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Technica] Field

- [0004] This invention relates to a laser cutting and, in particular, to a method and/or

system for advantageous beam positioning and scanning to improve the throughput of laser
cutting 1n silicon or other matenals.

Background of the Invention

[0005]  FIG. 1is a simplified representation of a traditional continuous cutting profile 8.
Traditional laser cutting employs sequentially overlapping spots from consecutive laser
pulses to continuously scan through an entire cut path. Numerous complete passes are
performed until the target is severed along the entire cut path. When the target material is
thick, many passes (in some cases over 100 passes) may be necessary to complete the cutting

process, particularly with limited laser power.



(cutting that does not penetrate the full depth of a target wor k_p'beﬁgerozaﬂnd
t hroughcutting, which includes slicing (often associated wth wafe 05
separation) or dicing (often associated with part singulation from wafer
rows). Slicing and dicing may be used interchangeably in the context of
this inyention. [0009] FI.G 2A is a graph._show ng.that for .conventignal
ong collifithousAPRFGAG i eotne esgr FHa GRotR R dpteoisan abaBer-gaty
qui ckl y3ag;s8id i con wafer thickness increases. Thus, as thickness

increases, the nunber of |aser passes increases al nost exponentially and
consequent | y expumardry af {hg Ideentwases t he dici ng speed. The cutting w dth
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with laser gjected material has a somewhat random nature, the degree of backfill along any

portion of a traditional cutting profile may be large or small such that some portions of the
cutting path may be cut through (opened) in fewer passes than other portions of the cufting
path. Traditional laser cutting techniques ignore these phenomena and continnously scan an
entire cut path, including areas that may already be opened, with complete passes of laser
output until the target material is severed along the entire cut path.

[0011] As an example, a UV laser, having laser output power of only about 4 W at

10 kHz, requires about 150 passes to make a complete cut through a 750 ym-thick silicon
wafer using a conventional laser cutting profile. The conventional cutting profiles typically
traverse the entire lengths of wafers, which typically have diameters of about 200-305 mm.
The resulting cutting rate is too slow for commercial dicing applications of silicon this thick.

Although the segmented cutting technique can be employed to cut any laser-receptive



AlTi C and other ceram c or sem conductor materials. UV is nost prefermp@ee oos
for cutting a silicon wafer for exanple. [0012] U S. Pat. Appl. No.

09/ 803,382 ('382 Application) of Fahey et al., describes a UV |aser system
and a nethod for separating rows or singulating sliders or other

conponents. These nethods include various conbinations of |aser and saw
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and cutting profiles of different lengths were executed from edge to edge. The experiment

revealed that shorter cutting profiles could be diced with fewer passes. |

- [0015] @ The present invention, therefore, separates long cuts into a cutting profile

containing small segments that minimize the amount and type of trench backfill. For through

cutting or trench cutting in thick silicon, for example, these segments are p‘referably from

about 10 pm to 1 mm, more preferably from about 100 um to 800 pm, and most preferably

from about 200 pm to 500 pm. Generally, the laser beam is scanned within a first short

segment for a predetermined number of passes before being moved to and scanned within a

second short segment for a predetermined number of passes. The beam spot size, bite size,

segment size, and segment overlap can be manipulated to minimize the amount and type of

trench backfill. A few scans across the entire cut path can be optionally employed in the

process, particularly before and/or after the segment cutting steps, to maximize the

throughput and/or improve the cut quality.



the cutting direction to further enhance throughput. These techni ques
generate |ess debris, decrease the heat affected zone (HAZ) surro@nfEQ92405
the cutting area or kerf, and produce a better cut quality. [0017]

Al t hough the present invention is presented herein only by way of exanple
to silicon wafer cutting, skilled persons will appreciate that the
segnent[ggliqut t Thg pteseftiheiitidon alleSaipred thenghiut ey duelisript eytiedaflpr cutting
a variety of target materials with the sane or different types of |asers
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for traditional continuous cuts.

[0021] FIG. 2B is a graph showing the number of passes to complete a cut versus the
cutting length in silicon.

[0022} FIG. 3 is a simplified partly pictorial and partly schematic diagram of an
exemplary laser system for performing segmented cutting in accordance with the present
mvention.

[6023] FIG. 4 is a simplified pictorial diagram of an alternative preferred laser system for
performing segmented cutting in accordance with the present invention.

[0024] FIG. 5 is a simplified pictorial diagram of an optional imaged optics module that
may be used in a laser system for performing segmented cutting in accordance with the
present invention. .

[0025] FIG. 6 is a graph displaying the characteristic relationship between pulse energy
and pulse repetition frequency of the laser employed during practice of the invention.

[0026]  FIG. 7 is a simplified representation of a real time cut status monitor optionally
employed by an exemplary laser system for performing segmented cutting in accordance with

the present invention.



sem conduct or wor kpi eces are placed for throughcut processing using _
ultraviolet ablative segnented cutting in accordance with the pr-e'gd?tl: 2005
invention. [0029] FIG 10 is a sinplified representation of a segnented
cutting profile produced in accordance with the present invention. [0030]
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produced i.n accordance, wi.ith the present invention. [0037] FIG 18 is a
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iIIustrg@tBi%gﬁ of?lpattésr nilndﬂof 5 VEMS aégvi ce by aa ‘éeg nted cuttl nra per ocess
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of an Vi fabr.i cat ed. a se nted cutti rocess, on.a
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| aser ‘processing systens | Ca and | b (generically 10) utilizing a

conpount®088bhm Fasi. ¢ onk signplifiedirepresditasipn Qi p dltwinativasagafeatedotititng progiderbl y
100 that_ can e eng)ld%geed .fog perfogrrig%.& segnented cutting, such as
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- 5 DEC 2005 enbodi nent of a |aser system 10 includes a Q sw tched,

di ode- ppRvgaerd IDRpcoTdanIedvish theeressgf inveptidtaser 14 that preferably .includes a
solid- Sf@%g] | as@py 184¢ Qsﬁ%pl%ﬁ%séﬂg&t%h%f afl"alternative segmented cutting profile

produced in accordance with the present invention.

[0036] FIG. 17 1s a simplified representation of an altemative segmented cutiing profile
produced in accordance with the present invention. ,

[0037] FIG. 18 is a representative illustration of a trench pattern formed by segmented
cutting processing of silicon.

[0038] FIG. 19 is a representative illustration of patterning of a MEMS device by a
segmented cutting process on a semiconductor wafer.

[0039] FIG. 20 is a representative illustration of an AWG device fabricated by a
segmented cutting process on a semiconductor wafer.

Detailed Description of Preferred Embodiments

[0040] FIGS. 3 and 4 illustrate alternative embodiments of respective exemplary laser
processing systems 10a and 10b (generically 10) utilizing a compound beam positioning
system 30 equipped with a wafer chuck assembly 100 that can be employed for performing
segmented cutting, such as trenching, slicing, or dicing semiﬁonductor workpieces 12, in

accordance with the present invention. With reference to FIGS. 3 and 4, an sxemplary

5



Nd: YVO4. Laser 14 preferably provides harnonically generated UV | aser
output 16 of one or nore |aser pulses at a wavel ength such g$ g‘;z_% 2@5
(frequency tripled Nd: YAG, 266 nm (frequency quadrupl ed Nd: YAG, 213
nm (frequency quintupled Nd: YAG with prinmarily a TEMbo spatial node
profile. [0041] In a preferred enbodi nent, |aser 14 includes a Mdel
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are descri be n detail”in U S Pat. No. 5,593,606 of Oven et al. Skilled
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used herein to include profiles where M2 is |ess than or equal to about
1.5, evésgudnstdhipled N&YYES laser, pperating ahabpug 3t nmmay b enplppedinreder ta

typi cal ' . ' . ' . t
R S S e e e e
opti cal essgplary laperdduat descaibbd i dethil hed8. PaniNd. 6,588006 bf ©Wrnoy ahgSlailleask,
such as describhed | ater herein may be used to_create a predeterm ned spot
si ze. TRESpRY Wil @?Pé‘?@?%%ﬁé&fh%ﬂasezﬁqq%b%?w]@w angnatPther %HW&@@@% pot

si ze | Sa@éi&%ﬁeeﬁoxhhﬁ@]gﬁﬁpliﬂéd la%Eﬂs.p%@ﬁn@ﬁ@?ﬁhﬁa@@&%g{%ﬁ@nﬁoﬂaﬁl&i@er pul se

at pulse repetition frequencies greater than 5 preferably above 10
kHz. Angemecaingl, any Qsswit¢hopeapation, ded pesitionmgsyst@nk ¥ are Al veslkipivan fo peaxses

st TR b R B
but ar egnehssidddidresk dem Wnbddaméat®y WUV at the work surface at about 10
kHz through about 20-30 W at 20-30 kHz, such as 15 Wat 15 kHz. 6 5 EEC
2005 [0042] Although Ganssian may be used to describe the iradiance profile of laser output

16, skilled persons will appreciate that most lasers 14 do not emit perfect Gaussian output 16

llaving a value of M*=1. For convenience, the term Gaussian is used herein to include

profiles where M? is less than or equal to about 1.5, even though M?2 values of less than 1.3 or

1.2 are preferred. A typical optical system produces a Gaussian spot size of about 10 pm, but

this may easily be modified to'be from about 2-100 pm. Alternatively, an optical system

producing a top hat beam profile and or employing a mask, such as described later herein,

may be used to create a predetermined spot size. The pulse energy used for cutting silicon

using this focused spot size is greater than 200 uJ, and preferably greater than 800 uJ, per

pulse at pulse repetition frequencies greater than 5 kHz and preferably above 10 kHz, An

exemplary setting provides 9.1 W at 13 kHz An exemplary laser pulsewidth measured at the

full width halfmaximum points is less than 80 ns. Alternative and/or complementary

exeinplary process windows include, but are not limited to, about 3.5-4.5 W UV at the work

surface at about 10 kHz through about 20-30 W UV at 20-30 kHz, such as 15 W at 15 kHz.
6



[0043] WV laser output 16 is optionally passed through a variety of

wel | -known expansion and/or collimtion optics 18, propagat -atﬁo?

optical path 20, and directed by a beam positioning systenT %I nge

| aser system out put pulse(s) 32 on a desired |laser target position 34 on
wor kpi ece 12 such as a silicon wafer. An exenplary beam positioning system
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mrrors and 44 align path 20 through turns between | aser
14 and fpeshit gpuginpéenent E@Wevmmcgﬁp@l@@m%lertbdsmeowgilffﬁennpoﬁpmbeqomh 20.

The fast itioner 50ma for, ex le e h.resolution |inear
motor o MBI e BTG TN srBPar g B Hase SRt dRas ek R eni que
or repetwﬁérelﬁypgtggeeﬁastﬁ)gcaqap%@ueﬁ%psmeﬁ%ﬁ@toﬁsrhwgquﬂm shfiirtsQnd @vegn  data.
The stages 36 and 38 and positioner 50 can be controll ed and noved

i ndependenrkpipcot2, 28der di iegeetd, hpicady anqvsgd by hisparimpteissiansails 48, supsirtszed or
e e TRl B 1yl Shdider 35 b pROBhEe SR INR A BRECEE BB o1 s

in Iarge ons, "suc ially
12" waf erng.Z §id45bn basteep C)Gztthgeom:ld% stapy 36 hme also bk lﬂdﬁhsﬁbkl Siheposiishigm t hat
urface of_ the workpiece

can be aligned to rmtefld ials on the -
12. Bearigasi 44 Hi ‘ﬁ‘G"SW&%ﬂﬁ"%l el @ﬁlﬁ%%h YGRS REPARIESEE 1 B B boam t o
wor k- al i-geBnd: sdy $hRMss })&%oﬂwratbntghwy;qnap@m@m YBe fa@%sﬁﬁmepfo Rh{ féxi s
with a eparate canera and that are wel known to skil'led practltloners In

one enmamnbrwnpl@tnhlmomu@ndmemuotemr@wan@f Ealéerumnttn mnmrw%(iﬂﬁ/va}e in a

I I d
Co oy ed g B P oE Pl bR oPRR e b PRI B Ben 3 g
posi ti ormata34rtﬁmtatgbe3@\mfd<tﬂ aniepckRion&t $e¢anHei doabblied aaﬂmmeenﬁdepyﬁeaﬂfa o@ll €

connerC|aIIy avai |l abl e. The alignnent systens preferably enp .
bri ght - CP@IdiRategio Have 9gatharimEsPHITe [hRFelzsd %{WQHIFHFC%?%%uﬁéPPE//W%f | ecti ng

wor kpi e‘g%sc‘muu% sM@gls %f@?ﬁlﬂ'f&h&g n\f‘@afr srea bOPAR] a &J: q’i(:atkd?éegucﬁ Yt {:ﬁtﬂg t he

beam positioni ng system I's preferably aI igned t conveht i onal typi cal
saw cut t8' apd especrlel 2 welfigcs. al s or a pattern on wafer surface. If the

0T kD! CEaRiSE, 26 RSN sURRDAb SRl FOENSShies A AUIPES a0, oS
more fiducials on the surface of the workpiece 12. Beam positioning system 30 can employ

— conventional vision or beam to work alignment systems that work through objective lens 58
or off axis with a separate camera and that are well known to skilled practitioners. In one
embodiment, an HRVX vision box employing Fretadom Library software in a positioning
system 30 sold by Electro Scientific Industries, Inc. is employed to perform alignment
between the laser system 10 and the target positions 34 on the workpiece 12. Other suitable
alignment systems are commercially available. The alignment systems preferably employ
bright-field, on-axis illumination, particularly for specularly reflecting workpieces like lapped
or polished wafers.
[0046] For Jaser cutting, the beam positioning system 30 is preferably aligned to

conventional typical saw cutting or other fiducials or a pattern on wafer surface. If the

workpieces 12 are already mechanically notched, alignment to the cut edges is preferred to



- 5 DEC 200" overcone the saw tol erance and alignnment errors. Beam

positioning system 30 preferably has alignnent accuracy of ebt_e.rzﬁtpan
about 3-5 m such that the center of the laser spot is w thisnU&bothtts3-5 m
of a preferred cutting path, particularly for |aser beam spot sizes such as

10- 15, M FO% S840 80 ShA B orrh 05 ol O HER! pAGEUEALY Y 30LELELTR) v be

even better. arger spo € accuracy ca SSTprecise.
[0047] #43 atigginbhioatcubeqmt pesdrtthanabagt Sy5simeudh thmayheadeater efifledysengpotdont act ,
smal | - dj spl acenent sensors to_ determ ne Abbe errors dge to the pitch, yaw,

or rol | WHhingabaukd-o36m 9f 8 Prefgred gitting Rathoparticritan {8 dassy Peamn SRRt S3EeS Sdsast i on
I ndi cat of ; ' [ | I

Abbe.or Fort > B B A ey e L O er PO e
st andar brg spétesiazey the atcwrasy caierndssqregisson sensi ng smal |l changes in the

sensor _readi ngs and nof on ahsolute accyracy qQf the sensor readings. Such
an Abbel09br %@%mhca%yewms syrbae PP pady alsp %IEP]QVPOPTWFWP%FW&ﬂT onal

Publ | oot TaReRgent YO PRG35 iy R PR O il iy i PR Gaddy 3 and
rel evangsg tiat hieamos iraficdtdibbylas oh-agisrpesivion ilndcator, sedpordinegr fate eriéatier dkppl .

