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MATERIAL Field of the Invention 5 The present invention relfa et 2002enoval
of .material froma surface, and nore particularly to selectively renoving
portions of a layer of material on a sem conductor wafer to expose

term nal s. Background of the Invention 10D A sem conductor die has an

I nterconnect surface with pads thereon and a back surface opposite the

i nt t \A : ' '
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WLCSP typically conprises a 15 sem conductor die with a layer of insulation
formed on its interconnect surfage,. B a M\A’th termnals that are coupled to
the pads on the die and that extiagld ?ﬂ Ipvention ayer of insulation. As
its name inplies a W.CSP is fornmed when the die is part of a sem conductor
wafer. A nmethod of formng a W.CSP is to first form 20 conductive bunps on
t he pads.s Then fThenpresaryeinvehtiorsrilatésoto rembhal oftrmteriahém sustisfaeepf

t he wafer, such that the bu are subnerged in.the | ayer of_.insul atign,
and then r en%’i}a oIEr PﬁBﬂc‘éﬂapriYIetol sglectiye irﬁglﬂ"éflgoﬁof’éo’&p‘b%@ "W&ruﬁger

portions of . . : B‘x?ﬁ‘ﬁ t Fmhalgasul ation conpri ses
epoxy, then {zliﬁgﬁlggggﬁeahtge%getc %%%%?ggs%gggﬁgas p?lasgna et ching, can be
applied to renove a portion of the |ayer of epoxy and expose the upper
portions of the bunps. The wafer, can thep be_singqulated to produce the
W.CSPs. Mdl d conpound conpri s&a%r%ﬂ‘fﬁﬂg“? FIPY"é?‘gr-,‘m&nd when the |ayer of

i nsul atigp conprises nmold conpound, a di sadvantage of the 30 combination
of epoxy and plasma etching is that only the polyner in the nold conpound
is effectively rikmsemdcordvictor tdie dmsomrt \interdannest surface with pads

thereon and a back surface opposite the interconnect surface. A wafer
level chip scale package (WLCSP) is one where the packaged die is
substantially .the size of the die itself. A WLCSP typically comprises a
15 semiconductor die with a layer of insulation formed on its interconnect
surface, and with terminals that are coupled to the pads on the die and
that extend through the layer of insulation.
As its name implies a WLCSP is formed when the die is part of a
semiconductor wafer. A method of forming a WLCSP is to first form
20 conductive bumps on the pads. Then form a layer of insulation on the
interconnect surface of the wafer, such that the bumps are submerged
in the layer of insulation, and then remove a portion of the layer of
insulation to expose the upper portions of the bumps. For example,
when the layer of insulation comprises epoxy, then a subsequent
25 etching process, such as plasma etching, can be applied to remove a
portion of the layer of epoxy and expose the upper portions of the
bumps. The wafer can then be singulated to produce the WLCSPs.
Mold compound comprises polymer and filler, and when the layer
of insulation comprises mold compound, a disadvantage of the
30 combination of epoxy and plasma etching is that only the polymer in
the mold compound is effectively removed leaving the majority filler on
the wafer.



the wafer. 2 Another nethod of forming W.CSPs is to formthe bunps on the
pads of the die, and formthe | ayer of insulation, as before. Then instead
of :pl asma etching, a nechanical grinding process is enployed to renove a
portion of the layer of insulation along with upper portions of the 5
bunps, thus exposing the ground surface @f the bunps. The | ayer of

I nsul ation can conprise epoxy or nold conpound. When nold conpound is

e bonduct of - wraptHEL EhA8 APCIBMABTHICEPE i e ClorTRRE bufiis BR°uR, 1

bunps are Xfadd of tiet elie,! and doranethiechagtr of irtsuilation; v before MPheatinsteadrhi s
Is not desirabl e because when sol der i s, subsequently di sposed on the

bunps, the Afdplasma girhiney adurehanical grin mmegs &% ﬁEFlEIGVF 40 15mevee

bunmps. In te1d S t he
surface of t%g} qrg%} ogftﬂlenls | at é%?\hjlgu Cﬁgt\ﬁ?{%g F‘gglﬂisgnﬁ bjﬂﬁeljr?%)q}g&t e 15
exposed tsop luthps, ddnesiekposingthe @oimmDSurmetdxﬁ the émthlpfs ITherbayer of

reliabl e sol der jOI nts. Anot her  di sadvant age of the i ndi pg flocess
the risk of wa&%cﬁ% COUPTiSE { §ROXE| af | ;mald Eé’é{ 3@ Bh lnPI

grinding pro r I on
becones too %ﬁiﬁﬁ P})qba;ir%o{\}lgg% ggegi gtsolgﬁ'g%ﬁioﬂr}ﬁﬁf hsgfr%c%lpl ab y?%*erb@%ﬂ!{aﬁfe
W.CSP can b&smdheebéltheaséhﬁebﬁdchIeWafm{d conpound i's used to formthe

| ayer of insul atlo | asma et chi ng Qannot be used to, re e.a portion of
the layer of irf ipedgAng Andaep| ofs Hae RABdiRg RRAGESE %m%@ﬁo ps are

efficienty. ﬂﬁgtgn%]t %“Bé e ve? dwith Eﬂ%gldl}%gaf)%%ﬁl fioh? 9 hager

et chi ng wher aser eam I'S sScanne ayer o I nsul ati on and a
portion of tdesirdblechbecdusenwieat salder ds Ismlhseqdeh}zlyadnlspbsed ot the dntmps;

with plasma _etchin Iase chln roces and is %e of
abl ating nol e %&ﬁ‘ﬁsm SRlcadhices fo the exbuied rewn e antacs of bas AuTaPs.
directed. Mojf LIPAYNY;tPfd fH%rshla}bIEO{H”Ha%fés the BRI PitPull BOYYAR' trad

surface of the layer of insulation, so that the solder can adhere to the

15 exposed top and side surfaces of the bumps, as this results in more
reliable solder joints. Another disadvantage of the grinding process is
the risk of over-grinding, due to the relatively poor accuracy of the
grinding process. When the resultant thickness of the layer of
insulation becomes too thin to provide good insulation, the reliability of

20 the WLCSP can be adversely affected.

When mold compound is used to form the layer of insulation,
plasma etching cannot be used to remove a portion of the layer of
insulation as plasma does not remove mold compound efficiently. An
alternative method of forming a WLCSP is to employ laser etching where

25 a laser beam is scanned on the layer of insulation and a portion of the
layer of insulation is removed by ablation. In contrast with plasma
etching, laser etching is a dry process and is capable of ablating mold
compound selectively, i.e. wherever the laser beam is directed.

