WO 03/ 028949 PCT/ EPO2/ 11001 WMachining substrates, particularly

sem conduct or wafers Technical Field The invention relates to nachining
subst r at ewp paegoucul arly, but not limted 5 to, sem condwectr@mpPowaioer s.
Background Art It is known to dice sem conductor wafers with dicing saws
and t hroughput has been a functl on of ITB.ChI ni ng speed alignment tinme, and
yi el d. 10 Di scl osur &lag Instia Aq aiing 3 afaspect of the
invention, there is provi ded a rret hod of rrachl ning a substrate conpri sing
the steps of. (a) using a laser emtting visible or wultraviolet radiation
to machine a formation in a first surface of the substrate to a 15
predet er m Medhdep®helirom the first surface that is less than a full depth
of the substrate; and (b) renmoving naterial froma second surface of the
substrate oppoged ihRntibs rdliksto ﬁwhﬁﬁﬁg siidirhtS, PEEARLSY, Buhed 1gRigh from the
first surface to comunicate with formation. Convéniently, step (a)
conpri sés Iasemicondudter Wefewsi t h a Iaser emtting 20 radiation of a

wavel engt h of one of substantially 266nm 355nm and 532nm  Advant ageousl vy,
step (a) conprises machining a channel, and step (b) conprises conpleting a
cut through the substrate at the channel. Conveniently, step (a) conprises
machi ni ng Backabied Awi t h substantially plane opposed side walls between
the first surface and the predeterm ned depth 25 fromthe first surface
and substanti al uﬁﬁs%swatt@d@e@aﬁﬁdn@cdﬁ Wikt SyiledioWe sh@s aRl ﬁﬁf‘ ned
dept h. Advant ageously, step @%ﬂ conpri ses machi ni ng a grid of channels, and
step (b) banbgeatadimetion afgnashiningspserssligamentdinemgnd fieldgri d of channel s.
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Disclosure of Invention

According to a first aspect of the invention, there is provided a method of
machining a substrate comprising the steps of: (a) using a laser emitting visible or
ultraviolet radiation to machine a formation in a first surface of the substrate to a

15  predetermined depth from the first surface that is less than a full depth of the
substrate; and (b) removing material from a second surface of the substrate
opposed to the first surface to the predetermined depth from the first surface to

communicate with the formation.

Conveniently, step (a) comprises laser machining with a laser emitting

20  radiation of a wavelength of one of substantially 266nm, 355nm and 532nm.

Advantageously, step (a) comprises machining a channel, and step (b)

comprises completing a cut through the substrate at the channel.

Conveniently, step (a) comprises machining a channel with substantially
plane opposed side walls between the first surface and the predetermined depth
25 from the first surface and substantially arcuate opposed side walls below the

predetermined depth.

Advantageously, step (a) comprises machining a grid of channels, and step
(b) completes dicing of the substrate along the grid of channels.

CONFIRMATION COPY



2 Alternatively, step (a) conprises nmachining a via and netallising the via
with nmetal, and step (b) conprises exposing a portion of the nmetal in the
via at thwoosmesme surface. Conveniently, the step of nacRCATEPG2/a100i a
conprises machining in a path 5 fornkng a circle or a plurality of
concentric circles to forma via centred on a centre of the circle or the
plurality of cAlecemntivély, step ¢hesamPRises araabining & lvéa ahd metdllising dhd vmi ng t he
via includes,a prjor step .of oxidisin the via.. Preferably,. step (a) is
ber t or e PRETGH S0 BB R OBRSE FEaTaaE PoTIaisHa BHALARS Hehiat | enct
one of a regaehiivgfgas and a passive gas at |east one of prior to, during
and after |aser nmachining. Advantageously, the step of using at |east one
of a reactive and a_passive gas conprises using at |east one passive gas
substanti al | y eeyenieilyh theesiereef mashiniig 2 gighemprises mashining: inad pgtht o pr event

bst ay | : 2 sidosm g
Conveni Snt foyitih 8 R SER SUHAY S, SRt C ARS8 % wd 2R P wsing a

| east one oéntfsqfahe éifcle bethe piaralAg vaodrRepBidTinglest he step of using at | east
one of a reactive and a passive gas conprises using at |east one gas
reactive with respect to the substrate, to reduce 20 roughness. of

| aser - machi nedP’éeg‘gF@Ze ersippricmetallising dhe i inglydesrd BeiotE 9f o¥idisingt ep of
using at | gas§zone of a reactive and a passive gas conprises using at

| east one gas reactive with respect to the substrate, to renbve debris
created in step (a). Conveniently, the step of using at |east one gas
reactive with Pl@gﬁpddb’, tstent h@) iB5pedirmiedatie eonpr-ambsntis¢angroled | gamst one of

a chl og fl urocarbo -baseq a anog. a Ilal ocar bon- based as, Conveni ent |y,
Step (BY i SMPEPRIR R ki o ool s end A marars & o 1gsenecl ar 1y by
| appi ng angrippdo] @ltir}gand after laser machining.

Advantageously, the step of using at least one of a reactive and a passive gas
comprises using at least one passive gas substantially inert with respect to the
substrate substantially to prevent oxidation of the substrate during laser machining

15  thereof.

Conveniently, the step of using at least one passive gas comprises using at

least one of argon and helium.

Advantageously, the step of using at least one of a reactive and a passive gas
comprises using at least one gas reactive with respect to the substrate, to reduce

20  roughness of laser-machined surfaces formed in step (a).

Advantageously, the step of using at least one of a reactive and a passive gas
comprises using at least one gas reactive with respect to the substrate, to remove

debris created in step (a).

