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15 March 2006 WD 03/028949 PCT/ EP0O2/ 11001 Machi ning substrate

particultarly sem conductor wafers Technical Field The i nventlkﬁnMthaz(OQé to
machi ni ng suysieRbHS, particularly, but not limted 5 to, senicedusmior

waf ers. Background Art It is known to dice sem conductor wafers with dicing
saws and throughput has been a function of machining speed, alignnment tine,
and yield. 10 D scl osMaehifiinglsib@fatds oparitatat oliengicomdudtor iwasdrs aspect of the
invention, there is provided a nethod of nachining 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

predeterm ne? c‘ﬂxﬁf&hﬂ;ﬁmthe first surface that is less than a full depth of
a

the substr renoving material froma second surface of the

Tiret curtace to Tbisiebtdts Bt natrh FeBnouR 85 pd el (2

conpri ses | ageeni@B6iduttdiavatédish a | aser 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 . Conveni ently, step (a) conprises

machi ni ng a Qc nnel wth substantially plane opposed side walls between the
first surfaé—%%%redeterm ned depth 25 fromthe first surface and

substantially arcyat d side I | s bel ow h pr edet e dept h.
Advant ageousl vy, f E‘@%‘?‘Pgoo ?F%"é‘go e ‘“gfséi”é’r lﬂmgfsa%’ﬂﬁ?f%@r%ug RY step
has been a function of machining speed, alignment time, and yield.
10

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



(b) conpletes dicing of the substrate along the grid of chan[ingﬁatg 12 dgarch
2006 WD 031028949 PCT/EP02/ 11001 2 Alternatively, step (a) ?tf %

machi ni ng /b8 netallising the via wth nmetal, and stegi(ipo2aopri ses
exposing a portion of the netal in the yia at the second surface.
Conveniently, the step of machining a via conprises nmachining in a path 5

formng a circl e RimaivelHrsdy {a? c%pﬁ@éwﬁﬁ&ﬁihﬁlfg% hed 88d beetd105iAE ahyivis centred
on a centre of the circle or the plurality of concentric circles.

Pref erabl y, witlemstadpandfstepefbalcbinpiisey expesing apontioh of e metpl indhe yiacs) thef
oxidising the via..Preferably, step (a) is perfornmed in a non-anbient
controll ed dﬁgm“¥ﬁxgﬁ9ironnent, using at | east one of a reactive gas and a
passive gas at | east one of prior to, during and after |aser nachi ning.

Advant ageousl y, (on@esiestdy,Othe Wedpnéf bcHigiagta viaccodprives @Rehinwegy And pattpassi ve
gas conprises using at |east one passive gas substantially inert with

respect Po tihemingubsirelgtar & pbiseliktafdongentic pirelpene form @arip wensed oRa
substrate dur.i ser chini . 15.thereof.. Conveniently, the step of

usi ng at Ie§§PGgﬂt&5§§r§ﬁ%%%gﬂg%%?g%°é1§° Fﬁij‘%- | east one of argon and
hel ium Advantageously, the step of using at |east one of a reactive and a

passive gas COPpéfefuddy, Uhé Eﬁp@fnie%ﬁéin%&fb dasndledstd peorvdtéf of 65idREd t 0 the
substrate, to reduce 20 roughness of [aser-machined surfaces fornmed in step
(a). Advant dBe¥asly, the 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 rmﬁbl}qegfebs i ngdrﬁﬁeﬁt &P £ @on-ambient controlled gas

10  environment, using at least one of a reactive gas and a passive gas at least one of

prior to, during and 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.



Conveniently, the step of using at | east one gas reactive with respect to
the 25 substrate conprises using at |east one of a chl orof| utoMarthct0Based

gas and a gh9sRLRPN-based gas. Conveniently, step (b) is gleéf/lef,&ﬁqo(ﬂy
mechani cal 'y removing material, particylarly by Iapping and polishing. 15

March 2006 WD 03/ 028949 PCT/ EP0O2/ 11001 3 Optionally, step (b) is perfornmed
by chem cal et chj | J ' d by plasma etching.
Optional ly, st epb?g?n?@?%ﬂg?@rlﬁégrf?ﬁ@a%gr eg%?agt%l{c%ﬁ{.gr%onveni ently, step (b)

conprises the application of nmechanical pressure to 5 the substrate to
break the substr@ptonilbngteplil) isiparfomhed Yohlasmhaetehingl y, step (a) conprises a
further step of providing a protective l|ayer for the first surface against

debris formed in_af. | east, one .of ep [(,a), and, st.ep Conveniently, the step of
provi ding a prot QBE‘PQ@&’5‘3‘782566%‘%@2@#16W&Pﬁ80‘2 10 spin coated |ayer.