Mold compound primarily comprises a combination of polymer and

30 a filler, such as silicon dioxide (SiO2). In a conventional laser etching
process, such as that taught by Engelsberg et al. in US patent
5,643,472, a laser beam is directed at a target location on a substrate,



30°a filler, such as silicon dioxide (Si02). In a conventional |aser
etching process, such as that taught by Engel sberg et al. in US patent
5,643,472, a laser beamis directed at a target |ocation on a substrate, 3
with the | aser beamnormal to the surface of the substrate. Wien a | aser
beamis applied in this way to a | ayer of3 nold conpound, a suspension of
abl ated material forns above the target |ocation, and the suspension
obscures andyi @R st heads HolBaIo THRS SHYR ¥ thel ubsEaMICHmdda
efficiency o aser etching process. In addition, sone o t he abl at ed
mat eri al deslasedsbéammis pplishbdansthis eegk to oa tlages uwff avsld obmpm.uhdyer of

nol d conpound. Engel s urther teaches directi a.flow | nert
gas over tr@-lmﬁlb%?nmf@gﬂay?ff riategigl dorms S 2hove, th taree) IPratiss)

materi al . S ted
materi al , }s/\g%rrlggp?&%lﬁ %at ed mat%i gﬁlgPﬁ%ttlf?ﬁ%éeegilg%ﬁybaCEEegueﬁﬂﬁ | gi;/ﬁes? of
i nsul ati &n. redanes, the dffmeh/@nbﬁghe das¢hechinghmoboesss Ire adéétdohpsome of

subsequent |y .cle r.esi dual bIa terjal off the bI ted surface
Elliott et aihe pRlated materake Bﬁ‘iﬁrfg% HOZ3 CRES R PR ;SEB Sy ‘Feaser

beamat a t ate while dlrectlngareactlve gas
aéigﬁ{e ?E%‘f?ﬁo@bc\:lgr\rlxyp

over the target tion. ‘liott's method is suitable for
cl eani ng forei grEnge]sbievg etralt fartherfteache$ directimg @nflowt of in@ftegasaoder does
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5, 800, 620, t 0
o \‘iﬂfér"ﬂéwdbf ﬁgésrg %Qgg%énl??’? a\g?faé&ﬂé of th%réﬁhté(f?ﬂ%f&ihl Qo e of

substrat e, e the ected at an an |que to
t he surface tie dbdad anhatdmal <srt111 cesaands backomasthe'l'lvqreroof pnsphmionul ar

| aser reduces the likeli hood anmage to th substrate., A di sadvapt age of
LS ot hod HRBAS o isadvaintags Gloias THEtHot i TRS ROt (A abees AL clkathe

described eagddj & 3 %@Q'b‘l’ét%ﬁ d@igekal returns back to the
abl at ed surface&ltlal e ?)crlgﬁa%rfpgél fE et al. 1n US patent 5,800, 625,

further Elliott et al. in US patent 5,814, 156 teaches dlrectmg a shaped

15 laser beam at a target location on a substrate while directing a reactive
gas over the target location. However, Elliott’s method is suitable for
cleaning foreign material on the surface of a semiconductor wafer and
does not address the requirement of ablating material, particularly mold
compound formed on a semiconductor wafer.

20 Engelsberg et al. in US patent 5,800,625 teaches directing a laser
beam at a target location on a substrate, where the laser beam is
directed at an angel that is oblique to the surface of the substrate for
cleaning purposes. The non-perpendicular laser reduces the likelihood
of damage to the substrate. A disadvantage of this method when applied

25 to removing a portion of mold compound is as described earlier, that
some of the ablated material returns back to the ablated surface.

As before, Engelsberg et al. in US patent 5,800,625, further
teaches directing a flow of inert gas over the target location to assist in
carrying away the ablated material. A disadvantage of this method is

30 that, while the flow of inert gas carry’s away some of the ablated
material, some of the ablated material still déscends back to the layer of

insulation. Hence, a disadvantage of this method is the need to



teaches directing a flow of inert gas over the target location to assist in
carrying away the ablated material. A disadvantage of this nethod is 30
that, while the flow of inert gas carry's away sone of the abl ated
material, sone of the ablated material still descends back to the | ayer of
I nsul ati on. Hence, a disadvantage of thig nethod is the need to 4
subsequently cl ean residual ablated material off the ablated surface, as
descri bed e ' ' X L. | i on
seeks to pr gg\/‘%%sgéqél%etbﬁ%l&%g] N ééblgi g’tbﬂ% CP gfrﬁ %QélLel egg%y%%ggfé%{ ér%fégeri al ,
whi ch over cadeseribedéatliast reduces the abovenentioned problens of the
prior art. Accordingly, in one aspect, the present invention provides an

10 apparatus for selectively renoving material conprising: a nount for
securing a substrate thereonp.t SHRS ' . I nt erconnect surface
W th interconnect bunps exter]?d-laér;igslt] é?éﬁéﬁ]ﬂgégnﬁg}%gﬂsubstrate havi ng a

| ayer of s nsulation formed on the interconnect surface, wherein the bunps
are substanti al I,glygovered by 15 the | ayer of .insul ation,ﬁge nmount f?r
posi ti oni ng t he Eappresent igventionesecks, te psovids amathed andapparaids for o
target |ocatign.;:8. ! f i ' I

target | ocat%é(:)iﬁcu% r?ﬁgf Vlaéelgrlglg? &ﬁr&ils,[}ﬁ gﬁ%r?%??)éogngtdf%ﬂ?éegggE@cﬁtgrtﬂ?eon of
the | ayer ofabévianenationgdmobléraks oftthehsribaaget | ocation, wherein the at

| east one laser 20 beamis directed at a predeterm ned angle to a_ reference
normal to the subseerdinghantn Pne28peeh Elémsewswﬁntmtwm@ i#hl to

h I ' [ | hd : he | f
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i nvention provi deg raduspfor aedtiring a sabstriaty aheréeenprhe gulistra@kshaging
portion of a layer of insulation qon a .
an 1mterconnect surface with interconnect bumps extending therefrom,

and the substrate having a layer of insulation formed on the
interconnect surface, wherein the bumps are substantially covered by

15 the layer of insulation, the mount for positioning the substrate with the
layer of insulation in the range of a target location;

a laser for directing at least one laser beam at the target location
on the layer of insulation to ablate at least a portion of the layer of
insulating material at the target location, wherein the at least one laser

20 beam is directed at a predetermined angle to a reference normal to the
substrate; and

a reactive removal system located proximal to the target location
for removing material ablated from the layer of insulating material by
the laser beam.

25 In another aspect the present invention provides an apparatus for
selectively removing at least a portion of a layer of insulation on a
bumped semiconductor wafer, the apparatus comprising:

a movable mount for securing the bumped semiconductor wafer
thereon, the bumped semiconductor wafer having an interconnect

30 surface with bumps extending therefrom, and the bumped
semiconductor wafer having a layer of insulating material formed on the

interconnect surface, wherein the bumps are substantially covered by



bunped seni conductor wafer, the apparatus conprising: a novable nount for
securing the bunped sem conductor wafer thereon, the bunped sem conduct or
waf-er having an interconnect 30 surface with bunps extending therefrom
and the bunped sem conductor wafer having a | ayer of insulating materi al
formed on the interconnect surface, whergin the bunps are substantially
covered by 5 the layer of insulating material, the novable nount for

noving to sc I[Flaﬁ* ﬁn?aﬂn : i I js '
material; a gﬁé tegb e ségg'r org’g{ﬂ?é'gtq?l tr?gmg)tvgpé%?t%%ﬁg? %gie?‘hgg;ﬂ%a%%ﬁ?he
at | east onat lesistend eoget catidieohaherlafer ofilisulatimgainaterial; a portion of

the 5 layer of insul atin? material at the at_ least one target |ocation,
wherein the at | edgiiresfable daseniondirecting-at lepsiione B?%%Fe EATR ﬁ'&)&&nﬁFe to

a reference o1 €0 f.ary. cti x
system | ocat 15%%%;83% %%Iggte g"‘?ﬁgﬂgb ’alr&g%tq’ctl %ctab?i %lat%a?éﬁiéf%mﬁogm@e

