the order of 1-2 um and perhaps up to

28 10 um. Skilled persons will appreciate that reinforcement
material may be introduced as powders into the organic
dielectrics. The "layers 70" formed by such powdery
reinforcement material may be noncontiguous and
nonuniform. Skilled persons will also appreciate that

30 layers 64, 66, and 68 may also be-internally
noncontigucus, nonuniform, and nonlevel. _

Target 40 in Fig. 2 also depicts a through-hole

via 72 and a blind via 74 produced by laser system 10.
Through-hole 72 cleanly and evenly penetrates all layers
as ~ and materials of target 40 and exhibits negligible taper



In a first preferred enbodinent, a first |aser output of a high intensity
is used to ablate a netallic |layer, and a second | aser output of |ower
intensity and 10 equal spot size is used to ablate an underlying
dielectric layer. This intensity change may be easily acconplished in a
Nd: YAG | aser, for exanple, by increasing the |laser repetition rate to
produce pul swowMaIsswer intensity. In a second preferred enbcEASYMi72 a

first laser output of 15 high intensity is used to ablate a netallic
| ayer, and a second | aser output of equal intensity and greater spot size
is used to ablate an underlying dielectric |a¥fer. In both enbodi nents, the

energy density of g,_lgﬁnfltrsstt ager t regter g(ﬁg@]n L—Eﬁ engr density
of the second 20 rob gut6“4&%135ﬁ?oﬂ 9@ o nent ot% ?%e
i ntensity and spotp’iﬁffé’ %‘?na"rﬁf'sé\%ﬁdpFﬁg%FaM dse shanyapred.

An advant age of trmq)mm:ntprelﬁeeablvpmq wilthatrespect asernayngile Axqet puat

pul ses generated and the Mgy via 74 does not penetrate all layers

5 and/or materials. In Fig. 2, blind via 74 stops at and
does not penetrate layer 68. Thus, proper selection of
the laser parameters permits layer 68 to remain unaffected
even if it comprises the same metal component(s) as layer
64. _

10 Via diameters preferably range from 25-300 um,
but laser sgsystem 10 may produce vias 72 and 74 that are as
small as about 5-25 um or much greater than 1 mm. Because
the preferred spot size of output beam 62 is about
25-75 um in diameter, vias larger than 25 um may be

15 produced by trepanning, concentric circle processing, or
spiral processing.

Figs. 3A and 3B show cutting profiles for
forming a through-hole 86 and a blind via 88,
respectively, that are larger than the spot size of output

20 beam 62. With reference to Fig. 3A, through-hole 86
defines on the surface of target 40 a circular spatial
region 90 having a periphery 92. Output beam 62 has a
spot area 94 that is less than the area of region 90.
Through-hole 86 is formed by sequentially positioning beam

25 62 having spot area 94 at overlapping contiguous locations
around periphery 92. Beam 62 is preferably moved
continuously through each location at a speed sufficient
for system 10 to deliver the number of beam pulses
necessary to achieve the depth of cut at the location.

30 After beam 62 completes the path around periphery 2, the
center target material 96 falls out to form througn-hole
86. This process is called trepanning.

With reference to Fig. 3B, blind wvia 88 also
defines on the surface of target 40 a circular region 90
s having a periphery 92. Output beam 62 having spot area 94



25 of using themelimnate the saturation limt on the power density
abl ation rate per pulse. This allows full use of the much higher pulse rate
and abl ation rate per pul se properties of the invention than those possible
Wwith |ike profile pulses produced by an excinmer laser. This is true 30

I rrespective of whether the target is of single- or multi- |a
materi al . AdAWPPHMHPS obj ect s and advantages of the present fﬁ%gﬁgﬂ%ﬁumﬁll

be apparent fromthe follow ng detail ed description of preferred
enbodi ments thereof, which 35 proceeds with,reference to the
acconpanyi ng draw ngs. WO 97/ 44155

PCT/ US97/ 03723 7 Briefidasiclilgt pesiticihd® ¥ aMengenbeg. 1d2 ise aegiisamblic
view of the Conponeggfhéﬁvia 88 is formed by sequentially positioning beam 62
having spot area 94 at overlapping contiguous locations
along a spiral path 104 to periphery 92. Beam 62 is
5 preferably moved continuously through each location at a
speed sufficient for system 10 to deliver the number of
beam pulses necessary to achieve the depth of cut at the
location. As beam 62 proceeds along spiral path 104, the
target material is "nibbled" away to form a hole of
10 increasing size each time beam 62 is moved to a new
cutting location. The final shape of the hole is achieved
when beam 62 moves along a circular path at periphery 52.

An alternative beam cutting path to form blind

via 88 would be to start at center 102 and cut concentric

15 circles of incrementally increasing radii defined by spot
area 94 of beam 62. The overall diameter of via 88 would
increase as the concentric circles forming via 88 travel
in a circular path at greater distances from center 102 of
region 90. Alternatively, this process may begin by

20 defining the desired circumference and processing the
edges toward the center.

Outward spiral processing tends to be a little
more continucus and quicker than concentric circle
processing. Skilled persons will appreciate that either

28 target 40 or processing output beam 62 may be fixed or
moved relative to the position of the other. 1In a
preferred embodiment, both target 40 and processing output
beam 62 are moved simultaneously.

Skilled persons will appreciate that noncircular

30 vias may also be ablated through similar processes. Such
vias may, for example, have square, rectangular, oval,
slot-like, or other surface geometries. Several examples
of through-hole vias and blind vias of various depths and
diameters produced on a number of different substrates are

=



a sinplified |l aser system enpl oyed for generating desirable |aser pulses in

accordance with present 5 I nvention. Fig. 2 is an enlarged sectional
side elevation view of a nulti-layered target having a through-hole and a
Blind via. Figs. 3A and 3B show cutting profiles for 10 formng a

t hrough-hole and a blind via, respectively. Fig. 4 is a depth of cut per
pul se ver susWPdM#158ensi ty graph showi ng qualitatively the PEBHIEV@EIPBve

rel ati onship of the depth of cut per pul se achievable with an exciner |aser
and with the present invention. Fig. 5is an energy per pul se versus
repetition rate graph showi ng netal and di el éétric ablation threshol ds.

Fig. 6 is an ener @etpebrpt! € v SWatrehet aAgh B @iElodNRN 087 9%E NP R, RARIJH €
2Ltglfgaztalaser g%tR%Eo%gorateénﬂé¥%i%a¥§ngeggﬁgéggfﬂﬁfIClent to ablate

A benefit derived from solid-state laser system
10 is the ability to direct output beam 62 onto the

5 surface of. target 40 without the use of a beam-shape
controlling mask, such as that used with an excimer laser.
This is significant because depth of cut per pulse
saturation can_result when the beam spot area
substantially equals the spatial region defined by the via

10 intended to be cut. The saturation depth of cut per pulse
is reached when an increase in power density of the beam
pulse striking the target does not produce an appreciable
increase of depth of cut into the target.

Because poor beam quality, large beam area, and

15 low pulse rates are inherent to excimer lasers, beam-shape
controlling masks are typically needed to efficiently use
an excimer beam. The mask method forces ablation of a
large area rather than at a point such that the effective
beam spot area equals the desired spatial area of the via

20 to be cut. Debris from ablation partly block subsequent
laser pulses, or superheated debris change the nature of
the ablation process to a more thermal process, creating a
saturation depth that imposes a practical limit in both
the power density and repetition rate of the excimer laser

25 such that further increases cannot be utilized to further
increase the ablation rate.

Fig. 4 is a depth of cut per pulse versus power
density graph showing qualitatively the comparative
relationship of the depth of cut per pulse achievable with

30 an excimer laser beam and an output beam of laser system
10. Curve 106 characterizes a pulsed excimer laser beam
passing through a beam-shape controlling mask and striking
a target. Curve 106 shows that an excimer beam pulse
exceeding a threshold power density, PD,,, produces the

35 depth of cut per pulse that increases linearly to a value,
ts, that corresponds to a saturation power density, PD;.



second | aser output pul se having energy sufficient to ablate dielectric but
not ablate netal. Fig. 7 is a diagramthat shows qualitatively the
differences in spot size that correspond to different 25 di st ances
between the target and the | aser beam focal plane. Figs. 8A and 8B are

fragmentary c = tional views showi ng the sequential stegRsq8igsrd out
to forma dep haﬁggggelf-liniting blind via of a target conposed o? 30

d layer of dielectric material positioned between a top conductor |ayer and
a- bottom conductor layer. Fig. 9 is a fragmentary cross-sectional view of
an inconplete top | ayer opening for a via that can be nmachined in
accordance with t hEFyrtdeanincrneases okt excipey begmiRuksq mayendgngity
cross-sectional vig¥dduce no appreciable increase in depth of cut. Curve
108 characterizes output beam 62 of system 10 without the
presence of a beam-shape controlling mask and tracks curve
5 106 for beam pulse power densities not exceeding PD;. For
increases in pulse power densities exceeding PD,, output
beam 62 continues the linear increase in depth of cut per
pulse without saturation. System 10 is capable,
therefore, of achieving depths of cut per pulse
10 commensurate to the available beam pulse power density.
The parameters of processing output beam 62 are
selected to facilitate substantially clean, sequential
drilling, i.e., via formation, of a wide variety of
metallic and dielectric material targets that exhibit
15 different optical absorption and other characteristics in
response to ultraviolet light (i.e., wavelengths shorter
than about 400 nm}. First, the metal layer is removed
with a first laser output having a power density
sufficient to ablate the metal. Then, the dielectric
20 layer is removed with a second laser output having a lower
power density that is insufficient to ablate the metal, so
only the dielectric is removed. The two step method is
especially useful for making blind vias having a metallic
bottom layer, because the second laser output will not
25 ablate it. Thus, the two-step machining method provides a
depthwige self-limiting blind via because the second laser
power output is insufficient to vaporize the metallic
bottom layer, even if the second laser power output
continues after the dielectric material is completely
30 penetrated. Skilled persons will appreciate that the
first and second laser outputs may be sequentially
contiguous, or that a series of first laser outputs may be
applied@ to an extended surface area of target 40 and then
a series of second laser outputs may be applied over the
as same extended surface area.



a target that is simlar to the target of Figs. 8A and 8B but has a second
dielectric |layer positioned between conductor |ayers. 5

Fig. 11 is a fragnentary cross-sectional view of the target of Fig. 10 but
with a blind.via characterized by a depthw se-stepped wi dth of decreasing

di aneter froma_top conductor |ayer to a bottom conductor | LS.
12-19 presen?m¥@@?g§ respective 10 Exanpl es 1-8 of @wﬁﬂé7 37

I"aser pul ses produced by a 355 nmlaser systemthat are enpl oy#8 SHEETHAS BEEN
present invention. Figs. 20-22 present tabl es;e0f respective ExanpRERLAGEDL
of parameters of |aser pulses produced by a is 266 nm | asér—systemthar —
are enployed by the present Innwefiysm prefezireddemesdingnt,omso Pieserseep

Enbodi ments Wth reffakegceaber Fbgeput o R aighr efc8AbOd) BNt Rl 8ol 88584ce
system 10 of the paree%gtlll nv Q{/Iexo,n I cfl Udgssgcond step a second laser

output of lower intensity and equal spot size is used to

5 ablate an underlying dielectric layer. Fig. 5 represents
one method for changing the intensity of Nd:YAG laser
output by changing the repetition rate of laser system 10.
Fig. 5 shows a graph 110 indicating that, for the
conditions represented by Example 3 shown in Fig. 14, the

10 energy per pulse (in unit energy values) of laser output

- varies inversely with the pulse repetition rate (in kHz).