Conveniently, the step of using at least one gas reactive with respect to the
25  substrate comprises using at least one of a chloroflurocarbon-based gas and a

halocarbon-based gas.

Conveniently, step (b) is performed by mechanically removing material,

particularly by lapping and polishing.



WO 03/028949 PCT/ EP02/11001 3 Optionally, step (b) is perforned by

chem cal etching. Optionally, step (b) is performed by plasma etching.

Opt i onal Iwp osweg4€ b) is perforned by | aser abl ation. Conveair@rot/yioost ep (b)
conprises the application of nmechanical pressure to 5 the substrate to
break the substrate al ong the channel. Advantageously, step (a) conprises a
further step oOppioosliydisteg (b) ispetfemddby chemycat ettlingt he first surface agai nst
debris fornmed in at | east one of step (a) and step (b). Conveniently, the

step of providi a_protective layer,.conprises.providing a 10 spin coated
| ayer. Alter natq]p\%lgfl?l? ’f%@ﬁi@ﬁ%@*ﬁ%ﬁp SHE“ eiaﬁﬁ%t ective |l ayer conprises
providing a tape layer. Conveniently, the substrate is of silicon

material.  OptiOptiehhlyy, stépgbpisipstionicd bydaset ablatiept oel ectronic nmaterial . 15
Optionally, the substrate conprises |ayers of sem conductor and netal

material. Preferably, step ( conprises |aser machinin ith a Qswtched
| aser. Accor diGogveHenilys éE‘?@n@% sempiies dhe ?H@C?Wéﬂf p@ﬁflangqup@sq%e % ovi ded a
substr at Isf3h b SbR@inelcfl pmachi ning nmeans for emtting
vi si bl e Sgr tg%gi{tﬂsﬁrtg\g)? g%éjt{%ﬁeaﬁl:ggﬁton ?%r er(r:a%ﬁerii ng a formation in a first
surface of a substrate to a predetermned depth fromthe first surface
that is |ess tHalvantageduslydetsp{(abfonuises g dipther step; ofaprdvidunger prateciienoval

means for renovin terial froma.second . surface of the bsi r.at e opposed

to the fir sl't‘y%\tlf?rf %8 g{%?tos“ff%%e ?ﬁaéfefé?%%cfﬁ%‘aﬁdd‘ ‘fkeaS? MEnS fiﬁt\eé) @J?‘Iﬁ Hirface to

comuni cat gpy th the machined formation. 25 Conveniently, the |aser

machi ni ng neans is arranged to machine a channel, and the material renoval

nmeans is arranged tq conplete a_ cut. through the substrate at.the channel.
onveniently, the step of providing a protective layer comprises providing a

10 spin coated layer.

Alternatively, the step of providing a protective layer comprises providing a

tape layer.
Conveniently, the substrate is of silicon material.
Optionally, the substrate is of an optoelectronic material.

15 Optionally, the substrate comprises layers of semiconductor and metal

material.
Preferably, step (a) comprises laser machining with a Q-switched laser.

According to a second aspect of the invention, there is provided a substrate

machining system comprising: laser machining means for emitting visible or

20  ultraviolet radiation for machining a formation in a first surface of a substrate to a
predetermined depth from the first surface that is less than a full depth of the
substrate; and material removal means for removing material from a second
surface of the substrate opposed to the first surface to the predetermined depth

from the first surface to communicate with the machined formation.

25 Conveniently, the laser machining means is arranged to machine a channel,
and the material removal means is arranged to complete a cut through the

substrate at the channel.



WO 03/028949 PCT/ EP02/11001 4 Advantageously, the laser machining nmeans is
arranged to nmachine a channel having substantially planar opposed side

wal | s betwoan/ordyes first surface and the predeterm ned depch/EPozmobhe first
surface and substantially arcuate opposed walls beyond the predeterm ned
depth. 5 Preferably, the |aser machining neans is arranged to machi ne a
grid of channéldsantzgeduslire theadasei ahachevgy ahecane dnsarranged rtangechin® aconpl et e

di ci ng of the bstrat.e, al.o he grid of. channels. Alternatively, the

| aser rrachicﬁ?rﬁlﬁ?ﬁévé%s b§taé¢1?@)a8%’z?alf gpl}?éﬁ‘ﬁﬁlﬂg Wé‘ﬂéﬁ’ﬁt,sweteﬂé © g@?@’?ﬁ‘“ﬁﬁrt her
conpri ses Bl aht ipredeeeriBRds dégh F&hathbi Sisnguitte MddsuRtstibile ardk@temat eri al
renoval means is arranged to expose netal in the via at the second
surface. Pogpesednialls beypaddheprsdeteminpddeptlonpri ses oxi di si ng nmeans for
oxidising the wvia prior to netallization. Preferably, the systemfurther

conpri ses gas 1100 . vi di ng. east e, qQf..a seactive
gas env?r onmen? Peg%gﬁlg, Eﬂggd?%e&gé%ﬁfél%v#g%d%glg%apé%# gr?acgil:.}l%s% %&fi eOfrat | east
one of pri chaimels, dut thegmatetlalafetreival msers FBelhFedE. congte didig by thet he

mat eri al renpval ans is chani cal renoval neans, particularly |apping
and pol i shiSHt Qg W@gth%lPeltshe materi al renoval neans is chenical

etching neans. 20 Optionally, the material renoval neans is plasnma etching

means.  Opti onalifedhativelg, HBUREH ﬁiacﬁﬁiﬂgvlﬁkmﬁﬁeaﬁﬁ%d B5fEchAR A41a0fhdTEaNS.