abl at ed fs onidayee dfaysulatingnsatatiahgt theext asbynel tariget latatiens wherein aser
beam |In yet another aspeci the present . invepntion prqvides, a pret hod for

sel ectively Hmd¥i asspneekqerab%ﬂ % dirgeted [adyR PIGACIGIBING] §R&n tq 2
bunmped sem ¢ hod. Y aHSF steps of: a)
providing a gﬁ%@ﬁ%ﬁ%éﬂg@gr%gggd%eﬁrﬁé&%e surface, 15 the
bunped seni conducharastive rrenaovalosysteny kicatéd ipreximai g thet trget locatidrne

bunmped surfage, wherein the |ayer. of insulation covers the, bunps on the
bunped sur f afer TEINORIG MY iplated fem therarrtint inrulating TRatoRIALDRY
| east ongy t gs&#&a&ﬁg&&gﬁ%_l ayer of insulating material; 20 c)

directing at Teast one [aser beamset to a predeterm ned high power at the
at | east one targhi yevaaother aspectethe phesaait inveationnprdvides a inedhoddor

directed at a first predeterm neg angle relative to a reference, normal; d)
scanni ng t heSelectivgly Tsmoving 2t deast gcpestiony Pai@?erof’ Insulation on a

bumped semiconductor wafer, the method comprising the steps of:

a) providing a bumped semiconductor wafer with a bumped surface,

15 the bumped semiconductor wafer having a layer of insulating material
on the bumped surface, wherein the 'layer of insulation covers the
bumps on the bumped surface;

b) positioning the bumped semiconductor wafer to have at least one
target location on the layer of insulating material;

20 ¢ directing at least one laser beam set to a predetermined high
power at the at least one target location, wherein the at least one laser
beam is directed at a first predetermined angle relative to a reference
normal;

d) scanning the at least one laser beam across the layer of

25 insulating material to remove a portion of the layer of insulation;
€) directing the at least one laser beam set to a predetermined low
power at the at least one target location, wherein the at least one laser
beam is directed at a second predetermined angle relative to a reference
normal;

30 ) scanning the at least one laser beam across the layer of

insulating material to remove a subsequent residual portion of the layer



25 insulating material to renove a portion of the layer of insulation; e)
directing the at | east one | aser beamset to a predetermned | ow power at
the at | east one target |ocation, wherein the at | east one |laser beamis
directed at a second predeterm ned angle relative to a reference nornal
30 f) scanning the at | east one | aser be&m across the |layer of insulating
material to renove a subsequent residual portion of the |layer 6 of

insul ation Qff {hREIHER N thE" A gﬁ?gsy glsgpggtﬁ% af 18954 hOPortion I thRunps:

and g) concurrent wth steps ( g | ow 'of reactive gas
over the tarhgahpspaatli on and sucking at |east the reactive gas and 5

mat eri al renpved by the | aser, beam | ef scription of the Draw ngs An
erbodi mrent @ ¢ hSORCHEERE Mt AteBH (4] P @ Geding s o, of readtie dasad,
by way of exrup ] e K ' f M8 fdhetive laagows a
functional bl ock&:i? \gé‘%gﬁf g?%ﬁ?gsael?aetggﬁi ﬁgg\é&yﬁ;?éearﬁqi n accorcdgncga\?vi ?h‘ t he
present Bnveanatenml fentovet]l bgdhe lasembeanet ai | s of the optical systemin

FIG 1, FIG 3 shows a flowchart detailing a process for |aser etching a
15 sem conductor wafer using the |aser etching systemin FIG 1; FIG 4A-4D

show si de sectional views oiBRSHEL&GIPABA I theaDIwid N9 etched in
3

accordance with the | aser etching process in FIG 3; and FIG 5A and 5B
show alternate orientations for the sem conductor wafer. 20 Detail

Description of the Draw.n A ed nol ded seni.conduct or fer i | d on
vl o ounths sTbauRRent alli Pres b aneeRteniL e Bt Thoré 1

locationg Thfesceibed® 3Py BT eSvith) SefeRbAEE 16 BHE CRAKHAES of WAkieh: t O
scan the target locati"on across the nol ded surface of the sem conductor
waf er . FIG. 1 shows a functional block diagram of a laser etching system
in accordance with the present invention;
FIG. 2 shows a more details of the optical system in FIG. 1;
FIG. 3 shows a flowchart detailing a process for laser etching a
15 semiconductor wafer using the laser etching system in FIG. 1;
FIG. 4A-4D show side sectional views of a semiconductor wafer
being etched in accordance with the laser etching process in FIG. 3; and
FIG. 5A and 5B show alternate orientations for the semiconductor
walfer.
20

Detail Description of the Drawings

A bumped molded semiconductor wafer is held on a movable

mount, and a laser beam is directed at an angle at a target location. The

25 movable mount moves the molded semiconductor wafer to scan the
target location across the molded surface of the semiconductor wafer.

The laser is first set to a predetermined high power setting, and the
movable mount moved to scan the angled laser beam across the surface

of the mold compound to primarily remove the filler in the mold

30 compound. While the laser is being applied, a reactive gas, such as
oxygen, is directed over the target location and a vacuum inlet

positioned close to the target location to remove the oxygen and any



The laser is first set to a predeterm ned high power setting,. and the
novabl e nount noved to scan the angl ed | aser beam across the surface of
the nold conpound to primarily renmove the filler in the nold 30 conpound.
While the |aser is being applied, a reactive gas, such as oxygen, is
directed over the target |location and a Wacuuminlet positioned close to
the target | ocation to renove the oxygen and any 7 resulting reacted
material or [aifihg!reaR Y afer il SN IARYRI RUmbPed frGH BN Mdyer! B nrrluces
t he ambunt of ablaTed material that can contam nate the abl ated surface.
Wien a substmxhpaur;d)r’ﬂ‘hm reddudes theyamovntnof cabletpd umhtienial bt gbinat ed

away, a Iayer nmer, 5 th s on,the conduct r vvafer
oY aner ) Sortantiate “the” IRl RuRfadel WRTT 3, SR sEEn iRh potdio
novabl e m)Uflh éﬂ%f“mdmv@&ntp%xﬁﬁ:?mééq%eleﬁsébla&%anh%% 4 ll&y&“bffalﬁﬂyﬁ{eﬂ he
resi dual Iayer of polynmer On the bunps of the sem cOnductor wafer:

before, $he remains oB s bumips on thmmmpadamor achi¢os The lalserssdh:m | ow
power 10 scan. ,This r suI ts

t he bu conduct or waf er e| ng
posed, andati b oRHISErERAR g voRgERE sehipgytad dieaRirabl otitheat
surroundi ng #BYE] GeNBOHIdhe TRsEr dUA VL THe! SuiThee Qif\/th% fdgdhial egyert of of
the layer of nold conpound, thus providing a reliable layer of insulation

for the 15 pelymendnctbe bumps onthe sseminonduetorvwajers Asbbefore;, dlhey

he. noetl 1 dECRUEALEARY REAL LA BRRHHIR A6 ARGH FUTPRALE SOy LoV

avoi ded.joFl Geah STRYE rRshifiECin e binpy Séﬁf&kogerﬂleoﬁa%&"téﬁﬂﬁﬁew b&r{gﬁe
20 present invention, conprising a |laser source 105, an optical system

110, a rrovamﬁmoawdntarkmheahuws:oxtcmW bapsnd tthat ablatedupiddce ®f gt r ol
the | aser sourceuf_%g e]é:ﬁ?tlcal system 110, and the novable nount 120.
I n addition,SHH8 %gné? ?Rj‘ Q}lﬁ m 100 conprises a reactive gas supply

(not shown) coupiigd h@vantiFethisly4reserfes? tMaGitBgrity of the layer of mold

compound, thus providing a reliable layer of insulation for the

15 semiconductor wafer. And; as the reactive gas substantially reduces
residual ablated material that can contaminate the ablated surface, the
need for a subsequent cleaning process diminishes and may even be
avoided.

