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(57) ABSTRACT 

A method and apparatus for Singulating Semiconductor 
wafers is described. The method comprises the steps of 
aiming a laser beam at a layer placed over the Substrate; 
absorbing energy from the laser beam into the layer; forming 
Scribe lines in the layer by Scanning the laser beam acroSS 
the layer; and cutting through the Substrate along the Scribe 
lines with a Saw blade to Singulate the wafer. The apparatus 
includes a laser placed over the coating layer of the Sub 
Strate, and a Saw blade mounted over a Surface of the 
Substrate. The coating layer has a first absorption coefficient 
relative to a wavelength of the laser and the Semiconductor 
Substrate has a Second absorption coefficient less than the 
first absorption coefficient. Energy from the laser beam is 
absorbed into the coating layer to form Scribe lines therein, 
and the Saw blade cuts through the Substrate along the Scribe 
lines. 
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No. of Chips 

Chip Size (Microns) 

Quonties 
MOximum 1 OO.O2 2O2.OO 
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APPARATUS AND METHOD FOR SINGULATING 
SEMCONDUCTOR WAFERS 

0001. This application is a Continuation-in-Part of pend 
ing application Ser. No. 09/817,959 filed on Mar. 27, 2001, 
which is a Continuation-in-Part of pending application Ser. 
No. 09/327,722 filed on Jun. 8, 1999. 

FIELD OF THE INVENTION 

0002 This invention relates generally to dicing of semi 
conductor wafers. More specifically, the present invention 
relates to a method and apparatus for laser Scribing followed 
by mechanical dicing of the Semiconductor wafers. 

BACKGROUND OF THE INVENTION 

0.003 Die separation, or dicing, by sawing is the process 
of cutting a microelectronic Substrate into its individual 
circuit die with a rotating circular abrasive Saw blade. This 
proceSS has proven to be the most efficient and economical 
method in use today. It provides Versatility in Selection of 
depth and width (kerf) of cut, as well as Selection of Surface 
finish, and can be used to saw either partially or completely 
through a wafer or Substrate. 
0004 Wafer dicing technology has progressed rapidly, 
and dicing is now a mandatory procedure in most front-end 
Semiconductor packaging operations. It is used extensively 
for Separation of die on Silicon integrated circuit wafers. 
0005 Increasing use of microelectronic technology in 
microwave and hybrid circuits, memories, computers, 
defense and medical electronics has created an array of new 
and difficult problems for the industry. More expensive and 
exotic materials, Such as Sapphire, garnet, alumina, ceramic, 
glass, quartz, ferrite, and other hard, brittle Substrates, are 
being used. They are often combined to produce multiple 
layers of dissimilar materials, thus adding further to the 
dicing problems. The high cost of these Substrates, together 
with the value of the circuits fabricated on them, makes it 
difficult to accept anything less than high yield at the 
die-separation phase. 

0006 Dicing is the mechanical process of machining 
with abrasive particles. It is assumed that this proceSS 
mechanism is similar to creep grinding. AS Such, a similarity 
may be found in material removal behavior between dicing 
and grinding. The size of the dicing blades used for die 
Separation, however, makes the process unique. Typically, 
the blade thickness ranges from 0.6 mils to 50 mils (0.015 
mm to 1.27 mm), and diamond particles (the hardest known 
material) are used as the abrasive material ingredient. Dicing 
Saw blades are made in the form of an annular disc that is 
either clamped between the flanges of a hub or built on a hub 
that accurately positions the thin flexible Saw blade. Because 
of the diamond dicing blade's extreme fineness, compliance 
with a strict Set of parameters is imperative, and even the 
Slightest deviation from the norm can result in complete 
failure. 

0007 FIG. 1 is an isometric view of a semiconductor 
wafer 100 during the fabrication of semiconductor devices. 
A conventional semiconductor wafer 100 may have a plu 
rality of chips, or dies, 100a, 100b, . . . formed on its top 
surface. In order to separate the chips 100a, 100b, ... from 
one another and the wafer 100, a series of orthogonal lines 

Mar. 14, 2002 

or “streets"102, 104 are cut into the wafer 100. This process 
is also known as dicing the wafer. 
0008 IC wafers are coated with various layers such as 
passivation of oxides or nitrides, dielectrics, polymer coat 
ings, and aluminum as well as copper metal pads (all 
collectively shown as 106 in FIG. 1). The wafer scribe lines 
(streets) reflect similar coatings on the chips, since all of the 
test devices and alignment marks are located within the 
scribe line borders. The wafer streets are therefore fully or 
partially coated with different materials and are largely 
non-homogeneous. This combination of materials has a 
Significant effect on wafer dicing and die edge quality. When 
conventional dicing technology is used, Such as a Single 
blade and a single cut, the die edge on the bottom Side of 
Semiconductor wafer SufferS Severe backside chipping 
(BSC). In addition, on the topside of the wafer, problems at 
the die edge include cracking of the passivation and dielec 
tric layers, the Smearing or tearing of the metal pads, and the 
formation of polymer Slivers. 
0009. One approach to overcome the aforementioned die 
edge problems is a mechanical dual dicing method. This 
method is a combination of two cuts (step cut), the first one 
being shallow and the Second one being a through cut. The 
purpose of the first cut is to remove all the coatings 106 from 
the streets 102, 104 of semiconductor wafer 100 in order to 
permit a Smooth through cut. The first cut, is performed 
using either a beveled blade or a Standard blade that pen 
etrates the silicon wafer as well. The removal of the coat 
ings, passivation, dielectricS and metal pads 106 from the 
streets 102, 104 also affects the backside chipping. As a 
result, the size of chipping is reduced. 
0010. There are many disadvantages, however, to the step 
cut. First, the process throughput is reduced dramatically, 
Since instead of one pass in the Street, two passes are 
required. Second, the mechanical removal of the coatings 
creates residual cracks, which, in turn, cause further dete 
rioration of the dice. Third, when the bevel blade wears out, 
the kerf gets wider and this requires frequent handling and 
replacement of the blade. Forth, the price of bevel blades is 
more expensive by a factor of five compared to a Standard 
blade. All these drawbacks result in a high cost is of 
ownership with regard to the Step cut process. 
0011. There are other disadvantages regarding the bev 
eled cut. Namely, blade penetration height must be carefully 
monitored, because for each one micron of penetration, the 
kerf widens by about two microns. In addition, the beveled 
blade may insert hidden damage into the die edge, in the 
form of cracks for example. Visual inspection of dice after 
dicing (an industry Standard) is not capable of detecting this 
damage. 

