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describes a method of operating a pulsed CO- laser system to generate laser output
pulses that form blind vias in a dielectric layer of a multilayer device. The laser
system emits, at pulse repetition rates of greater than 200 Hz, laser output pulses
having temporal pulse widths of less than 200 ns and spot areas having diameters of

between 50 yum and 300 ym.
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printed circuit board (PCB) and electronic packaging devices in which vias are

formed typically include metals (e.g., copper) and dielectric materials (e.g., polymer
polyimide, resin, or FR-4). Laser energy at UV wavelengths exhibits good coupling
efficiency with metals and dielectric materials, so the UV laser can readily effect via

formation on both copper sheets and dielectric materials. Also, UV laser processing
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process that occurs when the dielectric naterials are
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of 60 kHz. The ypqcal via formation throughput of this laser and system is about
1000 vias each second on bare resin and 250-300 vias each second on FR-4.
[0011] Increased via formation throughput could be accomplished by increasing

the laser energy per pulse and the pulse repetition rate. However, for the UV DPSS
3



optical conponents inside and outside the |aser

resonator increases. Repairing damage to these optical
w@ovpossme s i s especially tine-consum ng and eRQENS1006034903

Additionally, lasers capable of operating at a high

ldsR? ﬁﬁd W;’Slﬂé’ed)ébz P48e?, eth@rfe ate M&!ﬂlcaltﬂrésleﬁ%@émmn?frb@ttﬁe
are often prohi bitively expensive 0012] Re

amasintrpawbishithwlegerenaronaeicpulse arg @eant&sq W@egfeﬁﬁrtﬁﬁe can be
ufE?ééH%@s I\%reSvérﬁ/’gé a38r éﬁ\f‘r gg@f g@se lﬁ%%b%@b CRb r%ﬁ‘@f BEm3BE to the

aser dicing anlc pical Ty involves
opti¢al gompaneints inpidsaand wtaidcéha\)mser sasnaator] tRcEeashsc Be@ggmg

BT AP L B B3 RO

P@dmongllyA\Msermarmblmq opemtlnglat@smgh leser erergy per phlse or a hlgh

PPt spe o dr e RGBTy SRS "ai i ng he
[Gmn]corRhgamjng diefreya sexnitgndugior wafér Itlﬁeregireem cammidvi methods

ff ,
Rectinodh Bl indidhadlcebfuand fasel kT YERabVe sevivo
tﬂf?d:éll'ytm/vdl\ﬁésﬁ%mgc@diahﬁ)nw séintoaficd Wafess hmﬁg tthielhwss dpater
m crons S

h
R POLR 50 ieroB A oy Stige B Aaying Wik anesedigt fefiatyf 100

nfﬁ&fo%@t 'M&h&m%lﬁﬁsévhh@%fen@ hhiifg? thRkesss thAEs lesathde about 100
di ced usi ng mechani cal saw ng. For exanple a silicon

migfoss rﬁ%ﬂﬁsﬂgc'@ck'ﬁgﬁﬂ'@s,‘ﬂafé‘l’ about 75 microns may be
[%‘Pﬂt g\'ﬁs r%?pet |mes%&ﬁ§ir%dsé‘ﬁlc§ndlﬂ&rwéf§r usmga

tion rate of about 30
poisednB, grpsedordﬂv ieer. rrtmwcdlmmg offermvariqus ad\mtageg der

r?gé %H.CS ly %SW Hé agé_énm: r WapdEY 6h e i E) r%’dh@@ fhe width

aser g semcon uctor vvaers IS the formation
ocbthedﬁkrret 0 almalit SDaicropstwhenf usivg @ hJVcIeaderdtlthIltﬁ to dicelaewafer

¥ 9@&?%3 Jegg)'r{I faa'gmgi%% a@?’ﬂig tgg%%?%véf‘rfdg E::F g&rlnn&%fs(lehcon .wafers than
cbh@b dibed Nsnﬂgj(meenmlt:h rsatﬁg'lg{) UForrexamples al snmoheda_feryha\m'rm a
t {
ek SF g Eroramay Re ofEd i 2aRF .Ml Brermioq ot o
pRlef of bibdLit B WhardReRpetitseriate blaess B0 ¢Hafat a dieind spescktof 120

at a high rate _of throu hpt to fect th formation
r/speda ToiRks ket ReYies agd Wgo @OOUbﬁa'Pmnﬁa QEVRE 9ne

dl%?ﬁéﬁtagg & fa%ereélﬁlhﬁ'séﬁﬁédhdﬁel@r darets & 18k Yordation of debrls and
sem conduct or wafers using green, and R la

sEgmbathoforhigheoyis adhgreda tf[eowqfﬂ am agpfifficult & rquéve ‘Another
J?%a%%ﬁmagé Y Rk} &Emp n?&b?{d%ﬁF Frafdr® |s°thgf’t'hg%v&kﬁﬁéé‘9ﬁloughout

l'aser sys or |rrtprow ng the speed and
rafiefis bmﬁadpy(ﬂie pqv)!eﬂ capebilijeseldbeiasgrvi a and/ or hol es in

