WD 2008/ 064863PCT/ EP2007/ 010291 1 LASER MACHI NI NG Thi s invention

relates to | aser machining and in particular to pul sed | aser

machi ni ng WA 2008{°%4§6Successi ve pul ses do not overl ap atPEHEPZRHdIPht e

bei ng machi ned. Laser mcro-machining with state of the art solid

state lasers typically invol ves LASEREMACGHERINGsers with

gal vanoneter scanners to position a focussed | aser beam on the

surface of a wdherinyntigy patestodaseo maehinimeg lind énparfgyardalpulsed tdserseachining

| asers oper . it t 3 .scanni ng
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overlap to so ) tre ribe.line.
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12. This process is described in,. f ex l.e, EP 1328372, ... Thus
Faser o) RS NEIeL LB HEGE PO ieseh TV RGAL: Fiese BB Aot Abicaetiion rte of
substrat e. 30ypLo@kHY anddalining 9REurd bt d16kitidSsush Eam indBidial YcRs«éd laser spots
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subst ant i alnudyid link Heiaren 1the il Sehis Jﬁ}etos_&ﬁ'ﬂubé%lf &§PRALiEY ileNsifigulate,
nunber of passes 11, until 15 the substrate is fulTy diced'through
As shoWf i rerppepiguetondeviensd 2y Bygiprogess is dpseibeg imiferrpxampls) BR 1328372 s oot h
edge 31. As shown in Figures 4 and 5, if the overlap of pulses 41 is
reduced the di Ehusalasapieise is geepmmished Sg scampneda lesgdbedn across a substrate,
Moreover, g§pislifMyith skt Gbing, £ sh¥Eth & :
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the enor gy B oA CLAIUGRATHAIR: TF SAPShoRlel IFy RIS B B RTbN
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in the priogr .art. Acgordi to the invention t e. S prqgvided a .
et hod of TREPYiSRnE S M iPe PeUkeY L B bP Pedth P b 41 o
machi ni ng telaced ulisdie aireappedrho daye sedllobaBetgedlong a scan line with a
first scan such that a centre to centre spatial distance at the
substrate betvderosiucaehew én Pighas when b el (At r61 pblate niatdian 62 8 pRetsalf
to at least,a symof radii of the successjve pul ses so at the
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t he | aser t?ll ong the scan |ine which 30 are offset along the scan

line with VEEHEEY okthe pyrseedinglpiengulshi nt of a previous scan so that

mul ti pl e successive | aser scans provide machining to a required depth
whi | e snoot hi i 1%0°g‘j‘e§gl9Ft Pﬁéﬁ? iEEPE InVeRiRR Fawsg)\ioc@@#wrm the aforesaid

2008/ 064863 RV a2 yihe A8kt 2 Preferably, successive pulses are

sufficiently separated on the substrate that a plune produced by a
| aser pul se does not substantially absorb energy froma succeedi ng
pul se. Co\eeridimgttp yhe inyantiae theorlis poomidadsanethed of lasen gpaahininga featigan

repetigd o . kE ; . .
conpr i Ses nBnfuftorilth sl Anfi ettt OHRH pRARPHE Horb MRl RA
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spaced apa‘rt; and machining with succeeding scans of the laser along the scan line which
30  are offset along the scan line with respect to the starting point of a previous scan so that
multiple successive laser scans provide machining to a required depth while smoothing

edges of the feature.
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Figure 1 is a schematic transverse cross-sectional view show ng
successi ve | aser scans across a substrate to forma channel;

Figure 2 iWOR0@BOpE8AHt i c pl an view of | aser pul ses on aPSTEBI0PH18291
according to the prior 15art in which?a succeeding |aser pul se
substantially overlaps a preceding pul se. Figure 3 is a schematic
pl an view of ~edideably. scasseine puldescaraswiiciendy srpatafrd qnothe subsipisdhat a plume
pattern of %hﬁﬂ&% Vv S
on a subst rd;?cg*él&ﬁbga las%r pe‘i]'l: égglggi%ogf%%taﬁggler pul seseier%g a%?gg&fdmgy §|%ng
pul se less than in the pul se pattern of Figure 2. 20F|gure 5is a
schematic plan Owhwimlyedg:emeﬂfodacammhbmemlachilnmgneiﬁthu&ipmg;etMetitmerate of

pul se patt 4, Figure 6 is a transverse

Cross- sect::i!r §%£ 3@?%$Z|aser machi hi ng of a substrate using
substantially overlapping laser pulses as in Figures 2 and 3;