The energy of the first laser output is greater than metal
ablation threshold 112, and the energy of the second laser
output is below metal ablation threshold 112 but below

15 dielectric ablation threshold 114. Thus, the second step
can be carried out with any power density between
thresholds 112 and 114 at 20 kHz.

In a second preferred embodiment, a first laser

output of high intensity is used to ablate a metallic

20 - layer, and a second laser output of equal intensity and
greater spot size is used to ablate an underlying
dielectric layer. Fig. 6 shows a graph 120 demonstrating
the inverse relationship (im unit energy and distance
values) between energy per pulse and the spot diameter.

25 Fig. 6 shows an exemplary profile of a pulse of first
laser output 122 having a spot diameter of 1 and
sufficient energy (above metal ablation threshold 124) to
ablate metal and an exemplary profile of a pulse of second
laser output 126 having a spot diameter of 3 and

10 sufficient energy (above dielectric ablation threshold
128) to ablate dielectric material but not to ablate
metal.

In a third embodiment, the intensity of the

second laser output is decreased and its spot size is
Kk} increased relative to the intensity and spot size of the
first laser output. As previously discussed with respect

i This Sheet Has Been Rerlac
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20 resonator 12 defined by a | aser rod 14 positioned between a rear
mrror 16 and an output mrror 18 along an optic axis 20. Mrror 16 is
preferably 100%reflective, and mrror 18 is partly transm ssive to |ight
propagating along optic axis 20. Laser rod 14 preferably includes a 25
solid-state I%ebg}“lﬁych as.Nd: YAG Nd: YLF, Nd: YAP, or Nd: YVQ&inishynodss a YAG
crystal doped wi'th hol miumor erbium Laser rod 14 may be punped by a

vari ety of punping sources (not shown) well known to persons skilled in the
art, but a krypton arc lanp is, or a suitable d+ode | aser would be, 30
preferred for |aser system 10 of the present invention. Q swtches and
their uses, positioR®nfigany JFeiablenapeEcureso WEUMSkABRA €ollbidrayers, or
skilled in the art .vﬁﬁiimrlﬁwqunaﬁtsan@ayg tewip13¢estor gb&IBPIthe

positioned within resonatpr_ 1 l.ong, opt i C I s 20 get en_ 35 |_aser
rod 14 and mrror 1852 e %%W%tlczﬁ ﬁﬁg"’%ﬁ’égﬁ eetﬁl g aH8°8econd laser
outputs.
5 Fig. 7 is a diagram showing gqualitatively the

differences in spot size that correspond to different
distances between a target 150 and a laser beam focal
plane 152. With reference to Fig. 7, spot area 154
represehts the spot area corresponding to placement of

10 target 150 at focal plane 152. Spot arxeas 156 and 158
represent progressively larger spot areas that correspond
to placement of target 150 at respective positions of
increasing closeness to or distance from the laser beam
source (not shown) and therefore at increasing distances

15 from focal plane 152.

Within these general embodiments, preferred
parameters of the first laser output include average power
densities greater than about 300 mW measured over the beam
spot area; spot size diameters or spatial major axes of

20 less than about 50 um, and preferably from about 1-50 pm; -
and a repetition rate of greater than about 200 Hz,
preferably greater than about 1 kHz or even 5 kHz; and an
ultraviclet wavelength, preferably between about
180-355 nm. The preferred parameters of processing output

25 beam 62 are selected in an attempt to circumvent certain
thermal damage effects by utilizing temporal pulse widths
that are shorter than about 100 ns, and preferably from
about 40-90 ns or lower. Skilled persons will also
appreciate that the spot area of output beam 62 is

30 generally circular, but may be very slightly elliptical.

Figs. 8A and 8B are fragmentary cross-sectional
views showing the sequential steps carried out to form a
depthwise self-limiting blind via of a target 160 composed
of a layer 162 of dielectric material positioned between a

3s top conductor layer 164 and a bottom conductor layer 166.
Conductor layers 164 and 166 are typically made of the



WD 97/ 44155 PCT/ US97/ 03723 9 as a
pul se attenuator as described in U S. Patent No. 5,197,074, which is herein
i ncorporated by reference. The output of laser rod 14 is converted to a
preferred ultraviol et wavel ength through two stages of 5 har nmoni ¢

generation of, fr ncy conversion. Second harnoni c generati e
produced by ‘dvqgl"gg#gfrequency converter 32 such as a nonli rreclél?{']%%%?gl

inserted along optic axis 20 and angl e-tuned for opti num phase mat chi ng
with the output of laser rod 14. Skilled persgns wll 10 appreci ate

that there are nunerous other techniques conventionally enployed for phase
mat chi ng. The anpameMmadeaigy . cencrrasdapperhe BigongA hapmesentssthe

function of a nunberrs deapebrchal #eéLIS Izt Behddbisdeale ROWRL e MDde
LTt a0 Lo by GRS Blad iy TR Lot Seson ARSI L
conductor layer 164. Fig. 8B represents the second step
5 of delivering laser pulses at a second power density that
is below the ablation threshold of conductor layer 166 but
above the ablation threshold of dielectric layer 162.
This two-step method provides a depthwise self-limiting
blind via because the laser beam power density is
10 insufficient to progress depthwise beyond the dielectric
material to vaporize conductor layer 166.
Fig. 9 is a fragmentary cross-sectional view of
an incomplete top layer cpening 168 for a hole or via
(shown in phantom lines) that can be machined in
15 accordance with the invention. The situation depicted in
Fig. 9 typically arises in an incompletely chemically pre-
- etched metal top layer 164 that does not expose dielectric
" layer 162 in a target that was intended to be machined
initially through the dielectric layer. The method steps
20 - described with reference to Figs. 8A and BB can be carried
out to machine a via into the target.
' Fig. 10 is a fragmentary cross-sectional view of
a target 170 that is similar to target 160 but has a
second dielectric layer 172 positioned between conductor
25 layer 166 and a third conductor layer 174. Dielectric
layer 172 and conductor layer 166 have ablation thresholds
in the same relative proportion to those of dielectric
layer 162 and conductor layer 166, respectively. Thus,
conductor layers 166 and 174 become the respective middle
30 and bottom conductor layers of target 170. To form a
blind via in target 170, one repeats the first step by
increasing the laser beam pulses to the first power
density to machine through layer 166 and then repeats the
second step by decreasing the laser beam pulses to the
is second power density to machine through dielectric layer
172 and stop at layer 174.



nonl i near crystal include nonlinear coefficients, angular acceptance, and
damage threshold. In a preferred | aser system 10 that is a continuously
punped, Q sw tched, Nd: YAG | aser, frequency 20 doubling is efficiently
acconplished with a bariumborate crystal 32 positioned within resonator 12

al ong optic 3%53)7/%915; as shown in Fig. 1. Skilled persons w Il,lmg&g.;,&%:,ate

t hat numer ous ot'her "Trequency converting crystals m ght be used, such as

I"i t hi um borate. 25 ' The doubling process is enhanced by a
Brewster plate polarizer 26 preferably positioned between rear mrror 16
and | aser rod 14. In addition, output mrror 18 is selected to be highly
reflective to the fundanent alFigavdleigtad FHammentagdybyrrasciequiPnpd (VISWAORmM
for a 30 Nd: YAGtat@et NCTE®&ESE Fibe L0t hae ayidhy ap@aknaowed , 1dder eby

ncreasing {he har "BRkEaSOELH ) (! GeBiR N0 SLLBLENGYab 8P daing

80% A second frequency conv Erefer
diameter from top layer 164 to bottom layer 174. The

5 changes in width are accomplished by selectively
decreasing the laser target area after each successive
layer is penetrated.

Figs. 12-19 and Figs. 20-22 are tables of laser
pulse parameters that present respective Examples 1-8

10 using a 355 nm laser and Examples 9-11 using a 266 nm
laser to form blind vias in accordance with the present
invention. These laser pulses and resulting vias were
produced with a Model 4577 UV laser (355 nm) or a Model
4573 UV laser (266 nm) in a Model 5000 laser system

15 manufactured by Electro Scientific Industries, Inc. in
Portland, Oregon.