No. 09/ 755,950, of Cutler e herein i_ncorgorated reference. [0048] Many

b
vari at | BA€ IBIUSEERTET nf g RYR BEARCOTECUPTLS IR} © ibEated pgamsl 2 precise
practit] exbedi h L0l cri bed
A T T M i e Rl e S v R
or 5320razidnigs avad hdthomapssst esmiranyaifltizdcasorfrealing. €itchen Sdiberetior icorrection

posi 1 oprHi i/ Feresb de b iR ar g e Y L JRe AR A eiBlRed ohnel
series muher 50012054 BulicaAb% No. 200 R35X06 7aL bRl sHER B OXtdBL E8 I O1.
Scientific Industries, Inc. in Portland, -Oegon, can al so be enpl oyed.

Sonme of Thhedevasypewions ahihelispdesugmoithy conrerpanding £h5. Rajr AppoWpn@P/7Hed50

wor kpi ece~12 an - XY 0 ving the scan lens are cost effective
posi ti oﬁfgﬁ %Iy%gg%ggui%?o%tg%qg%‘%%e%}%%?er ai ght cuts. Skilled persons wll

al so appogeesi at eMahatyadati e D PERbARE 3yHbMYBE a6 Welb kiddien fooskiNe feat@emhers
positioning with a_fixed beam position and/or stationary gal vanoneter for
beam podhd At ﬁ@b%@warw}mmwgsﬁm@%%ﬁéwnw&éetaulmﬁe% Pat. N@-he art
wll re [ r-g}‘gq% Q- uf LA th
files tﬁgt%’%gIOFEglrf}ﬁg%%lg'a?@%ggﬁ%g?@?oﬁ%% Ilglpee sctlﬁa‘ﬁgé %}k)slt:%]gse% aser
syst em éwirpBlecipo Ssieati82 Industrpas phocef Bortlérile Oregdredry epdmplasf iniplaathiatios, of
whi ch may .he either R ri odi c or non-per.iodic. [001331} An opt.ional |aser
power cB8RATHOMPSFYSIM 3y arsexgm?iw PRENVENBE SYEeTEd Pt s Mogiglyperigs numbers

posi t i 0nggh 430801091 bioBbopAlabiuBBurddbRHilkid SBienE TMusHRE bR PSBLRL! | O

devi ces 54,” such as’ phot odi odes, may be downstream ofS | aser power
cont r ol Kireg®2 carsaisthbasmalaygie Somietdf these pysiérns whichgismian 2o linkat featori fer

adapt ed Iﬁo%ir?gethg erotr iert:er a3 S Y s%a?ge tfcr)]remc\’)\@iﬁg ltheens%ta:[q leOJS a‘.lréle Cost effective

positioning systems for making long straight cuts. Skilled persons will also appreciate that a

systemn with a single X-Y stage for workpiece positioning with a fixed beam position and/or
stationary galvanometer for beam positioning may alternatively be employed. Those skilled
in the art will recognize that such a system can be progranumed fo utilize toolpath files that
will dynamically position at high speeds the focused UV laser system output pulses 32 to
produce a wide variety of useful patterns, which may be either periodic or non-periodic.
[0049]  An optional laser power controller 52, such as a half wave plate polarizer, may be
positioned along optical path 20. In additibn, one or more beam detection devices 54, such as
photodiodes, may be downstream of laser power controller 52, such as aligned with a

positioning mirror 44 that is adapted to be partly transmissive to the wavelength of laser



- 5 DEC 2G3& output 16. Beam detection devices 54 are preferably in

communi cation with beam di agnostic electronics that convey siggﬁ;ﬁ to

nodi fy the effects of |aser power controller 52. [0050] Lase g i

Q switch, beam positioning system 30 and/or its stages 36 and 38, fast
positioner 50, the vision system any error correction system the beam
detection devices 54, and/or the | aser power controller 52 nay be directly

or |nd|rect 6.C se 51]
W' repapuh (e BEEERt i fftes SR ALEELE ol R0 Wil Sophandie .
and 14bletﬂﬂ@rilc£ﬂﬁihtcd’rﬁ5pafghalyﬁ) madidy thewlfeuk o1 ke pa)nd:r &rﬁbrdlhasz are linearly
polarized in transverse directions and propagate al aong respectrve optrcal

pat hs 20058hd Jeaser handiorissdeitichd camgrosWeping §YHev 30 8d/ep i siages
opt i onaz MR L AHoRe Fﬁb%ngﬁn ﬁ@érﬁ'a?:?%ﬂo%&?&h&?é} Eé?r% th@@énqgn aQbesioRef | ect ng

devi ce pre er a polariZzZation sensitive bedm conbiner and is
posi ti odedcca;lia@ngndfot the dmstr paverpahinel 12 6a naayhe2biectl pociadivently doasknatediimplut S
16a and 16b taq ropaga along the conmon optical path 20. [0052] Lasers
14a andCamplisyy Yﬁ%‘;"{ Rent lﬁbﬂgr different types of lasers and may produce

| aser Omﬂls 1@%@9@&@&&?@ 4hmf& s%r@m%%n%rﬂg ;ieert%t) RNMelgngRhs.  For

exanpl e, out put 16a may have a wavel en about 266 rim and
| aser oldiptitat &6 rn@yctha:vlesea outpatsdive agd hotothabie tllhea’%EEpcrhanzeSkm irem¥erser sons

wi || appreciate that |asers 14a and 14b ted sjide by .side or one
ot o’ BRedtoRs e Bbasic flore apeinn ehiis ) P 20 by AR RGNS ot agos 96
or 38, pifleb@sedsiddaransd 3D £A0pahHPwWaAGHIRLBE athy %p@@iﬁ@ﬁ&izﬂohg\éﬁﬁﬂﬁﬂdem ly
mobil e heads. The firing of |asers 14a and 14b is preferably coordinated

by | asepath@fbr Beflegtingplevice 42ats pygferably ¢ paiprizasion sensbive bspmyso rgd teer y
hi gh enﬁg&@%{oneﬁsa%n%%%tﬂg%cBH):ﬁf‘?ﬂ?dZE}?ld 2§u b 1@ A hbHY a§ér og:‘i‘;}{?ié‘iéagfﬁadofsbtt{a‘ 35

-arrange ce a co aser outpu
|nplngpﬂ@pm@néhbngﬂﬁkxﬁﬂﬂ&ﬁQﬁuhmmumgoan |ncreased ener gy per pulse whi ch
r m a conventronal | e | aser d Such

gﬁu! gcrﬁli’éghfghéglar% 1%8,;,8& b uﬁlgy & %@H*ﬁé?rfir Eﬂﬁrrarwsaﬁ@ §TF & Bﬁgpr

abl at i nﬁs&%&’pxﬁi %hcﬁ%smb%at%'a{r&ih@gmﬁé oflHifeRGit (AT s, tHYrCkadble] ROR waf ers
or other worKkpi eces 12. [0053] Despite the substantially round profile of

| aser sylstpetrﬂﬁeun@ulna‘r’p@lwewgthr qfpbonted6 nbsand Hsenmaitppid b mayrhaye be achi eved
W U an, gpll onal. LIROSE: GR! K65\ OAML . OF) whSLERY . PRNBRSELBPRB AL . oct s

such as re I'sm or IStICS,

are filmenmdd s:ﬁaibyaidie)or oM bimcrpedfehemherztxﬂuanﬁttaﬁhed orgedf dpitrasiatdogiul e 62
may include an _optical e]enment 64, a |lens 66, and an aperture nmask 68
pl aced HPEBPOREAR Teschekinanddpl can plsa pemoypted pa Sepsaie HidcpendeBily mehile o

ook UGS 8 s AP SR A 5 sl obea o
Laser system 10b is capable of producing very high energy laser output pulses 32b, A
particular advantage of the arrangement shown in FIG. 4 is to produce a combined laser
output 32 impinging on the work surface having an increased energy per pulse which could
be difficult to produce from a conventional single laser head. Such an increased energy per
pulse can be particularly advantageous for ablating deep trenches, or slicing or dicing through
thick silicon wafers or other workpieces 12.

[0053] Despite the substantially round profile of laser system output pulse 32, improved
beam shape quality may be achieved with an optional imaged optics module 62 whereby
unwanted beam artifacts, such as residual astigmatism or elliptical or other shape
characteristics, are filtered spatially. With reference to FIG. 5, imaged optics module 62 may
iclude an optical element 64, a lens 66, and an aperture mask 68 placed at or near the beam

waist created by the optical element 64 to block any undesirable side lobes and peripheral

portions of the beam so that a precisely shaped spot profile is subsequently imaged onto the



9 - 5 DEC 2005 work surface. In an exenplary enbodi nent, optical el ement 64
is adiffractive device or focusing lens, and | ens 66 is-a @0 208 i ng
lens to add flexibility to the configuration of [aser system 10. [0054]
Varying the size of the aperture can control the edge sharpness of the spot
profile to produce a smaller, sharper-edged intensity profile that should
enhance the alignnent accuracy. In addition, with this arrangenent, the
shape of the erture can be precisely cirqular qgr al be changed to

Fect angurcak SuBRE] R FEarR RS PR HGH LT e] et 4ds S EREretoRSREY Sh | gned
paral | elfp&{sing%raemh [eHY 86 ist DeAlidbtidgd REs @ dd@AtekPlity (8 heaBBIibithBoPéf 10REK 68
may optionally be flared outwardly at its light exiting side. For WV |aser

appl i catsy®9em,10mask 68 in inmaged optics nodul e 62 preferably conprises

sapphir illed persons wcl.l appreciate t ture kK 68 C be
oot i ARG opf B P B i bleo R o b Bl RSP BTRA sVl 70"
enbodi Meapsodasd 4 SahlleR] SAEJH-cBded NtntitesrofREth sheBld@nbaRBthesdIRAIREt

conponents that convert |aser pul ses having a raw Gaussian irradi ance
prof i | e apetrecy. Jpagéigonaniah ot asagrmst feshapre! tharertyrhe@arbegmedism " t op

hat" profi 0 i I par;- ¢ i ' ' filesin

pr oxi m tci/m&l'lgr (gnaﬁ%oggé;'{hurgé%sr Ct%@'—"%ﬁ/\ﬁé?&%ﬁﬁ.ﬁg Bl‘déﬁgpﬁpg‘ﬁgﬁéﬁ?{ S%%.b'eSuch
beam shafiphg edizd oepdrperntidgulamo hudaingsideetiorc Thetapesuerof thakk 68adayve . opti cs.
I n one emhodi ment, | ens 66 _conprises .imaging _optics useful for. controlling
beam sicPHoBAY bSi flasedetiwardlygy 3 lééﬂ gEag sidenF e UY Jpice apritcatipiaimagk &3 Hy| e

| Mgl ng iﬁlﬁé\%\o@g@%’mﬁl{&lﬂﬁfe ' prefitinly &Jrﬁprﬁs%@%gfyiﬁ{m?gﬁmsép&@éﬁsqvilﬂeapﬁf&ia&ytﬁgr

Skilled pe al so appreci ate, an currently preferred, that
shaped lapsrere m#slp 68 cambe beederitiony eplical ¢tlhments 94iang66n aperture nask 68.

[ 0056] | e odinent.. th %ea shapi.ng co nent.s include diffractive
optic ADuln: Tt hRye eRon g b RiCe ARTER Bome R piee e ERefRgh

ef fi ci eRBypimgsbnRfoehBalat corl Vit a6 Fusbaldviv £RNPARRHEIaS iftediamdprofile s or m
the Gaussian irradiance profile to a near= uniformirradiance profile, but

they al sbepedéans foresedhrpend hrithaut 2 perrmiferma  ioprhab| REoBle, orpaElisularstr spot
size. A i : 1 , idel i

appr eci esiftle_ that g%ragﬁ%@cg f?q?%té? %”ﬁﬁ? %hlrﬁ%eiét@%gﬁké%cﬁﬁv%ﬁ%@ﬂ?ﬁﬁc&is t he
phase plektrena6dl Suahdresichapiefemppogentt mey osbae aspheriS opfastor diiractye864, 430 of

D ckey et .al., whic | so, di scl.oses . techni ques for Si gni ng. s for the
pur pose SBHCh J AT AR R s ST RGP PRaGPRG eB i AN detEs o
above agpedRSaiveReEcd. BKIRSEDdrsdnd wWiNtagpraahicanala s irgalii LR Qi 73013
publ i shgdeon Dgc*eg@nbcer 7, 2%%65 nThe1 rg?evar?t pélrstriké(]))énsné;a(?]tci gt)hle] dirgﬂc/éfaggure of

cor r espardtinlg lags sompereats confrhbs eraploged. N lstpsgos 39B alsp appresiate, and jafs, | -

filed N@'Xné‘ﬁl’y p%gfgg'ed, that shaped laser output can be employed without using an aperture mask
68.
[0056] In one embodiment, the beam shaping components include a diffractive optic

- element (DOE) that can perform complex beam sﬁaping with high efficiency and accuracy.

The beam shaping components not only transform the Gaussian irradiance profile to a near-
uniform irradiance profile, but they also focus the shaped output to a determinable or
specified spot size. Aithough a single element DOE is preferred, skilled persons will
appreciate that the DOE may include multiple separate elements such as the phase plate aﬁd
transform elements disclosed in U.S. Pat. No. 5,864,430 of Dickey et al., which also discloses
techniques for designing DOEs for the purpose of beam shaping. The shaping and imaging
techniques discussed above are described in detail in International Publication No. WO
00/73013 published on December 7, 2000. The relevant portions of the disclosure of
corresponding U.S. Patent Application No. 09/580,396 of Dunsky et al., filed May 26, 2000

are herein mcorporated by reference.
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are herein incorporated by reference. 10 - 5 DEC 2005 [ 0057] For the
purpose of providing increased flexibility in the dynamc ragggrgf ﬁgergy
per pul se, a fast response anplitude control mechani sm suchYast ﬂﬂ

acoust o-optic nodulator or electro-optic nodul ator may be enpl oyed to
nodul ate the pul se energy of successive pulses. Alternatively, or in
conbination with the fast response anplitude control nechanism the pul se
repet i tipos7]f r eqee@puipiscE pioviding sreeadtd fOGhiaasadhd @nhfiefigaothrnge in
t@e pul se eng;gy of successive pulses. FIG 6 displays the characteristic
rel at i oS Rilseelanicerponst 3BpliRge coRtrolEchamea. fuehas a1t AOHSIPTOPHE SMIplAtERE)  of
a | aser i L i Lon, : i ndi cat es,
pul a0 TR HoditibnAap bR EhRERle el R o e et el

210- VOGulden. adtimationly, bhi@ cohfiretipe vigt the faseteapomee shphtuie toveen npchadsmner gy
and PRF for alternative | asers, .Li htmavg El ectronics 210-VOOL and