R e

highwepeed laset pma:dqsmg(rﬂ atworspighe at a high ratecofdhmsighpuido effect the

fgrma(ii%ﬁsof %Ia% a'ntd)Ioriholés'UJSEn%vﬁg; green, IR, and COz lasers and to efficiently

and accurately dice semiconductor wafers using UV, green, and IR lasers.
Summary of the Invention

[0015] An object of the present invention is, therefore, to provide a method of and

a laser system for improving the speed and/or efficiency of (1) laser processing via

and/or holes in single and multilayer workpieces and (2) dicing semiconductor wafers
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[0016] The nethod and | aser system of the present
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(2) using one of a UV laser, a green laser, or an IR laser to emit the processing laser
output whose incidence on the target material effects removal of target location
material to dice a semiconductor wafer workpiece. The processing laser output is

preferably emitted by a mode-locked or Q-switched solid-state laser having a

wavelength between about 200 nm and 1600 nm.
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formation. By directing for incidence on the target location of the thin copper sheet
heating energy having a wavelength that is significantly shorter than the wavelength
of the CO. laser energy (e.g. the diode laser wavelength of 808 nm), the temperature
of the thin copper sheet can effectively be elevated. At this elevated temperature,

the coupling of the COz laser energy and the thin copper sheet is improved such that
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target material 18 of a workpiece 20. Processing beam 12 reflects off a mirror 22

and propagates through an objective lens 24, which focuses processing beam 12 to
a small spot at target location 16. Two light sources 26 function as sources of
heating energy and emit heating light beams 28 that propagate along separate light
paths at acute angles relative to second segment 15 of the optical axis for incidence
at target location 16 on target material 18. Heating light beams 28 carry thermal
energy to target material 18 to elevate its temperature and enable processing

beam 12 to more efficiently laser process workpiece 20. When processing laser 10
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at target location on target material 18. Heating
i ght beans 28 carry thermal energy to target materi al
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than those of processing laser 10. As such, the type of heating source preferred
typically depends on the type of processing laser 10 implemented in the laser system
and the type of workpiece 20. In one preferred implementation, heating source 26

emits heating energy having a repetition rate of between about 1 Hz and about
8



than those of processing |laser 10. As such, the type
of heating source preferred typically depends on the
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[0036] Organic dielectric layer 36 may include a thin reinforcement component
layer 40. Reinforcement component layer 40 may include fiber matte or dispersed
particles of, for example, aramid fibers, ceramics, or glass that have been woven or
dispersed into organic dieleciric layer 36. Reinforcement component layer 40 is

typically much thinner than organic dielectric layer 36 and may have a thickness that
9 .



stack having a thickness as great as .6 nmm [0036]
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[0040] In a first preferred implementation of the first embodiment, processing
laser 10 is the above-described UV DPSS laser used to effect via formation and
heating source 26 is a continuous wave (CW) or quasi-CW diode laser including a
laser power modulator or a diode-driving current modulator. The diode laser is

preferably a single or multiple diode laser operating at a wavelength of between
10



pre-etched using anot her process such as, for exanple,
chem cal etching, to expose dielectric |ayer 36.
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apd about 10.6 microns, and the output power is preferably between about 10 W and
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[0042] In a third preferred implementation of the first embodiment of the present
invention, processing laser 10 is a pulsed CO- laser having a wavelength between
about 9.2 microns and about 10.6 microns, and heating source 26 is a solid-state
laser, a fiber laser, a diode laser, or a combination thereof. The wavelength~of the

heating energy emitted by heating source 26 is preferably between about 0.7 micron
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wavel engths fromthe visible to near infrared
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[pﬁ%g]as As gﬁé’vi/r% th ﬁ&.ff}QHeeUEQ¥orrﬁb%fJEﬂ§H ﬁqusrb‘?rs%tjeﬂpar‘?é method of
the present invention may be blind vias 90 or through-hole vias 92. Through-hole via
92 extends from a top surface 94 to a bottom surface 96 of multilayer workpiece 20
and penetrates all of its layers. In contrast, blind via 90 does not penetrate all layers
of multilayer workpiece 20.