FIG. 1 shows a laser etching system 100, in accordance with the

20 present invention, comprising a laser source 105, an optical system
110, a movable mount 120, and a controller 125, that is coupled to
control the laser source 105, the optical system 110, and the movable
mount 120. In addition, the laser etching system 100 comprises a
reactive gas supply (not shown) coupled to a nozzle 140, and a vacuum

25 inlet 145 coupled to a vacuum source (not shown). The reactive gas
nozzle 140 is positioned to direct reactive gas at a target location 132 of
the laser beam 135, and the vacuum inlet 145 is located close to the
target location 132, opposite the reactive gas nozzle 145. The vacuum
inlet 145 and the vacuum source provide an extractor or exhaust

30 system.

The laser source 105 generates a laser beam 130, which is directed

at the optical system 110, which then directs a laser beam 135, at a



25 inlet 145 coupled to a vacuum source (not shown). The reactive gas
nozzle 140 is positioned to direct reactive gas at a target l|ocation 132 of
the | aser beam 135, and the vacuuminlet 145 is |located close to the

target | ocation 132, opposite the reactive gas nozzle 145. The vacuum
inlet 145 and the vacuum source provi de 8n extractor or exhaust 30 system
The | aser source 105 generates a | aser beam 130, which is directed at the

optical sysisaiactdd arfleCiB? t8M Fefedehe hdriasl 18923 Bargdt Rcltionel 8ot ed
angle 137 to a reference normal 139, at a target [ocation 132 on a

seni conduct om aafemniconsuctor wafes 146¢ whighdis sacsirad\arbthe moavableungurithe
controller '1511 provi des control settings to the |aser source 5 105, and
this can in e |laser power settings to produce a | aser pulse energy

having a hi gh pawgr cehtrdifermbbi ppovides(édntrel settifysP@/\ehe daseP sdtkceThe
beam area on the ta_rtget ed surface ranges from 1-4 square mllinmeters. The
|

hi gh power dJ&3,iand itbiseandncide lgsespewen sattimgs & protduceralasenpilse t he
| tting, s.selected t ' 0 rel ativel bl.at | te.
The Cont 1 of FEETRRHEYSE s pishh poSRalt T shuliouiey oyl Brp 16¥ ARt BB, ©
position of hiye TS Heab§dPeh36nathd Qargaeaeé?rﬂaeeafa{ﬁgbsl%rﬁt 1ides e

137. The novabl e nount 120 receives inputs fromthe controller 125 that
det er mi nes whillimetersoThe high povwen sestimge indelectedrdpeprotisie @ highe to

the target |qgation_132. Th controller 125. al so prhovjd in t hat
det erm ne sﬁg’gﬁhé?fl f ﬁge’ H&V@?’r&ﬁ? gwtﬂ%wﬁﬁv%eé%él%ﬁn elﬁﬁt#??aﬁﬁﬁ%@et Re
target lgcatreRitively loRnableioiPtaled TiRteAtdler A25alsy ptdrdeshrettigsrto

source 105 conprises a Krypton-fluoride (KrF) Excinmer |aser, such Mdel

LPX2201 suppheceptigal aysieamn A te pasiticarefaiiic lasey beam 338rak dhe dara®s has
2ppr eci ate dngrtipha SZRTARAhEE 5L ThEGOYBhlC ot TR0 Hasiesinews
variety of FpéaTeher&ontidliesaIn’s NGldtddetcienin@sCthe location of the molded
semiconductor wafer 115 relative to the target location 132. The
15 controller 125 also provides inputs that determine speed of the
movement of the movable mount when scanning the target location 132
on the molded semiconductor wafer 115.
The laser source 105 comprises a Krypton-fluoride (KrF) Excimer
laser, such Model LPX220I supplied by Lambda Physics of Germany.
20 The laser source 105 has a wavelength of 248 nano-meters (nm). One
skilled in the art will appreciate that the selection of the laser source
105 is dependent on a variety of parameters that can include the laser
power settings and the composition of the mold compound on the
molded semiconductor wafer.
25 With reference to FIG. 2 the optical system 100 comprises a mirror
205, and a lens 210. The mirror 205 is movably mounted, however the
mechanisms for securing the mirror 205 and for moving the mirror 205
are not shown. The mirror 205 has several degrees of movement as
indicated by the arrows 215, to allow the mirror 205 to be positioned to
30 reflect the laser beam 130, as the laser beam 135, at the target location
132 at the angle 137 to the reference norinal 139. The lens 210 is



power settings and the conposition of the nold conpound on the nolded
sem conductor wafer. 25 Wth reference to FIG 2 the optical system 100
coaprises a mrror 205, and a lens 210. The mirror 205 is novably nounted,
however the nmechanisns for securing the mrror 205 and for noving the
mrror 205 are not shown. The mirror 209 has several degrees of novenent
as indicated by the arrows 215, to allowthe mrror 205 to be positioned

to 30 refl eligdiql Wagethé 2aser Beam2$356end dsQlisdiethie lader béathhE35autadie
|l ocation 132 at the angle 137 to the reference normal 139. The lens 210 is

9 aligned Wargetlosationel3Beam 135 and focuses the | aser beam 135 at the

target | ocation 2. _Ret urni tg FIG th S
t hree degrees #m&o%ggﬁ%’ ﬁ}F e %itl? &guﬁgéaﬂlﬁ%gggpﬁl %1%8}:'%:%
novabl e NDUNf mevérientasENEEm AP Me bifows a50. Typicsdly e mokabloniowait of
the controller 125, when scanni %g the target |ocation 132 on the nol ded

seni conddct ok2Q is movedhglong the X ardnb axss aindemthe contig) of dhemandrolignong

the Z axis sekting or differ ype d_..seflco

waf ers whi ch _Ves'gﬂeﬁ _e?é%lkt‘ﬂgclﬂ? s_st%?%‘fg %‘gaﬁéggﬂ% 8513 {s%‘%pwge he
nozzl e 140, g¥hidondiitbs 99 I Tndedditions thedbehbls misitht 120fmay I5é nfosegen
may be set between 6-30 liters per mnute. The vacuumintensity at the

vacuum i nl etalong ithec Zpastis wthen setiinsidp fore diffggent abitpem ol seelded
material at at |eas - llllers.. r i . rably shoul d be set
to a higher %M%%@%?%ﬁsése?v@ﬁ%@?{ velé}ge??tgﬁﬁcgﬁ%_?. 4A- 4E, a process
300 of yeenoVi NOTlRe POALLI P gk éﬁ@l@%@&@h@@l&l%%ﬂﬂ provides b ,

nol ded sem conductor 115 starts 305 with the controller 125 setting 310

the laser sdgregulaed, angd shedlow 1o axygen megnbe set befiween R34 litars pew
e et S3aghl SPhkCaloal Bl S5 dSuble b8l 2135 o2l bean
bet ween fifteaking gy ithie dnFgensarnidlaly veadtedihatagalmat at 4é£ste6<30 liders

per minute, but preferably should be set to a higher rate.

