
TITLE OF THE INVENTION AZACYCLOALKANE DERIVATIVES AS
INHIBITORS OF STEAROYL-COENZYME A DELTA-9 DESATURASE
FIELD OF THE INVENTION The present invention relates
to azacycloalkane derivatives which are inhibitors of
stearoyl-coenzyme A delta-9 desaturase (SCD) and the
use of such compounds to control, prevent and/or treat
conditions or diseases mediated by SCD activity. The
compounds of the present invention are useful for the
control, prevention and treatment of conditions and
diseases related to abnormal lipid synthesis and
metabolism, including cardiovascular disease, such as
atherosclerosis; obesity; diabetes; neurological
disease; metabolic syndrome; insulin resistance;
cancer; and hepatic steatosis. BACKGROUND OF THE
INVENTION At least three classes of fatty
acyl-coenzyme A (CoA) desaturases (delta-5, delta-6
and delta-9 desaturases) are responsible for the
formation of double bonds in mono- and polyunsaturated
fatty acyl-CoAs derived from either dietary sources or
de novo synthesis in mammals. The delta-9 specific
stearoyl-CoA desaturases (SCDs) catalyze the
rate-limiting formation of the cis-double bond at the
C9-C10 position in monounsaturated fatty acyl-CoAs.
The preferred substrates are stearoyl-CoA and
palmitoyl-CoA, with the resulting oleoyl and
palmitoleoyl-CoA as the main components in the
biosynthesis of phospholipids, triglycerides,
cholesterol esters and wax esters (Dobrzyn and Natami,
Obesity Reviews , 6: 169-174 (2005)). The rat liver
microsomal SCD protein was first isolated and
characterized in 1974 (Strittmatter et al., PNAS, 71:
4565-4569 (1974)). A number of mammalian SCD genes
have since been cloned and studied from various
species. For example, two genes have been identified
from rat (SCDl and SCD2, Thiede et al., J . Biol.
Chem. , 261, 13230-13235 (1986)), Mihara, K., J.
Biochem. (Tokyo) , 108: 1022-1029 (1990)); four genes
from mouse (SCDl, SCD2, SCD3 and SCD4) (Miyazaki et
al., J. Biol. Chem. . 278: 33904-3391 1 (2003)); and
two genes from human (SCDl and ACOD4 (SCD2)), (Zhang,
et al., Biochem. J ., 340: 255-264 (1991); Beiraghi,
et al., Gene, 309: 11-21 (2003); Zhang et al.,
Biochem. J ., 388: 135-142 (2005)). The involvement of
SCDs in fatty acid metabolism has been known in rats
and mice since the 1970's (Oshino, N., Arch. Biochem.
Biophvs .. 149: 378-387 (1972)). This has been further
supported by the biological studies of a) Asebia mice
that carry the natural mutation in the SCDl gene
(Zheng et al., Nature Genetics . 23: 268-270 (1999)),
b) SCDl-null mice from targeted gene deletion (Ntambi,
et al., PNAS , 99: 11482-1 1486 (2002), and c) the
suppression of SCDl expression during leptin-induced
weight loss (Cohen et al., Science , 297: 240-243
(2002)). The potential benefits of pharmacological
inhibition of SCD activity has been demonstrated
withanti-sense oligonucleotide inhibitors (ASO) in
mice (Jiang, et al., J . Clin. Invest. , 115:
1030-1038 (2005)). ASO inhibition of SCD activity
reduced fatty acid synthesis and increased fatty acid
oxidation in primary mouse hepatocytes. Treatment of
mice with SCD-ASOs resulted in the prevention of
diet-induced obesity, reduced body adiposity,
hepatomegaly, steatosis, postprandial plasma insulin
and glucose levels, reduced de novo fatty acid
synthesis, decreased the expression of lipogenic
genes, and increased the expression of genes promoting
energy expenditure in liver and adipose tissues. Thus,
SCD inhibition represents a novel therapeutic strategy
in the treatment of obesity and related metabolic
disorders. There is compelling evidence to support
that elevated SCD activity in humans is directly
implicated in several common disease processes. For
example, there is an elevated hepatic lipogenesis to
triglyceride secretion in non-alcoholic fatty liver
disease patients (Diraison, et al., Diabetes
Metabolism . 29: 478-485 (2003)); Donnelly, et al., J
. Clin. Invest. 115: 1343- 1351 (2005)). The
postprandial de novo lipogenesis is significantly
elevated in obese subjects (Marques-Lopes, et al.,
American Journal of Clinical Nutrition , 73: 252-261
(2001)). There is a significant correlation between a
high SCD activity and an increased cardiovascular risk
profile including elevated plasma triglycerides, a
high body mass index and reduced plasma HDL (Attie, et
al., J . Lipid Res.. 43: 1899-1907 (2002)). SCD
activity plays a key role in controlling the
proliferation and survival of human transformed cells
(Scaglia and Igal, J. Biol. Chem.. (2005)). Other than
the above mentioned anti-sense oligonucleotides,
inhibitors of SCD activity include non-selective
thia-fatty acid substrate analogs [B. Behrouzian and
P.H. Buist, Prostaglandins. Leukotrienes. and
Essential Fatty Acids . 68: 107-1 12 (2003)],
cyclopropenoid fatty acids (Raju and Reiser, J . Biol.