[0046] In a second preferred embodiment of the present invention, the combined
incidence of the heating energy and the processing laser output dice a

semiconductor wafer. While skilled persons will appreciate that various solid-state
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solid state |aser, Qswitch operation for both the

solid-state |laser and the CO | aser, punping schenes,
w@nwspwese generation methods for the CO | aserP@r/Es20e4/034903
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creat during laser processing |mproves he quality of the street or kerf formed by
laser dicing because the debris often re-deposits itself onto the wafer, resulting in
poor street or kerf quality.
[0049] In a first preferred implementation of the second embodiment of the
present invention, the processing laser is a mode-locked laser generating a

processing laser output having a wavelength between about 200 nm and about
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absorption coefficient of the target material (see,
e.g., Figs. 4a and 4b, which graphically show the

WO p@seased absorption coefficients of silicon BEMUS2004/034903
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connection er red i enent atr 0 of the
1§8%An Rob Shavne PR P LSRRI ST B 2 Kol pleent
IIVERFBA # Which heating source 26 emits heating beam 28 that propagates through
a series of beam expanders 44 and 46 positioned along a light propagation path 48.
Beam folding optics 50 reflect heating beam 28 for propagation in a direction to
co-axially join and form a combined output 52 with processing beam 12 emitted by

processing laser 10. Processing beam 12 emitted by processing laser 10 is
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preferred beam conbi ner is a special coating, such as
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No. 5,453,594 of Konecny. Synchronization of heating source 26 with the firing of
processing laser 10 can also be effected by laser controller 80. For example,
whenever processing laser 10 is fired at a target location, heating source 26 may be
turned on in either a CW or pulse setting to its predetermined power to heat target
location 16 before or until the firing of processing laser 10 at target location 16 is

complete and beam positioning system 30 moves to the next target location 16. The
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stage positioner 66 is a split-axis systemin which a
Y-stage supports and noves wor kpi ece 20, an X-stage
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Heating energy output waveform 110 can also be a series of pulses (not shown)
whose pulse width and repetition rate are based on the system and workpiece

requirements.
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consequent street or kerf formed by wafer dicing.

[0058] Wth reference to Fig. 5b, heating energy
wouiopssewmvef orm 0 is a train of constant powePCT/US2004/034903
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r
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exenpl ary commercial]y avajla aser_.di ¢ci ng,. ,
19948 inb Ritalz GRAR FROVRRIORRed FTEoAB BB Pl P dga wihput
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ITs séries. %2062 SKi | | e ! .

shetid, therefare, perdsigrmingserdy BY tha fol pwWing&Iaimsr kpi eces
conmposed of different materials, varying |aser
paraneters, such as pulse repetition rate, energy per
pul se, and beam spot size, can be progranmed during
different processing stages to effect optimal via
formati on throughput and via quality. See, e.g., US.
Patent No. 5,841,099 of Omen et al. and U. S. Patent
No. 6,407,363 of Dunsky et al., both of which are
assigned to the assignee of the present patent
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application. Those skilled in the art will also

appreci ate that the operational paraneters of the
wheasiomgIsour ce, such as its power, energy di SPCT/D810040084903

profile, and spot size, can be kept constant or

changed during various stagggnff |aser processing.
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Iésl?—;rr e IE)rcl?éjelsglng 18ser output has a wavelength in the IR spectrum such that the
wavelength is less than 2.1 microns, and the heating energy has a wavelength of
less than 2.2 microns.

5. The method of claim 2, in which the processing laser output is
generated by a processing laser that is a diode-pumped, Q-switched solid-state
laser, the processing laser output has a harmonic output in one of the green
spectrum and the ultraviolet spectrum such that the wavelength is less than 0.6

micron, and the heating energy has a wavelength of less than 2.2 microns.
18



4. The nmethod of claim2, in which the processing
| aser output is generated by a processing | aser that

WO 2008/0¢i6ede- punped, Q switched solid-state | aseCT/US1964/034903
processi ng | aser output has a wavelength in the R
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wavel ength of
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;{ré@%ﬁhggﬁﬁmummﬁa§talv(vjwéa:ﬂz@ﬂﬂwaalsl betwéeraamUtMnﬁﬁl ns and
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t hat
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coRbi ,bhqﬁed.g?f claim2, in which the processing | aser
I's selecte roma group consisting essentially of a

pul s8d CCPhé msthodeftlaim@, dnwhichdbie opkpiessdp a thiRecopper sheet,
tﬁée ?@Z%%élgg (I)Aust%? gptgﬁf‘lgg*éheméd gy abo%ltr %g%ﬁfédtfﬂﬁﬁ algtoup ﬁonsmtlng

ons an 6 m crons,
elseamtlaﬂg of a@uipediCR2 tasenard 8fyswitchest COZ laner ,vmthﬁwmmg

engr%ygpp %)g/&@?lg ﬁ%mh'ét i3 sfordr A g%ﬂﬂ.cH’rE l'ight source

roup consisting essentially of a
sol i @: st aTke haedieod ofacldmb‘lann whhrthe a/od{me;tm ib assamicenmtlictor

