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WAFER DICING DEVICE AND METHOD

Technical Field

The present invention relates generally to integrated circuit
manufacturing equipment, and in particular fo apparatus and methods for dieing
wafers. ‘

Background

Wafers are fabricated with a plurality of dies each having a plurality of
integrated circuit elements therein. A die represents one individual chip that
must be separated from adjacent dies before packaging. Conventionally, dies are
separated from each other and the rest of the wafer by a saw blade. With the
existing dicing technology of nsing diamond-nickel blades, the backside cutting
quality can ine improved by performing a two-pass cut. Howevey, this will
reduce produciivity by around 50% and a wider saw kerf is exPecbcd.. This is
due to machine actiracy for the second pass. The wider saw kerfhinders
progress towards a smaller saw street and thus leading to a lower die per wafer
count.

Another area of concemn when separating the dies is chipping on the top
surface of the dies or fragmentation on the bottom surface of the dies adjacent
the saw street. It is believed that one the of possible canses for the top or bottom

" surface fragmentation detected after the dicing process is the presence of a

passivation layer, test structures, and/or metal layers deposited on the saw street
during various wafer fabrication processes. These materials are not removed
during wafer fabrication due to the higher opcrational cost and cycle time
required for such fabrication steps. The impact of these materials on the cutting
quality can be seen in Figure 1. The reason for this poor cuiting quality is
believed to be due to the clogging of the blade, which results in overloading of
the blade during dicing.

It is belicved that a two-pass cut process using a saw blade for each cut
pass will not significantly improve topside chipping as compared o a single-pass
cutting due to the presence of test structures and metal layers on the wafer. The
c{ltting quality of a two-pass cut can be seen in Figure 2. A comparison on the
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cutting qﬁa]iiy obtained from a single-pass cut and a two-pass cut is shown in
Table 1.

1-Pass Cut 2-Pass Cut
Width (max) 52.6 pm 55.9 pm
Back Side 1052 pm. 43.9 pym
| Chipping '
Back Side 374 ym 19.6 pm
Cracking

Table 1 Cutting Quality Comparisorr
The numbers a.ssociated with the back side chipping and back side cracking
represent the size, e.g., length or width, of such defects in microns. As shown in
Table 1, the backside chipping and cracking improves approximately 40-50%
using a two-pass cutting process. The top side chipping, for example, in its
width, does not improve significantly in a two-pass cntting proc'ess.

While saw cutting of wafers is the conventional industry standard, there
remains drawbacks with such cutting. Saw blades wear over time. This results
in inconsistent cutting quality from when the blade is new and subsequent
cutting operations, Consequently, the 'op erator must predict when the blade has
reached the end of its useful life. This can not be predicted accurately.
Accordingly, the saw blades may be changed before the end of their useful lives

' resulting in higher equipment costs than necessary dus to premature saw blade

replacement. Moreover, saw blades introduce mechanical stresses in the
workpiece while sawing, especially at thé surfaces of the workpiece. Due to
these stresses saw biades may not be used to cut very thin workpieces, such as
ultrathin semiconductor wafers.

A recent development in wafer dicing is laser cutting. However, laser
dicing of semiconductor wafers have failed to meet the rigid demands of
industry. One significant drawback of using lasers is the collateral thermal
damage to the chips caused by the laser. New lasers have been proposed to
overcome the drawbacks of conventional Jasers in the area of semiconductor
dicing. Axn example of such a systemn is being promoted by Synova SA. of
Lausanne, Switzerland, and described in WO 99/56907, titled “MATERIAL
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SHAPING DEVICE WITH A LASER BEAM WHICH IS INJECTED INTO A
STREAM OF LIQUID”, herein incorporated by reference. WO 99/56907
describes 2 method and device for shaping material of workpieces using a laser
beam which is injected into a stream of liquid. The liquid, which is to be formed
into a stream, is fed to the nozzle channel opening such that the liquid does not
swirl, especially without flow components which are tangential to the nozzle
channe] axis. The laser irradiation is focused on a channel entry plane and the
liquid is fed to the channel opening in such a way that a liquid retention space is
avoided in a beamn focusing ball and in the immediate surroundings thereof.
Another lager cutting arrangement is described in U.S. Patent No. 5,902,499,
herein mcorporated by reference. However, these laser cutting arrangements
require a reduced speed when used to cut wafers. The feedspeed of the wafer is
reduced to 40 mrop/s and 20 mm/s for wafers with 305 pm and 470 pm thickness,
respectively. This is due to the greater laser pulsc energy required. Thercefore,
with this method, laser cuts can be achieved at the expense of productivity.

For the reasons stated sbove, for other reasons stated below, and for t;ther
reasons which will become apparent to those skilled in the art upon reading and
nnderstanding the present specification, there is a need in the art for improved
integrated circuit mamfacting equipment and methods of manufacturing
integrated circuits. '

Summary

The present invention is .directed to methods and devices for cutting
workpicces, which include 2 laser adapted to at least partially cnt a workpiece.
In an embodiment, the workpiece is 2 wafer having a plurality dies each with an
integrated circuit. An embodiment of the present invention further includes a
mechanical cutter following the Iaser and engaging the workpiece. An
embodiment of the mechanical cutter includes a cutting blade adapted to
complete a-cut through a workpiece. An embodiment of the cutting blade
includes a nickle-diamond cutting surface on a circular blade. An embodiment
of the laser includes a liquid guided laser beam. An embodiment of the Jaser
includes a yttrium-alominum-garnet (YAQG) laser.

