Processing of nmultilayer sem conductor wafers This
invention relates to processing nmultilayer

waeesmwaoiaguct or wafers. A sem conductor waf er tp@EI/ERI009053061
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i ncl udes a nunber of layers of netals and insulators
on a surface Whoedssingof vudtilayer skrhicorduater wafess rcuitry
of devices produced fromthe wafer. Wth devel opi ng
waf er Thie aiveotiogiclatthopeodeayeg sufirlege sempooddatorsvafers.
processes subsequent to their formation that are
necesgageymt@ld@b@atv@fm@p&@lly\dﬁcld&w g aminfbied msftlm@rmffenetals and
The problens are caused mainly new materials use
Hlstl]ﬁ@“s ap ﬁag@éfaPeaV@F@ Apyse to mre SFHIT CITGHLrg ﬁﬁIdP%lPeS produced
S FEEE BlrGr SR g T SR SectIOATCoRPIeGES Bnt problems in
ppmbéssnsaﬁubsecpneat toathar fatinatiog thaparecikectssadi tbiocoewdd the active devices
|ﬁon¥ F5|ng an abrasive saw to cut the wafer into
MAPYWAfTdi e, and an interconnect formation process
whi ch tradltlonally has used wi red bonded from one
r egi orf be Hreblepaxpreicgused mpainly\fiymewonag ials ussdinrihe syrfacp layers and
CONP&lit-HRn PR ﬁﬁ'ﬁfért t{u]%em%sri%r %Wgr &?%tst thqﬁc%rj éx/afers and smaller
i nterconnecting vias %etmeen opposed ¢es o
adelites. fmwﬁmtmommsemmcmmrb hprabitnimtfcl chee 0Wafehed101ng, which
resul.ti device or on . to.another device. This . . .
¢ Eadiien an@V?SéPf%an PRBEGHMAP LUt PEcrs) igigyindijflug dic, and an
Sin'ﬂérb@}fne@ta%rm%étf‘ﬂro\ébsﬁswﬁilch %dﬁioﬁgltl}'; h§@is ROREEE boMddNfrom one
an internal layer of the wafer. These processes are
uskgthbnate Joaext teforwhatwiicshond omercagnéod.i A doawrting approach to the wire
pj ocessi n in which.an in connectl via is dri d
oFOERP oL et ey & v R R oo i o form
C iiferBE NG L1d &nths Qindbis IR, ofathe k@aking! dbvidetordé td hmt@hdrQevice. This
t hese processing problens, the cost is generally high

btsehipdegiofs teavemi timugcblbglﬂaéq:@@bgzz hirag spadar ww,abhwi vias allow
| &%’ct% h£l %gﬂagy %v,’lth 1ntgr%% érFly oftatﬂg Wnd?% eﬁ"h@sle Cﬁg %%e%la}% ﬁf}/etd as part

a er an
pef \fsz&tlé ¥n@ii & ‘gl’llzt laat’l’(i)rbd%lsﬁng Sn d\thfiéh aﬁi.hhlter(tdima@thigewﬁlshyﬂled on
etching but is possible with laser drilling. Al so,

whepwlagipred veafgisd i nsul ators are st acked, different
etch g@gcesses are often required for each and t hese
pr oceS&éls lawensitgntcchriqies ean pbyideta wiutidne aplcagentvia drilling to

ﬁl\éggqbllo%gss%t ér%gf&nsf the2l8 J[ soée%teﬁallyl']l%gﬁfbggaugg 09 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
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
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



deficiencies in the prior art. According to a first
aspect of the invention, there is provided a nethod of
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lsgllr.fa(ég @% em\?\gl;ég&ét%f _ﬂgihg rae%E:aXﬂd’] gulg?({ Hg@fqﬁeaﬂ{ with & %Qfelength

ayers using-a rst pulsed | aser beam

whdttveen Pidnseand HitOninet ween | ps and | OOQps; and

renmovi ng portions of bulk silicon underlying

t hesuChe@idnay eths nidtiesd fub@eMeSmerises bdigovan® RC@ipdsitdd sikebn from

| aser beamwith a wavel ength between 200nm and 11 OOnm
\)’\é"\f‘?réﬁ’tfft?}f}mg-he nmet hod further conprises renoving

re-deposited silicon fromthe wafer by etching.

