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sem conductor wafers This invention relates to processing nultilayer
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nunber of layers of netals and insulators on,a surface which are used
to define active circuit hroesssingof mullilayes semisandugtpafere wafer. Wth
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deficiencies in the prior art. According to a first aspect of tr
i nvention, tkeéwhatiskmvavisde lastipronesdings inJthichearhintsraegnectng vierisinldpdzon

feature in, ?nagﬁlfa&%eﬁ%ﬂaféry i con wafer conprising: renoving portions
of surface |layers on the wafer using a first pulsed | aser beamwth a
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these processing problems, the cost is generally high because of technical obstacles
such as particularly low throughput, via geometry and material sensitivity. Briefly, the
via taper angle typically required is not perfectly straight and this is difficult to achieve
by etching but is possible with laser drilling. Also, where metals and insulators are

25  stacked, different etch processes are often required for each and these processes are

slow.

It is an object of the present invention at least to ameliorate the aforesaid

deficiencies in the prior art.

According to a first aspect of the invention, there is provided a method of
30  machining, or forming a feature in, a patterned silicon wafer comprising: removing
portions of surface layers on the wafer using a first pulsed laser beam with a pulse

width between 1ps and 1000ps; and removing portions of bulk silicon underlying the



surface |l ayers fromthe wafer using a second pul sed | aser beamwith a
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the wafer and the machined walls of the wafer of debris.

Advantageously the method comprises forming an interconnecting through via

or blind via in the wafer.
Alternatively, the method comprises dicing or singulating a wafer.

According to a second aspect of the invention there is provided an apparatus
arranged to machine, or form a feature in, a patterned silicon wafer comprising: a first
laser arranged to provide a first pulsed laser beam with a pulse width between 1ps and
1000ps arranged to remove portions of surface layers on the wafer; a second laser
arranged to provide a second pulsed laser beam with a wavelength between 200nm
and 1100nm arranged to remove portions of bulk silicon underlying the surface layers
from the wafer; and means for targeting the first and second laser beams at a same

location on the wafer.

Advantageously, the apparatus further comprises etching means arranged to

remove re-deposited silicon from the wafer by etching.

Advantageously the first pulsed laser beam has a wavelength between 1000nm
and 1100nm.

Advant ageousl y the



Advant ageously the second laser is a Qswitched |aser with a pul se
width in the range ins to 500ns. Al ternatively, the second pul sed
| aser beanWVOa90%4l1piskse Wi dt h bet ween | ps and 1000ps. S5ARNAER28GESI06] v,

the apparatus ConRIvhSfSot PR sbddd 1t BN QGwiBIRASadeP kit al [GNeNGidihah g
of the first and second | aser beans coaxially for targeting at a sane

| ocation on t#egeVias &300ns.  Conveniently, the etching means is
arranged to etch with xenon difluoridc. Conveniently, the etching
means is arrangedlicplaprdy the secopg pulstilelasas dcamatheha pmémv\tt@thﬁmvfoaellyﬁ and
t he etching g is arranged to provide a dry chem cal etch

Advant ageously, ‘the etching nmeans is arranged to provide a wet

cher cal teh { o sl GRlechl SHi! 3558l (IR HRLCLoRBRIPCHINSY Rhio o

t he waf er "of debri Advantageousl € dpparatus s arrange
to form an i ntigticg patas tof tige filst end) kecondi lager dama cdowtially forttivgetnnf &ra same
15Alternativ§%é. t he agg&ratus is arranged to dice or singulate a
waf er . o SRS AT t he apparatus further compri ses

synchroni sing means arragnged to sequence pul se enissjons fromthe
First and second PREGIDTIheEriipe megwIs ainerd in deftwith agp difode.
predet erm ned sequence to the wafer. Advant ageousl y, .t he
appar at us furt he%oEYﬁ’i‘tﬁ“Flbet e efchipl e 1% pEangRd M?@a? > 5t FISMmERG Sl

i mge through the | aser beampath to facilitate relative_ |ocatiqgn of
the waf edfand t hélteiatyelnile deipnpeInsdusrangstie provide pdsy chemigalstdy v

t he apparatus further conprises switching neans for sw tching, control
pul ses between t Rdvintsaspusly e ctehipg mpms dpwrmnged Quwpvide a wet chemical etch to

Conveni ent | y c1ch e Sieice B G WEANA hlﬁcﬁﬁémﬁg%f% @Aéi'ierlt&*ae%t. put

control pul ses 25between the first |aser and secon aser on receipt
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switching neans. ~ The invention w n escri
exanpl e, wi t Niararfbéindmeen the wdier. acconpanyi ng drawi ngs i n whi ch

15 Alternatively, the apparatus is arranged to dice or singulate a wafer.
Advantagcously, the apparatus further comprises synchronising means arranged

to sequence pulse emissions from the first and second lasers to deliver pulses from

each laser in a predetermined sequence to the wafer.

