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| NTRODUCTI ON 5 Field of the Invention PCT/|1EO1/ QU137 The invention rel ateés
to the ud¥O@¥4188sers in the machining of sem conductor natPEATIEPKO0IT ot her
materials having broadly simlar properties. One exanple is machining of
sem conductors for the purpose of singulhting a single integrated circuit
10 froman array of integrated circuits on a wafer. Another exanple is

| aser renoval of sem conductor material for the purpose of defining
apertures in the wafer of bemabhingig df senfit@elietiranatediblsi nt egrated circuits
are fabricated using wafers of sem conductor as the starting nmaterial.
Multiple integrated circuits are manufactured sinultaneously through

‘mul tiple I':thograEEiol% steps. One of the final stages in the integrated
circuit ma the singulation of the int it die from

the wafer in which it is forned. 20 Currently, thjl“"mmﬂmllﬂmlﬁmes di anond

‘bl aded hi gh preci sion nechani cal saws to performthis. flgation. Al though

this is5th&Fiddoé ique there are problens with the use of such saws

as they cause chipping, debris generation and excessive thernmal |oading. 25

Al 't hough | aser processing and the use of lasers in manufacturing is

wi despr ead peagRenti6f ietlteg o doesustobf dasezarint thehavarhirdng efppirhisgnductor

successfull'y to the machi ning of sem condyctaor .material.s and_ot her ¢gl | ar
r

appl i cat i omsatefidle arcathengnatsrialshhaving broadly sdlap PIPPEIfey: YRe eé‘&&@ med
by a | aser cutti.n ro j ﬁ&c}g% : ‘G 18t d chaiit ons
sﬁch as intr%ﬁt“%?lgg ng?ﬁl%?)ﬁd{ﬁgtﬁ%g&rzture. i sgsaﬁlé%géiegﬁ??@ \%32/ 7813 2
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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

is formed.

20
Currently, the industry uses diamond bladed high precision mechanical saws to
perform this function. A;though this is the accepted technique there are problems
with the use of such saws as they cause chipping, 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



conponent was manufactured. 5 US 4958900 describes a holder for holding a
plurality of optical fibres for illumnating a workpiece. US 5922224
descri besvaogymssem for focusing light froma | aser beam i RCITENOWBEans. As
a sem conductor wafer is noved relative to the beans, the beans travel on
the 10 sanme path, one after the other. The invention is directed towards
providing for inproved machi ning of sem conductor and |like materials using
| aser beans. The desired inprovenents are in terns of machining rate and

al so qualit. nd _acgur ac: . }

i nventi on, ‘gﬁ%ﬁqéla?% Oﬂlﬁgj\g}égéﬁ% g@%}d@? nar;gigﬁﬂ%r%y%grr ég#h e%tﬁgﬁﬁgg El?elrgslfégg
the steps oft gier o6t iffshtatredidisg ihwdaiage robdmneleatridahefunedien ifat whichetheor m
-a 20 machi ni ng operation, characterized in that, the | aser beans have

di f f erent oemiperienpwagenanyactpredone enbodi ment, the beans have different
wavel engt hs, and the beam having | ongest wavel ength is used initially and
‘for the highest material renoval rate, and a 25 beam having a shorter

wavel engt h i7s ussgboPuldeesitest h yholder ofopl kdldiighe phaialini raf optcalt fibres for one
enbodi nent, the beam having the | ongest wavel ength al so has the highest
pover. 30 illwmingtirBesogkmes.| E01/ 00137 I n anot her embodi ment) the beam
havi ng the | ongest wavel ength conprises a pulse train having pul ses at the
fundanmental or second harnonic |aser frequency, and a beam having a shorter

wavel engt h g8rHIRRIES descpibks € systamfoh fotusmglight donat lades belmridfo fwabedms.or
fifth h ic f .
ak A rmArlls(z:l se;r(laigggc?l?c%or wafer is moved relative to the beams, the beams travel on the

10  same path, one after the other.

The invention is directed towards providing for improved machining of
semiconductor and like materials using laser beams. The desired improvements are
in terms of machining rate and also guality and accuracy.

15
SUMMARY OF THE INVENTION

According to the invention, there is provided a method of machining a material
comprising the steps of directing at least two laser beams at the material to perform a

20 machining operation, characterized in that, the laser beams have different optical

properties.