In Figs. 12-22, step 1 and step 2 in the table
heading generally list the depth or thickness and
material (s) of the conductor layer 64 and dielectric layer

20 66 to which the first and second laser outputs 122 and 126
are respectively directed. 1In the column headings, via
size indicates the top diameter {(or longest lateral
surface dimension where the vias are not circular). Step
indicates whether first or second laser output 62 is

25 employed and which of the materials(s) from the table
headings is the target 40. Speed indicates the rate at
which the laser output is moved relative to the surface of
the target 40. The repetition (rep) rate indicates the
number of laser pulses per second produced by laser system

30 10. Power indicates average power at the repetition rate
of laser output 62. Bite size indicates the pulse overlap
or “bite” of fresh material exposed by each pulse of laser
output 62. Number (#) of passes indicates the number of
spirals or “trepans” of laser output 62 used to form a

35 via. Effective (Eff.) spot is a programmable correction
for material machining differences. Spiral Parameters



barium borate) is positioned along optic axis 20 between 35 first
frequency converter 32 and mrror 18 within 10 resonator 12 to produce
the third harnonic output 38 (355 nn) of the fundanental wavelength with a
conversion efficiency of approximtely 25% Thg resonaggg outpuptﬁG may be
separated in wo wavel engths, (532 nmand 5 n)._ W one or
nnPe beanspl%@?%?s not shown). The third harnonic output 3§%QP$§@§nﬁn1nay
al so be varied by rotating the input polarization of the 532 nm resonator
output 36 with a polarization state changer 43,positioned along optic axis
20. Pol arization state changer 42 may be 10 a quarter-wave plate or a
vari abl e pol ari zat i{Baramat b vidicgée thdeinsjds atiameteant(id) , ofiurb&e s al

processing unit (nekvs@Mdns Ushmteefess tHeG it dd FiamdtERt (D) | spacing
' between revolutions of the spirals (pitch), and the
distance (in um or mils) from the target to the focal
5 plane (focus). Skilled persons will appreciate that Figs.
12-22 depict examples of only a few of the possible pulse
and via parameters useful for implementing the present
invention and that numerous variations are possible.
' Skilled persons will also appreciate that target
10 40 may comprise multiple sets of conductor and dielectric
layers 64 and 66 and that the first and second laser
outputs 122 and 126 may be repeated to produce stepped,
tapered, or vertically edged vias through the multiple
sets of layers.
1s It will be obvious to those having skill in the
art that various changes may be made in the details of the
above-described embodiments of the present invention
without departing from the underlying principles thereof.
The scope of the present invention should, therefore, be
20 determined only by the following claims.



5,361, 268, which is herein Incorporated by reference. The third harnonic

out put 38 nmay be mani pul at - i.ety of well-known optics
i ncl udi ng beam expander | _ea HE!M uﬂmnlmd 46 that are positioned al ong
beam pat h 50 before a series* ofc beamtdi fecting reflectors 52, 54, 56, and

58. Finally, Ly d harnonic output 38 is passed through Lng | ens
60 before beﬂkggg%g#%ed as 20 processi ng out put bean162P?gR§gﬁg§? 40.

Vari abl e apertures, adjustable collimators, or other variable |
may be substituted for or enployed in additiomito focusin
nodi fy the spatial spot size of processing output beam 62
wavel engt hs of 25 processi ng out put bear@l@msnc| ude 2’

quintupl ed) and 266 nm (frequency wtdRbed)asSKi hd @i MRS aNgepthlrise

cpprecate (hat eSO Ol e Pl AL Septatiet 2
guadrupling is desiatedeast first and second conductor layers having
5 respective first and second conductor ablation energy
thresholds and a dielectric layer having surfaces and a
dielectric ablation energy threshold, the first and second
conductor layers positioned above and below, respectively,
the surfaces of the dielectric layer and the first and
10 second conductor ablation energy thresholds exceeding the
dielectric ablation energy threshold, comprising:

generating a first laser output containing at
least one laser pulse having a first energy density over a
first spatial spot size, the first energy density being
15 greater than the first conductor ablation energy
threshold;
applying the first laser output to the target to
remove the first conductor layer within a first spot area
of the target;
20 generating a second laser output containing at
least cone laser pulse having a second energy density over
a second spatial spot size, the second energy density
being less than the first and second conductor ablation
energy thresholds and greater than the dielectric ablation
25 energy threshold; and
applying the second laser output to the target
to remove the dielectric layer within a second spot area
of the target and, as a consequence of the second energy
density being less than the second conductor ablation
30 energy threshold, to leave the second conductor layer
substantially unvaporized and thereby form a depthwise
self-limiting blind via.
2, The method of claim 1 in which the
dielectric layer comprises benzocyclobutane (BCB),
s bismaleimide triazine (BT), cardboard, cyanate esters,
epoxies, paper, phenolics, polyimides, PTFE, or

Zoee e Th'isSheetHasBeenRe{ilaced
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Fig. 2 is a cross-sectional sid iew of an enlarged portion of a generic

| aser target 40 that may, for eggﬁﬁrngﬁ??ﬂrﬂﬁ$ﬁ~capac|tor, circuit board,
resistor, or hybrid or senicondwiuw ' ircuit. For V[)97/44155

PCT/ US97/ 03723 -11- conveni ence, "Em%g“mﬂl)ct ed asf havi ng olnly f our
| ayers 64, 6 ...and 70. Layers %4 ¢can Wontain, for exanple,
standard net 27%96724&?% as, alum num- copper, gold, 5 I nol yb‘ilélijﬁ 03733 ckel ,
pal l adium platinum silver, titanium tungsten, netal nitridesf—or —
conbi nations thereof. Conventional netal |ayers vary in thi cknebBHIS SHEET HAS BER

typically between 9-36 [err]m but may be thinner or as thick as 72 REPLAGED
Layer 66 nay, for efuhphaticnnitdiereafsanddaiel rengdnilayer comprises T

aluminum, copper, gold, molybdenum, nickel, palladium,
platinum, silver, titanium, tungsten, or ccmbinations

thereof.

5 3. The method of claim 1 in which the laser
pulses comprise a wavelength within a range of about 100-
400 nm.

4. The method of claim 3 in which the laser
pulses have a temporal pulse width shorter than about

10 100 ns, the first laser output has an average output power
of greater than about 100 mW measured over the spatial
spot size, and the laser pulses are generated at a
repetition rate of greater than about 1 kHz.

5. The method of claim 1 in which the first and

1s second laser outputs have.respective first and second
output powers, and the first output power is greater than
the second output power. |

€. The method of claim 5 in which the first and
second spatial spot sizes are the same. '

20 7. The method of claim 1 in which the first
spatial spot size is smaller than the second spatial spot
size.

8. The method of claim 7 in which the first and
second laser outputs have respective first and second

28 output powers that are substantially the same.

9. The method of claim 3 in which the first
spatial spot size is less than about 100 um across its
surface diameter. '

10. The method of claim 3 in which the laser

30 output is generated by a solid-state laser comprising
Nd:YAG, Nd:YLF, Nd:YAP, or Nd:YVO,.
| 11. The method of claim 1 in which the spatial
spot size defines a spot area that is smaller than and
lies within a spatial region of the target, the spatial

35 region having a periphery and a central portion, the
method further comprising:

, This Sheet Has Been
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| O dielectric material such as benzocycl obutane  (BCB), bisnaleim de
triazine (BT), cardboard, cyanate esters epoxres phenol i cs, polyi m des,

PTFE, various pol yner alloys, or Conventi onal organic
direlectric layers 66 vary consi derab lm a "I E&gﬂ but 15 are

typically nuc L,edsy than netal IayerSc Lan eriséAssness
range for orggﬁrghdrelectric | ayers 661 s about 50-200 [err

bé placed in stacks as large as 1.6 nm Layer 66 may. al so co'H‘lllﬁiSHEETH S Bt
standard reinforcement conponent or "layer 70.'23Layer 70 nely be REPLAGED ;
fiber matte or dispersed particles of, for exanple, aramd fTDers,

ceramics, or glass woven or JPEFRFNAT itheolarerPelef|saquensiphlert®6.
Convent i onal rei nf ommdneplel pyeftsiold aseotyptedl witinute tdpasngl f&gion to

organi c dielectric E%%%V% &8 EQ$&%;?q4ﬂa§gnth€afgéga égefha% L8%£L$$§£|1ng

perhaps up to 25 ersons precla
rei nf or cenent mat er it&! thﬁy%@ﬁﬁ%ﬁi&é’@dm&%tﬁﬁhﬂd’%ﬂqﬁ@% deféningia

dielectrics. 3$he "l aparigibusfsetesk BpotuaPendeeiending outwardly from the
central portion along a path to the periphery of the
spatial region to remove the target material from the
spatial regioh and thereby produce a blind via in the
target material.

10 12. The method of claim 3 in which the
dielectric layer includes a reinforcement material that
comprises glass, aramid fibers, ceramics, or combinations
thereof. ‘

13. The method of claim 1 in which the target

15 comprises a circuit board.

14. The method of claim 1 further comprising:

positioning the target at a first distance
relative to a focal plane prior to applying the first
laser output; and

20 positioning the target at a second distance,

' different from the first.distance, relative to the focal
plane prior to applying the second laser output, thereby
modifying the spatial spot size between the first and
second laser outputs.

25 15. The method of claim 1 further comprising
employing variable apertures, adjustable collimators or
variable lens elements to modify the spatial spot size
between the first and second laser outputs.

16. The method of claim 1 in which the

30 conductor and dielectric layers form a first set of layers
and the'target comprises at least a second set of layers,
including a second conductor layer and a second dielectric
layer, the method further comprising:

repeating the steps of generating and applying

s first and second laser outputs to form a via through the

first and second conductor and dielectric layers.

. Thrs Sheet Has Been Reri

(L




rei nforcenent material may be noncontiguous and nonuniform Skilled persons
w Il also appreciate that 30 | ayers may al so be

i nternally nonconti guous, nonunifor evel . ~ Target 40 in Flg 2
al so depicts a through-hole via 72 Mmm(im ﬂng produced by Iaser
system 10. Throu ,gh hole 72 cleanly!a tes al lfﬂﬁ%’%ﬁ

and mat eri al YOSFAHS: get 40 and exhibits negl+g| bl e taper 2155

PCT/ US97/ 03723 12 fromits top 76 to its bottom 78. Taper | apm@ SHEET HAS BEEN

preferably less than 45 err], nore preferably.] ess than 3E[6”]REm¢EUDSt
preferably O with respect to normal axis 77. Blind via 74 Aot

penetrate all layers 5 13nd/ The npeerodilcaf. clhamFLE. iR whildmahei aiddis
stops at and stepped between the first and second sets of layers.
18. The m=2thod of claim 1 in which the laser
outputs create a nonc;rcular via.
5 19. The method of claim 3 in which the laser
output is generated by a solid-state laser comprising
NQd:YAG, Nd:YLF, Nd:YAP, or Nd:YVO,.
20. The method of claim 5 further comprising

changing the output power between the first and second

10 laser outputs by employing a Q-switch, a polarization
state changer, a quarter wave plate, or a Pockel’s cell or
by changing the output of a lamp or diode pump source.
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does not penetrate | ayer 68. Thu:“s, roper selection of the |aser paraneters
ermts layer 68 to remain unaffie i’ ' onpri ses the sane net al