Al ternatively, the step of providing a protective layer conprises providing
a tape |layer. CopyedHigl }{tept(fB?céﬂ’lpﬁée%filfmeaﬁpﬁicgﬁoﬁ bl 'nfééﬁaﬂl@él‘;{rés@ﬁre,to

Optionally, the substraté is” of” an optoel ectronic material. 15 Optionally,
t he subst b at ¢hecwhgirdts ésbrealy thessub$traealongthdwhammeland netal material .

Preferably, step (a) conprises |aser machining with a Q@ swtched | aser.
According to a segond aspect of the inventi.o there.is provide substrate
machi ni ng syst enﬁgﬁ?r‘ﬁ?ge?feﬁé’t s%é@f%‘?%? tﬁ‘b‘%ﬁééﬁ? ?%ngﬁ{l?g ?Hboq?ﬁ%&ebl e or
20 ultravi ol eiyef AfitRS e shihcd RaisDiisFornWd MRl dt Qéhst Ondof stéFla) aHd k@ge of a
Substrate to(gt)

Conveniently, 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 (2) 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.



predeterm ned depth fromthe first surface that is less than a full depth of
the substrate; and material renoval means for renoving materiaMafchg@p

second supfREH)h4ot N substrate opposed to the first surfaggrEpobAfo1
predeterm ned depth fromthe first surface to conmunicate with the machined
formati on. 25 Conveniently, the |aser machining neans is arranged to nmachi ne

a channel , and AfgnfBESkiyal the eﬁﬁ&aba%ﬁxfb%\g%aﬁi Hangesot® OMbELhe & cut
t hrough the substrate at "the channel. 15 rch 2006 V\é 03/ 028949

PCT/ EP02/ 110¢wnne hasingrsubsfentislyyplandreorpaset sidastallnibatvaendhs firs surfasged to
machi ne a changel having subst ant.i al | nar_.opposed .side. wal | s bet ween
the first s a@’é3 prgﬁ e‘F‘ﬁB“Er%B@[ iﬁf’m ﬁﬁ%%gtpflﬁfafc o?ﬂd[eﬁ‘ébsﬁn?@ﬁ?saﬁ?lfagece and
subst ant i al | ppRE6HRAIR be9BRPERGréRkdrfiRQY@pth.t he predeterm ned depth. 5
Preferably, the laser machining nmeans is arranged to nachine a grid of

channel s, and the material renoval nmeans is arranged to conplete dicing of
the sub$trate dreferpblhdhedassr ehachiningaheans Ab tasranged Ve |nyachineea | giglepf

machi ni ng nmeans_i.s arr.anged to nmachi.ne a via, th syst em f ur.t her. conpri ses
Toral 11 o7 ng. GHERRYS SR AL ARereL RS dReths it Rirat et RIHRPE P BL A0 AT roans
i's arranged &BsteatpaRag Rigd éfthbigelyi @ at the second surface. Preferably,
the system further conprises oxidising neans for oxidising the via prior to

metal | i zation. Preferably, the systemfurther conprises gas handling neans
for providing atAltersativelys theolqgergpachiningdneaps iy amargedi tognenbine antk, dhpassi ve

gas environ f% didhe I at | ne._o Jor,10o,. durj and
after |aser %ﬂ} Ni ngf? C&“?P\?g% g?]%t ?@‘?‘“@hgﬁﬁ‘éﬁ g g gﬁe{arlggl zﬂl n‘%%fngmi 2196
mechani q@l r@sRMal réi¥as means is arranged to expose metal in the via at the second

surface.