Advantdgatagspysly.t the ffrstr pulsqslulaserdbdags bas yewsterngils between 1000nm

way h gltnh bet ween | OOOnm and || COnm Advant ageously,

t HE' second pul sed | aser beamis produced by a

i tched | i t h | idth in.th ! .
o SOORE AR fcrgond RUSEbESHUDHT doa tUgar dheh-switched
NRSerdipth ?ﬁsé/\&w?dtﬂ irbﬁl%\ﬁgfgga 1hB%o 80tshs! OOOpPS.

Conveniently, the net conprises etching with xenon

di f| uﬂftiiﬂgtiv ,ﬂ%ﬁ@&%ﬂa' ) lse{l %eﬁéa@?ﬂai%ﬁ%g $6dthd A len Ips and

chem cal etch. ternatively, the net conprises a
dit@00pkem cal etch. Advant ageously, the etch process is
used to clear at |east one of the surface of the wafer

and t @enveathtinetle wakod @inprides sefieg with xdedd digluoride.
Advant ageously the nethod conprises form ng an

| Nt er COMAARhHNRGhE RctdAoMipRis@f a Wi dHdmidaRelch. t he wafer.
Alternatively, the nmethod conprises dicing or

Si NQUhALLRGyay WAl ﬁ{ethoé%&@ﬁ%e(}gld&g BeriRarAth aspect  of

the invention there is prov n appar at us arranged

TS B DR,y 0 LSS B s o

f thestaf@guindebk masdhcdowalin ofithbrwafepof §ebrisi dt h bet ween | ps
and | OOOps arranged to renove portions of surface

| ayer AdeantddeBud iRy mefhod @eailistAfRmim AidE&dodRcting through via
provi de a second pul sed | aser beamw th a wavel ength

beit blgndrvip gohmwarer.

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.



and 11 OOnm arranged to renove portions of bulk silicon
underlying the surface |ayers fromthe wafer; and

wore@ndi1¥f4es targeting the first and second | asePChEP2UBY/053061
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at a ﬁﬂ%t%%‘}?ﬁgr AR QBodd'Bsdpal t@&s&ﬁ&%ﬁtlés%?m' ay%uel%é\t%gdth in the

appar at us er conprises e I'ng nmeans arran
r ey ény ©-DOposi ted silicon fromthe wafer by etching.
Advant ageously the first pulsed | aser beam has a

wavel ghgibtitay,waeRedodPuisednet bédon md\d pant ademusdnyeen 1ps and
the second laser is a Qswtched |aser wwth a pul se
wWiRORsin the range Ins to 500ns. Alternatively, the

second pul sed | aser beam has a pul se wi dth between | ps

and | Obosagepdshanthyeposiaps compagsacanpysisenpigngigs means for
c L1 Si ali,gnin ans._f.ar al.ignin hs of the

¢ I R B B B A5 m ool P (R P e g et @ same
alocaticiedretht ®edéri on on the wafer. Conveniently, the

etching neans is arranged to etch with xenon

di f I uephR&icnPPNUE BicBIMe! Noant RearRhe bl RG(EERNAR xbfon difluoride.
arranged to provide a wet chem cal etch.

A i R A

et chi ns. i r{an ' eq.ca

cL o AR e SELIARL R BABLER PR RS Al con
of , debri s. . Advant ageous

[ f th f | th ‘
appar At ESousTy. he dghing negRi A R A EP SRR g Chemical etch to

t Beguab sitRe OF tHel w4Ter Midamhdhidddav B ioBkhe WhfbesMN@btivel v,
the apparatus is arranged to dice or singulate a

waf er Ad%‘(@é%%éﬁné%é 'aépartaﬂﬁ ig BRAFAUUS foHh e QMEHfSthrough

synchroni sin ans ranged to Sequence pul se

eviass bbnd viarinthet Wefef.i r st and second | asers to deliver
pul ses fromeach |laser in a predeterm ned sequence to
t he waftemativdy,ahd agreissd iy arrhigedap dakakr ymghlate Hreafer.
conprises a machine vision system arranged to i nage

t hr oughvini@cbaggrthdapparaat furtier E&ﬁbiié&%@ﬁcﬁr@ﬁi@h% \fcans arranged
| ocation of the wafer and the first and second [aser
btoaspguence pulse emissions from the first and second lasers to deliver pulses from

cach laser in a predetermined sequence to the wafer.