In an embodiment, 2 process according to the present invention includes
a two-pass cutting procedure. The first pass is made by a laser, which scribes the
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workpiece. The second pass is made by a mechanical cntter. In an embodiment,
the mechanical cutter follows the scribe created by the laser. In an embodiment,
the workpiece is supported by a table. The workpiece moves relative o the laser
and the mechanical cutter. In an embodiment, the relative movement of
workpiece is at a speed of about 120 mmm/sec.

These and other embodiments, aspects, advantages, and features of the
present invention will be set forth in part in the description which foilows, andin
part will become apparent to those skilled in the art by reference to the following
description of the invention and referenced drawings or by practice of the
mvention. The aspects, advantages, and features of the invention are realized
and attained by means of the instmmentalities, procedures, and combinations
particularly pointed out in the appended claims.

Brief Description of the Drawings

Figures 1A and 1B are views of backsides of wafers that are cut using
conventional devices and technigues.

¥ipures 2A znd 2B are views of backsides of wafers that are cut usmg
conventional devices and techniques in a two pass cut.

Figure 3 is a view of a wafer cutting apparatus according to the teachings
of the present invention.

Figure 4 is a view of a wafer cntting apparatus according to the teachings
of an embodiment of the present invention. '

Figure 5 is a view of 8 wafer cutting apparatus according to the teachings
of an embodiment of the present invention.

Figure 6 is diagrammatic view of a system according to the teachings of
the present invention. |

Figure 7 is diagrammatic view of a system according to the teachings of
the present invention.

Figure 8 is an enlarged, partial view of a wafer support and laser
according to an embodiment of the present invention. _

Figure 9 is a view of a wafer including a plurality of dies separated by

saw streets.



P

10

15

20

25

30

Detailed Description of the Embodiments
In the following detailed description of the embodiments, reference is

made to the accompanying drawings which form a part hereof, and in which is
shown by way of illustration specific embodiments in which the inventions may
be practiced. These embodiments are described in sufficient detail to enable
those skilled in the art to practice the invention, and it is to be understood that
other embodiments may be utilized and that process, electrical or mechanical
changes may be made without departing from the scope of the present invention.
The texms wafer and substrate used in the following description include any base
semicondnctor structure. Both are to be understood as including
silicon-on-sapphire (SOS) technology, silicon-on-insnlator (SOI) technology,
thin film transistor (TFT) technology, doped and undoped semiconductors,
epitaxial layers of a silicon sﬁpponed by a base semiconductor structure, as well
25 other semiconductor structures well known to one skilled in the art. The
following detailed description is, therefore, not to be taken in a limiting sense,
and the scope of the present invention is defined only by the appended claims
and their equivalents.

The present description nses a reference mumber convention of the first
digit corresponding to the figure in which the mrmber references and the last two
digits corresponding to like elements thronghout the description. For example,
the laser has a reference number of X10, where X is the number of figure on
which the reference namber refers.

Figure 3 shows a side view of a workpiece cutting apparatus 300
according to an embodiment of the present invention. An embodiment of the
present invention is adapted fo cut and/or dice workpieces 320 such as wafers,
semiconductor substrates and the like. Apparatus 300 includes a laser 310

_ producing a laser beam 315 that scribes a wafer 320. As used herein, the term

“scribe” is defined as partially cutting into a workpiece and not cutting entirely
through the workpiece. The apparatus further inclundes a mechanical cutter 330,
e.g., a saw blade, for further cutting into the wafer 320. In an embodiment, saw
blade 330 is a circular saw blade having an outer cutting surface 332. Inan
embodiment, saw blade 330 includes a diamond cutting surface. Tnan
embodiment, saw blade 330 includes a diamond-nickel cutting surface. In an
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embodiment, the laser 315 and saw blade 330 are fixed together at a fixed
distance apart. In an embodiment, the laser 315 and the saw blade 330 move
relative to the wafer 320 in the direction of axrow 340 to respectively scribe and
cut the wafer 320.

Inan embodiment, the workpiece cutting apparatus 300 further includes a
workpiece support 350. The workpiece support 350 is adapted to rigidly fix the
workpiece such that its position is readily determined and it will not move
during scribing or cufting. An embodiment of the support 350 includes table 352
and an adhesive Jayer 354 on the top surface of the table. The adhesive layer
354 fixes the wafer 320 to the table 352. In an embodiment, the adhesive layer
354 is a tape, _

The wafer 320, in an embodiment, includes a‘substrate layer 323 on
which is formed at-least one active circuit 324 for each die. In an embodiment, a
phuality of active circuits 324 are formed on the snbstrate layer 323. The active
circuits 324 are fabricated according to fechniques known to those of skill in the
art of semiconductor fabrication. Intermeédiate the div.;:s are saw streets 325 '
whereat the laser beam 315 and mechanical cutter 330 can cnt into the wafer 320

“to dice the wafer into separate dies without darnaging the active circuits 324. Ju

an embodiment, the layer 323 is divided into a upper layer 320A and a lower
layer 320B. In an embodiment, integrated citcuits are formed within the upper
layer 320A according to known fabrication techniques. The lower layer 320B is
a substrate layer on which infegrated circuit Tayers are fubricated. Inan
embodiment, lower layer 320B also includes integrated circuit elements.