Advantageously, the apparatus further comprises a machine vision system
20  arranged to image through the laser beam path to facilitate relative location of the

wafer and the first and second laser beams.

Advantageously, the apparatus further comprises switching means for switching
control pulses between the first laser and the second laser.

Conveniently, the switching means is arranged to switch output control pulses

25  Dbetween the first laser and second laser on receipt of a trigger pulse in a train of

control pulses received by the switching means.

The invention will now be described, by way of example, with reference to the

accompanying drawings in which:

Figure 1 is a schematic diagram of an apparatus according to the invention,



Figure 1 is a schematic diagram of an apparatus according to the
I nvention; WD 2009/ 115484PCT/ EP2009/ 053061 Figures 2A and 2B are
f | owchar t sWéX2008ét1pd8dls accordi ng to enbodi nents of the |HREERZ0GYI53061

Figures 3 to 6 amgueRtiLfald IB GFOMGRMARs 8f mBthBlPARcMIdBY 8TenDIBHRER of the
| ayers drilled for a via with a picosecond pul se | aser; 5Figures 7 to

12" are scannil¢uEPct ron micrographs of plan, side and tilted views
of surface layers drilled with a picosecond pul se |aser for a via;

Figure 13 is a s&nisrigod asgoptival miceomsipha pha plan yiswkefourfaesrlayrys drted forf
surface | ayerg i%@ith'aggcoﬂcwdﬁgl?élﬁ?e?;econd pul se laser for a via;
ar g e

Fi gures 14 and scanni ectron m crographs of plan and
tilted vigws 10r t4 .vel,y. Vi er . ep.o : .
met hod of Sthe 1 n SR ontor Sssefnl BeBorEhitud iR A pBhc et ind M arons
Fi gures 16 andsirfacaiagcsdaitiad withelpémbecond pules lags &phsvia;n backscatter
node of a via after the second step of the nmethod of the invention;
Figure 18 is an @lged IDis Ssa@niing@ledired afdraghptoin backicattgn@fmbde &f Jueface
t he second 15step, of .the net hod gf th@ﬁi vent.i on; Figure 19 is
an el ectron sB4 rﬁ'@df‘ﬁl PdFosptons Rulse PRY YA ¥ node of the via
profile after a sgecond step of the nethod of the inventjon; . .

Fi gures 20 and 2184 @cﬁﬂnl%@reéFW%Qeﬁﬁoer%ﬁFms Sf PR B dHicd giows

process Qb t hepbANEHIraARsa SO WisEBna sp dethaRhdthod 2l ntiéR of Bis@ drilling
scanni ng el ectron m crograph of the etching process of the invention,

i n scatt ered alshiptreteshide Wiefera si de wal | ; and

Figures 16 and 17 are scanning electron micrographs in backscatter mode of a

via after the second step of the method of the invention;

Figure 18 is an electron scanning micrograph of a via profile after the second

15  step of the method of the invention;

Figure 19 is an clectron scanning micrograph in backscatter mode of the via

profile after a second step of the method of the invention;

Figures 20 and 21 are scanning electron micrographs of an ctching process of the

invention, showing a side wall;

20 Figure 22 is a scanning electron micrograph of the etching process of the

invention, in scattered light showing a side wall; and

Figure 23 is a scanning electron micrograph showing silicon droplets partially

removed and clean metal layers.
In the Figures, like reference numerals denote like parts.