0012. In view of the shortcomings of the prior art, there 
is a need to develop a method to cut die having various 
coating layerS and test Structures in the wafer Scribe lane So 
as to increase throughput, minimize the backside chipping, 
and to increase the yield of uSeable circuits. 

SUMMARY OF THE INVENTION 

0013 In view of the shortcomings of the prior art, it is an 
object of the present invention to optimize the dicing process 
and minimize bottom Side chipping (BSC) of Semiconductor 
wafers. 
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0.014. The present invention is a method for dicing a 
Semiconductor Substrate by focusing a laser beam onto a 
coating layer over a top Surface of the Substrate; absorbing 
energy into only the layer; forming Scribe lines on the 
Substrate Surface by Scanning the laser beam acroSS the 
Surface of the Substrate to evaporate only portions of the 
layer; and dicing the Substrate along the Scribe lines with a 
saw blade. 

0.015 According to another aspect of the invention, the 
laser emits infrared radiation. 

0016. According to still another aspect of the invention, 
the scribe line removes all the layers over the silicon wafer, 
with minimal heat damage to the Silicon Substrate. 
0.017. These and other aspects of the invention are set 
forth below with reference to the drawings and the descrip 
tion of exemplary embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.018. The invention is best understood from the follow 
ing detailed description when read in connection with the 
accompanying drawing. It is emphasized that, according to 
common practice, the various features of the drawing are not 
to Scale. On the contrary, the dimensions of the various 
features are arbitrarily expanded or reduced for clarity. 
Included in the drawing are the following Figures: 

0.019 FIG. 1 is an isometric view of a semiconductor 
wafer used to form Semiconductor devices, 

0020 FIG. 2 is a flow chart of a first exemplary method 
of the present invention; 
0021 FIGS. 3A and 3B are diagrams of a first exemplary 
embodiment of the present invention; 
0022 FIG. 4A is an illustration of saw blade motion; 
0023 FIG. 4B is an illustration of the laser beam motion 
of the exemplary embodiment of the present invention; 
0024 FIG. 5 is a statistical chart representing the back 
Side chipping distribution of a Silicon wafer with coatings 
where laser Scribing assisted dicing, according to an exem 
plary embodiment of the present invention, was performed; 
0.025 FIG. 6 is a statistical chart representing the back 
Side chipping distribution of a Silicon wafer with coatings 
where conventional single step dicing (untreated wafer) was 
performed; 

0.026 FIG. 7 is a diagram of a second exemplary embodi 
ment of the present invention; 
0027 FIGS. 8A and 8B are diagrams of a third exem 
plary embodiment of the present invention; 

0028 FIG. 9 is a diagram of a fourth exemplary embodi 
ment of the present invention; 

0029 FIG. 10 is a flow chart of an exemplary method of 
the present invention; 

0030 FIG. 11 is a flow chart of a second exemplary 
method of the present invention; 

0031 FIG. 12 is a flow chart of a third exemplary method 
of the present invention; and 
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0032 FIG. 13 is a flow chart of a fourth exemplary 
method of the present invention. 

DETAILED DESCRIPTION 

0033. In the manufacture of semiconductor devices, indi 
vidual chips are cut from a large wafer using a very high 
Speed rotating Saw blade. In essence, the Saw blade grinds 
away a portion of the wafer along linear Streets or kerfs (102, 
104 as shown in FIG. 1) in one direction followed by a 
Similar Second operation in an orthogonal direction. 
0034) The quality of the dice (chips) is directly related to 
the minimization of chipping (front and back) during the 
dicing operation. The inventor has determined that by 
removing all the layerS on top of the Silicon Substrate using 
a non-mechanical approach, in the area where the Substrate 
will be cut through, throughput is dramatically increased (by 
about a factor of two), front Side chipping (FSC) is signifi 
cantly reduced (if not completely eliminated), BSC is mini 
mized, and device yield is increased as well. 
0035) Referring to FIG. 2, a flow chart of an exemplary 
embodiment of the present invention is shown. Referring to 
FIGS. 3A and 3B, a first exemplary embodiment of the 
wafer Singulating apparatus 300 is shown. 

0036). In FIG. 2, at Step 200, laser beam 306 from laser 
304 (shown in FIGS. 3A and 3B) is directed by folding 
mirror 308 and focused by lens 310, as focused beam 302, 
onto coating layers 106 which overlie the surface of Sub 
strate 100. It should be noted that focused laser beam 302 
might also be focused at a point above or below the Surface 
of coating layers 106 or substrate 100. At Step 205, focused 
laser beam 302 is scanned across the Surface of Substrate 
coating layerS 106 in a linear motion (in direction A for 
example) to remove all layers 106 by evaporation and form 
desired scribe lines 102. 

0037. The upper layers on top of the wafer Surface are a 
combination of passivation layers, dielectrics, oxides, 
nitrides and metal pads. In most Standard ICs, the total 
thickness of all these layerS is usually less than 20 microns. 
The individual thickness of each layer is usually less than 
one micron, with the exception of the polymer layer having 
a thickness of few microns. The optical properties, Such as 
absorption, reflection, and index of refraction of these layers 
are very different from one layer to another and from that of 
the Silicon Substrate. 

