0 8 JUN 2005 WO 02/47863 PCT/1E01/00137 1 "Laser machining of

sem conductor materials" |INTRODUCTION 5 Field of the Invention Th§3BJUN2%5
invention\@@bg%§§3to the use of lasers in the machi ning of sem conductor
materials or other materials having broadly simlar properf¢FEEOHBT exanpl e
is machining of sem conductors for the purpose of singulating a single
integrated circuit 10 froman array of integrated circuits on a wafer.

Anot her exanple is |aser renoval of sem conductor material for the purpose
of defining apertures in the wafer or die. Prior Art D scussion 15
Integrated circuits are f'hhg angning jof geerbadsctof megmatdnduct or as t he
starting material. Miultiple integrated circuits are manufactured

simul taneously through rmultiple lithographic steps. One of the final stages
in the integfaigdiehdguit manufacture is the singulation of the integrated
circuit diefromthe wafer in which it is fornmed. 20 Currently, the

i ndustry uses di anond bl aded hi gh precision nechanical saws to performthis
function. /ixhough éhis 1s the accepted technique there are problens wth

t he use 2of O ey cause chi pping, debris generation and excessive
thermal | oading. 25 Although |aser processing and the use of |lasers in
manufacturing is W despread, |aser technology does not appear to have been
appl i ed sucTlesshuitiont eclatee watte nkagfofasersein ¢gonaduadhdningabe semli®ndactopt her
simlar applications. The reasons for this are that the quality of the edge

formed by ampEsials enotheagnatesalss Bayagiyoadlyc ek mopeites. One éxample is

machining of semiconductors for the purpose of singulating a single integrated circuit

10  from an array of integrated circuits on a wafer. Another example is laser removal of

semiconductor material for the purpose of defining apertures in the wafer or die.

Prior Att Discussion

15 Integrated circuits are fabricated using wafers of semiconductor as the starting
material. Multiple integrated circuits are manufactured simultaneously through
multiple lithographic steps. One of the final stages in the integrated circuit

manufacture is the singulation of the integrated circuit die from the wafer in which it

1s formed.

20
Currently, the industry uses diamond bladed high precision mechanical saws to
perform this function. Although this is the accepted technique there are problems
with the use of such sa\;vs as they cause chippmg, debris generation and excessive
thermal loading.

25

Although laser processing and the use of lasers in manufacturing is widespread, laser
technology does not appear to have been applied successfully to the machining of
semiconductor materials and other similar applications. The reasons for this are that
the quality of the edge formed by a laser cutting process is not acceptable for

30 precision applications such as integrated circuit manufacture. Also, the speed is



30 precision applications such as integrated circuit manufacture. Al so, the
speed is U8 JUN 2005 2 inadequate for a high throughout productiga JuN 2005
processes. Also, heat is often generated at the cut front, resulting in
damage to the electrical function for which the conponent was manufactured.
US 4958900 descri bes a holder for holding a plurality of optical fibres for.
5 illumnating a. workpiece. US 5922224 descri bes a system for focusing
light froma |aser beaminto two beanms? As a seniconductor wafer is noved
relative to the beans, the beans travel on the sanme path, one after the
other. The invention, is directed towards providing for inproved machining
of 10 sem conductor and |like materials using | aser beans. The desired

i mpr ovenent snakegudtanfor & érgrshobshpachbdicign patesandlal sat gudlehtpgnamed accur acy
SUMVARY OF THE | NV I Accordi.ng, t he.i nyention, there is provided

met hod of nﬁ%ﬁfﬁﬁwghgr%%%@%%%§nm%gﬁﬁﬁ?éfﬁruﬁﬁﬁm%?% E“@?Egﬁﬁﬁgf’ﬁa‘at | east
two | aser beansnabfatthedmaterial to perform-a 15 nmachining operation
characterized in that, the | aser beans have different wavel engths, and the
beam havi ng | ongest wavel ength is used initially and for the highest

mat eri al rerfyA958W0edcsamigs s hehlm Haviholging shpintadity wévegliengfitves sfoused
subsequegtlXlggmqgg%kgggiége machi ni ng operation. in one enbodi nent, the
beam havi ng %%e ?oﬁgeéilhavélength al so has the highest 20 power. In

anot her enbodi nent, the beam having the | ongest wavel ength conprises a pul se

train havi ng;pul:56s @kcifbed 4 OLRIPRE MenQho 58670, i‘ﬁ%é}%@%rﬁ l@a8d vl auency, and

the beam having a shorter viavel ength conptrises a pul'se train having pul ses
at a third, Asfosrrpeondetorf WHTEHs Faevre rilel vErie difebreyps, the beams travel on the

same path, one after the other.