Eonponent(s) as |ayer 64. 10 , m "’ﬂ"ﬁm"uuﬂmaneters preferably range
from25-300 [err]m but |aser system 10 hay" prfodiace vias 72 and 74 that are

as small as about 5-25 [err]mor much greater than 1 mm Be
preferred spotWPMIBF out put beam 62 i s2mbout 25-75 [err]m ?ﬁ&@gghgﬁ%r
vias larger than 25 [err]m may be 15AMENDEproRAIMSed by trepanni ng, concentric
ci-rcle processi btgcebvedshy rthe Ipternatbinay.BuFeas on IA AugdsBBIShdW 08t 87)ng
profiles for drépiiadclainnrliobdhibdiel Bandria-20 bhéndeddy inew 83aimse2p@Btadded y,
that are larger than the sptemaiping ekaimsitupchanged (4 paggelm 62. Wth
reference to Fig. 3A through: Whetitd foefaseranachininghedeptiviise eelfolimitiag get 40 a

cricuLar spatt a1 S BN eR R ehing s e il S D2 @ 5P
' conductor layers having respective first and second conductor ablation
5 ~ energy thresholds and a dielectric layer having surfaces and a dielectric
ablation energy threshold, the first and second conductor layers positioned
above and below, respectively, the surfaces of the dielectric layer and the
first and second conductor ablation energy thresholds exceeding the
dielectric ablation energy threshold, comprising:

10 generating a first laser output having a wavelength of less
than 400 nm and containing at least one first laser pulse having a first
energy density over a first spatial spot size, the first energy density being
greater than the first conductor ablation energy threshold;

applying the first laser output to the target to remove the first

15 conductor layer within a first spot area of the target;

| generating a second laser output having a wavelength of less
than 400 nm and containing at least one second laser pulse having a second
energy density over a second spatial spot size, the second energy density
being less than the first and second conductor ablation energy thresholds and

20 greater than the dielectric ablation energy threshold; and

applying the second laser output to the target to remove the
dielectric layer within a second spot area of the target and, as a consequence
of the second energy density being less than the second conductor ablation
energy threshold, to leave the second conductor layer substantially

25 unvaporized and thereby form a depthwise self-limiting blind via.

2. The method of claim 1 in which the dielectric layer
comprises benzocyclobutane (BCB), bismaleimide triazine (BT), cardboard,
cyanate esters, epoxies, paper, phenolics, polyimides, PTFE, or
combinations thereof and at least one conductor layer comprises aluminum,

30 copper, gold, molybdenum, nickel, palladium, platinum, silver, titanium,
tungsten, or combinations thereof.
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‘Thr ough-hole 86 is formed by sequential!y positTioning beam 25 6

havi ng spot area 94 at overl appil{m ol tions around perip
92. Beam 62 is preferably m)_vedj- ﬂwﬁmuﬂufﬂmgh each | ocation a

speed sufficient for system 10 o Wel% vér thesn

er of beam pul ses

necessary to achieve the depth of cut at the location. 30 After
conpl et es t heVRAUMI¥r ound periphery 2, tdge center target nBEEUSHIODS falls
out to formthrougn-hole 86. This process is called trepanning. Wth

reference to Fig. 3B, blind via 88 also defines on the surface of target 40

a circul ar

spot area 94

PCT/ US97/ 03723 13 ghfputs vk MpebitiiPfbics aRB 5k Eherddf r56 1k Blc shOacOhasek €91 O 90.

10

15

20

30

PDX4-78125.1 26860-0033

region 90 35 havi ng a periphery 92. Qutput beam 62

VO 97/ 441553- The method of claim 1 i which the first and second laser

output is greater than the repetition rate of the first laser output.

4. The method of claim 1 in which the first and second laser
pulses have a temporal pulse width shorter than about 100 ns, the first and
second laser outputs have an average output power of greater than about
100 mW measured over their respective spatial spot sizes, the first laser
pulse is generated at a first repetition rate of greater than about 1 kHz and
the second laser pulse is generated at a repetition rate that is significantly
different from the first repetition rate.

5. The method of claim 1 in which the first and second laser
outputs have respective first and second output powers, and the first output
power is greater than the second output power. |

6. The method of claim 5 in which the first and second
spatial spot sizes are the same.

7. The method of claim 1 in which the first spatial spot size
is smaller than the second spatial spot size.

8. The method of claim 7 in which the first and second laser
outputs have respective first and second output powers that are substantially
the same.

9. The method of claim 1 in which the first spatial spot size
is less than about 100 um across its surface diameter.

10. The method of claim 1 in which the first and second
laser outputs are generated by a solid-state laser comprising Nd:YAG,
Nd:YLF, Nd:YAP, or Nd:YVO,.

11. The method of claim 1 in which the first spatial spot size
defines a spot area that is smaller than and lies within a spatial region of the
target, the spatial region having a periphery and a central portion, the
method further comprising:

directing at least one of each of the first and second laser

pulses sequentially to multiple positions associated with the spatial region to

2
hery
t a

beam 62

havi ng
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Blind via 88 is formed by sequenfialTy positioning beam 62 having spot area
94 at overl appi ng conti guous | ocat ; ' ‘al path 104 to periphery
92. Beam 62 is 5 preferably nlmNmi m(uﬂumlm“,t_hrough each | ocation at
a-speed sufficient for system 10't o* I wer Mt h& nunber of beam pul ses

necessary to achi eve the depth of cut at the l|ocation. As be eeds
al ong spiral p¥PA™4H2 the target materiaf7is "nibbled" amy%paﬁégﬁ%gé hol e

of 10 i ncreasing size each tine beam 62 is noved to a new cutting
| ocation. The final shape of the hole is achi eved when beam 62 noves al ong

a circular path at periphery.92. An ternatijve beam cuttin ath to form
blind via 88 woul d ghovB BlNpIe aipants el Balelif e GrReaine R s Bol el
circles of increnenglmhitiple poassefihiag aicofififuole skt bY ssdp ateat efandidg of beam

62. The overall dianeter _of via 88 would increase_as the concentric circles
form ng via 88 trav@nwwbafrm%%mba?rnoatalogséaaéwmcfﬁ%m@s?? Bt cent er

102 of region 90. Ag,8iINREiok loYrembll the RArR&SAfteridl frdde Besphiial region and
' 5 thereby produce a blind via in the target material.

12. The method of claim 1 in which the dielectric layer
includes a reinforcement material that comprises glass, aramid fibers,
ceramics, or combinations thereof.

13. The method of claim 1 in which the target comprises a

10 circuit board.

14. The method of claim 1 wherein the first laser output is

focused at a focal plane, further comprising:

positioning the target at a first distance relative to the focal
15 plane prior to applying the first laser output; and
positioning the target at a second distance, different from the
first distance, relative to the focal plane prior to applying the second laser
output, thereby modifying the second spatial spot size relative to the first
spatial spot sue
20 15. The method of claim 1 further comprising employing
variable apertures, adjustable collimators or variable lens elements to
modify the second spatial spot size relative to the first spatial spot size.
16. The method of claim 1 in which the first and second
laser outputs form a first set of laser outputs, the first and second conductor
25 layers and the dielectric layer form a first set of layers and the target
comprises at least a second set of layers, including a third conductor layer
and a second dielectric layer, the second set of layers positioned atop the
first set of layers such that the second dielectric layer is positioned between
the first and third conductor layers, the method further comprising:
30 _ prior to generating and applying the first set of laser outputs,

generating and applying a second set of first and second laser outputs to
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20 defining the desired ci rCurnc erence and proce processi ng the edges toward
the center. Qutward spiral procés’ﬂmmmg m alittle nore continuous
and qui cker than concentric cirel ' Jm,”m‘ 11ed persons wll
appreciate that either 25 tar det 40 or® proocessi'ng out put beam 62 may be
fixed or moved relative to the position of the other. In a preferred

enbodi nent, B #4ESSget 40 and processi g out put beam 62 ar BCHE§E@3723

si mul t aneousl| y. Skilled persons will appreciate that noncircular 30

vi-as may al so be ablated through sim|lar processes. Such vias may, for
exanpl e, have square, rectangul ar, oval, slot-like, or other surface
geonetries. Sever Aprmy2 yiathgough the third ane condugto, Jayer anithe seoond dielestrist var i ous

dept hs and di amet §fyer.pr oduced on a number of different substrates are

17. The method of claim 16 in which the via is stepped
between the first and second sets of layers.
5 18. The method of claim 1 in which the first and second
laser outputs create a noncircular via.
19. The method of claim 1 in which the first and second
laser outputs comprise the same wavelength.
20. The method of claim 5 further comprising changing the

10 second output power relative to the first output power by employing a Q-
switch, a polarization state changer, a quarter wave plate, or a Pockel’s
cell.

21. The method of claim 1 in which the wavelengths of the
first and second pulses comprise 355 nm or 266 nm.

15 22. The method of claim 1 in which the second conductor
layer absorbs the wavelength of the second laser output and the second
energy density remains below the ablation energy threshold of the second
conductor layer.

23. The method of claim 1 in which the first and second

20 laser outputs are generated by a nonexcimer laser.

24. The method of claim 23 in which the first and second
laser outputs are generated by a solid-state, Q-switched laser.

25. The method of claim 1 in which the first and second
laser outputs are generated by the same laser.

25 26. The method of claim 1 in which the first laser output has
a first repetition rate that is greater than 200 Hz and the second laser output
has a second repetition rate that is greater than the first repetition rate.