0038. One of the major concerns when processing IC 
wafers with laser irradiation is the high sensitivity of the 
device to heating and thermal damage. Excessive heating of 
the Substrate can reduce device performance, reliability and 
even cause instant device failure. It is therefore necessary to 
use an appropriate range of laser frequencies that are 
Strongly absorbed in the upper layers, but with minimal 
absorption within the substrate. One of the most suitable 
lasers for the Suggested process in this embodiment is the 
CO, laser irradiating in the far infrared region of the spec 
trum at a wavelength of about 10.6 microns, for example. 
The absorption coefficient of the CO laser energy by silicon 
is practically Zero, and is considerably lower (by about an 
order of magnitude, i.e. a factor of 10, and preferably at least 
an order of magnitude) than the absorption coefficient of the 
coating layers. On the contrary, Silicon heavily absorbs 
(absorption coefficient of 10 cm) energy in the UV range 
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of the spectrum, Such as a wavelength of about 200 nm. 
Laser energy Sources, Such as Excimer (UV) laser Sources, 
described in the prior art to process silicon (U.S. Pat. No. 
5,151,389 to Zappella, and U.S. Pat. No. 5,552,345 to 
Schrantz et al.) are examples of Sources whose energy is 
readily absorbed by silicon. Nevertheless, the use of lasers 
emitting energy in the UV frequency range can significantly 
damage the Silicon wafer, while the present embodiment 
overcomes this major deficiency by using laser radiation that 
is not absorbed by the silicon Substrate. The silicon cannot 
be heated directly by far infrared laser radiation, while the 
upper coatings over the Silicon Substrate are partially or 
completely removed by the CO laser beam due to the much 
larger absorption coefficient of the layerS relative to that of 
the Silicon Substrate. An analogous approach is used in the 
well known process of etching, where a stop etch layer is 
used to increase process robustness, accuracy, and to protect 
other layers. In the aforementioned embodiment, the Silicon 
Substrate acts as a Stop etch layer for the laser irradiation. In 
U.S. Pat. No. 4,716,270 to Gnanamuthu et al. totally differ 
ent physics are used to differentiate between laser processing 
of two layers of material. In Gnanamuthu et al. the work 
piece is a metal coated with an organic polymer, and the 
differentiation between the laser processing on the two 
layerS is based on a reflection principle, in which the laser 
radiation is highly reflected from the underlying metal 
Substrate. By contrast, the exemplary embodiment of the 
present invention is capable of removing thin metal layers 
on top of the wafer Substrate, despite their high reflectivity 
to the laser radiation. This is possible because the exemplary 
process is based on absorption of the laser energy rather than 
reflection. 

0039. In an exemplary embodiment of the present inven 
tion, the focused laser beam 302 is about 50 um in diameter, 
although other diameters may be used as necessary. The 
focused laser beam diameter should preferably be larger 
than the thickness of the dicing blade (314 in FIGS.3A and 
3B), however, in order to completely eliminate any front 
side chipping of the wafer. In forming streets 102, 104 
focused laser beam 302 removes only the layers 106 on top 
of silicon Substrate 100, resulting in minimal indirect heat 
ing of the Silicon Substrate. Complementary to the laser 
Scribing process is the mechanical saw dicing (described in 
detail below) of the Silicon Substrate where dies are singu 
lated. 

0040. In an exemplary embodiment, the laser assembly 
322 (which includes laser 304, folding mirror 308 and lens 
310) is stationary while the substrate 100 is moved in 
direction A, for example, using a conventional X-Y table 
316 onto which the substrate 100 is mounted (by vacuum for 
example), to form streets 102. As each street 102 is com 
pleted, substrate 100 is translated in direction B by X-Y table 
316 and the process is repeated for an additional street 102. 
0041 After all of the streets 102 are formed, substrate 
100 is rotated by about 90 so that the process may be 
repeated to form streets 104 in substrate 100. Alternatively, 
laser assembly 322 may be moved relative to a Stationary 
Substrate 100 in either or both the X and Y directions. 

0.042 Referring again to FIG. 2, at Step 210, Substrate 
100 is diced by penetrating substrate 100 along scribe lines 
102,104 with saw blade 314, under control of motor/spindle 
assembly 312 to form dies 100a, 100b, etc. 
0.043 Although for simplicity of illustration saw blade 
314 is shown positioned lateral to focused laser beam 302, 
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the invention is not so limited, in that saw blade 314 may be 
placed essentially linear to focused laser beam 302 to 
provide for a more compact design. 
0044 One major advantage of laser scribing is that laser 
Scribing may be performed at a much higher feed rate than 
the conventional Step cut dicing process to remove the top 
layers over the substrate. It should be noted, however, that 
the feed rates of the abrasive dicing, which follows the laser 
Scribing, and the Scribing are not necessarily the Same. For 
example, Scribing Velocities can reach up to 600 mm/Sec, 
which is about an order of magnitude greater than a con 
ventional feed rate used in the dicing process. 
0045 Another advantage of the exemplary laser scribe 
process over conventional dicing is represented in FIGS. 4A 
and 4.B. While dicing with a saw blade, the blade needs to 
penetrate the wafer from a particular direction (motion 400, 
shown in FIG. 4A). Therefore, in order to make successive 
cuts, the blade motion has a ZigZag form as shown in FIG. 
4A (motion 400 followed by motion 402, etc.) This approach 
is time consuming, however, Since during the return time 
(motion 402) the blade can not cut. According to the 
exemplary embodiment of the present invention, Since the 
laser Scribing is a contact-leSS process the laser can operate 
in both directions (staggered mode) as is shown in FIG. 4B 
(motion 400, followed by motion 404, followed by motion 
406, etc.) Therefore, the only non-scribing time is during 
motion 406 from a dicing Street to the next dicing Street. 
0046 Yet another advantage of the laser scribing over the 
Step-bevel cut is eliminating the need for expensive blades, 
and allowing the possibility of Sealing the passivation layer 
using the laser beam, thereby avoiding crack formation. 
0047. In a first exemplary method a wafer (substrate) was 
treated with a CO laser beam to remove all of the coatings 
from the streets of the wafer (without any direct effect on the 
Silicon Substrate) prior to cutting, in order to eliminate FSC 
and decrease BSC. The wafer was treated with a uniform 
level of energy to remove the coatings over the Substrate by 
evaporation. All the streets 102,104 were treated according 
to the Same parameters. The parameters of the exemplary 
CO laser were as follows: 