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 meauns.
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.



particularly | apping and polishing nmeans. Optionally, the material renoval
means is chemical etching means. 20 Optionally, the material 1T M#pd00feans
is plasma eyplyspgsdrpans. Optionally, the material renmoval meapRsEps R8N
abl ati on neans. Advantageously, the sysfemis arranged for mac(n ni ng
silicon material. Optionally, the systemis arranged for machining a

substrate compr i ehilenidiAyehs 18br SEUHGMENELE 1< B @ AIRLEEAn 3Py

Optionally, the system 1S arrange ning a substrate conprising

opt oel ect r onwevetetigh iofibne ¢ffsebetamtidlly,266hm, BaSen andiS3dmma.ng means conpri ses a
Qswitched | aser. 15 March 2006 WO 03/028949 PCT/ EPO2/ 11001 Conveniently,
the laser machining neans is arranged to enmt radiation of a wavelength of
one of substantially 2661un, 355nm and 532mm. Brief Description of the .
Drawings 5 The invention will be nore clearly understood fromthe follow ng
descri pti on Bfieshpgcnphpnal wehirawingsr eof , gi ven by way of exanple only with
‘reference to the acconpanying drawings in which: Fig. 1 is a plan view of a
seni conddct or waf ®he biefentendimll nNgg mMareFictparl® umsdesstehidadrommmtiiei following

cross-sectiopal .view of the wafer of Fi e.1l show ng an active region and
2 suppor t  URBRPEFR PhEoTAFEIPOIRRA, thenehly ERRAY R OF FAAMBIC oAl WY 3 o
the di agr ampdrdencd 8h@dccbinfilyingdvhtifedifqvgspport region renoved; Figs.
4(a), 4(b) and 4(c) are a series of cross-sectional diagranms showi ng a

machi ni ng process of the invention;

2420 PERED &

Fig. 1is a plan 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.



20 Figs. 5(a) and 5(b) are cross-sectional diagrams illustrating an
alternative machining process hel pful in understanding the iHMach@®06and
Fi gs. 6(a)wd@dmrgemnd 6(c) are cross-sectional diagrans ill pgtiyaioeagoa
further 25 enbodi nent of the nmachinings process of the invention. 15 March
2006 WD 03/028949 PCT/ EPO2/ 11001 6 Mdes for Carrying out the Invention

Referring tq\dgh&.foilcﬂa}@{nkog{ﬂ@m%ﬂtiggnductor wafer 1 is shown. The
sem conduct or wafer corrprl ses |n egrat ed circuit dies 2 separated by streets

3. As shown 'nﬂé g 041 SOAPEdRESH ARt ACHaNE | 69! GRwh. SPRPOrted by
a support 5 region rovi cham cal support during manufacture. Wthin
the active semgéamdudtot vafee compasesupmgratai:dmcm'ﬁ diesZ snpardtayley stieetsndl Az | ower

final support layer_ 6. Generally, the active regio i s of thlckness | ess
than 100 m GREWE N Rigrsrearh gle%ﬁ@n@aﬁsw@ CHYF gegian ?réypa@feé Y #EREROE ed

el ectronikc G 8H'5 ﬁ}?b'éldi;ﬁgyméélﬁ&c?fﬁuﬁg @ﬁﬁhnééﬁi’acgﬂé AGrifths GH botik0 1t TS a

requi r enment t 'S su I's nechanical ly

robust. For rbgbga thereds wvafigres actéveircB Qayen7 wad enlswert il qujployt laydr®. t hi ckness
may be in the region of 500 mcrons to 800 mcrons. Heretofore, dicing of

the wafer has ImaeRralST fthe RtvaMrbdiofli 4118 0ofS eibkrRs 1643 eadhPol nhidfonbeen a
function of nmachining speed, alignnment time, and yield. 15 The invention

enpl oys an éFQn@raih't, thﬂeacaer@mﬁlmrémyuh@@nan@gmﬁdﬁwtmmmmuﬁw maytalseet
machi ni ng and hi.nning. In the first step, a laser is used to
scribe a chg’ﬁ pglcfﬂwa\'%%%%e&r gpth d and width winto the street region.
To achi eye a high. machinin ed a high wer . tchedla er, erating
whin Dband ot s foEARRETEI A Tl it PECERIy Bk bat 136 medhanical

robust. For large area wafers, e.g. 300mm wafers, typically this thickness may be

in the region of 500 microns to 800 microns. Heretofore, dicing of the wafer has
been performed with dicing saws and throughput has been a function of

machining speed, alignment time, and yield.

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 opérating within a band of substantially 10nm centred on 266nm,

20  355nm or 532nm may bé 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 resultis a diced wafer. The active circuit layer 7 is supported by the final support
layer 6.