In one embodiment, the beams have different wavelengths, and the beam having
longest wavelength is used initially and for the highest material removal rate, and a
25 beam having a shorter wavelength is used subsequently to complete the machining

operation.

In one embodiment, the beam having the longest wavelength also has the highest

power.

30



5 I n one enbodi nent, the highest power beamis generated froma solid state
| aser with a fundanental or second harnoni c wavel ength with a fundanent al
frequencywoOm2tts63 near infra red spectral region and a sec®&d/IReVi9dH c
frequency in the visible to near infra-red range, and a shorter wavel enth
beamis generated with a wavelength in 1@ the ultraviol et range by
generation of third, fourth, or fifth harnonic frequencies. |In another
enbodi ment, the beans have a pulse width | ess than 300 nanoseconds. |In one
enbodi nent)_ t he beans, each i1 is6d £ use
Chan 151 S0 ARataae ot Reathe ik SREjordsc b AR st £ 34

del i ver thespaamingpdlsad appid fnldagysitainomsecond dnrmonir gser frequenay ssndba and
-beam si ze. 20 I n one enbodinent, the nmaterial i

s a wafer of .sem.conductor
material . |beaombawngedhesist Waveenggy eympses & PRIk Vg Pl a&ﬁ&ﬁe Hifd,
conpri sing sem con [ i al nd a dielectric material. 25 In a
‘further e ﬁﬂ{%h@@%@i@&é% ength beamis used to renove bul k
sem conductor fromone side along a cut line) and a shorter wavel ength beam

is used to renove a | ower quantity of dielectric materi.al fromit site
i do_al ong hene emtiient, 1 Gighest PowsH BeaTHERPEGILETE 7 ol uae Ao

enbodi nent, the Le [ ] Al Qbeld : tirfdahtedicdl fdigBend@nigk t he
machi ni ng i@%@rﬁrﬁ% Q{e{l}gﬁﬁ%oﬁﬁerﬂag%ges o?{;et1 r{e&%?@%% Si r?gul at eﬂt:qt_ froma
waf er or angRl ey iffa eédspechral regiore andiaotcond harmbicrfirduency: shire wable ige

further st f t ' ft teri.al bef ' '

mchi ne vi shess inyaredTanis, as! RPRAF R Bea i aenena v i iR
e > o . ! _ t

| ducl aﬁﬂgé&%%%@%%&a&fﬁié@l graﬁ?o??&liﬂmh, RulrfhY 8RR habheYicRsueAcianpar at us

for cut apparatus conprising a | aser source neans,
a | aser beam gui de neans, and a controller conprising nmeans far controlling

the source neans and the guid ans.to perf.orm I N o We's 8
characteri séﬁanmﬁh%fpb?wqrﬁs&%gﬁw&@v aﬂgsecgﬁﬁpﬁ%g@@ %@uﬁgﬂtl{s%drf(#. | aser
sources each for generating a | aser beam having different optical
properties, and the controller conprises neans for controlling_a 15

machi ni ng opgbat emboidimentdteted mssadh hieve baulsgrenetitioneequeney pESERiCPMAN oF

THE | NVENTI ON_Bri ef Description of the Draw ngs
15 1kHz.

In one embodiment, a galvanometer and an optical system deliver the beams, and an

optical system provides a target transmission and beam size.
20 In one embodiment, the material is a wafer of semiconductor material.

In one embodiment, the material is a composite material comprising semiconductor

material, and a dielectric material.

25 In 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 opposite side along the cut

line.



20 The invention will be nore clearly understood fromthe foll ow ng
description of sone enbodi nents thereof) given by way of exanple only with
r ef er encavoo211883 acconpanyi ng drawi ngs; in which: 25 Figs PCT(IE91/8M3 | (6)
are diagrans illustrating use of two |aser beans to machine a trench; Fig.
2(a) is an idealised cross-sectional view show ng a deep trench machi ned
using two beans each in a succession of stages, and Fig. 2(b) is a

di agrammatic cross 30 sectional view showi ng use of a UV |l aser beamto
conplete a.qualit ) I in ted MEI24ik7 363 the
PCT/ | EUL/ Oﬁf?'f eﬁx%({sdlﬂ{egﬂ(daqﬁg,ﬁ%é?g?{,g %S%Cogﬁgﬁgh(dt)eﬁgr e a sequeZce of