Advant ageously, the systemis arranged for nmac ing silicon nmaterial.
Opt i onal | y systére Bytbere ppmprisesr matpdibiig means Hom metplbisisgi ¢ rvad, earslother i si ng

| f seni conduct d et al ial 25 ptignally, th tem i
o anohd « ST AR RS e T bivsiPece ARetabin B w4t P ey

Pr ef er abl y sutffwe. | aser nmachi ni ng means conprises a Q switched | aser.

Preferably, the system further comprises oxidising means for oxidising the

via prior to metallization.

Preferably, the system further comprises gas handling means for providing at
15  least one of a reactive gas environment and a passive gas environment for the

substrate at least one of prior to, during and after laser machining.

Conveniently, the material removal means is mechanical removal means,

particularly lapping and polishing means.
Optionally, the material removal means is chemical etching means.
20 Optionally, the material removal means is plasma etching means.
Optionally, the material removal means is laser ablation means.
Advantageously, the system is arranged for machining silicon material.

Optionally, the system is arranged for machining a substrate comprising

layers of semiconductor and metal material

25 Optionally, the system is arranged for machining a substrate comprising

optoelectronic material.

Preferably, the laser machining means comprises a Q-switched laser.



WD 03/ 028949 PCT/ EPO2/ 11001 5 Conveniently, the |laser machining neans is
arranged to emt radiation of a wavel ength of one of substantially 266nm
355nm andwb3d32n2894Br i ef Description of the Drawi ngs 5 The ipar@po2/orow || be
nore clearly understood fromthe foll&w ng description of some enbodi nents
t hereof, given by way of exanple only wwth reference to the acconpanying
drawi ngs i n whCetivenfehtly, the laseramptliningimsinsfis araged coaditahdintiombea bef ore

di ci ng; Fi s a di a r am cr -sectj.onal view of the wafer of
Figure 1 E’ﬁ&%%"ﬁjﬁ %1 fsk}lég ’{H%éﬁ’ﬂ %555 rgt"%l“@gi on of the wafer, and a
| aser- machi ned channel; 15 F| g. 3 is the diagranmatic view of Figure 2

with the support region renoved;, Figs. 4(a), 4(b) and 4(c) are a series of
cross-sectional diagrams showing a nachining process of the invention; 20

Figs. 5(a) Bﬁ@f’D@égﬁr’i)%u@ﬁ §r kL ﬁ&,ﬁggtl onal diagrams illustrating an

alternativ ful in understanding the invention; and
Fi gs. a), 6(b ) Ccr i ag | | ing a

furt heS 25 errb)rge aﬂg?n%)ﬁ Wﬂ{ be |r§1| ﬁg&%’r g‘@@érssgog frﬁ'ﬂs |t lélevefbr:l?ﬁ;v@?{é

03/ 028949 Bésttibieizof 1604 emﬁocﬂiﬁfkﬁss thereofagivsti by vyt oft E@niply enlyl with Ref erring
to Fig. 1, part of a sem conductor wafer 1 is shown. The sem conductor

waf er conpFateisace tﬁﬂ@g@ﬁ?‘é@@ﬂ&:@?‘t‘”‘%ﬂsé‘éw@@epar ated by streets 3. As shown

in Fig. 2, each die 2 conprises an active region 4 supported by a support 5
region 5 providing nechani cal support during manufacture. Wthin the active

Fig. 1 is aplan view of a semiconductor wafer before dicing;

10
Fig. 2 is a diagrammatic cross-sectional view of the wafer of Figure 1
showing an active region and a support region of the wafer, and a laser-
machined channel,

15 Fig. 3 is the diagrammatic view of Figure 2 with the support region
removed;
Figs. 4(a), 4(b) and 4(c) are a series of cross-sectional diagrams showing a
machining process of the invention;

20

Figs. 5(a) and 5(b) are cross-sectional diagrams illustrating an alternative

machining process helpful in understanding the invention; and

Figs. 6(a), 6(b), and 6(c) are cross-sectional diagrams illustrating a further

25 embodiment of the machining process of the invention.



region 4 there is an upper active circuit layer 7 and a |ower final support
| ayer 6. Cenerally, the active region 4 is of thickness |ess than 100

m crons. YeOrady, the active region 4 may be an integraPed/EPOBECLODDNI C
circuit but may also be an optical waveguide circuit. 10 It is a

requi renent that the wafer is sufficiently thick that it is nechanically
robust. FoMédesder GareanmaifitehsInventipn 300mm wafers, typically this thickness
may be in the region of 500 mcrons to 800 microns. Heretofore, dicing of
the waf er has Refefinges§BignEd partt bf di GbmBosavBoraRdfdrhl oldodhown. Mk been a
function of pmachining speed,  alignnment tine, and yield. 15 The invention
enpl oys an SeicepduatorEateRemiTissRIntaarsgd sirehdipna sensirtes by siksts 3. disr eet

machi ni ng i de f t hinnd . 1148, , is used
to scribe gﬂg‘ﬁgﬁﬁgfé' g’ f%‘?’g(ﬁég)&gﬁﬂ 5%%%%£§1Vt§%§glt)b\ﬁ4d%lﬁ§ évﬁ?%nlf}ga%ﬁ%%{s‘ttreet

regi on. 5Toregitn &vproviding merhaticadi sagpapelating rhargifagharee Wity shd tehed | aser
operating w thin a band of substantially |Onmcentred on 266nm_ 20 355nm or
532nm may b&egieRH therg is#g @ﬁewavwm%ﬁéyeg&mﬁfa lpyeptinal sgppert layey 6opt i cal
paranmeters, the street may be nmachined at high speed without affecting the
functionality &engally.cthe pefivenesgioay pvis pedhiskness Resspihaal 190 neipmnniel s 8 of