In a method of operation, the workpiece 320 is diced or separated by first
producing a laser beam 315 which ablates an upper portion‘or layer 320A of the
workpiece 320. In an embodiment, Jaser 320 ablates only a portion of the upper
layer 320A. In an embodiment, the laser beam 315 and workpiece 320 move
relative to each other such that 2 continuous channel 322 is formed n the
workpiece by the laser beam 315. In an embodiment, the laser beam ablates a.
top layer 320A of the workpiece. In an embodiment, the Jaser beam ablates
completeiy fhrougﬁ the workpiece 320. In an embodiment where the workpiece
320 is a semiconductor wafer, then the top layer 320A includes a metalization
layer. In an embodiment, the top layer 320A includes a passivation layer. In an
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embodiment, the passivation layer includes a glass. In an embodiment, the
passivation layer is an insulator. In an embodiment, the paésivation layer
includes a polymide. In an embodiment, the polymide is of the formula PIx. In
an embodiment, the polymide is PBO. In an embodiment, the passivation layer
includes two sub-layers. In an embodiment, the top layer 320A includes test
structures such as contacts and circuit elements. After the laser beam 315 ablates
an upper portion of the workpicce 320, the mechanical cutter 330 completes the
cut through the remaining unablated lower portion or bottom layer 320B of the
workpiece 320. In an embodiment, the cutter 330 follows the scribe or channe]
formed by the laser beam 315. In an embodiment, the upper layer 320A ablated
by the laser is the passivation layer only and not levels of the wafer beneath the
passivation layer. In an embodiment, the laser 310 and mechanical cutter 330
are supported on separate supports (not shown in Figure 3). In an embodiment,
laser 310 and cutter 330 are movable relative to each other. In an embodiment,
the laser 310 scribes the entire wafer 320 before the mechanical entter 330
begins completes the cut through the wafer 320, In an 'etnbodinlm’r: ‘the laser
310 and mechanical cuttet 330 are fixed to a same support. In an ernbodiment,
the mechanical cutter 330 follows directly after the laser 310 at a fixed distance.
Figure 4 shows an embodiment of a workpiece cutting apparatus 400
according to the teachings of the present invention. Workpiece cutting apparatus
400 mchdes 2 laser 410 and 2 mechanical cutter 430 cach fixed to 2 housing °
460. The laser 410 produces a laser beam 415 for cutting a workpiece 420 such
as a wafer or semiconductor substrate. In an embodiment, the mechanijcal cutter
430 includes a circular saw blade 432. In au embodiment, the housing 460 is
fixed and a workpiece support unit 450 is positioned adjacent the housing. In an
embodiment, the workpiece support wnit 450 includes a table 452 on which is
positioned an attachment device 454 that fixes ;zworkpiece 420 to the table.
Workpiece support unit 450 further includes an actuator 455 that is connected to
the table 452, Actuator 455 moves the table relative to the fixed housing 450, '
and hence the laser 410 and mechanical cutter 430, duting a cutting operation.
The actuator 455, in an embodiment, inchudes stopper motors that precisely
control the position of table 452. Actuator 455 may include pneumatic or
hydraulic devices for precisely positioning the table 452, The actuator 455 is
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capable of moving the table 452 and workpiece 420 in the direction indicated by
arrow 456. Accordingly, laser beam 415 produced by laser 410 ablates material
from the workpiece 420 before the mechanical cutter 430 cuts the workpiece
420. In an embodiment, the actuator 455 can rotate the table 452 such that both
the X and Y directions of the workpiece 420 are cut by the laser 410 and
mechanical cutter 430.

Housing 460 provides a support for the mechanical cutter 430 and the
laser 410. The housing 460, in an embodiment, holds the motor (not shown)
driving a rotor 433 to which the mechanical cutting blade, e.g., the circular saw
blade 432, is fixed. Laser 410 is mounted on the front (right in Fig. 4) face of
the housing 460. The front face is the lead, initial surface of the housing that the
workpiece passes when it is moved the'the direction 456. In an embodiment,
housing 460 includes a cooling unit 470. Cooling unit 470 includes a coolant
source (not shown) that is connected to housing 460 and fluidly connected to 2
slide bar nozzle assembly 471. Slide bar nozzle assembly 471 is positioned
intermediate the laser 410 and méchanical cutter 430. Thus, coolant exits the
shide bar nozzle assembly 470 intermediate the laser 410 and cutter 430 to reduce
the effects of temperature on the workpiece during a cutting operation. It will be
understood that the housing 460 is adaptable for nse with embodiments of the
present invention described herein.

