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WAFER DICING DEVICE AND METHOD

Technical Field
The present invention relates generally to integrated circuit

manufacturing equipment, and in particolar to apparstus and methods for dicing
wafess. - |
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 using diamond-nickel blades, the backside cutting
quality can Sz improved by performing a two-pass cut. However, this will
reduce productivity by around 30% and a wider saw kerfis ex;aected_. This is
éus te mpaching acBiuacy for the second pass. The wider saw kerf hindurs
progress towards a smaller saw street and thus leading to a lower die per wafer
count.

Another area of voncern 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 causes 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 wﬁfcx fabrication due to the higher operational 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 cotting guality is
believed to be due fo the clogging of the blade, which results in overloading of
the blade during dicing.

1t is believed that a two-pass cut process using a saw blade for each cut
pass will not significantly improve topside chipping as compared 1o a single-pass
cutting due to the presence of test structures and metal layers on the wafer, The

cutting quality of a two-pass cut can be seen in Figure 2. A comparison on the
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cutting quality obtained from 2 single-pass cut and a two-pass cut is shown in

Table 1.

1-Pass Cut 2-Pass Cut
Width (max) 526 pm 55.9 pm
Back Side 1052 pm 43.9 pm
Chipping '
Back Side 374 um 196 pm
Cracking

Table 1 Cutting Quality Comparison
The numbers aﬁsec:%a‘écd 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 irnprove significantly in a fwo-pass cufting groc.;sss.

While saw cutting of wafers is thoconventional industry standard, there
remains drawbacks with such cutting. Saw blades wear over time. This results
in inconsistent cutting guality from when the blade is new and subsequent
cutting operafions. Consequently, the gpemtor 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 chénged before the end of their nseful lives
"resulting in higher equipment costs than necessary due to premature saw blade

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

A recent development in wafer dicing 1s laser cutting. However, laser
dicing of semiconductor wafers have failed to m;;::t the rigid demands of
mdustry. One significant drawback of using lasers 1s the collateral thermal
damage to the chips caused by the laser. New lasers have been propesed to
overcome the drawbacks of conventional Jasers in the area of semiconductor
dicing. An example of such 2 system is being promoted by Synova SA. of
Lausanne, Switzerland, and described in WO 99/56907, titled “MATERIAL
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SHAYING DEVICE WITH A LASER BEAM WHICH IS INJECTED INTO A
STREAM OF LIQUID”, herein incorporated by reference. WO 99/56907
describes a method and device for shaping material of workpieces using a laser
beam which is injected into a stream of liguid, The liquid, which is to be formed
nto 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
channel axis. The Jaser irradiation is focused on a chanmel] entry plane and the
liquid is fed to the channel opening in such a way that a liguid retention space is
avoided in a beam focusing ball and in the immedjate surroundings thereof.
Another lager cutting arrangement is described in U.S. Patent No. 5,902,499,
herein incc}:;porafed by reference. However, these laser cutting arrangements
require a reduced speed when used to cut wafers. The feedspeed of the wafer is
reduoced to 40 mum/s and 20 rm/s for wafers with 305 pr and 470 pm thickness,
respectively. This is due to the greater laser pulse energy required. Therefore,

with this method, laser cuts can be achieved at the expense of productivity.

For thereasons stated above, for other reasons stated below, and for othef ™ "7

reasons which will become apparent to those skilled in the art upon reading and
understanding the present specification, there is a need in the art for improved
integrated circuit manufacturing equipment and methods of manufacturing
integrated eircuits. '
| Summary

The present invention is directed to methods and devices for cutting
workpieces, which include a laser adapted to at least partially cut a workpiece.
In an embodiment, the workpiece is 2 wafer having a pharality dies each with an
integrated circuit. An embodiment of the present invention further includes a
mechanics] cutter following the laser and engaging the workpiece. An
embodiment of the mechanical cutter includes a cutting blade adapted 1o
complete a-cut through a workpiece. An embodiment of the cutting blade
inchides a nickle-diamond cutting surface on a circular blade. An ernbodiment
of the laser includes 2 liquid guided laser beam. An embodiment of the laser
mcludes a yitrium-aluminum-gamet (Y AG) laser.