Li ght wel{e PEISE ESREHHPR 9499y PRI igerBassfl O CeEARF lomisce Shaner Bt RUSRe ar ¢

wil | ap&ref‘gg} r@)sgcééaabe Bhiges. Gmtsssidkégt@& In?etéh\éﬁcl&ﬁggégﬁlaﬁ%ﬂ{lﬁg%)aweeﬁﬁﬁlgéi bed and

alternate Iments of |aser sy m 10 w , uce er ent
char act@ristdind puddeatpanohifpsubety(BRE) plid becrddemmplomddiupug peactiepef thei on

frequency. [0058 | G. 7. depicts a sinplified nonitoring syste 0 that
enpl oy sEFEIOBy A0E1S € g SYFs PREC SRTBLAPT FFepiT E’_@%ﬁﬂﬁf‘i&%ﬁg%gwlﬂga gﬂ’él t ar get
posi ti gfe ﬁfocﬁf‘zid‘-%\é’f)'ﬁ%cﬁﬁﬁn&ﬁe cHaact3Biec ?él’!ﬁ%'sﬁ? Rerwedn Pulsk Qﬁergf B#Ié

a path 2 0 ast

positione ong the optica 0, upstream downstream
posi t i dRF fGGjteantve st Anighiveye edonich @ 13M0§biand LhgawetruElectedriec? 10-any

i ncom adiation to e s .S,,82. il ed. pers i.l I, appreciat e,
ousver YOSHar A P g RER g s Tilereribatal B i PRRG o 80
may be mhcgnedeeabpd aidilkmdiedepbodiarhlsyfidsenysept iRl pobdfte2RiraRg: a variety
~of detection techniques can be enployed. The sensors 82 of nonitoring

syst em Beragteyisherdaipsshipy Betvsen pelse preags pd pulse rBpaiision EeauSNgt h and/ or

ot her erti ] =10 . I he target
mat or | AP0RRCG EES Paenit B A o R B Bl B R B oF B O T
exanpl eendues Phoptochllyde soramanivation with ticketacget pamition Jasst the fvdblgaacediet dat i on
devi ces 54. Tyf)i cal I%, sensors .82 detect | ess eeg%ck when t'he cut at h
112 ( FIBS eRppdiraentfupim g’ﬂ‘s’éi’%’“@%“ ong: 15 ORIAHBTR ZOrHERT CLIBMITHA™ aser

cont r ol dfgkst pd&tiafe/50! aER MaRGistive B 1he oSMBIRPead tulrddleti¥iaf® idddmisg!t - st at us
information continuously or for one or nore discrete points along a given
segnentradiagor( o) tee sarsprs §y Skabiadpersegs peld rPRresiele, heveives thah grigprstand Ogmfrpl et ed
and unc ,0Ns.:0r . ar stem 10
t hr ougho%glEe %%%&g%@ﬁ:*horﬁﬁwgéns%ss? gt?"nmg%? %%b%%ﬁﬁ%@?%&ﬁéﬂefegé%p g%%?g?lgt!ﬁ' %181 put 32
only t @ptipdrpaito?amaf a vdorietyof dgetibon tdcPnignad candedngdsiiedi Ghakensotstd2ngf. Thi s
noni toring and sel egtive . segnent processin educe the anount of tine
spent é}:@%ﬁ)maagtsygarpt Odﬂ%ﬁbecﬁfgsﬁg? HP t{ni?mensny,gal{ned%, wavelength and/or other

properties of light emitted, scattered ,or reflected from the target material or support material
positioned beneath it. Sensors 82 may, for example, be photodiodes and may include or form
part of beam detection devices 54. Typically, sensors 82 detect less feedback when the cut
path 112 (FIG. 10) is open. Sensors 82 may, for example, communicate with laser controller
70 and/or beam positioning system 30 to provide the cut-status information continuousiy or
for one or more discrete points along a given segment 122 (FIG. 10). By employing real-time
monitoring of the completed and uncompleted portions or areas of the cut path 112, thé laser
system 10 through a beam positioning system 30 can direct the laser system output 32 only to
portions of the cut path 112 that need additional cutting. This monitoring and selective
segment processing reduce the amount of time spent along a traditional cut path 112
impinging already-completed portions along the entire path. Thus, cutting throughput is

improved.
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i npi ngi ng al ready-conpl eted portions along the entire path. Thus, cutting

t hroughput is inproved. 11 - 5 DEC 2005 [0059] FIG 8 depicts a ¢ pat h
112 having respective first and second transverse directiors DEE a3 94.
Laser system 10 optionally enploys a polarization tracking system90 (FIG
3) that includes a polarization control device, such as a rotatable.half
wave-plate or a Pockel's cell, to change the pol arization direction or

orient agéndz@]rof #laﬁ%rq@maem@gapwz ﬁgjﬁvg,%s EKGENARYESodrdnlifer Gt ti ng path

directi he pol ari zation ntrol device may be positioned upstream or
doWwnst r dasetmins PAshd Pés iLasonpstem\iReptibea brengpisyserpodartzation Backisg systea 98 r ench

and novi relativ o the target ri.al he | ase em oyt put 32

" pi el ) ik insidenaprzrtidl contRbTisthachdn s sl PR Hip 4t o

pol ar i zabLims efif @6 thiriatind SolA@tatibh AFefioni Sienthtidti SBITR BYstéd odR®Ytong and
normal to the target material. Applicants have noted that coupling

ef fici etregk elredzesiortas onting nribiispian. akhe noluizethereePnilRbecvi¢hampybear i zat i on
direction.i.s in arti.cular_ori i-0n Wi r to .1 ng

i r oot | SRebSned BeBeBRol gV iea 3R BhbOPuett Wheh SSRE sk Bl B RS oyea
t o keepirehéh 4l A6ViAg NN/ eQbitedasiel fiatdral, alte 1asdr eiah botput 3hahpingesitht zes .
t hroughput. I n one enbodi nent, polarization tracking system90 is

i npl enetAre’) majeniad ha PoRNOFHRA LA ElR FEYHINGIN dpekarzipnsdlesl thal is ot presenbwhign t i ng
directi [ i i i it N g ser -
syt om SappgemAiicRbRhARe b hEE ARG Wi ol CAp RS 2bT 70

di recti oosplD2 edficlerdd aaid filfiezefobe/thasughpgll ave irvedased Wi thapdlaneatizpl dteetion s
rotated. by theta/2.to change a first polarization _orientation 96 to a
second Pl BITSUE SHETHIROMILI BT Sbe SO WA e Ig: ADPTG P PRIETPYI hange
of thet gaciifP6R1ent DO 9! 1RIcEAS yedto kesY theboREYiton JfRMialibs th REohdiMtAENt d as -
.a variable optical retarder, such as a Pockel's cell. A drive circuit

condi t i Swsmaxipokes thaghpH. 3% aneebedimgnt, pplgrization tiplias sYsen @ilve circuit
receives [ i i . Lt1ani tem 30
and o - etz REEIRChyRSRAGNA AL DraRATEAR: ARk BteSH &

cor r esporicaamiun foehwesn thehuphing andrgylef the ldskesypehanitpatintonhs taaget meavsrial.ol

ignal and a b i tioni i h t th | arizati.on directi
of The Pl giegeain pooha foetet G808 A by okt by maieng et EEbaf Raveridth, "
U. S Pats rolded 13 Betdi266 4hfpeofiasgila®iatioh onbtftafdn 950 abeb@idRfladAtion ,

correlating the direction of beampolarization with trimmng direction.
Ski | | edopertaisms?8iicimatelpibe soitmealitepizan ¢apgoptthetized pol ari zati on

orient atdO%ﬂ] Ver. %%ﬁ)?ﬁﬁz%ﬁgxgco%tx%?ﬁé\hg A hIsY %E%’m]\)’\l'ertngnéegﬁf b viyshel ti(%i]d
mat eri ar’s, sucn tha e preferred potfarization orientation ne e
par al | efetard@t fuchak a Poekdlegelhals, driddelcirpiit eadditidnsiatgoldrizatibrostgteashsol sigraafyy
given orientation), or any other orientation V\é thr e;gect .fo the | aser
pass or W@l?ptth%@" FRCETefgives from a processor associated with bearn positioning system 30
and/or laser controller 70. In this example, there is a one-to-one correspondence between the
magnitude of the polarization state control signal and a beam positioning signal such that the
polarization direction of the light beam is maintained generally parallel to its cutting path.
U.S. Pat. No. 5,057,664 of Johnson et al. describes a method for correlating the di_rcction of
beamn polanization with timming direction. Skilled persons will appreciate that the optimized
polarization orientation versus cutting direction may vary with laser systems and materials,
such that the preferred polarization orientation may be parallel, vertical, orthogonal, elliptical
(with the long axis in any given on'entatidn), or any other orientation with respect to the laser
pass or cutting direction.
[0061] FIG. 9 is a representative illustration of a chuck assembly 100 on which silicon

workpieces 12 are preferably placed for throughcut processing using an ultraviolet segment

cutting method. Chuck assembly 100 preferably includes a vacuum chuck base 102, a chuck
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[0061] FIG 9 is a representative illustration of a chuck assenbly 100 on
whi ch silicon workpieces 12 are preferably placed for thr_oggEEgtmgs
processing using an ultraviolet segnment cutting nethod. Chuck assenbly 100
preferably includes a vacuum chuck base 102, a chuck 12 - 5 DEC 2005 top

the. puribad-hd BishEl R RE RRCEAC et Sl SRR oA hEPr I  of
t hr oughaporainp Iaisnaidnaﬂerkﬁaﬁe 11Q7d ttainiifeqt et @ mrd@deutfaPpma&ibﬁ.ché@r@ isiet al
ate

material and is preferab é bolted to an additional pl 108 (FIG 3).
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one of tag I ' I r.afl
rochani QHEIE S 108 dlpt S S ANk R IO AN AleBed BaP R e
| ocki n@facitagisIB orSE. | Tieterize s @oeht itdchbnigpk pedfedablytrhathafioflend wsayex act

al i gnment, and | ock and key nechani sns ar e@(ﬁ)OSSi ble. $Skilled persons wll

al so appileds aprosingagIopHes Fadiiges andmpy angledhalockmeymerhanigny Skilladperon
i ti onal
ot ai il ffdeie bl a%Rt i pfetind ORI AR ARNL AR BRGRRD | 0N

r ef | ectSkiléd/pdrsnsrellbdlsey epprecibis didield baae 102 hedyl atietnativelgnesdased Jo g t he

ul travi ol et wavel ength selected for the particular patterning application
to i niseFEed BHEREY Hbthedtagah20 P7%i | i con wor kpi eces 12 around t hrough

trench om r¢f| ' & ' ff _-th t fter

t hr ougH OB HIC0s ekt Y2 SRPOMorHding Lhrrich 166 BB Fe MBI BInY O 04 o
r et ai nimgtedalr thatdras166 refiyctivityf(shelatetigdbforbentan reibtivay trahsphreat) 2oths ng

mat eri al SiJCh as, Al _or n,order that |aser system 10 .nmay. uge a. f ool

. u,. .
path fitE2Gpie Havplepelyselegied fewslmw‘:e PRI BRI APPECHIAD, tP SNinHER OR¢kside
wor Kpi &68,ab2 1b Silichh \M}Epi&%srﬁ?a%lﬂ%otgﬂm%tﬁeﬁﬁﬂes' e réﬁ&ﬁvg‘éﬁe%gy abmfy gHhuck

top 104 and/or retaining carrier [ e cavities may, for éxanple,
cor r espbadhetd chnele trgeafier througihpuecessargrhag beer pemblateks il enel emborbrtent, theck

wor kpi ece during thro ut ations. In additign, any debris from
UhePr 088 ab8 stpuiiths iR Ay RO BhRRaER iy bn AN At Rondhibe PR

wor kpi efmeh 42 Al bR CRN e Gridef @bf Reerephies MeRby uidetddabhiG e 6f the hetteraloal | ow
cavities i s processed to have dinensions slightly larger than those of the

cor r espaleYiFevibeR fp be dgladinkg therwqrkpices 57 tout therwisppendang paigripide &xs ed
e . ; PTOSE ; o or loa A
Fot ar ni eegdfol Guck fd 164 4G +OBUEMHE T TS Garidis T B SBEPLST 100

I ncr easg@richpord o tiatendedirovpdiouts Aud krdven: Bddfsida daihge fodtelvorkpictad2 dieingi ni ng
carrier_ 106 _nmay al so be_machined tqQ contain shallow cavities into which the
pr oces SEEPUSPICRSTAIORR pbedsition 2Rk fighrss txprpdhe PYRCERFgRATHLEL 1he CBPEFaL i ons.

In an 1ME b a B RRA i mie S |
UV-t raﬁéévg rfgﬁ%ﬂéhu%k to(;:)H 1041(%1%/ gjeelnfaéa% |é&§ eggﬁbgmﬁ%g %%5‘%-65?‘5@ or
exci nmershgtladeafiiseds piokessed toNpFE dirnénsGaRzlightly fmgdrhiean those of the

corresponding workpieces 12 after processing, thereby enabling processed workpieces 12 to

settle into the cavities of the retaining carrier 106. A retaining carrier 106 with cavities or
through holes may be very thick to increase the distance between chuck top 104 and the focal
plane. Retaining carrier 106 may also be machined to contain sﬁallow cavities into which the
processed silicon workpieces 12 settle after through processing operations. In an alternative
embodiment, where 355 nm output is employed, a UV-transparent chuck top 104 may be
fabricated from ultraviolet-grade or excimer grade fused silica, MgF», or CaF,. In another
embodiment, UV-fransparent chuck top 104 may alternatively or additionally be liquid-
cooled to assist in maintaining the temperature stability of the silicon workpieces 12. More
details concerning exemplary chuck assemblies 100 can be found in the ‘497 Application of
Baird et al.
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enbodi ment, UV-transparent chuck top 104 may alternatively or additionally
be liquid- cooled to assist in nmaintaining the tenperature ﬁﬁ Eﬁ ty of the
silicon workpieces 12. Mor e details concerning exenpl aryp senbl i es
100 can be found in the 497 Application of Baird et al. 13 - 5 DEC 2005
[ 0063] The above-described_performance characteristics of UV | aser system

10 can H¥GLsederboipyitsaped peearpancs chrragertlics i it 5P, Syaﬁ%al Waeankaul arly
si licon, %PP Eb&gcutﬁﬂgﬁfgén(ﬁe&d{@%ré %hg,gﬁmuﬁprk{ sﬁ{c%ﬁ”@hcﬂ Liihed to,
arge

formati on or nni ng o met’er vi as rough or partially
t hr oug hoperhmmnnagaﬁmhslepbutcatrdnmt landtédcton fomraktm er:’eepaﬂ:ﬁmgfocﬁ larp¢ diemetdr vias

t hrough or rtly. ugh trenches of ¢ t he, pur pose of
si ngul a?hfﬁ?gqb? e hFilieog v adprsiox 8&1%&@?18\:\@; ‘%é? ég’nfo es 12;
formati gRo0f 5 L ﬁQoﬁ%g&kﬁcﬁés chongg g@&ﬁe’&? o P sresoffs doh 'ale licon

from parent wafers formation of f s on ‘and/ or I ngul at'i on of

and sl i derxcssseddit diromhadm oniend 01fahmlrwerkpmc&EI\B.foﬂmatmdabfmm;abtfhqurtesent
invention facilitates, f atuef i on Wit hoyt

or ot 1 PRESHF EREEIT ORISR G R RTRL POHEES SRRt SFt A AP

peel bagk o nbﬂsmweyaﬁd@mes, i@@@ﬁﬂﬁa%w&&%ﬁm@*ﬁfm&mﬁéﬁm | aser

cut rates~for silicon, and other like materials, can be si gn|f| cantly
i mpr ov egrdsyntsaEméion fsmh’tamsrfgature bmauwlﬂmﬁemmn’t meld lipi formdtiome withdet  of

full path ¢ tti . ~The_ .processi.n thr a e nced by appropriate
sel ecti & %ﬁr@ﬁﬂ FB gaf“ﬁw’%}é"g‘ﬁ@ bgacgrf’g%&‘?ﬁe&@'é??%ﬁ of subsequent
passes madw]n ea! E 1 SRRV dlsc6$e1‘é@|ﬂ{at%eﬁ%t%ﬁb@ﬁ'sﬂi&oﬂfanﬁtﬁ%’r liRe Y5RS3d1819
paramet ers. [ 006 By segnent cutting, the consequences of nmateria

backf i | cai he s:@elﬁyanﬂy reproiedry s¢Rmend sernaat errcutting insteatiof @d@om&@@ést S

o pr opGL B PRGE pene mccranin Lo BTb rmr b iRy el ARER Sy o

| aser sgeg@éﬁtl&g@@megmem derlap, adeiweeflgs oManbbheqabnt faesds asthin %Oﬁ@e@ﬂlent
material to escape rather than refill the trenches as they are being cut.
Hence, rﬂééﬂﬁﬂe”ébﬁ&’ﬁ@%ﬁ@bﬁ%%’fﬂﬂ’m%sﬁmgﬁﬁaﬁ%% the nunber of passes

necessapn cu . - 17
pr esent [gxéesipl arhglrtsgéﬂgn%%tugt(f%é |0£rilg'g Sl%tég15 a?%gﬂ C]!@h? g%%élrtiu(fegﬁ? a%’ODe
profil exvdill®d oempimyies. FIG. EBesuggmqethat franch iacldiil mipeetaecgmﬁque:hrrmamm nt ed
belowgenerally rmt a 75 hi c silicaon wafer to be cu th on
about b‘WéPP%ﬁFg i PP s SFERERS 05 e@aﬁlﬁ ed
to the %e?ﬁo BERHRA I refud R YEIN 1R | fak ctéfiuﬂiﬁﬂeﬂﬂ t8 ”E%eamép%fi]

FIG 10 epl cts a sinplified representation of an” exenplary seg
cutting tthrreﬁlllthe trachenfis theg B-D?IES%'IDUU lemné,i retnceitichch edokfilvgd deorebe3hel0,

CULing BLOCLL e AO% &5, N0, of Sl CONY N SRES o HYL NG 13" Br6H! 16.99

directi
present exemplary segmented cutting profiles 110a-110f (generically profiles 110) employed

in the present invention. The techniques presented below generally permit a 750 pwm-thick
silicon wafer to be cut with only about 4 W UV laser power at 10 kHz irf’about 26 or fewer
passes compared to the 150 passes needed using a conventional laser cutting profile.

