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Iamlnar}ea targets typically include conductive layers and dielectric layers and are

used as circuit boards in electronic circuit applications.

[0004] There are four main quality metrics that characterize a via. They include
the taper of the via, the roundness of the via, the smoothness of the wall, and the
cleanliness of the bottom surface. When the depth of focus of the machining laser
beam is outside of the layer from which material is to be removed, vias will be drilled
with nonuniform diameters. The via diameter may change 10%-20% if the layer

thickness varies more than the depth of focus of the machining laser beam. When
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removed may also reduce the quality of vias formed in the layer. When the
thickness of the layer is unknown, excessive or insufficient amounts of energy may
be applied by the machining laser beam during material removal, leading to either
damage to the underlying conductive layer or an incompletely drilled via.

Summary of the Invention

[0008] Embodiments of the invention use in a machining laser beam system a
tracking device to measure in real time variations in one or both of the surface height

and layer thickness of regions of a sequentially laminated target preparatory to laser
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Brief Description of the Drawings

[0011]  Fig. 1 shows a prior art machining laser beam system and beam
positioning system configured to laser machine a target specimen.

[0012] Fig. 2 is a fragmentary cross-sectional view of a two-layer sequentially
laminated target as it appears after a via has been formed by laser machining.
[0013] Fig. 3 shows the objective lens and depth of focus of the machining laser

beam in relation to the target.
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a beam suitable for drilling a target specimen mounted on a support structure.

Typical targets include sequentially laminated boards often used as printed circuit
boards in the electronics industry.

[0023]  With reference to Fig. 1, a machining laser beam system 10 includes a
laser 12 from which propagates a pulsed output beam 14 along a beam path 18.
Laser output 14 may be manipulated by a variety of well-known optical devices
including beam expander lens components 16 that are positioned along beam path
18 before being directed by a series of beam directing components 20 of a beam
positioning system 22. Laser output beam 14 propagates through an objective lens

26, such as a focusing or telecentric scan lens, for incidence as a machining laser
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preferred laser system that contains many of the above-described positioning system

components is a Model 5320 laser system or others in its series manufactured by
Electro Scientific Industries, Inc., the assignee of this patent application. Skilled
persons will appreciate, however, that a system with a single X-Y stage for target
specimen positioning and one or both of a fixed beam position and stationary
galvanometer may alternatively be employed.

[0026] A laser system controller 56 preferably synchronizes the firing of laser 12

to the motion of stages 40 and 42 and fast positioner 50 in a manner well known to
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[0031] Via diameters preferably range from 25 um-300 pm, but laser system 10
may produce vias that have diameters as small as about 5 um-25 um or greater than

1 mm. Because the preferred material removal spot size of machining beam 28 is
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fixed, known distances from and are positioned relative to machining beam 28 so
that different ones of tracking beams 96 and 98 lead machining beam 28 as it
traverses the machining path in the opposite directions along the X axis. Although
not shown, tracking laser beams 96 and 98 may also be configured to lead
machining laser beam 28 as it travels along the Y axis.

[0036] Alternatively, if the topography of surface 66 or thickness 70 of layer 60
varies only slightly over the offset distance between machining beam 28 and a

selected one of tracking beams 96 and 98, the selected tracking beam may be



are identified by the sanme reference nunerals. [0035]
Beam positioning system 22 causes rel ative
wonrentauatyr onal nmovenent of nachi ni ng beam 28 aPOmgS2006/040746
I ‘@é!{y\@@e gg}nlg{g”@rget 30 and rel ative axial novenent
s gl bl blet e 1 ens 26 _and target 30. . Trackjn
employashie Meagwe the tapearaPhy of syyags 5%&,"%3&%68? {b3 ayer 60
iRpa6t balia¥RinkD B MeBH Hbt Reim&8hinin
near La%gméé}ggtdﬁﬁé%%? gﬁ‘gégé% &tragkilr?g_bearrs 96 and 98 X
bearr 28 danhurisiasiireynéreta mabSeataken ancevabjeaivetlaas RAdhiasatry above