-

WO 03/ 02894 9pdifatepise

20 355nm or 532nm nmay be used. Using an appropriate set of |laser, scan, and
optical . parameters, the street may be machined at high speed SWMer$R006
affecting Wheozbiget i onality of devices in the active regi onpdr/eporaneal |y,
channels 8 of 20 to 100 microns depth may be machined at speeds up to
80mis with appropriate laser settings. As shown in Figure 2, the channel 8

may have subst anfizabiher Bndo8ingdnt 6PRRSBEerRticheiivatrited ﬁepl\g@a(h)ttm(cP,ith surface
and a predeterm ned depth and substantially arcuate opposéed walls bel ow t he

pr edet er nmi nedwidided Haseoheeny Ads gisedéa dglli micrend hifpadtres ol Oathrewghi thecrctiept h, t he
support regign. 5 0of t wafer. s Loned by .l i n | i shi chem cal
et chi ng, pl adh u§te1§ Xﬁ{if'ngl,ld or pgftclin o B%{?It% a?’%’h@.{ d‘ﬂ%ggo?% %RSH’S&&S@’Q?@%Q final

separ at ed di &Sshbvah@MFig 3(d)i The Inicidveas3D bRStHeh Mstalised 6aith walLrll, The active

circuit layer 7 is supported by the final support |ayer 6. 15 March 2006

ﬁmbm&mevtmmoféhmqﬁéc capbiblAYeEAt of this invention
illustrated in Figs 4(a) to 4(c), a Q switched |aser beam9 is used to
drill mcrovi a fRallinged migrehaol@ivithipelsad tlases mey rbeietfolmgd nsiig anel of

PG a(a) | THERNERGGY o Brs st Satviaey PEBR hiere (A sk Utpe B3 "0 11
facilitate akglinhdRhub@Bro0kidPulbs hoQAehfhitd o & LiE foiti@fPthe fabstlalel |1 N9 Of

mcrovias 10 wth pul sed | asers may be perforne g one o two net hods.
In a first rBhoemberselapulsssaequibsbinreschus edtaipidepth depersds. orltienrgenetgys

t echni an er of |aser | ses agre delivered to si.ngl e point on the
substlrg?]g). VT%\%C ?ﬂ%%eqndgid"{?ﬁi%glezﬁ?%gﬁﬁ e![\és Fﬂﬁﬂmea%ée%? iﬁ’in"’glg’lbt MYyepends
on their enejg¥oxitatelP 160 BeoHs thetbe Biid &Act Ji_ﬁicﬁa:ﬁéeﬂ”'dﬂ?@ﬂ@s brStheBasepbl e for

vias smaller ‘than approximtely 100 mcrons dianmeter. The exact via
di anet er dephsaus dmetdieoptigadand frsempatimeterseand wpterighprogentics.doer sggardinet er s

and mater| almgtrhggear Lt)eia% is lsgan%eé %fo%gqhe outer profile of the via. This technique is

suitable for vias larger than approximately 100 microns diameter.

15 The laser moves in a circular pattern, in a single circle or a plurality of
concentric circles. Several repetitions might be required to reach the 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)).



met hod a beamis scanned along the outer profile of the via. This techni que
is suitable for vias larger than approxi mately 100 microns di%Mardr20065 The
| aser novesyonsm@2is cul ar pattern, in a single circle or a ppar/ebiziyonf
concentric circles. Several repetitionssm ght be required to reach the
required depth. The via diameter is a function of the radius of the

out ernost circl eRafetring® Figeagta)diod(®) #ra fubtheh embeiinens of tHedhveptod,dhais a
scanned or trepanned via. By machining the nicrovia 10, be it a pixel or
trepanned vi getiveglaviss copgisisiad@ senes ofalernatensitionn layers S2andanstal layess B3 i nd

m crovia str [ d ' | e | Meif & LA | 11 in
order to pro%écﬁag e %%E%ﬁé@?rﬁﬁ%;g‘? <\:I\H£§ l%gpﬁs%mgi%lgghg%ﬂ%%é%crovi a
may be oxi di geh thefsurfaceref ah hithatdedice 3Thehrodgicthid altivefdevize 1avef add io t hen
thinned (Fig. 4(c)) by lapping and palishing, chemcal etching, or plasm
etching ih otheesmppeﬂ@gp%@étr%tﬁg6r@tga|6(h)h Theemncragia Fhispthemmesdlised Wi a, t hus
permtting e}ng&rlr_wcal connection of devices in the active circuit layer to
power and ground-sources. Referring to Figs. 5(a) and 5(b), in the case

