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WAFER DICING DEVICE AND METHOD 

Technical Field 

5 The present invention relates generally to integrated circuit 

manufacturing equipment. and in particular to apparatus and methods for dicing 

wafers.· 

Background 

Wafers are fabricated with a plurality of dies each having a plurality of 

10 integrated circuit elements therein. A die represents one individual chip that 

must be sepamted 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 cU:tting 

quality ean be improved by perfonning a two-pass cut However> this will 

lS reduce productivity by aroiind 50%. and a wider saw kerf is expected. This is 

due to macbine accuracy for the seeond pass. The wider saw kerfhinders 

progress towards a smaller saw street and th.us leading to a lower die per wafer 

count. 

Another area of concem when separating the dies is chipping on the top 

20 surface of the dies OT fragmentation on the bottom sUiface 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 

25 during wafer fabrication due to the higher operational cost and cycle .fune 

requit'e~ for such fabrication steps. The impact of these materials on the cutting 

quality can be seen in Figure 1. The reason for this poor cutting quality is 

believed. to be due to the clogging of the blade~ which results in overloading of 

the blade during dicing. 

30 It is believed that a two-pass "C1lt process using a saw blade for each cut 

pass will not significantly improve topside chipping as compared to a single-pass 

cutting due to ~e presence oftest 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 a single-pass cut and a two~pass cut is shown in 

Table 1. 

1-Pass Cut 2-PassCut 

Width(max) 52.6 µm 55.9 µ.m 

Back Side 105.2 µm 43.9 p.m 

Chipping 

Back Side 37.4 µ:m 19.6 µm 

Cracking 

Table 1 Cutting Quality Comparison: 

The numbers associated 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 bacbide chipping and cracking improves approximately 40-50% 

using a two-pass cutting process. The top side chipping, for example, in: its 

15 width, does.not improve significantly in a two-pass cutting process. 

While saw cutting of wafers is the conventional ind.Ustry standard1 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. Co~sequently, the operator must predict when the blade bas 

20 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 usefu1 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. Due to 

25 these stresses saw blades may not be used to cut very thin workpieces, such as 

ultrathin semiconductor wafers. 

A recent development ~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 thennal 

30 damage to the chips caused by the laser. New lasers have been proposed to 

overcome the drawbacks of conventional lasers in the area of semiconductor 

dicing. An example of such a system is being promDted by Synova SA. of 

Lausanne, Switzerland, and described in WO 99/56907, titled .. MATERIAL 
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SHAPING DEVICE WITH A LASER BEAM WIDCH IS lNJECTED INTO A 

STREAM OF UQUID,,, herein inc01porated by reference. WO 99/56907 

describes a method and device for shaping material of workpieces u.sing a laser 

beam which is injected into a stream of1iquid. The liquid~ which is to be formed 

5 into a stream~ is fed to the nozzle channel opening such that ·the liquid does not 

swjrl, especially without flow comJi>OD~ts which are tangential to the nozzle 

channel axis. The laser iiradiation 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 beam focusing ball and in the immediate SU1T0undings thereof 

10 Another laser cutting arrangement is described in U.S. Patent No. 5,902,499. 

herein incorporated by reference. However, these laser cutting arrangements 

require a reduced speed when used to cut wafers. The feed.speed of the wafer is 

reduced to 40 u:rm/s and 20 mm/s for wafers with 305 µm and 470 µm thickness, 

respectively. This is d~e to the greater laser pulse energy required. Therefore, 

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

For the reasOn.s stated above, for other reasons stated below, and for other 

reasons which will become apparent to those skilled in the art upon reading and 

understanding tlie present specification, there is a need in the art for improved 

integrated circuit manufacturing equipment and methods of manufacturing 

20 integrated circuits. 

Summanr 
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 embodllnent, the workpiece is a wafer having a plurality dies each with an 

25 integrated circuit. An embodiment of the present invention further includes a 

mechanical cutter following the laser and engaging the workpiece .. An 

embodiment of the mechanical cutter includes a cutting blade adapted to 

complete a·cut tbrOugh a wo:dcpiece. An embodiment offb.e cutting blade 

includes a nickle-diamond cutting sutface on a circular blade. An embodiment 

30 of the laser includes a liquid guided laser beam. An embodiment of the laser 

includes a yttri:um-aluminum-gamet (Y AG) laser. 