di agrans i hasiniag ingerfaratidnirognd theedgesiof thedlie to singalage itdram v yfFaeLan
-dielectric over-layer. 5 Description of the Enbodi nents The invention
provi des aasfagtoé@Mie8nd net hod for m cro-nachining sem conductor wafers by
means of induced photo-ablation and ot her fundanental physical processes
'using two separate | aser beans of different optical properties. The |aser
10 syst ens [h @neensdtiment)dhb esatiod cemgiisesethg fagsher sep pfcantyrag RRIBIREE Wit ens

for exanple. (Nd: YV04 @ 064n with first, .secon I
f our e ( 26 Gheymaseriah hatoie CEGRASHE AACET TSR oHET 3BT Heterhdthlry thE et 1)
hi gh speed,. 532n rovi de high speed with noderate

o oy R RRT AR o oAt ARG Dost”

quality, a m systens provi de best |aser nmachining quality
but | ow speed. Depending on 15 the exact wavel ength of the em ssion the

har noni ¢ wavel engt hs may_al so vary, sl.ightl f QF 5 ex ; m‘ng
first beamAecordingnios 2BRMH6F ARty %Ilggenﬁjroéi ﬁrqgléﬂl/e:%ng pﬁ%%‘g“ﬁétqﬁ‘é 2
f undangnt al : ' SR eNaYer sbifretennd a hewmbparafgmiddingans,
conpri @s 5“%%@12%?1%@%{9%%%?%5 seserisn tﬁe t%im?d, fourth,n“g\r fifth
har moni ¢ f rgdue eohesllercomprising recansHer copEellBEARE FAYIGMEANARAEIG %It 2

fundaanental frequency of 1064 .nm or a.sec Is
second bearffdss %P&ryﬂ&?‘ﬂé‘l? ghgpff{gﬂﬁﬁ, %%ﬁ%églgéay%ngztgaﬁ tﬁ%‘i2 éd}%?; g%‘g{ei%? ed

that both t%ﬁééﬁ’fs éb??{@ri&fs B;ﬁlﬁﬁalif& df Pasef sduee® cabhfor3geesatirgalisepbtase having
(0]

repetition frequenc reater than | kHz. The system conprjses .
separ at e hediffsrent fopticak ptopentidso pindgthenconiraller r@&lﬁiseﬁ/i@?ag}ge%%@m\@%& h

laser (such as green) and Lhe second pARRY b, UV laser. The system

DETAILED DESCRIPTION OF THE INVENTION

Brief Description of the Drawings

20
The invention will be more clearly understood from the following description of

some embodiments thereof, given by way of example only with reference to the

accompanying drawings; in which:

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

trench;

Fig. 2(a) is an idealised cross-sectional view showing a deep trench machined using
two beams each in a succession of stages, and Fig. 2(b) is a diagrammatic Cross-

30 sectional view showing use of a UV laser beam to complete a quality finish to a

roughly cut trench; and



WO 112/178G3 6 PCT/IEO01/ 00137 conprises an accurate scanni ng and
positioning systemthat involves a high resolution x-y stage and a two-axis
gal vanomswep2/4mehi gh-resol uti on two-canera i magi ng syst emPCd/1IESE13Tor t he
accurate positioning of the wafer and the i nspection of the m cro-nmachined
features. A topside vision systemis useg to provide positional 5
information to a central processor. This vision system operates when the
wafer is in the "artwork up" position. The topside vision systemmay be at
a fixed offset to the | aser beam positioning system or the vision system
may operate through the beam delivery path and focusing |ens. The materi al
handl i ng sygsemi)s 3dHsB@Natd Bidpdre avseauendecof dioglampillusaafing mesRining ot ap| e
.chuck with artwor aci ng upwards oy. downwards. 10 A bottom side vision
systemis menﬁbmmiupmvﬁﬁfgf‘ﬁﬁgiat & lelF?ﬁlﬁPPfﬁ]E'faé'FF'for wafers with the
artwork facing downward. The system al so enpl oys a handling robot, which