[0066] FIG. 10 depicts a simplified representation of an exemplary segmented cutting
profile 110a of the present invention. With reference to FIG. 10, cutting profile 110a is
shown, for convenience, having a path cutting direction (indicated by the direction of the
arrow) from left fo right along cut path 112 and having generally distinct cutting segments
122a, 122b, and 122¢ (generally, cutting segments 122) formed in a segment cutting direction
(or laser pass direction) that is the same as the path cutting direction by respective groups of
passes 132a, 132b, and 132¢ (generically, laser passes 132) of laser system output 32. In this
example, the lengths of the laser passes 132 substantially equal the lengths 126 of the
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arrow) fromleft to right along cut path 112 and having generally distinct
cutting segnents 122a, 122b, and 122c (generally, cuttin ﬁ%g‘n s 122)
formed in a segnent cutting direction (or |aser pass dirett ”? hat is
the sane as the path cutting direction by respective groups of passes
132a, 132b, and 132c égenerically, | aser passes 132) of |aser system output
32. | nsegiugnts d¥anpkidled phroneywgl tpprefiatelikaticatiog ppeftls é40a.3pd sulipeaenti al | y

equal t 26 14 - 0 s 122 . Skij ersons
T agormeay bifng Bufts G midare RapT e OB e R b oy
cut ti nguptimgfdeents 102, dpyndingbanail sespartive tagtisam ofuttiag profiled 110.t € nunber
of cutting segnents 122, depending on total respective qugths 124 of

cutti nd0®edf i | EEGakiois 2 yippkized Fewvie of an enlaicss FRting segnel 1¥7 seausntially

enl arg : [ : |.all L TpI | i ppi ng
cpot & R D31 BEOTER L 6RERFON IR £ ot WERLPRRIRCRE, Gy P WAPPKEL 12

r ef er enygthtrefefonte tolBIG.All{ Aldugightthesspateaaing d; andnepily rfernertad dngamafei to
the area within the outside edge of the |aser spot,when the |aser power

" falls tibe prisplesties pbthe daser spob xbep dhglaser nomes &llsde fds” af thedawenBealnR@WSF: used
f ' f '
oo e Pl Rl Ry Blec b 10RL ot e et B el

pul se or the w cre pass o
di f f er abhoge pelsvvorcthe witith df sclkrficeated ina singlk gdeokarfesdTasei farendel betwesty Wit h

the laser, the material, and other araneters. [0068] The disfance of new
tar get. e RERTIRE Hgdhe B SUeRPSeULEHEY a1 (6 perpidentiael, el B8 ¢ he bi t o
si ze d?;a}&net@rspreferred bite size db to for laser cutting of materials of
interest, such as silicon, includes an advantageous bite size range of
about J0B6%) t o Tabdidtamte pf hewdaget mercaabingfirgaliyeaah samgatidflasebpulse is 50 m

with a typical .range.  of about 1-5.5.m ,an st typically Lte sjze of
Sbout - calipl B bl e £ PRlreClis R Gy n ot uied B etap ol i Eregt
condi t i QBeh W Siligod, REcILEASR afag&it' geo@%ﬁfa@fz%%g@bfla@oﬁ@sﬂ B th@b5@MY.E and he

11
bite size can be adjusted by controlling the speed(s) of the | aser beam

posi t i anpreprefezbbing shgs od 2bwtldfhary with a typicaivergresfiabopebd (Ssymmwindmpste
repetition rate.of. the firi.ng of. the |aser. 14, .. Q06 W.th reference again
tor Fi PRl an Syt B g oo 0t s RRGelinathetpaahy B Dt R R g e o
122 may:dpgitidapange e refer dubrie vas @atcd mh Bt beeGasil td Reovel ghb dite biokegn be
processed, its thickness, and the response tine of the positioni %{lsystem

30, i ncadiastedgby eantrediing 1Be specsfn) @& s Jasatesn nopipping syeemeld B GOORGRAENSDf

the ne 'q,@{?._ &p@ 5@1‘;, and ' exanple, if
segnenftgggdroe 50 hgr ) ?ﬁé nuﬁ%@?ﬁ%%eé%éﬁeﬁﬁpéofg%q%seg%fen cut will be
very | d0069] andvithecfarencmigaid 1ot FIGS. [102hd i@, gdiarlle agirefiied ddriginl B6 foyeen
passes w | | | ar ge. , Thus, j ti,oning,system characteristics may

be ver pos
i mpact mw&&#@ﬂ denspdmhem e gssricistiny phile Segeralbeingngt h 126 may
be a fupgLisedy, 9t tkkdss 248 thd @RFIsE HAk Jf8h&positioning system 30, including its

acceleration/deceleration limits, degree of ringing of the mechanical components, and return
movement time. For example, if segments are too short, the number of segments for a given
cut will be very large, and the amount of time lost to change of direction between passes will
be very large. Thus, positioning system characteristics may impact determination of the
mimmum segment length. Segment length 126 may be a function of bite size, repetition rate,
and positioning system performance as well as other possible factors, and each or all of these
factors may be optimized based on laser pulse intensity. Skilled persons will appreciate that
segments 122a-122c¢ need not have the same lengths 126.

{0070] Generally each segment 122 is scanned substantially collinearly with consecutive
passes 132 of laser output 32 (skipping over completely processed portions) until it is
completely processed, e.g. a throughcut is made along the entire length 126 of the segment
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and positioning system performance as well as other possible factors, and
each or all of these factors may be optim zed based on | aser Bgé%ﬁ
intensity. Skilled persons will appreciate that segnents 122a Wheed
not have the sane | engths 126. [0070] Cenerally each segnent 122 is scanned
substantially collinearly with consecutive passes 132 of |aser output 32
(ski ppi ng over conpletely processed portions) until it is conpletely

pr ocessdd? oeuntil the tanged mepterid 15 tsenghetblog) deayed deptiebefpree Jubsgiulntiseement t he
segnent .- 5 . 1 -t ar rial i enched to a
deéired]égﬁpﬁogé$%%§9§élé%%ggéggggggg%gﬁF%%Iggs?gﬁ%g%ggggl gh%Pagﬁgpstrates
are desidegighbled oS8 tiesug halé swrang iy b sesitibimidmshdy tyudheut teshésahhebe or no
t hrough hol e cutting may, be desirable and nearly throughcut trenches may be
desi r abldgsirabife PoF OSFuTal SCaRHARE0EdOEYITE fd Paltiehgth ean boertiprely giRloysd be

i . L ' - he. Jols h
optional| }he%%eg%ﬁgglsqtuﬁ{%%%f&é Qﬁtﬁﬁrsaf‘heg @HF{ %?,@hgﬁ}éuﬁ;r%%ft%sgtlpqﬂgllﬂﬁzeacfné er the

segnent cuttin maxi m ze t put “an ~ I nprove the cut
qual i ty tHypgigpak kyd/ominifrocuih chiojualiva il ypiealhy dehionglehelh cas bgmade i eachr om 5- 10
| aser passes sucgh t sone of the debris n escape -t hroygh the through
hol es. BB fﬂgiéﬁssrdea%eééﬁc ghame &égeQ%?SHén5§°&E%§g%M?h mul ti pl e
passes ﬂt:r%u%{‘hél@&%Wﬂ&}i?dé@ﬁﬁh&acﬁ@?grﬁéiﬁ192‘%511_ B¥prBEREdd Witk Ahidifte pRARP! 1 ed,
perhaps even in the opposite direction if desirable. If segnents are -
initial ltyapinaesdate daptly and the attanaproltarn be eapplieh obrbhps/evea m Hreough hol e
in one portion. then ..t . so be.advant ageous in s I,rcunst ances to
| ol eneitpPes gL ARl oG PRSP T S R 1RG50

i ncl ude eﬁélglﬁﬂvfeia(lﬁﬂ)h]gh holeus Bndpbrtisn, then dingdyi M@ HesldvintarBoliaitdonunchi ng,
skilled persons wil| appreciate that the segnent Ien?t h 126 is greater :
t han d5micumptaneeh &t wpplementacteadiinnibeiting webile assgen ag Yl hesggaents 1% ough hol e
before I ha.:al; t : I ok I mage
Che 1 ar Qb Rtp bEGSHIART T FahalB ol BSOS RS P T 00
exenpl ampprenistedhaeht segfment leogthi 12§ it brieeter Siah dgan Furberiross dasenpuntidglrash a

segment | ength 126, of out, 10 mto 1 typi cal fro bout 100 mto 800
m gand Bt 5rreérreeartg5qu§ﬁ$ﬁpgerﬁe %TSERO"W'@[ %’%@"c?“ﬂ#"ﬂ%‘f’ﬂuﬁég‘bee@{lg% cutting
profi| e pbOGhly A8AERNS targ&InatLal pirkll LD HerIbdsgidriblo¥aulapped by an overlap

di stance 136 that may be as small as the bite size or l|arger than several
spot si #451] Howanaarexemplary embedipeat forguitingapisk sdicem.caemsagmane 122 hasal  pass-

2 e By ST AR 08008 01 3. A ORSHRUOOMI iR ,
pref er r egbst prefenztilnfraimatione2ame th 88@ pmp aValnedsped taloutiingpaufife Y00y eeprpass 132 -
SR ST TN C RN T RN S
appl i catit@8$e or larger than several spot sizes. However, skilled persons will appreciate that.the
final pass processing segment 122a and the first pass processing segment 122b may be
- combined into a double length segment 122 (without overlap). Although it is preferred to
maintain the same laser parameters du_ring any given pass 132 along a segment 122, skilled
persons will appreciate that it is possible to change laser parameters during any given pass to
accommodate specific applications. _
[0072] FIG. 12 depicts a simplified representation of an exemplary segmented cutting
profile 110b. With reference to FIG. 12, cutting profile 110b is shown, for convenience,
having a path cutting direction from left to right and having distinct cutting segments 1224,
122¢, and 122f (generally, cutting segments 122) formed from respective laser passes132d,
132¢, and 132f1n a segment cutting direction that is opposite the path cutting direction.
Thus, segment 122d 1s processed from right to left and then segment 122e is processed from

right to left, etc.
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[0072] FIG 12 depicts a sinplified representation of an exenplary
segnented cutting profilel 1 Ob. Wth reference to FIG 12, cutting
profile I I Cb is shown, for convenience, having a path cutt[pd Hilhection
fromleft to right and having distinct cutting segnents 122d, 122e, and
122f (generally, cutting segnents 122) forned fromrespective | aser passes]

32d, 132e, and 132f in a segnent cutting direction that |sétrﬁgp05|te t he :
path cul®07Aly diAmedvapiage ofiEne &@&Fﬁehlt()bfzfzacwt@ngomé@slsléa IS thefrne Pefts t o Ieft
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di rection, nost of the discussion concerning Fl GS. 10 and 11 is germane to

FI G 1200n[C@®mE]FIﬁISGlO§I§1 Hepigemsane ©iFG1 12 ed representation of an exerrpl ary
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from | eprofiteol 1r0bgrwlt1afwerha:e|mg?1(m B, coiting uifile np0Sie giitent, $or]r2)2igenlerﬂc22h and
122i (generally, cuttinpg se ﬁs 122) forped fromrespective | aser

_passesllzaazfgngan@bﬁutt@aélri@mﬂ M telbiodhE AaE Badng fisinct eting eramegk 12284 -f r om
right tfzﬂhesﬁdml@%&%h%%ﬁn;gosr ebenRMaD) %Bb@ﬁoﬁ%éb@bt’i\& 15&%%&@513&% Chen

particu segnen rst processed fromleéeft to right
from ri bizh, el 1384 that each preased from leftdo cighfpindtiedny righide defbimch baft:branéi@rﬂpl e, and

t hen nment. 122i Lm | arl e d use, t he segae

bei ng p?‘%&légpsla%s?aﬁnﬁ%tf%hrgdl ?38%“%%39’ S%%g‘elrl]to@gﬁgc Stsprﬂ%es?mverren?ﬁ Eertl%Pr ns of
t he posirdithed AemSIt @Melleté uinell iti3 cw@hsldiely Frosasbdd] Ry ekanle Nirnghbén usage of

t he system ca abl |1, tﬁ Because g?l aser gass 132 may take |onger than
nonproc?éé’éﬂleﬁ‘g vy eessad: gpecarts thossEmaH Hy %?E%‘%P@Gessg‘%ﬁh@dlﬂs 122

in Fl Gy éﬁoﬁ@m}e%nﬁﬁaeés%% rm%ﬁaehh%yépﬂlewsﬂ sﬂsﬁénawlsl&mhgated

appl i cati ons where I's “desirable to inpinge Fi's or exposed portions
of a trrendhngmmmlmghqupawﬁrthdaseﬁtepmap@bﬁh@f Béoause aflamrptdsd%mm@krs
i mpi ngenent her than some of.the de

h
il D cuo OB ST Rk R verthy et Bt B pRuBRESE st SRR EneiE Top 15"
[0075] HilGG13 thydRRhéte titansthogelusbd BOFIGRNN 02801 2ir &plicdtions wenaipisar y

Segnentd%glrgblfé %ol 1?n%mge debris or exposed portions of a trench within a prescribed period of time
from the previous impingement. Other than some of the details specified above, most Qf the
discussion concerning FIGS. 10-12 is germane to the example in FI1G. 13, ‘