In an embodiment, a process according to the present invention includes 

a· two-pass cutting procedure. The .first pass is made by a laser, which scn'bes the 
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workpiece_ The second pass is made by a mechanical cutter. In an embodiment, 

the mechanical cutter follows the scribe created by the laser. In an embodiment, 

the workpiece is suppo.rted_by a table •. The workpiece moves relative to the laser 

and the mechanical cutter. In an embo~ent~ the relative movement of 

S 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 follows, arurin 

part will become apparent to those skilled in the art by ref ere.nee to the following 

description of the invention and referen~ed drawings or by practice of the 

1 O jnvention. The aspects, advantages, and features of the invention are realized 

and attained by means of the instromentaliti.es, procedures, and combinations 

particularly pointed out in the appended claims. 

BriefDescription of the Drawings 

Figures lA and lB are vjews ofbacksides of wafers that are cut using 

15 conventional devices and techniques. . 

Figures 2A -and 2B are views of backsides of waf~ that are c'llt using 
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. 

20 Figure 4 is a view of a wafer cutting apparatus according to the tea.cbings 

of an embodiment 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 teachings of 

25 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 embodimetµ of the present invention. 

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

saw streets. 
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Detailed Description of the Embodiments 

hi the following detailed description of the embodiments, reference is 

ma.de to the accompanying dfawings which fonn a part hereof, and in which is 

shown by way of illustration specific embodiments in which the inventions may 

5 be practiced. These embodiments are described in sufficient detail to enable 

those sldlled 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 terms wafer and substrate used in 'the following description include :m.y base 

10 semiconductor :structure. Both are to be understood as including 

silicon-0n-sapphire (SOS) technology, ~ilfoon-on-insulator (SOI) technology, 

thin film transistor (TFT) technology, doped and undoped semiconductors, 

epitaxial layers of a silicon supported by a base semiconductor structuret as well 

as other semiconductor structures well Imown to one skilled in the art. The 

· 15 following detailed description is, therefor<; not to be taken in a limiting sense~ 

and the scope of the present invention is denned 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 

20 digits correspo~g to like elements ~ughout the description. For example, 

the laser has a reference number of XlO,, where Xis the number of figure on 

which the reference number refers. 

Figure 3 shows a side view of a workpiece cut1ing apparatus 300 

according to an embodiment of the present invention.. An embodiment of the 
25 present invention is adapted to cut and/or dice workpieces 320 such as wafers, 

semiconductor substrates and the like. Apparatus 300 includes a laser 310 

producing a laser beam 31 S that scribes a wafer 320. AB used herein> the term 

'"scribe .. is. defined as partially cutting into a worlq>iece and not cutting entirely 

through the viorkpiece. The apparatus :further :includes a mechanical cutter 330, 

30 e.g., a saw blade, for .further cutting into the wafer 320. Jn an embodiment, saw 

blade 330 is a circular saw blade having an outer cutting surface 332. In an 

embodimen~ saw blade 330 includes a diamond cutting surface. In an 

embodiment .. saw blade 330 includes a diamond-nickel cu~g surface. In an 
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.. embodiment, the laser 315 and saw blade 330 are fixed together at a fixed 

distance ap~ Jn an embod1ment, 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. 

5 Jn an embo<timen.t, the workpiece cutting apparatus 300 further includes a 

workpiece support 350. The w.orkpiece support 350 is adapted to rigidly fix the 

workpiece such that its position is readily determined and it will not move 

during scnoing or cu.tting. An embodiment of the rupport 350 includes table 352 

and an adhesive layer 354 on the top surface of the table. The adhesive layer 

10 354 .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· fprrned at· least one active circuit 324 for each die. In an embodiment. a 

plurality of active cimri.ts 324 are fonned on the substrate layer 323. The active 

15 circuits 324 are fabricated according to techniques known to those of skill in the 

art of semiconductor fabrication. Intennediate the dies are saw streets 325 
.·. 