25 Referring to Figure 1, in an apparatus according to the invention, first and
second lagers 4, 5 provide parallel laser beams. A laser beam from the first laser 5 is
incident on a folding mirror 14 to deflect the laser beam through 90 deg. in a direction
towards the laser beam from the first laser. Both laser beams are thereby incident
mutvally orthogonally on a beam splitter 13 which deflects the laser beam from the

30  second laser 4 through 90 deg. in a direction away from the laser beam from the first

laser 5 so that the two beam paths are alternately coaxially incident on a collimating

4



Figure 23 is a scanning electron m crograph showi ng silicon droplets
partially renmoved and clean netal |ayers. In the Figures, |ike
reference Wordpklisisdenote |ike parts. 25Referring to FiRUIER2009/055068N
appar St us ac lqlg{sfj'l lﬁﬂlchQO%Lf%@s {h@\/l@ééfr b&ns (Eﬂté %t\?ﬁadha‘%ﬁfgot f ?guﬂs?%@ MSarfd 55u5face
provide parallel |aser beans. | aser beamfromthe firs aser i's

i nci dent on da¥e®i Hing minor 14 to defl ect the | aser beamthrough 90
deg. in a direction towards the |aser beamfromthe first laser. Both
| aser beans are tTHbe ﬁt‘ﬁyaildl@ficd@f:htasmtll:mdngmldﬂdtH'}OWUV%/SIMI@Ubeﬂa&?n10.A
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t rgl n of 3 i l&]@l@ﬂw&‘ﬁk?ﬁﬁ)e&ﬁ&{‘ﬂaﬁer?gﬂﬁq@% an?heflp@gﬂg on&h?aﬁéﬁen 3 hI[e qu!lrll%t
and second | asers e switc is controlled by a trigger pulse
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wavel engt hs Pﬁ% skilleth inpihe 3k ViftalpCogmise, WAk PIIRESAIOR (0T, Oty Zjeans, of fbeam
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Al ternatively, one skil inthe art will recognise t
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oo,y be CopotiEIE e RkndRb fRtachAlefR Setn bRl DRAIL BALN bl
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of each beam e skilled i he art .real t hat fer .
oo e oni ma B S Sh s S ni ik St el et OE Deamimations
machi ne 20si eystayssioemivt thadassabainsaire BRamtaptihddent 20a symiredriocatort ﬁﬁthe
t he | aser bea are alter natlﬁl{aéqt?cgcl dent at a requjred |ocation

the wafer. | NfhelndharfAmpls | ndlgeyts 1 aﬁFIén@mawﬁeeewmeliﬂm wear
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14 to allow imgin he machi ning scene and the wafer before,

during and af¢eaga @h \xﬁqu@efore during and after machining,

Figure 1 shows a typical configuration. Pulse emission from each laser can be

25  synchronised to ensure that transitions from sequential exposure of surface layers to
subsequent bulk silicon are instantaneous and in a correct sequence. One such
embodiment utilises an electrical circuit as shown in Figure 1 by which the frain of
signal pulses 9 is provided to the first laser 5 in order to provide laser beam pulses 6

for drilling the layered structure 2. Once a sufficient number of pulses have been

30  delivered the circuit switches to deliver a train of signal pulses 10 to the second laser 4
using a larger switching or other trigger signal pulse 11 to switch a suitable electrical
switch 12. This second laser 4 then emits laser beam pulses 3 for drilling the bulk

silicon 1. One skilled in the art will recognise that there are many mechanism to



Figure 1 shows a typical configuration. Pulse em ssion from each

| aser can be 25 synchronised to ensure that transitions from
sequential“@%@@%Uﬁ@4of surface |l ayers to subsequent bul BCHERDPHR304E e
i nst ant aneousoafél pulederfif¥idRCliort 8B RR&ES anAids SMEH@ITROME MeiHed Ub ithd /RS
an electrical circuit as showmn in Figure 1 by which the train of

si gnal pul sesleseribgdprovided to the first laser 5 in order to provide
| aser beam pulses 6 for drilling the layered structure 2. Once a

suf fi ci ent nunbeligmapygly éhe m@vge%way o disalapedewidly raspect &4 eashijother. One
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using a larger switc or other trigger sig al to switc
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2009/ 115484PCT/ E 2009/ 061 rqgl e _em |ons f omt he
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Al ternativel ¥nbhe etoaslﬂﬁceb@ara& @ﬁ)‘colﬂ% 64 Sha6 8ekiod dffladee IABRE dr nRBkRIhg
other. One skilled in the art. will recogni se that in effect. this

process requiies oPKRGANS igdEredoPRTatiewsd it PIOFesE siBs WY b arplied fargepling
| aser usijpg Kmmrdaﬁﬁ&@,daﬁmfrfmml aﬁﬂcﬁblﬁgsﬁ%w@ffcﬁr pl acenent