B Ty T IEE T A
near Péts%? té}@elﬁﬁégij[i&l\‘ ﬁ@%ﬁbﬁ thgae TRSAE U@ nka ke nkgprodmhats the

[ ravel s al ong e Y axis. [0036] Alternatively, if
paramaters oglating phlasef tayget pesities4er t hi ckness 70 of | ayer

0 varies on l i I 1 . di
0352, 1En Subl iRy Bl Bt 8 £aplng begRrge ana
assotibRekbégmraitniernsod 196 fot ineaseling sedace tuddgnapineand layer
_may beenpl oyed to neasure the tgpography, of surfgce 6&5
thickaeRs @iHPEIIGDS MECSNI bASR SBEIGRC SIS drckiia geer Bsam U6,
which %Sith%'ﬁt 6@ 'any‘%gﬁﬁio‘ﬁgff%i&‘i acid I oh @RBLAGEE 6B thRRd 30 to
machi ning beam 238, and measurements can be taken once
form elfjretisfieetdddinht Beaits 102.c Etreirefiboted light beamat @is then received

oy b s cionr 4ie) TrRSFRQEAAS 36! BAbeLcllAfeam 102, s

meaSited |‘tré/rbﬁ’éantl RsTBALENRBENDS, drakfRbcadridoni dattaninBean axial
paraméters relating to |aser target position 46.

distaho@ 3¢ reasursd Hedween Bknswel locatien relaliva fadiRastipg igser beam 96
t r acki 1 96 and i at.ed e
ano §578 58 SRRk A IR LA PSR PRk ey poam oo

on slifask68s i Be ébodiméiits dEsadtiédand earshoour ine-ig25 eiretimown
tracki ng | aser beam96, which is

LT a | 96, i nei dent on nd a
locatjnyy isithe exit swRPER Of OPiastive Ie5is 26)f %@5#5&@0@5 %‘f CoypgRRNds to
f i i qht: = .
e DI SR e oAy ot PR 8 dstance
104 postirualip aserskinglb@am Beemohes atney $widcesb®pravides a surface

b S B BFETEAP%, ThEE R e
caus%gﬁagfél%@g)na%@ r‘ﬂiﬁgélﬁ‘\%ﬁgop%j\é@% RnkP®MIoh§ Gbh®path 18 to

to“tracking laser beam 96 and surface 66 at .
substtdrgtiallgshaintaim dvaiposibiontof imags coloiiépes sifacef&phyithin layer
| aser beam 96 on surface 66. In the enbodi nents
60. gescribed and as shown in Fi g. 5, the known | ocati on

[003BF M8y SBcfurthevshahe thé faRtieatdfreedsuningZdblation &yer thickness 68.
di st ance 104 corresponds to the height of surfglce .(?6
If layer 60He atrieast parbyriransraseniond heranale #f igidgncs © 1s within a

L 2 . i ' Y§R layer 60 and
soech A1GE, PAOOLL DAk DY SR D00 O5AmAE s iye
reflebRASHEGIBCY 68fof byaitallGondbttiveciagbl 82 beasath wyfstrara second

controller 56 to_ . . . . . .
reflected light beam 106." This is true, for example, of a printed circuit board in which
an epoxy top layer 60 is supported on a copper layer 62. Second reflected light
beam 106 is separated from first reflected light beam 104 by a displacement
distance 108, which corresponds to the thickness of layer 60. Laser position sensor
100 is operable to measure and provide an output signal corresponding to
displacement distance 108. Electrical signals generated by incidence of first and

second reflected light beams 102 and 106 on position sensor 100 provide
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. an alternative configuration to
NCDThe26 patienMotieFeddy NCOTh3860,doth odswictyateamanufaniured by Micro

92 and beam position se are h dipth
Epsa o O o 8BS 3 8o e bRy, (e, >
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focuBed APRIG&bistared! AR RrEBRGH HEMReRhONSCHBMafC light sources
are then used to determine the distance of the surface or surfaces measured. Fig. 8
shows confocal tracking device 109b tracking surfaces 66 and 68 simultaneously.
One such commercially available confocal device is a Model opto NCDT 2400,
manufactured by Micro Epsilon, Koenigbacher Strasse 15 d-94496, Ortenburg,
Germany.