'l oads the wafers and noves them from one head to the other. The system al so
i ncl udeg a 9agripliowiofthesMehbddhnérss ext raction system The debris 15
extraction device ensures that debris does not |and on fiducial ocations so
that accurate vision and alignnent is possible. The air assist device
ensures th debris is.di4 e r efdraaitroiniihiniag tsearichnductom t he
t opsi de of %W@Pn Rrgffgggtadgfgﬁe@éggt@g}ﬁaoﬁ system The gebri S )
extraction gidraipy aaeinst ol indutetbrphoto-ahlationclandi athes pBadameatalyzbyiigal 20

The system all ows for conplicated shapes lji.pd a - . i ned
on bo%/h si qggc@se$WgGngu$P6¥at%\gqsé¥ ggﬁf’s m?#%%’é‘gg?&’fﬁ?} pg%ergéﬁo | r(raenTr%tgé} t he
first hoam L0, 0O4NRLAe SA2NPRARS Be RSER (punARlal ey biagh 186r eyt fiy

a

speed dfid SYREHR rral renoval rate, and the second beamis.a 355 or 266
nm beam t 0 BakigtveNENYVIO,q@ADE4ym) Methifizsér sasend {bSinm): tthw‘ig} @géﬁ‘mﬁﬂ%ﬂ% ng

system conpri ses_two_he d 1 and E 2) i t ad 1
control s a (BapuRy 0§ rféfghad];?é’f‘l_)‘e@%m%c SFE%S(S%V&%“S%&V}%%%{%& H%Easr? ett,
ovatts, 17“’? '1% 36ld 3550R1 TaGhrS pRowiEt BRt HREAWIM moserate qUOiY24TBBE6TM and

source of average power |arger, than 1.5 ts. I n.hoth
Head 1 and HeSn Rysteine previde ibestdleservmpdining qtr?éltsav&flt#o"&ép?vf?- dﬁ&PS’&‘?’Pg o
mrrors designed for the propri at e v ] {elDRWARS - la3¢d saty on
and angle ofhe€; ﬁ@%eﬂ%@le%%gequﬁgoﬁ@lﬁsﬁu&%ﬂ? %)rﬂgrgtcaﬁﬁee di anetnelfpof thgfylbeam
at the inpuj:. t Mty G).The beamis then 5 directed into a
t wo- axi s ga%h\%lglgr@?e%.a ttached t?) t he gal vanoneter is a telecentric,
F-theta, flat field lens that delivers, uniformy, a focused beamto an
area of up to 100mm by 100 RN hAEnE palseh ot @edFusdaméntaher
waf er, an xTaeél’FSat gafrgprﬁ eé%gkfh%hﬁ%giég?gae i ncor %lr@at es a waf erp/‘;\ol der .
The X-y st age garhdddiid feqhitssy. t The cecend beamagerually sommises 41 B e

field of view to enabl e nachinjng, of 10 ch ross the entire
waf er . 20 hahavingguisspit thedhyde “fgft%* Babﬁpgi?ﬁmtoﬂéca@g‘}qlgicuﬁ% the x-y table with
artwork facing upward or downward as required. This allows the wafer to be
machi ned on both sides. The wafer holder is designed for-a wafer of

B REIeRSY of s

speci fic di ggRleRampld, tieafirshibemn enaybee @261 VAGC harged atfgndears
ith [ I di { i, i 2 | I
wih smalier of |arger gl an”eg ka,errmsm]'_]?%ggégx?%m%@?eg% %Q&H‘Mggfb@rasmmﬂ

control systl@fd nmyRaa §5&X , Vision systens and beam
delivery are oK REERSRIc 333 Blaned.

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



The wafer is first machined by Head 1. Al though the Head 1 green |aser is

effective 20 at achieving material renoval, the overall quality of the cut

edge is MOWZ4IBAZN that achievable with a UV | aser syst emPCTHEOIGA}T ty of

the interior cut section and the quality of the top surface are inferior to

that obtainable with UV. However, the gregen |asers are of high power, are
relatively |l ow cost, and nore stable. After the green laser in Head 1 has
renoved the bulk of material froma channel or trench, the W25 |l aser in

Head 2 can then.he e e . i £ I QS he wdges
of the trenRE¥H %jrﬁeadpg déét%@ﬁdgﬁngéﬂégc n%%g@pg‘%g J?Iérgimren%rﬁve .