20 to 100 ] S : 2 I . S W th
appropri at ed%n géagp, thggﬁ&n%g%n%s%%g\mwﬁge%%%?%&g?méjElé&lgthbglggge% aégomay have
subst ant i albkynpbtice w2vegpgodaaitsi de wal | s between the first surface and a
predet erm ned depth and substantially arcuate opposed walls bel ow the
predet @om ned gaphhirequtaent Rt Glevedtr 18 shficiaeRithel tha s hegpadiediydept h, the
support region 5 of the wafer is thinned by [apping and polishing,

chenical ef@ishdor harae aiga Staders.rigg. 39Pmny a@@rs,mlaqllyotgl.s tirigkaess mayrbieng

provi des fi rat 1 in. ki T. | s a diced
waf er . Thelng?%al régi‘?)@io?cs‘l??t Cg)?/lgl;%o g&?ﬁﬂ%ﬂagspgef%etaé%?/ ({?ﬁgg 8 f %hgﬁws%rpfb%rt | ayer
6. WO 03/ 0p8& DeHGHNEPORItH Id€ihg sawisnamhahfoaphmbhadi bedt aofurichos dfmventi on

illustrated ipn Figs 4(a). to 4(c), a
macﬂjml':n speed, allgnment mze, and }Qleld.

15 The invention employs an alternative technique using a combination of laser

street machining and backside wafer thinning.

In the first step, a laser is used to scribe a channel 8 (Fig. 2) of depth d and
width w into the street region. To achieve a high machining speed a high power
Q-switched laser operating within a band of substantially 10nm centred on 266nm,

20 355nm or 532nm may be used. Using an appropriate set of laser, scan, and optical
parameters, the street may be machined at high speed without affecting the
functionality of devices in the active region 4. Typically, channels 8 of 20 to 100
microns depth may be machined at speeds up to 80mm/s with appropriate laser
settings. As shown in Figure 2, the channel 8 may have substantially plane

25 opposed side walls between the first surface and a predetermined depth and

substantially arcuate opposed walls below the predetermined depth.

Once the street 3 is machined to a required depth, the support region 5 of the
wafer is thinned by lapping and polishing, chemical etching, plasma etching, or
laser ablation. This thinning provides final separated dies 2 shown in Fig. 3. The

30  result is a diced wafer. The active circuit layer 7 is supported by the final support
layer 6.



switched | aser beam9 is used to drill mcrovia features 10 through the
active circuit layer 7 and supporting substrate |ayer 6 down to the
supporti nyogBessture 5 as shown in Fig 4(a). The m crovi THPOAI®OL hen
metallised with netal 11, to 5 facilitate electrical connection of the
active circuit layer 7. Drilling of mcrovias 10 with pul sed | asers may be
per fornmed usi nip anwtheyfembodonent oh thilsinvéntioa ifliststedintHigad@) ®t4it), eary beami s

used (pixel_via Usji n hi s chnjque a.n er ase ul ses are
ol 1 vered FEMER rsfrebth fuisored e ABlouERhie ehehe TR BRER ofe T es
required tQirb@aRReR7 6fd b@pauﬂ@&lbst_ﬁhe@ﬁ?@kss abwh e tile sBpForiiig sthyrasel engt h
and duration. This technique is suitable for vias smaller than

appr oxi mat & yhawo inikig dife). dihgrsicerviasTHe arexthen métalligedamathemetdlepbnids on t he
| aser ea k er . ical a | aser par. ters and material properties.
9 cﬂ#eg{é%:g%'{%caggéwnne@tlon mhe 9031 S|C %1619{5%81‘6;

In a secon eam 1§ scanhe outer profile of the via.
This techniques. suitable f vias. |l arger thapn approxijmately 100 m crons
di aneter. 15 TP@@%%#WFS%@S ?@Wétlhé%u}sfgll%ﬁsptﬁfw _BP;PF‘%W?Q‘?? ¥ ircle or a
plurality @fo nfRERN b Girtirh&h&Ba s8N RiRbedR RELsdd @B&] MagUshR thRaui red to
reach the required depth. The via dianeter is a function of the radius of

t he out er migshnighe @ Ingmber|of laser pylsasrardidalvedred to Ssioplepoitit anitke subfteateed to as a

scanned or n Vi ) i.ni the.m,cr.ovj a 10, it _a pixel or
t r epanned \#h é%ﬁﬁ@ efggplrﬂgasweﬁ%lg%c %ore%@%[ ﬁelﬁlfl flﬁlétﬁvngg}d%r?é'tbtg?lf &''8% bl i nd
m crovile stwaseletg® hsd fdukameh. WHic nedbfiqueuls e | fior fvibd eghallrt haiet al 11 in

order to provide a conducting pathway as shown in Fig. 4(b). The mcrovia
may be oxi @Peyinpately 180 mcroms diagefesnl hemgxact Ha diesncier dopendsenihg Bpeti s t hen

t hi nned (Fi C . L L.shi : ] - etehi or plasnma
etching i nbgarnézehé&%%mgégggaggb ﬁgasrgrlneﬁl%@ﬁléﬂﬁﬁtgﬁ@%ggg?ﬁ%ﬁ%gg 'ih?\g(fg(%nmgr ovi a,
t hus per m ntethngl &beamnris cednned ralvmgtthebutet poefile afshe wid IThiatthnigue i r cui t

| ayer to po apd ground sources.. Referring to Figs. 5(a) and 5(b), in the
case wher eS‘\t{\lﬁ’él‘?/\g’FgE‘Sg?fg fhaRprEImy {yi rB&\W‘I? aﬂg?tsrw ocated is thin
(typically < 300 mcrons), .vias are |aser machined through the active

| ayer 20 and c&hpllaseemeves indgHvke paligrpein rrnge ciigleser apdurshity ofhe via 22

i's then meggldehffdeiit) SEREAL rdotfdRSRIME Ve Iuitd 4 $81dhOfe required

depth. The via diameter is a function of the radius of the outermost circle and the

beam diameter. Such a via is referred to as a scanned or trepanned via.