The iavention, is directed towards providing for improved wmachining of
10 scmiconductor and like materials using lascr beams. The desired improvements are in

terms of machining rate and also quality and accuracy.

SUMMARY OF THE INVENTION

According to the invention, therc is provided method of machining a material

comprising the steps of directing at least two laser beams at the material to perform 2

15 mmachining operation, characterized n thaf, the laser beams have- different
wavelengths, and the beam having longest wavelength is used initizlly and for the
highcst material removal rate, and a beam having a shortcr wavelength is used
subscguently to complete the machining operation.

In onc cmbodiment, the beam having the longest wavelength also has the highest

20 power.

In another embodiment, the beam having the longest wavelength comprises a2 pulse
train having puises at a fundamental or second hanmenic laser frequency, and the
eam having a shorter wavelength comprises a pulse frain having pulscs at a third,

fourth, or fifth harmonic fequency.

25  In one embodiment, the highest power beam is pencrated from 2 sohd state Jaser with

a fundamental or second harmonic wavelength with a fundamental frequency in the



25 In one enbodi nent, the highest power beamis generated froma solid stale
| aser with a fundanental or second harnonic wavel ength with a fundanental
frequency in the E 8 JUN 2005 3 near infra red spectral region anflfalideitind
harnmoni ¢ frequency in the visible to near infra-red range, and a shorter
wavel ength beamis generated with a v+aveleno-lh in the wultraviolet range
by generation of third, fourth, or fifth harnonic frequencies. |In another
embodi nent, the beanms have a pul se width | ess than 300 nanoseconds. 5 In one
enbodi nent, the beans each have a pul se repetition frequency of greater than
| kHz. In one, enbodinent, _wa[vanorretaef .and an opt i c% s%ﬁﬁem deliver the
beams, and af**4d ?%&ISp‘scgféltl' bFBVT &S R T RPGEC R ARSI 148V By alfd Beam si ze.

I n one enbodinfnted rdnhe 8L Sidr@} wissidgaleen 0k semicanieh@lenyal @rhal . 10 In
one enbodinment, the material is a conposite yjaterial conprising

seni conduct oFEHRIEFPaS bY StRE RO SV EE t9F S Srdtieriemromq #eaaetisst her enbodi nent
the | ongest wavel ength, beamis used to renove bul k sem conductor from one

side along a_cut line, and horter wavel en beamis used to renove a

| ower quant i ﬁ‘&/‘mé’fheaf"%?(@t’?w’%‘cfpﬁlé‘? ﬁq‘aﬁe afR“%ﬁf’“t“%é?%i)*g%n}”ioél“g?ﬁ%onélﬁong the cut
15 line, In one enbodinent, the material is a sem conductor integrated
circuit dge, and the ., machining is, perforned artgunédT the e%gg_sﬂ of .fhe die to
si ngul at e” t h& T PPEIME- WSS SRR G PAY SPe dreSedi R HeZ &8 d8f ent , t he
met hod conpriges the further step of capturing an inmage of 20 the materi al
before cutting using a machine vision systemand determ ning the cut |ine
according to identified fiducials. According to another aspect, the

i nvention pr bvertesnbedingppharsal grorfedy ander opipahsysivat detiv gl the baidg, appbar at us

conpri si ng Py .| a5&kieSMiks TRARS raRnhi &b AR, gii de neans,
In one ernbodiment, the material is a wafer of semiconductor material.

10  In one embodiment, the matcrial is a composite materizal comprising scmiconductor

material, and a dielectric matcrial.

Tn a further embodiment, the longest wavelength beam is used to remove bulk
semiconductor from one side along a cut line, and a shorter wavelength beam is used
to remove a lower quantity of dielectric material from the opposile side along the cut

15 Iine,

In onc ernbodiment, the matenial is a semiconductor integrated circuit die, and the
machining is performed around the edges of the dic to singulate the die from a wafer

or zn array of dies.

In one embodiment, the method comprises the further step of capturing an image of
20  the material before cutting using 2 machine vision system and detenmining the cut line

according to identified fiducials.