menti oned previously. In a nmethod according to the invention,
probl ems whi ch ar %%ﬁ&%ﬂa@& s Qﬁ‘o&é&sé&W@Y@n&%é&@ryp{o%‘ﬁﬁﬁésth@ﬁfse&vﬁlﬁx&?qﬁe
by using a series of laser dri or machini'ng steps t form the

requi red opemstd. mwnmm%m@démrssmlpss nkrpviotet &ppritabdd fagers ds dbicnhgi in
10via interc r n rs.,
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whi ch are usa&ﬁ1KWGWhnnamm$ﬁEmn@(ﬁd&ﬁ@ﬁHﬁﬂ@hﬂﬂ&Sumbm&msﬁWanfnmmmand
(}smﬁtchgg | asers as gﬁscrlbe in EP 120%108 EP 1328 72 EP 1404%&6
EP 1825507 affuiiS ool FIe0REtsE o h A dREE SXorssiyely pap feotwmfsee?w

or dicing. HpweyM@lonel N sone cases |ayers of netals and 15 insul ators
on the wafer surface are danaged excessively using these nanosecond
pul se lasers al on@ccordingly aAa€PwathGhseay it BSiRiwdtnt1hicbsBidnd epsiafld ﬂ‘OOO ps
bet ween 1 pi cosecond (ps) and 1000 ps is used to renove or dri

t hr ough net alissusgéhip erevt or GHktheweh metals addnsyaters g p syrfage ohe wafer w1thout
i nduci ng col t, \ d

sccor ding ¢ o THEnS AR Samhc 3 hye? PEK i 3uhEIRYE. gffed AdcbidBf 1o the
Ref erri ng0t oirfvegfinmassing; sshdrt 2ise taker. ful | | aser process therefore

i nvol ves the foll ow ng: Step 1. Drilling 21 through a |ayered
medi um 2 conpri si Rgfeone orFigoee 11 adels, e fall dasef poeess fthaeineef mvolves thy
a first Iase% ﬁ with one or nore |laser pulses 6 with a 25 pul se-width
bet ween 1 ps & &’Eboo ps. Step 2: Drilling 22 through the bulk

Dot woon 200 i angiel doBrirR ] (e R R 2 Gom it o Oran G fhvers

1000 ns. Alt ehRadutiMed ¥f a WALK @isidglaaSf 1awért Nwath fonk G @ftire RRVWEFuISEESWitY a
is available to achieve a desired throughput, drilling 23 may be

per f or med® wi PRSEVARbPE3OpLIPSEd WOBPS-si il ar to the picosecond pul se

| aser used in surface |ayer renoval or
Step 2: Drilling 22 through the bulk silicon wafer 2 using a Q-switched pulsed

laser 4 with a wavelength between 200 nm and 1500 nm and pulses 3 which are
between 1ns and 1000 ns. Alternatively, where a laser with sufficient power density is
available to achieve a desired throughput, drilling 23 may be performed with a short
30  pulse laser similar to the picosecond pulse laser used in surface layer removal or

drilling,



drilling. WD 2009/115484PCT/ EP2009/ 053061 Step 3: Etching 24
the wall structure of the drilled or machined silicon to renove a
buil d up owWasipd/ts#s4debri s caused by the silicon dril | iPg/Er20eHs53061

Exanpl e: Result ofgidhe: Eichfn% zsme \9&11 Etfﬂ&‘:ni}é QUFERS drifith b AhchilEL Y%Bon to
active layers by picosecond pul se | aser beam 50ptical m croscope

i mages of suremeye 4 bylsrup afsilicprdebiis caused By tietsHicomdriliag prosess. al one are
shown in Figures 3 to 6. Active |layers that have been exposed are
sharp and | aylixampde:cResult| of dhesfirst gtepaidhie proceiss entiing througEMciinaltposrs by
shown i n Fi guriesecontguls@ lasenbemli ti on, particles and debris on the

surface ke IV PRk RS, GESRRE: RS Ahsk ™, FRERERS)e pIE
drilled intralonelatnshoahtie FigwessBatb Galictiveniepdrs wiat haveibasn efpo2dd am sharp and
ayers. | Fl quiBERH Mo b BRYSRaaN PSR M AR SR g ey 10 13 In
From t he crosgdisies,tpafiiehds aa@deﬂrig@namduﬁdce/ar@ﬂﬁn@m ained fromthe SEM
it is evident the picosecond | aser alone drills cleanly through the

