CHIP SPACING MAINTAINING APPARATUS

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a chipcsgamaintaining apparatus for
maintaining the spacing between chips formed byer#mg an expand sheet.

Description of the Related Art

In compact and lightweight electronic eaqugnt represented by a mobile
phone, a device chip having a device such as as &3 essential component. Such
a device chip (which will be hereinafter referredstmply as chip) is manufactured by
using wafer formed of silicon, for example, padtiting the front side of the wafer
with a plurality of division lines called streets thereby form a plurality of separate
regions, forming a device in each separate regiad,dividing the wafer along each
street.

In recent years, there has been put in&ztimal use a dividing method
including the steps of forming a modified layer aglivision start point inside the
wafer along each street and next applying an eakdorce to the wafer, thereby
dividing the wafer along each street to obtainwaality of chips (see Japanese Patent
Laid-Open No. 2011-77482, for example). In thigiding method, an expand sheet
is attached to the wafer in which the modified tageformed, and the expand sheet is
expanded to thereby apply an external force tavidder.

To maintain the spacing between the clopsiéd by expanding the expand
sheet, there has been proposed a method includengiep of heating the expand sheet
in the area between the outer circumference ofwdfer and the inner circumference
of an annular frame fixed to the peripheral portminthe expand sheet, thereby

partially shrinking the expand sheet expanded i dhea (see Japanese Patent Laid-
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Open No. 2012-156400, for example). Accordinghg tncreased spacing between
the chips can be maintained by this method to byefacilitate a subsequent handling

operation or the like.

SUMMARY OF THE INVENTION

However, the above method of maintaining $pacing between the chips
has a problem such that the volatile componenteeo&xpand sheet volatilized by the
heating may be deposited to the chips, causingaghtamination of the chips.

It is therefore an object of the presenemtion to provide a chip spacing
maintaining apparatus which can suppress the comdéion of the chips in
maintaining the spacing between the chips.

In accordance with an aspect of the presemntion, there is provided a
chip spacing maintaining apparatus for maintairtheyspacing between any adjacent
ones of a plurality of chips obtained by dividingvarkpiece attached to an expand
sheet, the expand sheet being supported at itshgeal portion to an annular frame,
the chip spacing maintaining apparatus includiriglde having a support surface for
supporting the workpiece, the support surface beidgpted to hold the workpiece
through the expand sheet under suction; fixing mdanfixing the annular frame to
the peripheral portion of the table; expanding nsdan expanding the expand sheet to
form the spacing between the chips; far-infrarediat@on applying means provided
above the support surface of the table for applyargnfrared radiation toward the
expand sheet expanded by the expanding means darget tarea between an outer
circumference of the workpiece and an inner cir@merice of the annular frame,
thereby shrinking the expand sheet in the targed;goositioning means for moving
the far-infrared radiation applying means betweenstandby position and an

operational position where the far-infrared radiatis applied to the expand sheet;
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and air layer forming means provided adjacent ofth-infrared radiation applying
means, the air layer forming means having a ndzale for discharging a gas toward
the workpiece in applying the far-infrared radiatifom the far-infrared radiation
applying means toward the expand sheet, therebyirigr an air layer above the
workpiece.

The chip spacing maintaining apparatus @teg to the present invention
includes the air layer forming means for formingaanlayer above the workpiece as
described above. Accordingly, the deposition of tholatile components of the
expand sheet volatilized by the heat of the farairgfd radiation can be suppressed by
the air layer. As a result, the contaminationhaf thips with the volatile components
of the expand sheet can be suppressed in mairgatineincreased spacing between
the chips.

The above and other objects, features ahchrdages of the present
invention and the manner of realizing them will @& more apparent, and the
invention itself will best be understood from adstwof the following description and
appended claims with reference to the attached idgswvshowing a preferred

embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective view schematicahowing a workpiece to be
processed by a chip spacing maintaining apparateording to a preferred
embodiment of the present invention;
FIG. 2 is a schematic perspective view shguhe configuration of the chip
spacing maintaining apparatus;
FIG. 3 is a schematic sectional view of ttld@p spacing maintaining

apparatus;



FIG. 4 is a schematic sectional view sh@wamounting step;
FIG. 5 is a schematic sectional view sh@vardividing step;
FIG. 6 is a schematic sectional view sh@warsuction holding step; and