Advantageously, the apparatus further comprises a machine vision system
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
between 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;



Advant ageously, the apparatus further conprises
swi tching neans for swi tching control pul ses between
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the S%f:ghfeg 2')921@@1@%@ ﬁo@kﬁa@?%@qnét o B LG %utrol%lﬁli gdlments of the

contr pul ses between t iTst laser andsecon
| msentiomn recei pt of a trigger pulse in a train of
control pul ses received by the switching nmeans. The
I nvenFigafes\3itblo r@wvptal ﬂﬁ@@gﬂapﬁdof O aivaiewod s@ﬁ@é@la?ers drilled for
with reference to the acconpanying drawi ngs in which:
F@g@ﬂ@ﬂlap§0ﬁ”§@%3%%ﬁk@ﬂdlagran1of an appar at us
according to the invention; Figures 2A and 2B are
f | owcRigrtes 70b 1Redrpy @@@nmqmﬁﬁongmtcmgemb@ @if phant sidofnd hied views
r 0.6 ar n1crographs of a
P e Bfrf 3ad 4 el Bt T
pi cosecond ulse | aser ; re scan
el ect F'gH™nl Tt @F%?ﬁﬁglgoﬁfle%‘io rfmcgqgaaepthawd R gt Bodd gf surfuce
Slé&&@“dﬁllle@/ﬁﬂh% Hledsbb s puidehadr RirGoggcond pul se | aser
fof a via; Flgure 13 is a scanning el ectron nicrograph
in ba tiye r
" pi oAl e TRELaRhipE CcRER KRNI PR ilfd views
aresptiaclgiong m eﬁnetrracsnccmdcst@gm%tbh medfodpjfa]me amentianl ctfédser drilling
vie respectively of a via after a second step of the
fgaigot theVitiGent i on of laser drilling a substrate
of the waf er ures 16 and 17 are scannlng el ectron
ni cr oljigHysRs 6 |deg7ckr§09&ﬁ%?g RisgioyMigrogiaghsy iy backpgqger mode of a

SEGARd: E%Qco‘ﬁti s{e@%f%rﬁgﬂoggf{h%qp‘heﬂﬁgﬁt ion;, Figure 18

IS an e ectron anni ng mcrogra a via proflle

aft er t ! SOQIQ e eEt? gcan%n g rmc%o 99 hoof }1 rQf‘iéa ro\f?eméfter the second
FlguregE s an e "t ORTSE ng mcr bh i

baelksmtetn@dthdmcfah@fnvbﬂnemw a pr ofl l e after a second
step of the nethod of the invention; Figures 20 and 2

1 ar eppgan AP aglcReHbR %cﬁﬂrﬁié’ﬁﬁ@ﬁ?ﬁpﬁﬂn afacricetidrNBlode of the via
process of the invention, showing a side wall; Figure

2projfide aftos @ apeindgtap] & ¢ha watheil of tgriaphtion; t he et chi ng
process of the
Figures 20 and 21 are scanning electron micrographs of an etching process of the

invention, showing a side wall;

Figure 22 is a scanning eclectron 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.

Referring to Figure 1, in an apparatus according to the invention, first and
second lasers 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
mutually orthogonally on a beam splitter 13 which deflects the laser beam from the
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



invention, in scattered Iight showng a side wall; and
Figure 23 is a scanning electron m crograph show ng

w@edovaoiasdr opl ets partially renoved and cl ean PEL/AP2009/053061
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: I%ﬁ? FSwhikh fggﬁ?f HQULES ibghl.llglg Snfcth %Ja%}clﬁvw rs@tls%raf%ef] Q& surface

e parts. Referring ure 1, in an~apparatu
akbgas@.ng to the invention, flrst and second Iasers 4,
5 provide parallel |aser beans. A |laser beamfromthe
first TRsgfst and Sedoh€ ilgbentar®BomrdlRUByn@spactiv@kighdl gulses 9, 10. A
deflect the | aser beam through 90 deg. in a direction