-

there i s exeehih@nh £ Hieade andld two-axis\\2102MGtAGEr. 8APhIBhireflktion As@7cameap| e
-1 Machining a 700 umsilicon wafer with twp |aser vvav%?ng&giqj n_a_ dual

headed systigrmging sysiean iscasedifar theasrarats RORENNE Of thesy
ar r angenent

ingpegiiog of

Source of  dDEraE paibep {rahts. SRyt Phioh i B0 R pRIMOPERROATE,

266nm UY | agedrnfadionae Oferfisd proee

made to Figs. 1(a) and 1(b), The wafer is.first rrachiged b

Al t hough t hbeerwiork 38 Pasiiay fIde topade vision sEfm ey

d @yrqxﬁl_‘&%%{)WaﬁhF t he

overal | qual i&#ghqﬁgﬁg&/ﬁhgfﬂgﬁn{,%rl RAPRAsib st dhaR OpeRNE BiBuih tthe Beafl

| aser syst i

e’interior cut section and the quality of

the top surddmerppshiatidefornsing tertshThe omtteialdizndling systetn indesignacheo glasen
| aser of Head 1 has renoved theé@g{l{lsC&(fe‘f\f)grﬁlteriaié to formthe %rofiledz,
t he W | aserwafer teebgiplaced in hex-y ¢hu artwork facine ppwands o e8I r om

t he edges
deep tren

. ﬁl\ (bhﬁgm}%ﬁ: %@?sﬁs@erﬂ 'isol\.(élgfigo tp??\éi)ﬁé BbiitiSnal- infosAHARbA fér wiReHivithng a

ring to green and UV | aser beans as

described apevartork facanpiewhwaid.aThe systemt alsoreemploys a lpssilingrioheh wbich
having a wwdth S and, a depth D. .25 Jn a first stsﬂg e, a first scan of the
1Bl

green | aserlopgdetheyeafers & ves hep Bprypneficad
scans of this | aser beam nmachi ne sub-trenches 52 and 53. The | ateral
paranmeter is denoted "COcentre".

t: | ateral ly of fset

In a second stage the green |laser is used

to machi ne The systemsalsorindubes pegashelowing agd dehrs esgackom EFtee Tdheodebriso

dull depth D (albeit with a ro fi.nis T I [ S.qt . 1Se
ext end 15at ef¥dfaciop ‘@%EEWIF%%ddWISt éescgﬁﬁ}%@dgg%%%gr%ﬁ%%es g?ttft?%t 56.
In more det gidiratk Ristor Bhd AlighAGAt isheosWiblea gk disasiadeeide ansuradiitab elebridd

02/ 78G3 9

20

25

30

directed away from the machining front and, from the topside of the wafer, into a

debris extraction system. The debris extraction and air assist also improve the

machining speed and quality.

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

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
average power larger than 6Watts, while Head 2 controls a pulsed 266nm UV laser

sgwahisl vsigarsystamnoperstes Watensthe Redfer srive i s

of f set



PCT/ 1 E01/ 00137 top edge to machi ne out rectangul ar volunes 57 and 58 to a
depth of ¢c. D3. In a fourth stage the UV | aser beamis scanned around in a
rect anguive® opamsh3 t o renove the volunes 59 and 61 to a tot RCTHEWWIYF 2* [y 3.
Finally) in a fifth stage the Wbeamis used to machi ne volunes 61 and 62
to conplete an accurate and uniformb5 prpfile for the trench 50, of the
depth D and width S. The diagramof Fig. 2(a) is idealised, for clarity.
Referring to Fig. 2(b) the manner in which the second beam operates is

illustrated for trench in ili 5 i inght T, B8abg, die t he
trench gené@%ﬁ%@?@yqa&g@ HqW?tala?gﬂé'ﬁ%F%\"% %tgstlr g‘%(y Hll’ﬁgaagrloggagcti oh of the

si 1 con_vabefm 15Qclifert&Rs thetatet guing Uictaiy niinrofs Jedgisy fon thewpprepsiateat 10
-532nmis inrtirally used for hi qh_sp_eed machi ni Eg‘l of the,si]icon lggg‘?& [ate.
The requi r echvelengtih labep PRwah PAlREFHERTANG NS § C&iﬁ%%vé&e R e

sel ection of the,nunber ar S t p&drhSetth

‘bet ween t hé%h %‘C@WF%)Of?%Fngagi \%ﬁ]hel gl?g? tig% g% 8%1%%%&Tﬁ£@val ues of?nn and