FIG. 7 is a schematic sectional view sh@warheating step.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present itioenwill now be described with
reference to the attached drawings. FIG. 1 is @peetive view schematically
showing a workpiece to be processed by a chip sganiaintaining apparatus
according to this preferred embodiment. As showrrIiG. 1, a workpiece 11 is a
substantially circular platelike workpiece (wafdormed of silicon, for example.
The workpiece 11 has a front side 11a and a baeklkib. The front side 11a of the
workpiece 11 is composed of a central device aBeantl a peripheral marginal area
15 surrounding the device area 13. The device H3da partitioned into a plurality
of regions by a plurality of crossing streets (siiwn lines) 17. A plurality of devices
19 such as ICs are formed in these plural regioespectively. The outer
circumference of the workpiece 11 is chamferedaeha round shape in cross section.

A modified layer 21 as a division startrmgas formed inside the workpiece
11 along each street 17. For example, the modifiger 21 is formed by focusing a
laser beam inside the workpiece 11, wherein ther lasam has a wavelength hardly
absorptive to the workpiece 11. The modified lag&rmay be replaced by a laser
processed groove or a cut groove formed along stelet 17 as the division start
point. An expand sheet 23 having a diameter lattggn that of the workpiece 11 is
attached to the back side 11b of the workpiece The expand sheet 23 is formed of
resin or the like, and it is expansible by applyamgexternal force. An annular frame

25 having a substantially circular opening 25a @ainted on the peripheral portion of
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the expand sheet 23. In other words, the workpiEces supported through the
expand sheet 23 to the annular frame 25. Whileepand sheet 23 is attached to
the back side 11b of the workpiece 11 as showri@ E, the expand sheet 23 may be
attached to the front side 11a of the workpiece 11.

FIG. 2 is a perspective view schematicalipwing the configuration of the
chip spacing maintaining apparatus according t® pineferred embodiment, and FIG.
3 is a schematic sectional view of the chip spacrantaining apparatus shown in
FIG. 2. As shown in FIGS. 2 and 3, a chip spacaintaining apparatus 2 includes
a support table (table) 4 for supporting the woekpi 11. The support table 4
includes a disk-shaped frame 6 formed of a metaknah such as stainless steel and a
porous member 8 provided on the upper surfaceeofrime 6 at its central portion.
The porous member 8 is a disk-shaped member havihgmeter substantially equal
to the diameter of the workpiece 11. As shown Ii@. B, the porous member 8 is
connected through a suction line 10 and a valvéol2 vacuum source 14, wherein
the suction line 10 and the valve 12 are locatddvbehe support table 4. The
porous member 8 has an upper surface as a supptates 8a for supporting the
workpiece 11. The workpiece 11 supported on thmosu surface 8a of the porous
member 8 can be held under suction by the operaifothe vacuum source 14.
More specifically, the workpiece 11 is supported tbe support surface 8a of the
porous member 8 in the condition where the expaeets23 attached to the back side
11b of the workpiece 11 is in contact with the suppgurface 8a. In this condition,
the vacuum produced by the vacuum source 14 iseapfd the porous member 8 to
thereby hold the workpiece 11 through the exparekisB3 on the support table 4.
Further, a sheet heater 16 for heating the suppoface 8a is provided below the
porous member 8, so that the expand sheet 23 hedler suction on the support table

4 can be heated.



Two support table elevating mechanisms daegphg means) 18 (one of
which being shown) are provided below the frame Bach support table elevating
mechanism 18 includes a cylinder case 20 and aopaiiston rods 22 inserted in the
cylinder case 20. The support table 4 is fixethtoupper ends of the piston rods 22
of each support table elevating mechanism 18. héight of the support table 4 is
adjusted by the two support table elevating meamasil8. An annular peripheral
table 24 formed of a metal material such as stssnlgteel is provided so as to
surround the outer circumference of the frame 6wyo Peripheral table elevating
mechanisms (expanding means) 26 are provided kbleweripheral table 24. Each
peripheral table elevating mechanism 26 includeyleder case 28 and a pair of
piston rods 30 inserted in the cylinder case 28he peripheral table 24 is fixed to the
upper ends of the piston rods 30 of each periphatdé elevating mechanism 26.
The height of the peripheral table 24 is adjustedhle two peripheral table elevating
mechanisms 26.