82 tihpravidedr topitahs 3 érmnt ﬁfeSIgmlsmulfreésf&m Bgpice, not shown,

I [ rt.ho
oﬁéﬁ%ﬁﬁﬁl&“@%ﬁ%ﬁf%@ i 2t Q2 RN PBRRE fuksc 11 in
f thonmairhef paeoRdittiagidry the S‘hrtdu ghtoglﬁe tiegy lasens ar thie sedinid daser 4.
away fromthe |laser beamfromthe first laser 5 so

that The ﬂlmppaams Raubsl & ferfrined Pascebsyort @a¥madonytuctor wafer by
i nci dent on collimatinglens 7 ich focuses the

|é@@ﬁrlaéé¢@e@th\teolaaermbﬁaéw iead ispge docatips tanathe wafgnd, 2. It will be
S e?sct(]??d %Xﬁ fhSreZare ygl[%nfblef 3fa glﬁﬂ?acﬁgfﬁlgfjms9%§ 61§e(9{0 ach%eVﬁ this. In

con y respective si
1thei apppoeol iiltkesthated iaVilifwh 13 bothalaserofbesngned prophgeesi éoltimarly as
a. sourc ot, shown, bhetween the first and secqnd

| %’élé‘ir%te(? ffh@“m peam path combypgtion unetia 59% splitteygler Vhlare he laser

%ea'rrﬁ fRe d'iiff&bﬁ} \QJV@ {gﬁﬁ%hé%aqﬁ g&?ﬁte@l’naﬁr% Msﬁa&@m]@ al Brst laser

first |aser he second 1 aser Thus
abq:mat adouslass SJsmbI rdﬂﬂc‘pﬁr fooa we@nprlasce $sano ircan laser 4 Alternatively,
ective

DOl 58 oo ifwt G FEeB® CHE MRPERTEn 9 OffcfFpqnspgf beam
URSBHiRARRAOMEN BE WAL Bhidr 8y red 'éﬁ'itéﬁﬂ debigARP ro@ﬁ@aﬂ' Parabt¥&drs in cach

may be used to achieve this. In the approach
i b¢ausmtéit éﬂie ibgargp gl@nyebel delpwsrddd thaugh ¢ stalaxsd lgnge 7 which may be a

pa?rﬁg enﬁa elmlglng Vﬁs I l l li'rf)e%i bt%%rglgilaﬁf%eltler\%me :}gm%s %mach beam.
| 9se @klh@@ﬁfﬁtﬂéaditewdl fefaBieﬁ‘ﬂhht wanee bedigédisg by eemfiieved through use
splitter may be transparent to a first |laser beamfrom

| ak EIPO‘EH ARd Wl establishes mgchine ity syshdey apd ayplerr @npeam motion

1/1¥a ﬁl rl‘:ige;r “f)%llﬁ‘ls a&nﬁtemtél% quc%lhér}rlé gﬂg rgefiﬁige‘g'élr%nl:ation on the

r ognlse t arisation or
coater.niatthe lexzn“ayle bitustiaed. in Thguxe requmaciesc eaicaf cdmated s s collinear
.beam

paraneters i a pat The beans, may . . .
&ﬂtg éF? 3%% drliths dé g asf%ﬁa% PHTPRAA aﬁw dRagigg o aheachining
C %9 Wilthle §NFerdeddg rkﬁﬁim %n@ raﬁé’r' ﬁ@clﬁ‘mﬁg qui red beam

di ameter at a focus beam

Figure 1 shows a typical configuration. Pulse emission from each laser can be
synchronised to ensure that transitions from sequential exposure of surface layers to
subsequent bulk silicon are instantancous and in a correct sequence. One such
embodiment utilises an electrical circuit as shown in Figure 1 by which the train 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
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



One skilled in the art will realise that wafer
positi oning nmay be achi eved through use of known and
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b ' h t L
aF(ﬁH%oﬂgEﬂesP %nﬁys‘?‘(;r%nﬁorﬁochg 12krs eﬂ% {hgssﬁgglg[??fgﬁ %ﬁq%rﬂléed to the one

ter y incident at a require
wadseribed.n the exanple illustrated in Figure 1 a
machi ne vision canmera 15 is collinear with the beam
spl i t ARErndBvely thedlab@ |bAhig nilly! BeOdispldccdoviah k@pedt i@ GhdhOother. One
of the machining scene and the wafer before, durin

ardlled fre thenpid YR regogtseythag i cffisehnthis Pragpssciequires a known laser