According to another aspect, the invention provides an apparalus for cutting a
material, sald apparatus comprising a laser source means, a laser beam guide means,
and a confroller comprising means for controlling the source means and the guide
25  means to perform a machining operation, characterised in that the laser source means

compnises 2 plurality of lascr sources each for generating a laser beam of a different



and a controller conprising nmeans for controlling the source neans and the
gui de 25 neans to perform a machi ning operation, characterised in b@éhﬂfﬁﬁ

| aser source neans conprises a plurality of |aser sources each fo
generating a |laser beamof a. different 0 8 JUN 2005 wavel ength, and the,
controller conprises neans for controlling a machining operation in a nethod
as descri bed above. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Brief Description
of the Drawings 5 The invention will beinore clearly understood fromthe
foll ow ng description of sonme enbodinents thereof, given by way of exanple

only with reference to the acconpanying drawi ngs; in. which: Figs 1(a) and
1(b) are dia@@éﬁﬁﬁWFPﬂ%%?ﬁ??ﬁg”ﬁgg?n' ”%Wﬁf%&§@%“ﬁ€%ﬁ§wf@nﬁﬁéﬁpﬁ 5 trench;
10 Fig. 2(a)iismenod derkdsedaeh@ss- sectional view showi ng a deep trench
machi ned using two beans each in a succession of stages, and Fig. 2(b) is a
di agrammati c cross- sectional view showi ng use of a UV | aser beamto
conpl et e a qbD&TAIVED DESSRIITION OF dughiwEpItosonch; and 0 8 JUN 2005 WO
02147363 PCT/ 1E01/00137 5 Figs. 3(a), 3(b), 3(c) and 3(d) are a sequence of
diagrams illustrating machining of a sem conductor wafer with a gl ass

di el ectric oRecfbaypertionsf DeServiptd on of the Enbodi nents The invention

provi des a system and nethod for m cro-nmachi ni ng sem conductor wafers by
means of induced photo-ablation and ot her fundanental physical processes
usi ng two® sepht mrenticasel bheairsicery gpdereradionopt fdlavinraspainticesf soTite | aser 10

systems to ggnesabe:d Ne-hearm.ar sy diadernumped sQbi dift Akgc)@ser osystens for

accompanying drawings; in whicl:

Figs I(a) and 1(b) are diagrams illustrating use. of two laser beams to machine a

trench;

10 Fig. 2(2) is an idezlised cross-sectional view showing a deep irench machined using
two beams each in a succession of stages, and Fig. 2(b) 1s 2 diagrammatic cross-
sectiona]l vicw showing use of a UV laser beam to complete a quality finish fo a

roughly cut wench; and



exanple. (Nd: YVO4 @064nnm) with first, second (532nm, third (355nm,
fourth (266nm) or fifth (213nnm) harnonic em ssions. 1064nm | asers Rr{viNe0s
hi gh speed,, (g é and 355nm | asers provide high speed with noderate
quality, and BB6nim and 213nm systems provide best |aser md€HIRPHYIGual ity
but IOM/speed. Dependi ng on 15 the exact wavel ength of the em ssion the

har noni ¢ wavel engths may also vary slightly (for exanple Nd: YAG . The
first beam preferable conprises a pulse train having pul ses at the
fundanmental or second harnonic frequency. The second beam preferably
conprises a pulse train 20 having pul ses in the third, fourth, or fifth

har noni c frequenC|es For exa gﬁ e, the first beam may. be a_Nd: YAG beam at a

f undaanent alFigs.e@e A, 8fc) ang dmaﬁe %?eqae%@c@fn@aﬁ%%M%wazcwgm@
second bean1 I bean1 25 It is preferred
that both bex <%§%%u%q%§ﬁ§g@% %BhﬁlgRPC%Vg an Ons, and a pul se
repetition frequency of greater than 1kHz. The system conprises two separate
heads, the first enploy|no an infi-a-red or visible 30 wavel ength |aser
(such as5gr deescrigh skmbadineg et oyi ng a WV laser. The system 0 8 JUN 2005
WD 02/ 47863 PCT/IE01/00137 6 C -)rises an accurate scanning and positioning
system that involves a high resolution x-y stage and a two-axis

gal vanomet erppAifedfios gﬁ@hﬁ&g QN80 gﬁ&r%ahoa%g lﬁgro%mfcﬁﬂaﬁags sétaRAnfiRkof he
accurate positioning of the wafér and the inspection of m cr o- machi ned
features. Awapsi g wiinonosysdernd photesblevopr awd dethposiundomehtab physical

information to a central pracesso This vi system oper at es n.the
wafer s i n POSE AR E (B TaBe e roR e POpe e BRe et el at
a fixedjoff %?ﬁeltn@ foh@enérakethd SREIROSlet HRdeNPufipel €8BlidNtatk "Rset §76m$ et em
may operate through the beam

example. (Nd: YVO4 @1064nm) with first, second (532nm), third (355nm) fourth

(266nm) or fifth (213nm) harmonic emissions. 1064nm lasers provide high speed,

532nm and 355nm lasers provide high speed with moderate quality, and 266nm and
213nm systems provide best laser machining quality but low speed. Depending on
15 the exact wavelength of the emission the harmonic wavelengths may also vary

slightly (for example Nd: YAG).

