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TI TLE OF THE | NVENTI ON AZACYCLQOALKANE DERI VATI VES AS

| NHI Bl TORS OF STEAROYL- COENZYME A DELTA-9 DESATURASE
WORDBLIB486E THE | NVENTI ON The present inventi onPCEIERRL@S/010291

to azacycl oal kane derivati ves which are inhibitors of

st earoyl -coenzyne A d¢JASER MATHINRGE (SCD) and the
use of such conmpounds to control, prevent and/or treat

co S : T .
CON BB SRS TRANGLAT Y SPRUBOA ) bl s machinin
in evhithr smlcgespive pelses do nanaierlapat tiestbsifatecbainlg triachisednd
di seases related to abnormal |ipid synthesis and
metlabe momo-mdathinith ngthcaitdi RS attl salid Gtate &sexs @P@Hllyﬂiinvolves the
at herosclerosis; obesity; diabetes; neurolo
usejpk lagers - Wit galyanqraetey seanngre fo pasition A foauspest gﬁ@ebeam on the surface

of :%?\}&/‘agﬁgf &B%trzﬂﬁ Eﬁé{" ﬁi f;uglgctl gﬁgcallg'“ﬁ*é%?%)%@o%ra@ﬁ repetition rates of

30&0 )ﬂOOd@ﬁnzryim:aAm(n@m&):uld et aklocaie sufld éat éilncﬁvlddell foaussed laser spots
and delta-9 desat rasesé@vre responsi bl e for the

OVPIGHIHR PURC STLh (D e nehellpy Ora?fdlbﬁ&mﬁurﬁsaf@r“é& iy Figure 1,
mtflﬁﬁl%yhrféﬁdr ;ﬁ@ﬁ 1degrk e fik % ‘%v Lﬁ“tﬁrtoﬁgﬂ or rd?cees i.2! singulate,

de novo synthesis in manmal s. e delta-9 specif
servtcondunyor- deyiced d 3 at bis swssy S@m:)rlbcdmalfyze(atrtme EP 1328372
rate-limting formati on of the cis-double bond at the
Co-TBwf lmesidiciop is racomnplisiedt by atathifgatt lylsdiCly’éaﬁQaéBJss a substrate.

Tyggsuitr\g&lpe agridlg\%?g? ;ch,rs[ gl?lrlg&ﬁglfr% %aglg:l%léﬁwe aghad:ent pulses 21 are placed

to HQxl'e”ﬂt 'é@[lteﬁﬁydve% 2%5%@%@&&%%&% Péﬂ(i}gﬁlla? scan speed to give a

bi osynt hesi s of ospholTpids, triglyce
sulgstenitie o eariap tegtfmnsthepuﬂsmi hestar is réPetmdiyn mumbeNaf a'mses 11, until

o R A, B b 8o oSS i it

rel VA AEn0biZ €dbel 1. 185 4hdvidh fih tP‘i%’(ﬂEi aranats ,alf the BWAap dpulses 41 is
4565- 4569 (1974)) .- A nunber manmal i an SCD geneés

redygedbthsdie eanamprarciodrela asséllepaddiedee $F.om var i ous
speci es. For exanple, two genes have been identified
fr Mnrcmer,(@(sbbwarid F@mﬁ, Wherea lasert pudde. 1 ablate®material 62 a plume of
Chem . 3235 1986)),,. M hara,. K., .
el o e S Subpeiieno eSS (ointeradn i s debgs pune 63, the
sudce@ihgRdSEp U1 SCEN is p%ﬁﬁ@l Aifendatod beSfub¥ ihe(dMbYid HRlthe Birtially absorbs
al . %?Méﬁgl Chem 78. 33904-3391 1 (200? ); 5nd Y
thetqnergg@féhe sucspsingriascr® and ACOD4 (SCD2)),  (Zhang,
et al., Biochem J ., 340: 255-264 (1991); Beiraghi
et Italis anGghj@ct 3d9the 1 pregdnt( 20@BYion Zdta}egsteto admeliorate the aforesaid
.388: 135-142 (2005)). The invol venent of
dm@%ﬁgggﬁsgg?Fyngﬁ?ﬁ net abol i sm has been known in rats
and mce since the 1970's (GOshino, N, Arch. Biochem
Bi R@Jb‘f&mg to Wlnvg’t%ﬁ)n%ﬁgre(lg-?yo%)aed aTllﬁleﬁloa %% lag@le@aéllﬂﬁfn & feature in
supported by the biological studies of m ce
a Sﬁmaﬁtemmlsul‘r% nreghinizg thnutlbmawmth atm@esmer glong a scan line witha