15 With reference to FIG. 3 and FIGS. '4A-—4E, a process 300 of
removing a portion of the layer of mold compound on the bumped
molded semiconductor 115 starts 305 with the controller 125 setting
310 the laser source 105 to provide the laser beam 130. The controller
125 then sets 310 the optical system 110 to provide the reflected laser

20 beam 135 directed at the target location 132 at the selected angle 137
of between fifty and eighty degrees relative to the normal reference 139.
It has been found that when the angle 137 is between fifty and fifty-five
degrees, the results are favorable, producing high cleaning efficiency
and high laser power utilization. This step also includes focussing the

25 laser beam 135 at the target location 132. The target location can be at
the surface of the molded semiconductor wafer 115, lower than the
surface of the molded semiconductor wafer 115, or higher than the
surface of the molded semiconductor wafer 115. The selection of the
position of the target location is dependent on the requirement of

30 deflashing speed and surface sensitivities to the laser induced plasma.

FIG. 4A shows enlarged view of the molded bumped semiconductor

wafer 115 prior to application of the laser etching process 300. The



It has been found that when the angle 137 is between fifty and fifty-five
degrees, the results are favorable, producing high cleaning efficiency and
hi gh | aser power utilization. This step also includes focussing the 25

| aser beam 135 at the target |ocation 132. The target |ocation can be at
the surface of the nolded seniconductor Wfer 115, lower than the surface
of the nol ded sem conductor wafer 115, or higher than the surface of the
nmol ded seni qabided asermbdoridddtor Wafes d ¥ tdompsisethe sifiedn iwafeof hating
target location is dependent on the requirenent of 30 deflashing speed and
surface sendP@mpsg i‘b‘é? extending depm padsepithenintereppnegh ssidageeding ged

z £ iR p . ! . ; :
Uhe | aser et anks eall SRR GO Riihupg ThfY mb sobl! BulBpy, Euudt” ©
conpri ses a bumpsowitihtesoldayicagp, sndnhe 4ilée. éMbkh dongpdund) $b5lds anoldeel

I nterconnect surface. The bunps can conprise copper hunps, bu y be
sol der b@npon dbpHt thSLﬁﬁﬁ“%I%qS‘P%F%o‘VG@rr eﬁé,w tFRPMERges nti}pﬁemﬁ?ound .

415 is nol de j ' ' ' es the
romps” a0 N Phe Hild Colnbou Tl 8NUHbAGCLHolimE AP LAG MlTRITZS |
Next, the contrdiéxt, fhe ceittolldd 16 desed31Potiny lasert powarsat timilaserl05

to the high power setti&gpof_ 250 mJ, and the flow of reactive gas fromthe
nozzl e 140 =¥kl QR 40 thedighhrowet seting PERSOmJ,and the foxy phgeastye

Gher par ATl fro A8z 46 Snb e K BalvallBph S 1853, 200

mllinmeters,®scanni ng nu Ses per site set scanni ng speed

of 20 miild i nstaeted BR0. Wtinerdpasamhetersatieat heames iineludd {Gealglequgeh of the
mllimeters., Ty t hese paraneters are entered.via a user interface

pically
(not shown) 1@9§t21‘3 atoePV anillimetges.ceranwingerumber o puises PeE Sife,sefgto

I nputs from4he { L S :
predet er m ne‘%@’s?(g%]% %ﬁ%%%%gr?dt ﬁﬁll{r%%%g%epégém cglrﬁicli%cg% I\f\’l;@skgrlb%f?tg szli%e t he
target | ocatofod szareantillimnetdras fypisally Cthdsi pasanwtersted ciitbréd vie educe

the | aser beam 130 af the high oyer .setti The novabl e nmount 120 t hen
nmoves t he nDlpggdinterftace (not sﬁowng at is couppegd to the controller 125.

15 After receiving inputs from the controller 125, the movable mount

120 positions a predetermined starting point on the molded
semiconductor wafer 115 at the target location 132, and the laser
source 105 is activated 325 to produce the laser beam 130 at the high
power setting. The movable mount 120 then moves the molded

20 semiconductor wafer 115 in a predetermined scanning pattern to have
the target location 132 scan the molded semiconductor wafer 115.

At the target location 132, the laser beam 135 ablates the mold
compound and the flow of oxygen across the target location 132 takes
the ablated material away from the ablated surface. With reference to

25 FIG. 4B, as described earlier, when the laser beam 135 ablates the mold
compound at the target location 132, the ablated material forms a
suspension 430 over the target location 132. However, as the laser
beam 135 is advantageously directed at the target location 132 at an
angle, the laser beam 135 is not significantly affected by the suspension

30 430 of ablated material. Consequently, the laser beam 135 can ablate

the mold compound 415 more effectively.



20 sem conductor wafer 115 in a predeterm ned scanning pattern to have the
target location 132 scan the nol ded sem conductor wafer 115. At the target

| ocation 132, the | aser beam 135 ablates the nold conpound and the flow of
oxygen across the target location 132 takes the ablated material away from
the ablated surface. Wth reference to 2b1FIG 4B, as described earlier,
when the | aser beam 135 ablates the nold conpound at the target |ocation

132, the abl at edfhit@rhbehl bDabRitad rmatatilocvurdIf e vayss firstigethd flowt i on
132. However, as the |laser _beam 135 is advantageously directed at the

target | ocatafopxygen sarsigs theyablatedemateripl iosvay,188diis sacked gai by dde | y

af fected by S i 04;43 f t ' he

| aser beam 1‘}?%%(‘:%# %’g%t%&@}%}d’h&% oﬁ%@urﬁgcﬁgﬁ%?}elee&g@f@ﬁgﬁdﬁl % The
renoval of ghtcdhirst bRt Rfdctbdogatesial *hhtdsV&lgs, cdrried laway sy theWlew eKkygen
carries the ablated material away, and is_sucked_ in Ry the _vacuumin|et.

Secondl y 5 t HxYgepgcHepesacthevpresertcinuantion, ast deseribed, aslvemiagepysly

react ed mat g t -.ed y t f n ce,
t he present etrawesnttﬁgn?'bz%&! egrg%?%fe%f %@ggmfgalg%oggfsygwé edss‘eflgfe%ggl E?Ae_%n
mat eri al awasffdotively.ne abl ated surface nore effectively. The ablation
process as described applies when the nplded sem conductor wafer 115 is
mount ed hor i zont B¢ yahlatioparesess @s gdescriked, Arplies whephitheomeldest i on

mteri o 11 orpicoERGE UBY 5 if HUGREA ORI AR Ui M S,
415. Fl Go Showever, tihethis|gitshtaeivropeldtiob ab thaf Rorcé B gravity} eadidatted tyi S

orientation, the gravitatignal force 432 assist in preventi ng ablated,_i5
material in e a5tRYeh3Rombigted materdal ffamgthe suspenienc2368: mae skl d