The first beam preferable comprises a pulse train having pulses at the fundamental or
second harmonic frequency. The second beam preferably comprises a pulse train

20  having pulses in the third, fourth, or fifth harmonic frequencies.

For example, the first beam may be a Nd:YAG beam at a fundaamental frequency of
1064 nm, or a second harmonic at 532 nm. The second beam may be a Nd:YAG
third harmonic 355nm beam.

25
It is preferred that both beams have a pulse width of less than 300ns, and a pulse

repetition frequency of greater than 1kHz.

The system comprises two separate heads, the first employing an infra-red or visible

30 wavelength laser (such as green) and the second employing a UV laser. The system



delivery path and focusing | ens. The material handling systemis designed to
allowa wafer to be placed in the x-y table chuck wth artwork faci rég
upwards or downwards. 10 A bottom side vision systemis used to prO\Qi gediN 2005
posi ti onal Oi%F&i%fati on for wafers with the artwork faci ng@@ORAWENE. The
system al so enpl oys a handling robot, which |oads the wafers and noves them
fromone head to the other. The system algo includes a gas bl ow ng and
debris extraction system The debris 15 extraction device ensures that
debris does not land on fiducial |ocations so that accurate vision and

alignment is pogekbhe. adhesl scasPStandeYbsiBoRMSUSESetn AR/ dIves! § high
directed away fromthe machining front and, fromthe topside of the wafer,
into a debressivgrnragtitage epdt @rmvoTixes delyanemetet.r Achighnreacld tianr tvassdrseraal so

i mprove the. machining.speed. and quality. .20 The _system al |.ows, for .

ConDl 1 cat oG AR i Rl Bt SEUALE Do BOREOR O SH A0FRp ISP eionat
sem conduct @ i ed. . j e 1S a
1064nm or 5®§nm %grgdrc eegilmﬁtIa gﬁbg%h‘?&%ﬂ%?gﬁl&gggﬁéaﬁﬁﬁs%%P@Bgde‘é&%}%gﬁggﬁlgh
mat eri al5 r eimforalationtte,a adrdrdl peosscan dhixedrioh SysteB3Oopatites 2aGemtcbeaer isdn

achieve finish quality. As described above, the |aser machining system
conpri ses tW¥W6 TREN®sK Uhe RPSHIR L heHoReido Visiery sy taia 73y Re af edoted ofBggtorthe

controls a e r f .. r

vt o, v Pe Edn O G on B R e iiclt s S BN LREG obY B

02/ 47863 P@divER) pANk3id focesing tensoThavedtadd Hagdkhg kpdtgfris desipndd o Mg . I n
both Head 1 and Head 2, the beam.is delivered to the wafer using dielectric

m nors desi W#EHY b Pleped Epiheopy tehle chyg@veite agmerk fagies uptakds or oFaITaIdL i on
and angle of b'o'?t%hﬁﬁ&g %'Fid“ﬁ bs ?Pxﬁ’sﬁéﬁ'té g&'&xﬁge @8@;&3&1 ihfen AR, Eafils W beam
e ga . e Deam i en

at the input to vanonet er
the artwork facing downward. The system also employs a handling robot, which

loads the wafers and moves them from one head to the other.

The system also includes a gas blowing and debrs extraction system. The debris
15 extraction device ensures that debris does not land on fiducial locations so that
accurate vision and alignment is possible. The air assist device ensures that debris is
directed away from the machining front and, from the topside of the wafer, into a
debris extraction system. The debns extraction and air assist also improve the
machining speed and quality.
20
The system allows for complicated shapes, blind and cut-out, to be machined on

both sides of semiconductor wafers at high speed.

In one embodiment, the first beam is a 1064nm or 532nm laser beam to achieve high
25  machining speed and a high material removal rate, and the second beam is a 355 or

266 nm beam to achieve finish quality.