Zhe t Nat ur e net 7
fr SORRR T & B 7 it Aoyt abe it GEY S BT R successive
pul@és ialthe 130V Sulse @8in id 448413 al #8& A ARV Y radﬁnﬁ the sﬁcfb@sswe pulses so
uppressi on of SCDI expression during Etln i nduced
tha{,véhegmccp%sg\@ pdserept g'te sibstratgcde pet ovextagv u ag- czzh;r contiguous or

spagﬁcﬁgxga)rg anl%?&g@gé‘ su%?&%&ﬁ%&g% of %rln?eg% (?];9 scan line which

ion o em)nst r a
arewdffshauibhg sk s@nollinegwnm @é@@tﬂ tdethé Bhurthg pdilﬁt ()AS@}e\hGus scan so that

(Ji ang, et al J Adin, Invest. |,

muﬂp&) sq_c(yggs1Y<32@é51) §cangg€§>\f1fim pmc{n}népg b a g@ng@t ﬂegt]g y)vhlle smoothing
edéﬁQPGQQEﬁﬁf y acid synthesis and increased fatty acid

oxidation in primary nouse hepat ocytes. Treatnent of

mce with SCD-ASGCs resulted in the prevention of

di et -i nduced obesi t YCONFIRMATHINCOMYbosi ty,

hepat onegal y, steatosis, postprandial plasm insulin

and gl ucose |l evels, reduced de novo fatty acid

synthe3|s decreased the expreSS|on of Ilpogenlc

o o o o o o T
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pyri dazi ne derivatives disclosed in published

i nternational patent application publications WO
WO200068%631653, WO 2005/ 01 1654, WO 2005/ 01 16%€T/BAZ007/010291

2005/ 01 1656, and WD 2005/@1 1657, all assigned to

Xenon Pharmaceuticals, Inc., and a series of

hetRrefecaply,i saccbasive pulsee sreciusfidiastBdsepataesdnat thersibstrate that a plume

pat e appl i cation publications 006/ 014168, WO .
Pro wﬂf?wz‘?@%r e Sgetreizubiontae aggtsgﬁegrzz]f@m pepcceeding pulse.
2006/ 034338, WD 2006/ 034341, WD 2006/ 034440, WO

20 , d 0 4446, a gne 0 A
Phar iRedir L e SRR BnehingAOR Pule AR rae of
200daEeotdd kifiz.h novel azacycl oal kane derivatives as

i nhibitors of stearoyl-CoA delta-9 desaturase which

are useful in the treatnment and/or prevention of
varAdiastagerithly.i the sneihel eompases sompliitadaing pr SO cutting through the
ﬂ@g&&gity i ncluding those related, but not limted, to
efevated lipid levels, as exenplified in non-alcoholic

fatty liver disease, cardiovascul ar di sease, obesity,

di afBlaftgedRIARRE nfachMNEY 6¥BpriRid higWitiAg RSdead ERCRmiconductor
The rol e of stearoyl-coenzyne A desaturase in lipid
digiegabol i sm has been described by M Myazaki and J .M

Nt anbi, Prostagl andins, Leukotrienes, and Essentia

Fatty Acid 68: 113-121 (2003). The therapeutic

otV e dhinaatobBar s bl ar on of SCO

activity has been described by A Dobryzn and J. M

N inykftiomWRB R e sEORAL By aR8y BT kaRPlE, Wi reference to the
target for obesity treatnent,’ esity Reviews, 6G:
sl ambnn s W acy ol oal kane der i vat i ves of

ycl oal kane derivatives of

structural fornmula I: (I) These azacycl oal kane

derfiy@ti Ves aagche@bfie Glanyeeras ciosfibdtibailSvielv SHFVind RaYcessive laser