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

to dice the wafer into separate dies without damaging the active circuits 324_ In 

an embodiment,, the layer 323 is divided into a upp~ ]ayer 320A and a low~ 

20 layer 320B. Jn an embodiment, integrated circuits are formed within the upper 

layer 320A according tC) known fabrication techniques_ The lower layer 320B is 

a substrate layer on which integrated circuit layers are fabricated. In an 

embodiment, lower layer 320B also includes integrated circuit elements. 

In a method of operation, the workpiece 320 is diced or separated by first 

25 producing a laser beam 315 which ablate8 an upper portion·or layer 320A of the 

workpiece 320. In an embodi~ laser 320 ablates only a portion of the upper 

layer 320.l\. Jn an embodiment, 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. 

30 top layer 320A of the workpiece .. Jn an embodiment, the laser beam ablates 

completely tbrough the workpiece 320. In an embodiment where the workpiece 

320 is a semiconductor wafer, then the top layer 320A includes a metalization 

layer_ Jn an embodiment, the top layer 320A includes a passivation layer. Jn an 
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embodiment, the passivation layer includes a glass. In an em.bocliment, the 

passivation layer is an insulator. In an embodiment, the p~vation layer 

includes a polymide. In an embodiment, the polymide is of the fonnula Pix.. Jn 

an embodhnent, the polymide is PBO. In an embodiment, the passivation layer 

5 includes two sub-layers. In an embodiment, the top layer 320A ine1udes test 

structures such as contacts and circuit elements. After the laser beam 315 ablates 

an upper portion of the workpiece 320, the mechanical cutter 330 completes the 

cut tfu:ough the remaining unablated lower portion or bottom layer 320B of the 

workpiece 320. In an embodiment, the cutter 330 follows the scn"be or channel 

10 fo.11lled 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 sh9wn in Figure 3). In an embodiment, . . . 
laser 310 and cutter 330 are movable relative to each other. In an embodiment. 

15 the laser 310 scribes the entire wafer 320 before the mechanical cutter 330 

begins completes the cut through the wafer ·320. In an ernbodiment;'tlie laser 

310 and mechanical cutter 330 are fixed to a same support. In an embodiment, 

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 

20 according to the teachings of the present invention. Workpiece cutting apparatus 

400 incluties a laser 410 and a mechanical cutter 430 each fixed to a 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 mechanical cutter 

430 includes a circular saw blade 432. In an embodiment, the housing 460 is 

25 fixed and a workpiece support unit 450 is positioned adjacent the housing. Jn an 

embodiment, the woikpiece support unit 450 includes a table 452 on which is . . 
positioned an attachment device 454 that fixes a workpiece 420 to the table. 

Work.piece support unit 450 .further includes an actuator 455 that is connected to 

the tabl~ 452. Actuator 455 moves the table relative to lhe fixed housing 450, 

30 and hence the laser 410 and mechanical cutter 430, during a. cutting operation. 

The actuatOr 4SS, in an embodiment, includes stepper motors th.at 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 41 O ablates material 

from the workpiece 420 before the mechanical cutter 430 cuts the workpiece 

420. In an embodiment, the actuator 455 can rotate tbe table 452 such that both 

5 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 c~ular saw 

10 blade 432, is fi:xed. 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 tb.e"the direction 456. Jn an embodiment, 

housing 460 includes a cooling unit 470. Cooling unit 470 includes a coo~t 

source (not shown) that is connected to housing 460 and fluidly connected to a 

15 slide bar nozzle assembly 471. Slide bar nozzle assembly 471 is positioned 
' 

intennediate the Ja.ser 41 O and mechanical: cutter 430. Thus, coolatii extts the 

slide bar nozzle assembly 470 intexmegiate the .laser 410 and cutter 430 to reduce 

the effects of temperature on the workpiece during a cutting operation. It will be 

understood tha~ the housing 460 is adaptable ror use with embodiments of the 

20 present invention described herein. 