As described above, the laser machining system comprises two heads (Head 1 and
Head 2) and a handling robot. Head 1 controls a pulsed green laser source of
30 average power larger than 6Watts, while Head 2 controls a pulsed 266nm UV laser



5 directed into a two-axis gal vanoneter. Attached to the gal vanoneter is a
tel ecentric, F-theta, flat field Iens that delivers, uniformy, a fQPUﬁJﬂdZOU
beam to anyghea.ef up to 100mm by 100mm In order to nachine the whol e ar eé
of the wafer, an x-y stage is used. This x-y stage i ncor pSFated/04133af er

hol der. The x-y stage can be controlled to connect areas outside the

gal vanoneter field of view to enable nmachi ning of long 10 channel s across
the entire wafer. A handling robot is used to position the wafer in the x-y
table with artwork facing upward or downward as required. This allows the

waf er to bessmehiohede@ge potterdaties thahe Swifars. bl deth Beadeshgh@teador, @ewaf er
of specific dianeter. |t can however be_easily changed to accommbdat e
waf ers wit hbeapas pelivesed (o itee wadirarat s Aslache BarAE ¢oumeddnt B0TRTPIEEET S.

15 Al contrgl e i S J Vi si.Qn e d
beam del i Ve&v?}ve%ﬁ@%ﬁg%reg@%%, ?é?\a%r?sgﬁ P%gg &ﬁ%@ ev\%f?ﬁéraﬁ?rs’cef' ié %{iesﬁéﬁéigsnlg%dgg Head
1. Al thoughsdthie ldeadeter 9f €8 beagest he iBpleet ieesalthorbetee NITRK REnTRE @eh al
renoval, the overall quality of the cut edge is |ower than that achievable

with a W | dgested yo @nwormes galyrnowpetss. Arechaditerthe gabyanogeiariion telaetniie

lity of t f i nferior..to that. obtainable with UV ,
the orsen FaSerstaf BEGRER: B ddfts Shsdu BoRsRdir i th drmcrapds™ '
stabl e. Aft efohRenP16®Am. TasRlerd 1 MadEnd tiaehbRNRYLOf Hewht Karpk-yei gr ik al

froma channel or ‘trench, the 'LTV 25 laser in Head 2 can then bé used to
renove mat ensedl Thisorryi stagdediacarpdrites mwifer bolders Thef x-yhseager eamclhe euntrolledigo

erTect Uhat b heceL ToChLgl g, SUESLl s MIOed o a0 0L, 5 X0l Lo
ﬁ;g/gggi g)y gggfnan}ﬁg A Sds th€ ORineah £rer. W hind1ig 1bBEEE WY &) SHGHEHS theRw@efiiahe
x-y table with artwork facing upward or downward as required. This allows the
wafer to be machined on both sides. The wafer holder 1s designed for a wafer of
specific diameter. It can however be easily changed to accommodate wafers with
smaller or larger diameters including 200mm and 300mm wafers.
15
All control systems, data systems, motion systems, vision systems and beam delivery

are processor controlied.

The wafer is first machined by Head 1. Although the Head 1 green laser is effective

20  at achieving material removal, the overall quality of the cut edge is lower than that
achievable with a UV laser system. The quality of the interior cut section and the
quality of the top surface are inferior to that obtainable with UV. However, the green
lasers are of high power, are relatively low cost, and more stable. After the green
laser in Head 1 has removed the bulk of material from a channel or trench, the UV

25  laser in Head 2 can then be used to remove material from inside and from the edges
of the trench with the effect that the net machining speed is improved, and there is
excellent finish quality.



In this exanple a wafer is nmachined using a dual headed arrangenent whereby
the 5 first head, Head | utilises a pulsed green | aser source of av@é?ﬂﬁZWR
power Iargpr than 6Watts, while Head 2 utilises a pul sed 266nm UV | as v
source of "QVBHAWE power larger than 1.5 Watts. Reference HGI/mateosd Figs.
1(a) and 1(b). The wafer is first nmachined by Head 1. Although the green

| aser is effective at 10 achieving materi al renoval, the overall quality of
the cut edge is lower than that achievable with a UV | aser system The
quality of the interior cut section and the quality of the top surface are

qual ity of _ ect i on’ | '
omoved tha Bue or st e T RSV ekl AL PE0 1ol e Rbal B e Wl

is then usegatied s@p@ve material frominside and fromthe edges of the 15
trench to provide the profile 3. Exanple 2: Machining a deep trench (Fig. 2)
Referring to Fig. 2(a) green and UV | aser beans as described above for
Exanpl e 1 I[AGharexansdd at wafeadchinachmedeasmgta énehh&iedaartangement diblerbyathd a
depth D. IrIL_ga gli rs stage,.,a fi r‘;{ can of the green |aser machjnes rough
sub- t reAch B eaéué‘?é&u HELEGS 2 P SF? SHENSIBECISONRSE Bf 2YHR8E PAYET l8gdihaARChi ne
sub-trench%syg : T f4f IR ' . re".
25 In a secon Tgsz'f“Ea}lg:ghélét %adg?g}ad%gkiézérml&g %@gﬁﬂto na%ﬁfsndéﬁ F%%Eﬁgglggg?%ﬁ%ﬁ
sub- t r enchésrgbdthan5h) Vdmds. SReferenae v @uée ol Be. 1@) dniili(tdepth D (al beit with a
rough finish). The UV laser is then used to extend laterally the trench
formed by the conbi ned sub- 30 trenches 51 to 56. In nore detail, in a third