wh th f i.ch.th tive.deyi is.thin (typicall
2300 i orons) . Thedaead E und il s Bienl Rt (P D 02 el S ana
conpl etely tﬁél&ﬂ%'te%, gp&nﬁape&hiﬂgpglaéﬁa SRRl 8f Risérl abldfiéh W 8rdéltd Sxpgoben

metal lised with 23 subsequent to oxidisation in order to facilitate
el ectrical ctanastaloteyéFiiy. the( bgspr nidhived cmiczovie, e GEIORBeY Slectrical

PCT/ EP02/11001 8.Referring to Figs. 6 to,6(c in a further enbodi ment
of the iL@en?anﬁ?tlcgqﬁtec{eg(&eﬂ%erag\;%gg e@cﬂéog{lg Sé)‘fl)cgs‘seri es of alternate
silicon |ayers 3%%$Pd netal. ] ayers, 33 _as shown in Fib? 6(a). A Qswtched
laser is used tolRf (35§ Baghipingmay be perdered W2 DPRGMIGHE Baf FRURMSAL an

active devi C@onﬁ%lleah%%;?hgatshihﬁuﬁﬁltgi ¥§‘fstéiix‘iv@a§ F%etégldsdcﬂt o ﬁlﬁﬁaéypport [ ng’

substrate 36 (Fig. 6 The mcrovia 34 1s then netallised

concentration, temperature, gas type and gas mixes are controlled prior to, during
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 gasés

(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.



metal 37. The backside of the wafer is then thinned (Fig. 6(0%‘% by | appi ng
and pol.ishing, chenmical etching, plasma etching or |aser ablktMarehi2906r der
to expose woO®sgRoad |ayer in the |aser machi ned mcrovia, tPUFEP&IINILI NG
el ectrical 10 connection of device |ayers to power and ground sources. The
| aser machi ning may be perforned in a non-anbi ent gas environment

control led by a Phs strdiud! dfithe sytstrerthdtabe RérigRicEdcht MBI beasovetedWyitlas e,
concentration, tenperature, gas type and _gas m xes are controlled prior to,
during and #Pedp 3ciera BﬁXEW%HP Agyer Rreyspiies dehriyfons thealpsgamadiring or
successi on prj . . I I i ning. The gases used
_may be passi \;;lgg%%&l?%gé%lﬁbngy%t?% fraggllégéttﬁ%%&{vﬁgnggé‘llﬁﬁg’uct or substrate
RIS S T e S T
Ahat  reagt wbtcBarel ! WEPd SRk rifdMOpE | HeraasH ?éﬁ%soxaﬂ'i@irﬂgaiaﬁ@% Bafs o My be
used prior to, 20 during and/or after laser machining to reduce the surface
roughness of facdiate holdingpfidi¢ afievibandchamacad mechmingproeekace t he debri s
produced during the |aser nachining process. A chlorofluorocarbon-based gas
and/ or a hal ocar Bheirvasisch gast limyted & ths ethbodimiéntgdsdclibeibut a3 beofaried e
sidewalls in order to renpve debris |ocated on the 25 sidewalls of the

| aser machi nBcoRBEREan ad detadl. A chl or of | uor ocar bon- based gas and/or a

hal ocar bon- based gas nmay be used during a |laser scan of the outer rim of

t he machi ned channel or via in order to renove debris fromthe top of the
| aser. machi ned surface. The surface of the substrate that the |laser is

i nci dent upon may be spin 30 coated with a protective |ayer to prevent
debris fromthe | aser machining or nechanical machining steps falling on
the active device layer 4. 15 March 2006



WO 03/0 28 9 4 9 PCT/EP02/11001 9 The surface of the substrate that the

| aser is incident nay be covered with a tape to act as a prd?@é@FUQOW%yer
preventing debris fromthe | aser nmachining or nechanical machining steps
falling on the active device |layer 4. Follow ng | aser machining, the |aser
machi ned surface of the substrate nay 5 be coated with a back grinding
tape, die attach tape or dicing tapeli0n order to facilitate hol ding of die
after the nechani cal nmachining process. The invention is not limted to the
enbodi ments described but may be varied in construction and detail. 15
March 2006 _Hi @48/ M5 1 , A nethod of machining a substrate (1) conprising
the steps of: (a) using a |laser emtting visible or ultraviolet radiation