. . . | Y ecian fr e
CORLHR P, AT, Sk LM ARS ol B366r 680 sion and
seqfce ptacahcrenpasioned pkvsuslyace | ayers to subsequent

bul k silicon are instantaneous and in a correct

sequence. méhed aueRdiaghe dheBidentibh,| proBRNBNWRICRCre ia§ciated with
circuit as shown in Figure 1 by which the train of o
skl ctshinseeespsjage presoeedytwingh serigssaf Ipseg arilling er machining
0 t | S rihLi . 1

AyE g PePR Re Bt RN R0 st ol o gl B aiting
puiasesrchanetdmdrorded dcvibingdhnt] kigcing siticort wsfetst ches to

deliver a train of signal pulses 10 to the second

| aser o usidagtadd [the @RIceS8h HCRIMtgeRhiryOfoN@nsidet g@elasers which are
signal pulse 11 to switch a suitable electrical swtch

1pscdTRNGWB dgbergeonskiaperd sedheds wWirpyigler A ewvitdhedivsstn gredesgribed in
fﬁ? I%HdS' P 192304l P%h{)zkﬁ%an})‘ 199850F khh B 0871038058 can be
art 'w f ecogni Se 't hat eré are many nechani sm

t odrih Kl fopuhtém, edritsisd ondicihgoHvtvber) asens @pd layursof metals and
invention is not limted to the one descri bed.

ANSelRiest PRy teywalpsurigeg are efrw%%vedy §ping thsge wppasecond pulse
r esB€Gfont © €ach other. One skilled in the art wll
recognise that in effect this process requires a known

| aser Rl - [ t - i

nown ERTOHERGH RRACRREa 3R MR A pESRLoHElRPand 1000 s
nBnisedtvedmprlevi dtil$ khroudhnmatalyeini asckuites bdiangrihe: dfhewafer without
i nvention robl enms whi ch are associated with known

I p .
elidHcipg solatsed dgmagey &r lyrke SBEK Uity veds eF ideided facsordiog to the
dﬁﬂ%ﬁﬁdﬁhéﬂgiﬁ?%ﬁgﬁ&%9a§$eps to performthe required

e pr

oper ati ons. ocess steps may be applied for

drilli 3 | n a i fLar LA -
o ng et BRSO 84 2,0l 90 ey BELL D000 ipyones
| blloedgssary to consider the |asers which are used.

Known nanoseconq Iasgrs such as ultraviolet Q swtched
| aser ss@p 1deslind2Hthréugh a layered medium 2 comprising one or more layers

on a surface of a wafer using a first laser 5 with one or more laser pulses 6 with a

pulse-width between 1 ps and 1000 ps.

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
pulse laser similar to the picosecond pulse laser used in surface layer removal or

drilling.



EP 1201 108, EP 1328372, EP 1404481, EP 1825507 and WO
2007/ 088058 can be used in via formation, scribing or

wale@pnesd4sHowever, in sone cases |ayers of net aPGT/BPIHNY/053061
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i nsul agf% S3. o@tcfutﬂg Q’Zﬁﬁ{%r walf rsfttﬁgtﬁreag? gﬁelag?g@ or machined silicon to

excessi Vv Iy usi n ese nanosecon asers al one.
Acrarvdiarbglilg ua df ageon delirts caugad| byethawititdn tell ivwe @rockss.

pi cosecond (ps) and 1000 ps is used to renove or drill

t Rkamgle: Feksalt Bf AR firtSwpo Pl srdcéssstihingdhpdugh y@fvelayers by

Whichebnd peiseiaigr pedhat er al damage. A layer stack is
removed or drilled according to t he i nvention using

shor t Optigad enicepseqpe imsey of serfacs lryesideidled %Tn‘dlaQRfltht ﬂﬂ@ ps laser

’iﬂhhe %@%ﬁ?wﬁ |119% gestiqfé & fA)crthelle{%RJ %gtslaatvg %3&9 &Ig)‘%dqgre sharp and

ckargrarslase ngldrsan@mlslmalrae db@@teasdsOmlEM sugeasieovaf ingFigadce to 13. In

u ser.5 ne or mpre | aser pulses 6
443“%{1 @&ﬁ@@swﬁf@%& %ﬁur?a%érealﬁan@ebo ps. Step 2 :