27. The method of claim 26 in which the second spatial spot
size is greater than the first spatial spot size.

30 28. A blind via produced by the method of claim 1.
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WD 97/ 44155 ' PCT/ US97/ 03723 14 set
forth in U S Patent Application No. 08/ 276,797, which is incorporated
herein by reference. A benefit derived fromsolid-state |aser system 10 is
the ability to direct output beam 62 onto the 5 - surface of target 40
wi thout the use of a beam shape controlling mask, -such as that i.th an
exci mer | aser. VRIS s gni ficant becawges depth of cut per %ﬁF@’g&%"‘%
saturation can result when the beam spot area substantially equals the
spatial region defined by the via |0 intended to be cut. The
saturation depth of cut per pulse is reached when an increase in power
density of the beam pul se striking the ta%&t Hoes not produce an

appreci abl e i ncrease of depth of cut i htot héytarget. Because poor beam
quality, 1arge beam area, and 15 { e.Lates are inherent to
excimer | asers, beam shape controlli r'fg Ks<ar £ typically needed to
efficiently use -/

60
62
/

FIG. 1



an exci mer beam The mask nethod forces ablation of a | arge area rather
than at a point such that the effective beam spot area equals the desired
spatial area of the via 20 to be cut. Debris fromablation partly

bl ock subsequent |aser pul ses, or superheated debris change the nature of
the abl ation process to a nore thermal process, creating a saéurg%lipﬁgs dept h

that inposes WOY4E55cal linmit in both tad3power density and on
rate of the exciner |aser 25 such that further increases cannot be
utilized to further increase the ablation rate. Fig. 4 is a depth of cut
per pul se versus p deMsity graph showi ng qualitat+40ly the conparative
relationship of th t per va ' an

exci mer | aser beam giad a @put b of |aser; Sy m 10. ga'r\ﬁﬂ
characterizes a pul/ised ;e;’?? rol asggmbe th pas;s/i ngguﬁr o‘l:l'gl’l’4 am sh
control ling mask K n_excingr
beam pul se exceedi es N e AN

o
77--

FIG. 3B
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35 depth of cut per pulse that increases linearly to a value, t[err],
that corresponds to a saturation power density, PDerr].
PCT/ US97/ 03723 Further increases in exciner beam pul se powg

produce no appreciable increase in depth of cut. Curve 108} charmms
out put beam 62 of system 10 without the presence of a bea
control ling rrél%‘k”é‘ﬂivﬁtracks curve 5 3MB36 for beam pul se pb
not exceeding PDerr]. For increases in pulse power densities exceedi ng
PD[ err], output beam 62 continues the linear increase in depth of cut per
pul se wi thout saturation. System 10 is capable, therefore, of achieving
depths of cut per pulse |0 commensurate to the avail abl e beam pul se
power density. The paraneters of processing output beam 62 are selected to
facilitate substantially clean, sequenti al

FIG. 5
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drilling, i.e., via formation, of a wide variety of netallic and dielectric
material targets that exhibit 15 different optical absorption and ot her
characteristics in response to ultraviolet light (i.e., wavel engths shorter
t han about 400 nm. First, the netal layer 'is renoved with a first..| aser
out put having a power density sufficient to ablate the met oy fesTat he
diel ectric 209m4415%yer is renoved wi4M3a second | aser output having a

- kower power density that is insufficient to ablate the netal, so only the
dielectric is renoved. The two step nmethod is especially useful for nmaking
blind vias having a netallic bottom| ayer, because the second | aser output
wll not 25 ablate it. Thus, the two-step nmachi ning nethod provides a
depthwi se self-limting blind via because the second | aser power output is
insufficient to vaporize the nmetallic bottomlayer, even if the second

| aser power output continues after the dielectric material is conpletely 30
penetrated. Skilled persons. || appreciate that the
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first and second | aser outputs may be sequentially contiguous, or that a
series of first laser outputs may be applied to an extended surface area of
target 40 and then a series of second |aser outputs nay be applied over the
35 sanme extended surface area. 16 In a first preferred enbodi ment,

as a first step a first |aser output of a high intensity is used to ablate
a metallic IaQE?’”QWE as a second step a5$ﬁtond | aser out put PETUPHHETR3

i tensity and eqpetrsppt—fize—irs—psoa—t TbLaLe an underlying
dielectric |ayer Figf 5| r p§'§% (73 8n§% Hdel |4 & phanging the intensity
of Nd: YAG | aser putput| by] chiafgdi ng t he fepetiftign fate of |aser system 10.
Fig. 5 shows a gfapph 1f0 | n ig timg thal, [forf the ¢ongitions represented by
Exanple 3 shown {n Figf 1§, |t
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10 energy per pulse (in unit energy values) of |aser output varies
inversely with the pulse repetition rate (in kHz). The energy of the first
| aser output is greater than netal ablation threshold 112, and the energy
of the second | aser output is below netal ablation threshold 112 but above
15 dielectric ablation threshold 114. Thus, the second step can be
carried out wWWOIMHSSpower density bet webeﬂ t hreshol ds 112 anBCT/US978387220

f

kHz. In a secondpreferred enbodi nent Brst |aser out put of high
intensity is usgd tjo gbl at e| & g8q4tRl|{ig ¢ 20 | ayer, and a second | aser
out put of equal |intlendity an@ §featler |spot size is used to ablate an
underlying dieldgctrjic|layer Fiqd. § slhows a graph 120 denonstrating the
i nverse relationshilp (i njunift erergy and di stance val ues) between energy
per pulse and the dpot} difameter | K9 v, Fig. 6 shows an exenplary profile
of a pulse of fifrstf |4sen B t%)ut ﬂ,EZ‘:Eavi ng a spot dianeter of 1 and
sufficient energy (fabqve rga al _gbldtioen threshold 124) to
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abl ate metal and an exenplary profile of- a pul se of second | aser output 126

havi ng a spot dianmeter of 3 and 30 sufficient energy (above dielectric
abl ation threshold 128) to ablate dielectric material but not to ablate
netal. In a third enbodi ment, the intensity of the second | aser output is
decreased and its spot size is 35 I ncreased relative to the intensity
and spot sizeWBo¥HEStirst |aser output.,As previously di sc uBSHESHOFH3
respect W97/ 441585 . _
PCT/ US97/ 03723 17 fo Fig| 1] alasilaije puee}eu !ﬁs,Sad$+stable col limators, or
vari abl e |l ens ellengnt$ npy bé—enplo;ed t o] mofdi fly tlhe|spatial spot size
between the firgqt gnd se:ondglaser qut put k.
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5 Fig. 7 is a diagramshow ng qualitatively the differences
I n spot size that correspond to different distances between a target, 150
and a | aser beam focal plane 152. Wth reference to Fig. 7, spot area 154
represents the spot area corresponding to placenent of |0 target 150 at
focal plane 152. Spot areas 156 and 158 represent progressively |arger
spot areas t hd¥O8¥H¥spond to pl acenent ofs/tmrget 150 at resBETUSLEITI

positions of increasing ~Inqprpqc to or distance fromthe |aser beam source
(not shown) and|therefor ' aasigged] stjagdes |15 fromfocal plane
152. Wthin thege gengra enfs, [preferrdd par@neters of the first
| aser output ing¢lufle pvef r densit) es| grleatler |t han about 300 WV
nmeasured over the pbeam s | sipot |sife dignetler$ or spatial nmajor axes
of 20 | ess §hap apou ﬁb.ngS?J AN Pre ﬁrqglx‘ rom about 1-50 [err]m
and ‘a repetitiof rate]of gragyeT thami fopt POQ 4.« preferably greater than
about 1 kHz or ¢vep 5 kk%, and _ar -
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ultravi ol et wavel ength, preferably between about 180-355 nm The preferred
paraneters of processing output 25 beam 62 are selected in an attenpt
to circunvent certain thermal danage effects by utilizing tenporal pulse
wi dths that are shorter than about 100 ns, and preferably from about 40-90
ns or lower. Skilled persons will also appreciate that the sBot area of
out put beam 6V 87/4355 generally circul ar, 93t may be veryPSTU§H{OpIR

“efliptical. Figs_8A apd 8B are fragoen y cross-sectional views showing
t he sequential stepp chrrjed D¢ R{® (& gq depthw se self-limting blind
via of a target [60|cofmposed 81 a|l ayer| 162 of dielectric material
posi tioned betwegn a 3p ';3 condpict pr |l ayer 164 and a bottom conduct or
| ayer 166. Condug¢tof |hyefs | apd 166} arle typically nade of the WO
97/ 44155 | = T N PCT/ US97/ 03723
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18 sanme material, such as copper. Fig. 8A represents the first step of
delivering | aser beam pul ses at a first power density that is above the
abl ation threshold of conductor |ayer 164. Fig. 8B represents the second
step 5 of delivering |aser pulses at a second power density that is
bel ow the abl ation threshold of conductor |ayer 166 but abov éﬂgsﬁogllﬁt'on
t hreshol d of d”gP'gﬁlﬁ C Iayer 162. This to403 st ep nmet hod provi &

dept hwi se sel f-1| 4 HRE-—yaTbeg the | aser beam power density is
10 i nsufficipnt &b &pfit hwi se |beyond the dielectric material to
vapori ze conduct pr SFol 9 is|alfragmentary cross-sectional view
of an inconplete|to -@nng 168 fforl a hole or via (shown in phantom
|l ines) that can pe )15 cdrdance with the invention. The
situation depictgd ] & Ypi gal §E| ses in an inconmpletely chemcally
pre--etched netal t l§ t hat { &0 not expose dielectric -
§ < | <
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| ayer 162 in a target that was intended to be machined initially through
the dielectric layer. The nethod steps 20 described with reference to
Figs. 8A and 8B can be carried out to machine a via into the target. Fig.
10 is a fragnentary cross-sectional view of a target 170 that is sinilar to

target 160 bu second dielectric layer 172 positioned betwe
nggﬁfg er 166 and a third conduxtor | ayer 174. CEF@?@@F?lC

conductor 2
| ayer 172 and C GReyetqr—ray-er ve abl 3 p—thresholds in the sane
relative proportlion tq thos = ectric Ia)er 162 a1§'cﬁddactor | ayer
166, respectivelly. |Thys, |co ayers 166 |and 174 pedone THe respective
m ddl e 30 anld Rhot ttomjco 4? ayers df tlarget {17p3| Tg fqrma blind
via in target 170, |ong répeats i rst stlep|by increaélng t hg | aser beam
pul ses to the fijrst| pqwen 4 as] & éc machi rle tthr ough T'hydr,,Jog|and t hen
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172 and stop at |ayer 174. WO 97/ 44155

PCT/ US97/ 03723 19 Fig. 11 is a fragnentary cross-sectional view of target
170 in Fig. 10 but with a blind via 180 characterized by a depthwi se,

st epped wi dth of decreasing diameter fromtop |layer 164 to bottom | ayer

174. The 5 es in wdth are acconplished by sel ecti yglusfRsh§asi ng
the | aser targ‘f{a H;@gkg after each successive 12dy®r is penetr ait‘ecﬁj Figs.