Coutroller 480 is electrically connected to the actuator 455, laser 410 and 

cutter 430. In an embodiment, controll~ 480 is further connected to cooling unit 

470. Accordingly, controller 480 controls and coordinates operation of each of 

these elements. Controller 480, in an embodiment, is a computer having a 

25 processor and memoiy. As know to one of ordinazy slall in the art, 1he memory 

stores data and .instru.etions that are used by the processor to produce control 

signals for the devices connected to the controller. The memory in.eludes any 

machine readable data storage device. Examples of the memocy include solid 

state memory chips such as RAM, DRAM SRAM, SDRAM, and other memoxy 

30 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 con:troller 480 provides signals to the laser 410 

that regulate the timing, power and refresh frequ~cy of the laser 410. Jn an 

embodiment, controller 480 provides signals controlling movement of the laser 

housing 450 and. hence, movement of the laser and housing. In an embodiment, 

5 the controller 480 provides signals t<l 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 positi.<Jn of the workpiece 420 relative to the laser beam 415_ 

Accordingly, the wntroller 480 governs operation of the laser 410 in con.junction 

10 with movement of the workpiece 420 suc1:J.· that the minimal energy needed to 

ablate the workpiece material is applied at the correct location of the workpiece. 

As a res~ the potenfial. for collateral d~e to the workpiece is r~duced. 

Figure 5 shows an end view of a workpiece cutting apparatus 500' 

according to au embodiment of the present invention. Apparatus 500 includes a 

15 laser 510 producing a laser beam 515 and a mec:hanical cutter 530. Laser 510 

~ produces a"laser beam 515 th~ scribes the workpiece 520 in a saw sfieefS.21 ··:~ · 

intenn~ate active circuits 524 to create a trench 522A in upper ~ortion of.the 

wafer workpiece. It is 1U1derstood that it is within the scope of the present 

invention to position the active circuits with the wafer workpiece 520. Jn an 

20 embodiment, the laser beam 515 cuts into the top layer on a waferwozkpiece. 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 funned 

trench. The mechanical cutter 530, in an embodiment, cuts into a portion of the 

25 support 55~ fixing the workpiece to the table 550. In an embodiment, the 

mechanical cutter 530 is not aligned with the laser 510. Accordingly, the laser 

510 and mechanical cutter 530 maybe positioned at separate workstations. The 

laser 510 and mechanical cutter 530 maybe positioned in the same workstation 

but supported on independent arms controlled by a controller. 

30 Figure 6 shows a system 600 for cutting wolkpieces 620 according to the 

teachings of the present invention. System 600 includes a controller 680 capable 

of communicating with the laser 61 O, mechanical cutter 630~ and actuators 655. 

Controller 680 regulates operanon 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, a.ctllator 655 is connected to the laser 610 and the mechanical 

cutter 630 to control the movemeJ?.t thereof. In an embodiment, actuator 655 is 

5 connected to the table 652. to control movement of the worlcpiece 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 cutter 

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 

10 other being activated. Accordingly~ the laser 610 can scnl>e and/or cut the 

workpiece 620 without the cutter 630by activation of only the laser610by 

controller 680. lfit is determined that the laser 610 is not necessary for cutting 

andlor scribing a workpiece, then ·the controller 680 activates cutter 630 and does 

not activate laser 610. Accordingly, only cutter 630 engages the workpiece 620. 

15 Figure 7 shows a system 700 for cutting and or dicing a workpiece 720. 

Workpiece 720 is fixed tri. a fable 752, wliich is moV:ed relative to laser assembly 

705 and mechanical cutter 730 by actuators 755 based on control signals 

received from controller 780. Laser assembly 70S includes a laser 710 and a 

liquid source 716. Laser 710 produces an unfocused laser beam 711 directed to 

20 a focusing unit 712. Beam guide 713 receives the focused beam from the 

focusing unit 712. Beam guide 713 projects the beam on a collimator unit 714. 

Collimator unit 714 projects the beam into a nozzle block 717. Nozzle block 

717 is fluidly connected to the liquid somce '716. The nozzle block 717 creates a 

liquid and laser beam combination 718. Thi~ combination 718 is directed to the 

25 workpiece 720 to scribe and/or cut it. Jn an embodiment~ a controller 780 is 

connected to the laser assembly 705, ~echanical cutter 730 and ~tuator 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, prov.ides a liquid stream that 

30 acts as a guide directing the laser beam to the wcrkpiece 720. Jn an 

embodiment, the liquid stream has a diameter equal to the laser beam diameter. 