Ty 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 fhe

-
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workpiece. The second pass is made by a oechanical cutter, In an embodiment,
the mechanical cutter follows the seribe created by the laser. In an embodiment,
the workpiece is supported by a table. The workpiece moves relative to the laser
and the mechanical cutter, In an ermbodiment, the relative movement of
workpiece is at a speed of about 120 mm/sec.

These and other embodiments, aspects, advantages, and features of the
present invention will be set forth in part in the description which foilt}ws, and’in
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 mvention are realized
and attained by means of the instrumentalities, 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
conveptional devices and techaiques,

Figures 2A and 2B are views of backsides of wafers that are cut usirig
conventional devices and techniques in & two pass cut.

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

Figure 4 is a view of 2 wafer cutting apparatus according to the teachings
of an embudiment of the present invention, .

Figure 5 is a view of a 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 tea(;hmgs of
the present invention.

Figure 7 is dagrammatic view of a system according to the teachings of
the present imvention.

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 2 wafer including a plurality of dies separated by
saw sireets, '
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Detailed Description of the Embodiments

".ki 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 m which the inventions may
be practiced. These embodiments are described in sufficient detail to epable
those skilled in the art fo 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 terms wafer and substrate used in the following description include any base
semiconductior structure. Both are to be understood as including
silicon-on-sapphire (SOS) technology, silicon-on-insulator (SOI) technology,
thin fil; transistor (TFT) technology, doped and undoped semiconductors,
epitaxial Jayers of a silicon sﬁ;;portcd by a base semiconductor structure, as well
as ot,her 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 uses a reference number convention of the first
digit corresponding to the figure in which the number references and the last two
digits corresponding 1o like elements thronghout the description. For example,
the Iaser has a reference number of X10, where X 15 the number of figure on
which the refefence nurnber 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 adapied to cut and/or dice workpieces 320 such as wafers,
sericonductor 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 inte a workpiece and not cutting entirely
through the workpiece. The apparatus further inchudes a mechanical cutter 330,
e.g., 4 saw biade, 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 mcludes a diamond cutting surface. Inan

embodiment, saw blade 330 includes a dizmond-nickel cutting surface. In an
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embodiment, the Jaser 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 arrow 340 to respectively scribe and
cut the wafer 320

In an embodiment, the workpiece cutting apparatus 300 further includes 2
workpiece support 350. The workpiece support 350 is adapted to rigidly fix the
workpiece such that jts position is readily determined and it will not move
during scribing or cutting. An embodiment of the support 350 includes table 352
and an adhesive layer 354 on the top surface of thetable. 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 forrned at least one active circut 324 for each die. In an embodiment, a
pluzality of active circuits 324 are formed on the substrate layer 323, The active
circuits 324 are fabricated according to fechniques kqom 1o those of skill in the

. zxt of semiconductor fabrication. Intermediate the dies are saw sirects 325 -+

whereat the laser beam 315 and mechanical cutter 330 can cut into the wafer 320

to dice the wafer into separate dies without darsaging the active circuits 324. In

an embodiment, the layer 323 is divided into a upper layer 320A and a lower
layer 320B. In an embodiment, integrated circuits are formed within the upper
layer 320A according to known fabrication techniques. The lower layer 320B is
a substrate layer on which integrated circuit layers are fabricated. Tn an
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 portionor layer 320A of the
workpiece 320. In an embodiment, laser 320 ablates only a portion of the upper
layer 320A. Inan cgnbodimcnt, the laser beam 315 and workpiece 320 move
relative to each other such that a continuous channel 322 is formed in 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
compk:teiy through 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 3204 includes a passivation layer. In an
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embodiruent, the passivation layer includes a gi ass. In an embodiment, the
passivation layer is an insulator, In an embodiment, the paésivatim layer
includes a polymide. In an embodiment, the polymide is of the formula PIx. In
an embodiment, the pelymide 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. Afier the laser beam 315 ablates
an upper portion of the workpiece 320, the mechanical cuiter 330 completes the
cut through the remaining unablated lower portion or bottom layer 3208 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 m Figure 3). In an embodiment,
laser 310 and cutter 330 are mnovable relative to each other, In an embodiment,
the laser 310 scribes the entire wafer 320 before the mechanical eutler 330
begins completes the cut through.the wafer 320, In an embodiment, the laser
310 and mechanical cutter 330 are fixed to 2 same support. In an embodiment,
the mechanical cutter 330 follows directly afier the laser 310 at 2 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 includes 2 laser 410 and 2 mechanical cutter 430 each fixed to a housing
460. The laser 410 produces a laser beam 415 for cutting 2 workpiece 420 such
as a wafer or semiconductor substrate. In an embodiment, the mechanical cutter
430 includes a circular saw blade 432. In an embodiment, the housing 460 is
fixed and a workpiece support unit 450 is positioned adjacent the housing. In an
embodiment, the workpiece support unit 456 includes a 1able 452 on which is
positioned an attachment device 454 that fixes éwerkpiece 420 to the table.
Wérkpicoe support unit 450 further includes an actuator 455 that is convected to
the tsble 452. Actuator 455 moves the table relative fo the fixed housing 450,
and hence the laser 410 and mechanical euiter 430, during 2 cutting operation.
The actuator 455, in an embodiment, inclades stepper motors that precisely
contro] the position of table 452. Actuator 455 may include pneumatic of