By machining the microvia 10, be it a pixel or trepanned via, to the required

20  depth in the wafer material, a blind microvia structure is formed which is
subsequently filled with metal 11 in order to provide a conducting pathway as
shown in Fig. 4(b). The microvia may be oxidised before metallization. The
backside of the wafer is then thinned (Fig. 4(c)) by lapping and polishing,
chemical etching, or plasma etching in order to expose the metal in the laser

25  machined microvia, thus permitting electrical connection of devices in the active

circuit layer to power and ground sources.

Referring to Figs. 5(a) and 5(b), in the case where the wafer on which the
active devices are located is thin (typically < 300 microns), vias are laser
machined through the active layer 20 and completely through the supporting

30  substrate 21. The via 22 is then metallised with metal 23 subsequent to oxidisation

in order to facilitate electrical connection (Fig. 5(b)).



in order to facilitate electrical connection (Fig. 5(b)). WD 03/028949
PCT/ EPO2/ 11001 8 Referring to Figs. 6(a) to 6(c), in a further enbodi nent
of the irnwerBiozssot he active device consists of a series Pefi/ER02/er0nAL €
silicon layers 32 and netal |ayers 338 as shown in Fig 6(a). A Qswtched
| aser is used to drill a mcrovia structure 34 fromthe surface of an
active devi ce Bsferting toukigs.tdfa)sto®(e)i e Gethecembedimentaofdthe imventtong He

supporting_substrate 36. (Fi.g. 6(b))., The m.cravia 34 is t netal | i sed
o Dh et a8 de e RS iofd sgnta bt Thidhithdts IA anfme BT BES B o) ) “hy
| appi ng ands skt %F@é(aﬁ@@-@@itcm& ThbiNG, used 36 AH11S Hitirdda Hrudt@sey4 abl ation
in order to expose the netal layer in the | aser nmachined mcrovia, thus

per mi t t i ngfiomethersugiase off an edivisedevice A5 othraieh this dctiyedevieolagenaad inted gr ound
T . L.0i formed .in  a n- anbien
oovi rontente SREBHEEERGL0Ic TR AEPCORTE iR e eI AP p8A oty s

flow rate, megfi3Gentrati on, tenperature, gas type and gas m xes are
controlled prior to, during and after |aser nmachining. A series of gases

may be used i NTRYAHERGIO DI HE OfatbOis tHeR ﬂﬁﬁﬂeag(ﬁgsilaw))_ t Rppih@Sld
machi ni ng. The gases used nay be passive or reactive W fh respect to the
seni conducpolishirg hemigad etchifigo plabay efchingnon lasersabhativoniduderto sibeter at e t o be

machi ned. er ases. (e.d..argon and,heli u revent .oxid r.owt h during
| aser I’Y&Chilﬂ{l% r%?tnga %5 1§1hg% le}sgaél%ac%nf% rélllﬁr?‘g%’n ®, B?m?:lﬁ}ngr %F%S%car bons
and hallocacbanrsdiomeyddvecadsfdts B poer bl grdlndisthirégs. and/ or after | aser

machi ni ng to reduce the surface roughness of |aser machined sidewalls and

al so to reduceTh®@aseehiatBinHpOaE BE petifsrhitd ihhendRa@bienBENERIBEMBROCESS. A
chl or of | uor ocar bon- based gas and/ or a hal ocarbon-based gas may be used

during a | aewrolledahyon gdse hendlmgabysteni.n Gas dparameteresudle aseBpwvsritacat ed on
the 25 si . Of er I C or.. Via, .A .
U R TP BT B 0 ol e e

chl or of | uorocar bon-bas al'ocar ase
and after laser machining. A series of gases may be used in succession prior to,

15  during and/or after laser machining.

The gases used may be passive or reactive with respect to the semiconductor

substrate and/or layers in the semiconductor substrate to be machined. Inert gases

(e.g. argon and helium) prevent oxide growth during laser machining. Gases that

react with silicon (e.g. chlorofluorocarbons and halocarbons) may be used prior to,

20 during and/or after laser machining to reduce the surface roughness of laser
machined sidewalls and also to reduce the debris produced during the laser

machining process.

A chlorofluorocarbon-based gas and/or a halocarbon-based gas may be used
during a laser scan of die sidewalls in order to remove debris located on the

25 sidewalls of the laser machined channel or via.

A chlorofluorocarbon-based gas and/or a halocarbon-based gas may be used
during a laser scan of the outer rim of the machined channel or via in order to

remove debris from the top of the laser machined surface.