0.048 Power-20 Watts 
0049) Feed rate=16"/sec (406.4 mm/sec) 

0050. Following laser scribing, the wafer was diced with 
a Saw blade using the following parameters: 

0051 Feed rate: 2.165"/sec (55 mm/sec), 
0.052 Spindle speed: 40,000 rpm, 
0.053 Blade type: 2" (50.8 mm) diameter, nickel 
binder, approximately 0.0012 in. (0.030 mm) thick. 

0054 The wafer was subjected to microscopic and sta 
tistical analysis to determine the amount of BSC resulting 
from the dicing operation. FIG. 5 is the statistical analysis 
of the BSC result where the upper layers are evaporated 
from the Street according to the first exemplary embodiment 
before dicing the substrate. As shown in FIG. 5, the maxi 
mum BSC is about 83 lum and the average BSC is about 31 
plm. 

0055. By contrast, FIG. 6 is a statistical layout of the 
BSC result where the upper coatings were not removed 
according to the exemplary process before dicing the Sub 
strate. As shown in FIG. 6, the maximum BSC is about 202 
lum and the average BSC is about 99 um. 
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0056. Overall, using the exemplary embodiment, the 
BSC improvement achieved is more than three times than 
the results achieved using the conventional Single blade, 
Single cut dicing method. 
0057 The laser is used primarily to remove various 
Surface coatings, without damaging the edges of the Scribe 
line. The improved BSC results from the removal of all the 
coating layers that typically clog a dicing blade resulting in 
excessive backside chipping. 
0.058 Although specific aspindle speed is illustrated, it is 
contemplated that the spindle speed may be at least 2,000 
RPM and may be as high as 60,000 RPM. Furthermore, 
instead of a CO laser, other wavelengths of laser irradiation 
may be used such that their absorption coefficient within the 
coating layerS 106 is significantly higher (by about at least 
an order of magnitude based on the wavelength of the laser) 
than that of the substrate. Use of these different lasers may 
produce varying degrees of BSC improvement. It is con 
templated that laserS having wavelengths between about 1.2 
and 15 microns may be used, preferably between about 9 
and 11 microns, and most preferably about 9.3, 9.6 or 10.6 
microns. 

0059 Although lasers with specific power ratings are 
illustrated above, it is contemplated that lower or higher 
powered laserS may be used as desired. For example, it is 
contemplated that laserS having power rating as low as 5 
Watts may be used to achieve reduced BSC. 
0060 Referring now to FIG. 7A, a second exemplary 
embodiment of the present invention is shown and described 
in the flow chart of FIG. 10. The second exemplary embodi 
ment is Similar to the first exemplary embodiment except for 
the addition of second laser assembly 700, including laser 
704 (emitting laser beam 706) and mirror 708 to direct laser 
beam 706 onto focusing lens 710. The output of focusing 
lens 710 is focused beam 702 Similar to focused beam 302. 
The advantage of the Second exemplary embodiment is that 
substrate 100 may be scribed about twice as fast as in the 
first exemplary embodiment. 
0061 Another approach to the second exemplary 
embodiment is shown in FIG. 7B.. As shown in FIG. 7B, a 
single laser source 720 having about twice the power of laser 
Source 304 is used to generate laser beam 722, which is then 
split into two essentially identical laser beams 724 and 726 
with beam splitter 712. The laser beams 724 and 726 are 
then used to generate focused laser beams 302 and 702, 
respectively, according to the process described above. 
0062) Referring to FIG. 10, a flow chart of the second 
exemplary embodiment is shown. At Step 1000, laser beams 
306, 706 from laser 304, 704, respectively, are directed by 
mirrors 308, 708 and focused by lens 310, 710, as focused 
beam 302, 702, onto coating layers 106 of substrate 100. As 
in the first exemplary embodiment, focused laser beams 302, 
702 may also be focused at a point above or below the 
surface of coating layers 106 or substrate 100. At Step 1005, 
focused laser beams 302, 702 are Scanned across the Surface 
of the substrate coating layers 106 in a linear motion to 
remove portions all layers 106 by evaporation and form 
scribe lines 102,104. At Step 1010, substrate 100 is diced by 
penetrating substrate 100 along scribe lines 102, 104 with 
saw blade 314, under control of motor/spindle assembly 
312, to form dies 100a, 100b, etc. 
0063 Referring now to FIGS. 8A and 8B, a third exem 
plary embodiment of the present invention is shown and 
described in the flow chart of FIG. 11. The third exemplary 
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embodiment is similar to the first exemplary embodiment 
(Steps 1100 and 1105) except for the addition of a second 
motor/spindle assembly 812 and dicing blade 814. In this 
exemplary embodiment, at Step 1110, saw blades 314,814 
penetrate substrate 100 (along streets 104,106) eitheri) after 
the entire Substrate is Scribed along either one or both 
directions or ii) while the focused laser beam 302 is scribing 
other portions of Substrate 100. As shown in FIG. 8B, 
Substrate 100 is attached to table 316 with detachable means, 
such as NITTO tape 820. As described above, substrate 100 
may also be detachably mounted to table 316 using vacuum. 