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, ¢.g,., the circular saw
blade 432, is fixed. Laser 410 is mounted on the font (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 wit 470 includes a coolant
source (not shown} that is connected to housing 460 and {luidly connected to a

slide bar nozzle assembly 471, Slide bar nozzle assembly 471 is positioned

. intermediatethe laser'410 and méchanical cutter 430, Thus, coolant exits the ™+ =+

sHde 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 use with embodiments of the
present invention described herein.

Controller 480 is electrically connected to the actuator 455, laser 410 and
cutter 430, In an embodiment, controller 480 is further connected to cooling unit
470. Accordingly, controlier 480 controls and coordinates operation of each of
these clements. Controller 480, i}ﬁ an exnbodiment, is a computer having a
processor and memory. As know to one of ordinary skill in the art, the memory
stores data and instructions that are used by the processor to produce control
signals for the devices contected 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 mncludes 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, controiler 480 provides signals controlling movement of the laser
housing 450 and, bence, movement of the laser and bousing. 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 beamn 415.
Accordingly, the controller 480 governs operation of the laser 410 in conjunction
with movement of the workpicce 420 such that the minimal energy needed to
ablate the workpiece material is applied at the correct location 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 2 laser beam 515 and a mechanical cutter 530, Laser 510

- produces g laser beam 515 that scribes the workpiese 520 in a saw sfreet 521

intermediate active circuils 524 to create a trench 522A in upper portion of the
wafer workpiece. It is understood that it 1s within the scope of the present
invention to position the active cirenits with the wafler workpiece 52C, Inan
embodiment, the laser beam 515 cuts into the top layer on a wafer workpiece. In
an erbodiment, 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 $30, in an embodiment, cuts into a portion of the
support 554 fixing the workpiece to the table 550. In an embodiment, the
mechamical cutter 530 is not aligned with the laser 510. Accordingly, the laser
$10 and mechanical cutier 530 may be positioned at separate workstations, The
laser 510 and mechanical cutter 530 may be positioned in the same worketation
but supporied on independent axms cénmlled by a controller.

Figure 6 shows a system 600 for cutting workpieces 620 aceording to the
teachings of the present invention. System 600 includes a controller 680 capable
of communicating with the laser 610, mechanjcal cutter 630, and actuators 655,
Controller 680 regulates operation of these devices according to the teachings of
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the present invention. Laser 610 and catter 630 are adapted to scribe and/or cut
the workpiece 620 accordingly to the teachings of the present invention. In an
embodiment, actuator 655 1s connected to the laser 610 and the mechanical
cutter 630 to control the movement thereof. In an embodiment, actuator 655 is
conmected to the table 652 to control movement of the workpicce 620 fixed to
the table 652. The present invention fthus provides for relative movement
between the faser 610 and workpiece 620 as well as between mechanical cutter
630 and workpiece 620. In an embodiment, controller 680 separately controls
the Jaser 610 and cutter 630 such that one can engage workpiece 620 without the
other being activated. Accordin gly, the laser 610 can scribe and/or cut the
workpiece 620 without the cutter 630 by activation of only the laser 610 by
controller 680, If it is 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 workpicce 620.
Figure 7 shows a system 700 for cutting and or dicing a workpiece 720.