[00751  FIG. 14 depicts a simplified representation of an exemplary segmented cutting
profile 110d. With reference to FIG. 14, cutting profile 110d is shown, for conveﬁience,
having a path cutting direction from left to right along cut path 112 and having distinct
cutting segments 122j, 122k, and 122m (generally, cutting segments 122) formed from right
to left. FIG. 14 also depicts multiple, substantially collinear laser pass sets 140, 140,, and
1405 (generically laser pass sets 140), each comprising an initial pass 132k' and multiple

gradually lengthening overlapping and substantially collinear passes 132m-132r, preferably
processed in alphabetical order. Although cutting passes 132k,-132r; are depicted as parallel
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profile 1 1 Od. Wth reference to FIG 14, cutting profile 110d is shown,
for convenience, having a path cutting direction fromleft B E along
cut path 112 and having distinct cutting segnents 122j, 122k““ant“122m
(general ly, cutting segnents 122) formed fromright to left. FIG. 14 al so
depicts multiple, substantially collinear |aser pass sets 1401, 1402, and
1403 (generically laser pass sets 140), each conprising an initial pass

132k and i,ple raduaII | engt h g verla |aIIy

ool 1§ neirt b B epadhus, e p R ReRTRal Ly s Sive BERU A S aly Einirct
Al)thougﬂqcﬁé&ﬂiﬁéﬁﬂwﬂmﬁ@&sﬁ&ﬁktség%%n% pre depicted as parallel 17 - 5 DEC '
ED in FIG 14 for convenience, cutting passes 132k1-132r3 are preferably

subst an4036) y d&likeriemslighapptians] oYeniens bekvetn adpaschicssp@ents V22 g@gﬁ@tn@ gith2.

hosoct aPBaxtpl T IO, o ahO TS e Yl enls' NER I VAT b ERIRRNR, 102
associ at BoMpassesadp ae g arsiey H’ﬁﬂto‘-évmé-&&nqﬂespﬂé@@ﬁ:aﬂﬁ grcafer tifan S‘abalﬂd 0%} e

foll owi ng exanples are typically greater than about 10% nore plcally
gr eat errmomatz:mmlchaerez@«r/éhﬁar@éon*h?éig /ot most ypicat e greater ﬁlﬁ&ﬁb%ég% o and

| | 0 5 300
00cas! AR U BPEEEL A EAOES A ohOp BB BPLLh 6 X 0T s 2 300
anot her efylond, @n\wheda langGhBof zgmmmegmptoybd;mgﬂlmmtmkmﬂd w}mezseoen overl ap

| ength is enpl oyed. 0077 ason to Q passes 132 that have
di f f er el Séﬁaelﬁd?ﬂﬁtg Svﬁ"E‘FH!’)‘F% {ziWe‘ﬁ’terlil? HE@ %/6"@?7 #nt a "scan end" '

effect wpore rE:'y . dﬁ% 8 1@ 1&9&@%& b thft9a608 refent &ﬁﬁﬁ@ﬂt& whthin yhenever

it is processed entlca overl appi ng passes 132. Thus, an advantage of
| engt hessignynoi 2206t prsutitvee sprsends cffsd vdreromnsasaitiialds smeﬁ at hesngsef of.

passes is Spread the. scan _ef.f.ect er cu gpaths. sa that the
ot o epenf Y B s e S e s bt E%en 370 1B M 1 112

beconESadv@ﬁ@gela'flfeﬁgtﬁhthef@hmemhapsssaglﬁtmugmwvesmcm @blbpspifphistyis The -
“scan effect on all%y can al so be mtigated enploying full cutting

path | e‘i?g“PFFagé%Frﬁ?a%Ff P S¥Eislonses cut lepgths %théteamﬁwn@&m%acra?w&@rq s -
fini Shegégdegpﬂﬁloﬁﬁ@&ﬁfr@&%at@ﬁme@aﬁés thofe ﬁrﬁfoﬁﬂﬁt@ﬂéﬁ? AR u A each

| aser npl oyed ‘only once to process e respectlve se nt 122
to a demidradtqualiter Wediah effdepmuahty dap akso be rmptlg&tgi bhcmp]@hlrxgtﬁlll buttioge t he

next se t 122 proce ternat A aset 140, of cutting

passes I%%E% g%‘:ﬁ?l?s Oéé’ﬁssﬁﬁﬁgﬁ%%%%swef’ il%/éf?r%eﬁﬁé mf}édmade al ong sone or

al | of mpegsEnt piddiablyl SRR pasRAL eMbloyas 6]y $RESandAcE aleRt 1 4PRat ed segnent

by segnment until the entire cut path 112 is_throughcut. Althoggglfnly five
£ pred

overl ap@nplquﬂa@gbgn%z Papcssstheipeqtiye sesreent (133 by a Greyed sdermedute
e 2015y ARS8y bl s a0 ety bty plpiel| oot
140, of cutting passes 132k;-132r, can be repeated until a throughcut is made along some or
all 6f segment 122], then subsequent laser sets 140 can be repeated segment by segment until
e the er_ltire cut path 112 is throughcut. - Ajthough only five ovcrlépping passes 132 are shown
for each laser pass set 140, skilled persons will appreciate that a substantially greater number
of overlapping passes 132 could be employed, particularly with smaller incremental length
increases as needed to accommodate the thickness of the target material. Skilled persons wiil
also appreciate that any or all of the passes 132 ernployéd in cutting profile 110d could be
processed in both directions instead of a single direction as shown in FIG. 14. Skilled
persons will also appreciate that multip]é applications of each laser pass set 140 could be
employed, that multiple applications of one or more passes 132 in a laser pass set 140 could
be employed, that the numbers of each distinct pass 132 within a pass set 140 may differ, and

that the number of applications of laser pass sets 140 and laser passes 132 may differ during

the processing of a single cut path 112. Any of these vaniables may be adjusted in real time
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I ncreases as needed to accomodate the thickness of the target material.
Skilled persons will also appreciate that any or all of the passes 132

enpl oyed in cutting profile 110d could be processed in bothngel @85 i ons
instead of a single direction as shown in FIG 14. Skilled™ persons wll

al so appreciate that . multjple applications of each | r ,pass_set 140 could
be . enpib{FSBONSEIAMONIPTRG ILomoRe S8 e Jrils spestiied hREC caicho they
| aser p@%g%uﬁéné&@eﬁﬂiﬁﬂGSﬁ?QOﬂ@H&@é&g&%nett@ﬁfee&HﬁpMH‘F@GSI@‘ each di stinct

pass 132 within a pass set 140 may differ, and "that the nunber of
appl i caf9®i¥d of FlGslérdeputsa sioipdified Geppentntation pf pnesmplaryzegmyntad fiting dur i ng

th ' . si ngl t .path 112 - Any.of th '
2 ubt edrotendar befirdoRdvEagiin Blobronte 1 0NN e SEm il P TR AREL i on.
Q her t h@n%bb@d@qbaﬂ Jréat&RGdel d tAbDQIBequRHERs@ hadd WRis 1H05.GHE I404) okBNGSHE NI NY

FIGS. 10-13 is germane to the _exanple in FIG 14. [0079] FIG 15 depicts a
si npl i f ipeskes dptlesBhthgeicomesto BH.chéepisifide {1 Qedipinstvaith thasane dpsenypass patd480 Qe

that is what _si.m rofd 1 Aahe i . 122p,
and 1280 deRr RS O, BB ety vioe e ebe SR BR LR g
1402a ankkid hegdasdes 1 32 amedasingBsseslap $out ¥8%Hn kef Rrewheg dxampldpthel 5, profile
110e begins with the sane | aser pass set_ 140, that begins profile 110d.

However Prevacusly lssgroassies 1400imongrraamplyf thisiembodiment,Jases gassiiddi, afich ¢ hei r
| aser p%iéﬁﬁrg;%fofﬂfd s B 1%%@3556&1?92 f%?ﬁger%g?@ei% Qﬁ«hicﬂ'ﬂr?g\gﬂé%}%gﬁtéﬁﬁp' €)

t he previous aser ‘pass one exa I's e | aser
pass 132K0,uni00hum bhs 145 bfthgidngtif ofA838s h32k; ¥ 10sqpllied d tfest(ll (Fasf.30THasses). | aser

Pase 13308, v papplan Winf e paes copoayinaoluly oits Herthe leggn s’
132n1, whbgh, fglﬁﬁpﬁed Ehgkes “an_?_ ﬁ_&fheh&é‘is (cg%ﬁad%ﬂﬁlagér%a%’g set IP@(l)ll i|§ B&hPicRld pass

132k, ), is applied 6 tines. This sequence-is continued unti aser pass set
140, i s apdtipingrectyrmedhth eonsectivperwith laset faps et o andrl 4Rs.twith Rswmapmsd3¥et s

por 1 ond e el R AR e BRboshiie e e SERRB Bl = '

subsequeBme A HEibsdent SPEACEISE Grocbiteddnanitioganf ofovenimin thg t he
segnents 122 to _include portions of cut path 112 that are already _

t hr oughcagmerss 4 fAto welpde pprtions of e pathyl Iythatse alrendy dhropghca isfhatgimy debass t hat
I s deposi | : ' i r :
subsequetETonpLE Yot e flests MM LRI Blfe fups EER BBl pdrihos .,
exhi bi t reinovetgbsiheadsseqherd i@akelas¢ryanses 32.0Wht piss s&ts 340 thinexaenphé tdm a 3. 5

W LWV | aser,, . erated at. 10 kHz, on a,750 _mthick silic r. [0080]
FIG 16 ehidisng Sag PF e thap o seHl it { Simim gt %3%‘%@&#@% ed

cut ting opBfa@fd 4:9 0 X bn 2 W60 hnl-8hiQF §R&H WareF! G 16, cutting profile 110f is
shown, fgr conveni ence, having a path cutting direction fromleft to right

and havi[@980i st FH3t1d depets paispdified 3wdseh@Uon of an exemplary segmented cutting
profile 110f. With reference to FIG. 16, cutting profile 110f is shown, for convenience,

having a path cutting direction from left to right and having distinct laser passes 132s;-1321s
formed from right to left. Although laser passes 132s;-132t; are depicted as parallel in FIG.
16 for convenience, they are preferably substantially collinear. FIG. 16 depicts an initial
laser pass 132s and multiple gradually lengthening overlapping passes132s;-132ts,

preferably processed in numerical subscript order. In an exemplary embodiment, the length
of laser pass 132s is about 200 um or 300 um and the length of each subsequent laser pass
132t is about 500 ym. This exemplary profile can yield dicing speeds of greater than or equal
to 10.4 mm/minute with a 3.5 W UV laser, operated at 10 kHz, on a 750 gm-thick silicon
wafer. For shallow trenches, each pass 132 may be applied only once, and for throughcuts in
thick target materials, each pass 132 may be applied multiple times before the next sequential

pass 132 is undertaken. Preferably, each laser pass 132 is applied multiple times to reach a
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formed fromright to left. Al though | aser passes 132s1-132t5 are depicted
as parallel in FIG 16 for convenience, they are prefepgﬁ EFu Fantlally
collinear. FIG 16 depicts an initial |aser pass 132s and mult

gradual Il y | engt heni ng overl appi ng passesl 32s1-132t5, preferably processed
I n nunmerical subscript order. In an exenplary enbodi nent, the length of
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group is-delivered. I'n on e thé odd subscripted | aser passes 132 are
app! i edfomsxanpiejwndhe G@D&U@E@aﬁ@:‘rpaseﬁ:&iﬂhmcmwpg profibOvath thecerengpdanytpaser sus

40% of dept. f h Thi
cut 11 ngBeBs FPE0 R RV EHE RREH i) 3Ruer 1pte hera B0b1Re° SHEBSBERep Pillct i on
until Saphrébrateliend valetydftcupaidprofiks aﬁthésqengw S mﬂlb%red&@%&ﬁe%bﬁﬂ hat

a vari et of cutting profiles and pass @&Ihs can be enpl oyed to reduce
&

scan wet andaagk BH ERd itharebnfrcilitele eplare pugipat.enhanced t hr oughput .
[0083] @b%]o %Béﬁlﬁ}f 2% ('i:sﬁﬂe%%aes@ﬁﬁh{zé’ Ardstrhtist SRR oRE abtbfivAYiRl:fhe 3Ph Ahye

pat t er nt ng
or throughcut 150 in a workpiece 12 such as a wafer having an intrinsic silicon substrate 148

of a height or thickness 152 of 750 um overlaid with a 0.5 pm-thick passivation layer of Si0;
(not shown). Those skilled in the art will recognize that the thickness of the silicon
workpieces and the thickness of the passivation layers will vary.

[0084]  The trench 150 is preferably patterned by positioning the silicon workpiece 12 at
the focal plane of the laser system 10 and directing a siring of successively overlapping laser
system output pulses 32 at the silicon workpiece 12 as the laser positioning system 30 moves
workpiece 12 along the X~ and/or Y-axes of the workpiece 12. The Z-height of the laser
focus position can be simultaneously moved coincident with each succeeding laser pass 132
to place the laser focus at a sequentially deeper position in the silicon workpiece 12, thereby

maintaining the focused spot at a position more coincident with the remaining silicon surface.
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or throughcut 150 in a workpiece 12 such as a wafer having an intrinsic
silicon substrate 148 of a height or thickness 152 of 750 m_ overl Iﬂ wth
a 0.5 mthick passivation layer of SiQ2 (not shown). Those- §kD§Ee@ n the
art will recognize that the thickness of the silicon workpi eces and the
thi ckness of the passivation layers will vary. [0084] The trench 150 is
pr ef er E¥I87] pat E@T%@ﬁhmyi iperwhtar ghrionghauhd 58 in $1ﬁm,mpxgmele'e' ARTgM peripiilsef ocal
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focused spot size range is about 1 mto 25 pm wth a typical focused spot

si ze r RigslzerapaeabonRbEUIRNS 1 o3 B- ahee RitewrecapyhsiadiistedihycsoaEgllggdhe si ze

f Al Lt.e si ' - 0.1
o o POl Gy G Be i Riles SPURIEIR LBt Ok B ST U Rty T
mor e t Y sevembittspesd(@ewith dgerchetmtivatatbindFirngsh the laSern Arl Eveenkylay ssbmentcan

be adjusted by controlling the speed of either or both of the stages of
t he | ad&e ipabdut gO9iHm %ngu%ws%ﬁ?f%@lala’opmwonﬁn%mg A&/ Qedossaenta

4 g T o Ao
b gment 90 PuchebE R Litnp ol Sl Il i nd AR uSERTREAOY
V06 | asgh Rbvided & 486 mtcdig]gfg@ﬁéé& Bk ByEh@EedsAd a?pﬁz@ﬁ?@ﬂﬁht foeaftdedl 300 pm

and a segnent overlap of m provided a very fast dicing speed. Skilled
per sonsipplitdtioapprthcliferent leatrs fior procéssimgeahfferenipphiietals) the grafemrdi ldisdif,er ent

pace, - AREPSEBT SRR e R ER e 05 - BrRry SReRefent  [o0B0] in one
exanmpl goog6]t I ems bn®exAn}s1e Uohéith okBrot g e 50B4ELS ﬁ%@@ﬂﬁoﬂg’?@%gﬂﬁhﬁk
intrinsic silicon overlaid with a 2.0 m passivation |ayer of Si02 using an
out put ipigingie sdiremnpyrerlaid with a 2.0 pm passivation layer of 510, using an output pulse energy

from the laser 14 of about 360 I and using a bite size of 1 pm with a stage velocity of 10

mm/s in fewer than 25 passes over the length of a cut path 112 over an 3"-diameter

workpiece 12 with laser pulses having a focused spot size (1/¢°) diameter of 12 pm at the

work surface. A french 150 produced employing parameters described above may, for

example, have a top surface opening width (diameter) (d;) 154 of about 20 pm and an exit

width (diameter) (dp) 156 of about 13 pm, thereby producing an aspect ratio for this trench of

about 30:1 and an opening taper angle of 0.4°, In some applications, it may be desirable to

create an initial though hole before scanning a segment, '