12-19 and Figs. po=p2—prerteaptqs—at— aser pprsp—pgrarreters—tiraty present
. -3 - X- =lolo .
respective Exanplies|{1-8 1D |7 [|uSijngja 355 pm| asgr and- anplep 9-11 using
a 266 nmlaser t¢ form bl|nd} ¥ijas ti njaccordhance W t hl t HeZpr egent i nventi on.
These | aser pul s¢s and|repul t§rg Vi ag were §
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produced with a Mdel 4577 UV laser (355 nnm) or a Mddel 4573 UV | aser (266
nm in a Mddel 5000 | aser system 15 manuf actured by Electro Scientific
| ndustries, Inc. in Portland, Oregon. In Figs. 12-22, step 1 and step 2 in
the tabl e heading generally list the depth or thickness and materials) of

the conduct or WeyHiaf4 and dielectric layer 20 66 to V\hi,@i:yugggm-fzgrst
and second | aser out puts 122 and 126 ari@/tespectively directed. In the
col um headi ngs,[~vifa 31 Z¢ 1 _g”'cgtg the top dianeter (or |ongest |ateral
surface di nmension ele the| Elas larg not circular). Step indicates whether
first or second|l ager jou§pu .,,62 ils 35 enpl oyed and which of the
materi al s(s) frgm ttheftabl e Igeadi ng§ is the target 40. Speed indicates the
rate at which the l|las¢r ¢utbutdlisimgved relative to the surface of the
target 40. The rnepeti iox g Krjat ¢ i ndi cates the nunber of |aser pulses
per second prodyced by | ‘Bglystlem|30 10. Power indicates average
power at the repetilti ¢n {& &
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of |aser output 62. Bite size indicates the pul se overl ap IPEA/US 239 Ja N 1998

fresh material exposed by each pul se of Iaser out put 62. Nunber (#) o

passes er of spirals or "trep nut 62 used
to forr““mﬂmnnmlmnmgbf ective (Eff.) sppt |§E§ﬁl§r%ﬁ 5{6 Bgt{ucrrectlon
for matetidl fachining differences. Spiral Par ter 97/ 44155 o
PCT/ US97/ 03723 20 (Params.).-i ndicate thejijasi de di ameter (id), nunber of
revol utions fromcenter to ouwside dianeter (rev), spacing between

revol utions of the spiral . "(@imcthr)di foxriaset mcuﬁ&tgamdepthise[setffl}nﬁtimg mls)
fromthetarget tot.hefoc ocu d persons wll
appreci ate thatbllgfdgg g2 34 t{]ﬁyﬁf@t “Eg?i n%f‘tsifﬁftfét ?Ilﬁﬁfeﬁg (Ehe posSi bI e
pul se and Vi a painiBiof 1dyerSRiving féa{:eduwlfﬁgteﬁdl seBorid €onAuedL Ablation

5 energy thresholds and a dielectric layer having surfaces and a dielectric

ablation energy threshold, the first and second conductor layers positioned
| above and below, respectively, the surfaces of the dielectric layer and the
first and second conductor ablation energy thresholds exceedmg the
dielectric ablation energy threshold, comprising:
10 generating a first laser output having a'wavelength of less -
T than 400 nm and containing at least one first laser pulse haying a first
| energy density over a first spatial spot size, the first energy density being
- greater than the .'first conductor ablation energy threshold; |
_ applying the first laser output to the target to remove the first
15 conductor layer within a first spot area of the target;

' generatmg a second laser output having a wavelength of less
than 400 nm and containing at least one second laser pulse having a second
energy density over a second spatial spot size, the second energy density

“being less than the first and second conductor ablation energy thresholds and
20 greater than the dielectric ablation energy threshold; and “
-;..." ) | ' | applying the second laser output to the target to remove the
dielectric layer within a second spot area of the target and asa consequence
of the second energy density bemg less than the second conductor ablation.
energy threshold, to leave the second conductor layer substantlally
25 | unvaponzed and thereby form a depthwise self-lunmng blind via.
2. The method of claim 1 in which the dielectric layer
_compriées benzocyclobutane (BCB), bistnaleimide triazine (BT), cardboard,
cyanate est&s, epoxies,. paper, phenolics polyimides PTFE, or a
comblnatlons thereof and at least one conductor layer comprises aluminum,
30 copper, gold molybdenum nickel, palladmm platinum, silver, titanium,

tungsten, or combmatrons thereof.
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Is varlatlons are possi bl e. Skill} ”rlsons \MI.L\

|nvent

0 appreciate that target "40 may conprise nul tipl ‘e Sete ‘of i 'MQ
conduct H Jﬂﬁﬂl Iayers 64 and 66 and HA tBEEN second
| aser o % " , 1”“ may be repeatedyzo p J@g‘% éﬁ'&ﬁ 9 pered or
vertically edged Vi as t*hr ough the nul ti pl e set s___oi_m;——l—%——

It will be obvious to those wemehodlof!claimM ifWhithithé fRdt and'sefotidl EGNges
may be nmade in the details ofethe above-described enbodi nents of the

present inventi antpuisthweu'empantramgamd the) repetitionciate ¢f theg speanddlageres t her eof .
The scope of the esent on. shoul d e be 20 det erm ned
only by the fol o trr\énn FgpEHiRD ate RPﬁEtﬁ‘dEl?qsﬁﬁ'o‘ftB@er machi ning a
dept hwi se sel f-1imi t ' ng b|4! ”Hlé/inémod of claim 1 in which the first and second laser

5 pulses have a temporal pulse width shorter than about 100 ns, the first and

second laser outputs have an average output power of greater than about
100 mW measured over their respective spatial spot sizes, the first laser
pulse is generated at e first repetition rate of gr'eater: than about 1 kHz and
the second leset pulse is generated at a repetition rate that is signiﬁcantly
10 ~ different from the first repetition rate. |
| | 5. The method of clalm lin whlch the first and second laser
-outputs have respectwe first and second output powers, and the first output
power is greater than the second output power. _
| 6. The method of claim 5 in which the first and second
15 spatlal spot sizes are the same.
7. The method of claim 1 in which the first spatial spot size
is smaller than the second spatial spot size.
8. The method of claim 7 in which the first and second leser
" outputs have respective first and second output powers that are substantially
20 the same.
o _ 9. The method of claim 1 in which the first spatial spot size
is less than about 100 p.m across its surface diameter. '
'10. The method of claim 1 in which the first and second
laser outputs are generated by a sohd-state laser comprising Nd:YAG,
25 Nd:YLF, Nd:YAP, or Nd:YVO,.
- 11. The method of claun 1 in which the first spatial spot size
defines a spot area that is. smaller than and lies within a spatial region of the
‘target, the spatial reglon having a penphery and a central portion, the
method further comprising:
30 : - directing at least one of eech' of the first and second laser
o oulses sequentially to multiple positions associated with the spatial region to
PDX4-78125.1 26860-0033 . o REP LACMNT SHEET
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in amltilayered target including at | east first and sec ctor
IBEAILS

mmmmmmmmmW?mﬁﬁmﬂﬁgtﬂﬁEmmﬁﬁm%
B;rlf‘ B p

abl ation ®nérgy threShdld, the first and ggcond c nﬂﬁg
.above and -bel ow, respectively, the surfaces of the diel u,\,. and the

first and second d r r |

dielectric abl aﬁﬂg?ctué ‘#@b@k ?‘ﬁlrﬁﬁst’ 8?(‘1& Ee@gﬁ%;ﬁ@l %gggé)%@é@f&%gsaﬁ

nonexci ner | asetheahuRipld pésitions iefiningancdmigaony set Of spot @easadxmndiﬂgan about
200 Hz, a first laser  output having a wavel ength of |ess than 400 nm and

cont ai n:c ng ?t | eutsardyfrom the Wm@épogmnszgomga@,pﬁ@ ) the PEFIDERE Of f%iensi t v
over a first s
the first condggﬁa&ﬁl 5%?‘%{ |t§r¥é‘§ﬁ g’?%ﬁegéﬁa?ﬁi @g&gﬁ{?éﬁ%ﬁ? @;{&ﬂraﬁeﬁggrert han

output tg@ the t giegstly ﬁt@dﬁﬁ@bﬁnd RE #ni the targét materigionductor layer within a
spot area of the target changing the first repetition rate, oI t he

Pone?ct[ mer | afertto a secdid ethod of claimel By which the diglectric, layer st
epetition rate r d
Gonsi ty over o Belfts SERESichigy hdliaCRE, Dnitiis slpks, Bafie FRARY, TNECOY

| ess than the ftéamic)dr combimtionntherdofr abl ati on energy 20 t hr eshol ds;

13. The method of claim 1 in which the target comprises a

10 o circuit board. .
| 14. The method of claim 1 wherein the first laser output is

focused at a focal plane, further comprising:

' pdsitioning the target ata first distance relative to the focal
15 | plane prior to applying the first laser output and
positioning the target at a second distance, dxfferent from the
first distance, relative to the focal plane prior to applying the second laser
“output, thereby modlfymg the second spaual spot size relative to the first '
| spattal spot size. _ |
20 _ 15. The method of claim 1 further comprising employmg
- variable apertures, adjustable collimators or variable lens elements to
' modify'the second spatial spot size relative to the first spatial spot size.
16. The method of claim 1 in which the first and second
laser outputs form a first set of laser outputs, the first and second conductor
25 layers and the dielectric layer form a first set of layers and the target
' comprises at least a second set of layers, 1nc1ud1ng a third conductor layer
and a second dielectric layer, the second set of layers positioned atop the
first set of layers such that the second dielectric layer is positioned between
the first and third conductor léyers, the method further comprising:
30 o prior to generating and applying the first set-of laser outputs,
generating and applying a second set of first and second laser outputs to
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ener at |

TN

fromthe nonexci ner laser at the second repetlﬂﬂmﬁai:e,

n LAY 40
second IHﬁu j Eull ﬂm g a wavel ength of |ess] ont al ni ng‘ a9
at | east pul se having the seco §T HABSBEEN, | t he
second ener gy enS| ty bei ng greater than 24ne di gl ect rR LABERt i on kener gy .

t hreshol d; and 25 . applying the second Taser—output to the

target to renoviermhevid mhmghrths thigd/ @iid waridactor ldyer aA® thedetond lieldagrid ar get

and,

second conduct
| ayer “subst.antially ‘'unvapgpyi _ t v l;f- [imting
blind via. 30 Pf %gﬁaq%%gﬁnélgﬁ%&ggﬁ%ﬁ%l?ﬁglnﬁém t he

di el.ectric | ayesetwesrpthiesfirst mhmom:kabufmers( BCB), bismaleimde triazine

(BT),

pol yi m dés

10

15

20

25

30

as a consequence of the %second energy density being |l ess than the
dAY@bl ati on energy threshold, to | eave the second conductor

cardboard, cyanate esters, oxi es, paper, phenolics,

PTFE, or conbmat'm’SH%eq’%Pfe@F%ﬁdné’(hlﬂé&ﬂﬁ@hémtmﬂétor 3. The
nmet hod- of cI ai rﬁ‘azer'&‘xtﬁmﬁ Sltéa{erbemf)ﬂcrn%ﬁla?% second | aser puI ses

19. The method of claim 1 in which the first and second

- laser outputs comprise the same wavelcngth.