Workpiece 720 is‘fhied 16 a table 752, Which is moved relative to laser asseibly

705 and mechanical cutter 730 by actuators 755 based on conirol signals
received from controller 780. Laser assembly 705 includes alaser 710 and a
hquid source 716. Laser 710 produces an unfocused laser beam 711 directed to
a focusing umit 712, Beam guide 713 recejves the focused beam from the
focusing unit 712. Beam guide 713 projects the beam on a collimator unit 714.
Collimator umit 714 projects the beam mio a nozzle block 717. Nozzle block
717 is fluidly comnected to the liquid source 716. The nozzle block 717 createsa
liguid 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
cémectﬁd to fhe laser assembly 705, mechanical cutter 730 and actuator 755,
Controller 780 controls 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, Inan
embodiment, the liquid stream has a diameter equal to the laser beamn diameter.
In an embodiment, the hquid stream diameter is about 50 micrometers to about

150 micronmeters. In an embodiment, the iquid is water. The water, when
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guiding a laser beam to a wafer workpiece, is filtered to a high degree such that
particles that can damage the wafer workpiece are not present. Inan
embodiment, the water s filtered to remove particles of at 0.2 microns and
grealer. Moreovér, the liquid should be electrically peutral. According‘iy, the
liquid is deionized.

Figure & shows an embodiment of 2 workpiece support table 850
according to the teachings of the present invention. Table 850 includes reliefs
851 in the forin of channels recessed into the table below a workpiece supporting
surface 853. Workpiece support surface 853 is defined by coplanar top surfaces
of columnns 857. In an emwbodiment, the table includes an attachment layer (not
sho#rn) for holding the workpiece 820 on the top surface of the columns 857. In
an embodiment, the workpiece 820 is a wafer or semiconductor substrate. In an
embodiment, workpiece 820 includes saw sireets 821 extending in at least one A
direction. The saw streets 821 are aligned with reliefs 851 when the workpiece
is fixed to the table 830. In an emmbodiment, the laser 810 scribes the workpiece
820. In use; the laser 810 produces a iase:f be:ém 815 which cuts the-v&orl%ﬁiew :'
820 along saw streets in the workpiece that are aligned with the reliefs 851. In
an embodiment, the laser 810 is a liguid guided laser and the relicfs 851 receive
the hiquid and channel it away from the workpiece. In an embodiment, the
reliefs 851 provide coolant to the workpiece to reduce the effects of heat
produced by the laser beam 815 on the workpiece 820. A wafer workpiece 820
is sensitive 1o temperature effects which could damage circwitry on the wafer
workpiece. As known to one of ordinary skill each wafer has a limited thermal
budget, which if exceeded csmseé defects 1 the cireuitry. 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 elements 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 include any
laser suitable for scoring and/or cufting through a workpiece. In ag embodiment,
the laser is adapted for cutting wafer struchires fabﬁcated according to known
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techniques. In an embodiment, the Jaser is a solid state laser. Tn an embodiment,
the Jaser is a yttrivm-aluminum-gamet (YAG) laser. In an embodiment, the laser
is a peodymium-~YAG laser. The laser wavelength, in an emmbodiment, is about 1
micrometer. In an embodiment, the laser power is about 300 watts. In an
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 zafe 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
itf)i}t) Bz. In an 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 used to completely cut
through, e.g., dice, 2 wafer. In an ernbodiment, the laser scribes the wafer.
Thereafter, the wafer is divided into individuzal dies. In an embodiment, a
mechanical cutter follows the scribes formed by the Jaser, The mechanical

cutter, during 2 cutting operation, does not ceniact or engage the fop surface of

- the wafer as the top surface-way rvitoved 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 wafer 820 has a
thickness of about 300 micrometers. In an embodiment, the wafer 920 has a
thickuess of about 203 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 an embodiment, the saw strzets 921 in
one group extend parallel to ¢ach other. In an embodiment, saw streets 521 are
equally spaced from each other. Saw streets 921 in one group extend
perpendicular to saw streets in a second group. The wafer 920 includes a base
layer on which is formed a plurality of integrated circuit layers to form
mtegrated circuits, The layers melude capacitors, transistor, lines, plugs, fill,
nsulators, wells, m&ia]s, and other structures known in the field of integrated
circuits, Fach'die 926 includes at least one integrated circuit element. The dies
926 are separated from each other according to the teachings of the present
invention. Individual dies 926 may represent 2 complete integrated circuit such

as a processor, memory chip, or other integrated circuit. Memory chip dies
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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. In an embodiment, at least
one saw streef ncludes contacts. The contacts provide electrical connection
between the inicgrat&d circuits on the die and circuits outside the die. The
present description provides examples of various wafers that can be used in the
present invention. Thus, these e:xﬁmp]es do not limited the present invention
unless expressed in the appended claims.