[0042] Fig. 9 shows the capacitance probe or eddy current probe 109a of Fig. 7
and laser triangulation device of Fig. 6 arranged in combination to monitor the

thickness of dielectric layer 60 if it is not transparent to laser light. The wavelength of
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bean% el% (586,% a?rr?g? %Sgggé;ﬁé %gét]{)gr e&??’,%\ S fggmtflgcﬁ%:lq%ht beam 102,

whichi$ FeBN &Y Bwbbdupp&mm pensbrcto0f, aBéam. poBiticresensandl0ds
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dimgngi@ratioc dntar &irgyp poéjﬂén aedsdJO’S)O {i\s0, @pEEraw pbaéWOfcblmegsmnal

aray)dngLbl s Can Ty RUBL BHisA P! e, SiMook elarhets PHE ey g s
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user and limtations of the hardware chosen.
outhbiﬂdlctmlgeailss@nhlhemﬂmsqle@draht obitiewransag eterieeokia thghreceives

um of focused beam waist 78 relative
first f%letcgcggtht%? 6@24 In a first operational node,
[004@([)&0 IqTH&aﬁ@ére M tre kel dierincebetweéneachiiente bairgdt!2 of

at an angle g with respect to_a normal to surface
emissin opolne et wrque&ﬂgb@ctlve lens 26 and beam position sensor array

100 can be used, in conjunction with simple geometry, to determine for each location
of incidence the distance from reference point 112 of emission to surfaces 66 and
68. For instance, if the distance from reference point 112 of emission to a first
sensor element 1104, of beam position sensor 100 is designated D, the unit length of
each sensor element 110 is L, and n is the position number of the sensor element
110 on which first reflected light beam 102 is received (counting from the sensor
element 110 nearest to tracking beam 96), a distance from reference point 112 of
emission to surface 66 or 68 could be determined by the expression

(D+n[L]) / (2[tan 8]).
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tracking beam 96 striking target 30 at a |locatio .
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ooy LG bk A s Sy Bl st

autoBefieEMeadjust the amount of energy applied by machining beam 28 based on

the measured thickness 70 of layer 60 near the location to be drilled. As in the first
operational mode, tracking beam 96 is produced at an angle 6 and first reflected light
beam 102 is received by beam position sensor 100. In the second operational
mode, however, a portion of tracking beam 96 propagates through target surface 66
and reflects off of surface 68 of second layer 62, which is typically a metallic
conductor. This second reflected light beam 106 is also received by the beam

position sensor 100. Beam position sensor 100 receives two portions of tracking
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'ayer 60 near the |location to be drilled. As in
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tracki ng beam 96 propagates throu target surface 66
amounutheena@mﬂmgd@erarmengmsf SliesblogPRyE0hE HPEJSR TS amount of

matre g#?adrb%( (ﬁfﬂrtﬁe%lm@s'm% s@Rguctor. This second

beam 'S a so received by the beam
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Ilght?&Em?OéW Enddradiboneh e o e‘f\t IEthe A6 @SIE réflectldPGAtHiemeatation
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102 i dp8 o Do of S0 REET RIR B8R B0 SR Ronductive

layeRteflected light beam 108. Light polarlzmg filters would be suitable for use as
the filters in detecting the difference in distance 70 between layers 66 and 68.
[0050] Fig. 11 presents a graph 120 that illustrates the characteristics of a
Gaussian profiled machining beam 122 and an image profiled machining beam 124
with respect to the diameter of the laser spot versus the axial distance between the
target and the objective lens. Gaussian profiled machining beam 122 and image
profiled machining beam 124 represent alternative shapes of energy profiles of