PCTT | E07) 00157 78 e B e e P B st “sngbbh B ek el Redielie s 1
depth @b c.achie3ing mageridl qanddvaktthgevietdl ghhalitpse theeam ddgesic dowed tlsarothed i n a
rectangul arac aetva lteovv{t}? rgoﬁg] laser system. The quality of the interior cut section and the

quality of the top surface are inferior to that obtainable with UV. After the green

laser of Head 1 has removed the bulk of material to form the profile 2, the UV laser

of Head 2 is then used to remove material from inside and from the edges of the

15 trench to provide the profile 3.
Example 2: Machining a deep trench (Fig. 2)

Referring to Fig. 2(a) green and UV laser beams as described above for Example 1
20  are used to machine a deep trench 50 having a width S and a depth D.

In a first stage, a first scan of the green laser machines a rough sub-trench 51.
Subsequent laterally offset scans of this laser beam machine sub-trenches 52 and 53.
The lateral offset parameter is den.oted “Ocentre”.

25
In a second stage the green laser is used to machine in succession sub-trenches 54,
55, and 56 to achieve close to dull depth D (albeit with a rough finish).

The UV laser is then used to extend laterally the trench formed by the combined sub-
30 trenches 51 to 56. In more detail, in a third stage the UV laser is scanned around the



the volunes 59 and 61 to a total depth of 2*D/3. Finally, in a fifth stage
the W beamis used to machine volumes 61 and 62 to conplete an ac?f)tgg\ng()()f)
and uniformSJ)rofile for the trench 50,ofthe depth D and width S. The

di agram of VRi'§#7%¢a) is idealised, for clarity. Referring ®OoTEE@/002(b) the

manner in which the second beam operates is illustrated for a trench in a
silicon wafer 150, in which roughness of gthe trench generated by the first
| aser is illustrated The cross section of the silicon wafer 150 is

represented graphically in Fig 2(b). AIlOWlaser at 10 532nmis initially

d f hi N WK t.e. j t h
dopth and troRehE ey 89 RrardBaP KRR, T30 8B Ga Jan of SRS T ar

of parall el fsoahstdge)tharldVtlhseritabear &l scafiiaieironativeen rédiaipu{{0' 1) 6 eemavei ven
| aser kerf width K. The val ues of n may _be varied_upon successive

d &
scans  thr oA HBHEUESERAL et 6o PhACHA Rrdb o Fwaedls we o Hek e Feconal |
profile 151ycls, SUNSRGHSHLINn. Jo YS! cPONPTsy Y LSS PaRTLL Boaid- ke

the trench in order e trenc gua or

chi ppi ngsan rdmaﬁﬂﬁai@@ﬁmmgdqﬂmwhﬂmgdwgh hi gher power 532 nm|aser
l'ight 152. This nulti-|aser approac Perm’ ts machining of a high quality

trench in a’giddisgamaf Big. 3(H)3s idgelesedt 10g chirihe Refespagdo tharl(p)the mannar wabl e
solely through the use qof a W] aser.. ical chi ni ng. 20 speeds .far.,a. 30 tm
doep 1rench Thick s ¥8Rnd sy ppifs i pRIGR 4 adRinct s RS Wi Jagtiby

the finishi RghipRssESHIREPONESe ARntNGcROIRE BhehaVByR|1enatih i0istbhe IBfeross

enpl oyed and these can be used to control the finish and texture of the

final trenchectianxefpk eilgon vaefer hithis rapreomted sidpheestlywaftds 2@t A 1QV8 dasgrat

et or 198 wioRtn & PEBENY T Tor AR soE%0 ShriBi” oF e BH AR UETT o
fused silicae@viedd tray@r détB, ard ffehél wi@htdate wslgdved bpasihve serBloRof thee

opti cal conponents, is represented gragahi cally. A 9Wl aser 145 at 532m 30
i s used for Mrger opoatrliehseansi (g aBfl thadteial pHest hedyeen theam(Ohe ot BTSN de

of the 0 8 LM 209%vidth K. The values of nand Ocene may be varied upon successive scans
through the substrate matenial in order to machine the desired wall profile 151.