In an embodiment, the liquid stream diameter is about 50 micrometers to about 

150 micro~eters. Jn an embodiment;tb.e liquid is water. The water, when 
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guiding a laser bea.m to a wafer workpiece, is filtered to a high degree such that 

particles that can damage the wafer workpiece are not present. Jn an 

embodiment, the water is filtered to remove particles of at 0.2 J:!llcrons and 

greater. Moreover, the liquid should be electrically neutral. Accordingly, the 

5 liquid is deionized. 

Figare .8 shows an embodiment of a 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 a workpiece supporting 

sutface 853. Woxkpiece supportsn:rfa.ce 853 is defined by coplanar top surfaces 

10 of columns 857. In an embodiment, the table includes an attachment layer (not 

shown) for holding the workpiece 820 on the top smface of the columns 857. ·In 

an embodiment, the workpiece 820 is a wafer or semiconductor substrate. Jn an 

embodiment, work.piece 820 includes saw streets 821 extending in at least one 

direction. The saw stTeets 821 are aligned with reliefs 851 when the workpiece 

15 is fixed to the table 850. In an embodiment~ the laser 810 scribes the workpiece . . 
820. hi use; the laser 810 produces a laser beam 815 which cuts the.workpieee : · 
820 along saw streets in the wo:rkpjece that are aligned with the reliefs 851. Jn 

an embodiment, the laser 810 is a liquid guided laser and the reliefs 851 receive 

the liquid and channel it away from the workpiece. In an embodiment, the 

20 reliefs 851 provide coolant to the workpiece to reduce the effects of heat 

produced by the laser beam 815 QIL the workpiece 820. A wafer workpiece 820 

is sensitive to temperature effects which could damage circuihy on the wafer 

workpiece. As known to one of ordinary skill each wafer has a limited thennal 

budget, which if ex~eeded causes defects in the circuitry. Moreover, elem~ts in 

2S the wafer workpiece may have low breakdown. temperatures. For example, 

copper and aJ.uminum have relative low melting points compared to other metals. 

A laser may heat such elements to such an ~ent that they undesirably reflow. 

Such re.flow may inerease resistance and open interconnect lines. Moreover, 

excess heat may result in undesirable diffusions from one layer to another layer 

30 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 cutting through a workpiece. In an embodiment, 

the laser is adapted for cutting wafer structures fabricated according to known . . 
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teclmiques. Jn an embodiment, the las~r is a solid state laser. Jn an embodiment, 

the laser is a yttrium-alummum-gamet (YAG) laser. Tn an embodiment, the laser 

is a neodymium.-YAG laser. The laser wavelength, in an embodiment, is about 1 

micrometer. In an embodiment, the laser power is about 300 watts. In an 

5 embodiment, the laser power is less than about 300 watts. In an embod.imellt;, 

the laser power is greater than about 100 watts. In an embodiment, the laser 

refresh rate 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. In an embodiment, the laser is an excimer laser. The laser is desirable 

10 for use in scribing or cutting the workpiece as it does not apply mechanical stress 

onto the workpiece_ Jn an embodiment, the laser is used to completely cut 

throu~ e.g., dice, a wafer. In an embodiment, the laser scribes the wafer. 

Thereafter, the wafer is divided into individual dies. In an embodiment, a 

mechanical cutter follows the scn"bes fonned by the Jaser. The mechanical 

15 c~er, during a cutting operation, does not contact or engage the top surface of 

the wafer .as th~ top surface was removed by the l~ei'. Jn 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 cennected by saw stre~ts 921. In an embodiment, the wafef 920 has a 

20 thickness of about 300 micrometers .. In an embodiment, the wafer 920 has a 

thickness of about 305 micrometers. In an embodiment, the wafer 920 lias a 

thickness of about 470 micrometers. In an embodiment, the wafer 920 has a 

thickness of about 500 micrometers. Jn an embodiment, the saw streets 921 in 

one group ex.tend parallel to each other. In an embocliment, saw streets 921 are 

25 equally spaced from each other. Saw streets 921 m one group extend 

pmpendicular 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 fonn 

integrated circuits. The layers include capacitors, transistor, lines, plugs~ fill, 

insulators, wells, metals, and other structures known in the field of integrated 

30 circuits. Each ·me 926 includes at least one integrated circuit element. The dies 