{0087]  Persons skilied in the art will further appreciate that the selected segmented profile

and segment length and the values of energy per pulse, focused spot size, and number of

pulses employed to efficiently produce high quality trenches or throughecuts 150 in silicon

may vary according to the material and thickness 152 of the silicon workpiece 12, relative
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fromthe |laser 14 of about 360 J and using a bite size of 1 mwth a stage
velocity of 10 mm's in fewer than 25 passes over the |ength of ﬁgf\C,l,.il.Iﬂ‘-ipath
112 over an 8"-diameter workpiece 12 with laser pul ses having a-focused
spot size (1/e2) diameter of 12 mat the work surface. A trench 150

produced.enpl oyi hg paraneters descrihed.aboye may, for exanpl.e, have a top
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scannin egngnt . 087] ..Perso skil.led in the art will further

appr ect BOBST hat Cire SR 1 OGHEreRe s G Yot RSBV TE SGTHSShd ¢ he
val ues chhﬂﬁ%,%yu RETHRHES R, shRedSREt2PRE, HiFRs, PRelsIHRRG coftibinaidhs €S _
enpl oyed to efficiently produce high Guality trenches or throughcuts 150 in

si | i contheraf, may he gralucetl figough prhgramuanieg iodk teol gathhiile kessklyy 1852 systemid
silicon rkpi.ece 12, r tive,.21 t.hickness a 0 sition of, averl ayers,
of | whi PR eRtsERyerh A0 R RPN PR e SR A oSS S or
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f ewer tﬁan ten passes nay %e enpl oyed to prooduce the desired throughout.
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the top sjd . _the peri.phery of . workpieces .12, circui.ts or dies, or

wi thi n SEFI BPRE UGGl Bres dgkids Beraste et Blare SPRESEETBRL such
that thepbagek tpﬁfces% b0 Dk A8a10Y. WREHHRY RS Forl ForRaNdRE bRAGMKSPARY: flckingd to
with respect to features on the top side. Such alignnment facilitates
backsi déiggemeresiicnsseddn maas detal ér Use Matant dpplicastoni e OB036183a(1882 pr ocessi ng

speed or alilty. i.ques_f.or . t and/or b ks%ﬁ r_sliciing or
o o ng B ot AR A B e e e PR afon
09/ 803, 3Bzh Melds TABPEratié Taibet MatdriiedicBlzs @eramienbt Glaests, Whichaser Cutting
or Shape Modification of Brittle, . . )
incorporated herein by reference. This information was published on March 21, 2002 under
U.S. Patent Publication No. US-2001-0033558 and published op March 28, 2002 under
International Patent Publication No. WO 02/24396, which conespoﬁd to the ‘382
Application.
[0090] Laser cuiting destroys significantly less material (kerfs of less than 50 pm wide
and preferably less than 25 pm wide and typically about 10 pm wide) than does mechanical
cutting (slicing lanes of about 300 pm wide and dicing paths of about 150 pm wide) so that
devices on wafers can be manufactured much closer together, allowing many more devices to

be produced on each wafer. Thus, the laser cutting process minimizes the pitch between rows

and the pitch between devices.



High Melting Tenperature Target Materials such as Ceram cs or d asses,
which is incorporated herein by reference. This information was published
on March 21, 2002 under U.S. Patent Publication No. US 2001-5)@?@5mm
publ i shed on March 28, 2002 under International Patent PublicatTo . WO
02/ 24396, which correspond to the 382 Application. [0090] Laser cutting
dest r 0\[80%l]gni Elipanation dfgbsmeetaaidabbutikecdrsaled simpdify mannfadorewiareces and

preferably |es tgg‘n 5 mw de and, typically about .10 m wi_ de han does
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Ut 11 ngrbeny meegicafi robes a v b e He ChaR RS B

par ti cubahiringmehaws oato LedrfiéM J a6 tultifpa tHerdfbH) béinfiftthe BRGIANAOE BF stBdrgSS t O
devi ces such that they cone off their carriers. To avoid |osing rows,

devi ce agherivesc FPEKISs Ugaghio afipt By rews bmidie satinies pudthedarsbrbirinicglsnaede@ip t he

rochan £ V€ PFBheftert s PUlraiPL Sl oI RRTRE bR b 0ER N SRR e ng e

rows Ont@uoticdfdeldnd tiae anid leeé &ipdgurettd ?meﬁﬁﬂey cfSsiVelcheiiwlschidrigrat i on of

strong adhesjves_ or epoxies used to affix the rows to the carrier and the
har sh™ civesrabdity thdd/dasrr socepsing iecayapiucingiidaef damage fo Hsdleviess.caf be

sel ect etﬂerfeﬂiie %mgyigﬁbondi ng, such as the reduction of debond tine and
| ess exposure to potentially corrosive chemcals, and for anenability to
WV | as€ioidpt]oc e sisargowolieais] rgduces ooy bow bieSduse lasdastivie daeshbeexteivasgaach and

t her eby enhancj ng g/i el d. [Oq(g?é%: Laser row slici n% reduces row E{gerv%/ because

| aser SPPARRKAHBESES ADTCelas: g HOWEEE HA R BPWar ofhes of Sherpwigipets pre

slicin v L i} , the
L B e R e e

wi t houtconcemder thefeotictlhizvieitt dedate aegnimeat heeddd betvesecalrogn fiemechesdeld bet ween
rows for. nechanical .dicing, F conyenience, .the term. r.ou ut.ti.ng may
b usegRRer PESTT I T (568 OFT RO e R SR AI i CH STy
separ atio@8) afocidted vilh GafdebwassRaiah e aMdd ok hesdEiatHdl it pit stbRRWART er
rows), and slicing and dicing nay be used interchangeably in the context of
this imemwaternowspeodslicias and dicpigsiney bansey isipseheng@dhcimrthepergextiaf thisr ough
hol es OiElVé it%uci als, laser system 10 can process each row and/ or each

devi ce |rid1epé1hdently. Wth respect to slanted

[0093] Because positioning system 30 can align to through holes or fiducials, laser
system. 10 can process each row and/or each device independently. With respect to slanted
rows, the laser spot can perform traverse cuts across the slanted rows at appropriate positions
with respect to outer edges of the devices with stage and/or beam franslations between each
cut to effect a rectangular or curvilinear wave patterns as desired. Thus, laser dicing can
compensate for row fixturing defects and perhaps save entire rows of devices that would be
ruined by mechanical dicing.

[0094] Another application of the segment cutting method is to produce MEMS
(microelectronic machine system) devices 160. FIG. 19 is a representative illustration of
uliraviolet laser cutting of a MEMS device 160. In one preferred embodimnent, the MEMS
device 160 is cut using the method described above to create trenches 162a, 162b, 162¢,
162d, and 162e (genencally trenches 162) in silicon and to create a depression 164 by
employing a pattemn of adjacent trenches 162. Skilled persons will appreciate that through

computer control of the X and/or Y axes of the laser positioning system 30, the directed laser
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rows, the |aser spot can performtraverse cuts across the slanted rows at
appropriate positions wth respect to outer edges of the deV|ces W th
stage and/or beamtransl ati ons between each out to ef fect & ﬂﬂﬁgular or
curvilinear wave patterns as desired. Thus, |aser dicing can conpensate
for row fixturing defects and perhaps save entire rows of devices that
woul d be ruined by nmechani cal d|C|n% [ 0094]. Anot her application of the

segnent SYStAT PHGUHRIFS 21987 08 IPPYEY LRSS STHACE P tééttor"SHi’IH’ePrQBHF%e system

devi ces Wlich SxPedsePhSPEMHAEL ¥ErvillnMSShRlirON sRftled BhAbAML@l et | aser
ttlngméégarﬁégg e5|cgﬁ%§b fﬁ ng refe;}gggenbéglﬁehf lﬁt he NE%B devi ce

160 i s apprewiste tigpt thresegmehied cdémgrt«ﬁclhedquabwbothcr rooeating technighessliscb®ed 162b,

162c, 62d, and 162e eneri call tren es in,silicon apd to create a
Gt v ST RmicsR tyeet it DER G Bt o G SR ERLS bR 8BS &l T &
per sonsygyok} ap&ﬁcﬁﬁérﬁ’aﬁaﬁhédﬁ@h o&‘h{ecyégmen@@muhgﬁnmlg &) protesk Bgu(?él and/or Y
axes of the |aser positioning system 30, the directed |aser -5 DEC72005

syst em ougoated putsissS\Wwh ag an afyeyad W@@Igemietgoattnﬁé (4K dewick 4@ pEndeped: dmat

over | SR BULEES vt SRR 18, IR AR GRS ) o

t echni gaig gt shtRiMes oPIMOLBAS uegcé enh nllnqme?prdbﬁré‘d QSRAimbR| BleM W dbacdised to
cut arcs and ot her curves for nonMEMS applications _as well. [00951 Anot her

appl i cal 70 potterRd usieg Merpehod descrihgd ﬁ'%q\’ﬁé@crﬁétetcwﬂ#r&eb%méﬁ% | Eapith =
I nt egr ﬁé E%r% §9p, $96 1984 ARa 375 eﬂhé’éﬁvﬁ%&é}ﬁ?lg{ 9&;%9‘9@ W 78qvi ce 170

pr oduce conduct or wdf er “wor plece a representative
illust ratotwltodafe sytrimeavd, skidked persaid aill appreradte éranthr@.lghfcompu%mmhoﬁmelm In
one pre r nbodi t he. AWG devi c tterned nethod
e e e e e N P e e, e dates B U s

"172b, 1312&ted116314e woldsulfh@sidh thitl dveAibpel Pulsex Pk fe a/ﬁdatt&gwa{lcﬁ E}Qﬁ‘&sﬁesl72 i's
-shown to be symetric, skilled persons will appreciate that through

conput emnycemeler cwilingE prodilgma peemstraxSkilled perpenspyal P prssiate hali seEmeRist em 30,
the | asﬂ% 4% Ffpﬁg#é&)fétbfgmeﬁreﬁ)d‘?&n%@@r&%ucﬁ%?&tﬁﬁgoftﬁntlbg ARLK ﬁwe;r%ﬁgxsuch

t hat over Create a pattern Xpresses
curvili W&hrona pofrofenalingeceghenyts 1 Ki Whmdamnlap mmyxheldsechmmmduca_tcemplwt

segnent s 22 are not ui r.ed.to be and can _be arcs.suc t each
oo oty pepmeieRaads i S oh Y B SRR AR of b SBHREAT e W8S, “Thi s

capabi | gdyycedByobekiiee GerlsOnPWROMELapRERAe ¥hat THels¥bhiMEREutERORANIhfesRTIGEr NS
in silicon useful for efficient production of a variety of AWG devices .

170. Skbd ¢raploped toammeduge larga Hisaeigs frretghbele ohbling Hes-segment ed cutting
Lo SHBRGF 24 e ST LA AR, A - RO DRl o
t echni ggdgss ﬁl@hg o dsvgely subdeer slicing and dicing cera.mm wafers. Many of these -
techniques, as well as the alignment techniques disclosed therein, can be advantageously
— incorporated into the present invention to cut silicon wafers and further improve the quality -
of and processing speed for cutting ceramic or other brittle, high melting temperature
materials, such as glasses. 1J.S. Pat. Appl. No. Q9/803,382 1s herein incorporated by
reference. |
[0097] It 1s contemplated that performing the cuts in a reactive gas atmosphere, such as
an oxygen-rich atmosphere, will generate debns that is easier to cut. In an oxygen rich
environment, for example, it is proposed that the hot ejected silicon will more likely form
S10; in an exothermic reaction that may keep any resulting SiO backfill redep at a higher
temperature for a longer time making it less likely to stick strongly on the silicon and/or
making it easier to clean from a trench with a quick subsequent laser pass 132. To the extent

that redep (or exposed trench matenal) cooling or resohidification is a factor, this

24



edges along cuts, as well as for laser slicing and dicing ceram c wafers.
Many of these techniques, as well as the alignnment techni ques _disclosed

t herein, can be advantageously incorporated into the preseﬁtDEﬁvﬂmﬁion to
cut silicon wafers and further inprove the quality of and processing speed
for cutting ceramc or other brittle, high nelting tenperature materials,
such as asses. .U .S Pat. Appl.. No. 09/803.382 is her.ein incorporated by
"o or oGS Rims ey PP CRieRL ARG T e T TR

r egct | Ve2(eSseaindis1Re kach HUCHhe &Ber ot O POEEsE (eabthal2arsp et toWpinggener at e
debris that is easier to cut. In an _oxygen rich _environnent, for exanple,
it is propbyBretsRtor EmRS EXRISER irerrtsTpiER N aViPs initil daser paselly23 §idm  Si 02 i n
an exot j i - S i i GKE p at a
i gher - Peenl 168 paBs biolHsa R RRe MbEhaR: Hilethplip dfAE) (o€

st rongl stickgistedrezlwi | i con and/or naking it easier to clean froma trench

wth a cb?)i ck susrm uent |aser,6 pass 132. To the extent that redep (or
exposed®P8hch Re3Ofs B3l RIS GPRReC RSBt RYF §6 G288 7128 DHIGEEBL BBOMt hi s 24 -

5 DEC ZQQE:IJ,%SH?F)%} gﬁ%}zﬁé ﬁ%&l%ﬁﬁ%%%ﬁ%‘é?&ist%&g%@gg 2 f%&t@{f{z{gk{ﬁ&ﬂence

t he maxi num’preferred I"engt segnents 1 t hat .aser spot
can prothesorkgeact i dRitmarecrefetabintottdow ppienga baeddl thrarph angadeptifpr war nmed

exposed_trench material) at t Lnitial laser pass 132a gnd, sybsequent
PSRRI R A D R e e ol i N e Al
cool s O&icinﬁyio‘f K whrkQnghye us{h@@@tﬁiveﬁ.kﬁdz‘zﬁg a@ﬁh@@{bslaéléﬂsﬂ/st&hsl@. appreci ate that
purge gases, such as nitrogen, argon, helium and dry air, may be usefully

enpl oyel®099 asdf desirablet fibcanewerkaieces | processedinascdrdanee Withethapraspitece 12 and
nore pref I I j L throualy. exiskin roughcut -
porti on'éwg t%’%glx%)t?e ‘%8%}\1@‘*%%‘%@6%’%’“’%3’%% 1%113@%155 %é:ﬁﬁf)@r%lélnﬂ/@é]g %Oo&"? lg cl ose
Vi Ci ni t jtewine} ethandlkargisthaoe toisprgyaibk swdicy gneizy lofsffadtedadeed Timsk aser
system 10. [.0099% | f._desirable, siljcan rkpi eces .12 processed in

accor daficiedinthe phailhplse &srosnizh it cleating gl Pigsesssbalic Weikatsee 14 Bsoni ¢

bat hs i gy drd SSacid Ui fidefMh] iﬂ'%mb*}iﬁ% bearkieu M!ﬂH@fagvers.acet one, methanol,
a C

and ethanol to inprove the surface quality of affecfed areas.. Those

ski | | edl00h0@Ihe Adthough the patssot mEewpmi 12 presémaed dreinenhghyofapebeasypddtosi | i con
wor kpi ecges 12 in drofl voric aci,d_can.hbe bepeficial in remving unwanted
oxi de. | yeps e romtat e S RU it R bR el CubEE R e r ot
only bydesaerybedfhetriaifaly®etetpioyddi fooutiad £vartdty bi @get flstdriaRdn@adiag tsut wot |
appreci ate that the segnented cutt%igg techni ques described herein may be