Controller 480 is electrically connected to the actnator 455, laser 410 and
cutter 430. In an embodmment, controller 480 is further connected to cooling unit
470. Accordingly, controller 480 controls and coordinates operation of each of
these elements. Controller 480, in au embodiment, is 2 computer having a
processor and memory. As knovs; to one of ordinary skill in the art, the memory
stores data and instruetions that are used by the processor to produce control
signals for the devices connected to the controller. The memory includes any
machine readable data storage device. Examples of the memory include solid
state memory chips such as RAM, DRAM SRAM, SDRAM, and other memory
chips known in the art. The memory further includes magnetic and optical
storage devices, such as disks, tapes, CD-ROM, and other storage devices known
on the art.
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In an embodiment, the controller 480 provides signals to the laser 410
that regulate the timing, power and refresh frequency of the laser 410, Inan
embodiment, controller 480 provides signals controlling movement of the laser
housing 450 and, hence, movement of the laser and housing. In an embodiment,
the controller 480 provides signals to the mechanical cutter 430 that regulate
operation of cutter 430, such as the speed of the cutting blade, Controller 480
further provides signals to the actuator 455 to regulate movement of the table
452 and, hence, the position of the workpiece 420 relative to the laser beam 415.
Accordingly, the controller 480 governs operation of the laser 410 in conjunction
with movement of the workpiece 420 such: that the minimal energy needed to
ablate the workpiece materjal is applied at the correct Jocation of the workpiece.
As aresult, the potential for collateral damage to the workpiece is reduced.

Figure 5 shows an end view of a workpiece cutting apparatus 500
according to an embodiment of the present invention. Apparatus 500 includes a
laser 510 producing a laser beam 515 and a mechanical eutter 530. Laser 510

. - produces a'laser beam 515 that scribes the workpiece 520 in a saw sfrecf 521

20

25
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intermediate active circuits 524 to create a trench 522A in upper portion of the
wafer workpiece. It is understood that it is within the scope of the present
mvention to position the active circnits with the wafer workpiece 520. In an
embodiment, the laser beam 515 cuts into the top layer on a wafer workpiece. In
an embodiment, the laser beam 515 cuts through the top layer on a wafer
workpiece. In an embodiment, the top layer is a polymide. Mechanical cutter
530 cuts through the remaining portion of the workpiece in previously formed
trench. The mechanical cutter 530, in an embodiment, cuts into a portion of the
support 554 fixing the workpiece to the table 550. In an embodiment, the
mechanical cufter 530 is not aligned with the laser 510. Accordingly, the laser
510 and mechanical cutter 530 may be positioned at separate workstations. The
laser 510 and mechanical cutter 530) may be positioned in the same workstation
‘but supported on independent arms cc;nﬁ-olled by a controjler.

Figure 6 shows a system 600 for cutting workpieces 620 according to the
teachings of the present invention. System 600 includes a controller 680 capable
of communicating with the laser 610, mechanical cutter 630, znd actuators 655.
Controller 680 regulates operation of these devices according to the teachings of
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the present invention. Laser 610 and cutter 630 are adapted to scribe and/or cut
the workpiece 620.accordingly to the teachings of the present invention. In an
embodiment, actuator 655 is connected to the laser 610 and the mechanical
cutter 630 to control the movement thereof. In an embodiment, actuator 655 is
connected to the table 652 to conirol movement of the workpiece 620 fixed to
the table 652. The present invention thus provides for relative movement
between the laser 610 and workpiece 620 as well as between mechanical cufter
630 and workpiece 620. In an embodiment, controller 680 separately controls
the laser 610 and cutter 630 such that one can engage workpiece 620 without the
other being activated, A;:cordingly, the laser 610 can scribe and/or cut the
workpiece 620 without the cuiter 630 by activation of only the laser 610 by
controller 680. Ifitis determined that the laser 610 is not necessary for cutting
and/or scribing a workpiece, then the controller 680 activates cutter 630 and does
not activate laser 610. Accordingly, only cutter 630 engages the workpiece 620,

Figure 7 shows a system 700 for cutting and or dicing a workpiece 720.
Workpiece 720 is fixed 16 a table 752, Which is moved relative to laser assembly
705 and mechanical cutter 730 by actuators 755 based on control signals
received from controller 780, Laser assembly 705 includes a laser 710 and a
liquid source 716. Laser 710 produces an unfocused lasér beam 711 dirccted to
a focusing unit 712. Beam guide 713 receives the focused beamn from the
focusing unit 712. Beam guide 713 projects the beam on 2 collimator umit 714.
Collimator unit 714 projects the beam into a nozzle block 717. Nozzle block
717 is fluidly connected to the liquid source 716. The nozzle block 717 creates a
liquid and laser beam combination 718. This combination 718 is directed to the
workpiece 720 to scribe and/or cut it. In an embodiment, a controller 780 is
connected to the Jaser assembly 705, mechanical cutter 730 and actuator 755.
Controller 780 conirols and coordinates operation of these elements according to
the teachings of the present invention.