Figure 3 is a RdeasMRbe8y,CheSetiaCddnigts dneeteldidims 6F siopalting tgozh the
substrate 25accord|ng to the invention using substantially
non-over | app %@“bulses WO 2008/ 064863PCT/ EP2007/ 010291 3 Fi gure
9 is a schematic successive plan views of edges of a machi ned channel
using the Succﬁﬁ%n\ffgeglﬁsfl?%e ?ﬂ%@iﬂﬁmg cogqlpﬁkgs% ﬁéer%ﬁg g roce.J]: 5 M EhidShduStor
a graph of theoretical nachining speed versus pulse overlap wmth and
W t hout sudiséessi ve scans being offset as they are offset in Figure 8.
5In the Figures, like reference nunbers denote |like parts. The
foll owi ng defi used .her ei Repetition rate, R The nunber
of pul ses per gg%rggﬁ?ee%ﬂﬁm%c%fmrclﬁﬁcf“ﬁpensr‘ qgt c{]‘"lll'lefl(,goln Speed, Vg: The
scanni ng velocity of the galvo. Li near Overlap, 0: The

ext ent 10f over TAP inventibic e hobe bavdestribad) thyesap fof cRAGHIE L tvith ere fodfidk 36 She
at the substrate. Kerf diameter, K Dianeter of a specific
trench or heRtpatyias dfa®if®dn bhidhhe | aser pul ses. Pul se spaci ng,
S: The centre-to- centre distance bet ween sequential pul ses of a
single scan at_th ubstr 150 fset dither, ? The | .

centr o- 1 o cent U LUBfcuIgBHite B ot SESHRRAAGRT plieE shovienugeqssive laser

sequent i al s&@ARGoish stbEbd folFb@n PasmnEUt L1 Ng process. Number of
Scans, N The nunber of consecutive scans required to dice through a

substrate. Ref Firg[li'e@mtaoscfénﬂ!ﬁ&?lah v1év0 of126&PAREs &FE AR ab@rdiR€1o the prior
i nvention, successive pulses 74 are separated sufficiently

such that eférwhich a§u<5r§9<am IaaqrmyISﬁéul?srweﬁlam\iesﬁpsmraceémgmﬁp pul se 74
with a plume 73 produced by a previous pulse 71. Since no energy

the pulse is abigBrepdis @ fchematip plateviey of egewvafumaphinesechanpa %W@r%ﬁ’ ﬂaser
mat eri al rsggﬁ%ndﬁ%gpéﬁgq1the substrate 72 is increased. If pulses

of successive scans along a same scan |ine are located in the sane

posi tions Figure 4 is a schematic plan view of pulses on a substrate in which a succeeding laser

pulse overlaps a preceding pulse less than in the pulse pattern of Figure 2.

20 Figure 5 is a schematic plan view of edges of a machined channel using the laser

pulse pattern of Figure 4;

Figure 6 is a transverse cross-sectional view of laser machining of a substrate using

substantially o{/erlapping laser pulses as in Figures 2 and 3;

Figure 7 is a transverse cross-sectional view of laser machining of a substrate

25  according to the invention using substantially non-overlapping pulses;

Figure 8 is a schematic plan view of successive offset scans of pulses on a substrate

according to the invention using the substantially non-overlapping pulses of Figure 7;



25 as the previous scan, a scalloped die edge is produced so a
strategy has been devel oped in accordance with the invention to

of f set / di t@POBREB6t art position of each pass of the |HSEEPRYANYH

snoot h the di e edge. Referring to Figures 8 and 9, to snooth

t he scal | oped edge 91 that is created a first sc usi ng .pul ses 81
with a zero ovgﬂaua*bf’ma? gpLic SYCFHSEEP E?%Of;éﬂgis %%mé@}“eé&gﬁ'?nefusmg
30t he | asermpaRBaskise Bftfct Stank bPMpdrel¥; @¥d OUS pass 81, 82, 83
respectively. In this nmanner, 2008/ 064863PCT/ EP2007/ 010291 4
progressively sigal 9h4€h LA BoretdB mAchifhg SPRASLANI st 8 HHSW R 8nd
produced with each pass. Thus the invention provides a nmethod for
| aser scri byihgut Hicedspiye sranprbring pifyegavhesamofdrtdubigure Substrates with