Chem., 242: 379-384 (1967)), certain conjugated
long-chain fatty acid isomers (Park, et al., Biochim.
Biophys. Acta. 1486: 285-292 (2000)), a series of 



pyridazine derivatives disclosed in published
international patent application publications WO
2005/01 1653, WO 2005/01 1654, WO 2005/01 1656, WO
2005/01 1656, and WO 2005/01 1657, all assigned to
Xenon Pharmaceuticals, Inc., and a series of
heterocyclic derivatives disclosed international
patent application publications WO 2006/014168, WO
2006/034279, WO 2006/034312, WO 2006/034315, WO
2006/034338, WO 2006/034341, WO 2006/034440, WO
2006/034441, and WO 2006/034446, all assigned to Xenon
Pharmaceuticals, Inc. The present invention is
concerned with novel azacycloalkane derivatives as
inhibitors of stearoyl-CoA delta-9 desaturase which
are useful in the treatment and/or prevention of
various conditions and diseases mediated by SCD
activity including those related, but not limited, to
elevated lipid levels, as exemplified in non-alcoholic
fatty liver disease, cardiovascular disease, obesity,
diabetes, metabolic syndrome, and insulin resistance.
The role of stearoyl-coenzyme A desaturase in lipid
metabolism has been described by M. Miyazaki and J .M.
Ntambi, Prostaglandins, Leukotrienes, and Essential
Fatty Acids, 68: 113-121 (2003). The therapeutic
potential of the pharmacological manipulation ofSCD
activity has been described by A. Dobryzn and J.M.
Ntambi, in "Stearoyl-CoA desaturase as a new drug
target for obesity treatment," Obesity Reviews, 6:
169-174 (2005). SUMMARY OF THE INVENTION The present
invention relates to azacycloalkane derivatives of
structural formula I: (I) These azacycloalkane
derivatives are effective as inhibitors of SCD. They
are therefore useful for the treatment, control or
prevention of disorders responsive to the inhibition
of SCD, such as diabetes, insulin resistance, lipid
disorders, obesity, atherosclerosis, and metabolic
syndrome. The present invention also relates to
pharmaceutical compositions comprising the compounds
of the present invention and a pharmaceutically
acceptable carrier. The present invention also relates
to methods for the treatment, control, or prevention
of disorders, diseases, or conditions responsive to
inhibition of SCD in a subject in need thereof by
administering the compounds and pharmaceutical
compositions of the present invention. The present
invention also relates to methods for the treatment,
control, or prevention of Type 2 diabetes, insulin
resistance, obesity, lipid disorders, atherosclerosis,
and metabolic syndrome by administering the compounds
and pharmaceutical compositions of the present
invention. The present invention also relates to
methods for the treatment, control, or prevention of
obesity by administering the compounds of the present
invention in combination with a therapeutically
effective amount of another agent known to be useful
to treat the condition. The present invention also
relates to methods for the treatment, control, or
prevention of Type 2 diabetes by administering the
compounds of the present invention in combination with
a therapeutically effective amount of another agent
known to be useful to treat the condition. The present
invention also relates to methods for the treatment,
control, or prevention of atherosclerosis by
administering the compounds of the present invention