Drilling 22 through the bulk silicon wafer 2 using a

Rewylt @ﬁ%@@ sprondesten efsthe procgss:Hntrawglwne fptanerydiilliggn

200 nm and 1500 nm and pul ses 3 which are between Ins

and 16®00 mm dakp erasafi~2diym dihete ac ldadled iviat yolume after manual
%ff|0| mRower ? nS|Q¥ % ava%HEgle t 0. achi eve ap I .

d&&EG i”hP inyg 2% 68%1%8?1%“19&%08“ pfe laser in

athshiefivc RS eslg@féem & 19 iRy SEMLifRioR GBS EBNMInRWiAEe

| aser used in surface |ayer reanaF or drilling.Step 3

Et chioRg t@c%@@sé@ﬁbhalséﬂduﬁfeuin%léaf vieh8 dhtdihd %o the SEM it is

machi ned silicon to renove a up of silicon

debdéng tlmﬁaplswcw ke aimiq drdls Odhamly thnapgbrtbe stsectured layers, leaving
ul first step of th roce

CHEPTRGE Hiotgh ASkady S 1S but o eulssdaRh FpiSiauently used to

| asie Ehehs@l@d@n@ﬁbdtﬁ@é thBTaEHRSIERRE bé RGeS veith fedsesilianer s

drilled for vias with the ps | aser alone are shown in

Fi gur @gtmduf lefﬁlg et f)l‘égsek@ﬁ/c? rle?Selt Ii')%ﬁse@%ﬁm*ﬁﬁ? nth@’ﬁﬁﬁﬁ@dof the via
are Sharp and ayers are wel IStIﬂgUIS ed

olnskidvetheth pSERics ndgjes tlﬁmmeccmdelgw leser 70 tdulll&: adtiye layers, no

S0P B3, 309050015 YL SR ASEULS b ot s,

| Rt dpoViRldWiBcori mhyR5€ktcHEd klithBEt 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
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
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.



60-70 mm deep vias of ~24 mmdianeter are drilled
intra volune after manual alignnent with vias of ~28

woooditesaet er nmachi ned earlier by picosecond puPGEEPRS®B053061

in the Rk Vt%.ﬁigll/r@ DB, iuf E%Hﬁeqseﬁ‘ﬂb%dhﬁenjc%f oMy !a %51%&1‘ result

of the res ting vias. omthe Ccross-secti ona
t ey drglchitved dwsrcotisiaiz b of doonoftfieosSEMdi pulicslassi geinbulk silicon

the pi cosecond | aser alone drills eanl y .t hrough t he
sP?fH?é?%Péd’“ﬁ)S&y]é?eg; %Peaéilieﬁﬁ tg%\éﬁmF r?g*l&iéft Tanth Wsfgqnee, layers on the
dgfifRedre Pﬁﬁl@rlﬁn&i PEARGSEIPBY (RUbSR JiRRBI lades oS PRI AUROBLIK silicon

used to dri the silicon’substrate the active | ayers

beedmeing pao@@ds. kol Inwirerthsst pretdss clommetdl aind utsulagir dgyerhere exposed

pj cosecond | aser ses, typically.the inside of. the

DlecE AP Niand HtraPith A Rimmi s et a6 Q0 b Wt layers
Pl Refoldseio W RIcAlild Via ngﬁhﬁ@ i e rhaveand, infiPatdElddrs lafd to provide
present in the vias. Using an etchant which reacts

wit tsEmsgr) ¢leam cwiuandh dinisheasaln, theecage potre élee sictal dasulatay layers are
bg?ahﬁgpgnyﬁthout maski ng since the majority of the

wafer s surface is netal and polyimde formng a

sel f-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 renove adhered

silicon debris around the nultilayer stack, the

sanpl es are subjected to a short XeF etch cycle,

successful results of which can be seen in the

Figures. The invention is not limted to the use of

XeF as the etchant. O her etchants such as "nobl e

hal ogens” or "inter-halides” in either liquid or gas
formmy alternatively be used. Wet chemi cal etch

usi ng KOH, tetranethyl anmoni um hydroxi de (TrmaH) or

ot her chem cals known to one skilled in the art may
alternatively be used selectively to renove silicon
Finally, plasma etching and reactive ion etching may
alternatively be used to performthe fina