0064) Referring now to FIGS. 9A and 9B, a fourth 
exemplary embodiment of the present invention is shown. 
The fourth exemplary embodiment is essentially a combi 
nation of the Second and third exemplary embodiments. AS 
Such, a description of the constituent parts and their respec 
tive function(s) is not repeated. The fourth exemplary 
embodiment has the added advantage of not only increased 
throughput with respect to Scribing the coating layers, but 
also increased throughput with respect to penetrating the 
Substrate with the saw blade to form the various dies. 

0065. Furthermore, rather that scribing the entire surface 
of the Substrate before Sawing, it is contemplated that, as 
each scribe line is formed, saw blade(s) 314 and/or 814 
(depending on the layout of the apparatus) may be used to 
saw along that scribe line(s). Subsequent Scribe lines may 
then be formed and Sawed in Sequence in the first direction 
across the surface of the substrate followed by a similar 
procedure along the Second direction of the Substrate to form 
the dice. 

0066. It is also contemplated that the laser scribing and 
dicing may be performed in alternate ways. Flowcharts of 
these alternatives are illustrated in FIGS. 12 and 13. In FIG. 
12, at Step 1200, focused beam 302, is directed onto coating 
layers 106 of substrate 100. At Step 1205, focused laser 
beam 302 is scanned across the Surface of the Substrate 
coating layerS 106 in a linear motion (and in a first direction) 
to remove portions all layers 106 by evaporation and form 
scribe lines 102. At Step 1210, Substrate 100 is rotated 
(preferably at an angle of about 90) and focused laser beam 
302 is Scanned across the Surface of the Substrate coating 
layers 106 in a second direction to remove portions all layers 
106 by evaporation and form scribe lines 104. At Step 1215, 
substrate 100 is diced by penetrating Substrate 100 along 
scribe lines 104 with saw blade 314, under control of 
motor/spindle assembly 312. At Step 1220, Substrate 100 is 
rotated to its original position and diced by penetrating 
substrate 100 along scribe lines 102 with saw blade 314, 
under control of motor/spindle assembly 312, to form dies 
100a, 100b, etc. This exemplary method may be performed 
on either a single machine incorporating both the laser 
Scribing apparatus and the dicing apparatus, or with two 
machines, a first machine incorporating the laser Scriber and 
the Second machine incorporating the dicing mechanism. In 
the latter, the Scribed wafer may be automatically trans 
ported between the laser scriber and the dicer by means of 
a conveyer System, or other Suitable means. 

0067 Referring now to FIG. 13, a fourth exemplary 
method is illustrated. At Step 1300, focused beam 302, is 
directed onto coating layers 106 of substrate 100. At Step 
1305, focused laser beam 302 is scanned across the Surface 
of the Substrate coating layerS 106 in a linear motion (and in 
a first direction) to remove portions all layers 106 by 
evaporation and form scribe lines 102. At Step 1310, Sub 
strate 100 is diced by penetrating substrate 100 along scribe 
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lines 102 with saw blade 314, under control of motor/spindle 
assembly 312. At Step 1315, Substrate 100 is rotated (pref 
erably at an angle of about 90) and focused laser beam 302 
is Scanned acroSS the Surface of the Substrate coating layers 
106 in a second direction to remove portions all layers 106 
by evaporation and form scribe lines 104. At Step 1320, 
substrate 100 is diced by penetrating Substrate 100 along 
scribe lines 104 with saw blade 314, under control of 
motor/spindle assembly 312, to form dies 100a, 100b, etc. 
0068 Although the above two examples discuss scribing 
with a single laser beam, it is contemplated that these 
methods may also be performed using the dual beams 
described above. 

0069. Although the invention has been described with 
reference to exemplary embodiments, it is not limited 
thereto. Rather, the appended claims should be construed to 
include other variants and embodiments of the invention, 
which may be made by those skilled in the art without 
departing from the true Spirit and Scope of the present 
invention. 

What is claimed: 
1. A method for dicing a Semiconductor Substrate com 

prising the Steps of 

(a) aiming a laser beam at a layer placed over a top Surface 
of the Substrate, the layer having a first absorption 
coefficient relative to a wavelength of the laser beam; 

(b) absorbing energy from the laser beam into the layer 
based on the first absorption coefficient; 

(c) forming a first set of Scribe lines in a first direction in 
the layer by Scanning the laser beam acroSS the layer, 
the laser beam removing at least a portion of the layer; 

(d) forming a second set of Scribe lines in a Second 
direction in the layer by Scanning the laser beam acroSS 
the layer and removing at least a portion of the layer 
with the laser beam, the Second direction Substantially 
orthogonal to the first direction; 

(e) cutting through the Substrate along the Second set of 
scribe lines with a saw blade to form a respective first 
Set of kerfs, and 

(f) cutting through the Substrate along the first set of Scribe 
lines with the Saw blade to form a respective Second Set 
of kerfs, 

wherein the Substrate has a Second absorption coefficient 
relative to the wavelength of the laser beam, the Second 
absorption coefficient less than the first absorption 
coefficient by about an order of an order of magnitude. 

2. The method according to claim 1, wherein the laser 
emits infrared radiation. 

3. The method according to claim 2, wherein the wave 
length of the laser is between about 1.2 and 15 microns. 

4. The method according to claim 2, wherein the wave 
length of the laser is between about 9 and 11 microns. 

5. The method according to claim 2, wherein the wave 
length of the laser is one of i) 9.3, ii) 9.6 and iii) 10.6 
microns. 

6. The method according to claim 1, wherein the layer is 
a plurality of layerS and the Second absorption coefficient of 
the Substrate is less than each respective absorption coeffi 
cient of the plurality of layers. 
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7. The method according to claim 1, wherein a width of 
the laser Scribe lines is greater than that of the Saw blade 
kerfs. 

8. The method according to claim 1, wherein each one of 
i) the first set of scribe lines and the first set of kerfs are 
Substantially parallel to one another, and ii) each one of the 
Second Set of Scribe lines and Second Set of kerfs are 
Substantially parallel to one another. 