are therefore useful for the treatnent, control or
SCHISAERFS R GHDBTatRosforaradiapedponsi ve to the inhibition

of SCD, such as diabetes, insulin resistance, |ipid

di dJogeter2sis acbleematic plan Misvosidhsar pulsss omadubsttaghadconling to the prior

sent

yndr.one.  The.. ' ' | | :
are AR e RS e BRg R SRR a8 raRe s RS oS suves
acAUBTRb B EaerAC WG Vb o6 ALLH ich AGHnaS Syl apiag the laser

pul@ pAREMQAFif@k ot he treatnent, control, or prevention .
of di sorders, diseases, or conditions responsive to

I n . I I K . .

iy B St er P Rg T Py B et B AREENTHED MY succeeding laser
pubseroyedajtsi aoprsceagfing prdsleesthiat in thegutse patterfitd Fgwes ent

invention also relates to nethods for the treatnent,

corigwt,5 Bra peleveltici glin ofewl ypedgesdtifab aiaebined RBbhreh using the laser

resi stance, obesity, lipid disorders, atherosclerosis,
Pu§ﬁ@aﬁﬁﬁéﬁéﬁ$€e§yndrone by admi ni stering the conpounds

and pharmaceuti cal conpositions of the present

i NFEEHIE Gnis aTthansperes erpssentionali vawalfdeser alaghissng of a substrate using
h . , . ti f
sullEAROAS ol ot bEETMTED by OPRES anf: B SV b br bsant
inwgntioz.in Eonbination_mﬁgh a therag\ﬁuticallhﬁlg ¢ bstrat
ef feetivé Anbdits ST Rt HEF G- Y Rn8in? b HEHERE ([t @ substrate

actdding @8 thel Qe RAAistdgOfUbstARE BT RV erlappiBR HuRBs; al SO
relates to nethods for the treatnent, control, or

Pr €Y&RE 1338 aQlhdfRR: Blafl VAREbESudRYssARBTYeB&@hk BY phfi€s on a substrate

conpounds of the present invention in conbination wth
aceprdingrta feuniedlonysafftbe sibstantabyinen-ofertappingpulseyefifigure 7;

known to be useful to treat the condition. The present

invention also relates to nethods for the treatnent,

control, or prevention of atherosclerosis by

adm ni stering the conpounds of the present invention

i nconbi nation with a therapeutically effective anmount

of another agent known to be useful to treat the

e

oy o - o o
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Zis O S, orNR4; X-Yis NC(O, NCRaRb, CR 4-0,
CR 4-S(0) g-2, or CR 3-CRaRb; Ra and Rb are each

woiznagdedtedent | y hydrogen or Cl-3 al kyl, wher ei RCAIER007/080291

optionally substituted with one to three substituents
i ndependently selected fromfluorine and hydroxy; Wis
hetlpwardyis asshemitd sticoessitdplag voaws aftedgesdi @enachingd channel using
heteroaryl selected _fro th group consi sting
t %FHW%V&%SRES%S 0? firgf 2H, -(CH2)m Cq 2Ci -3
al ky -(CH2) m - Z-(CH2)qu 2H, or
_ ( drgyre IR sGHEYyapbapfGhearetisalynachitieg epeedaveysuseniise evislap with and
optionally
R bR o E%%%%e%%@@ﬁ%’élguﬁone to two
flu ein sa het e ring is
op RhaETgr 8kt Fetsteste ARpfers dewt BEF ptent
pendent |y selected frq the group consi sting of
gﬁ@ fgﬂ‘a IHEHIOHS&I%P%?QTe .4 al koxy, Cl-4
It hio, -4 al kyl sul fonyl , and trifluoroneth I
d%pmtloxsratﬁd%&mmbay of pileest ped seqonheriedyfromphe laser.
conS|st|ng of : hydrogen, hal ogen, hydroxy, cyano,
amiSven Spead; ¢/ g: The 4cainkng veloptyi afrtbd Ealveubstituted with
one to five fluorines, Cl-4 al koxy, optionally
suldsheadr l@\eadlawj Oh Thaexteat 6f seerfapuinminess b&ilvedn centres of consecutive
| ky |$PIO tlonaIIy substituted with one to five
PuiSe Bt i gub S%E 4-a|ky|su|fony| car boxy, Cl- 4
alk onycarbon and Cl-4 alk | car bonyl ;
f diamgien Ky Diagietereelor spsgyiic érﬁﬂ@bﬁalf%yurmfg‘sﬁormeﬁ &y the laser