i nproved edge quality, throughput and debris control using 5

mul tipl & pass %éﬂiﬁ Hegwrgs.Aike mefpgnceowarbiersoisnelg likspattsal  di stri bution of
pul ses in each individual pass, but with pulses in succeedi ng passes
of f set from pullsedliowipg dsfingipns pegisedherding s | aser nachining with zero
overlap substantially prevents pul se-plune interaction, and hence
subst anti al | y &epstitiearats, Rinfhe|nygbend! putses par sedond emitied et thg lasell- se t o
a plume produced by a previous pulse. 10Thus in the |aser nachining
process accor dipap $rsed.née:iThe seanning valopitiy elthie Balser is used to scan
spatially in a direction to be machined. Miltiple scans of the | aser
are used to fokinear QesrlapeCodhe Rxtonigh overtapun enicrphe betwasmeentyes/ef wapacytive

Vg and ipepeti.td of the pulses is such that pul ses do not
over | ap}l.b A%Pg%)ge#ﬁalr%h&?z%hge of 200 kHz to 300 kHz has been found to

be sui table. | pejovdia:, SRR UG $BIRE Bhth BORRLLORCHMER YA Yaser
to overlap wt 5precedi ng scans by gync roni sing and use o time
delay in ppbkes.em ssion fromthe laser. This process results in the
foll ow ng advantages: |Inproved side wall quality Increased die
strength PulReshaciad, $rolhelcantiorto-se® disianrce hsmaen sequendiappulsdsxArPingle
The | aser r ed are described in Table 1 below. The | aser
ran at 170@%%%?%%%%% a pul se energy at the wafer of -60p,J. The
scan speed was ied f 00 t I -0V i
the range 8006 Prler FRIHE S eRed Sttt MHEn LB b uny Bk BGm 2
spot di anebgsequeritdhsdans at smanltiphopast hietigygoeest.i cal spot di anet er
(~8nm. A 75pm waf er was di ced, and the nunber of passes to cut
t hrough at eacRumberdfapcansSN-dEhenmmiee dbf cassesitomerscans réqioted 12 .didentheragh a
case t he maghj r;(i ng speed was neasured. The 30graph 101 in Figure 10
shows t hat >t ka frachi ni ng speed increased nearly linearly with

d i t | ap. [ i f i
oul ses. 11 1 BErTiven AT 7 WO B6080 GRrasp e Sotkn 6T Riftes 71
iS nostby Odaueretsepardied sigticiedtiyosuch thaptheds plbgnamtidllytreriaetacton ofascurrent pulse

descri bed ove. It may_ al so be because there_js..|ess material being,
oroved. ovah T ehetie )b EEReE BEe RACES Bt 7 hesiatiobs ugbAb the Tuseis

" scal | opedabsottkd timh@Fn@ees 6f b pradbuishag, e e¥daPmathar esSiviE rffd HBE8S the
to produced | ess_scal [ oped edges, then the increase in machining

speed i s fSthate &2 BdnEF3s§At |y 51 ess pronounced, as shown by |ine 102

in Figure 10. . ) . .
If pulses of successive scans along a same scan line are located in the same positions

25  as the previous scan, a scalloped die edge is produced so a strategy has been developed in
accordance with the invention to offset/dither the start position of each pass of the laser

beam to smooth the die edge.

Referring to Figure.s 8 and 9, to smooth the scalloped edge 91 that is created by a
first scan using pulses 81 with a zero overlap strategy, each successive pass 82, 83, 84 of

30 the laser beam is offset from a previous pass 81, 82, 83 respectively. In this manner,



Paraneter Setting Current 92% ThermaTrack 1850 Rep rate 170kHz Front

panel power

13. 6W (@ 70kHz) 10.3W (@70kHz) 60123 Wafer | evel power

Pul se ener® 208{8e3 wi dt h 40ns Beam di anet er 7nmm Spot B¢7EP2007/010291
(cal cul ated) 8.4um Average power density 18 MNcnR Energy density 108

3/ cne. Peak ﬁggrlgsrsiv%gfnssti'agéﬁtgf eégg%irg)%, 91% Ithee s;lc_aanxl_eﬁsf%gtu%agrgr{)%deurcgd with each
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pass.