step.Referring to Figure 2B, in another enbodi nent of

the invention, a simlar result nmay be achi eved by
reversing the order of picosecond pul se | aser and bul k
silicon nanosecond pul se | aser. To achi eve the sane

effect in this instance, |ayers on the surface are

machi ned 25 coarsely by the bulk silicon |aser as part

of the bulk silicon machining process. Following this
process the netal and insulator |ayers are exposed



to the picosecond | aser with a beam profile such that
machi ning 26 of the netal layers is perforned to w den

wo bmonizasaperture at the netal and insul ator | BYBEEBR20891653061
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teLRipg de a simlar clean cut and finish as in the

case ere the netal insulator |layers are machi ned

first. CLAIMS 1. A nethod of machining, or formng a

f eatiur e iAmethodalf n@ichithgS ot foemihgnafeatur€ N phsddrh@ siAcon wafer
removi ng portions of surface |ayers on the wafer using

a first pOMPEdNBaser beamw th a pul se width between

I d |
L, 200 LSRR TR IS0 R s

usi ng a sechsd mmﬂnsmh h gslee with ibetwicth 1ps aval/E108pgtahd

bet ween 200nm and | rret ho as claiped in
claim1l on’fﬂnﬂoé’lu}ggp% T&gﬁ?% @agébq JuEigre fay g from

the wafer by &l & [3ch arssec&ld'ﬁ?tﬂmqa@ bRk, \kJQve@én%{H‘ﬁetween
1 or 2, wherein the |rst sed | aser beam has

wavel ength Beimwveend | 00@mMmM and 11 COnm 4. A nethod as
claijned ip a of the pre edl clai.ns, wherein,th

secdnd pdt Bz slatipedin 1M, BerRdingimovEcis doppaitgd silicon
| aser wtffbrgt&ui,g@rwggmngn the range Ins to 500ns 5.

A method as clainmed in any of clainms 1 to 3, wherein

t he 3secortimstlioded claaged inhdaimshagy 2 Wharoswthyi fersttpubsed iesenbeam
I d | . f
Fai o2 5 vaveloflun S ORLI90d SF LWL S0 ©

di f l[4uor i de.mefhodraydtiibed 11&5n36d)ﬂih€pfbcbdiln§malrﬁ§ vﬂieﬁélﬁfﬁhe%econd
to 5, corrprlsmgavvet chem cal etch. 8. A neth as
cl ai med inylsafhyase beapyis prodrcedhba Q:meeé ilasgr with mpulse width in

chem cal od as clainmed in any of clains
2to 8 V\htgér%tﬂ?%gnsetﬁcsﬁs%gpocess is used

5. A method as claimed in any of claims 1 to 3, wherein the second pulsed
laser beam has a pulse width between 1ps and 1000ps.
6. A method as claimed in any of claims 2 to 5, comprising etching with

xenon difluoride.

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

to clear at least one of the surface of the wafer and the machined walls of
the wafer of debris.

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
singulating a wafer.

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

wafer comprising:



to clear at | east one of the surface of the wafer and
the machined walls of the wafer of debris. 10. A

woredohods4ds cl ai med in any of the preceding cl aP@BEEP2009/053061
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conpri si ggl l% ﬁ%ﬂd} ?—thg&g%r &g\%‘&@ %tﬂréc}%uis'%& ‘[Pal rre% hfwih ha )pulse

blind vi as c
of cl ai rrB 1widsh Betweompps &idn)0bpcanmangod tstengivk @brtra)gs af surface

waf er . app us arranged to machine, or forma
feature |n ‘A\g{erﬁz?fltaé? é%’SIHCOﬂ waf er conmprising:a . a

first laser, ¥&LAnaRe: erdn%&f%' ﬁ@wﬁe fa'séc%tnd %ﬂls@@ Bhst@REh with a

beamwith a pul se width between | ps and
arranged t owredtongth pgmet@0nof asdit Fom areqngecttmntone portions

waf er ; | ase arra ed.to de a second

pul sed | aser B nTgrT A G aPe NG LB RS SRR e

11 COnm aret ap@eeh fbf)tafg%mﬁlg%dg@[rsi arinecétfd lﬁwr l’ﬁ)ezﬁhé hGOAme location
underlying the surface [ayers fromthe wafer; and c .