9. The method according to claim 1, wherein the laser 
beam is formed by a CO2 laser. 

10. The method according to claim 1, wherein the scribe 
lines have a depth equal to a depth of the layer. 

11. The method according to claim 1, wherein the scribe 
lines have a depth no greater than a depth of the layer. 

12. The method according to claim 1, wherein the Sub 
Strate is Silicon based and the layer over the Substrate is other 
than Silicon based. 

13. The method according to claim 1, wherein the Second 
absorption coefficient is less than the first absorption coef 
ficient by at least an order of magnitude. 

14. A method for dicing a Semiconductor Substrate com 
prising the Steps of 

(a) aiming a laser beam at a layer placed over a top Surface 
of the Substrate, the layer having a first absorption 
coefficient relative to a wavelength of the laser beam; 

(b) absorbing energy from the laser beam into the layer 
based on the first absorption coefficient; 

(c) forming a first set of Scribe lines in a first direction in 
the layer by Scanning the laser beam across the layer, 
the laser beam removing at least a portion of the layer; 

(d) forming a second set of Scribe lines in a second 
direction in the layer by Scanning the laser beam acroSS 
the layer and removing at least a portion of the layer 
with the laser beam, the Second direction Substantially 
orthogonal to the first direction; 

(e) cutting through the Substrate along the Second set of 
scribe lines with a saw blade to form a respective first 
Set of kerfs, and 

(f) cutting through the Substrate along the first set of Scribe 
lines with the Saw blade to form a respective Second Set 
of kerfs, 

wherein the Substrate has a Second absorption coefficient 
relative to the wavelength of the laser beam, the Second 
absorption coefficient less than the first absorption 
coefficient by about an order of an order of magnitude. 

15. A method for dicing a Semiconductor Substrate com 
prising the Steps of 

(a) aiming a laser beam at a layer placed over a top Surface 
of the Substrate; 

(b) absorbing energy from the laser beam into only the 
layer; 

(c) forming a first set of Scribe lines in a first direction in 
the layer by Scanning the laser beam acroSS the layer, 
the laser beam removing at least a portion of the layer; 

(d) forming a second set of Scribe lines in a second 
direction in the layer by Scanning the laser beam acroSS 
the layer and removing at least a portion of the layer 
with the laser, the Second direction Substantially 
orthogonal to the first direction; 
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(e) cutting through the Substrate along the Second set of 
scribe lines with a saw blade to form a respective first 
Set of kerfs, and 

(f) cutting through the Substrate along the first set of Scribe 
lines with the Saw blade to form a respective Second Set 
of kerfs, 

wherein the layer has a first absorption coefficient and the 
Substrate has a Second absorption coefficient relative to 
a wavelength from the laser beam, the first absorption 
coefficient greater than the Second absorption coeffi 
cient. 

16. The method according to claim 15, wherein the first 
absorption coefficient is greater than the Second absorption 
coefficient by at least an order of magnitude. 

17. A method for dicing a Semiconductor Substrate using 
a laser and a Saw blade, the method comprising the Steps of: 

(a) aiming the laser at a layer placed over a top Surface of 
the Substrate; 

(b) absorbing energy from the laser into the layer; 
(c) forming a first set of Scribe lines in a first direction in 

the layer by Scanning the laser acroSS the layer, the laser 
removing at least a portion of the layer; 

(d) forming a second set of Scribe lines in a Second 
direction in the layer by Scanning the laser acroSS the 
layer and removing at least a portion of the layer with 
the laser, the Second direction Substantially orthogonal 
to the first direction; 

(e) cutting a first set of kerfs in the Substrate with the saw 
blade along the Second Set of Scribe lines, and 

(f) cutting a second set of kerfs in the Substrate with the 
Saw blade along the first Set of Scribe lines, 

wherein the layer has a first absorption coefficient and the 
Substrate has a Second absorption coefficient relative to 
a wavelength of the laser beam, the first absorption 
coefficient greater than the Second absorption coeffi 
cient by about an order of an order of magnitude, and 
the first set of kerfs and the second set of kerfs form a 
plurality of dice from the substrate. 

18. The method according to claim 17, wherein the first 
absorption coefficient is greater than the Second absorption 
coefficient by at least an order of magnitude. 

19. A method for dicing a Semiconductor Substrate using 
a laser and a Saw blade, the method comprising the Steps of: 

(a) aiming the laser at a layer placed over a top Surface of 
the Substrate; 

(b) absorbing energy from the laser into the layer; 
(c) forming a first Scribe line in a first direction in the layer 
by Scanning the laser acroSS the layer, the laser remov 
ing at least a portion of the layer; 

(d) cutting a first kerf in the Substrate with the saw blade 
along the first Scribe line; 

(e) forming a further first scribe line in the first direction 
over the Substrate, the further scribe line substantially 
parallel to the first scribe line; 

(f) cutting a further first kerf in the substrate with the saw 
blade along the further first scribe line; 
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(g) repeating steps (e) and (f) in the first direction until the 
entire Substrate is Scribed and cut; 

(h) forming a second Scribe line in a second direction in 
the layer by Scanning the laser acroSS the layer and 
removing at least a portion of the layer, the Second 
direction Substantially orthogonal to the first direction; 

(i) cutting a second kerf in the Substrate with the saw 
blade along the Second Scribe line; 

(i) forming a further Second Scribe line in the Second 
direction on the Substrate, the further Second Scribe line 
Substantially parallel to the Second Scribe line; 

(k) cutting a further second kerf in the substrate with the 
Saw blade along the further Second Scribe line, and 

(l) repeating steps () and (k) in the Second direction until 
the entire Substrate is Scribed and cut, 

wherein the layer has a first absorption coefficient and the 
Substrate has a Second absorption coefficient relative to 
a wavelength of the laser beam, the first absorption 
coefficient greater than the Second absorption coeffi 
cient by about an order of magnitude, and the first kerf, 
the further first kerfs, the second kerf and the further 
second kerfs form a plurality of dice from the Substrate. 