structured | aYgaR of iRA¥t N stép FTAREPFIRERCIntANbINRE i Sy d}ﬂﬂn% Wen a
nanosecond pul se | aser is subsequently used to drill the siTicon

substrat qot he ackpwe nYRES vﬁ?%@ B4 GRAL S 48 dhﬁ@(iiﬁftrasxl&ldrﬁé)ﬁ'ﬁer manual
W t hout using the picosecond |aser pul ses, typically the i1nside of

the via incl @lgenensmath irgrof 88 es dl@@lmgn@ﬁénqﬂuQ@d@ébbnwomw@ul%;é@&er tho
drill the aCttheVa‘%ubé‘I»é%é 1Qﬁe$?41%'19'sﬁ0\9"sﬁﬁfﬂﬁ %‘oﬁtggregﬁlﬁ vigs! Ng an

et chant which reacts I con but not p05|ted

S|I|connaybee ) t f o
waf er's surface ?zgd?]r?re e%%g%%tc%%%ﬂélrln@g%es?@gd u%%g seﬁ%éd ?@ﬁ%%%%a“’%&t s
for etching icmdent tivapicsscodndtlher vloas drilRededrly tbﬂ’m@httlm stdlcmtr@k:iayrfrs tléwing

process: .etching. ferri to Fi ure
aherod 451 1 EatCineg g wrtbriet B Ron fupsdibiara otlee 1’ b alihll dSedioe
subj ect ed t o daillsidilicoXebbstRicahe it Biyers %@tﬁﬁ&ﬁdda{ed with recast silicon.

Without using the picosecond laser pulses, typically the inside of the via
includes metal particles. Using the picosccond pulsc laser to drill the active layers, no
metal is present in the vias. Using an etchant which reacts with silicon but not metal,

20  re-deposited silicon may be etched without masking since the majority of the wafer's
surface is metal and polyimide forming a self-aligned mask for etching inner walls of

the vias.
Result of a third step of the process: etching.

Referring to Figures 20 to 23, to remove adhered silicon debris around the
25 multilayer stack, the samples are subjected to a short XeF; etch cycle, successful

results of which can be seen in the Figures.

The invention is not limited to the use of XeF, as the etchant. Other etchants
such as “noble halogens” or “inter-halides” in either liquid or gas form may
alternatively be used. Wet chemical etch using KOH, tetramethylammonium

30  hydroxide (TmaH) or other chemicals known to one skilled in the art may alternatively
be used selectively to remove silicon. Finally, plasma etching and reactive ion etching

may alternatively be used to perform the final step.



results of which can be seen in the Figures. The invention is not
limted to the use of XeF2 as the etchant. O her etchants such as
"nobl e hal B§=29897118484" i nt er - hal i des™ in either |iquid orPCREP2DEYIIINGRY
alternatively be pgefing \WtigeRem GAdnotef Bmb&diMenttPrhe invention, a similar result
t et ranmet hyl ammonj um 30 hydroxi de (TrmaH) or other chem cals known to
one skilled iman heaghieveddy wreraipgaig ey obpicosseendseylecc lapsyedng ugk silicon
remove silic L al S | : i I i

ol ter nati vel B e s BAPTE SHEW 19 AR HRRFH Yl WtthEl GR) RO,
2009/ 115484 PGT/{ER200 81a0KBAGAS5 coarselyRey drertutigsiticorFagmirae p2iBof il anlositieon
enbodi ment. of _the.inventi a.simlar result be hi eved b

Fever si ng >t hd"Tiie BPeGsr dQUeRiRdNs aressy e el R B RIos IFE e Sxposed
nanosecond pub e gicsedond TReeCiih ©¥eant PRfifadiRh @fat Bathihing RBoS tHeRBdtaNSRrs
| ayers on the surfacg are machined 25 coarsely by the bulk silicon,

| aser as par tiS Berfarmed guyides the i pposiureeit Micineigl anddpsdator Ievars i th gravids
process the neliglilaABdal REULRL Bhish AY 8F ShALCXRIS 8k hidtdl RRuRkGFOSRGOREL
| aser with a beamprofile such that machining 26 of the netal l|ayers
i s perforned mashined&rstt he via aperture at the metal and insul ator

| ayers and to provide a simlar clean cut and finish as in the case
where the netal insulator |ayers are machined first. CLAIMS 1.A