enpl oy edmitest tog BIET $5gISORANEI08Y: (adks, Bihr GHY: IR BY RIRPRNIEG GlaseRsneET2IBIse: not

lg: ;“S ts gg{xﬁgﬁé,r é;}%}‘égt?’é%ﬂ}f:fﬁ@ JWGL OF SiffefBH Bypesbiiasert Nenldiy, BN R #SRRGE,
solid-state lasers, such as YAG or YLF, and COs lasers, of similar or different UV, visible, or
IR wavelengths.
.[00101] U.S. Prov. Pat. Appl. No. 60/301,701, filed June 28, 2001', entitled Multi-Step
Laser Processing for the Cutting or Drilling of Wafers with Surface Device Layers of Fahey
et al., which 1s herein incorporated by reference describes multi-step techniques for cutting
wafers and the device layers they support with different sevening processes, such as different
laser parameters. This multi-step process involves the optimization of laser processes for
each individual layer, such that the processing of any one layer or the substrate material does
not negatively affect the other layers. A preferred process entails the use of UV lasers for
cutting layers that are transparent in the IR or visible range, allowing for a different laser to
be used for cutting the wafer than is used for cutting the layers. This process permits

significantly less damage to the layer than would occur if only one laser, such as an IR laser,

were used to cul through the entire layer and wafer structure. Furthermore, this laser
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AITiC, and netals with the sane or different types of lasers including, but
not limted to, solid-state |asers, such as YAG or YLF, and COQ2 |asers, of
simlar or different UV, visible, or IR wavelengths. [00101]% WS, ;Ripv.
Pat. Appl. No. 60/301,701, filed June 28, 2001, entitled Milti-Step Laser
Processing for the Cutting or Drilling of Wafers with Surface Device Layers
of Faheprocessing of thotrvers alovisdpeils ophourahon af ethebguting Brasatses, desl a3 thedse

mul ti-s i que r i . e d i.ce

suppor by PARARTY e e S iR S EhR Alfet R C R REL A Vi e

par anet exsupld Binplayslal UV disep 10 e cetdsydraitat Mekide beranpd, ighisz ajdIpnedr thaaer
processes for = each jndividual Iaéggv,v such that the processing of any one

| ayer obimhen hedsp phbeiomsaripess of heswalgbtubsaeas whils 3 Idferentaseh sueh pct

| _ _ ; _ |
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di ff er eparaingfeey istused trecui sieduflo thecuubitaigmiateeial\efies thd dwaface Sayesdthvedeecut t i ng

the layers. This rocefs permts significantly |ess g&nage to the_ layer

t han woblcered @@y Fackh pt thedpssr PERSssses iy Rmployihe spmp gedifferciiseameiedl to cut
t hr ough ] ' ¥y bStl r 25

pr ocessr s fbie: BXELo BB S bLF bl il Eh SRR Ty SlidiciRe

pr ocess gsslity and ttasughpat. uA#termafivelyyaf-fare Eyers may lor plecessed be dowentonalfulin nat e

the d to the | th fer. On | | SYA 10
toecuf1 m? p éjcetSﬂﬁSW gtﬁﬂﬁﬂ%ﬁrg}lhm%afeeé%%{?aypkeﬂxfrgg?g%ﬂreb%%ms e%ﬁ?q#?ﬁ Sg‘rl‘?-he
top or Reib Ohe 8n8SdaiR{ent Qﬁ#@éﬁeﬁﬁ%%ﬁ {]n?fa@es ¢ Bafer Wifl LELH clam?ér

I IR Ta rt system

S
such as'a 532 nm | aser or ser, e sane | aser or optica

run wit buahi dsfpdotmesigs opesslly peanaveg epsriicen aftkelsacoficiat laybr mugkatt hecswghst r at e
material after the surface |ayers hayve e cleared a ., Each_of t

Maser protEeSEs iy rpRGs A eirebiedit ParS AETLEE Wl By 14 hyilE

t echni qugsal o 2teafcd BREI BhWMich Rvillbec@til ele diBSRfucMANBERLE bStHiaE e&pNHeA
facilitate high quality and throughput. Alternatively, surface | ayers may
be proceviag thywetsn ratita weparats ploressBEstEpIT otaps $5Rg aWhifersnt lasert taeHlenrgth,
substrat .0r Q¢ by a,seanented technique. [00102] One
enod meape Sl TRaes il f68 ATR: Bihe iR URAe REREMAIT T, o cacr it i ol o

| ayer $0003ps phether @sbsdiineapillafol Yerfi@RDYT the sarfer1hy@dbr dyet@ith one

sacrificial layer to create uncovered zones over_ intended cutting areas;
| aser cURSEY BFGCEH OT PeKred dassr BIPCEses apd Ben siplaye asebscquantgreesss orsgyaral or

greater j i 1R ] i ng
o op: t FRARA e Blocbllof hablp RACHE ok MR AR BB AR Gl S ¥ 0
usi ng arahdfehe mtafdrasbsiratematdrmhgOhe expupis el wiodtthchifidusan des rehiotel off ke,

and/ or other | aser processin neters. [00103]. Anot her enbaodi ngnt al |l ows
for rendiifs AVRREOLTIRFR fpggffﬁ?*fﬁ?mﬁ%fz/@#@wapﬁu & thq lasely su?}ﬁaw

sever al (i3gleRCATRE YRt A0Av bIEB, 180 BAY Snf HHRS OGN with BLESBstPite BOYEI A
subsequent processes that conplete the cutting with a non-laser technique

t hat onlChisigshnigue will be of particular use when cutting wafers with metallization in the dice

lanes, such as that due to the presence of test devices, or wafers which have a polymer
dielectric material such as some of the Jow-K materials that are presently on the market,
[00104] It will be obvious to those having skill in the art that many changes may be made
to the details of the above-described embodiment of this invention without departing from the
underlying principles thereof. The scope of the present invention should, therefore, be

determined only by the following claims.
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renove the wafer substrate material. One exanple of such technique is the

renoval of all netal, polyner or other soft material fromthe cutting | ane
using the laser, such that during subsequent cutting with & gﬁ%vzab de, the
bl ade only makes contact with the substrate material. This technique wl]l

be of particular use when cutting wafers with netallization in the dice

| anes, such as that due to the preseddaimsf test devices, or wafers which
have a pol yner , diel ectric material ,such as sq of the lowK.materials
that are pr ebert PP AHBTRETRE TS IS BI04 395 CHPPE PESSBHEPBRETS ¢ hose
having skill i Qifebgngs ﬁrstttbaés JTEIY: 1R PAREs f&%&%&%géﬂsﬁ%@ﬁi@ﬂds of the
above-descri bed enbodi nent of this invention without departing fromthe
under | yiutigngopathbayings cutimzquth lenpgh gedprethed 10hpmpeashdinst 1psev enlse bavisgiaul d,

t her ef be det erni ned by the fol | owi | ai 5., 26, -, 5. DEC 2005
Ol b Tt oA ARG WP PREPot R shPey S o e eBughy ledelh ihabs TPe ace
conpr i %algmeq;r&f@blmaanagm&term@aﬁﬁh%uﬁihg%mlle@ﬂ; pul ses -to inpinge along a

first segnment of "a cutting path having a cutting path | ength greater than
100 [un, eacdirdcting stemdpapubbsecmd laney malsef ta mnpingeoalorg @second segmumkpf ece,

the first segnent haying a first.segnent |length that is |longer than the
first SBBETERE R Ba v b Ry EE BhAT R Hae bRy DI PRPEeei g &
second Qassi KmeERNENZ A5&onAYkERSNtEn aPB9oieP HnahSaRonRd s armnhdof
the cutting path, each second |laser pul se having a second spot area on the -
wor kpi esherter then theeiBing patly fnsgth, Hndengndisegmsoher ssleppra the ysegmently as

| onger than the.second.spot,.ar n shorter than the cutting path |ength,
the secBifHaREqethge t\fihlétr}ﬁagﬁmeﬁfﬁﬁ?lgrﬁ?ﬂ Eﬁcog%%rﬁeaﬁyangn overlap | ength
greater thanafad direasdg dthéast iheHrsiandsecids 2540 bf Bkaghilsed dreafih@h tilid et i ng

at least the first and second passes of laser pulses, directing a third

pass off thind fagen pdses tpuppiage along gihund sceament gf trechtting ratty feaixthise 1asee cuf fi ng

path, e i j Dk pi ece,
Phe.t irar g e oS o pr B by g RABReE Ui Rl b einb S, °2

t hi rd Speith diaeés langershar the nhitdspot ahea and tshorte (i the betigp pathtlbegth the third
segnent includi ng, a suEse uent ort;ﬂﬁn of. the cutting t?la&‘_lh ot-her than the
first cFE@ERidReIdinggruRegue $Tho Ec%lﬂgé’a@é%’ilﬂefégﬁ‘"t BHTIPTEHE Ut ti ng
path h ] far ; i 5} Ldidd spot
ar eas. a%@%ﬁg’%%ﬁ%gp%%ﬁéﬁi%%g?&?’hﬁﬁ |ﬂ%ér}%%r}gg%ﬂ%g§% Pcl)or{? gﬂ?&?lﬁgg? igtrrésﬁtérand :
second thaytmedirst, scovrd, loaphirdsporhesasret hod of claim | in which the second
segnent includ the first .segment.. 4. The.nmethad of claim3.in whjch the
first and s e’!'cj Oﬁﬁeg@: A fzctlaértne Blr%%lgggéaéjori}wrgons o}%?he st fnddedond segmen{s

overlap.

3. The method of claim 1 in which the second segment includes the first segment.
4. The method of claim 3 in which the first and second segments are processed in a

same direction.

5. The method of claim 3 in which the first and second segments are processe_d in
opposite directions.

6. The method of claim 1 in which the first and second segments are processed in a
same direction. |

7. The method of claim 1 in which the first and second segments are processed in
opposite directions.

8. The method of claim 1 in which additional sets of first and/or second laser pulses
are applied to the first and/or second segments to form a through trench within the first and/or
second segments pnor to applying the third laser pulses.

9. The method of claim 1 further comprising:
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same direction. 5. The nmethod of claim3 in which the first and second
segnents are processed in opposite directions. 6. The net hog ﬁé c,ﬂl ﬁ%]ml in
which the first and second segnents are processed in a san¥ di Qtu . 7.
The nethod of claiml in which the first and second segnents are processed
in opposite directions. 8 The nethod of claiml| in which additional sets
of first and/formiagcothebughsemchut Sedirstand/oapgioné degnoentderidrito applamd/the second
segnents_to forma through trench within the first and/or second segnents
prj or t Shap S BRYS%he third I aser pul ses. 9- The method of claim | further
cohpri si ng: 2170_'T]%Qﬁ@o@g%lafrﬁrlrﬁxﬂﬂeﬁco Qygh trench in the first and/or
second segnents prior to applying the ird | aser pulses. 10. The net hod
of claiml fubttherg cthnoieghdrengh if terfirsignd/or becond) kegnentcwith multyge passset ofind/ or

second segnents wi.ith mul tipl asses of . laser pulses prior to applying the
third Id%@?P%F%%Qrtaﬁﬂpwﬁ?gﬁg’lﬁf?ﬁ?w&ﬁs’tap nch within the third segment.

11. The net hoﬂnﬂi‘n?(l}]ttﬂ}gg qrefngﬁmnﬁg@%édg%ﬂghtform ng a through trench

along the entire ting path | engt met hod of claim 11 in which
t he cutting pdtTHeanghbd bEclgired0durthdnapmprisimgand the first, second, and

third segnment_| engths are between about, 10 m and, aboyt 500 m 13. The
met hod of cl dPHLD iarfiW‘l’iggﬁrePﬁ]éa]@BE USSP fEne- gr eat er than 1 nm and

the first, See0Pthe Biflod B Eins 491 OhichIROL IR EhAn AERHPR éaba%mikpn[ﬁéggfh -

about 500 m he net ho claim13 in wh cutting path
gr eat er théArst,s8comt, amhthitdree gfhienislengtbe aebdtwean dboti 10gus endreldut IS60giths ar e

bet ween about_ 2 m and, apout 500 m. 5. The hod of claim13 in ich
Che Tirst,  selonde Batod A Repem 198 whisth GReuhpE rEnAF: Brarsad Hgn b rigyah
wavel enghdgrd Bl RICan SRS ste%ﬁ%gntg]%ﬁ?%ﬁﬁﬁ}ﬁlbe eefaBAIA0 ;Ixﬂ%ﬂd aoddiz00 pH. se

energi es of greater than 20 , a bite size of about 0.5 to about 50

m 16. The nedhdheahethddphelain i3 whivbichtthecytiingpath dengénig ereater thin Hmimaser

pul ses ar characteri z by a UV wavel ength. a pul epetition uency
b or eachl haabscsoRd: AR{1nDY ety PEBCRE bueP AR 300 S el o Eg T
size of about]50. Thetr@etBEOUE c1bien 13 inlWhichhige fildt, Resbndf ard @ird1ds6r pullsadttireh the

wor kpi ece has a thickness greater than 50
characterized by a UV wavelength, a pulse repetition frequency of greater than 5 kHz, pulse

energies of greater than 200 pJ, and a bite size of about 0.5 to about 50 pm.

16. The method of claim 1 in which the first, second, and third laser pulses are
characterized by 2 UV wavelength, a pulse repetition frequency of greater than 5 kHz, pulse
energies of greater than 200 pJ, and a bite size of about 0.5 to about 50 pm.

"17. The method of claim 16 in which the workpiece has a thickness greater than 50

pm.

18. The method of claim 17 in which the workpiece has a thickness greater than 500
pm.

19. The method of claim 12 in which the workpiece has a thickness greater than 50
pm.

20. The method of claim 12 in which the workpiece has a thickness greater than
500 pm, the cutting path length is greater than 100 mm, and the throughcut along the
entire length of the cutting path is made with fewer than 25 passes of laser pulses over any
position along the cutting path.

21. The method of claim 13 1n which the workpiece has a thickness greater than

200 pm, further comprising:
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m 18. The nethod of claim 17 in which the workpiece has a thickness
greater than 500 m 19. The nethod of claim 12 in which the workpi ece has a
t hi ckness greater than 50 m 20. The nethod of claim12 in \AQJNCD%Ce

wor kpi ece has a thickness greater than 500 m the cutting p M@sh i s
greater than 100 mm and the throughout along the entire length of the

posi 1 on' al ong T RS QU bR P BATRiCkARS alimeRRE AR Lath B E oriHe SRR Blse

wol)kpi eihen h@snm@ pehimtkness greater than 200 m further conprising: 28 5 DEC
5 cutting_through t eetl t hi ckness _along the cutting path at a
cutting speedZ-ofh %F”é%hog r’?ﬁfBWﬁ’r‘f 2 majpr pQELon Ogihe Ffé‘“ﬁ%tq{&éP of claim21

in whi &g &Pfg%%rr@%és' a%nﬂé &dﬁ@to} Hia?éﬂ’cx‘ifsasglgs ﬁﬁ&nal%&é@hﬁ%ﬁﬁ%ﬂ@?&% z€s 2

semi co rial 1"ass mater al ceramc nateria
met al | i petallicamhbtatial. 23. The met hod of claim 21 | n V\:hl ch a ITB.] or portion of

t he thickness_of the r k r| ses, Si i ndi um

phosphi de, of3-AMke Q’&th(’%é ﬁé‘f‘fﬁd @%M%?Oﬁwnmﬂmhaqk@e%sféhe pul ses are

generat sEak a diufd g?gp The net hod of claim
in m\:ﬁg%kfph%gc ?gkésgsih (tges?asrlg %g{ié]?a{‘tle Hl@égf -'state | aser or a

COZ | aser. 2B4. Themetiolod claim2an mbzch nhe\htselcﬂsulidsem)mrefmﬂ fremgi dolidfstdtére

first and second portions or the first or second segnent |engths are

suf fi cilasfrioy adidalgs&ych that the second laser pul ses inpinge al ong the

overlap |engjd O’Pfr‘é 191'& oft o Bjafth IHH%f}g%Pﬁthlaﬁﬂy%lgr%la%En%ge&%@d Abfth Midt—é?eﬂs?f I 52

| aser pul ses ¢ ong the over engt ent tenperature.
nmet hod laferok aiG@®;llasem. whi ch the thi rd segnent excl udes the‘ first or second

segnents. 28 T d.of .claim,l h t he fi.rst se es i npi nge
e e aoa6- T Meten of Rl pitp Mich B oty Tah Ik PE e Tidscbond | onr 0
pul ses @nsaorfthé fifst BPARBAT Mot %gmata?é Mﬁmeﬁtnﬂghoh%ueﬁﬁ% g se&a]&xaferf i rst

cutting direction, in which t third | aser pul ses inpinge along the
cutti ngmms hmpinga alowigrthe everlap ﬂglmh beford mmappn gottios of Aty debrsganemtdddmsthhave a

third P stafaser puises cools along the overlap length to ambient temperature.
27. The method of claim 1 in which the third segment excludes the first or second
_ segments.