926 are separated :from each other accorcµng to the teacbings of the present 

invention. Individual dies 926 may represent a <;omplete integrated circuit such 

as a processor, memo:ry chip, or other integrat~ circuit. Memory chip dies 
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include DRAM, SR.AM, SDRAM, and other chips known in the art. The saw 

streets 921 typically do not contain circuit elements. Jn an embodiment, at least 

one saw street includes contacts. The contacts provide electrical connection 

between the integrated circuits on the die and c.itcuits outside the die. The 

S present description provides examples of various wafers that can be Used in the 

present invention. Th.us, these examples do not limited the present invention 

unless expressed in the appended claims. 

A process according to the teachings of the present invention includes 

cutting into a workpieee.320, 420,'520, 620, 7207 820, or 9-?0 using a laser 310, 
10 4107 510, 610, 710, or810. Th.elaserremovesmate.rial .from a top portion of a 

workpiece to create a scribe. In an emboc:liment, the scribe extends aIOn.g a saw 

street of a wafer workpiece. In an embodiment, a mechanical cutter 330, 430, 

530, or 730 cuts the wafer workpiece at the scribe. Accor~gly, the cutter · 

completes the cut through the remaining portion of the wafer beneath the scribe 
15 created by the laser. The cutter completes.the cut through tlie wafer workpiece, 

thereby separating· adjacen.t·dies. Jn van.:embodiment, the laser completes a scribe 

throughout the length of the saw street prior to the cutter engaging the wafer 

workpiece. In an embodimentt both the laser and the cutter act on the wafer 

. workpiece at the same time. Jn an embodiment, the cutter closely follows the 

20 laser such that both the laser and the cutter are simultaneously engaging a same 

saw street. 

Jn an embodiment, it is desiTable 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, 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 1 "00 micrometers. The laser can scn'be 

a channel 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 
30 the saw street m 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 challllel has a 
depth in a range of about 25 micrometers to about 50 micrometers in this 

example. In an embodiment, the channel has a depth deeper than about 25 
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micrometers to abou.t SO micrometers. Jn an embodiment, the feed speed of the 

·wafer is a?out 120 mm/sec. Accordingly, the feed speed of the wafer is not 

reduced based on 1he thickness of the wafer or the top layer of1he wafer. 

In an embodiment, the two pass cutting process of the present invention 

5 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. In an 

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 descnoed in conjmiction with Table 1. 

10 fu an embodiment, the controller 480, 680, or 780 includes software that 

15 

generates- control instructions for the wafer workpiece dicing equipment The 

instructions control the relative 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. Jn an 

embodiment, the speed at which the wafer workpiece moves relative to the laser 

is abotit 120 millimeters.per second. In an embodiment, the.soft-Ware~ detehi:rines 

the use of the laser and/or the mechanical cutter based on the thickness and 

composition of the wafer workpiece. FOT example, if the wafer workpiece is 

ultrathin, then only the laser is used to cut through the wafer workpiece. Jn an ' 

20 embodimen~ if the wafer work.piece has no,. or a very thin polymide coating on 

the saw street, then the mechanical cutter is used without the laser. 

The present invention also cuts through ultratbin 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. Jn an embodiment, the 

25 wafer thickness is less than I 00 micrometers. In an embodiment, the thickness 

of about 5 mils. In an embodiment, the thickness ofless than about 5 mils. Jn 

an embodiment, the thickness of about 4 mils. Jn an embodimentp the thickness 

ofless 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 

30 an average output power of about 300 watts. Jn an embodiment, the laser ~as 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 wOik:pieces using only the laser. 

14 
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Conclusion 

The present invention provides improved workpiece cutting structures 

and processes. The laser scribes a workpiece in a relatively stress-free as 

compared 1:0 mechanical cutters such as saws, scribe.rs, and mechanical 

5 separaters . A mechanical cutter, such as a saw blade, fol1ows 1he laser in the 

· scribe created by the laser in an embodiment of fb,e 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, productivity is not. 

diminished. The use of the laser as the :first pass in a two pass cutting procedure 

1 O reduces damage to the workpiece such as surface chipping and backside 

:fragmentation. Aeeordingly:r fewer wafer wotlq;ieces are damaged during 

dicing. 