machining laser beam 28. The theoretical image plane is the mathematical ideal
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dielectric surface 66 and the other of which
noni toring conductive surface 68. Each of sensors 100
has a filter such that one filter on a first beam
position sensor 100 elimnates the dielectric
reflected |light beam 102 and the other filter on a
second beam position sensor 100 elim nates conductive
| ayer reflected |ight beam 108. Light polarizing
filters would be suitable for use as the filters in
detecting the difference in distance 70 between | ayers
66 and 68. [0050] Fig. 11 presents a graph 120 that
illustrates the characteristics of a Gaussian profiled
machi ni ng beam 122 and an i nage profiled machi ni ng
beam 124 with respect to the dianeter of the |aser
spot versus the axial distance between the target and
the objective |l ens. Gaussian profiled machi ni ng beam
122 and i mage profiled machi ni ng beam 124 represent
alternative shapes of energy profiles of machining
| aser beam 28. The theoretical imge plane is the
mat hematical idealPMC T/ US QB/ O7 "4'15 distance
bet ween objective |l ens 26 and target surface 66.
otaining this distance and maintaining it throughout
the process is greatly desired. Deviation fromthe
theoretical imge plane is tolerable, but, as the spot
size of machining | aser beam 28 shrinks, the anmount of
al | onabl e devi ation fromimge plane 80 becones so
smal|l that the variations on the topography of target
30 begins to vary the via size to the
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extent that drilled vias may becone unacceptable from
a quality standpoint. This is the reason why the
Weqm7p)nm11[7 S desi gned to follow the topographyCofuseive/n40746
e L@LQEt . [OOS1] It W Il be obvious to those having
L I ;‘H\k‘#ﬁ’-lﬂﬂf i of e S ¢ hat rran’)é changes may be made to the
details of the above-deschl enbodi nents w t hout

dqp%%pgt%ni ;;ﬁ%é&%&&qﬁrnpya 2 @tréﬂydualsﬁmaqfngt@gurface

i nvent e scope of esent i nvention shoul d,
comprlsmgafore be determ ned onl y by the foll ow ng

I C f
S erRLRoeEang eGBUEE: BhRyARER (R e pracifg faser
bean@ﬂﬂat%lsf%ﬁ ||nYégé E51EMASRED a8 tdstalphg dURachinimCbear raxis for
| aser beamthat has an inmage columm and propagates

incidememgn éhentzafaehasrrr@clrb@ant%@tye@tw lpn%@@éﬁb@ t@ﬁg fecimen being
Sepag%égﬁ)&eaﬁnpggkﬂglgg@tcge obj ective lens and the target

cirren parated by an axial distance; a beam
pasbéamdtichisg systomesdrbblet o achianggehe lraizxiisiance and to move

di stance and to nove the nmachijni b dt et ..
the nagghining heaan aﬂﬂ\t%rgﬁbsmwe@trﬁ@w?%o £agh ks B fg'r%%t?”aa'mg a

macmfhg;ctt%edgﬂ Ip%ﬂﬁr"fa PcBsd ﬂmé’fa‘i’g@ﬁs}égﬂﬁeﬁ 3 98lechRREBCHBIh AL

ocatlons; a trac ice positioned in
nantracking cleivivg pCESIItuInednB hiom- wrttactlngar%%trd@hm with tihe surface of

tar et d t.
the QR SRP AT E0 rosRiPLYe Pesereie TR R Mt i g to
lead the n’fa%'h%h%%eﬂﬁlV@urfﬁ@ thiereldtive tho@stheANindhe Rigrettien along the
machi ni ng beam path,” the tracki ng device operable to

machisrgahestnpatindbe t@ckingrdauice pperaklejiosicasatedhemeasHrg iereal

ime SRS R B0 S R R Sp PP M B e s

durirgPtheaeRANEimavdrnehtendipriducea sigpalucarttspandiry toadhedistance
controller cooperating with the beam positioning
meagyedeANdnd responding to the signal to change the