puygegh one to five R substituents; each R3 is
|ndependently selected fron1the group consi sting of:

al kyl. - he
v Rdisbine. ol kR toresaits iskieBBpocn Eidayjal pyises of a single
sc&ﬁmﬁh@mﬁﬁuzweycloalkyl hal ogen, nitro, (CH2 )nC N,
(CH2 ) nNRASO2R4 (CH2 )n S(O)0-2R4, (CH2 ) nNR4C( O) R4,
( CldP9:0 MAGOPRA he (c@ﬁ@e }@cé;ﬁl@d?ﬁtan&e%wééx dor e@é@nd pulses formed
)t-phenyl, (CHQ)s -(CH2 )t-naphthyl, (CH2)s Cﬁ&
by)sequratiek ssans/in a {noHiply pase-cOHE precesst er ocycl yl ,
(CH2)s-Z-(CH2 )t-C3-7 cycloal kyl, (CH2 )s-Z- (C}Q
) t NoRdher ((CHR ahs,- X: (Fﬁbﬁm)ﬁbei\l@t?@>®,em(1®ﬂ2sc)aas requidel to dice through a
t-NRASO2 R4, (CH2 )s-Z-(CH2 )t-C, (CH2 )s-Z-(CH2
su%scraeoz R4, (CH2 )s-Z-(CH2 )t-S2N(R4)2 , (CH2
fi (o F) U thod ing tost ntion, successive pulses 71,
gilé f’(repe)c)e @8’(%&%@0 %@ﬂgi% thecpye

74%atre Qangcseﬁ@KI@u&hscht th suﬁéﬁg}pﬁgﬂsteraao% of a current pulse

RACO2R4
74 with a plume 73 produced by a previous pulse 71. Since no energy of the pulse is

absorbed in the plume of a previous pulse, the overall material removal rate from the

substrate 72 is increased.

If pulses of successive scans along a same scan line are located in the same positions
as the previous scan, a scalloped die edge is produced so a strategy has been developed in
accordance with the invention to offset/dither the start position of each pass of the laser

beam to smooth the die edge.

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

the laser beam is offset from a previous pass 81, 82, 83 respectively. In this manner,
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CF3 , CH2CF3 , OCF3 , and OCH2CF3 ;in which phenyl,
napht hyl, heteroaryl, cycloal kyl, and heterocyclyl are
WOansioo#eB| y substituted with one to three sub®CTHERVTH10291

i ndependently sel ected fro# hal ogen, hydroxy, G .4

al kyl, trifluoronethyl, and G .4 al koxy, optionally
pregrestivdlytsardightet ledgese 92,093, 1 9deof theaschimesl; featute aheepeidnced with each

any met hyl ene (CH2) carbon atomin R 3 is optionally
PaS¥ibstituted with one to two groups independently

sel ected fromfluorine, hydroxy, and O .4 al kyl; or o

t wol BUSHBE i inVRIIos RiREKen Misthodaler lasst 1sgTibing, dhpg or machining of

d e ' t he,.ca i C .
U L A R
mulsiplengegendehining sdiheabedverapind8pgiadudiseibutostdMguleés in each
. hydrogen, Cl-6 al kyl, (CH2)n-phenyl, . )
m‘é’(ﬁl‘é‘?ﬁpfﬁé{@FH‘QPWIP‘%IS@(S(HHZ)‘?FEF\%EB&PWFS, offsrd fromppulseran-previous passes.
T oar i minf RLE o R Rty SRRy VI BAL p1 i interaction, and
hentw esbygamiafly ¢lnoimpes danyt logs sel entrgyd of r osubaledpgnpuled to a plume

.4 ah?&l, and C 1.4 al koxy; or two R 4 groups together
Profiend oK@ PITBRES ' Shi ch they are attached forma 4- to

8- menbered nono- or bicyclic ring systemoptionally .