A process according to the teachings of the present mvention includes
cutting into a workpiece 320, 420, 520, 620, 720, 820, or 920 using a laser 310,
410, 510, 610, 710, or 810. The laser removes material from a top portion of a
workpiece to create a seribe. In an embodiment, the seribe extends dlong 2 saw
strest of a wafer workpiece. In an embodiment, a mechanical cutter 330, 430,
530, or 730 cuts the wafer workpiece at the scribe. Accordingly, the cuiter -
completes the cut throngh the remaining porlion of the wafer beneath the scribe
created by the laser. The cutter completes the cut through the wafer workpiece,

thereby separating adjacent dies. In an embodiment, the laser completes s saiibe " 7+

throughout the length of the saw street prior 1o the cutter engaging the wafer
workpiece. In an embodiment, both the laser and the culter act on the wafer

. workpiece at the same tiyne. In en embodiment, the cutter closely follows the

Jaser such that both the laser and the cutter are simultaneously engaging a same
saw street,

In an embodiment, it is desirable to maintain a processing speed of 120-
mny/sec when dicing a wafer. The use of a two pass cutfing process according to
the teachings of the present invention maintains such a speed. Both the laser and
the mechanical cutter can engage, e.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 thickness of greater than 100 micrometers. The laser can scribe
a chaunel in the wafer. The mechanical cutter follows the channel and completes
a cut through the wafer, In an embodiment where the wafer has a top layer on
the saw street in the range of about 25 micrometers to about 50 micrometers, the
Jaser creates a channel at Jeast as deep as the top layer. Thus, the chanpel has a
depth in a range of about 25 micrometers to about 50 micrometers in this

example. In an embodiment, the channel has 2 depth deeper than about 25
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micrometers to about 50 rnicrommeters. In an embodiment, the feed speed of the

| wafer is about 120 mmy/sec. Accordingly, the feed speed of the wafer is not

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

In an embodiment, the two pass cutting process of the present invention
improves backside chipping and backside eracking over a sinple 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 fasiex cutting speed than the two pass mechanical
cut process described in conjunction with Table 1.

In an embediment, the controller 480, 680, or 780 includes software that
generates control instructions for the wafer workpicce dicing equipment. The
instructions control the relaﬁ%e movement of the wafer workpiece 320, 420, 520,
620, 720, 820, or 920 as compared to the cutting equipment 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 -
is about 120 millimeters per second. Ir-aivembodiment, the software determines
the use of the laser and/or the mechanical cutter based on the thickness and
composition of the wafer workpiece. For examwple, if the wafer workpiece is’
ultrathin, therr only the laser 1s used to cut ﬁ:rough 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 without the laser.

The present invention zlso cuts through vltrathin wafers. Ultrathia
wafers have a thickuoess 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 is less than 100 micromsters. In an embodiment, the thickness
of about 5 mils. In an embodiment, the thickness of less than about 5 mils. 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 millimefers per second. In an embodiment, the laser has
an average output power of about 300 watis. In an embodiment, 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 mmvention provides for dicing
uitrathin wafer workpieces using only the laser.
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Conclusion
The present invention provides improved workpiece cutting structures
and processes. The laser scribes 2 workpiece in a relatively stress-free as
compared to mechanical entters such as saws, scribers, and mechanical

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

' sertbe created by the laser in an embodiment of the tuvention. The speed at

which the laser and cufter act on the workpiece is maintained at about 120
mm/sec. o provide adequate throughput. Accordingly, prodncﬁvit? isnot
diminished. The use of the laser as the first pass in a two pass cutting procedure
reduces ééxﬁage to the workpiece such as surface chipping and backside
fragmentation. Accordingly, fewer wafer workpieces are damaged during
dicing.