A mounting table 32 for mounting the anmdtame 25 is provided around
the peripheral table 24. The mounting table 32 dasrcular central opening 32a
corresponding to the support table 4 and the pergtiable 24. That is, the support
table 4 and the peripheral table 24 are positiandtie opening 32a of the mounting
table 32. Four mounting table elevating mechani§ssare provided below the
mounting table 32. Each mounting table elevatirgmanism 34 includes a cylinder
case 36 and a piston rod 38 inserted in the cylindse 36. The mounting table 32
is fixed to the upper end of the piston rod 38 athe mounting table elevating
mechanism 34. The height of the mounting tables3ljusted by the four mounting
table elevating mechanisms 34. The mounting t8Bldhas an upper surface as a
mounting surface for mounting the annular framdar2&e condition where the front

side 1l1a of the workpiece 11 is exposed upward.costngly, the workpiece 11 is
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positioned near the center of the opening 32a@itbunting table 32 and supported
through the expand sheet 23 on the support tableThere is provided above the
mounting table 32 a plate (fixing means) 40 forspneg the annular frame 25
mounted on the mounting table 32 from the uppee sitereof to thereby fix the

annular frame 25 to the mounting table 32. TheaepkO has a circular central
opening 40a corresponding to the opening 32a of nloeinting table 32. The

workpiece 11 and a part of the expand sheet 28xesed upward from the opening
40a of the plate 40. After fixing the annular f@r®5 by using the plate 40, the
support table elevating mechanisms 18 and the lpenap table elevating mechanisms
26 are operated to raise the support table 4 aadp#nipheral table 24. In this

manner, the support table 4 and the peripherakta8l are raised relative to the
mounting table 32, so that the expand sheet 23ostgzpto the annular frame 25 can
be expanded.

A disk-shaped air layer forming unit (aayér forming means) 44 with two
far-infrared radiation heaters (far-infrared ragiatapplying means) 42 for applying
far-infrared radiation is provided above the suppaile 4 and the peripheral table 24.
The far-infrared radiation heaters 42 function pplg far-infrared radiation to a part
of the expand sheet 23 exposed from the openingofi@bhe plate 40. Each far-
infrared radiation heater 42 is adapted to apptyinfrared radiation having a peak
wavelength of 3im to 25um, for example. The far-infrared radiation havsugh a
wavelength is resistant to absorption to a metdéna, so that heating of the support
table 4 and the peripheral table 24 by the faram&fd radiation can be prevented in
shrinking the expand sheet 23 by using the faanefil radiation heaters 42. That is,
the expand sheet 23 can be heated to be shrumityathe area where the far-infrared
radiation is applied. The air layer forming unit & connected through a vertically

extending rotating shaft 46 to a rotational drieairee (not shown) such as a motor.
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The rotating shaft 46 is supported to a moving (mitsitioning means) (not shown)
for vertically moving the far-infrared radiation dters 42 and the air layer forming
unit 44. The moving unit functions to verticallyome the far-infrared radiation
heaters 42 and the air layer forming unit 44 betwa® upper standby position and a
lower operational position where the far-infraredliation is applied to the expand
sheet 23. When the far-infrared radiation heat@rare positioned at the operational
position and then operated to apply the far-inflar&diation as rotating the rotating
shaft 46, the expand sheet 23 can be heated bathefrared radiation in the area
between the outer circumference of the workpiecarid the inner circumference of
the annular frame 25. As a result, this area efd@kpand sheet 23 is shrunk. A
nozzle hole 44a for discharging a gas (e.g., awatd the workpiece 11 is formed at
the center of the air layer forming unit 44. Fertha supply line 46a is formed in the
rotating shaft 46. The nozzle hole 44a of thdajer forming unit 44 is connected
through the supply line 46a and a valve 48 to asgasce 50. In applying the far-
infrared radiation to the expand sheet 23, theevdl® is opened to discharge the gas
from the nozzle hole 44a. As a result, a gas flaw layer) is formed above the
workpiece 11.

The operation of the chip spacing maintaijnapparatus 2 will now be
described. First, a mounting step of mountingvileekpiece 11 on the support table
4 is performed. FIG. 4 is a schematic sectionalwshowing the mounting step.
As shown in FIG. 4, the annular frame 25 supportimg workpiece 11 through the
expand sheet 23 is mounted on the upper surfaceeomounting table 32 in the
condition where the front side 1la of the workpietk is exposed upward.
Accordingly, the workpiece 11 is supported throuple expand sheet 23 on the
support table 4. In this mounting step, the vdl2eprovided in the suction line 10 is

in a closed condition. Further, at the time offpening the mounting step, the sheet
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heater 16 is preferably operated to preliminarigaththe support surface 8a of the
porous member 8 of the support table 4 to a temyreraf about 50°C to 80°C.
However, the temperature of the support surfaceo8be heated is not especially
limited, but may be changed according to the kihthe expand sheet 23.