20. The method of claim 5 further comprising changing the
second ou_tput power rélative to the first output power by employing a Q-
switch, a polarization state changer, a quarter wave plate,' or a Pockel’s
cell. o

21 The method of claim 1 in which the wavelengths of the |
first and second pulses comprise 355 nm or 266 nm. _

22. The method of claim 1 in which the second conductor
layer absorbs the wavelength of the second laser output and the second
energy density remains below the ablation energy- threshold of the second
conductor layer.

23. The method of claim 1 in which the first and second

_ laser outputs are generated by a nonexcimer laser.

24. The method of c¢laim 23 in which the first and second

' laser outputs are generated by a éolid-staté,' Q-switched laser.

~25. The method of claim 1 in which the first and second
léser outputs are generated by the same laser.
' 26. The method of claim 1 in which the first laser outbut has
a first repetition rate that is greater than 200 Hz and the second laser output
has a second repetition rate that is greater than the first repetition rate.

~ 27. The method of claim 26 in which the second spatial spot

' size is greater than the first spatial spot size.

PDX4-78125.1 26360-0033 | o _ R REPLACEMENT SHEET

28. A blind via produced by the method of claim 1.
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have a terrporal pul se width shorter t han about 100 ns, t
| aser 5 ‘outputs have an average output power of great rREtPhAGtEWUS ,
mV measur ed: |ve spatial spot sizes. 4. |ThE net hod of

claimi in mﬂmm, "m "" mjﬂm second | aser pul ses have Rar Jji Prbge
wi dth shorter *t han a orut the first and second | asgr output s have |an
aver age out put power of greater than about 200 nw neasure Ir
respective spatial spot sizes. 5. The nmethod of claim1l ih which the first

and second | aser outputs have respective first and secondout put powers,
and the first output power is greater thaflaimg second output power. 6. The

are the sams. 7 The met oddRedbd Ty B ERfie £ RBbh R R Bhimine wpgd, ..
is smaller thagn hhgultiRgered taet indludii@odt 16dsE Eirst nd FBsondvionastter 1agRi Hiving N

which the first and second | aser outputs have respective first and second
out put powers tespectivedinstard sa¢ond,coRductos ablatien epergy thresholds and a dielectric The |

met hod of i ai g syS% :hF‘"Wg ﬁace higf {zle&ﬁ@tabﬁhoﬁ%8&rg§'tﬁz%sﬁoﬁd' B Srir" 2 SR8HA

100 [err]macro |arre
conductor layers positioned above and below, respectively, the surfaces of the

u

dielectric layer and the first and second conductor ablation energy thresholds
exceeding the dielectric ablation energy threshold, comprising:
generating, from a nonexcimer laser at a first repetition rate of
10 greater than about 200 Hz, a first laser output having a wavelength of less than 400
nm and containing at least one first laser pulse having a first energy density over a
first spatial spot size, the first energy density being greater than the first conductor
ablation energy threshold;
applying the first laser output to the target to remove the first
- 15 conductor layer within a spot area of the target
changmg the first repetmon rate of the nonexcimer laser to a second
repetition rate greater than the first repetition rate to decrease the first energy
density to a second energy density over a second spatial spot size, the second
energy density being less than the first and second conductor ablation energy
20 thresholds; |
generating, from the nonexcimer laser at the second repetition rate, a
second laser output having a wavelength ot-‘ less than 400 nm and containing at least
one second laser pulse having the second energy density, the second energy density
being greater than the dielectric ablation energy threshold; and
25 applying the second laser output to the target to remove the dielectric
| layer within the spot area of ‘the target and, as a consequence of the second energy
density being less than the second conductor ablation energy threshold, to leave the
second conductor layer substantially unvaporized and thereby form a depthwise self-
limiting blind via.
30 2. The method of claim 1 in which the dielectric layer comprises
benzocyclobutane (BCB), bismaleimide triazine (BT), cardboard, cyanate esters,




10 The rret hod of cI aim1l in which the_f! rst and second

Nd: YV 11. The method of cl ai Ll Whi ch t he
first s m ;l u Iﬂﬂl efl nes a spot area that is snal anmj‘arﬁﬁ?&
W|th|n f the target, the gpatial regio

ing a

perlphery and a central portion, the method further conpji Tecting
at | east one of each of the first and second | aser pul se§d 30

Femove. mil 1 pl PR PPEsrPRab S BolRBREL T ER b oo B et Sl I
the multiple onekddndedtdENT SHEET 23 positions defining a contiguous set of
spot areas extending outwardly fromthe central portlon along a path to the

periphery of the spatial }-edhsmethed phelaim 2iinevhich the fivshand serond Jaser pulses
spatial region gnd .t RELERY pRIBUGH ottt Bfin'dbBut 100 B thé 68 'and second laser

5 outputs have an average output power of greater than about 100 mW measured over
their respective spatial spot sizes.

4. The method of claim 1 in which the first and second laser pulses
have a temporal pulse width shorter than about 100 ns, the first and second laser
outputs have an average output power of greater than about 100 mW measured over

10 | their respective spatial spot sizes.

5. The method of claim 1 in which the first and second laser outputs
have respective first and second output powers, and the first output power is greater
than the second output power.

6. The method of claim 5 in which the first and second spatial spot

15 sizes are the same. '

7. The method of claim 1 in which the first spatial spot size is
smaller than the second spatial spot size.

8. The method of claim 7 in which the first and second laser outputs
have respective first and second output powers that are substantially the same.

20 9. The method of claim 1 in which the first spatial spot size is less
than about 100 pm across its surface diameter.

10. The method of claim 1- in which the first and second laser
outputs are generated by a solid-state laser comprising Nd:YAG, Nd:YLF,
Nd:YAP, or Nd:YVO,.

25 11. The method of claim 1 in which the first spatial spot size defines
a spot area that is smaller than and lies within a spatial region of the target, the
spatial region having a periphery and a central portion, the method further
comprising:

directing at least one of each of the first and second laser pulses

30 sequentially to multiple positions associated with the spatial region to remove

multiple amounts of target material corresponding to the spot areas, the multiple




mat eri‘al . "12. The nmethod of claim1l HRWLA@EMEN'B SHEET
dielectric I ayer 1 ncludes areinforcenent material that cnmprrses—gtass;

aram d fi b \ conbi nations thereof. 13. The|mgtho %E@I n
in which .t W“H q' W!\IHHM lmes a circuit beard. 10 qf‘}%t'- T
met hod of ctaim erein<the first laser pyptput is focus¢dlat;a focal
plane, further conprising: positioning the target at a f| st di stance ;

1
e

relative to the focal plane prior to applying the first set—ottp-——athd

i tioni t nce. different fro e first 15
D510 0 kel § RSO DRl S g B
out put, ther ebc'ntmb(iioi'twmﬂohba paticle pephedy of Rl slp%h eﬁﬁinattb Yémbk {hae
first spatial ot size._ 15. The pethod of claim 1 further conprising
enpl oyi ng var Faé.' gtamatseak fipmsthe ApAtal regiprband therabi ypducsra blind wislin the tasget

el enents to npgidyat he second spatlal spot size relative to the first
spatial spot size. 20 16. The nmethod of claiml in which

the firstS and second | ad@r d\hepmathod dmm 1iin sthictetheafiele@fie Nayed tifdlades 4 he
first and Sec%‘lﬁfo%gerﬁgelﬁ tn?artena?ytﬁat compnses glass, aramid fibers, ceramics, or
combinations thereof.
13. The method of claim 1 in which the target comprises a circuit
board.
10 | 14. The method of claim 1 wherein the first laser output is focused
at a focal plane, further comprising:
positioning the target at a first distance relative to the focal plane
prior to applying the first laser output; and '
positioning the target at a second distance, different from the first
15 distance, relative to the focal plane prior to applying the second laser output,
thereby modifying the second spatial spot size relative to the first spatial spot size.
15. The method of claim 1 further comprising employing variable
apertures, adjustable collimators or variable lens elements to modify the second
spatial spot size relative to the first spatial spot size.
20 16. The method of claim 1 in which the first and second laser
outputs form a first set of laser outputs, the first and second conductor layers and
the dielectric layer form a first set of layefs and the target comprises at least a
second set of layers, including a third conductor layer and a second dielectric layer,
the second set of layers positioned atop the first set of layers such that the second
25  dielectric layer is positioned between the first and third conductor layers, the
method further comprising:
prior to generating and applying the first set of laser outputs,
generating and applying a second set of first and second laser outputs to form a via
through the third and conductor layer and the second dielectric layer.

30 17. The method of claim 16 in which the via is stepped between the

first and second sets of layers.




t he di‘Wa first set of layers and t
| east second set of eérs, including a third condu Z
second d “\‘\Lm“ the second set of |ayers posjtioned—atop theg fjirst
set of he second 25 . dielectric {ayer 4 §;popisi oned

n o] fﬂ?r?Her

between t e FII"St a thlrd conductor | ayers, the net
conprising: prior to generating and applyi¥lg the firs ; ]
out puts, generating and applying a second set of firs§ and second | aser
outputs to forma via through the third and.conductor 4ayer—and { he second
dielectric layer. 30 18. The method of clain? 1 ifitwhicke theofirsb and sedond 1er n whi ch

the via is steﬁﬁed bet ween thelfl r.st and second sets of |ayers. 24 18.
The net hod of OWIPYISAraate 4 NOACTERNIATVAt | 1 st and second | aser outputs create a

noncircul ar via. 19. Th?9”qtﬂéCiﬂetﬁcf)d6fé!aﬁh]1mﬂwrﬂﬂh‘ﬂ’&ﬁﬂEaﬁd"sédondfl&keﬁecond

| aser outputs conprise the sane wavel ength
outputs comprise the same wavelength.