(9) to machine aa retodBt n@dhirisy a shbstra21) cOhpridin} the dtégsst: surface of the
substrate to a 5 predeterm ned depth fromthe first surface that is |ess

than a full deptf) aking B8assidisittingvRibleoraltrhoidien radiatioi (%Q@tnhailﬁead gas
envi ronnent, usi ng at | east one of a, I’e%(;tl \é& as aSSI Ve gas at
c%ﬁ‘gh fi

| east one of prior tiermation(&nkd; £3d 34 et SHBS %18 4 b)

subsequenty y rendvi RgedeRinfhdddepthfRM the BRCAMBLeIRHt {A6R th alfiedépubstrate 10
opposed to the first surface to the predeterm ned depth fromthe first

surface to comuni c#f &egibstrateipa fl‘éﬂ“ﬁ%ﬁl?“bW”Hgﬁlwgﬁaﬁ)ﬁé’lreﬁme%ﬁéwg @il etching;

pl asma etching; and l@5&fe d*3l Bicti®gas and épszelfv@gsk ﬁqeagtl GHe"BR PribioC! @i m 1,
wherein step (a) conprises |laser nachining wth a laser emtting radiation

of a wavel ength of chingdndafiprdesgrmachining; aml5 266nm 355ni n and 532nm

(b) subsequently removing material from a second surface of the substrate
10 opposed to the first surface to the predetermined depth from the first
surface to communicate with the formation using one of: chemical

etching; plasma etching; and laser ablation.

2. A method as claimed in claim 1, wherein step (a) comprises laser machining
with a laser emitting radiation of a wavelength of one of substantially
15 266nm, 355nm and 532nm.

3. A method as claimed in claim 1 or 2, wherein the step of machining the
formation comprises machining a channel (8), and step (b) completes a cut

through the substrate at the channel.

4. A method as claimed in claim 3, wherein step (a) comprises machining a
20 channel (8) 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
grid of channels, and step (b) completes dicing of the substrate along the
25 grid of channels.

6. A method as claimed in any of claims 3 to 5, wherein step (b) comprises the
application of mechanical pressure to the substrate to break the substrate

along the channel.



3. Anethod as clainmed in claiml or 2, wherein the step of machining the
formati on conprises machi ning a channel (8), and step (b) cohpMards2@6cut
t hrough the substrate at the channel. 4. A nethod as clainmed in claim3,
wherein step (a) conprises machining a 20 channel (8) with substantially
pl anar bpposed side walls between the first surface and the predeterm ned
depth fromthe first surface and subdtantially arcuate opposed side walls
bel ow the predeterm ned depth. 5. A nethod as clainmed in claim3, wherein
step (a) conprises machining a grid of channels, and step (b) conpletes

dicing of the Sg%%%{ﬂ?c{deasat:ﬁﬂgzdti'ﬂeclai%5195vh§ei9fs;zg@aﬁ‘rlﬁ“l Sachfhingtfget hod as

clained in any ainms 3 to 5, wherein step conprises the application
of mechani cal priewmstier ceruprisremadhiningr aivia (1Q 281 #alend metadlifingtthev®@  al ong t he

channel . 15 Mar 1540 i iy ] wherein step
(a) of machi ni ng‘nflﬁ’g%fg:r’rrﬁ’i%’r?ag%%t%?&%ggm%g%%?ﬁgg S(i’\t/’?i'é’m (°%6}§° 22: 34) and
met al | i si ng t he metal in thetvim argheasecond surfae@psigizone ofirmaechandqally bemayingpr i ses

exposi ng portion t . in t La. at ace using one
o mechani oal |y i Ay P bl E b ool SERRE SAERCTS 021 19T
chem cal et chi ngichpigaaddaseradbtatiomg; and | aser ablation. 8. A nethod as
claimed in claim7, wherein the step of machining a via conprises machi ni ng

in a path fogmn ihrcl g, | of trlg. . Ci es to forma
via centred g'n a[gggertllﬁrdea%o al?‘ﬁde%cgiragrf 2’ g&&fl ethj%?ﬁggll?idtadycﬁ%#n% Jlglaconcent ric
circles. 9. A nebhpdseamachisingrbda path firmingrazirde o8a plimditeofcontetrst ep of

metal lising the cirefs to Po%lnuad\%g cZntfl' B a S0 of Ihc %%(rt:lglosrltﬂgpltug 1tyvc|>

10 concentric circles.