contt¥iS AR Hiy 14867 ARpshinins BIOCHS A FFaingP B¢ weation  grisesl laser is used
© oo AN EleachoR (6 mifRine T Rle Bime B inchfer o pded o form
a LCrib8 oalttcyligh feaerei Theadckying yelopity dpant yesaubioni rigtRadf the pulses is

sl Bt DS B O B R S SRR 1y Gl b been found

to &lek Yhitabld. URHividual Qcaiy BF QKY 1aB e BofitlonedYPaREBN O overlap with
G -3 alkyl; each mis independently an integer fromO
precgding searstbypsynshronigegeandearse bf a imej delaygorpulseemigsiomfidm the laser.
each n is independently an integer fromO to 2; each s
i s Thidepersd ecsulty iratheifoll @geg aflvamagest o 3; and each t is
i ndependently an integer from1l to 3. hi one
esrbaghiprgRY sefe WwalEqe@ipounds of the present invention
mis 1 or 2. hi a class of ths enbodinent, mis 1. hi

3, SeLQPLegARCGiEA Oof the conpounds of the present
invention, q and'r are both 1, affording a 6-nmenbered

Pj pﬁeidg'éraeb ruin?%'ebrri" a third enbodi nent of the

conpound% 0 he p%esent invention, gis 1 and r is O,

affordin 5-nmenbered pyrrolidine ring. hi a fourth

ehb rﬁﬁ%@%BPug tconpounds of the present invention,

g and r are both 0, affording a 4-nenbered azetidi ne

ring.In a fifth enbodi nent of the conpounds of the

resent invention, X-Yis NC(O. In a class of this
E 88Ement, Ar is phenyl substituted with one to three

R3 substituents as defined above. In a sixth

enfbdilasenparametene usednare dastsibed it Aeblprlebelotv. iThe daset em, at 170kHz,

X-Yis CHQO In a class of this enbodinment, Ar is ,
whitdeggye aupts euered i &iﬁ Wk 19 1ide The scappperd (st yaried from

i R % i f e

e khas QTR D itk BuORETL e TR TR 18 A B queriap vas
detarntined sfrah thiai sblaetet) oghorretidmetdr (54 phe iythes whead ithicutiegbretical spot
.wWith one to three R 3 substituents as defined above.
diagjeteff~&ight h enbodi nent of the conpounds of the

present invention, X-Y is NNCRaRb. In a class of this

enbodipmetaferAiwas dicplheany the uinathiet of eakses tdcwntardughtaireaeh overlap

R,3 substituents. a efi ped above hi yet another cl ass
Wa%f‘etFlﬁli“geir?ﬁa P YR faﬂe ant %cgrcéseﬁba PEgRRingtpepd Wag measured. The
ral H | ;. s i t i . 1. . i . .
B o mant oy " Ra Bl BT LR muBl) Tpearly with
dedrepsmgticoentage YvedapORl indre@Ra@Rbpacing of subessivefputsks. dt is believed that

enbodi nent, Ar is phenyl substituted with one to three

R3 substituents as defined above hi yet another class

of this enbodi ment, Ra, Rb and R 3 are hydrogen and Ar

IS phenyl substituted with one to three R3

oy o Y T LT o " Y



R8, RO, ROR | and R 2 are each hydrogen. hi yet a
further enbodinent, Wis heteroaryl selected fromthe
wOogn@e4ssensi sting of : wherein R and R2 are a®CaaPReve10291
above hi a class of this efbodiment, R2 is hydrogen.
I n another class of this enbodinent, Wis wherein R
thiarisl nfdtlprdee as tidefeidnetitbrainowdsetplumeyisteragtibuy 4shdascribed above. It may
enmbodi nent . IS hetero sel ected f