incombination with a therapeutically effective amount
of another agent known to be useful to treat the
condition. The present invention also relates to
methods for the treatment, control, or prevention of
lipid disorders by administering the compounds of the
present invention in combination with a
therapeutically effective amount of another agent
known to be useful to treat the condition. The present
invention also relates to methods for treating
metabolic syndrome by administering the compounds of
the present invention in combination with a
therapeutically effective amount of another agent
known to be useful to treat the condition. DETAILED
DESCRIPTION OF THE INVENTION The present invention is
concerned with azacycloalkane derivatives useful as
inhibitors of SCD. Compounds of the present invention
are described by structural formula I : (I) or a
pharmaceutically acceptable salt thereof; wherein q is
0 or 1; r is 0 or 1; 



Z is O, S, orNR4; X-Y is N-C(O), N-CRaRb, CRl 4-0,
CRl4-S(0) q-2, or CRl 3-CRaRb; Ra and Rb are each
independently hydrogen or C1-3 alkyl, wherein alkyl is
optionally substituted with one to three substituents
independently selected from fluorine and hydroxy; W is
heteroaryl selected from the group consisting of:s
heteroaryl selected from the group consisting
of:wherein Re is -(CH2)m Cq 2H, -(CH2)m Cq 2Ci-3
alkyl, -(CH2)m -Z-(CH2)pCq 2H, or
-(CH2)m-Z-(CH2)pCO2Ci-3 alkyl; wherein any methylene
(CH2) carbon atom in (CH2)m or (CH2)p is optionally
substituted with one hydroxy, one amino, or one to two
fluorines; and wherein said R heteroaryl ring is
optionally substituted with one substituent
independently selected from the group consisting of
cyano, halogen, Cl .4 alkyl, Cl .4 alkoxy, C1-4
alkylthio, C1-4 alkylsulfonyl, and trifluoromethyl;
each R2 is independently selected from the group
consisting of: hydrogen, halogen, hydroxy, cyano,
amino, nitro, C1-4 alkyl, optionally substituted with
one to five fluorines, C1-4 alkoxy, optionally
substituted with one to five fluorines, C1-4
alkylthio, optionally substituted with one to five
fluorines, C1-4 alkylsulfonyl, carboxy, C1-4
alkyloxycarbonyl, and C1-4 alkylcarbonyl; Ar is
phenyl, naphthyl, or heteroaryl optionally substituted
with one to five R substituents; each R3 is
independently selected from the group consisting of:
C1-6 alkyl, C2-6 alkenyl, (CH2 )n-phenyl, (CH2
)n-naphthyl, (CH2)n-heteroaryl, (CH2)n-heterocyclyl,
(CH2)n C3-7 cycloalkyl,halogen, nitro, (CH2 )nC N,
(CH2 )nNR4SO2R4 (CH2 )n S(O)0-2R4, (CH2 )nNR4C(O)R4,
(CH2 )nNR4CO2R4, (CH2 )n C(O)R4, (CH2 )s-Z-(CH2
)t-phenyl, (CH2)s-Z-(CH2 )t-naphthyl, (CH2)s-Z-(CH2
)t-heteroaryl, (CH2 )s-Z-(CH2 )t-heterocyclyl,
(CH2)s-Z-(CH2 )t-C3-7 cycloalkyl, (CH2 )s-Z-(CH2
)t-OR4, (CH2 )s-Z-(CH2 )t-N(R4)2, (CH2 )s-Z-(CH2
)t-NR4SO2 R4, (CH2 )s-Z-(CH2 )t-C , (CH2 )s-Z-(CH2
)t-CO2 R4, (CH2 )s-Z-(CH2 )t-SO2N(R4)2 , (CH2
)s-Z-(CH2 )t-S(O)0-2R4, (CH2
)s-Z-(CH2)t-NR4C(O)N(R4)2, (CH2 )s-Z-(CH2
)t-C(O)N(R4)2, (CH2 )s-Z-(CH2 )t-NR4C(O)R4,
(CH2)s-Z-(CH2 )t-NR4CO2R4, (CH2 )s-Z-(CH2 )t-C(O)R4, 



CF3 , CH2CF3 , OCF3 , and OCH2CF3 ;in which phenyl,
naphthyl, heteroaryl, cycloalkyl, and heterocyclyl are
optionally substituted with one to three substituents
independently selected from halogen, hydroxy, Ci .4
alkyl, trifluoromethyl, and Cl .4 alkoxy, optionally
substituted with one to five fluorines; and wherein