After performing the mounting step, a dingl step is performed in such a
manner that the expand sheet 23 is expanded tediie workpiece 11. FIG. 5is a
schematic sectional view showing the dividing steps shown in FIG. 5, the annular
frame 25 mounted on the mounting table 32 is fikgdhe plate 40, and the support
table elevating mechanism 18 and the peripherd¢ talevating mechanisms 26 are
operated to raise the support table 4 and thelpemaptable 24. Also in this dividing
step, the valve 12 provided in the suction lineislth a closed condition, so that the
workpiece 11 is not held under suction on the supfable 4 at this time. The
annular frame 25 is so fixed as to be sandwichéddsn the mounting table 32 and
the plate 40 under pressure. Accordingly, when s$heport table 4 and the
peripheral table 24 are raised relative to the rtingrtable 32, the expand sheet 23 is
expanded. As a result, an external force is applee the workpiece 11 in the
direction of expanding the expand sheet 23, sotheatvorkpiece 11 is divided along
each street 17 where the modified layer 21 is fokntigereby obtaining a plurality of
chips 27. By the expansion of the expand sheeth®23pacing between any adjacent
ones of the plural chips 27 is increased. As desdrabove, the support surface 8a
of the porous member 8 of the support table 4 &impmarily heated by the sheet
heater 16, so that the expand sheet 23 can beisnffy softened by the heat from the
sheet heater 16 and the spacing between the cflipsa@ be easily increased.
Further, only the central area of the expand sB@atorresponding to the workpiece
11 is heated by the sheet heater 16, so that tifghpeal area of the expand sheet 23

between the outer circumference of the workpiecarid the inner circumference of
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the annular frame 25 is hardly heated. That i#esmg of this peripheral area of the
expand sheet 23 by the heat from the sheet heé@tearl be suppressed. In other
words, it is possible to prevent excessive expansiothe expand sheet 23 in the
peripheral area between the outer circumferencehefworkpiece 11 and the inner
circumference of the annular frame 25.

After performing the dividing step, a soctiholding step is performed in
such a manner that the workpiece 11 is held undetios on the support table 4.
FIG. 6 is a schematic sectional view showing thaisn holding step. As shown in
FIG. 6, the valve 12 provided in the suction lif® i& opened to apply the vacuum
produced in the vacuum source 14 to the suppoidsaiBa. Accordingly, the plural
chips 27 can be held under suction on the suppbhe ¥4 in the condition where the
spacing between the chips 27 has been increaseiter Wolding the plural chips 27
under suction on the support table 4, the suppbtét4d and the peripheral table 24 are
lowered to the same height as that of the mourtéibte 32.

After performing the suction holding stepheating step is performed in
such a manner that the far-infrared radiation @iad to the expand sheet 23. FIG. 7
Is a schematic sectional view showing the heatiag.s As shown in FIG. 7, the far-
infrared radiation heaters 42 are lowered fromupger standby position to the lower
operational position, and then operated to appdyfén-infrared radiation shown by
reference symbol A in FIG. 7 as being rotated 18@reéles about the axis of rotation of
the rotating shaft 46. For example, the far-irdcaradiation A is applied from the
far-infrared radiation heaters 42 so as to heatettmand sheet 23 to about 180°C.
Furthermore, the valve 48 provided in the suppte 6a is opened to discharge the
gas shown by reference symbol B in FIG. 7 from tlogzle hole 44a toward the
workpiece 11 (chips 27). Also in this heating stdpe valve 12 provided in the

suction line 10 is in an open condition. By pemiorg this heating step, the
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peripheral area of the expand sheet 23 betweenodter circumference of the
workpiece 11 and the inner circumference of theurframe 25 can be heated to be
shrunk. In heating the expand sheet 23, the floth® gas B (air layer) toward the
radial outside of the workpiece 11 (i.e., toward #&mnular frame 25) is formed above
the workpiece 11, so that the volatile componeftthe expand sheet 23 volatilized
by the heating are hardly deposited to the worlgikkc