Thus the invention provides a method for laser scribing, dicing or machining of
semiconductor substrates with improved edge quality, throughput and debris control using
multiple pass machining with non-overlapping spatial distribution of pulses in each
individual pass, but with pulses in succeeding passes offset from pulses in previous passes.
This laser machining with zero overlap substantially prevents pulse-plume interaction, and
hence substantially eliminates any loss of energy of a succeeding pulse to a plume

produced by a previous pulse.

Thus in the laser machining process according to the invention a pulsed laser is used
to scan spatially in a direction to be machined. Multiple scans of the laser are used to form
a scribe or through feature. The scanning velocity V, and repetition rate R of the pulses is
such that pulses do not overlap. A repetition range of 200 kHz to 300 kHz has been found
to be suitable. Individual scans of the laser are positioned spatially to overlap with

preceding scans by synchronising and use of a time delay in pulse emission from the laser.

This process results in the following advantages:

Improved side wall quality

Increased die strength

Reduced bound debris

Increased throughput

EXAMPLE

The laser parameters used are described in Table 1 below. The laser ran at 170kHz,
which gave a pulse energy at the wafer of ~60pJ. The scan speed was varied from
500mm/s to 3500mm/s to give.overlaps in the range 80% to -50%. The ovetlap was
determined from the ablated spot diameter (~14um) rather than the theoretical spot

diameter (~8pm).

A 75pm wafer was diced, and the number of passes to cut through at each overlap
was determined, as shown in Table 2. In each case the machining speed was measured. The
graph 101 in Figure 10 shows that the machining speed increased nearly linearly with

decreasing percentage overlap or increasing spacing of successive pulses. It is believed that



Rep Rate (kHz) Scan Speed Overlap % Passes to cut through 7ng waf er

Machi ning s e ed*
s

78.99% 8 6‘2 2B08P

47.48% 13-96.15 14 170 1500 m' s

this is mostly due to the reduction in pulse-plume interaction, as described above. It may

also be because there is less material being removed overall as the overlap decreases and

nm s) Abl ated spot dianeter (gm 170 500
70 1000 nm's 57. 98% 12 83.33 14 170P€L‘2%’62°Wr’ﬂ1%291

the edges become °scalloped’. If the process is adjusted to offset successive passes to

produced less scalloped edges, then the increase in machining speed is found to be slightly

5  less pronounced, as shown by line 102 in Figure 10.

Parameter Setting

Current 92%
ThermaTrack 1850

Rep rate 170kHz

Front panel power 13.6W (@170kHz)
Wafer level power 10.3W (@170kHz)
Pulse energy 60

Puise width 40ns

Beam diameter - 7mm

Spot size (calculated) 8.4um

Average power density 18 MW/cm?
Energy density 108 J/cm?

Peak power density 2.7 GW/cm*®

Table 1 — Laser parameters

Rep Rate | Scan Speed | Overlap % | Passes to Machining Ablated spot
(kHz) cut through | speed” diameter
75um wafer | {(mm/s) {(um)
170 500 mm/s 78.99% 3 6250 | 14
170 1000 mm/s 57.98% 12 8333 | 14
170 1250 mm/s 47.48% 13 96.15 | 14
170 1500 mm/s 36.97% 15 100.00 | 14
170 1750 mmy/s 26.47% 15 116.67 | 14
170 2000 mmy/s 15.97% 13 153.85 | 14
170 2380 mm/s_ 0.00% 13 183.08 | 14
170 3000 mm/s -26.05% 13 230.77 | 14
3500 mm/s -47,06% 14 250.00 | 14

170

10

Table 2 — Dicing experiment

It has therefore been demonstrated that dicing with zero overlap according to the

invention results in more efficient material removal from the wafer. The depth per pulse

increases with decreasing overlap as the attenuation of the pulses in the debris plume

decreases. To ensure a smooth die edge, a sirategy is employed whereby pulses in

15  succeeding passes are offset from the previous pass.