Qcentr ey mﬁh@&eﬁ Moo Wb aRisaterdMeter. Atached ty theggrlvanonseibsisreateleCRBITET | al
in order to nachi

ine the desired wall profile 151. 15 Subsequently wer
pover WV | dsthetahdamfictd tansrthatideliners, ynaformbh h qCHS#B%qmttE?q"lWSv%f@%&

trench cut al i d to.r AR QAurt-f@tage i
rench. Ut 98ake by BShrhCuf SELS e A e e A e, At gt
appr oach p%{séﬂ.tﬁ;iﬁf&%h kAP tn@frperabdsghwafeallioidert Thactky stage can Ibe contratied o
substrate at a higher speed than that atﬁail nafbl.e sol ella%)thr OCZ&%QHH@ Hsg. of
a LTV | aserconfiggsiaveds putsidenthegairnomeatersiigld, olvigy th é?) T in sificon
are > 08 Misnidl adot M ARt CA hatldfin® RS iPlisdd 18 Josiidn the gvatersinehe

0

f
dependéoon B BEOS ave engt | aser enpl oyed and these can be
used to cor}{_y'?qbblé heithi ditwbrkafutitgepwasl of dovenwandass reamied. Tibigaflpws ghe
Machi ning a 700 um silicon wafer w.th 30 u uartz. o il g 27
over |ayer wReketa bﬁgna@hm% .Onsl?%ﬁ‘ %ée,sog?l% Wflgﬁq{ﬁiﬁieé 15 %f%ﬁ@ﬁ%hgﬁ?gon
llayer 141 of 620 p]crons & 64 essiRueidnge@tof dczethmddate avafersrwithy er
142, sinil ﬁe?%ct%@e%gega% §8§'2Yve and ]Iggti \?g optical conponents, is
repr esent edsgHIRP Bi Rikéndiatetivy inmbaiing 200ram 88D3MHBE® Wafetlsed for hi gh speed
machi ning of the silicon layer fromthe bottom side of the WO 02/ 78G3 10
PCT/1 HO1 /00137 wafer, Fig 3 (b}. Subsequently, a |ower power W Iﬁser
beam 146 is,ys FRD VeotidEs yateds, Tiston §yseemnk and bezn idelieery| 42
by machi ni r@ﬂ#ﬁ%ﬁ}&ﬁé?%ﬁtgﬁd%&‘sof t he vvafg(ra. This machining nmethod is
suited to tie pescedsrtdontroiitdchannel s and al so for dicing applications. 5

Straight wall cuts can be achieved by performng a nunber of laterally
of fset Wlaser scans to cut beyond the quartz or fused silica | ayer and

into the si ﬁapg SUP Frétah&ctafie® B9 Meadnl. Alghughcthetldeqst b\gren lesargsieHededi e
.148. Alternatively, the wdth of the tre ck‘llfg mafgll n‘}e}g‘}%é t.hgo V¥;ltﬁ§ﬁrthé)cn
the t opp(el det avhiciing wattenialoamarel, ithe caeradAUEBEY 8 His thePench Wdt h
machi ned by the 2 nml rofr e t f~ridhg iMvafi  batsiopr ardlitheng a
SRS B 1S 98 Gl Tof B ifahe el st e

step f eat ur CHEEVH ayer This is shown in Figure

3(d), in whj ﬁgﬁwﬂ@wbé afinéerine eo thtitobthinable with WYy Howeseshe green
machi ni ng sgee for a straight wall. chalnnel lie in the rbcj:gi f %?eetno
2.0 nmi's,  dipendira@f drigh PowebqRReIBRIYER) [P CHh: W‘i’]fr%cﬁ? % 'a%tg nm and
a 1. 5W266nm 15, | B384 1 G ehib\EAhOBulkoMfhtetialTibRtla chakhe ooyt BV

described b & varied i n construction and detail .,
25 1laser 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.