any methylene (CH2) carbon atom in R.3 is optionally
substituted with one to two groups independently
selected from fluorine, hydroxy, and Cl .4 alkyl; or
two substituents when on the same methylene (CH2)
group are taken together with the carbon atom to which
they are attached to form a cyclopropyl group; each R4
is independently selected from the group consisting of
hydrogen, C1-6 alkyl, (CH2)n-phenyl,
(CH2)n-heteroaryl, (CH2)n-naphthyl, and (CH2 )nC3-7
cycloalkyl; wherein alkyl, phenyl, heteroaryl, and
cycloalkyl are optionally substituted with one to
three groups independently selected from halogen, Cl
.4 alkyl, and Ci .4 alkoxy; or two R.4 groups together
with the atom to which they are attached form a 4- to
8-membered mono- or bicyclic ring system optionally
containing an additional heteroatom selected from O,
S, NH, and NCi -4 alkyl; R5, R6, R7, R8, R9, RlO, Rl I
and Rl2 are each independently hydrogen, fluorine, or
Ci-3 alkyl, wherein alkyl is optionally substituted
with one to three substituents independently selected
from fluorine and hydroxy; Rl is hydrogen, Cl .3
alkyl, fluorine, or hydroxy; each Rl4 is hydrogen or
Ci-3 alkyl; each m is independently an integer from 0
to 4; each p is independently an integer from 1 to 3;
each n is independently an integer from 0 to 2; each s
is independently an integer from 1 to 3; and each t is
independently an integer from 1 to 3. hi one
embodiment of the compounds of the present invention,
m is 1 or 2. hi a class of ths embodiment, m is 1. hi
a second embodiment of the compounds of the present
invention, q and r are both 1, affording a 6-membered
piperidine ring. hi a third embodiment of the
compounds of the present invention, q is 1 and r is 0,
affording a 5-membered pyrrolidine ring. hi a fourth
embodiment of the compounds of the present invention,
q and r are both 0, affording a 4-membered azetidine
ring.In a fifth embodiment of the compounds of the
present invention, X-Y is N-C(O). In a class of this
embodiment, Ar is phenyl substituted with one to three
R3 substituents as defined above. In a sixth
embodiment of the compounds of the present invention,
X-Y is CH-O. In a class of this embodiment, Ar is
phenyl substituted with one to three R.3 substituents
as defined above. In a seventh embodiment of the
compounds of the present invention, X-Y is CH-S(OV. hi
a class of this embodiment, Ar is phenyl substituted
with one to three R.3 substituents as defined above.
hi an eighth embodiment of the compounds of the
present invention, X-Y is N-CRaRb. In a class of this
embodiment, Ar is phenyl substituted with one to three
R.3 substituents as defined above hi yet another class
of this embodiment, R and R are hydrogen and Ar is
phenyl substituted with one to three R3 substituents.
hi a ninth embodiment of the compounds of the present
invention, X-Y is CRl 3-CRaRb. In a class of this
embodiment, Ar is phenyl substituted with one to three
R3 substituents as defined above hi yet another class
of this embodiment, Ra, Rb and R 3 are hydrogen and Ar
is phenyl substituted with one to three R3
substituents. hi a further embodiment of the compounds
of the present invention, R5, R6, R7 



R8, R9, RlO Rl I and Rl 2 are each hydrogen. hi yet a
further embodiment, W is heteroaryl selected from the
group consisting of: wherein Rl and R2 are as defined
above hi a class of this embodiment, R2 is hydrogen.