28. The method of claim 1 in which the first laser pulses impinge along the cutting
path in a first cutting direction and the first laser pulses have a first polarization orientation
that is parallel to the first cutting direction, in which the third laser pulses impinge along the
cutting path in a third cutting direction and the third laser pulses have a third po]ariiation
orientation that is parallel to the thﬁd cutting direction, and in which the first and third cutting
directions are transverse. | '

29. The method of claim 28 further comprising:

employing a polarization contro] device to change from the first polarization
orientation to the third polanization orientation.

30. The method of claim 10 further comprising:

monitoring throughcut status with a throughcut monitor to determine throughcut
positions where throughcuts have been affected along the cutting path; and

reducing impingement of the throughcut positions during the passes of first, second,
third, or subsequent laser pulses in response to information provided by the throughcut
monitor.

31. The method of claim 1 in which the laser pulses within the first pass have

generally similar parameters.
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orientation that is parallel to the third cutting direction, and in which
the first and third cutting directions are transverse. 29. The nethod of
claim 28 further conprising: enploying a polarization contrblDHelte to
change fromthe first polarization orientation to the third polarization
orientation. 30. The nmethod of claim 10 further conprising: nonitoring

throughcut st3t ushenbfiod of AaRN P he WhidEike IAEr Hilsed OF BleMBe séddhaUgiaHid
positi ons where throughcuts have been affected along the cutting path; and

r,e?uci ngpasspsibaye gensralbfsimber paservelgfcut positions during the passes of

fifst, secon hir r -subsequent .l aser pul,ses.in_r on t

I nformation p 30vfl§elag8§)/8%§a%?gﬁbvﬁ%ﬁ%e%ﬁﬁpl?%?e.s Ogitﬁeﬁie?rgf ﬁ‘SJP%‘r claiml
i n whi chsebbipi hﬁ&ﬁﬁrd%iéké‘e@%aw thedst bhe géicrdlly defsenhgx@meggneral Iy sinilar
parameters. 29 - 5 DEC 2005 32. The net hod of claim 1 in which the |aser

pul ses of the34 i Thameibed ohelainahdn whichiat lppsseensofiibg/ laseyeamdeea in §t lsashpnepf

t 3. Th t hod of .claim 1. in which the | f at |east
Do of (e Erstrggonts QBRI essth piy st ey kB Eehefaly oo Rt gener al 1y
di fferent pargyretiimetBdd off a@inir@ﬁxhaqlﬁai‘mﬁh?ierpa%sés Bf Whief Pults 4reappliddwe 19d t he

| aser pulses in at |east one of the firs second, or third passes have at
| east orfarsiregment toyfonn p lapeghcupwithiretbedfirst3sgmaie net hod of claim 1 in which

mul ti pl e pas: f |ase |.ses-.are,a igd to the. firnst segnent to forma-
Uhr oughcut i i Theaned pEeBEss B FrBRhe Baldielti i3 aEIREEEmetlni cn
the thr qjeghie e pass bPseEBEU laBertpdseh ﬁsf:ﬁ:g)li%&wtsecdﬂﬂfs@%:_ﬂeﬁthe pass of second

| aser pulses is applied to the second segnent. 37. The nethod of claim 36

in whi ch nul t37plhegagtbed obglainnd@in whichasulbiple papsss pElasarpulsse areappbipditostbgment

to form r h 1 1 Qi ol [ ' The met hod of claim 37

I n whi Chs%g%n@s?%%gﬁtéhg%\d{ﬁ ?gﬂ?%@%gg@l n dtﬁé@%%}é@%e seglgtjrr_ent before the pass of -
third | aser @8 sEf ma&hedef digich 3Did Whichhhe thragfomns formed i e seedridadg@bntcl ai m
38 in which nultiple passes qof laser_ pulses are applied to subsequent

segnent Pefge dspehel BTt JaseoPHsasHs aprffcue Shedhird Seemee r espect i ve subsequent
f : ' - h.
LIS Lo 7 o o 0]

40. The netho aiml 1 n whi rst and
second ssbgpaesatt seguents wymequentially form throughcuts within the respective subsequent
segments to form a full length throughcut along the cutting path length.
40. The method of claim 1 in which only minor portions of the first and second
segments overlap.

" 41. The method of claim 1 in which the first laSer pulses impinge albng the cutting
path in a first cutting direction and the first laser pulses have a first polarization orientation
that is ortented to the first cutting direction to enhance throughput or cut guality, in which the
third laser pulses impinge along the cutting path in a third cutting directton and the third laser
pulses have a third polarization orientation that is oriented to the third cutting direction to |
enhance throughput or cut quality, and in which the first and third cutting directions are
transverse and the first and third polarization orientations are transverse.

42. The method of claim 1 in which at least one of the segments is an arc.

43. The method of claim 1 m which a purge gas is employed to facilitate blowing
potential backfill debris through throughcuts along the cutting path.

44. The method of claim 1 in which an elongated laser pass that includes at least
three first, second, and third segments is applied to the cutting path.

45. The method of claim] in which each spot area along a segment is in proximity to

or partly overlaps the spot area of a preceding laser pulse.
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41. The nethod of claim1 in which the first |aser pul ses inpinge along the
cutting path in a first cutting direction and the first la eb Buhﬁss have
a first polarization orientation that is oriented to the fiJr E C i ng
direction to enhance throughput or cut quality, in which the third |aser
pul ses inpinge along the cutting path in a third cutting direction and the

third | aser ul.ses have. -hi | At ' rh.e t} | § oriented
to the thi rdd’@utr?‘?3 r%e%a?df%fgct]%@nf ﬁ' O\B&gﬁ%ﬁaeﬁ%%]g ﬁgeglﬁg‘hc{)}tﬁe %I%p%%{]&éﬁljécfi ty, and

i n_whi choftidfs bi hethirarntsd stbinddegmbht 1Bgeths 4ré¢h b eaie apfropiistaBs USosE&piithvithe
first and third polarization orientations are transverse. 42. The nethod of
cl ai m 1s¢canddrserpses peadsternsof grsclepied Siepnaphedterisangmeddran thegnteraciopef hod of

claiml .in Lch: ' acilitate blow ng potential
backfilﬁﬁﬁgﬁgF% tﬁﬁ%ﬁ%ﬁﬁP r§3§ﬁ§3$£$§%§ﬂé&&#% cutting path. 44. The net hod
of claim 1 ig7vhinghh@hofinergdhe hrbwgput Prsemiihes citntdigdecutatg paRdbving ar ee

first, second, and third segnents is applied to the cutting path. 45. The
net hod ofttiog athjlengih gRaCTOTERIGES SPHPTIBNEA al ong a segment is in proximty to

2005 6. " The P TERnErndh T et PR UCAA MRS e i ret and

second port Hpegingla fiRepdsk b$ firdlaseemisd haeipaeitt sherngédiso angingdthe r ange
appropriate so as to_exploit with second |aser .pul ses persistence of a

sel ect eworkpigrsiatong afirskeagmant ef #hovi theseementilengdh alopg te wftingmathst pul ses

w th the workpiec j I . lng
hroughput { STCRBEA He0R BF oE¥ERhF st bty ool b8 Sl o BESIRESLAD,
| engt h GRrigiskeidigececosdsaiest ofaboaeihectimentdergeigaiong theenginy paktgthd S
shorter than the cutting.path length; _directing a first pass of first

| aser p&RCERE SEERVENH §Ve4PPIngthe firyl seHaent §Yiamsvadd epeth sirstar thanct leasbig a

first sg%gpgecg%d ggqu}e thegsegment length along the cutting path; directing
a second pass o econéi 1aser pul ses having second spot areas to inpinge

the workpi esferaliengngatdeaso tie firsigpmersecad prsses of 1dser pagsphtectieng thirdpassg t he
over | apol BHiginseppusR R ViR PPTIGSQr 1@ HEPIEY Flope 8 ubegminepgbour Bho: and
N v e L i R i i U

i pi ngepath tirey cxtendn bayond Hreefhrst ofseedngiregminets, whemarihe partign bf tieongingtpath

that  exbBrriin Bt ik PrPET s AL i the Sa Tl &4 ci -t he porti on of

the cutting pmtThe hathod ofelaimh a7 ih engitinpiehent bfiaser phiRed dl68¢ thesrabpd, or
third S]F))z?ﬂtl g?rge?z?tgs' debris and in which the overlap length or the segment length is sufficiently
short such that the second pass of second laser pulses impinge along the over]a;ﬁ length before
a major portion of any debns genefated by the first laser pulses cools to ambient temperature
along the overlap length.

49. The method of claim 47 in which the overlap length of the first and second
portions or the first or second ségmenl lengths are in a range appropriate so as to exploit with
second laser pulses persistence of a selected transient effect arising from the intel;action of
first pulses with the workpiece along the overlap Jength.

50. A method of increasing throughput 1n a laser cutting process, comprising:

directing a first pass of first laser pulses to impinge along a first segment of a
cutting path having a cutting path length, each first laser pulse having a first spot area on a
workpiece, the first segment having a first segment length that is longer than the first spot
area and shorter than the cutting path length;

directing second passes of second laser pulses to impinge along a second segmént of

the cutting path, the second segment including an overlap length that overlaps at least a
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48. The nethod of claim47 in which inpingenent of |aser pul ses along the
cutting path generates debris and in which the overlap length or the
segnent length is sufficiently short such that the second pa$sDBE sond
| aser pul ses inpinge along the overlap I ength before a major portion of

any debris generated by the first |aser pulses cools to anbient tenperature
al ong t pertinnesf thp fird segracntantil 7 Hsowghchlg mpde oy idimihg pveraplsngth , et sseend ap

| engt h h i i . i nt
R e e T S T s
pul'ses pesBimtente ok ivlofgdrabietie seandispiitaref fndchoméri thimBe themy phg
interaction of Tfirst pulses with the workpi ece along the overlap | ength.

50. A néengdel the oYelapdength emg seaigiphan atheast tha JExt o secone g raprassand

conpri si ng: N Wl fi fhr | ses: 1LQ. i i al ong
a first segné er%ﬁggugégk?ﬁﬁggg%?%ﬁﬁg%Pﬁgp%%g%ﬁ?%%éB%E%haFéﬁgﬁhf“@ggﬁé?irst
| aser puff gerdiaydrpalss td ngdingPabn@h GardegmentV Sl tkPhRGeg pithenfil 4 ShrosBgnERt
having a first segnent length that is longer than the first spot area and
shor t er maggryvitiie tha third segrpenthedch rﬁlyrml,asainu@thawgggébm 8P 4508y DY okpiasnd

| aser puyls t o i mmi I ' f e ti at h, the
second ?@egt%n%rqtsg?ﬁ o uh g igln é%éﬁﬂg\? e%"ﬁ grgq%}%ﬁﬁpgﬁéqg%gvthgb F}éeptg&gtsp&gaéés) ‘gngi 31 - 5
DEC 2005hdtedrtthantheutung phill ilehgtheme®iitd svghicht Rcklingugietidn bSthaeaEngiphiti n t he
overlap length , each second |aser pulse having a second spot area on a:

wor kpi edhat exteadssheyond theclinvbor scaend segmanisewbergin theportien of Sigubtingnath hes a

| onger t t : . the cutting path length, -
t he ovePPﬁ%mﬂgﬁﬁﬁ%&%39H%HQ%Sgﬁgfmﬁﬂgk%g?&ﬁgégiQ?%% first or second spot
areas; and afSteMhdiniediedd oficlaiin S@asWhich ehef dveslbp Ragthseaonfirspasdaesond | aser .

pul ses, directing third passes of thjrd |l aser pul ses to inpinge_along a
third segrens obhedis seeqndsegRent Igngths a5 1B A rangg RERIOPTIae SAgE &0 FiPlojt Withhe
third s b & ' ' : .

wor kpi o5a B PR PR el AT SR8 A ol tlohie R CRRRn, | er

t han t hérdtipulsds wpbtthawerdkpasve alaigaht evertahdengtihe cutting path length, the
third segnent including a portion of the cutting path that extends beyond
the first or second segnents, wherein the portion of the cutting path has a
portion length greater than the first, second, or third spot areas. 51. The
met hod of claim50 in which the overlap length of the first and second
portions or the first or second segnment |lengths are in a range appropriate
so as to exploit with second |aser. pul ses persistence of a sel ected
transient effect arising fromthe interaction of first pulses wth the

wor kpi ece al ong the overlap | ength. 32
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LASER SEGVENTED CUTTI NG Abstract of the Disclosure UV | aser cutting

t hroughput through silicon and Iike materials is inproved by dividing a

| ong cut path (112) into short segnments (122), from about 10'n5tﬁECL2m The
| aser output (32) is scanned within a first short segnment (122) for a
predet er mi ned nunber of passes befaore _heing noved to and scanned within a
second short segnent (122) fI&S%{SE@@ENEER(ﬁHETHﬁ%eLOf passes. The bhite
size, segnment size (126), and segnment overlap (136) can be nmanipulated to
m"pi m ze the anmount and type of trench backfill. Real-time nonitoring is
enpl oyed to redabetrictof grisdopaet i ons of the cut path 1.12 where the cut
is already conpleted. Polarization direction of the |laser output (32) is
al so correlated with the cutti ngﬁdi rection to further enhance _throughput.

Thi s techni qiéY daser gEtiafireyeiput Bretgh shcopgn dikg mpfenady Simaryeddyh a
variety d?Jidﬁilhfaflgﬁg Bt ﬂaﬂ?ﬁrﬁ) Hﬁésﬂtﬁ%’é’égﬁ{éﬂkfﬁzz), from about 10 ym to 1 mm. The

laser output (32) is scanned within a first short segment (122) for a predetermined number of

passes before being moved to and scanned within a second short segment (122) fora -
predetermined number of passes. The bite size, segment size (126), and segment overlap -
(136) can be manipulated to minimize the amount and type of trench backfill. Real-time
monitoring is employed to reduce rescanning portions of the cut path 112 where the cut is
already completed. Polaﬁzati.on direction of the laser output (32) is also correlated with the
cutting direction to further enhance throughput. This technique can be employed to cut a

variety of materials with a variety of different lasers and wavelengths.
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