The present invention also pTOvides a laser devices and method for 

cutting waf~ workpieces wjthout a mechanical cutter. The laser is adapted to 

15 cut through very thin workpieces. The wozkpieces have thickness as descnl>ed 

.herein. ··Accordingly, there is no meehamciil stress on the very thin workpieces, 

which can cause a significant amo1mt of cracking and chipping particularly in 
semiconductor wafers. 

Although specific embodiments have been illustrated and described 

20 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 example, other integrated 

circui't processing equipment may be utilized in conjunction with the invention. 

25 Accordingly, 1his application is intended to cover any adaptations or variations 

of the invention- It is manifestly intended tbat this invention be limited only by 

the following claims and equivalents thereof. 

15 



The invention claimed is: 

1. A wafer dicing device, compri~: 

a laser adapted to scribe a wafer; and 

5 a cutting blade following the laser and engaging the wafer. 

2~ The devi~ of claim 1. whercln the cutting blade completes a cut through a 

wafer. 

10 3. The device of claim 1, wherein the cutting blade incJudes a nickle-diamond 

cutting surface. 

4. The device of claim l, where.in. the cutting blade is a circular blade. 

15 5. The den-ice of claim 1, wherein the laser includes a liquid guided laser beam. 

6. The device of claim 5, wherein the liquid guided laser beam includes water. 

7. An integrated circuit substrate cutting device, comprising: 

20 a laser adapted to scnoe a wafer; and 

25 

30 

a cutting blade following tbe laser and cutting 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 

cutting surface on a circular blade. 

10. The device of claim 7, wherein the laserincludes a liquid guided laser beam. 

11. The device of claim 7, wherein the liquid guided laser beam includes water. 

16 
'1111111\111\f111\l tlltl I\ \Ill 

* C L M S * 



-
12. A device for dieing a wafer having a saw street,. comprising: 

a laser adapted to scn'be a wafer along a saw street; and 

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

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

laser in a direction of the saw street 

10 

14. The de'Vi.ce 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 nickl~ 

diamond cutting surfaee and is a circular blade. 

16. A wafer dicing device, comprising: 

l5 a laser adapted to form a scnbe in a wafer .. wherein the laser has an 

ave.rage power of about 300 watts; and 
a mechanical cutter following the laser and engaging the wafer at the 

scribe. 

20 17. The device of claim 16, wherein the mechanical cutter completes a cut 

through a wafer at the scn'be formed by the laser. 

25 

30 

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 ofless than about 300 watts; and 

a cutting blade following the laser and engaging the wafer at the scn"be. 

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

beam. 

17 



21. A wafer dicingdeVice, comprising: 

a laser a~apted to fonn. a scnoe in a wafer, wherein the laser has an 

refresh rate of about 3000 Hz; and 

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

5 scn'be. 

22. The device of claim 21, wherein the mechanical cutter includes cutting blade 

that completes a cut through the wafer at the scribe. 

10 23. The devfoe of claim 22, wherein the cutting blade includes a niclde-diamond 

cuttfug surface on a circular blade. 

15 

24. The devi~e of claim 21, wherein the laser includes a liquid guided laser 

beam. 

25. A wafer dicing device; comprising: 

a laser adapted to fonn a scribe ·in a wafer, wherein the laser has an 

refresh rate ofless than about 3000 Hz; and 

a cutting blade following the fuser a1011g the scribe in the wafer created 

20 by the laser. · 

26. The device of claim 25, wherein the laser includes a liquid guided laser 

beam. 

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

(Y AG) laser. 

30 

28. The device of claim 25, wherein the laser·is a neodymi~ yttriurn­

aluminum-gamet (Nd:YAG) laser. 

29: A device for dicing a wafer ha'Ving a metalization layer, comprising: 

a laser adapted to cut the metali2.ation layer of the wafer; and 

18. 
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a mechanical clitter following the laser and completing a cut through the 

wafer. 

30. The device of claim 29, wherein the laser <mly cuts through the metalization 

5 layer. 

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

metalization layer. 

10 32. The device of claim 29, wherein th~ cutting blade creates a kerf through the 

wafer, the keifhav:ing a-width essentially equal to a cut made by the laser. 