The surface of the substrate that the laser is incident upon may be spin
30 coated with a protective layer to prevent debris from the laser machining or

mechanical machining steps falling on the active device layer 4.



during a |l aser scan of the outer rimof the machined channel or via in
order to renove debris fromthe top of the |aser machi ned surface. The
surface oWotohm®ubstrate that the |aser is incident upon wey/EPe2/spdn 30
coated with a protective |ayer to prevent debris fromthe | aser machi ni ng
or nmechani cal machining steps falling on the active device |ayer 4. WO
03/ 028949 PCT/ ERS 21mTdc@0df th® sulistrats ulhdt dluelasdr i$ neidnbstay deeovdrat withey | aser i s

i nci dent .. be covered with.a tape to t.as a prqtective | ayer
prevent i ng?%’gb i%c(%fafﬁw?{%%:tIWSé@fﬁr r?ﬁeg'ﬁilt?ﬂ% &H}s g?@cﬁ%ﬂﬁs@élmﬁﬁ‘%gﬁ Thg steps
falling onpidRadedlintRhieNg §8pd AMRE oft thd RhivO WS a§&&. Machi ning, the |aser
machi ned surface of the substrate may 5 be coated with a back grindi ng

tape, die attaghnéapg 19§eﬁ%a%hfﬁﬂu§t, AR%adcl nlcfifibd Sarfadeft'the bithfad M) NG OF €
after the mechani cal “machi ni ng process. e invention 1s not limted to the
enbodi mént bedostedi Wwithl abbrckngrindies tape,i diel atthch tpasirrdich dapeaincordet @i | . WO

03/ 028949 RCT/EPQ2/ 11001 .. 1 ai 1. A nethod of machining a substrate
conpri si ng ¥ tagﬁp&éngp%dl(eg%ehtge%ggaql%g}argﬁmr{gmr%esm sible or ultraviol et

radiation to rrgghi,ne a formation in a first surface of the substrate to a
predet er i ned d8pINYeRfieRs not timited fo the emppdimentsideserihed bubmay beyyaricd f ul |

depth of the . SiastEd Sid s (b) renmoving material froma second surface of

t he substrate opposed to t]he first surface to the predeterm ned depth from
the first surface to communicate with the formation. 2. A nethod as
claimed in claiml1, wherein step (a) conprises laser 10 nmachining with a

| aser emtting radiation of a wavel ength of one of substantially 266nm
355nm and 532nm 3. A nmethod as clained in claiml1l or 2, wherein the step
of machining the



formati on conpri ses machining a channel, and step (b) conpletes a cut

t hrough the substrate at the channel. 15 4. A nmethod as clainmed in claim3,
wher ei n swem3894conpri ses machining a channel w th substPamtEPat/iyopl anar
opposed side walls between the first 10surface and the predeterm ned depth
fromthe first surface and substantially arcuate opposed side walls bel ow
t he predeterni @GRingepth. 5. A nethod as clainmed in claim3, wherein step
(a) conprises machining a 20 grid of channels, and step (b) conpletes

di ci ng of the suhstthad ef alackiginghsubgratacodfprishgthekisps 6 A net hod as cl ai ned
inclaiml, wherein step (a) of machining the formation conprises

machi ni ng a vi a(gnekiee balabdrSérigtintd Gisibled onhilffavidibB kadiatidadtoSiachifdh conpri ses
exposing a portion of the netal in the via at the 25 second surface. 7. A
net hod as cl ai némagion imp firg suyipes ofi the suhstratedp agredpipiingdrigpth forg

conpri sgs machi ﬂie’}ﬂst!s’&rﬁc?ﬁfagisflé’srs'i’ﬂaﬂ%1?11%%%t§'o?ﬁl%rsuﬁstpa|té”aﬁh'ty of concentric
circles'to forma via centred on a centre e circle or the plurality of
concentric circl.es. W2 03/028949 PCT/ EP0O2/ 11001 1 8. met hod .as cl ai ned
T eraim 6 or 7O REYEIg BRSNS, B Gt STRHLATTER 0§ T atbsyRs PRETIdES a pri o
step of oxidisigme Fe stirface Yo the PRédRREMARCHPIEFbh thé MirsPE@EREI 89 Cl ai m
wherein step (a) is perfornmed in a non-anbient controlled gas environnment,

using at |east eeamuBicefe with hgdeimaiogas and a passive gas at | east one of
prior to, during and after laser machining. 10. A nethod as clainmed in

claimg, WQer ei A tntx]&h&f o 8£h11r€§1i ﬂg.cf’atiml ?,a%&he 1 s?épl z?)l ;?Sﬁﬁﬁée\éelagés and a

passi ve gaS conpri ses using a passive gas substant nert - wth respect
t o t helBubst r at enashinfitgamtithad | lyset cenpittmgeratliativn daft & omaveienigtie of be safbst r at e

. | i ni f.
during |aser naguls?a{nggu}t,lgggn%g 355nm and 5320m.

3. A method as claimed in claim 1 or 2, wherein the step of machining the
formation comprises machining a channel, and step (b) completes a cut

through the substrate at the channel.

15 4. A method as claimed in claim 3, wherein step (a) comprises machining a
channel with substantially planar opposed side walls between the first
surface and the predetermined depth from the first surface and

substantially arcuate opposed side walls below the predetermined depth.

5. A method as claimed in claim 3, wherein step (a) comprises machining a

20 grid of channels, and step (b) completes dicing of the substrate along the
grid of channels.

6. A method as claimed in claim 1, wherein step (a) of machining the

formation comprises machining a via and metallising the via with metal,
and step (b) comprises exposing a portion of the metal in the via at the

25 second surface.

7. A method as claimed in claim 6, wherein the step of machining a via
comprises machining in a path forming a circle or a plurality of concentric
circles to form a via centred on a centre of the circle or the plurality of

concentric circles.