The liquid source 716, in an embodiment, provides a liquid stream that
acts as a guide directing the laser beam to the workpiece 720. In an
embodiment, the liqnid streamn has a diameter equal to the laser bearn diameter.
In an embodiment, the liquid stream diameter is about 50 micrometers to about

150 micronmeters. In an embodiment, the liquid is water. The water, when
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guiding a laser bearn to a wafer workpiece, is filtered to a high degree such that
particles that can damage the wafer workpiece are not present. In an
embodiment, the water is filtered to remove particles of at 0.2 microns and
greater. Morcovér, the liquid shonld be electrically neutral. Accordingiy, the
liquid is dejonized.

Figure 8 shows an embodiment of 2 workpiece support table 850
according to the teachings of the present invention. Table 850 includes reliefs
851 in the form of channels recessed into the table below 2 workpiece supporting
surface 853. Worlkpiece support surface 853 is defined by coplanar top surfaces
of columns 857. In an eypbodiment, the table includes an attachment layer (not
shoﬁ) for holding the workpiece 820 on the top surface of the columus 857, -In
an embodiment, the workpiece 820 is a wafer or semiconductor substrate. In an
embodiment, workpiece 820 includes saw streets 821 extending in at Jeast one .
direction. The saw streets 821 are aligned with reliefs 851 when the workpiece
is fixed to the table 850. Inan mbo@mt, ﬂ.xc laser 810 scribes the wotkpiece

'820. In use; the laser 810 produces a laser beam 815 which cuts the workpitce =~

820 along saw streets in the workpiece that are aligned with the reliefs 851. In
an embodiment, the laser 810 1s a liquid guided laser and the reliefs 85 1 receive
the liquid and channel it away from the workpiece. In an embodiment, the
reliefs 851 provide coolant to the workpiece fo reduce the effects of heat
produced by the laser beam 815 on the workpiece 820, A wafer workpiece 820
is sensitive to temperature effects which could damage circnitry on the wafer
workpiece. As known to one of ordinary skill each wafer has a limited thermal
budget, which if exceeded causes defects in the circuitry. Moreover, elements in
the wafer workpiece may have low breakdown temperatures. For example,
copper and aluminum have relative low melting points compared to other metals,
A laser may heat such clements to such an extent that they undesirably reflow.
Such reflow may increase resistance and open interconnect lines. Moreover,
excess heat may result in undesirable diffusions from one layer to another layer
in the circuitry formed on the wafer workpiece.

The lasers 310, 410, 510, 610, 710, or 810 described herein inchide any
Jaser suitable for scoring and/or cutting through a workpiece. In an embodiment,
the laser is adapted for cutting wafer structures fabricated according to known
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techniques. In an embodiment, the laser is a solid state laser. Inan embodiment,
the laser is a yttrium-aluminum-garmet (YAG) laser. In an erobodiment, the laser
is 2 neodymium-YAG laser. The laser wavelength, in an embodiment, is about 1
micrometer. In an embodiment, the laser power is about 300 watts. Juan
embodiment, the laser power is less than about 300 watts, In an embodiment,
the laser power is greater than about 100 watts, In an embodiment, the laser
refresh raté is about 3,000 Hz. In an embodiment, the laser refresh rate is less
than about 3,000 Hz. In an embodiment, the laser refresh rate is greater than
1,000 Hz. Inan embodiment, the laser is an excimer laser. The laser is desirable
for use in scribing or cutting the workpiece as it does not apply mechanical stress
onto the workpiece. In an embodiment, the laser is nsed to completely cut
through, e.g., dice, a wafer. In an embodiment, the laser scribes the wafer.
Thereafter, the wafer is divided into individual dies. In an embodiment, 2
mechanical cutter follows the scribes formed by the laser. The mechanical
cutter, during a cuiting operation, does not contact or engage the top surface of

- the wafer as the top surface was removed by the Jaser. In an embodiment; the

wafer is broken into individual dies along the scribes created by the laser.

Figure 9 shows a wafer 920 that includes a plurality of dies 926
integrally connected by saw streets 921. In an embodiment, the wafet 920 hasa
thickness of about 300 micrometers. In au embodiment, the wafer 920 has a
thickuess of about 305 micrometers. In an embodiment, the wafer 920 has a
thickness of about 470 micrometers. In an embodiment, the wafer 920 has a
thickness of about 500 micrometers. In at embodiment, the saw streets 921 in
one group extend paralle] to ¢ach other. In an embodiment, saw streets 921 are
equally spaced from each other. Saw streets 921 in one group extend
perpendicular to saw streets in a second gronp. The wafer 920 includes a base
layer on which is formed a plurality of integrated circuit layers to form
integrated circuits. The layers include capacitors, transistor, lines, plugs, fill,
insulators, wells, me.tals, and other structures known in the field of integrated
circuits. Each'die 926 inclndes at least one integrated circuit element. The dies
926 are separated from cach other according to the teachings of the present
invention. Individual dies 926 may represent a complete integrated circuit snch
as a processor, memory chip, or other integrated circwit. Memory chip dies