5 . 20. The method of claim 5 further comprising changing the second
output power relative to the first output power by employing a Q-switch, a
- polarization state changer, a qharter wave plate, or a Pockel’s cell.
21. The method of claim 1 in which the wavelengths of the first and
second pulses comprise 355 nm or 266 nm.

10 22. The method of claim 1 in which the second conductor layer
absorbs at the quelength of the second laser output and the second energy density
remains below the ablation energy threshold of the second conductor layer.

23. The method of claim 1 in which the first repetition rate is greater
than 1 kHz.

15 " 24. ‘The method of claim 1 in which the first and second laser
outputs are geperated by a solid-state, Q-switched laser.

25. The method of claim 8 in which the first and second laser
outputs are generated by a solid-state, Q-switched laser.
26. The method of claim 25 in which the first repetition rate is

20 greater than 1 kHz.

27. The method of claim 21 in which the second spatial spot size is
greater than the first spatial spot size. o

28. A blfnd via produced by the method of claim 1.

29. A method for laser machining a depthwise self-limiting blind via

25 in a muitilayered target including at least first and second conductor layers having
respective first and second conductor ablation energy thresholds and a dielectric
layer having surfaces and a dielectric ablation energy threshold, the first and second
conductor layers positioned above and below, respectively, the surfaces of the
dielectric layer and the first and second conductor ablation energy thresholds

30 exceeding the dielectric ablation energy threshold, comprising:




5. 20. The nethod of claim5 further conprising changing the
second out put—power relfative to the first output power by enploying a
Qswitch, a ' ' e changer, a quarter wave plate, or a Pockel's
cell. 21. ThEﬂ miﬂ“[ﬂmﬂg 1 in which the wavel engths of the first and
second pul ses«Coepre ser 355 amor 266 nm. 10 22. The net hod
of claim1 in which the second conduct o24hayer absorbs at the wavel ength of
the second | aser output and the second energy density renai ns bel ow t he
abl ati on energy threshold of the second conductor |ayer. 23. The nethod of
gl4ai _In_1h1 in \f,]\lhijCh t he fi r spositionirg the dargetadtea fimst distance relativertola foeal plase of a
: e nmethod of claiml in ich the first and secand.l aser _outputs are
\glg\ke]_ne[]at ﬁd ]E)y a NOPEXGImEY laser to-determipg, a gpgtial spot %ﬁtﬁ%@“ﬁéﬁsﬁba“@w?crai m8 in
ich the first and seco i t r Sinfe? 14
Q switched | aser. 26. Thgghrlr%faﬁlg ’ g# Wa?ﬁzﬁt?ﬁ%@glﬁm?%xfi rstla#ggie????ton
rate is 20 .  mgpetitionrratehathgreaterithanaboutT2Q0 Ha: thedfinst lageroutputhavingéhi ch t he

second spagial gDolere St leSs Haf %08 moh AAT cofiBintdy’ '1eaPBhd fibst I8 piitsé Raving a

first energy density over the first spatial spot size, the first energy density being

greater than the first conductor ablation energy threshold;
applying the first laser output to the target to remove the first
conductor layer within a spot area of the target; -

10 positioning the target at a second distance, different from the first
distance, relative to ﬂxe focal plane to increase the first spatial spot size of the first
laser pulse to a second spatial spot size to decrease the first energy density to a
second energy density over the second spatial spot size, the second energy density
being less than the first and second conductor ablation energy thresholds;

15 - generating, from the nonexcimer laser, a second laser output having a
wavelength of less than 400 nm and containing at least one second laser pulse
having the second energy density, the second energy density being greater than the
dielectric ablation energy threshold; and

applying the second laser output to the target to remove the dielectric

20 layer within the spot area of the target and, as a consequence of the second energy
density being less than the second conductor ablation energy threshold, to leave the
second conductor layer substantially um)apbrized and thereby form a depthwise self-

limiting blind via.
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28." Ablind via produced by the nethod of claim1l. 29 (
machi nitng a depthwi se self-limting blind via 25 i!n REPLAOENM ENGY
targeti including at least first_and second conductor a
respectiye first and second conductor abl ation ener g\ hr,Ee,?gQ_Ifds andf a
dielectric layer having surfaces and a dielectric abja i &n
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threshold, the first and second conductor |ayers posjt above and
bel ow, respectively, the surfaces of the dielectric Jayer T S
second conductor abl ati on energy threshol ds 30 exteedi-rg—t-he. dj el
abl ati on energy threshold, conprising: ¢4A positioning the target at a
first distance relative to a focal plane of a nonexciner |aser to determ ne

a spatial spot size of a fi'¥st? adses

H

» AR AR

i

t and
ctric

BXAgNGPta e fEPES iTRFLional Miewt of aser

out put fromthe roféxge¢herhatasersigtilar fia she repekett oHDFigat esmofangr eat er t han

about 200 Hz, theufi hat 4 arebn@WPlechAM NEyér Dosicidebengddy of |ess than
400 nm and cont aiéynggc@grllgg,gf_.spne first laser pulse having a first energy

density over the first sp%tilgq
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spot size, the first energy density bei
11 'is a fragmentary cross-se :-ional view of

the target of Fig. 10 but with a blind .via characterized
by a depthwise-stepped width of decreasing djameter from a
top conductor layer to a bottom conductor layer.

Figs. 12-19 present tables of respective
Examples 1-8 of parameters of laser pulses produced by a
355 nm laser system that are employed by the present
invention.

Figs. 20-22 present tables of respective
Examples 9-11 of parameters of laser pulses produced by a
266 nm laser system that are employed by the present
invention.

Detailed Description of Preferred Embodiments

With reference to Fig. 1, a preferred embodiment
of a laser system 10 of the present invention includes a
resonator 12 defined by a laser rod 14 positioned between
a rear mirror 16 and an output mirror 18 along an optic
axis 20. Mirror 16 is preferably 100% reflective, and
mirror 18 is partly transmissive to light propagating
along optic axis 20. Laser rod 14 preferably includes a
solid-state lasant such as Nd:YAG, Nd:YLF, Nd:YAP, or
Nd:YVO,, or a YAG crystal doped with holmium or erbium.
Laser rod 14 may be pumped by a variety of pumping sources
{not shown) well known to persons skilled in the art, but
a-krypton—are—tamp is, or ¥ suitable diode laser would be,
preferred for laser system 10 of the present invention.

Q-switches and their uses, positioning, and
operation are also well known to persons skilled in the
art. 1In laser system 10, a Q-switch 24 is preferably
positioned within resonator 12 along optic axis 20 between
laser rod 14 and mirror 16. The Q-switch may also be used

ng
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rotating the input polarization of the 532 nm rescnator
output 36 with a polarization state changer 42 positioned
along optic axis 20. Polarization state changer 42 may te
a quarter-wave plate or a variable polarization state
changer under operative control of a central processing
unit (not shown) such as described in U.S. Patent No.
5,361,268, which is herein incorporated by reference.

The third harmonic output 38 may be manipulated
by a variety of well-known optics including beam expander
lens components 44 and 46 that are positioned along beam
path 50 before a series of beam-directing reflectors 52,
54, 56, and 58. Finally, the third harmonic output 38 is
passed through a focusing lens 60 before being applied as
processing output beam 62 to target 40. Variable
apertures, adjustable collimators, or other variable lens
elements may be substituted for or employed in addition to
focusing lens 60 to modify the spatial spot size of
processing output beam 62. Other preferred wavelengths ci
processing output beam 62 include 213 nm ( fregquency
quintupled) and 266 nm (frequency quadrupled). Skilled
persons will appreciate that frequency converter 34 and
polarization state changer 42 would be preferably
positioned external to resonator 12 if frequency
quadrupling is desired.

Fig. 2 is a cross-sectional side view of an
enlarged portion of a generic laser target 40 that may,
for example, be an MCM, capacitor, circuit board,
resistor, or hybrid or semiconductor microcircuit. For
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In a first preferred embodiment, as a first step

a first laser output of a high intensity is used to ablate
a metallic layer, and as a second step a second laser
output of lower intensity and equal spot size is used to

s ablate an underlying dielectric layer. Fig. S5 represents
one method for changing the intensity of Nd:YAG laser
output by changing the repetition rate of laser system 10.
Fig. 5 shows a graph 110 indicating that, for the
conditions represented by Example 3 shown in Fig. 14, the

10 energy per pulse (in unit energy wvalues) of laser output
varies inversely with the pulse repetition rate (in kHz).
The energy of the first laser output is greater than metal
ablation threshold 112, and the energy of the second laser
output is below metal ablation threshold 112 but above

15 '~ dielectric ablation threshold 11ia. Thus, the second step
can be carried out with any power density between
thresholds 112 and 114 at 20 kHz.

In a second preferred embodiment, a first laser
output of high intensity is used to ablate a metallic

20 layer, and a second laser output of equal intensity and
greater spot size is used to ablate an underlying
dielectric layer. Fig. 6 shows a graph 120 demonstrating
the inverse relationship (in unit energy and distance
values) between energy per pulse and the spot diameter.

25 Fig. 6 shows an exemplary profile of a pulse of first
laser output 122 having a spot diameter of 1 and
sufficient energy (above metal ablation threshold 124) to
ablate metal and an exemplary profile of a pulse of second
laser output 126 having a spot diameter of 3 and

30 sufficient energy (above dielectric ablation threshold
128) to ablate dielectric material but not to ablate
metal.

In a third embodiment, the intensity of the
second laser output is decreased and its spot size is
35 increased relative to the intensity and spot size of the

first laser output. As previously discussed with respect
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The output of a continnously pumped, Q-switched, Nd:YAG laser
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forming vias (72, 74) in targets (40) baving metallic layers (64, 68) and

(10) is frequency converted to provide ultraviolet light (62) for
a dielectric layer (66). The invention employs a first laser output

of high power density to ablate the metallic layer and a second lascr output of a
parameters of the output pulses (62) are sclected to facilitate substantially clean,
typically include at lcast two of the following criteria: power density first above
wavelength less than 400 nm, a temporal pulse width shorter than about 100 nan

blind vias in multilayer targets, such as a target composed of a layer dielectric ma

oseconds,
kilohertz. The ability to generate ultraviolet )ight output pulses at two power densities faci

lower power density to ablate the dielectric layer. The
sequential drilling or via formation. These parameters
and then below the ablation threshold of the conductor,
and a repetition rate of greater than about one
litates the formation of depthwise self-limiting

terial covered on either surface by a layer of metal.