9. A method as claimed in claim 7 or 8, wherein the step of metallising the via

includes a prior step of oxidising the via.

10. A method as claimed in any preceding claim, wherein the step of using at
least one of a reactive gas and a passive gas comprises using a passive gas
15 substantially inert with respect to the substrate substantially to prevent

oxidation of the substrate during laser machining thereof.

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 any of claims 1 to 9, wherein the step of using at
20 least one of a reactive gas and a passive gas comprises using gas reactive
with respect to the substrate, to reduce roughness of laser-machined surfaces

formed in step (a).

13. A method as claimed in any of claims 1 to 9, wherein the step of using at
least one of a reactive and a passive gas comprises using gas reactive with

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

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.



10. A method as clained in any preceding claim wherein the step of using at
| east one of a reactive gas and a passive gas conprises usingaMpebdfe gas
15 substantially inert with respect to the substrate substantially to
prevent oxidation of the substrate during |laser nmachining thereof. 11. A
method as claimed in claim 10, wherein the step of using a passive gas
conpri ses using one of argon or heliu&- 12. A nethod as clained in any of
claims | to 9, wherein the step of using at 20 |east one of a reactive gas
and a passive gas conprises using gas reactive with respect to the

substrate, tQqsrefua@hddorgblames iffany 35 ehic Fia@hingealaiﬁy,r&maﬁ stdpOared in step
(a). 13. A nethod as clained in an aing 1 to 9, whereipn the step of

y of ¢ .
using at |east emPrigss afuthes step 9EpRaYiding a peatectiviolayer SortBe st 888Cqsi ng gas

reactive with Z%arn@tsa@%foﬁn%dtimmm%sapske%,(a)tagdE@ﬁye debris created in step
(a). 14. A nethod as clained in clains 12 or 13, erein using gas reactive

wWth respect to the substrate conprises using at | east qne of a

chl or of | ur ocdfboft-methadeas glaunedny daimaldy COPPrSByBrOWHING A SP1A $o8Ed ch 2006 - 12
15. A nethpd as @&mqlayien any of the preceding clains, wherein step (a)
conprises a further step of providing a protective layer for the first
surface against debris forned in at |east one of step (a) and step (b). 16.
A method as dfaj freethed &{a‘rﬁ"’%S‘," ‘E!%th SPHEE DY aaﬂaé’ﬁiaﬁ Yated 5
protective | ayerprobdivedayeet hod as clainmed in claim15, conprising providing
a tape as the protective layer. 18, A nmethod as clained in any preceding
claim wher ell@. tR(:ine%ﬁJo Satsrc agn?ed(ig’anyzg'r’ecedlgr’lg)claiﬁ \A%Iere?n Ie%u r;trg’?élt(?;rilfil '

36) is of silicon material.

10 19. A method as claimed in any of claims 1 to 17, wherein the substrate is of an

optoelectronic material.

20. A method as claimed in any of claims 1 to 17, wherein the substrate

comprises layers of semiconductor (32) and metal (33) material.

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

15 comprises laser machining with a Q-switched laser.

22. A substrate machining system arranged for machining a formation (8; 10,

22; 34) in a first surface of a substrate (1) to a predetermined depth from the

first surface that is less than a full depth of the substrate, the substrate
machining system comprising: laser machining means arranged for emitting

20 visible or ultraviolet radiation (9); and material removal means arranged 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 comprising at least one of chemical etching

means, plasma etching means and laser ablation means, characterised in: gas

25 handling means arranged 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.