Compoun 415uedbh o b S ol byl 4l 101 e sem conductor vafer e
abl ated materi alFIGh SAesbowpeiti Arvldéd semivonductor wafer 115 inverted. In
this orientation, the gravitational force 432 assist in preventing ablated
15 material in the suspension 430 from returning to the surface of the
mold compound 415. Alternatively, in FIG. 5B the molded
semiconductor wafer 115 is held vertically, where the gravitational force
432 assist in preventing ablated material in the suspension 430 from
returning to the surface of the mold compound. In addition, with the
20 flow of reactive gas arranged to flow downward in the same direction as
the force of gravity 432, the removal of ablated material may be further
enhanced. It will be appreciated that when any of these alternative
orientations for the molded semiconductor wafer 115 is adopted, the
laser source 105, the optical system 110, and the movable mount 120
25 will necessarily be modified to operate as described.
Typically, the movable mount 120 moves the molded
semiconductor wafer 115 repeatedly along the X or Y axis, until a
determination 330 is made by the controller 125 that the laser beam
135 has completed scanning the molded semiconductor wafer 115 at
30 the high power. However, any scanning pattern can be adopted. FIG. 4C
shows the molded semiconductor wafer 115 after the high power laser

has been applied. This first scan primarily removes the filler 425,



returning to the surface of the nmold conmpound. In addition, with the 20
fl ow of reactive gas arranged to flow downward in the sane direction as
the force of gravity 432, the renoval of ablated material may be further
enhanced. It will be appreciated that when any of these alternative
orientations for the nolded sem conduct ol2wafer 115 is adopted, the |aser
source 105, the optical system 110, and the novable nount 120 25 w |
necessari |y lhewswsh, fthefe rémapes atlayas of pobymbe d38Tynithel top, stiifaced8sor
mount 120 noves the nol ded sem conductor wafer 115 repeatedly along the X
or Y axis, uePumpsi#lQrnination 330 is nade by the controller 125 that
the | aser beam h LAJ, eq er
115 a; 30 the hiATABoaTnARERnERE o B8RS0 el bitRlsS "BoAP AN cRbor e
FIG 4C shoile ldwerrisdadadl 38 randnthe nasveratat of the micvablé mtoting ingp sy
| aser has been applied. This_ first scan primarily renoves the filler 425,
12  however ,makler 0 vapridyhamically, whepossaringsthe jaserebeam 43S 868085 of
t he bunps 4 f ' ro h

s doRGE RIMAEETEE (8o WA el iR aRRer BB folf

power of the'1as € novenen nmovabl € nount ‘may be

5 nade to vaéxa:ﬂptantmuéser pbwer saaybe dntreadets andbtiienmoverdenessf e
nol ded surface of _the nolded sem conductor wafer 115. For = exanple, the

| aser power ¥Ryable maunbsleweshwhemethilasesheasn 13 scans decations o fowed
wh the | ' . Sem f
1 it onciolaeE el oe@iior 6BleroP I il SncBE IS St AIS Helowa! o
course, fohi srelative rteq nbmbuhﬁb lobatiopat (Gf soakrsdutinis will feypdiaettivatdtiand

nade available to the controller 125 for each sem conductor_ wafer, such
that the | oclatter obbumpsihip e captusgdianed made avalable to dbgRrantsellehf er

_ d . i . ' . |
125, "W 25 fF AP RerpibbHabicoP htfed Snc niy Gidobafops SOMARRRISE |

seni conduct o418afrethe g8spectivegainiconducior wafercbd moliited 2n tlymount

dynam cally control the
y y O are provided or determined by the controller 125. With this

15 information, and necessary indexing of the molded semiconductor wafer
on the movable mount, the controller 125 can dynamically control the
power of the laser beam 135 and movement of the movable mount 120.

Next, the laser power of the laser source 105 is set 335 to the low
power setting to produce a laser pulse energy of S0 mJ. Under the

20 control of the controller 125, the laser source 105 and the movable
mount 120 activated so that the laser beam 135 scans across the layer
of polymer 438. The laser beam 135 ablates the layer of polymer 438,
and the flow of oxygen removes the ablated material away from the
molded semiconductor wafer 115. Here, the angle 137 of the laser beam

25 reduces risk of damage to the semiconductor wafer without impeding
the efficiency of the laser beam 135. As before, the movable mount 120
moves the molded semiconductor wafer 115 repeatedly along the X or Y
axis, until a determination 345 is made by the controller 125 that the
laser beam 135 has completed scanning the molded semiconductor

30 wafer 115 at the low power. The process 300 then ends 350.

FIG. 4D shows the molded semiconductor wafer 115 after the
second scan of the laser beam 135. The bumps 415 extend beyond the



power of the |aser beam 135 and novenent of the novable nmount 120. Next,
the | aser power of the |aser source 105 is set 335 to the | ow power .
setting to produce a | aser pulse energy of 50 ml. Under the 20 control of
the controller 125, the | aser source 105 and the novabl e nount 120
activated so that the | aser beam 135 scad8 across the layer of polymer
438. The | aser beam 135 abl ates the | ayer of polynmer 438, and the flow of

oxygen renovggrfabe offthat abldicehpetindys] aad tHe upperdad-faces 4G5doL tiog
waf er 115. Here, the angle 137 of the |aser beam 25 reduces risk of danmage

to the seni conmps $10wecsleanansd cleannidiail fillerA2brand pabymer 429 | aser
e 20 P poo B prifEn bl o Y adindb itk BBLARH roguasaet ! o

waf er 115 repeat ong axl s, erni nation

made by the awldredbhiiourd déhaa iduldeHabermpednsd@iconduetod veifed s dveni ng
t he nol ded sem conductor 30 wafer 115 at the | ow power. The prqcess 300
then end$ 3stempved, withhshe bumpsm exdending dsagudhsr sWsfage ofsthe mapld he

d
st face of  ReTPRRREIE addity Whed Mo Hiied bufipbd Nertiiicedt wier
410 are cl eais aihgigulata] thke hodividuhl WLESP diuvepbunps ¥t atéerdadys €of

I nvention, as described, allows a_portion of a layer of. npld conpound on a
nol ded bunpeSuBseqRRHROBIINg Withoytyhe neqdofasiarthey elsanig-hunps

extendi ng from the: syr . "ngag@:lo - 1]

nol ded bunped se’?nﬁ%:so{r%d%%‘tbglfls&%#lg(? Hg%)és&g ng é'ag%ertt&g@?% |‘\:/I?é<;haﬁ} \e}@éégﬁ%ave
bunps the acempoathd fwhile sdibsetatignd fiowrdfl feactivd gastat kike asdr’kotargst t her
cleaning. Thjs is acconplished by scanning a | aser, twice on the |ayer of

mol d 10 conjesati@nanihe ligst sean With theolasst sebdethigh pewentomemougs;filles

t t | ' fi ' t, t i

(1 Per i o b Y Hofd (dilbgBAAN d ek KecdEbeaf oo forlodl BMBler, eIV
fl ow of reacfloweofeeaative gas cabriestther malterifl abtttedyby thellaser amway aradd

also reacts wth the abl at ed terial and carries the reacted materi a|
mso reacts wit% the ablated materia(i and carries the reacted matel?ial

15 away. Hence, the effective removal of a portion of the layer of mold
compound results in the bumps on the semiconductor wafer extending
beyond the surface of the ablated layer of mold compound, and the
exposed portions of the bumps being sufficiently clean to avoid the need
for further cleaning.

20 Thus, the present invention, as described provides a method and
apparatus for selective removal of material, which overcomes or at least
reduces the abovementioned problems of the prior art.