15 Subsequently, a lower power UV laser beam 1s scanned over the trench in order to

improve the trench cut quality and to reduce chipping and damage caused during

machining with higher power 532 nm laser light 152. This multi-laser approach

permits machining of a high quality trench in a silicon wafer substrate at a higher

speed than that attainable solely through the use of a UV laser. Typical machining

20  speeds for a 30 um deep trench in silicon are > 60 mm/s for a 10W 532nm laser. The

speed of the finishing passes depends on the power and wavelength of the laser

employed and these can be used to control the finish and texture of the final trench.

Example 3: Machining a 700 um silicon wafer with a 30 um quartz or fused silica

25 overlayer

Referring to Fig. 3(a) a 700 micron wafer 140 with a silicon layer 141 of 670 microns
and a 30 micron quartz or fused silica over layer 142, similar to that used in passive
and active optical components, is represented graphically. A 9W laser 145 at 532nm
30 1is used for high speed machining of the silicon layer from the bottom side of the



WO 02/ 47363 PCT/ 1 EQJ/ 00137 10 wafer, Fig 3 (b). Subsequently, a | ower power
W | aser beam 146 is used to accurately renove the quartz or fused silica

| aver 142 by machining fromthe top side of the wafer. This nachi nf Bg/UN 2005
met hod i sYSUP¥E8% o the production of channels and al so fpeTaitaiong?
applications. 5 Straight wall cuts can be achieved by perform ng a nunber of
laterally offset UV |aser scans to cut heyond the quartz or fused silica

| ayer and into the silicon substrate as shown in Fig 3 (c) to provide
singulated die 148. Alternatively, the width of the trench S nmachi ned by
the 1TV | aser. on-t he p side of the wafer can i ncr eased relative to
the trench GHECRE e Miea B elertase MR e el B, PRECBREROMS AT et Wt or
t hus produGicdagradel$ t@Boleaidmery dhtuseddalic0M0Er DAEDyY ha¥BiniddHfom ik Sop Sidshown
in Figure 3(d), in which two conponents have been diced in this way. Typical
machi ni ng spebesvafer. dhst reachmmgandthedhanssted i thmprddacheyiobshatnels anéo 2.0
nm's, dependifn? on the re%léired quality of finish, for a ION532 rimand a
1. 5W 266nm 41 a%cai V&ntion is not linmted to the enbodinments

descri bgd but nmay be varied in construction and detail. 11 0 8 JUN 2005
Clains 1. A nmethod of machining a material conprising the steps of directing
at | east tSimightsernll mansamtbetdobiavad dyi pdrfarmipgrd aumbar whddterallygoftseed®Y i on,

O et e e R PSS B STent v sLenf iy e, e
R
trench S machined by the UV laser on the top side of the wafer can be increased
10  relative to the trench width machined by the 532 nm laser from the bottom of the
wafer, thus producing a step feature with a narrower over layer 147. This is shown
in Figure 3(d), in which two components have been diced in this way. Typical
machining speeds for a straight wall channel lie in the region of 1.3 to 2.0 mm/s,
depending on the required quality of finish, for a 10W 532 nm and a 1.5W 266nm

15  laser.

The invention is not limited to the embodiments described but may be varied in
construction and detail.



2. Anethod as clainmed in claim1, wherein the beam having the | ongest

wavel ength al so has the highest power. 10 3. A nethod as clained i ﬁb@h&? 1
or 2, wherein the beam having the | ongest wavel ength conpri ses aog
train having pul ses at a fundanental or second harnonic |aser frequency,

and the beam having a shorter wavel ength

conprises a pulse train having

pulses at a third, fourth, or fifth harnmonic frequency. 15 4. A nethod as

cl ai med i ncgdigism 2, wherein the highest power beamis generated
solid state Taser with a fundanenta

froma
or second harnonic wavelength wth a

fundanent al} frequerebd & HRELASRTa hialdal E&Qpﬁﬁﬁgftl{eaéteﬁse&f §PecRnd adleagtecond
harnonic frequency in the visible to near infra red range, and~a shorter

wavel engt h beamtvs Geerertzaed mﬁtﬁmanwaveﬂeWguhwmnnthenukhrmuaOH@HmDange by

20 generation of_ third, fourth, .or fifith h

fre ue 5, A net hod

2y oy Pn okyAttERred el n b et BHE ot RAVERSERS] e 01 in
less than 300 ngpggece %slongest 'araq&texlf@ﬁl i@8se@l igimY 2hA f@lnﬁﬁeﬁﬁ?% edinngrigl ai m

wherei n the beans each

ave a pulse repetition frequency o

]kHz. 25 7. A netthodl azse,cdmil areekni havamy a phatedi ngleapdhi ipnsathabetquesntly to
gal vanoneter and a tlcailiIB sten1dellver t he beans, and an opti cal

provi des a targé@“pk‘h S

PR Eam si ze. 8- A method as cl ai med

greater than

system
in any

preceding claim wherein the material is a wafer of sem conductor nmaterial.