10 19. A nethod as clainmed in any of clainms Ito 17, wherein the substrate is
of an optoelectronic material. 20. A nethod as clained in ari?MPrcblzgp% 1
to 17, wherein the substrate conprises |layers of sem conductor (32) and
metal (33) material. 21. A nethod as clainmed in any of the preceding clains,
wherein'step (a) 15 conprises |laser machining with a Q switched |aser. 22.
A substrate machining system arranged3for nmachining a formation (8; 10; 22;
34) in a first surface of a substrate (1) to a predeterm ned depth fromthe
first surface that is less than a full depth of the substrate, the substrate
nmachi ni ng sy9s e GOARN 1a§ icREned i S®dim MRC Whétkil Ghd RS maAhinda0@ehnt ¢ em tting 20
visible or ultraviolet radiation (9); and nmaterial renoval neans arranged
for renpving nearapged| tof magking & ehaspdl (8lirepddhe Bateriycremgyal e iopposed to the
first surface !guhlR PEaHFhes Bl ieshef aRbshi@m thithahid ST surface (o _
communi cate w th the machined formation conprising at |east one of chem cal
etching neans, plasma etching neans _and | aser ablation neans, characterised
in: gas 25 h&f‘rdlgrﬁﬁs’t%&h@aaﬁdalﬁg%ﬂi‘“f%r WBSTE i ths Rger machining: meaRs 19f a reacti ve
gas envi rsonnent yahgkdao RASHhe £ chiRfel §8)\Halia g SBantdaly pldie oppthed sigd € at | east
one of prior to, during and after laser machining. 15 rch 2006 -13 23. A
system as cl ai mevallsibepyean theAirst sprfaceand ﬁter%edptagweﬁ#@m fipmgherBshs i s
arranged to machj el ' ﬁ;gm HEaNs i s
arranged to conpugggqggguf tq?%ﬁg1m?ﬁ%p§%§§??%§%b§%u% e cﬁgwne . 24, A
system as cl ai nedtpthn cl ai m 23, wherein the | aser machining neans is 5
arranged to nmachi ne a channel (8) having substantially plane opposed side
val | s betweenst hg sists SMHACH @i 2hohBLRURS RSdA MRdintgthbunt oM the first

surface and substantially arcuate opposed walls beyond the predeterm ned
10 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.

26. A system as claimed in claim 22, wherein the laser machining means is
arranged to machine a via (10; 22; 34), the system further comprises
metallising means arranged for metallising the via, and the material removal

15 means comprising at least one of mechanical material removal means,
particularly lapping and polishing means; chemical etching means; plasma
etching means and laser ablation means arranged to expose metal (11; 23;

37) in the via at the second surface.

27. A system as claimed in claim 26, further comprising oxidising means

20 arranged for oxidising the via prior to metallization.

28. A system as claimed in any of claims 22 to 27, arranged for machining

silicon material.

29. A system as claimed in any of claims 22 to 28, arranged for machining a

substrate comprising layers of semiconductor (32) and metal (33) material.

25 30. A system as claimed in any of claims 22 to 28, arranged for machining a

substrate comprising optoelectronic material.

31. A system as claimed in any of claims 22 to 30, wherein the laser machining

means comprises a Q-switched laser.



depth. 25. A systemas clainmed in claim22, wherein the |aser nachlnlng
means is 10 arranged to machine a grid of channels, and the WeMardha00
removal nmeans is arranged to conplete dicing of the substrate along the grid
of channels. 26. A systemas clained in claim22, wherein the |aser

machi ffing neans is arranged to nachine a via (10; 22; 34), the system
further conprises netallising means-Hrranged for netallising the via, and
the material renoval 15 neans conprising at |east one of nechanical material
removal means, particularly lapping and polishing neans; chemnical etching

nmeans; pl asnes, enGhiteg asBlaiRd ahghylod elgims 2R ka3 1, MRereRaRS]adkh hﬁaﬁﬁdg to expose
metal (11; 23; 37) in the via at the second surface. 27. A system as

claimed in clainfio#s i ARREA ©osmit raiatign 6% of egengt H‘Saﬂ%"cl‘?@m&t"fanged for

oxi di sing the vi g\lb%tmlypsgnﬁpggjnﬁ@atsgm 28. A systemas clainmed in any of
claims 22 to 27, arranged for machining silicon material. 29. A system as
claimed in any of clains 22 to 28, arranged for machining a substrate
conprising layers of sem conductor (32) and netal (33) material. 25 30. A
systemas clainmed in any of clains 22 to 28, arranged for machining a
substrate conprising optoelectronic material. 31. A systemas clainmed in any
of clains 22 to 30, wherein the | aser nmachining mneans conprises a

Q switched laser. 15 March 2006 -14 32. A systemas clainmed in any of clains
22 to 31, wherein the laser machining neans is arranged to emt radiation
(9) of one of the wavel engths of substantially 266nm 355nm and 532nm