As described above, the chip spacing miaiimigy apparatus 2 according to
this preferred embodiment includes the air layemiag unit (air layer forming
means) 44 for forming the flow of the gas B (aiydg above the workpiece 11.
Accordingly, the deposition of the volatile compateof the expand sheet 23 to the
workpiece 11 can be suppressed by the flow of tae B. As a result, the
contamination of the chips 27 can be suppressathintaining the condition that the
spacing between the chips 27 has been increasedrtheF the chip spacing
maintaining apparatus 2 according to this prefemetbodiment includes the far-
infrared radiation heaters (far-infrared radiatagplying means) 42 for applying the
far-infrared radiation A to the expand sheet 23the area between the outer
circumference of the workpiece 11 and the innesucnference of the annular frame
25, thereby shrinking this area of the expand sB&et That is, the expand sheet 23
can be shrunk by the far-infrared radiation A inyothe area between the outer
circumference of the workpiece 11 and the innesuoitference of the annular frame
25, thereby properly maintaining the spacing betwtd® chips 27. Further, since
the far-infrared radiation A is used in the chipagpg maintaining apparatus 2
according to this preferred embodiment, heatingtref support table 4 and the
peripheral table 24 constituting the chip spacingintaining apparatus 2 can be
prevented. That is, only the expand sheet 23 &teldeto be shrunk by the far-

infrared radiation A, so that the spacing betwela thips 27 can be properly
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maintained.

The present invention is not limited to #imve preferred embodiment, but
various modifications may be made. For examplalenthe support table elevating
mechanisms (expanding means) 18 and the periptedskd elevating mechanisms
(expanding means) 26 are operated to raise theosupple 4 and the peripheral table
24, thereby expanding the expand sheet 23 supptwtdte annular frame 25 in the
above preferred embodiment, the expanding meartkeimpresent invention is not
limited to the support table elevating mechanis8iarid the peripheral table elevating
mechanisms 26. For example, the mounting tableagtegy mechanisms 34 may be
operated to lower the mounting table 32, therelpaaging the expand sheet 23. In
this case, the mounting table elevating mechani8thgunction as the expanding
means. As another modification, the peripherdetatevating mechanisms 26 may
be operated to raise only the peripheral tablettireby expanding the expand sheet
23. In this case, the peripheral table elevatingcimnisms 26 function as the
expanding means. Further, the expanding mearm®ipresent invention may be any
other expanding means of pressing the expand &3eetthe area between the outer
circumference of the workpiece 11 and the innesucnference of the annular frame
25.

Further, while the far-infrared radiatioeaters 42 and the air layer forming
unit 44 are moved together by the same moving(positioning means) in the above
preferred embodiment, the far-infrared radiatioatbes 42 and the air layer forming
unit 44 may be separately moved by different mowings (positioning means).

The present invention is not limited to tetails of the above described
preferred embodiment. The scope of the invensatefined by the appended claims
and all changes and modifications as fall withia #guivalence of the scope of the

claims are therefore to be embraced by the inventio
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WHAT ISCLAIMED IS:

1. A chip spacing maintaining apparatus feaintaining the spacing
between any adjacent ones of a plurality of chiptioed by dividing a workpiece
attached to an expand sheet, said expand sheed bapported at its peripheral
portion to an annular frame, said chip spacing tamimg apparatus comprising:

a table having a support surface for sujpgpsaid workpiece, said support
surface being adapted to hold said workpiece thr@agd expand sheet under suction;

fixing means for fixing said annular frarmethe peripheral portion of said
table;

expanding means for expanding said expdmtsto form the spacing
between said chips;

far-infrared radiation applying means pd®d above said support surface of
said table for applying far-infrared radiation todaaid expand sheet expanded by
said expanding means in a target area between #r oiuicumference of said
workpiece and an inner circumference of said amniuéame, thereby shrinking said
expand sheet in said target area;

positioning means for moving said far-iné@ radiation applying means
between a standby position and an operational iposiivhere the far-infrared
radiation is applied to said expand sheet; and

air layer forming means provided adjacemtsaid far-infrared radiation
applying means, said air layer forming means hagimpzzle hole for discharging a
gas toward said workpiece in applying the far-irdcaradiation from said far-infrared
radiation applying means toward said expand shbeteby forming an air layer

above said workpiece.

13