WO 02/78G3 11 d ainms PCT/1E01/00137 1. A nmethod of machining a materi al
conprising the steps of directing at |east two | aser beans at the materi al
to perfomwoamsehi ni ng operation, 5 characterized in that PCAHEOVNIEr beans
have different optical properties. 2. A nmethod as clainmed in claim1,
wherein the beans have different wavel engths, and the beam having | ongest
wavel ength is used initially and for the highest material renoval rate, and
a beam having a shorter wavelength is 10 used subsequently to conplete the

machi ni ng eration., 3.. A . i,‘gﬁgli ;”q%,- Clvdd Tsén wabEERERs e digdm
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second harnoni c | aser frequency) and a beam having a shorter vvavelegng&)h
conpri ses anRhiss&atiph a wafer sgmpdined usingtsdualHheadyd fagiangament Whetebpy the

*har noni ¢ frequency. 20 5. A netho s clained in a I
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vi si bl e t 0 4@er tHanfI.5 V2&ts. cRefermyge is made to Eigsr 1@) andkdent h beam i s
generated with a wavel ength in the ultraviolet range by generation of

third, fourth, or fifth harnonic frequencies. 6. A nethod as clained in any
precedi ng ' rél Az;.j&aa ave1a ARhPuUSs ehavigidan lersist effortive Gt
nanosecondgf.‘l?é Wﬁl@ggél PCT/1EO. 1/ 00137 7.gA met hod as cl ai gd i,n_any
precediing Glchievingiherteial temovakaie avertl musley ofthesetredge: SpWAT fhamy tRaicy
of greater than JkHz, 5 A net hod as. ¢l aj ' ' | aldh
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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 denoted “Qcentre”.

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



11. A method as clained in claim10, wherein the | ongest wavel ength beamis
used to renove bulls sem conductor fromone side along a cut line, and a
shorter wavet/en8gt h beamis used to renove a | ower quantit PCOAEM/WIECtri c
material fromthe opposite side along the cut line. 20 12. A nethod as
clained in any preceding claim wherein ghe material is a sem conductor
integrated circuit die, and the machining is perfornmed around the edges of
the die to singulate it froma wafer or an array of dies. 25 13. A nethod
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speed than that attainable solely through the use of a UV laser. Typical machining
20 speeds for a 30 pm 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 pm silicon wafer with a 30 um quartz or fused silica

25 overlayer

Referring to Fig. 3(2) a 700 micron wafer 140 with a silicon layer 141 of 670 microns
and 2 30 micron quartz or fused silica over layer 142, similar to that used in passive
and active optical components, is represented graphically. A OW laser 145 at 532nm
30 is used for high speed machining of the silicon layer from the bottom side of the
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& () - 3aéc%r/§tefy)fehfojv@(¥ﬁe ﬁhaﬂtﬂ@f/&séd silit®layer 142 by machmmg from the top side

of the wafer. This machining method is suited to the production of channels and

also for dicing applications.

Straight wall cuts can be achieved by performing a number of laterally offset UV
laser scans to cut beyond the quartz or fused silica layer and into the silicon substrate
as shown in Fig 3 (c) to provide smgulated die 148. Alternatively, the width of the
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 laset.

The invention is not limited to the embodiments described but may be varied in

construction and detail.
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2. A method as claimed in claim 1, wherein the beams have different

wavelengths, and the beam having longest wavelength is used initially and for
the highest material removal rate, and a beam having a shorter wavelength is

10 used subsequently to complete the machining operation.

3. A method as claimed in claim 2, wherein the beam having the longest

wavelength also has the highest power.

15 4. A method as claimed in any preceding claim, wherein the beam having the
longest wavelength comprises a pulse train having pulses at the fundamental
or second harmonic laser frequency, and a beam having a shorter wavelength
comprises a pulse train having pulses at the third, fourth, or fifth harmonic
frequency.

20
5. A method as claimed in any preceding claim, wherein the highest power

beam is generated from a solid state laser with a fundamental or second
harmonic wavelength with a fundamental frequency in the near infra red
spectral region and a second harmonic frequency in the visible to near infra-
25 red range, and a shorter wavelenth beam is generated with a wavelength in

the ultraviolet range by generation of third, fourth, or fifth harmonic

frequencies.

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

30 pulse width less than 300 nanoseconds.
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5 8. 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.

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

10 of semiconductor material.

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

composite material comprising semiconductor material, and a dielectric

material.
15
11. A method as claimed in claim 10, wherein 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 opposite side along the cut line.
20

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

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

25 13. 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.
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properties, and the controller comprises means for controlling a machining

operation in a method as claimed in any preceding claim.