36.97% 15 100.00 14 170 1750 mm's 26.47% 15 116.67 14 170 2000 m s
15.97% 13 153.85 14 170 2380 nmm's 0.00% 13 183.08 14 170 3000 nm s

-26. 05% 13WVO36P8/P¢i8¢3 PCT/EP2007/010291
6

Although the invention has been described in terms of machining a channel in a
substrate, particularly for the dicing of a semiconductor substrate, it will be understood that
the invention has applicability in the laser machining of other features where overlapping

pulses are presently used, such as, for example, in machining an ingot from a substrate.



170 3500 nmm's -47.06% 14 250.00 14 Table 2- Dicing experinent 10

It has therefore been denonstrated that dicing wwth zero overl ap
according to the invention results in nore efficient material renoval
fromthe wafer. The depth per pul se increases with decreasing overlap
as the attenuation of the pulses in thesdebris plune decreases. To
ensure a snooth die edge, a strategy is enployed whereby pulses in
15succeedi ng passes are offset fromthe previous pass. WO

2008/ 064863PCT/ EP2007/ 010291 6 Al t hough the invention has been
described in terns of machining a channel in a substrate,
particularly for the dicing of a sem conductor substrate, it wll be
understood that the invention has applicability in the | aser

machi ni ng of &lIh&afMSat ures where overl appi ng pul ses are presently
used, such as, for exanple, in machining an ingot froma substrate.
CLAIMS 1. A nethod of laser machining a feature in a substrate
conprising: a. machining the substrate with a pul sed |aser along a
linear scan |ing W hiethod of $4ses anactdnify 4 Hestuee Geatsubstratecent re
spatial di sta&gﬁ ?fSIIl he substrate bet ween successi ve pul ses in the

| aser pul se t P é*equal to at least a sumof radii of the
successi ve pul ses and the successive pu es at t[] substrate do not
overl ap but ar ea.enadianingdhe supsiate withapadeed lagesa ongéﬂgle@_r machi ni ng
wi th succeedi ng sgandimf withea festeycanlsuoh thétea sentee $caanirene which are

offset along the |d1§}§n&y al efﬁé diRfate ‘Bbﬁﬁ&tneéuéﬁesélbé pul ses with
respect to the stsi?ﬁgln revio % t hat _~pul ses of
mul tiple succesmﬁlﬂsqségéﬁeLgé%ﬂ%ggmalﬁ eﬂHi?]stgé Eenﬁs%}%l!%& ng scans to
provi de nmachi ni ngatli ofithestocessiveguises andithesuceesstvi mysasddes of t he

feature. 2. A mghpg ﬁ?atékié'n@i@@veﬂa bai dre kithehestignossogessi ve
pul ses are suffi CI ent hﬁ,@a on the substrate that a pl unme
S

produced by a | as® not_, subst ant orb energy froma
succeedi ng pul sb. ma@nnmgrfe Syceeeding prAlS qfﬁﬁ%héﬁ FAPNEBRor i si ng

machi ning with a saulesscanciied iMiicinareao Hseifalong the-scandigoby kHz. 4. A

nmet hod as cl ai rre S or sl ot
cutting through tﬁéé‘l 13%1 %éllﬁ@??fﬂlérgﬂ &ORRh&eSpett Gb IHe

wherein the rrachlWUWE?ﬁﬁi’r%V]P‘é%é?and?%pﬁgpﬁ fgégﬁn\}l“ claim 1,
semi conduct or di diplg suc@ssme feser 6EaROVEr EHPRIHSES P rﬁ?qﬂﬂlqp wher ei n t he

machi ni ng conpri sgans k@previtle Ichachining to a required depth while
smoothing edges of the feature.

2. A method as claimed in claim 1, wherein successive
pulses are sufficiently separated on the substrate that a plume
produced by a laser pulse does not substantially absorb
energy from a succeeding pulse.

3. A method as claimed in claim 1, comprising machining
with a pulse repetition rate of 200 kHz to 300 kHz.

4. A method as claimed in claim 1, comprising complete
dicing or slot cutting through the substrate.

5. A method as claimed in claim 1, wherein the machining

. comprises a laser dicing process for semiconductor dicing.

6. A method as claimed in claim 1, wherein the machining

comprises slot drilling.