11. A method as clained in claim10, wherein the step of using a passive
gas conprises using one of argon or helium 12. A nethod as clained in
claim9, woaso2ss4e he step of using at | east one of a rea®CEPIYa®OBNd a
passi ve gas conprises using gas reactilve with respect to 15 the substrate,
to reduce roughness of |aser-machined surfaces formed in step (a). 13. A
met hod as & ai medmathagl asi elrigmedvihedladinrd oh'g wherpindhe awp g nadtallisiagtheone of a

a reactive and ng gas reactive with respect to
the substrate, t%(l)é)réﬁrlgesagrel ﬁg%pn%;oé(é(f ﬁ‘r‘?vg‘i'ep (a). 20 14. A nethod as
claimed in clainms 12 or 13, wherein using gas reactive with respect to the
substrate conprifseanethsd ngs alaihedsih ane pedceding CElbin,0fherede atdpola)based gas
and a hal ocar bon- based gas. 15. A nethod as clained in any preceding claim
wherein step (bPCt gm@épf%?%ﬁnwmn@éﬁﬁmﬁdc%ﬁsIWVH@%%tn@1%4té¢qsb¢ne
particulsarly by in any
of cl ai r?s lto Okgl}%?g?%l%%g%nd?p %8#‘3%!% é‘thas#ngeneoﬁ%Jrq chem 8%]\1@ h| ng. WO

03/ 028949 PCT/ EP&2r hdfidingl2 | T A nethod as clainmed in any of clains 1 to
14, wherein step (b) is perforned by plasma etching. 18. A method as

cbiat fon, 9018 MumRUPHAR e i el Fritiar ehe simitiing Bdeastoiiadict n o1 op

(b) conpri ses trmua@@&g&ﬁugﬁssﬁfe ga&@&ﬁﬁhééélusi%ea%meggs &db@taﬁtlr gtrate to
break the substrate alon e channel A e as clainmed i'n any of

t he preceding c u@rhwﬂh\wme@ﬁ ta the sybsiralp SumllxéspwVﬁmrQWmB o€ pheof
rovi di a pro or t.he fjrst. surface 10 agai nst debris
P 149 p ts&l?sttllai/e n?x\éqései rn(aal}mmﬁ aheg?ogp (b). 9

formed in at one 0

11. A method as claimed in claim 10, wherein the step of using a passive gas

comprises using one of argon or helium.

12. A method as claimed in claim 9, wherein the step of using at least one of a
reactive gas and a passive gas comprises using gas reactive with respect to

15 the substrate, to reduce roughness of laser-machined surfaces formed in

step (a).

13. A method as claimed in claim 9, wherein the step of using at least one of a
a reactive and a passive gas comprises using gas reactive with respect to

the substrate, to remove debris created in step (a).

20 14. A method as claimed in claims 12 or 13, wherein using gas reactive with
respect to the substrate comprises using at least one of a

chloroflurocarbon-based gas and a halocarbon-based gas.

15. A method as claimed in any preceding claim, wherein step (b) is
performed by mechanically removing material, particularly by lapping and

25 polishing.

16. A method as claimed in any of claims 1 to 14, wherein step (b) is

performed by chemical etching.



21. A nmethod as clained in claim20, conprising providing a spin coated
protective layer. 22. A nmethod as clainmed in claim20, conprising providing
a tape aswDhe/02§mot ective layer. 15 23. A nethod as cl ai mPATIEPOZNWO1
preceding claim wherein the substrat® is of silicon material. 24. A
method as clainmed in any of clains 1 to 22, wherein the substrate is of an
opt oel ect r ohii.c n&twethafl. as2Blaindedven oy adsclainei dretd 14 ahyrenf sepafbhds 1 to 22,
wherein the substrfte dﬁo qunp:?i@les | ayers of sem conductor and netal
material . 26. A BEIOHUEC 8% P& M8 any of the preceding clainms, wherein
step (a) conprises laser machining with a Qswitched | aser 27. A substrate

machi ni ng sy&t enA cRBMOH SdsNBlaith@B & AR E1hiS MeRN$4 [ Qhere@Mistehi B9 iyi Si bl e or
ultraviolet radiation for machining a formation in a first 5 surface of a
substrate to a pres@emed hy taser #d@id. from the first surface that is |less than
a full depth of the substrate; and material renoval nmeans for renoving

materialg fr a f / r.at Q to, the WO 03/028949
PCT/ EPOZ) 11001 ‘%&%ﬁ?‘ls ?yélfﬁﬁ’?gdc@ ?&?ﬁiﬁ“ﬁ? té’otgth r“%%gee”?i%%gp@%"?‘?%“ﬁme% he first
surface to conmhaeiapplieativint bf trhechamicsli preskufo rtoBght OsubsiZte B Bieak &he as
claimed in claim27, wherein the | aser machining neans is arranged to
machi ne a channelbstiigalong thaghappeli renoval nmeans is 5 arranged to

conplete a cut through the substrate at the channel. 29. A system as

clai med in gj ai N 3Beth¥i19k Q1 Sn! AFESF HBDREd A0S ireift dto
machi ne a channel h%_vi ng subrsnt an?i a?l y pl ﬁe og‘%ose $i J%relwasfe?sqg et ween
the first surfacempuiges héurtheesiep of piomslihgepiotective tlayehforfthe Stst susfacé ace and

substangg ally arguakPaBRRISHTL 1R Rl RaRSYOOF'G) BEEYE G ned 10 depth.

21. A method as claimed in claim 20, comprising providing a spin coated

protective layer.

22. A method as claimed in claim 20, comprising providing a tape as the

protective layer.

15 23. A method as claimed in any preceding claim, wherein the substrate is of

silicon material.

24, A method as claimed in any of claims 1 to 22, wherein the substrate is of

an optoelectronic material.

25. A method as claimed in any of claims 1 to 22, wherein the substrate

20 comprises layers of semiconductor and metal material.