1 0 E . JUN>2000 o Shetfvdreshadings &l 2i4Rd) 1 0ndpyn RheGRhNgaghaidR 1yeeei n the
material is a conposite material conprising sem conductor naterial, and a

dielectric

mat anrvelength@lsodasgh hlogheaspevai med in claim9, wherein the

| ongest wavel ength beamis used

10

15

25

3.

A method as claimed 1n claims 1 or 2, wherein the beam having the longest
wavelength comprnses a pulse train having pulses at a fundamental or second
harmonic laser frequency, and the beam having a shorter wavelength
comprises a pulse train having pulses at a third, fourth, or fifth harmonic

frequency.

A method as claimed in claim 2, wherein the highest power beam is generated
from a solid state laser with a fundamental or second hanmonic wavelength
with a fundamental frequency in the near infra red spectral region and a
second harmonic frequency in the visible to near infra red range, and a shorter
wavelength beam 1s generated with a wavelength m the ultraviolet range by

generation of third, fourth, or fifih harmonic frequencies.

A method as claimed in any preceding claim, wherein the beams have a pulse

width less than 300 nanoseconds.

A method as claimed in any preceding claim, wherein the beams each have a

pulse repetition frequency of greater than 1kHz.

A method as claimed in any preceding claim, wherein a galvanometer and an
optical system deliver the beams, and an optical system provides a target

transmission and beam size.

A method as claimed in any preceding claim, wherein the material is a wafer

cof semiconductor material.



5 to renmove bul k sem conductor fromone side along a cut line, and a shorter
wavel ength beamis used to renove a | ower quantity of dielectric materi al
froman opposite side along the cut lipe. 11. A nethod as clai med ) ign) N’
preceding claim wherein the material is a sem conductor integrated circuit
die, and the machining is perforned around 10 the edges of the die to

singul ate 4 he die,. y rray. of.dies... 12 L s, clai ned
in any pr e%edi n‘léj I(l:lllcegﬁ%?] %V\h%\gﬁlglédnq{l hdz&rfglte%%%n%(g#glklf ?‘ehsc]ra}tl hl'ie%\efnﬂ%l;rttQ ﬁ%r %s%ep of
capturing an i nagenfte t heteral exhpbishefl e conductarg niasdrizd and nachelaanvi si on
system and determ ning the cut Iine according to identified fiducials. 15
13. An appar at ugaegrl cut t | ng a material, said apparatus conprising |aser
source neans, |aser beam gui de neans includi ng gal vanonet er scanni ng neans,

and a  conig ol | grm GREPLI §LALTRANG L L HERAS 1R 15{1:%% bAge Sou G&TRangqand the

gui de neans to perform a machini ng éperati on, racterised in that the
| aser source nweakrsiocompiki sesicanductor dhdt ynefsideadeng acur tias, @ach siiavter
generating a | aser beam 20 of a different wavel ength, and the controller

g
conpri ses means™FEICEEhOFEN I1F ied 0 AP n? Mg Sp@railo ] ideler e OHET 2s
claimed in any ip&ﬁ%ﬁ%'pggsi&ls%e@]ongthe cut line.

11. A method as claimed in any preceding claim, wherein the material is a
semiconductor mtegrated circuit die, and the machining is performed around

10 the edges of the die to singulate the die from a wafer or an array of dies.

12. A method as claimed in any preceding claim, wherein the method comprises
the further step of capturing an image of the material before cutting using a
machine vision system and determining the cut line according to identified

fiducials.

15 13. An apparatus for cutting a material, said apparatus comprising laser source
means, laser beam guide means including galvanometer scanning means, and a
controller comprising means for controlling the source means and the guide
means to perform a machming operation, characterised in that the laser source
means comprises a plurality of laser sources each for generating a laser beam

20 of a different wavelength, and the controller comprises means for controlling a

machining operation in a method as claimed in any preceding claim.