nmet hod of machining, or formng a feature in, a patterned silicon
waf er conpri si ng: a. renoving portions of surface |ayers
on the wafer using a first pulsed 5laser beamw th a pulse wdth

bet ween | ps and 1000ps; and b. renoving portions of bulk silicon
underlying the surface layers fromthe wafer using a second pul sed

| aser beamwi th a wavel engt h between 200nm and 1100nm 2. A net hod as
claimed in claim1 conprising renoving re-deposited silicon 10from
the wafer by etching. 3. A nethod as clainmed in clains 1 or 2, wherein
the first pul sed | aser beam has wavel ength between 1000nm and 1100nm
4. A nethod as clainmed in any of the preceding clains, wherein the
second



pul sed | aser beamis produced by a Qswitched |aser with a pul se
width in 15the range Ins to 500ns 5. A nethod as clained in any of
clainms Ito )ﬁlh\qgel n the second pul sed | aser beam has a pul se w dth
bet ween | ps an OOps. 6. A nethod as claimed in any of clains 2 to
5, conprising etching with xenon difluoride. 207. A method as cl ai ned
in any of claims 2 taombthodofipratisining, ar forrhinghacieatesd ined pdttengd silicoatvwader
as clainmed in any of clainms 2 to 5, conprising a dry chem cal etch.
9. A nethod as cl ai ﬁ%‘HPT‘ﬂ“%Eny of clains 2 to 8 where the etch process

is used 25to clear gt gga;aﬁ ﬁ%oraﬁf&eﬁiﬁ%ﬁmewﬂ%f@a e ifa

rrachinedwallsoft'e A method as clainmed in any
of the psecedi ng cl ai rfaserbeamwulmlar;gatsmeIIdtMIgstunen Fpsend dRBGgs; ﬂlmig

through vi bl i t he, waf |
of claime 110 o, cofpiFerkpeatiita L PilkaLicnRMar IAcE Beaarar 1oz el

2?{)?23;“5 arranged to {iRGAFNBsinga sEANDpRIsk® st Wealwith a RAvERh S8 Gbetween
200nm and 1100nm.
2, A method as claimed in claim 1 comprising removing re-deposited silicon
10 from the wafer by etching.
3. A method as claimed in claims 1 or 2, wherein the first pulsed laser beam
has wavelength between 1000nm and [100nm.
4, A method as claimed in any of the preceding claims, wherein the second
pulsed laser beam is produced by a Q-switched laser with a pulse width in

15 the range 1ns to 500ns

5. A method as claimed in any of claims 1 to 3, wherein the second pulsed
laser beam has a puise width between 1ps and 1000ps.
6. A method as claimed in any of claims 2 to 5, comprising etching with
xenon difluoride.
20 7. A method as claimed in any of claims 2 to 5, comprising a wet chemical
etch.
8. A method as claimed in any of claims 2 to 5, comprising a dry chemical
etch.
9. A method as claimed in any of claims 2 to 8 where the etch process is used
25 to clear at least one of the surface of the wafer and the machined walls of
the wafer of dfebris.
10. A method as claimed in any of the preceding claims, comprising forming
an interconnecting through via or blind via in the wafer.
11. A method as claimed in any of claims 1 to 9, comprising dicing or
30 singulating a wafer.

12.  An apparatus arranged to machine, or form a feature in, a patterned silicon

wafer comprising:



waf er conprising: a. a first laser arranged to provide a first
pul sed | aser beamwith a pulse width between | ps and 1000ps arranged

to remove portions Oﬁﬁ%éér%"éﬁtgrpgoﬁae 5 ll’l?st?gfs&! laser beambwitiRa pegONd

| aser arrangedtB'pEf a se ul sed | aser beamwith a

Swavel engt h bet weenydg0benseet | JskHarv0aps angeget tooemenepertipns of wngcof
bul k silicon underlying the surface |layers fromthe wafer; and c.
means for targeti nglal’?féof‘ithes‘{*’afﬁﬁd second | aser beans at a sane

| ocation on the ﬁgfae&con:lélasé%%n%f?%ﬂ BprGvidSa ScBhdBdlstd)laSdrden Wath 2

conprising etchi neans arranged to 10renove re-deposited silicon
from tshe wafer by ewsvelergth dedwedr2(dppearat U§0am aclanperble FEROYS BATHBNSL 2

or 13, wherein the fjrst .pul sed |l .aser, beam has a wavel enci h t ween
1000nm and 1100nm of! .U"ﬁﬁﬂa%‘p‘énd&f‘&@gé‘ée g erisrfmé?‘.@‘eg‘?’a%c‘{?&‘?m 12 to