26. A method as claimed in any of the preceding claims, wherein step (a)

comprises laser machining with a Q-switched laser

27. A substrate machining system comprising: laser machining means for
emitting visible or ultraviolet radiation for machining a formation in a first

25 surface of a substrate to a predetermined depth from the first surface that is
less than a full depth of the substrate; and material removal means for

removing material from a second surface of the substrate opposed to the



30. A systemas clained in claim27, wherein the | aser machining neans is
arranged to machine a grid of channels, and the material renoval neans is
arranged wo osopphet e di cing of the substrate al ong the gripdTaEPOZhBNNEl S.
31. Asystemas clained in claim?27, ®herein the | aser machining neans is
15 arranged to machine a via, the systemfurther conprises netallising
means for net alflrstsisnrfadehedo vihe, peaddtetrhiedradepth afrome they dirstmeanfixei ®© ar r anged
to expose nmetal in the viat t the.second surface. 32. A system as cl ai ned
in claim31, furCHERIREAHPE Q%B&W&ﬁ PH0Bans for oxidising the via
prior to netallization. 20 33. A systemas clained in any of clainms 27 to

32, further2gcomy isgittg @Badainttand!didish 2B aARrdif the 1RY HabiinRk h&asis one of a
reactive gas environnent and a passive gas environnment for the substrate

at |east one of 3pianged tte, maching g chavgelafandr theaguteriphclemaralgmeaas, isA syst em
as cl al %Ed In a%aﬁgecﬂo@ogﬁleﬁ% g%lgt, tﬁ%ggl\g'\':fhgjsﬁgsﬁagt/ehﬁ atggéhe:{nhgll 25 removal

means i S nechani cal ©renov 'mg and polishing
nmeans. 35. A systemas clainmed in any of clainms 27 to 33, wherein the

materi al radpovel systemsasi claiatedin cddime2s; Ritirgeineke fase\¥RaOl3hDg §0b8s is

PCT/ EPO2/ 11001 14 36, A systemas clainmed in any of clains 27 to 33,
wherein the mat &rragged PR Y er?egll‘?é'n?lshaﬁl%s.?P&’S@Péﬁ]&l@f%m(?s@ﬁld% syst em
as clai med in any,Rfyehkénhe #ifstisBriice andifs fiddelehfi @th%gﬂh"ﬁon? hRig@l nmeans
is laser ablation neans. 5 38. A system as” cl al med i n ny of clainms 27 to
37, arranged f orsurfacchami supstasfidliycayenateaopposal walB@beyand et predeterndhad ned i n
any of clains 27, to 37, arranged for machining a substrate conpri sing

| ayers I f sem cdlﬁB tor and netal material. 40. A systemas clainmed in any
of clainms 27 to 37, arranged for machining a

30. A system as claimed in claim 27, wherein the laser machining means is
arranged to machine a grid of channels, and the material removal means is

arranged to complete dicing of the substrate along the grid of channels.

31. A system as claimed in claim 27, wherein the laser machining means is
15 arranged to machine a via, the system further comprises metallising means
for metallising the via, and the material removal means is arranged to

expose metal in the via at the second surface.

32. A system as claimed in claim 31, further comprising oxidising means for

oxidising the via prior to metallization.

20 33. A system as claimed in any of claims 27 to 32, further comprising gas
handling means for providing at least one of a reactive gas environment
and a passive gas environment for the substrate at least one of prior to,

during and after laser machining.

34. A system as claimed in any of claims 27 to 33, wherein the material
25 removal means is mechanical removal means, particularly lapping and

polishing means.

35. A system as claimed in any of claims 27 to 33, wherein the material

removal means is chemical etching means.



10 substrate conprising optoelectronic material. 41. A systemas clainmed in
any of clains 27 to 40, wherein the |laser machining neans conprises a

Q swi t chewoloa®esvds 42. A systemas clained in any of clai n@C2EPID141
wherein the |laser machining neans isl4arranged to emt radiation of one of
the wavel engths 15 of substantially 266nm 355nm and 532nm 43. A nethod
of dicing &%l atd,sypignt rt gledmed im age fcdaithgc2bito V3f aherein dipmiatsrialy t he

steps of (a) |las chinin annel.s in a top surface of the plate; (b)
etcﬁi ng a\(/vai/ matrgr P4 rFéa%lrsﬁsgplg%%arag n%ﬁlgarbﬁ' ate to a depth at 20 |east
reaching the channels so that parts separated by the channels are diced.
44. A et hadf.of Aresybieni ag chirmedsi raay ef cdaimsi Z1 6@ 38hevhstetp shaleihl machi ni ng
a formation in the substrate to |ess than a full depth of the substrate;
and 25 (b) renpVFRGVHEReAns & lasgabRHORBSHS: t e side of the substrate to

reach the machi ned formation.

5 38. A system as claimed in any of claims 27 to 37, arranged for machining

silicon material.

39. A system as claimed in any of claims 27 to 37, arranged for machining a

substrate comprising layers of semiconductor and metal material.

40. A system as claimed in any of claims 27 to 37, arranged for machining a

10 substrate comprising optoelectronic material.

41. A system as claimed in any of claims 27 to 40, wherein the laser

machining means comprises a Q-switched laser.

42. A system as claimed in any of claims 27 to 41, wherein the laser
machining means is arranged to emit radiation of one of the wavelengths

15 of substantially 266nm, 355nm and 532nm.

43. A method of dicing a plate, particularly a semiconductor wafer,

comprising the steps of:
(@) laser machining channels in a top surface of the plate;

(b) etching away material from a rear of the plate to a depth at
20 least reaching the channels so that parts separated by the channels are
diced.

44. A method of machining a substrate comprising the steps of:

(2) machining a formation in the substrate to less than a full

depth of the substrate; and

25 (b)  removing material for an opposite side of the substrate to

reach the machined formation.