12
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include DRAM, SRAM, SDRAM, and other chips known in the art. The saw
streets 921 typically do not contain circuit elements. Jn an embodiment, at least
oue saw street includes contacts. The contacts provide electrical connection
between the infegrated circuits on the die and circuits outside the die. The

5 present description provides examples of various wafers that can be used in the
present invention. Thus, these cxa;mples do not limited the present invention
nnless expressed in the appended claims,

A process according to the teachings of the present invention includes
cutting into a workpiece, 320, 420, 520, 620, 720, 820, or 920 using a Jaser 310,

10 410, 510, 610, 710, or 810. The laser removes material from a top portion of a
workpiece to create a scribe. In an embodiment, the seribe extends along a saw
street of a wafer workpiece. In an embodiment, 4 mechamnical cutter 330, 430,
530, or 730 cuts the wafer workpiece at the scribe. Accordingly, the cntter -
completes the cut throngh the remaining portion of the wafer beneath the seribe

15 created by the laser. The cutter completes.the cut through the wafer workpiece,
thereby separating adjacent dies. - 'an embodiment, the laser completes a scribe
throughout the length of the saw street prior to the cutter engaging the wafer
workpiece. In an embodiment, both the laser and the cutter act on the wafer

- workpiece at the same time. In an embodiment, the cutter closely follows the
20  laser such that both the laser and the cutter are simultaneously engaging a same
f | saw street. '

In an embodiment, it is desirable to maintain a processing speed of 120-
mm/sec when dicing a wafer. The use of a two pass cutting process according to
the teachings of the present invention maintains such a speed. Both the laser and

25 the mechanical cutter can engage, ¢.g., ablate and cut, a wafer at this speed. The
speed need not be reduced as when using conventional techniques for cutting
wafers having a thickuess of greater than 100 micrometers. The laser can scribe
a channel in the wafer. The mechanical cutter follows the channe] and completes
a cut through the wafer. In an embodiment where the wafer has a top layer on

30 the saw street in the range of about 25 micrometers to about 50 micrometers, the
laser creates a channel at least as deep as the top layer. Thus, the chaune] has a
depth in a range of about 25 micrometers to abont 50 micrometers in this
.example. In an embodiment, the channel has a depth deeper than about 25
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micrometers o about 50 micrometers. In an embodiment, the feed speed of the

‘wafer is about 120 mm/sec. Accordingly, the feed speed of the wafer is not

reduced based on the thickness of the wafer or the top layer of the wafer.

In an embodiment, the two pass cutting process of the present invention
improves backside chipping and backside cracking over a single pass cutting
process at least the same as the two pass cut listed in Table 1. Inan
embodiment, the two pass cut of first scribing with a laser and then cutting with
a mechanical cutter results in a faster cutting speed than the two pass mechanical
cut process described in conjunction with Table 1.

In an embodiment, the controller 480, 680, or 780 includes software that
generates control instructions for the wafer workpiece dicing equipment. The
instructions control the relaﬁvé movement of the wafer workpiece 320, 420, 520,
620, 720, 820, or 920 as compared to the cutting equnipment such as laser 310,
410, 510, 610, 710, or 810 and mechanical cutter 330, 430, 530, or 730. Inan
embodiment, the speed at which the wafer workpiece moves relative to the laser -

. isabont 120 millimeters per second, In an embodiment, the softwire determines

the use of the laser and/or the mechanical cutter based on the thickness and
composition of the wafer workpiece. For example, if the wafer workpiece is
ultrathin, therronly the laser is used to cut through the wafer workpiece. Inan
embodiment, if the wafer workpiece has no, or a very thin polymide coating on
the saw street, then the mechanical cutter is used withont the laser.

The present invention also cuts through ultrathin wafers, Ultrathin
wafers have a thickness through which the laser 310, 410, 510, 610, 710, or 810
will completely cut through of about 100 micrometers. In an embodiment, the
wafer thickness s Jess than 100 micrometers. In an embodiment, the thickness
of about 5 mils. In an embodiment, the thickness of less than about 5 mnils. In
an embodiment, the thickness of about 4 mils. In an embodiment, the thickness
of less than about 5 mils. In an embodiment, the feed speed of the wafer relative
to the laser is about 120 millimeters per second. In an embodiment, the laser has
an average output power of about 300 watts. In an emabodiment, the laser has a
refresh rate of about 3000 Hz. In an embodiment, the laser has a maximum
refresh rate of 3000 Hz. Accordingly, the present invention provides for dicing
ultrathin wafer workpieces using only the laser.
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. Conclusion
The present invention provides improved workpiece cntting structures
and processes. The laser scribes a workpiece in 2 relatively stress-free as .
compared to mechanigal cutters such as saws, scribers, and mechanical

separaters . A mechanical cutter, such as a saw blade, follows the laser in the

" seribe created by the laser in an embodiment of the invention, The speed at

which the laser and cutter act on the workpiece is maintained at about 120
mm/sec. to provide adequate throughput. Accordingly, productivit;' ismot
diminjshed. The use of the laser as the first pass in a two pass cutting procedure
reduces da'.m-age to the workpiece such as surface chipping and backside
fragmentation. Accordingly, fewer wafer workpieces are damaged during
dicing.