axé HseflicBh o @Féﬂd ltﬁ ﬂgEf Bgéﬁ?ds\(t?oﬂu‘@%ﬁ@% hhg

ardg et Speci ms ativ novene
responmhgctb thdrsignastd cfmngefthemnalmhsjanc@ separatisp db¢ wbjecsve lens
pcat i0

and &?é?gétg?;ge&frg??rﬁﬂr'“g ﬁ% %‘iﬁvsetewg\:/t?&%@:& NGO é)%gg PositibA%f the
imagtPERHER|tivedd dhe trhaNesacken Tt iRy seRctct loBbfory/St em

arm 1, speci men conprises a
seaué'heusglstammf nlammo'ln in mhgzktt Hmchlrrg:d%@@ campsises agpser
trian ég ical |y conductive material and in which the
gy Vif&vi ce conpri ses a capacitance probe.

3. The system of claim 1, in which the target specimen comprises a
sequential lamination target that includes a layer of electrically conductive material
and in which the tracking device comprises a capacitance probe.

4. The system of claim 1, in which the target specimen comprises a
sequential lamination target that includes a layer of electrically conductive material
and in which the tracking device comprises an eddy current probe.

5. The system of claim 1, in which the tracking device comprises a confocal
measurement device.

6. The system of claim 1, in which the target specimen comprises a
sequential lamination target that includes a layer of dielectric material positioned

adjacent a layer of electrically conductive material.
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4 . The systemof claim11, in which the target
speci men conprises a sequential |amnation target that
wonalwdew7a | ayer of electrically conductive nBRCEMIS2106/040746

,,,,,,,,,,,,, and in whi Q"h,,,,,t he tracki ng device Con‘pr| ses an eddy
s Bk ke PEDE M8 The system of cl ﬁg ch {he
t ¥ ackiengysiewi @@'@&Tﬁf‘ﬂ%cﬁt%ﬂﬁ%ﬁg dﬁ%&?lﬁrﬂ Attracking laser

beamd§l¥d fl'% d@lecmr?l ¥ {40 Ieastg:i g}rapsbé‘rewaﬁ@ hab& ﬂﬁ‘l@@bs and

Men CONprises a sequ am nation target that
fuﬁhermdmmngial Ias,@*rbea‘m qboeitlentaennsonﬂuaé réceivgsod iportsmeef the

trackngtlgaqer earp, gaga |ng§ %i}grhll 4¥Ie§f¥|cglaj§ér a%reﬂg%e{d by the

electﬁéalglcﬁ‘in@h@tlvé ByBR e Prdvitee A adicdtbrdsmheahiekhéss &f the dielectric
t king Iaser "beam and the dielectric |ayer is at

layerl east partly transparent and has a thickness, and

I é{:t'ﬂﬁ\%ggsjn‘ﬁ{)ﬁl)tf (:7%%0 Zf ,nta\ﬁ@rcp k?g@@&%?ﬁg eg%ré%?rf itiR@he form of
a stréHrﬁ RAefdhNEing MsyrPuldereant @l whichithe Ilﬁeercoatrdllerecfawesetellvery
y the electrically conductive |ayer to rOVI

to the dmlacam: tayesp fitlféb@h@fd’ﬂﬁé@@r@f'aﬁﬁ@‘éfﬁ%? tare %?Q%P“ a
deteli@g%ﬁcﬁwsayﬂ ftﬁ]ec‘?(%egé F e7d|e eQ:trYE@I'ag r.the machining |aser

orm o ream machi ni ng | aser
pu. sEise apstehnoftiaiph 1t hewhmaethe danget spe@imea:\amrmsnses a

seaupRSah NS Prast (R OTBHEs 0P Ao BT T PRATCD Ughe taver.