20. The method according to claim 19, wherein the first 
absorption coefficient is greater than the Second absorption 
coefficient by at least an order of magnitude. 

21. A method for dicing a Semiconductor Substrate com 
prising the Steps of 

(a) aiming a plurality of individual laser beams at a layer 
placed over a top Surface of the Substrate, the layer 
having a first absorption coefficient relative to a respec 
tive wavelength of the each of the plurality of laser 
beams, 

(b) absorbing energy from the plurality of laser beams into 
the layer based on the first absorption coefficient; 

(c) forming a respective first set of Scribe lines for each of 
the plurality of lasers beams in a first direction in the 
layer by Scanning the plurality of laser beams acroSS the 
layer, the plurality of laser beams removing at least a 
portion of the layer; 

(d) forming a respective Second set of Scribe lines in a 
Second direction in the layer by Scanning the plurality 
of laser beams acroSS the layer and removing at least a 
portion of the layer, 

(e) cutting through the Substrate along the Second set of 
scribe lines with a saw blade to form a respective first 
Set of kerfs, and 

(f) cutting through the Substrate along the first set of Scribe 
lines with the Saw blade to form a respective Second Set 
of kerfs, 

wherein the Substrate has a Second absorption coefficient 
relative to the wavelength of the laser beam, the Second 
absorption coefficient less than the first absorption 
coefficient. 

22. The method according to claim 21, wherein the Second 
direction Substantially orthogonal to the first direction. 

23. The method according to claim 21, wherein the 
plurality of laser beams are generated by respective laser 
SOUCCS. 

24. The method according to claim 21, wherein the 
plurality of laser beams are two laser beams. 
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25. The method according to claim 24, wherein the two 
laser beams are generated by Splitting a Single laser beam 
emitted from a single laser Source 

26. A method for dicing a Semiconductor Substrate com 
prising the Steps of 

(a) aiming a laser beam at a layer placed over a top Surface 
of the Substrate, the layer having a first absorption 
coefficient relative to a wavelength of the laser beam; 

(b) absorbing energy from the laser beam into the layer 
based on the first absorption coefficient; 

(c) forming a first set of Scribe lines in a first direction in 
the layer by Scanning the laser beam acroSS the layer, 
the laser beam removing at least a portion of the layer; 

(d) forming a second set of Scribe lines in a Second 
direction in the layer by Scanning the laser beam acroSS 
the layer and removing at least a portion of the layer 
with the laser beam, the Second direction Substantially 
orthogonal to the first direction, 

(e) cutting through the Substrate along the Second set of 
scribe lines with to form a respective first set of kerfs, 
each Spindle holding and rotating a respective Saw 
blade, and 

(f) cutting through the Substrate along the first set of Scribe 
lines with the two Spindles to form a respective Second 
Set of kerfs, 

wherein the Substrate has a Second absorption coefficient 
relative to the wavelength of the laser beam, the Second 
absorption coefficient less than the first absorption 
coefficient. 

27. A method for dicing a Semiconductor Substrate com 
prising the Steps of 

(a) aiming a plurality of individual laser beams at a layer 
placed over a top Surface of the Substrate, the layer 
having a first absorption coefficient relative to a respec 
tive wavelength of each of the plurality of laser beams, 

(b) absorbing energy from the plurality of laser beams into 
the layer based on the first absorption coefficient; 

(c) forming a respective first set of Scribe lines for each of 
the plurality of lasers beams in a first direction in the 
layer by Scanning the plurality of laser beams acroSS the 
layer, the plurality of laser beams removing at least a 
portion of the layer; 

(d) forming a respective Second set of Scribe lines in a 
Second direction in the layer by Scanning the plurality 
of laser beams acroSS the layer and removing at least a 
portion of the layer with the plurality of laser beams; 

(e) forming a respective first set of kerfs by cutting 
through the Substrate along the Second Set of Scribe 
lines with two spindles, each Spindle holding and 
rotating a respective Saw blade; and 

(f) forming a respective Second set of kerfs by cutting 
through the Substrate along the first Set of Scribe lines 
with the two spindles each one holding and rotating a 
saw blade. 

28. The method according to claim 27, wherein the 
Substrate has a Second absorption coefficient relative to the 
respective wavelength of each of the plurality of laser 
beams, the Second absorption coefficient less than the first 
absorption coefficient. 
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29. An apparatus for dicing a Semiconductor Substrate 
having a coating layer thereon, the apparatus comprising: 

an infrared laser placed over the coating layer of the 
Substrate, the coating layer having a first absorption 
coefficient relative to a wavelength of the laser and the 
Semiconductor Substrate having a Second absorption 
coefficient less than the first absorption coefficient; and 

a spindle mounted over a Surface of the Substrate, the 
Spindle holding and rotating a Saw blade, 

wherein energy from the laser beam is absorbed into the 
coating layer based on a first absorption coefficient to 
form at least one Scribe line therein, and the Saw blade 
cuts through the Substrate along the at least one Scribe 
line. 

30. The apparatus of claim 29, wherein the second absorp 
tion coefficient less than the first absorption coefficient by 
about an order of magnitude. 

31. The apparatus of claim 29, wherein the second absorp 
tion coefficient less than the first absorption coefficient by at 
least an order of magnitude. 

32. The apparatus according to claim 29, wherein the laser 
is a CO2 laser. 

33. An apparatus for dicing a Semiconductor Substrate 
having a coating layer thereon, the apparatus comprising: 

at least two infrared laser beams placed over the coating 
layer of the Substrate, the coating layer having a first 
absorption coefficient relative to a wavelength of each 
of the at least two laser beams and the Semiconductor 
Substrate having a Second absorption coefficient leSS 
than the first absorption coefficient, and 

a spindle mounted over a Surface of the Substrate, the 
Spindle holding and rotating a Saw blade, 

wherein energy from the at least two laser beams is 
absorbed into respective portions of the coating layer 
based on a first absorption coefficient to form respec 
tive Scribe lines therein, and the Saw blade cuts through 
the Substrate along the respective Scribe lines. 