The present invention also prm"ides a laser devices and method for
cutting wafer workpieces without a mechanical cutter. The laser is adapted to
cut through very thin workpieces. The workpieces have thickness as described
herein. "Accordingly, there is no mecharical stress on the very thin workpieces,
which can canse a significant amonnt of cracking and chipping particularly in
semiconductor wafers. )

Although specific embodiments have been illustrated and described
herein, it will be appreciated by those of ordinary skill in the art that any
arrangement which is calculated to achieve the same purpose may be substituted
for the specific embodiments shown. Many adaptations of the invention will be
apparent to those of ordinary skill in the art. For exampls, other integrated
circuit processing equipment may be utilized jn conjunction with the invention.
Accordingly, this application is intended to cover any adaptations or variations
of the invention. It is manifestly intended that this iuvention be limited only by

the following claims and equivalents thereof.
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The invention claimed is:
1. A wafer dicing device, comprising:
a laser adapted to scribe a wafer; and

a cutting blade following the laser and engaging the wafer.

2. The device of claim 1, wherein the cntting blade completes a cut through a
wafer.

3. The device of claim 1, wherein the cutting blade inclodes anick_le-diamond
cutting surface,

4. The device of claim 1, wherein the cutting blade is & circular blade.
5. The device of claim 1, wherein the laser includes a liquid guided laser beam._
6. The device of claim 5, wheremn the liquid guided laser beam includes water.
7. Anintegrated circuit sibstrate cotting device, comprising:

a laser adapted to scribe a wafer; and

a cuiting blade following the laser and cuiting the substrate.

8. The device of claim 7, wherein the cutting blade completes a cut through a
substrate,

9. The device of claim 7, wherein the cutting blade includes a nickle-diamond

cuiting surface on a circular blade.
10. The device of claim 7, wherein the laser includes a liquid guided Jaser beam.

11. The devig:e of claim 7, wherein the liquid guided laser beam includes water.

* L
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12. A device for diting a wafer having a saw street, comprising:
a laser adapted to scribe a wafer along a saw street; and

a mechanical cutter following the laser along a scribe in the saw street.

13. The device of claim 12, wherein the mechanical cutter is aligned with the

laser in a direction of the saw street.

14. The device of claim 12, wherein the mechanical cutter completes a cut
through a wafer.

15. The device of claim 12, wherein the mechanical cutter includes a nickle-
diamond cutting surface and is a circular blade.

16. A wafer dicing device, comprising:
a laser adapted to form a scribe in a wafer, wherein the lasef hasan
average power of about 300 watts; and
a mechanical cutter following the laser and engaging the wafer at the

scribe.

17. The device of claim 16, wherein the mechanical cutter completes a cut
through a wafer at the scribe formed by the laser. '

18. The device of claim 16, wherein the laser includes a liquid guided laser

beam.

19. A wafer dicing device, comprising:
a laser adapted to form a scribe in a wafer, wherein the laser has an
average power of less than about 300 watts; and
a cutting blade following the laser and engaging the wafer at the scribe.

20. The device of claim 19, wherein the laser includes a water guided laser

beam.

-
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21. A wafer dicing device, comprising:

a laser adapted to form a scribe in a wafer, wherein the laser has an
refresh rate of about 3000 Hz; and
amechanical cutter following the laser and cutting the wafer at the

scribe.

22. The device of claim 21, wherein the mechanica] cutter includes cuiting blade
that completes a cut through the wafer at the scribe.

23. The device of claim 22, wherein the cutting blade includes a nickle-diamond
cutting surface on a circular biade.

24. The device of claim 21, wherein the laser includes 2 liqnid guided laser

beam.

25. A wafer dicing device, comprising:
a Taser adapted to form a scribe in a wafer, wherein the laser has an
refresh rate of less than about 3000 Hz; and
a cutting blade following the laser along the scribe in the wafer created
by the laser.’

26. The device of claim 25, wherein the laser includes a liquid gnided Jaser
beam.

27. 'The device of claim 25, wherein the laser is a yttrium-ahuminum-gamet

(YAG) laser.

28. The device of claim 25, wherein the laseris a neodymium yttrinm-
aluminum-garnet (Nd:YAG) laser.

29. A deviee for dicing a wafer having 2 metalization layer, comprising:
a laser adapted to cut the metalization layer of the wafer; and
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a mechanicd] ¢ifiter following the laser and compléting a cut through the

wafer.

30. The dex;ice of claim 29, wherein the laser only cuts through the metalization

layer.

31, The device of claim 29, wherein the laser only cuts partially into the
metalization layer. '

32. The device of claim 29, wherein the cutting blade creates a kerf through the
wafer, the kerf having a-width essentially equal to a cut made by the laser.

33. The device of claim 29, wherein the cutting blade creates a kerf through the
wafer, the kerf having a width larger than a cut made by the laser.