al%ob%b@evwgthsg G AT HorE) Ene BBt ool P2 pegHap Becreases and
Aleliyds vd LARSeal, [EMhe pRorRRd iR hstedlto IoHsbN s¥@bssive passes t
thfﬁr%/%?e? Cgﬁ%oﬁi mgtf':?te of t hepcorrpousﬁ %? .t%e psr e;entS ° P S_es °
producedidsencallpped ddgesathen itiot incrbaseXn Yndohirdkg epeedvis found to be slightly
het er oar sel ected. fr t rqup consisting of: and
lesﬁlpr?@uﬁé%ge%g‘?w E%PE%?Q%"* lgﬁﬁeﬁbe group consi sting
of :wherein Re is -CH2CO2H or -CH2CO2Cl1l-3 alkyl. In a
class of this enbodinent, R2, R5, R6, R7 R8, R9, RIO
R1 1 and RI2 are each hydrogen. In another class of

this enbOdirTEIi,a‘\MédlldRiTS @{-'n Re 15]- CH2CO2H
s Parameter s
0

or _Cl_IZCOZCJ'_f;%%XLI A §ubci 35, ass, R2,
R5, R6, RY, RTh a1, ar

qsg‘% Z2are eatgh
hydrogen. 111 TREY Fkd VE, but—Tont{iFpEH, N0 exanpi es, of
conmpounds of ' '

conpol nPharergtwel TVENT T1OH W@ 1 AKR Ug ef ul  as
i nhi bitors of r VBl doWer T Ot T OVl BGWEASERKCH NI NG
Thi s inventioffpliEl Ry [0 taser [EpEfil ning and
particul ar to[PHtSRRH aser nmachiToRg T m whi ch
successi ve pulges, U8mBRF overta mine substhate

bei ng machi neds, a5 MiRlAy MBCHgUpg Wi Th state of
the art solidgidi& JAeFlensty Pl JalslMwjcR¥POl VeS|t he use
of lasers wit gl VARQRETEr Scarnggy k@ position a
focussed | asel pBgAHE ddnaE, SUT T CE7 Qfv/dnmaWal er | or
‘substrate to be MaCHIHE1 —DA2EFpdrathet&l3€ESE [ asers
operate at repetition rates of

Repmate g

0 to 200 kHz and
Staf peedt| Orerlapiohl @ Passssitot hatMachithing duglAblated spot
{kiet)ssed | aser spd
shal | ow

—¢

in

ts overl ap cubtisough e¢speed” t o f qrdiameter

trench or [scribe |ing@5umswafeow{mn/s¥i qur ¢ (m)

mrd ti pl e

50D mes/sor

passe®.9%%

are usedsi

n this 5 |tid

¢ thrg

u@gho omm/$ o

di ce, 5798%.

si ngul dée,

sem c&¥dudttor

d&vi ces

11250 Wim/s [

rocess’ 4%

descri bdd

in, for9%Randl e,

ER 13283

7200 imys |

aser #h9ter

g_is acdbnmpl i sheddng

14

$8RaNni n

1350 asEs [

eam agrid% g

a _substlfat e.

Ty pile&l[1 ¢,

Wah | as

00Qmoi/ng,

as _shdih

in Fiqgurté

2. sucdéexsdi|\id

ad] acent

2360 swys 2

1 are 904

ed to hdve

a certlgidg | 14

oXerl ap

3P0s cenini I

g_t he240a%

'r beam dB

a partj%qil’gr14

§4hn spe€

308 ony$ ve

a_subdban

tial ovdf|

ap bet Z&& [t1de

pul ses. The scan i s Tabjeat&icing experimpa¥ of passes 11

until the substrate is fully diced through. As shown

in Figure 3, this results in dicing wwth a relatively

snoot h edge 31. As shown in Figures 4 and 5, if the

overlap of pulses 4 1 is reduced the die can appear to

have a 'scall oped’ edge 51. Moreover, as shown in

Fi Juhas Bierafbrenbeen| deyeonspatedeth@ dicigl with zermpwuerlap a@prding to the

. plunme of .debris 63.i.s created. |f e subseque pul se

i PR rEeUE oS Mie RTEENBRETE syl B8 PRa Qe AR per pulse

indrée§ wath 8€crbkings ob@ildp ad ke aftdnepticd of the palse it hike debris plume
debris plune partially absorbs the energy of the )

degrae&@e.ea%ngnsmg@,ér spapibedie| edges aaptrapgieds coployrd prhgtebpyt pulses in
' nti I ' t he aforesaid