It will be appreciated that although only particular embodiments of
the invention has been described in detail, various modifications and

25 improvements can be made by a person skilled in the art without

departing from the scope of the present invention.



i 5 away. Hence, the effective renoval of a portion of the |ayer of nold
conpound results in the bunps on the sem conductor wafer extending beyond
the surface of the ablated | ayer of nold conpound, and the exposed
portions of the bunps being sufficiently clean to avoid the need for
further cleaning. 20 Thus, the present ib4ention, as described provides a
nmet hod and apparatus for selective renoval of material, which overcones or
at | east reduces the abovenentioned prpkinggs of the prior art. It will be
appreci ated that although only particular enbodinents of the invention has
been described in detail, various nodifications and 25 inprovenents can be
made by a peyson skilled Eﬂtﬁhe rtﬁmﬁthOJto.deparLin fromithe scope of
the present tnverft? SRPFUKI eqtively 15 AU RSB SEBPIEY 1 enovi ng

material conpri sifgnodntdoP setatirie aUshbstrats ¥hstdoi etlid 8udRbrateRaving
substrate having 5 an interconnect surface with interconnect bunp

S
ext endi n§ t fan éntesepnngnt! suifaccuwitly intercenvineet bumpeextinding tharefomt.or med
on the interconpect surface, ,wherein the bunps. ar ubst anti al,l y_cayer ed
by the | ay g R sRRarEREe HAVIRR b At B8 e BBy, BaCNE O
the layer ghtéfofrddtOuificéd "Whcr8RE ¢ burhpsitle babstdwtiall} Covet&s by f or
directing at | east one | aser beamat the target |ocation on the |ayer of

i nsul ati on ttihedlalyar of ansulatinn,stheomowst for positioning the subsératgiwith the

mat eri al at [ atiQn reikn.th I t one laser beamis
directed at %9_%1: égg?sg&ﬁkﬁgﬁ'%ﬂb? 5%%‘ §k?et@£§%ﬁ8§aﬁ§ el to the substrate;
and 15 gor eacti ves 18881Vl diYédteng ladeastone Axsébedm hbtheahegét loeationon
for renoving material ablated fromthe |ayer of insulating material by the

| aser beam on the laysaref irswlatiost épdablese it least a mortiore ofithet layer of
SUDSL At e | SneRafthiSRbALEH AP0 SaiiRI0ARRER! WhclSi HR0'GRead) Hnb icer
beam is directed at a predetermined angle to a reference normal to the

substrate; and
15 a reactive removal system located proximal to the target location
for removing material ablated from the layer of insulating material by

the laser beam.

2. An apparatus in accordance with claim 1 wherein the substrate is
20 orientated to lie substantially horizontal, and the substrate being
substantially perpendicular to the force of gravity, and with the layer of

insulation facing upwards relative to the force of gravity.

3. An apparatus in accordance with claim 1 wherein the substrate is
25 orientated to lie substantially horizontal, and the substrate being
substantially perpendicular to the force of gravity, and with the layer of

insulation facing downwards relative to the force of gravity.

4. An apparatus in accordance with claim 1 wherein the substrate is
30 orientated to lie substantially vertical, and the substrate being

substantially parallel to the force of gravity. =

-
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substantially perpendicular to the force of gravity, and with the |ayer of

i nsul ation facing upwards relative to the force of gravity. 3. An apparatus
in-accordance with claim1 wherein the substrate is 25 orientated to lie
substantially horizontal, and the substrate being substantially
perpendicular to the force of gravity, ab3 with the layer of insulation
facing downwards relative to the force of gravity. 4. An apparatus in

accordance .t h Aridpparatasaniaéberduite walte cléim 0 wiidreiti ahedmionrt &
substantially vertical, and the substrate bei n%h substantially parallel to
e

the force ofmgvableselative tp theilaser bpapse scan the|target location acrpssithe s 15

5. An appar gt us ig. a%ogidancetvm'.'éﬂ claim1 wherein the nount is novable
rel ative to PHE PLERYRENS F6<d8h the target | ocation across the |ayer of
insulating material. 5 6. An apparatus in accordance with claim1l wherein

the | aser beam is novable relative to the nount to scan_the target
| ocati onSacr®ss tA apparafusinjaccerdense with elaim 1 whexgin he lagersbeam

accordance wit | r.ei redet ' [.S..wW thinf the
Fange of 50 IpggBafle ket hd Moudlsb R kAR08 Bohadidsy] the
wherei n t he lagaf bf esulatifipvdlatepal.em conpri ses a reactive gas renoval
system i5 9. An apparatus in accordance with claim1l wherein the reactive

gas renoval system conprises at | east one nozzle for directing at |east

one reactive,gas the target Jocation, 1 An.app usy | darce
with claim S7Wner‘§[’n a{}}%axfae%a i Ve %éggr%ng%ng{}g s°§i/é em 1’ u?%kgé_étfeqéoqn%‘ﬁ ses
a vacuuniol nlgtedetérmitidd afigienisakither the rahgedf 366 BS0degreesct i ve gas. 11.
An apparatus for selectively renoving at |east a portion of a |layer of

i nsul ati on on a bunped sem conductor wafer, the apparatus 25 conprising:
8. An apparatus in accordance with claim 1 wherein the reactive

removal system comprises a reactive gas removal system.

15 9. An apparatus in accordance with claim 1 wherein the reactive
gas removal system comprises at least one nozzle for directing at least

one reactive gas at the target location.

10. An apparatus in accordance with claim 9 wherein the reactive gas
20 removal system further comprises a vacuum inlet for sucking in at least

the at least one reactive gas.

11. An apparatus for selectively removing at least a portion of a layer
of insulation on a bumped semiconductor wafer, the apparatus
25 comprising:

a movable mount for securing the bumped semiconductor wafer
thereon, the bumped semiconductor wafer having an interconnect
surface with bumps extending therefrom, and the bumped
semiconductor wafer having a layer of insulating material formed on the

30 interconnect surface, wherein the bumps are substantially covered by
the layer of insulating material, the movable mount for moving to scan

at least one target location on the layer of insulating material;

(T




a novabl e nount for securing the bunped sem conductor wafer thereon, the
bunped sem conductor wafer having an interconnect surface w th bunps
extending therefrom and the bunped sem conductor wafer having a |ayer of
insulating material fornmed on the 30 interconnect surface, wherein the
bunps are substantially covered by the layer of insulating material, the
novabl e-nmount for noving to scan at |east one target |ocation on the |ayer

of insulating matgdifdctabld lddeklibt1ditédtihfldtllcdablIdnd laddribedf at the at
directable | aser for directing at | east one | aser beamat the at |east one

target | ocatle@st ongdargstlogediompthe lasgr Jor jablating afoleast @ ppripe of figer of

I nsul ating I @l t r ' ' at
| east one | ggggf ggérr%]@lmsé‘%% Zé?teg?%t agag?té‘ el? g%tmbﬁgg‘%’ﬁg'f é%@’ngh%g er ence
normal to thhesavileastontdasenimam dsddirectel hit \ce predetcrinines!t angleotataed

proximal to the target location fqQr renoving material ablated fromthe
| ayer of 5 ndigierenecs nermeal to thy semieonductoswalskeandser beam 10 12. An

appar at us 11 acCoy Gafey it el IBELEA H BT RS 1A' BralRlltion

conprises a | aser source for gene one ser m

optical systfem fephovitigeimdtesial blated Gagh thieldyetesf heailatingmidterial dser
source, and for directing the_at |east one | aser beamat the at |east one
target |ocatthsnat leastonedasanbsam.us in accordance with claim 12 wherein
the | aser source conprises a Krypton-fluoride Exciner |laser. 14. An
apparatus in accordance with claim12 wherein the optical 20 system

conpri se® at12easAncsparatadliy asuordatdceiwithrclaimn i wdwdreirg theeliredtabkast
one | aser beam and at, | east one lens for focusjng the at |east qne |aser
beam 15. AnlaSgHLOMPESEH alassrosmerceniameenerating aflenst anenlaseeheame 25

removal  systgim GO BptREP sPslehd tht Kecdlfihe HPYRles¥ Yrfdlaser beam from the

laser source, and for directing the at least one laser beam at the at least
one target location.