14, wherein the ge |56 ectifi hePrsttiniGRashdl 13 beathd &t adapuliseativg dt h
I n the range Ins%’t gﬂg%gnfgx.s lgfll6gAr? arppgr atus as clained in any of "’

clainms 12 to6 14, wharsewdfére second pul sed | aser beam has a pul se
wi dth between | ps and 1000ps. 17.An .a rat us_.as_.cl.ai '

ol ai s 12 T8316 BOPRERGSATRH i HEGRCCTBR s e e A a L
first,and second | re%%?gﬁteﬁgﬁ?&bﬁlfﬂom fefwdfangaiiiigg at a sane

| ocation on the wafer. An apparatus as clained in _any of clains
13 to 17, whér ei Antdppartohiscipimedmsclaimsalraiidewhersinghe frshptised Bsein

G e, Lo R R S TN O " 5 L2
g?éhﬁﬂgappaﬁé‘.t US ABSafphfiiied cldiméiih Ay oFlchiniB 12 % 14} vilkreinkier setond he
laser is 2 Q-switched laser with a pulse width in the range 1ns to 500ns.
15 16. An apparatus as claimed in any of claims 12 to 14, wherein the second
pulsed laser beam has a pulse width between 1ps and 1000ps.

17. An apparatus as claimed in any of claims 12 to 16 comprising aligning
means for aligning paths of the first and second laser beams coaxially for
targeting at a same location on the wafer.

20 18.  An apparatus as claimed in any of claims 13 to 17, wherein the etching
means is arranged to etch with xenon difluoride.

19.  An apparatus as claimed in any of claims 13 to0 17, wherein the etching
means is arranged to provide a wet chemical etch,

20.  An apparatus as claimed in any of claims 13 to 17, wherein the etching

25 means is arranged to provide a dry chemical etch.

21.  An apparatus as ¢laimed in any of claims 13 to 20, wherein the etching
means is arranged to provide a wet chemical etch to clear the surface of the
wafer and machined walls of the wafer of debris.

22.  An apparatus as claimed in any of claims 12 to 21, arranged to form an

30 - interconnecting through via or blind via in the wafer.

23.  An apparatus as claimed in any of claims 12 to 21, arranged to dice or

singulate a wafer.
4. An apparatus as claimed in any of claims 12 to 23, COMPrising

synchronising means arranged to sequence pulse emissions from the first

10



25means is arranged to provide a dry chemical etch. 21. An apparatus
as claimed in any of clains 13 to 20, wherein the etching neans is

d id 1 cal h he. f f th
vt o1 and machi ned i Eoa R e Bh et Ga FRh 38 R bieiiE el o,

clainmed in any of clabi€ncé?o the waker. arranged to form an
30i nt er connecti:&g through via or blind via in the wafer. 23. An
apparatus as cl medAn APRHtuses Wpimedsn apy pbelgims 12rtp 24 gemprisindiageachine

23, conpr i o1 ng. synchi S8t SYRG AEAER Pl BhERdn L AR B BBt Tactele”

eni ssi onssfrom the frekatite laatorsefbn dafsrand thelfsthRldisk@indRides Beark. each
| aser in a predetern ned sequence to the wafer. 25. An apparatus as

claimed in any 48 cl4h aRpaIatug & cdamed ipansolitdeimsiadaRasompysiog switehing
arranged to i mage t i Jtat | .aLlve
| ocation of the waf gﬁ&g&ggor{{ggtch &%?tb ngﬁ sl%gtggla\‘ ¢ %{Slﬁefﬁr ’!e’%%%.%“gg’.% Sg{:l&”d
apparatus as cl ai nedasen any of clainms 12 to 25 conprising swtching

nmeans for sw tching control pulses between_the first |aser and the
second |aser. 277. AN sRsEAUAT Bclaimed s iate 20 prherea the 2witahiag &gans e

Swi tchi ngg means is 10,204 Anasdy Bgtpﬁy\wn%l ﬁl!ﬂg&q}eivg tt{n@hrs? Ws8€hd second
between the first | aser and second’l aser oh receipt of a trigger
pul se in a train of laenbn ciceipubfeaigpecilsein duyait hBcaiol phisexgecatagisby the

switching means.
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