The present invention also ;:sm%ide:s a laser devices and method for
cutting wafer workpieces without a mechavical cutter, The Jaser 1s adapted to
cut through very thin workpieces. The workpieces have thickness as described
herein. - Accoingdy, 1hete is no mecharical stress on the very thin workpieces, **
which can cause a significant ameunt of cracking and chipping particularly in
semiconductor wafers. ”

Although specific embodimants have been illustrated and described
hesein, it will be appreciated by those of ordinary skill in the art that any
arrangement which is calenlated 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 example, other integrated
circuit processing equipment may be nhilized iu conjunction with the invention.
Accordingly, this application is intended fo cover any adaptations or variations
of the invention. It is manifestly intended that this invention be limited only by

the following claims and equivalents thereof
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CLAIMS:
1. A wafer dicing device, comprising:

a laser adapted to scribe a wafer, wherein the laser includes a liquid guided laser beam
and a liquid that has been filtered and deionized; and

a cutting blade coupled to the laser and engaging a same saw street in the wafer as the
laser.
2. The device of claim 1, wherein the cutting blade completes a cut through a wafer,
3. The device of claim 1, wherein the cutting blade includes a nickel-diamond cutting surface.
4. The device of claim 1, wherein the cutting blade is a circular blade.
5. The device of claim 1, wherein the liquid guided laser beam includes water.
6. An integrated circuit substrate cutting device, comprising:

a laser adapted to scribe a wafer, wherein the laser includes a liquid guided laser beam
and a liquid that has been filtered and deionized; and

a cutting blade adapted to follow the laser at a fixed distance and to simultaneously cut
the substrate with the laser scribe ahead of the cutting blade.

7. The device of claim 6, wherein the cutting blade completes a cut through a substrate.

8. The device of claim 6, wherein the cutting blade includes a nickel-diamond cutting surface on

a circular blade.

9. The device of claim 6, wherein the liquid guided laser beam includes water.

10. A device for dicing a wafer having a saw street, comprising:

16



a laser adapted to scribe a wafer along a saw street, wherein the laser includes a liguid
guided laser beam and a liquid that has been filtered and deionized; and
a mechanical cutter coupled to the laser and following the laser along a scribe in the

same saw street being scribed by the laser.

11. The device of claim 10, wherein the mechanical cutter is aligned with the laser in a direction

of the saw street.

12. The device of claim 10, wherein the mechanical cutter completes a cut through a wafer.

13. The device of claim 10, wherein the mechanical cutter includes a nickel-diamond cutting

surface and is a circular blade.

14. A wafer dicing device, comprising:

a laser adapted to form a scribe in a wafer, wherein the laser has an average power of
about 300 watts, and the laser includes a liquid guided laser beam and a liquid
that has been filtered and deionized; and

a mechanical cutter coupled to the laser and following the laser and engaging the wafer at

the scribe.

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

scribe formed by the laser.
16. 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 the laser includes a liquid guided laser beam and a liquid that has been
filtered and deionized; and

a cutting blade coupled to the laser and engaging the wafer at the scribe.

17. The device of claim 16, wherein the laser includes a water guided laser beam.

18. A wafer dicing device, comprising:
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a laser adapted to form a scribe in a wafer, wherein the laser has an refresh rate of about
3000 Hz, and the laser includes a liquid guided laser beam and a liguid that has
been filtered and deionized; and

a mechanical cutter coupled fo the laser and following the laser and cutting the wafer at

the scribe.

19. The device of claim 18, wherein the mechanical cutter includes cutting blade that completes a

cut through the wafer at the seribe,

20. The device of claim 19, wherein the cutting blade includes a nickel-diamond cutting surface

on a circular blade.

21. A wafer dicing device, comprising:

a laser adapted to form 2 scribe in a wafer, wherein the laser has an refresh rate of less
than about 3000 Hz, and the laser includes a liquid guided laser beam and a liquid that has been
filtered and deionized; and

a cutting blade coupled to the laser and following the laser along the scribe in the wafer

created by the laser.

22. The device of claim 21, wherein the laser is a yttrium-aluminum-gamet {YAG) laser.

23. The device of claim 21, wherein the laser is a neodymium yttrium-gluminum-garnet
(Nd:YAG) laser.

24. A device for dicing a wafer having a metalization layer, comprising:

a laser adapted to cut the metalization layer of the wafer, and the laser includes a liguid
guided laser beam and a liquid that has been filtered and deionized; and

a mechanical cutter coupled to the laser and following the laser and completing a cut
through the wafer.