15
13. An apparatus in accordance with claim 12 wherein the laser

source comprises a Krypton-fluoride Excimer laser.

14. An apparatus in accordance with claim 12 wherein the optical
20 system comprises at least one movably mounted mirror for directing the
at least one laser beam, and at least one lens for focusing the at least

one laser beam.

15. An apparatus in accordance with claim 11 wherein the reactive

25 removal system comprises a reactive gas removal system.

16. An apparatus in accordance with claim 15 wherein the reactive
gas removal system comprises at least one nozzle for directing at least
one reactive gas at the at least one target location.

30

17. An apparatus in accordance with claim 16 wherein the at least

RO

one reactive gas comprises oxygen.



16. An apparatus in accordance with claim 15 wherein the reactive gas
renoval system conprises at |east one nozzle for directing at | east one
reactive gas at the at |east one target location. 30 17. An apparatus in
accordance with claim 16 wherein the at | east one reactive gas conprises
oxygen. ~I1 LIIL I~1a1{ 111 Ccti! 111,17111S 17 18. An apparatus in
accordance with claim 16 wherein the reactive renoval systemfurther
conprises at |least one vacuuminlet for sucking in the at |east one
reactive gas,  and ablated material fromthe at |east _5 one target |ocation.
19. An appardus AR appayaddsda areordange,with glaine 16 vwherein ddner egaatine
angle is wthi e 5. e .

sel ectively Ilr:%ﬁ rr%‘z/éllﬁsg}[ Sgglq’l felgjst‘hégc%%lr@? %‘% %# Pe?ﬁté%ceér 3%?"‘@1@&?2?? %gﬁ(c)lﬁng
bunped sen denthis a@rieust ehe tdaetivet aeablatelgmeltbriat femn tlie ad)least
provi di ng a bunped sem conductor wafer with a bunped surface, the bunped
sem cond tcﬁnggﬂléet a layer of insulating material 15 on the bunped
surface, wherein the |ayer of insulation covers the bunps on the bunped
surface; b) positioning the bunped sem conductor wafer to have at |east one
target |ocatl@n oint ppanetisofin necdoridargerawith atlaim Uir echerginattHesast
one | aser beamset to a predetermned, high 20 power at the at |east one
target | ocatPrsdetepaingd,angle iswithin theyanggafo0 te 89 degrgedect ed at a
first predetermned angle relative to a reference nornmal; d) scanning the
at | east one | aser beam across the layer of insulating material to renove
a porti am of20.he Aayethed fonseleatively removing at least a portion of a layer of

insulation on a bumped semiconductor wafer, the method comprising
the steps of:

a) providing a bumped semiconductor wafer with a bumped surface,
the bumped semiconductor wafer having a layer of insulating material

15 on the bumped surface, wherein the layer of insulation covers the
bumps on the bumped surface;

b) positioning the bumped semiconductor wafer to have at least one
target location on the layer of insulating material;
c) directing at least one laser beam set to a predetermined high

20 power at the at least one target location, wherein the at least one laser
beam is directed at a first predetermined angle relative to a reference
normal;

d) scanning the at least one laser beam across the layer of
insulating material to remove a portion of the layer of insulation;

25 ¢ directing the at least one laser beam set to a predetermined low
power at the at least one target location, wherein the at least one laser
beam is directed at a second predetermined angle relative to a reference
normal;

f) scanning the at least one laser beam across the layer of

30 insulating material to remove a subsequent residual portion of the layer
of insulation on the bumps, thereby exposing at least a portion of the

bumps; and
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25 e) directing the at | east one | aser beam set to a predeterm ned | ow
power at the at |east one target |ocation, wherein the at | east one |aser
beamis directed at a second predeterm ned angle relative to a reference
normal ; fl scanning the at |east one | aser beam across the layer of 30
I nsul at| ng material to renove a subsequen18re5| dual portion of the |ayer
of insulation on the bunps, thereby exposing at |east a portion of the

bunps; and 1) 11 | ohtiitient With stédfs {d)lahd!(f), |diréctie a0llowOBE veative Wakh
steps (d) an directing a.flow of reactive gas over the target

d
| ocati on andoé’gf:k‘i targetojagation andcsnoking ataleast the megictivengasdang t he
| aser beam 5n§€enaﬁ:@ tﬁggﬁé&aggﬁnw th claim 20 wherein step (a)

conprises the step o secur?ng the bunped senm conductor wafer on a novabl e
mount with the |ayer of insulating nat erl al exposed. 22. A nethod in

accordance with claim 1 WhEI’EI n step corrprl ses 10 the step of
i nstructing tHe mévEMtBodgnAceasdanse Wi Rvwerele sief (@)ucaropriseser

to have the qg'gﬁ]! | ocat i o

the | ayer of %esﬁégt ?fr)lgscr:r{ét é-%e&ﬁlé ?ﬁ@‘EP. nﬁggcrg%ﬁggj%at ey 1ﬁ1 21
wher ei n st ep nfelint with ke daycrSoft insulaing ahatstalrisjpsetie at | east one | aser
beam across the | ayer of i nsul ating material to renove primarily filler in

the portion of the |ayer insulation. 24. A nethod in accordance with
claim?2l prigp to ) p t.he first
pr edet er m ned annge gg&& a?n:\ﬁeacco %%rr\%tgl Vﬁhergﬁé%tﬁlgﬁb)p?‘?%?n% Sstep

(e) conpi® seshetmpsoﬁpnstrwmmg e heovablenthquirtabepssitish amel Burdpedsd. A
met hod in accordancawithc |m2 prior to step (e) nprises the step of

co
setting the SEFBREANPUCERE sraietete e the fhdeaatnonmdaegets location on a

predetermined location on the layer of insulating material.

23. A method in accordance with claim 21 wherein step (d) comprises
15 the step of scanning the at least one laser beam across the layer of

insulating material to remove primarily filler in the portion of the layer

of insulation.

24. A method in accordance with claim 21 prior to step (c) comprises

20 the step of setting the first predetermined angle.

25. A method in accordance with claim 21 prior to step (e) comprises

the step of setting the second predetermined angle.

25 26. A method in accordance with claim 24 prior to step (e) comprises
the step of setting the second predetermined angle to the same angle as
the first predetermined angle.

27. A method in accordance with claim 24 prior to step (e) comprises

30 the step of setting the second predetermined angle to a different angle
as the first predetermined angle.
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the first predeterm ned angle. 27. A nethod in accordance with claim 24
prior to step (e) conprises 30 the step of setting the second
predeterm ned angle to a different angle as the first predeterm ned angle.
kittrrr//73rtttre s/, 11, S 19 28. A nethod in accordance with claim 21
wherein step (f) conprises the step of ¥Banning the at |east one |aser
beam across the layer of insulating naterial to renove primarily residual
pol yner on t2& buipsethddin ebsttl)ﬁd@m&i witlncldian2l wheeein stepoff) tomprisgss. 5
Creerererrrrerrr 1111111121111 |

the step of scanning the at least one laser beam across the layer of

insulating material to remove primarily residual polymer on the bumps,

thereby exposing at least a portion of the bumps.
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