Su%%éﬁaégggggég(ﬁﬁé{ﬁégﬁﬁggg%gﬁs%g%hcording to the
invention there is provided a nethod of | aser
machining a feature in a substrate conpri sing:
machi ning the substrate with a pul sed | aser along a
scan line with a first scan such that a centre to
centre spatial distance at the substrate between
successive pulses in the |aser pulse train is equa
at least a sumof radii of the successive pul ses so
that the successive pulses at the substrate do not

o T 1. .

to

I oy N 1



dicing. Alternatively, the machining conprises sl ot
drilling. The invention wll now be described, by way
woahos@eatspl e, with reference to the acconpanyi RGTI/EP2007/010291
drawi ngs in which: Figure 4 is a schematic transverse
cross-sectional view show ng successive | aser scans
acridgwugh gshp snveatien thas fasemdasaived sl terni glimeachining @ channel in a
hemati.c plan. vjew.of |aser pul ses on ubst r.at e
oS arig ol TRE S digpe o StmRiRR oS b EREdMHEbT watgrstood that
thP HvERLGHRS! Aplicability PVBE |ARS nAcRinBEEsH RtBePféh&Pes WhédRerlapping
3 is a schematic pllan view of edges of a nmachi ned
pubshapisairesgnily ysadn sudhaase forputmplepa maghinipg amiigget érop a substrate.
Figure 4 is a schematic plan view of pulses on a
substrate in which a succeeding | aser pul se overl aps a
precedi ng pul se less than in the pul se pattern of
Figure 2. Figure 5 is a schematic plan view of edges
of a machi ned channel using the | aser pul se pattern of
Figure 4; Figure 6 is a transverse cross-sectiona
view of |aser nmachining of a substrate using
substantially overl apping | aser pulses as in Figures 2
and 3; Figure 7 is a transverse cross-sectional view
of laser machining of a substrate according to the
i nvention using substantially non-overl appi ng pul ses;
Figure 8 is a schematic plan view of successive of fset
scans of pulses on a substrate according to the
i nvention using the substantially non-overl appi ng
pul ses of Figure 7;Figure 9 is a schematic successive
pl an vi ews of edges of a machi ned channel using the
successive offset scans of Figure 8, and Figure 10 is
a graph of theoretical machining speed versus pul se
overlap with and w thout successive scans being of fset
as they are offset in Figure 8. In the Figures, like
ref erence nunbers denote |ike parts. The foll ow ng
definitions are used herein: Repetition rate, R The
nunber of pul ses per second emtted fromthe | aser.
Scan Speed, Vg: The scanning velocity of the gal vo.
Li near Overlap, O The extent of overlap in mcrons
bet ween centres of consecutive pul ses at the
substrate. Kerf dianeter, K D aneter of a specific
trench or feature as forned by the | aser pul ses. Pul se
spacing, S: The centre-to-centre distance between
sequential pulses of a single scan at the substrate.
O fset dither, D: The centre-to-centre distance
bet ween correspondi ng pul ses fornmed by sequentia
scans in a nmultiple pass cutting process. Nunber of
Scans, N The nunber of consecutive scans required to
di ce through a substrate. Referring to Figure 7, in a
nmet hod according to the invention, successive pul ses
71, 74 are separated sufficiently such that there is
substantially no interaction of a current pulse 74
with a plume 73 produced by a previous pulse 71. Since
no energy of the pulse is absorbed in the plunme of a
previ ous pul se, the overall material renoval rate from
the substrate 72 is increased. |If pulses of successive
scans along a sane scan line are located in the sane
positions as the previous scan, a scalloped die edge
is produced so a strategy has been devel oped in
accordance with the invention to offset/dither the
start position of each pass of the |aser beamto
snooth the die edge. Referring to Figures 8 and 9, to
snooth the scalloped edge 9 1 that is created by a
first scan using pulses 8 1 wth a zero overlap
strategy, each successive pass 82, 83, 84 of the |aser
beamis offset froma previous pass 81, 82, 83
respectively. In this manner, progressively straighter
edges 92, 93, 94 of the scanned feature are produced
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Thus in the | aser machi ning process according to the
invention a pulsed laser is used to scan spatially in