ludeyea fset eennf positi
the t'tal&kﬁ]:% Cé)ér\}r\)ﬁlt eﬁjﬁéﬁ{lﬁ?‘;{é&&bé?&iﬂ??%@lﬁ ucorrpr | Ses a pos! on

sensseEnEhd partldlmiﬁthattrankllmabeﬁm retiegts offaf i paar @yer t4st
. .,partl ranspar ent er Ia
inciaBips ofghe Tl Beatt naBRSh safival ip Aridy e BE 4BFake beam
POFY.t TRE s§SRAPLF claitd 1ai@hichafe Afacking déMGMstaemamklng laser

refl'ects off of the upper |ayer for inci denc [1 E?W
bearh aard fusthemcpawirisingha dases beandbppsitian SeNsPle thg gria| disgice

deteg'pﬁn{egybgt H%g'acg%lgké\hgh}of (R L T Bt ;éecrac;]ﬁr?d‘la%@r g&84incffom a

ng laser beam and further” conprising a
projdcié@ patte ag rpeasuredmysteedaser Bemen arsilibndiessance

d db h I f h
C ThkTThg Syateen oblainrls GG e derdel Spase s ohslsd a yer of
maté}‘rél b ﬁa%sffh mﬁ&f&%’spﬁ? ihtPWhRENS - is 1d be THENSY, IheM&thining

target specinen includes a | ayer
Iaseobearatlenn tile folmatofteastrearn hif chakdsing feisarmudsash ool the \’yragklng

be forned he nachlnln Iaser
dew%am? &4 laset patrplit sakperaiPrg el e et shiolra a number
of mgl’:ﬁﬁ 9s8eYiIe8s Hkst drE®akagdn a:aete“rmmaaroncafqne tiicknéss of the
r to the target speci nen a nunber
layer to form the via.

12. The system of claim 1, in which the machining laser beam is in the form
of a stream of machining laser pulses and in which the laser controller causes
delivery to the target specimen a number of machining laser pulses that are based
on the repeated measurements by the tracking device.

13. The system of claim 1, in which the relative movement takes place in
either a forward or a reverse direction along the machining beam path, and in which
the tracking device constitutes a first tracking device, and further comprising a
second tracking device positioned in non-contacting relationship with the surface of

the target specimen, the first and second tracking devices operatively associated
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2

of machining | aser pul ses that are based on a
determ nation of the thickness of the layer to form
WOheO7m43777 12. The systemof claim1, in which PO®US2006/040746
beamis |n the formof a stream of

i nin
e ﬂi"l‘ i &S & Ep | which th
o e R I sl el e S e

mactﬁMH‘@at egii il oRVA érﬂ:ﬁ?éve?éé éﬁécttd?@taléﬁgftﬁ@ﬁfé@hﬁfh B@am

measur enent y the tracking device.
path. syst emof claim1, in which the relative rmverrent
| ac |ther a faorward or a reverse direction
on;ﬂﬁ)%ﬁy%ﬁ PRERAET AeBnVRISPh, and in which the
t tRE karget §§é’¢|ﬁ%n0<§d?ﬁ;§m§éét@ée@uéntraﬁﬂarhlha%h grgdethat includes a
and furt her con‘grl sing a second tracki n% devi ce
R {?

first Ipyeyi @fi aptisally no anweatmatﬁjlai epsitipaad RjpcRnt A sesend layer of

oo s o RHRE g IR0k { stk S
sepafatéd By! a first Mixiabdwitace faeml taeeibjemlobllemmgaridelhmmohd layer

t hat dlfferent ones of them|ead the | aser chinin
having:a serand seface aaA PeNSPRATBIEEPY P SSEPD ﬁé‘%@éﬁﬁ@“%g"m the

objeé\m,gh'hﬂg Jeam path. 14. The systemof claim1, in
the target specinmen conprises a sequentl al

| ahve neokiny devige tondtiutesrecfingtiracking |d|egtce| thabeomprises a laser

wianglich AeVicay BH0 ST GCTRTERNd 9 SeoRRY LeCbRoi B R ebmprises
eithelr Bc Ipdcﬁénbé‘b?dbé“éNéﬁ‘ gday EUfréht Slebbagfe MRdaheisBlond tracking
separ at ed first axial distance fromthe objective