15 

20 

25 

33. The device of claim 29, wherein the cutting blade creates a ke.rf througl1 the 

wafer, the kerfhaving a width larger than a cut made by the laser. 

34. A device fur rllcing a wafer having a test layer, comprisfu.g: 

a laser adapted to cut a kerf in the test layer of the wafer; and 

a mechanical cutter following the laser and c11tting the wafer along the 

kerf. 

35. The device of claim 34. wherein the laser only cut.s through the test layer. · 

36. The device of claim 34, wherein th~ laser only partially cuts the test layer 

such that the kexf is only in the te~ layer. 

37. The device of claim 34, wherein the mechanical cutter includes a cutting 

blade having a nickle-diamond cutting slllface. 

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

30 beam. 

39. A wafer dicing devic~ comprising: 

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

19 
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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 clalln 39, wherein the wafer suppo!1: is movable in a direction 

5 of the saw street in the wafer supported on the wafer support. 

10 

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 millimeters 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 includes a table and an 

15 adhesive layer fixing the wafer on the table. 

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

45. Th~ device of claim 43. wherein the adhesive layer is a soluble glue, which 

20 is 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 scn'be in a wafer; 

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

a wafer support movable relative to the laser and fi:te mechaiµcal cutter, 

wherein tile wafer support includes reliefs therein. 

47. The device of claim 46, where.in the reliefs are aligned with saw streets of 

30 the wafer supported on the wafer support. 

48. The device of claim 46, wherein the wafer sui:>port 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 <:ialm 46, wherein the mechanical cutter includes a blade that 

completes a cut tbrough a wafer. 

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

5 surface en a circular blade. 

SI. The device of claim 46, wherein the laser includes a liquid guided laser 

beam. 

10 52. The device of clahn 51, wherein the reliefs receive liquid from the liquid 

guided laser beam: and channel the liquid away from the wafer_ 

53. A device for dicing a wafer having a tbickn.ess ofless than about 100 

micrometers, comprising: 

15 a wafer support; and 

a. laser having an output of about 300 watts and a maximum refresh rate 

of about JOOOHz. wherein the laser completely cuts through the wafer. 

54_ The device of claim 53, where.in the wafer has a thickness of less than a.bout 

20 :five 1Dl1limeters 

.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: 

25 a :first state wherein the top surface is uncut; 

30 

a second state where.in the top .surface has a laser cut partially into ·the 

b~dy; and 

a third state wherein a cut extends completely through the body of the 

wafer. 

57. The wafer of claim 56, wherein the laser cut has a depth from the top surface 

into the body of about 25 micrometers to about 50 micrometers. 

21 



58. The wafer of claim 56, wherein the wafer has a thickness of greater th.an 

about five millimeters. 

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

5 laser cut is positioned in the second state. 

60. The wafer of claim 59, wherein the cot is positioned in the saw street in the 

third state. 

10 61. A method for dicing workpiece5> comprising: 

scribing a workpiece with a laser; and 

completely cutting through the workpiece along the scribe with a 

mechanical cutter. 

15 62. The method of claim 61, wherein scn'bing includes setting the laser to have 

an average power of about 300 watts and a ma$D,um refresh rate of3.000 Hz. 

20 

63. The method of claim 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 sunace. 

. 
65. The method of claim 61, wherein scribing includes scnl>ing the wafer with a 

25 yttrium-aluminum-garnet (Y AG) 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 

30 mechanical cutter, wherein the laser and the mechanical cutter simultaneously 

contact the workpiece. 

22 
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65. The method of elafth 64, wherein completely cutting lb.eludes fixing the 

mechanical cutter at a set distance behind the laser. 

66. The method of claim 65, wherein scn"bing includes setting the laser to have 

5 an average power of about 300 watts and a maximum refresh rate of3,000 Hz. 

61. A method for dicing workpieces, comprising: 

moving a workpiece relative to a laser; 

scribing a workpiece with the laser; and 

10 completely cutting through the workpiece along the scribe with a 

15 

mechanical cutter. 

68. The method of ctami 67 6 wherein moving includes moving the workpiece at 

a speed of 120 mm/sec. 

(;9. The method of claim 68, wherein sch'bing includes setting the laser to hav'e · 

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