WO20e8/00¢858i on to be machined. Multiple scans oPCTHP2007/010291

| aser are used to forma s@ribe or through feature.
The scanning velocity Vg and repetition rate R of the

Cb&IMEs is such that pul ses do not overlap. A

repetition range of 200 kHz to 300 kHz has been found
to be %ﬁi abl e. ndiV|guaI scang of the | aser are

. O SEIShedS SACHINGE ARl ARRUTER SBMBERENg scans
by synghr@nérhi tﬂ@‘%’ub‘ﬁ?at@(mﬁ 4 biiRedl®dsay aloﬂgpéjkc%ﬁ line with a first
em ssion fromt | aser. This process resulfs In
f ol | owi ngscad\saeh algaésa centreptoooeetie spwlm:%tanqulthe ysubstrate between
Increased die strength . Reduce und d
| nor eased HPSVGRINES AT Fse PSS SR Aiat lepst & ugyof radii of
are descrihbeghctdysilabhfsel LRl aw. su-l_:t!@ssixésﬁlﬁlsésaﬁt ﬂ{e substrate do not
17CkHz, which gave a ulse energy at the wafer of
~60mJ. Theveslen utsitré@et wa@nvauw@rﬁpwﬂapmmﬂnsi t o
The ovir 1 B8 S EMARRRIN pesl o AR R ALl 206 tine which are
di amet er dffsk#atongr tht hedn tiRarvithespereas ahé @&hl@@blm of a previous
di aneter (~8mm. A 75mm wafer was diced, and th
nunber ofScARse dat MlERle suerestivhlagr seansHprevide |naa§hmgg to a required
det er m ne ch case the
nachln|ndﬂgpeegﬁagégﬂgggﬁggggoﬁﬁehgpggh 101 in Figure

21QA sﬂml)hm thdbintdaeinndaim ) wbemp&mﬂcessweqm@d aresuffiyiently separated

: Irpgxf §s h%mratgegg%fe (?:12? lgq?l!:g) eécgs gﬁﬂ‘ Esr l(f ] Inét substantially absorb
beelnk,eg\g,qpolﬁlg%ggyegmgspumst |y due to the reduction in
pul se-plune interaction, as described above. It may

3 alA ondteod et slaeed heeleins 1 log s cangpresingamapkiningg wghovpdse repetition

over al e ap decreases and the edges becone
§@§ﬂf38@§}fq??8¥§3 Znrocess i s adjusted to of fset
4SUBGASHLY Qs RRSHES it BnP bP eHeCHdcddamSclamd, lcoRPesRdaRmplete dicing or

then the increase in machining speed is found to be
Fk@ﬁﬂﬁ?@ﬂ%@@ghﬁﬁﬁ%@ﬁ@@@ as shown by line 102 in

SEL el L8 DS RIAATEIERE FOOLE eyl Mompris

diadiseg disindproe¢ss foventiagndacwoditingg to the invention
results re efficient material rempval fraomthe
6t érrethon%%s 8 fored we%nypﬁf SRIME i 4s WECTRR HefBRTuRaE Fgmprises slot
ovgfiiP as the attenuation of the pulses in the debris
pl une decreases. To ensure a snooth die edge, a
strategy i s enpl oyed whereby pul ses in succeedi ng
passes are offset fromthe previous pass. Al though the
i nvention has been described in terns of machining a
channel in a substrate, particularly for the dicing of
a sem conductor substrate, it will be understood that
the invention has applicability in the |laser machining
of other features where overlapping pul ses are
presently used, such as, for exanple, in machining an
ingot froma substrate. CLAIMS 1. A nethod of |aser
machining a feature in a substrate conprising: a .
machi ning the substrate with a pul sed | aser along a
scan line with a first scan such that a centre to
centre spatial distance at the substrate between
successive pulses in the laser pulse train is equal to
at least a sumof radii of the successive pulses and
t he successive pul ses at the substrate do not overl ap
but are either contiguous or spaced apart; and b.
machi ning with succeedi ng scans of the | aser along the
scan line which are offset along the scan line wth
respect to the starting point of a previous scan so
that multiple successive |aser scans provi de machi ni ng
to a required depth while snoothing edges of the
feature 2 . A‘nethod as clalned |n chrn]. wherein