means for temfetiaig.the first and second | aser beans

at g3s an‘EAI{ &C)qp%}‘at@s?_af Cﬁ]alﬁlhg 1%];1?1{ 1.’% g‘(gm}r)]fo‘ﬁlrl]é Qteﬁl{ngtntllesang glaanged to

claimed i'n npri si ng rran

to renov eemsvmpd@bﬁﬁd sislidoncfﬂirﬂn ﬂfecwaftem swetfieg. by
etching. 14. An apparatus.as claimed in clains 12
13, Mher éhthanmetys 455‘31131%1811 seglans e orglda mhgsin téle first pulsed lascr

wavel engt %égﬂ 65%5{13 appar at us
as claine @%ﬁgﬁ%\zkl C a:penggl%g to ,nc\]/‘\kfleorgéﬂln t he

secdnid | aﬁsreappasatlas @Q-cdaimed hreahyl @fodainmailf o a4, pwlhesenwhadicoond
inthern In ratsas | ai

in any oﬁa Pasl Sif’ztcg?fioi‘%r%}ﬁharé‘ﬂ §‘e SH@gﬁjPé,@gFO%ns-

| as % bea(n HaRrdu SEmd I PStABER 1bRS 12NehdrGPARSsecond
17. An apparatus as clainmed i'n any of clains 12 to 16

conpri si mylsaf ilagex bﬁgmﬂmrasoufl&@rwwh leptver Ipatand 16601tshe

S SR SRR SN 1 ARl B

C| ai med infcaal YorQllighingipaths b8 tHeGfirdt/andWoedrali 18sck Beand &akiady for
targeting at a same location on the wafer.

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 to 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
means is arranged to provide a dry chemical etch.

21.  An apparatus as claimed 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
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.

24.  An apparatus as claimed in any of claims 12 to 23, comprising

synchronising means arranged to sequence pulse emissions from the first

10



means is arranged to etch with xenon difluoride. 19.

An apparatus as clained in any of clains 13 to 17,
wob@paisass he et ching nmeans is arranged to provPCEER2008053061

chem cal QhclondQscfio AR ?ﬂé@s caCh MsOEH 'ﬂ}e@e@é{m%ed

claims 1310 f@; Wherein i etching nmeans i's arranged

to provi dequeende to thbeafaal etch. 2 1. An apparatus as

clal din a of cl |nB 13 to .. rein the etchin
s A&Wpa%@aéleﬁ BE @ﬂra@lYaoffeiqlmémﬂgﬁ? 24 comprifing g machine
Cl ear the g ;t) fcfn Qtfrar%lag VB t%g%mféhhs%?gea}f@bétﬁ tQFacilitate

t he wafer of brls apparatus as clai ned
5 any of clrelatree batiom A1he wa&aagédletﬁrstfamd weemd laser bearns

23, o apgarp et el fdl o FmE L 2 Reigoth-Shening

ar r anged rﬁé}mg F@walchimiz REHr Il RIRs WalREn thédirstAlser and the second
apparatus as claimed rn any of clainms 12 to 23,

conpr|3|dgwéynchron|5|ng means arranged to sequence

pul em ' f .

del ?\?er r?s %pgagis'agfsr agg(l: 1&%% éﬂe élﬁ]ﬁrﬁ Eéaj w%glce? &e S%%tgﬁl gtmeans 18

10 sequence amngdraietowaﬁteh oufpat co%ﬁoﬁpﬂ@és&iettﬁee&i&h@ ﬁfﬂt ek dnd second
any of clalns 12 to 24 conprising a . nmachine vision

syst em artEhGREFCEHt PhiBeehPWiRgR 4 N Phewrobaaleyyaeqived by the
to faC|I|k%£ﬁ>%3$ hive location of the wafer and the

first an& seco aser beans. 26. An apparatus as
clainmed in any of clainms 12 to 25 conprising sw tching
means for switching control pul ses between the first

| aser and the second | aser. 27. An apparatus as
claimed in claim26 wherein the switching neans is
arranged to switch output control pul ses between the
first laser and second | aser on receipt of a trigger
pulse in a train of control pulses received by the
swi t chi ng neans.
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