In another class of this embodiment, W is wherein Rl
and R2 are as defined above.In a yet a further
embodiment, Rl is heteroaryl selected from the group
consisting of wherein R is -CH2CO2H or -CH2CO2C1-3
alkyl. In a class of this embodiment, Rl is In yet a
further embodiment of the compounds of the present
invention, q and r are both 1; X-Y is CH-O; W is
heteroaryl selected from the group consisting of: and
Rl is heteroaryl selected from the group consisting
of:wherein Re is -CH2CO2H or -CH2CO2C1-3 alkyl. In a
class of this embodiment, R2, R5, R6, R7 R8, R9, RIO,
R I 1 and Rl2 are each hydrogen. In another class of
this embodiment, W is and Rl is wherein Re is -CH2CO2H
or -CH2CO2C1-3 alkyl. In a subclass of this class, R2,
R5, R6, R7, R8, R9 RIO, Rl 1, and Rl 2 are each
hydrogen. Illustrative, but nonlimiting examples, of
compounds of the present invention that are useful as
inhibitors of SCD are the following:LASER MACHINING
This invention relates to laser machining and in
particular to pulsed laser machining in which
successive pulses do not overlap at the substrate
being machined. Laser micro-machining with state of
the art solid state lasers typically involves the use
of lasers with galvanometer scanners to position a
focussed laser beam on the surface of a wafer or
substrate to be machined. Typically, these lasers
operate at repetition rates of 30 to 200 kHz and
scanning occurs at velocities such that individual
focussed laser spots overlap to some extent to form a
shallow trench or scribe line. As shown in Figure 1,
multiple lines or passes 11 are used in this way to
cut through or to dice, i.e. singulate, semiconductor
devices 12. This process is described in, for example,
EP 1328372. Thus laser dicing is accomplished by
scanning a laser beam across a substrate. Typically,
with laser dicing, as shown in Figure 2, successive
adjacent pulses 2 1 are placed to have a certain
overlap by scanning the laser beam at a particular
scan speed to give a substantial overlap between the
pulses. The scan is repeated in a number of passes 11,
until the substrate is fully diced through. As shown
in Figure 3, this results in dicing with a relatively
smooth 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 'scalloped' edge 51. Moreover, as shown in
Figure 6, when a laser pulse 6 1 ablates material 62 a
plume of debris 63 is created. If the subsequent pulse
64 interacts with the debris plume 63, the succeeding
laser pulse 64 is partially attenuated because the
debris plume partially absorbs the energy of the
succeeding laser pulse. It is an object of the present
invention at least to ameliorate the aforesaid
disadvantages in the prior art. According to the
invention there is provided a method of laser
machining a feature in a substrate comprising:
machining the substrate with a pulsed laser 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 sum of radii of the successive pulses so
that the successive pulses at the substrate do not
overlap but are either contiguous or spaced apart; and
machining with succeeding scans of the laser along the
scan line which are offset along the scan line with
respect to the starting point of a previous scan so
that multiple successive laser scans provide machining
to a required depth while smoothing edges of the
feature.Preferably, successive pulses are sufficiently
separated on the substrate that a plume produced by a
laser pulse does not substantially absorb energy from
a succeeding pulse. Conveniently, the method comprises
machining with a pulse repetition rate of 200 kHz to
300 kHz. Advantageously, the method comprises complete
dicing or slot cutting through the substrate.
Advantageously, the machining comprises a laser dicing
process for semiconductor 



dicing. Alternatively, the machining comprises slot
drilling. The invention will now be described, by way
of example, with reference to the accompanying
drawings in which: Figure 1 is a schematic transverse
cross-sectional view showing successive laser scans
across a substrate to form a channel; Figure 2 is a
schematic plan view of laser pulses on a substrate
according to the prior art in which a succeeding laser
pulse substantially overlaps a preceding pulse. Figure
3 is a schematic plan view of edges of a machined
channel using the laser pulse pattern of Figure 2;
Figure 4 is a schematic plan view of pulses on a
substrate in which a succeeding laser pulse overlaps a
preceding pulse less than in the pulse pattern of
Figure 2. Figure 5 is a schematic plan view of edges
of a machined channel using the laser pulse pattern of
Figure 4; Figure 6 is a transverse cross-sectional
view of laser machining of a substrate using
substantially overlapping laser pulses as in Figures 2
and 3; Figure 7 is a transverse cross-sectional view
of laser machining of a substrate according to the
invention using substantially non-overlapping pulses;
Figure 8 is a schematic plan view of successive offset
scans of pulses on a substrate according to the
invention using the substantially non-overlapping
pulses of Figure 7;Figure 9 is a schematic successive
plan views of edges of a machined channel using the
successive offset scans of Figure 8; and Figure 10 is
a graph of theoretical machining speed versus pulse
overlap with and without successive scans being offset
as they are offset in Figure 8. In the Figures, like
reference numbers denote like parts. The following
definitions are used herein: Repetition rate, R: The
number of pulses per second emitted from the laser.
Scan Speed, Vg: The scanning velocity of the galvo.