34. The apparatus according to claim 33, wherein the at 
least two laser beams are formed from one laser Source. 

35. The apparatus according to claim 33, wherein each of 
the at least two laser beams are formed from respective laser 
SOUCCS. 

36. An apparatus for dicing a Semiconductor Substrate 
having a coating layer thereon, the apparatus comprising: 

an infrared laser placed over the coating layer of the 
Substrate, the coating layer having a first absorption 
coefficient relative to a wavelength of the laser and the 
Semiconductor Substrate having a Second absorption 
coefficient less than the first absorption coefficient; and 

at least two spindles mounted over a Surface of the 
Substrate, each Spindle holding and rotating one Saw 
blade, 

wherein energy from the laser beam is absorbed into the 
coating layer based on a first absorption coefficient to 
form a plurality of Scribe lines therein, and the at least 
two Saw blades Separately cut through the Substrate 
along respective ones of the plurality of Scribe lines. 

37. An apparatus for dicing a Semiconductor Substrate 
having a coating layer thereon, the apparatus comprising: 

at least two infrared laser beams placed over the coating 
layer of the Substrate, the coating layer having a first 
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absorption coefficient relative to a wavelength of each 
of the at least two laser beams and the Semiconductor 
Substrate having a Second absorption coefficient leSS 
than the first absorption coefficient, and 

two Spindles mounted over a Surface of the Substrate, each 
Spindle holding and rotating one Saw blade, 

wherein energy from the at least two laser beams is 
absorbed into the coating layer based on a first absorp 
tion coefficient to form a respective plurality of Scribe 
lines therein, and the two dicing blades Separately cut 
through the Substrate along respective ones of the 
plurality of Scribe lines. 

38. The apparatus according to claim 37, wherein the at 
least two laser beams are formed from one laser Source. 

39. The apparatus according to claim 38, wherein each of 
the at least two laser beams are formed from respective laser 
SOUCCS. 

40. An apparatus for dicing a Semiconductor Substrate 
having a coating layer, the apparatus comprising: 

means for forming at first Set of Scribe lines in a first 
direction in the layer and removing at least a portion of 
the layer; 

means for forming a Second Set of Scribe lines in a Second 
direction in the layer and removing at least a portion of 
the layer in a Substantially orthogonal direction to the 
first set of scribe lines, 

means for cutting through the Substrate along the Second 
Set of Scribe lines to form a respective first Set of kerfs, 
and 

means for cutting through the Substrate along the first Set 
of Scribe lines to form a respective Second Set of kerfs, 

wherein the Substrate has a Second absorption coefficient 
relative to a wavelength of the forming means, the 
Second absorption coefficient less than the first absorp 
tion coefficient by about an order of an order of 
magnitude. 

41. An apparatus for dicing a Semiconductor Substrate 
having a coating layer, the apparatus comprising: 

means for forming a first Scribe line in a first direction in 
only the coating layer; 

means for cutting a first kerf in the Substrate along the first 
Scribe line; 

means for forming a further first scribe line in the first 
direction in only the coating layer, the further Scribe 
line substantially parallel to the first scribe line; 

means for cutting a further first kerf in the Substrate along 
the further first scribe line; 

means for forming a Second Scribe line in a Second 
direction in only the coating layer, the Second direction 
Substantially orthogonal to the first direction; 

means for cutting a Second kerf in the Substrate along the 
Second Scribe line; 
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means for forming a further Second Scribe line in only the 
coating layer in the Second direction on the Substrate, 
the further second scribe line substantially parallel to 
the Second Scribe line; and 

means for cutting a further Second kerf in the Substrate 
along the further Second Scribe line; 

wherein the coating layer has a first absorption coefficient 
and the Substrate has a Second absorption coefficient 
relative to a wavelength of the forming means, the first 
absorption coefficient greater than the Second absorp 
tion coefficient by about an order of magnitude, and the 
first kerf, the further first kerfs, the second kerf and the 
further second kerfs form a plurality of dice from the 
Substrate. 

42. An System for dicing a Semiconductor Substrate hav 
ing a coating layer, the System comprising: 

a Scribing apparatus including: 
i) means for forming at first set of Scribe lines in a first 

direction in the layer and removing at least a portion 
of the layer; and 

ii) means for forming a second set of Scribe lines in a 
Second direction in the layer and removing at least a 
portion of the layer in a Substantially orthogonal 
direction to the first set of Scribe lines, and 

a dicing apparatus including: 
i) means for cutting through the Substrate along the 

Second Set of Scribe lines to form a respective first Set 
of kerfs, and 

ii) means for cutting through the Substrate along the 
first Set of Scribe lines to form a respective Second Set 
of kerfs, 

wherein the Substrate has a Second absorption coefficient 
relative to a wavelength of the forming means, the 
Second absorption coefficient less than the first absorp 
tion coefficient by about an order of an order of 
magnitude. 

43. An System for dicing a Semiconductor Substrate hav 
ing a coating layer thereon, the System comprising: 

an infrared laser placed over the coating layer of the 
Substrate, the coating layer having a first absorption 
coefficient relative to a wavelength of the laser and the 
Semiconductor Substrate having a Second absorption 
coefficient less than the first absorption coefficient; and 

a spindle mounted over a Surface of the Substrate, the 
Spindle holding and rotating a Saw blade, 

wherein energy from the laser beam is absorbed into the 
coating layer based on a first absorption coefficient to 
form at least one Scribe line therein, and the Saw blade 
cuts through the Substrate along the at least one Scribe 
line. 

44. The System according to claim 43, wherein the laser 
and the Spindle are collocated with one another. 
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