34. A device for dicing a wafer baving a test layer, comprising:
a laser adapted to cut a kerfin the test layer of the wafer; and
amechanical cutter following the laser and cutting the wafer along the
kerf.

35. The device of claim 34, wherein the laser only cuts throngh the test layer.

36. The device of ¢laim 34, wherein the laser only partially cuts the test layer
such that the kerf is only in the test layer. '

37. The device of clajm 34, wherein the mechanical cutter includes a cutting
blade having a nickle-diamond cutting surface.

38. The device of claim 34, wherein the laser includes a liquid guided laser

beam.

39. A wafer dicing device, comprising:

a laser adapted to ablate a saw street in a wafer to form a scribe;

R
L
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a mechanical cutter following the laser; and
a wafer support movable relative to the laser and the mechanical cutter.

40. The device of claim 39, wherein the wafer support is movable in a direction
of the saw street in the wafer supported on the wafer support.

41. The device of claim 39, wherein the wafer support includes actuators that
move the wafer past at least one of the laser and the mechanical cutter at a rate of

about 120 nmllimeters per second.

42: The device of claim 39, wherein the mechanical cutter completes a cut
through a wafer along the scribe created by the laser.

43. The device of claim 39, wherein the wafer support incIndes a table and an
adhesive layer fixing the wafer on the table. '

44. The device of claim 43, wherein the adhesive layer is a tape.

45. The device of claim 43, wherem the adhesivellayer 1s a soluble glue, which
1s removable from at least one of the wafer and the table by an agent.

46. A wafer dicing device, comprising:

a laser adapted to form a scribe in a wafer;

a mechanical cutter following the laser and cutting the wafer along the
scribe; and

a wafer support movable relative to the laser and the mechanical cutter,

wherein the wafer support inclides reliefs therein.

47. The device of claim 46, wherein the reliefs are aligned with saw streets of
the wafer supported on the wafer support.

48. The device of claim 46, wherein the wafer support is movable in a direction
of a saw street in a wafer supported on the wafer support.

20
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49. The device of &laith 46, wherein the mechanical cufter includes a blade that
completes a cut through a wafer.

50. The device of claim 49, wherein the blade includes a nickle-diamond cutting

surface on a circular blade.

51. The device of claim 46, wherejn the laser includes a liquid guided laser

beam.

52. The device of claim 51, Wherein the reliefs receive liquid from the liquid
guided Jaser beam-and channe] the liquid away from the wafer.

53. A device for dicing a wafer having a thickness of less than about 100
micrometers, c_omprising:

a wafer support; and

a lasér'having an output of about 300 watts and a maxium refreshrate
of about 3000Hz, wherein the laser completely cuts through the wafer.

54. The device of claim 53, wherein the wafer has a thickness of less than about
five millimeters

55. The device of claim 53, wherein the laser is a liquid guided laser.

56. A wafer having a top surface and a body, comprising:

a firsi state wherein the top surface is uncut;

a second state wherein the top surface has a laser cut partially into the
body; and

a third state wherein a cut extends completely thmugﬁ the body of the
wafer.

57. The wafer of clain 56, wherein the laser cut has a depth from the top surface
into the body of about 25 micrometers to about 50 micrometers.

-
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58. The wafer of claim 56, wherein the wafer hias a thickness of greater than
about five millimeters.

59. The wafer of claim 56, wherein fhc body includes a saw street where the

laser cut is positioned in the second state.

60. The wafer of claim 59, wherein the cut is positioned in the saw street in the
third state.

61. A method for dicing workpieces, comprising:

scribing a workpiece with a Jaser; and

completely cutting through the workpiec;a along the scribe with a
mechanical cntter. :

62. The method of claim 61, wherein scribing includes seiting the laser to have

an average power of about 300 watts and a maximum refresh rate of 3,000 Hz.

63. The method of cJaim 61, wherein completely cutting includes engaging the

wafer at the scribe with a saw.

64. The method of claim 63, wherein engaging the wafer includes sawing the
wafer with a nickle-diamond cutting surface.

65. The method of claim 61, wherein scribing includes scribing the wafer with 2
yttrium-aluminum-garmet (YAG) laser.

66. A method for dicing workpieces, comprising:

scribing a workpiece with a laser; and

completely cutting through the workpiece along the scribe with a
mechanical cutter, wherein the laser aﬂd the mechanical catter simultaneously
contact the workpiece.

e
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65. The method of ¢laitn 64, wherein completely cutting includes fixing the
mechanical cutter at a set distance behind the laser.

66. The method of claim 65, wherein scribing inchudes setting the Jaser to have
an average power of about 300 watts and a maximum refresh rate of 3,000 Hz.

67. A method for dicing workpieces, comprising:

moving a workpiece relative to a laser;

scribing a workpiwe with the laser; and

completely cutting through the workpiece along the scribe with a
mechanical cutter.

68. The method of claim 67, wherein moving includes moving the workpiece at
a speed of 120 mm/sec,

69. The method of claim 68, wherein sciibing includes setting the laser to have

an average power of about 300 watts and a maximum refresh rate of 3,000 Hz.

A
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