devitesnmeaauding, rress@@mdy Ithey irst Badisegord sxiad Aistansassdwinghthe

e

fifst Atrﬁéﬂ'bldftﬁ d&bhﬁﬁshlh t?mtypmrﬁﬂﬂ ofivisasermed by a machining
triangul ati on devi ce,

urther conprisin d
laser beskinigduesd by atsvsterp Mpfpr@w \ipg mag%sqesafg%%%ﬁ%g%n target
havnﬁ’é ﬁgge%leg&tﬁggxd %‘I’écrtﬁégllx‘?fo%%ctl\;@&rffécfe%t tl?é‘gyﬁéﬁfpiﬂgludmg a
i ces measurl respective first
Iaselamlu&ecamwb mseabedmpmmngimeah@ntm thellaser\&purce emitting a
novenent between the machinin m and. t he

lase BT RAPAGRMGARE RO ST R ORISR AGISGUAP Iy © produce the
machipiH CegPEeéll'na?né Hfa'ifﬁﬁ‘nﬁ@’la%e%éﬁhmmné agecuepBEam column,

pro y a'systemfor formng vias 1n a sequenti al
the lasen lmeetm grositmndg ey sYﬂannn@naﬁmg ra%a@eg@ptlp@ ta e sequential

el ect 1 onductive urf
migh R B2 BRIRAE B BHEL ASAP o BP Y R Pl e
matérhﬂ ahascﬁére‘iﬁ%ﬁrﬂ VidH At ddlectad lesRionBefnhg segagstidl fgmination

aong beam axi s through an ob,ectlvelenstog oll
targethgnd the objective lens being posmonab e relative to the sequentia Tamlnatlon
target to establish an axial distance in a direction along the beam axis to position the
focused beam column of the machining laser beam on or within the sequential
lamination target, comprising:

directing a tracking laser beam for incidence on the sequential lamination

target to track the terrain of the upper dielectric surface, the tracking laser beam
incident on the sequential lamination target separating into first and second beam
portions reflecting off the dielectric surface and the electrically conductive surface,
the first and second beam portions being spatially separated by a separation

distance corresponding to the thickness of the dielectric surface;
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machi ni ng | aser beam the machining | aser beam havi ng
a focused beam col umm, the | aser beam positioning
Weysftmmﬂﬂrpartl ng relative notion to the sequeRCTAIS2006/040746
am nat i on target and the machining |aser beamto
hﬂM B it ‘gﬁ’bve target material and thereby form
vi Besitipning|askeary nasitian Fnsopfo fereivethediet and d second beam
IcBY
p°ﬂ*g§§”.%*%§§Pé@%&ﬁéqﬁ'iﬁe“*%%ﬁ‘%h@éé%géﬁtL SfcEPang
t asgﬂemgttbe axiaehdlsrtm‘rceabetwelealthello@i@nhwe lems andrtln@sequmtlal

t he, beam axi s position the.focus
lamiBefolataTrt PESRaRTH 1A (g SltS Beainfain Toieah s fietipgused beam
coluﬁﬁﬂyﬁm@ rﬁbcmﬁmgrt?éarﬁ dntGHERTiR 1 RIEKrYISB S th H%Qéétﬂg l#er and
tracki ng | aser "beam for incidence on the sequenti al

therebyrcoatrelomriatipgein the Yinsbringfermedr ai n of the upper

0 5 ol B85, LA B8 S G5Lh urece,

the $ystéin inolddecodebeantcedirid 8 ksar debatpbsigonihty méehanism, the
dielectric surface and the el ectrical conducti ve

laseg gpyEeEMiting 7lasar beqn BERATANBE ARNLR Deans awsthgugh an
objeRREL iétld ¥ JﬁSB@(%@ Ifeﬂmg}én IE@&PB?% te 'aﬁﬁ'nnq laser beam