25. The device of claim 24, wherein the laser only cuts through the metalization layer.

18



26. The device of claim 24, wherein the laser only cuts partially into the metalization layer.

27. The device of claim 24, wherein the cutting blade creates a kerf through the wafer, the kerf

having a width essentially equal to a cut made by the laser.

28. The device of claim 24, wherein the cutting blade creates a kerf through the wafer, the kerf

having a width larger than a cut made by the laser.

29. A device for dicing a wafer having a test layer, comprising:

a laser adapted to cut a kerf in the test layer of the wafer, wherein the laser includes a
liquid guided laser beam and a liquid that has been filtered and deionized; and

a mechanical cutter coupled to the laser and adapted to follow the laser at a fixed distance

and to cut the wafer along the kerf.

30. The device of claim 29, wherein the laser only cuts through the test layer.

31. The device of claim 29, wherein the laser only partially cuts the test layer such that the kerf is

only in the test layer.

32. The device of claim 29, wherein the mechanical cutter includes a cutting blade having a

nickel-diamond cutting surface.

33. A wafer dicing device, comprising;

a laser adapted to ablate a saw street in a wafer to form a scribe, wherein the laser
includes a liquid guided laser beam and a liquid that has been filtered and deionized,

a mechanical cutter coupled to the laser and following the laser; and

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

34. The device of claim 33, wherein the wafer support is movable in a direction of the saw street

in the wafer supported on the wafer support.
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35. The device of claim 33, 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 millimeters per

second.

36. The device of claim 33, wherein the mechanical cutter completes a cut through a wafer along

the scribe created by the laser.

37. The device of claim 33, wherein the wafer support includes a table and an adhesive layer

fixing the wafer on the table,

38. The device of claim 37, wherein the adhesive layer is a tape.

39. The device of claim 37, wherein the adhesive layer is a soluble glue, which is removable

from at least one of the wafer and the table by an agent.

40. A wafer dicing device, comprising:

a laser adapied to form a scribe in a wafer, wherein the laser includes a liquid guided
laser beam and a liquid that has been filtered and deionized;

a mechanical cutter coupled to the laser and 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 includes reliefs therein.

41. The device of claim 40, wherein the reliefs are aligned with saw streets of the wafer

supported on the wafer support.

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

a wafer supported on the wafer support.

43. The device of claim 40, wherein the mechanical cutter includes a blade that completes a cut
through a wafer.
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44. The device of claim 43, wherein the blade includes a [[]] nickel-diamond cutting surface on a

circular blade.

45. The device of claim 40, wherein the reliefs receive liquid from the liquid guided laser beam

and channel the liquid away from the wafer.

46. A method for dicing workpieces, comprising:
filtering and deionizing a liquid supplied to a liquid guided laser;
scribing a workpiece with a liquid guided laser; and
completely cutting through the workpiece along the scribe with a mechanical cutter

coupled to the laser.

47. The method of claim 46, wherein scribing includes sefting the laser to have an average power
of about 300 watts and a maximum refresh rate of 3,000 Hz

48. The method of claim 46, wherein completely cutting includes engaging the wafer at the

scribe with a saw.

49, The method of claim 48, wherein engaging the wafer includes sawing the wafer with a

nickel-diamond cutting surface,

50. The method of claim 46, wherein scribing includes scribing the wafer with a ytirium-

aluminum-garnet {YAQG) laser.

51. A method for dicing workpieces, comprising:
filtering and deionizing a liquid supplied to a liquid guided laser;
scribing a workpiece with the liguid gwmded laser; and
completely cutting through the workpiece along the scribe with a mechanical cutter,

wherein the laser and the mechanical cutter simultaneously contact the workpiece.

52. The method of claim 51, wherein completely cutting includes fixing the mechanical cutter at

a set distance behind the laser.
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53. The method of claim 51, wherein scribing includes setting the laser to have an average power

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

54. A method for dicing workpieces, comprising:
filtering and deionizing a liquid supplied to a liquid guided laser;
moving a workpiece relative to the liquid guided laser;
scribing a workpiece with the liquid guided laser; and
completely cutting through the workpiece along the scribe with a mechanical cutter

coupled to the laser.

55. The method of claim 54, wherein moving includes moving the workpiece at a speed of 120

mmy/sec.

56. The method of claim 54, wherein scribing includes setting the laser to have an average power

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