Linear Overlap, O: The extent of overlap in microns
between centres of consecutive pulses at the
substrate. Kerf diameter, K: Diameter of a specific
trench or feature as formed by the laser pulses. Pulse
spacing, S: The centre-to-centre distance between
sequential pulses of a single scan at the substrate.
Offset dither, D: The centre-to-centre distance
between corresponding pulses formed by sequential
scans in a multiple pass cutting process. Number of
Scans, N: The number of consecutive scans required to
dice through a substrate. Referring to Figure 7, in a
method according to the invention, successive pulses
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 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 9 1 that is created by a
first scan using pulses 8 1 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,progressively straighter
edges 92, 93, 94 of the scanned feature are produced
with each pass. Thus the invention provides a method
for laser scribing, dicing or machining of
semiconductor substrates with improved edge quality,
throughput and debris control using multiple pass
machining with non-overlapping spatial distribution of
pulses in each individual pass, but with pulses in
succeeding passes offset from pulses in previous
passes. This laser machining with zero overlap
substantially prevents pulse-plume interaction, and
hence substantially eliminates any loss of energy of a
succeeding pulse to a plume produced by a previous
pulse. 



Thus in the laser machining process according to the
invention a pulsed laser is used to scan spatially in
a direction to be machined. Multiple scans of the
laser are used to form a scribe or through feature.
The scanning velocity Vg and repetition rate R of the
pulses is such that pulses do not overlap. A
repetition range of 200 kHz to 300 kHz has been found
to be suitable. Individual scans of the laser are
positioned spatially to overlap with preceding scans
by synchronising and use of a time delay in pulse
emission from the laser. This process results in the
following advantages:  Improved side wall quality
Increased die strength  Reduced bound debris
Increased throughput EXAMPLE The laser parameters used
are described in Table 1 below. The laser ran at
17OkHz, which gave a pulse energy at the wafer of
~60mJ. The scan speed was varied from 500mm/s to
3500mm/s to give overlaps in the range 80% to -50%.
The overlap was determined from the ablated spot
diameter (~14mm) rather than the theoretical spot
diameter (~8mm). A 75mm wafer was diced, and the
number of passes to cut through at each overlap was
determined, as shown in Table 2. In each case the
machining speed was measured. The graph 101 in Figure
10 shows that the machining speed increased nearly
linearly with decreasing percentage overlap or
increasing spacing of successive pulses. It is
believed thatthis is mostly due to the reduction in
pulse-plume interaction, as described above. It may
also be because there is less material being removed
overall as the overlap decreases and the edges become
'scalloped'. If the process is adjusted to offset
successive passes to produced less scalloped edges,
then the increase in machining speed is found to be
slightly less pronounced, as shown by line 102 in
Figure 10. Table 1 - Laser parameters Table 2 - Dicing
experiment It has therefore been demonstrated that
dicing with zero overlap according to the invention
results in more efficient material removal from the
wafer. The depth per pulse increases with decreasing
overlap as the attenuation of the pulses in the debris
plume decreases. To ensure a smooth die edge, a
strategy is employed whereby pulses in succeeding
passes are offset from the previous pass.Although the
invention has been described in terms of machining a
channel in a substrate, particularly for the dicing of
a semiconductor substrate, it will be understood that
the invention has applicability in the laser machining
of other features where overlapping pulses are
presently used, such as, for example, in machining an
ingot from a substrate.CLAIMS 1. A method of laser
machining a feature in a substrate comprising: a .
machining the substrate with a pulsed laser 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 sum of radii of the successive pulses and
the successive pulses at the substrate do not overlap
but are either contiguous or spaced apart; and b.
machining with succeeding scans of the laser along the
scan line which are offset along the scan line with
respect to the starting point of a previous scan so
that multiple successive laser scans provide machining
to a required depth while smoothing edges of the
feature. 2 . A method as claimed in claim 1, wherein
successive pulses are sufficiently separated on the
substrate that a plume produced by a laser pulse does
not substantially absorb energy from a succeeding
pulse. 3 . A method as claimed in claims 1 or 2
comprising machining with a pulse repetition rate of
200 kHz to 300 kHz. 4. A method as claimed in any of
the preceding claims, comprising complete dicing or
slot cutting through the substrate. 5. A method as
claimed in any of the preceding claims, wherein the
machining comprises a laser dicing process for
semiconductor dicing. 6. A method as claimed in any of
claims 1 to 4, wherein the machining comprises slot
drilling. 