correspon ess of the dielectr
havisgrd foceséd 6e§M calu@n, tHeBIaser‘ beainNdosBiohiMg sstem imparting relative

ot th BB S e a5 ) Beb B o remove
targéﬂﬁ‘x‘a?éﬁdl‘é? s8fectdiloeSMATLE 1AB taigh @Bé@iméﬂ Cénﬁeché'db%dtlk}é lens

axi al distance between the objective | ens and
belnge@pmmnnadule redativeatol the tawegepeclmeretgmabhamam awad; d@t@nce ina
in rea beam cpl um

direffbr BoB e b Anla 40 pBSibH Tas AGIREY LAY kEBLNPr (e amachining

laseflbebAT oM bﬁ\MltﬂVﬂhe&aﬁbétﬁpé@MerﬁQ)@Mmism/g:\fl ations in the
vias being formed. 16. A nethod of |aser_ mmachi ni ng“mat .
arge

t aPg8itiosipeca iraekinageigedn tns?ngcéxnt@@tmar@éathnsblpsv&h _
surféé@hf‘ment%r%t s@%ﬁfmec‘r? o} ﬁ‘gcl?ﬂ\% t@r ?‘F‘Sf thléelﬁgeq%% in'h@gtracking
nmec

ani s aser source emt
devipe wepgal’edlygnabsmgwgmnbeahtmm $drsturmegdretween hheMngeEsurface and

| ens .t o produce chi nipng | aser beam, )
the phieRtive I?S\Sﬁg%@e tfa@;; UG MRJIOR toRrgdece Beug SoiRRPoRgiag to the

dlstérﬂ:%eheggal'@dpgﬁbl“ oning systeminparting relative
nmotion to the tfarget speci nen and the machini ng | aser

beaetting the atxlat distance betweea tharo@;mctwatlems ahddie target specimen
. _selected,|l ocations of . the eci men, ,and the
in relppBSe o te SAba B nEne T 141 2hie PROBIEE b dellimn o the
machfisg bedRESH HF(MthFP\ t%%ttahjét%fleélﬁléﬁ(éﬁdi tibrebaReAtroNvatiations in
direction along the beamaxis to position the focused

the !%mwai@rf targebmaterial @héhe selagterddeeatiisam on or wi thin

PSSR i TR i AR BB rupris o e
triarfghiatmrc%ﬁce.

18. The system of claim 16, in which the target specimen comprises a
sequential lamination target that includes a layer of electrically conductive material
and in which the tracking device comprises a capacitance probe.

19. The system of claim 16, in which the target specimen comprises a
sequential lamination target that includes a layer of electrically conductive material

and in which the tracking device comprises an eddy current probe.

17



surface of the target specinen to track the terrain of
the target surface, the tracking device repeatedly
woreEimiTIg in real time a di stance between thePCagei06/040746
e SUrface and the objective lens during the relative
01 b B oMipFlodtk® a signal corresponding to the
di gParlde murccf@iauahb&g@wm%th%a@wm evice cantises a
con&ﬁEW%%Qsﬁn§h§ﬁyégﬁéé”el ens and the target specinen in
response to e sighal to maintain in real tinme the
focused beam col um of the machining beamon or within
the target specinen and thereby control variations in
the renoval of target material at the sel ected
| ocations. 17. The systemof claim 16, in which the
tracki ng device conprises a |aser triangulation
device. 18. The systemof claim 16, in which the
target specinmen conprises a sequential |am nation
target that includes a | ayer of electrically
conductive material and in which the tracking device
conpri ses a capacitance probe. 19. The system of claim
16, in which the target specinen conprises a
sequential lam nation target that includes a |ayer of
el ectrically conductive material and in which the
tracki ng device conprises an eddy current probe.:isC
"If/1, SQB/ 11-Q7 4-6 20. The system of claim
16, in which the tracking device conprises a confoca
measur enent devi ce.
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