WP 14 e st Rpf oo 11 Foric BBt wileff® prpgebsing laser

d@llplﬁﬁﬁifg%rﬁ?‘?gag]&gf a mb&%i:%gnglsgfﬂhﬁ Bts'eﬁacted feorh wgrbup consisting
sel ecte ing es

sae Ry ohen ol Rees, RPER e SR 1RGP 23R heating

Sight stRve BBadikhs telwédﬂ@n bugE ﬁéi@trn
éﬁ%@%ﬁ%ﬁﬁﬁg{t&gbﬁl@' g met hod of cleal m ' %C\%r > O g

aseemtally of ajdiode Iagen a SinAgdesHr afkWer so'sci@taiﬁﬁe'@ﬁ%rd a'lber laser, an
dr&g% g@n&hfﬁa@%&é& SRTCRNHIcRN tMerker.. the

out put is generated by a processing
| aserl0t hatrhe @Qi@de@ft@@i”ﬂ? driviichrtbe prcmﬁgmgﬂawg is a mode-locked

I§§e§efwe'pg5+é§sﬂ1frg IQ&rEJ %pLLﬁ‘Y\hQ b&kave i’e?ﬁ'ih thiat @rbee?\ﬂeéﬁéﬁé uf 2k())0 nm

and’ an eating efergy Is generate
amdl abplat 1680QNne thehzating esetgydtasd Wavaiergtp thais between about 0.7

R AN AR U Mo ne b ¥ St s o
consisting essentially of a diode laser, a diode laser array, a flber laser, and a
combination thereof.

11.  The method of claim 1, in which the workpiece includes muitiple,
different target material locations and in which the processing laser output removes
from the different target material locations target material whose temperature is
elevated by the heating energy, thereby removing target material at the different
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array of light emtting diodes, and a conbi nation

thereof. . The nethod of claim9, in which the
wWoe@sesshng | aser is a node-|ocked | aser, the PCT/US2004/034903
processing | aser output has a wavelength that is

L AR Rp Rk o st 2 AORo R WrodGfiLs e thais NEAGH fen 2
warkpieee thmdugtiswitirate thlm'ahi@ insthe abgendecof the heatingienergy s
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tar@nbmamrlahmasrmlrghbbeam sﬁbbsnmah@mmprocesalmg lasenouwthuic when

r ,
dertinRh Bt HRENERBer Y imeimoiieses B shL A, o ont
bm;ahpspot rsemham‘g betaren hbout 50% nadaboatr 00 %ref thel prbcessing laser

o tlostarget material whose tenperature is
oé‘l%ﬁ EEB?/ the heating energy, thereby renoving

t ar ga8. marps nthat oftdigmdi,fi Wh&:lhtthéﬂglﬁtrt@%tn had aliget beam
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mmbgas thadight haam ﬁ@% tf@ nrpgwsmselamrs%@ufﬁnﬂéramﬁseﬁ éhe ight
b%'éﬁFSéﬁStéqlg hlhﬁ‘ﬁ?&"teé’fﬁbﬁé’r? M@ﬁ ial B4 BRItes&s thEDréddss r!aser

materi a roces aser output spot 'size,

auitpytibefasainis w@tdegt Qretrwetamyt mmrthamgmbwwamdeagﬂmnd the
f

oA RSBl g B ki it At an

dpeetdiinglveavielengtietapgg tof treerkkean eombinirgsepticgl ¢lesent. out put

ha ro ' . out . .

comptSi gt iata SEm s wEhtiche BRinulEvBEpteral

conbitBes Eh@rﬁéttgmofm%nmh ’ammlwﬂlm k’;pe prm:efssmg ldses eutput and the
Jout t, be ore |
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the processin aser output and the
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oHRERIRY By BB SR PoRFARALCET 10 o0,
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c%ﬁ{‘muo s waQ/e of energyCJu?lng ?tg%oﬂ'ﬁ)?ﬁgd |%9 Qeme%‘ﬁ#‘ the processing laser
output on the target material location.

20. The method of claim 1, in which the processing laser output and
heating energy are applied to the target material location for, respectively, a
processing laser output period and a heating energy period, and in which the heating
energy period is between about 50% and about 100% of the processing laser output

period.
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17. The method of claim, in which the processing

| aser output has a pulse repetition rate that is
woebtoswassoabout 1 Hz and about 150 MHz. . The nmeChwsS20#/034903

claim, in which the processing | aser output has a
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series of pul ses having a {)ﬁgetltl on rate of between

hegting enengy OQﬁBe treekmaigHaldesatiir i ng its conbi ned
“incidence on the target material |ocation with
processing | aser output. 22. The nethod of claim, in
whi ch the heating energy has an average power of

bet ween about 0.01 Wand about 1000 W 23. The net hod
of claim, in which the heating energy has a heating
energy power |evel that is nodul ated between about 50%
and about 100% of a peak power |evel during the

conbi ned i ncidence of the processing | aser output and
the heating energy on the target material |ocation. 21
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