GRINDING WHEEL, GRINDING APPARATUS, AND METHOD OF

GRINDING WAFER

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a grindivitgeel for grinding a wafer, a
grinding apparatus having a grinding wheel, andethimd of grinding a wafer.

Description of the Related Art

Wafers on which devices such as ICs, L&lutis, LEDs, SAW devices, or
the like have been separated by projected diciregsland formed on their surfaces are
ground on their reverse sides to a predetermine#trtess by a grinding apparatus
having a rotatable grinding wheel, and then dividgd dividing apparatus such as a
dicing apparatus, a laser machining apparatushetilte into individual devices for
use in various electronic devices, etc.

The grinding apparatus generally includetiack table for holding a wafer
thereon, grinding means having a rotatable grinavhgel which includes an annular
array of grinding stones for grinding the wafercheh the chuck table, grinding water
supply means for supplying grinding water to aeagivhere the wafer is ground, and
grinding feed means for moving the grinding meangard and away from the chuck
table. The grinding apparatus is capable of gngdhe wafer highly accurately to a

desired thickness (see, for example, JapanesetRaidrOpen No. 2001-284303).

SUMMARY OF THE INVENTION
If a wafer to be ground is made of a matdhat is difficult to machine, e.g.,
gallium nitride (GaN), silicon carbide (SiC), orligam arsenide (GaAs), then the

grinding capability of the grinding wheel tendsh® lowered, resulting in a reduction
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in the productivity. When a wafer made of metalaowafer with metal electrodes
partly exposed on the reverse side thereof is grodifficulty arises in grinding the
wafer due to the ductility of metal.

Therefore, it is an object of the presemtention to provide a grinding
wheel which is capable of smoothly grinding a wafeade of a material that is
difficult to machine or a wafer including metal,caa method of grinding such a wafer
using such a grinding wheel.

In accordance with an aspect of the presemntion, there is provided a
grinding wheel including an annular wheel base igva lower end, and a plurality of
grinding stones fixed to an outer circumferentiaktipn of the lower end of the
annular wheel base, each of the grinding stonesgghbmiade of a mixture of abrasive
grains and photocatalytic particles which are hetpbther by a binder.

Preferably, the abrasive grains includemdiad abrasive grains, and the
photocatalytic particles include titanium oxide®%) particles.

In accordance with another aspect of tiesgmt invention, there is provided
a method of grinding a wafer including the stepsafling a wafer on a chuck table,
grinding the wafer by pressing a plurality of giimgl stones, each made of a mixture
of abrasive grains and photocatalytic particlesclvhare held together by a binder,
against the wafer held on the chuck table andingtahe grinding stones and the
chuck table while supplying grinding water to thiending stones and the chuck table,
and applying light for exciting the photocatalyparticles to the grinding stones to
give oxidizing power based on hydroxyl radicalghe supplied grinding water while
the wafer is being ground.

In accordance with a further aspect of fivesent invention, there is
provided a grinding apparatus including a chucHKetdbr holding a wafer thereon

under suction, a grinding unit including a spindleyheel mount fixed to a lower end
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of the spindle, and a grinding wheel removably mednon the wheel mount, the
grinding wheel having an annular wheel base anllialgy of grinding stones fixed
to an outer circumferential portion of a lower esfdhe annular wheel base, grinding
water supply means for supplying grinding waterthe grinding stones, and light
applying means for applying light for exciting pboatalytic particles to the grinding
stones of the grinding wheel to give oxidizing powased on hydroxyl radicals to the
supplied grinding water.

The grinding wheel according to the presewnéntion includes the grinding
stones each made of a mixture of abrasive graidspaotocatalytic particles which
are held together by a binder, and the annular Wiees with a free end to which the
grinding stones are fixed in an annular pattern.hewthe grinding wheel according
to the present invention is used to grind a wafadenof a material which is difficult
to machine, such as GaN, SiC, GaAs, or the ligtlsuch as a ultraviolet radiation
or the like is applied to the grinding stones taiexthe photocatalytic particles, and
grinding water supplied to the grinding stones threlexcited photocatalytic particles
in the grinding stones are brought into contachwich other, giving strong oxidizing
power based on hydroxyl radicals to the grindingewaupplied to the grinding stones.
Since the wafer is ground while the surface thevduth is being ground is oxidized
and embrittled by the strong oxidizing power, thafev can smoothly be ground.
Even in the case where the grinding wheel is usegtind a wafer made of metal or a
wafer with metal electrodes partly exposed on theerse side thereof, the wafer is
ground while the metal thereof is being oxidizedd aambrittled by the strong
oxidizing power of hydroxyl radicals. Thereforbgtwafer can smoothly be ground.

The abrasive grains should preferably ideldiamond abrasive grains, and
the photocatalytic particles should preferably udd titanium oxide (Tig) particles.

When an ultraviolet radiation is applied to thengihg stones to excite the titanium
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oxide particles, and grinding water supplied to gneding stones and the excited
titanium oxide particles are brought into contacthweach other, strong oxidizing
power based on hydroxyl radicals is given to thmdyng water supplied to the
grinding stones.

In the method of machining a wafer accaydin the present invention,
grinding water is supplied to the grinding stonest tare positioned in a region to be
ground of the wafer, and light for exciting the pdaatalytic particles is applied to the
grinding stones to bring into contact with eacheotand to give strong oxidizing
power based on hydroxyl radicals to the suppligddgng water during the step of
grinding the wafer with the grinding wheel. Then&f, even if a wafer made of a
material which is difficult to machine, such as G&aMAs, or the like is to be ground,
since the surface to be ground of the wafer isip&d and embrittled by the strong
oxidizing power of the hydroxyl radicals, the wafian smoothly be ground. Even
in the case where a wafer made of metal or a wafdr metal electrodes partly
exposed on the reverse side thereof is to be graimck the metal thereof is oxidized
and embrittled by the strong oxidizing power of fyd/ radicals, the wafer can
smoothly be ground.

The grinding apparatus according to thesgmé invention includes at least
grinding means having the grinding wheel, grindiveger supply means for supplying
grinding water to grinding stones of the grindinge&| positioned in a region to be
ground of a wafer, and light applying means for Igipg light for exciting
photocatalytic particles to the grinding stoneshaf grinding wheel to give oxidizing
power based on hydroxyl radicals to the supplieddgng water. When the grinding
apparatus grinds the wafer, light for exciting muattalytic particles is applied to the
grinding stones, and the grinding water suppliethéogrinding stones and the excited

photocatalytic particles are brought into contadgthweach other, giving strong
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oxidizing power based on hydroxyl radicals to thendjng water supplied to the
grinding stones. Therefore, even if a wafer mada material which is difficult to
machine, such as GaN, GaAs, or the like is to lmairgl, since the surface to be
ground of the wafer is oxidized and embrittled bg strong oxidizing power of the
generated hydroxyl radicals, the grinding apparaias smoothly grind the wafer.
Even in the case where a wafer made of metal aafarwith metal electrodes partly
exposed on the reverse side thereof is to be graimce the metal thereof is oxidized
and embrittled by the strong oxidizing power of tyd/l radicals, the grinding
apparatus can smoothly grind wafer.

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 idgsvshowing a preferred

embodiment of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a grindimigeel;

FIG. 2 is a front elevational view, partg enlarged scale, a grinding stone
included in the grinding wheel;

FIG. 3 is a perspective view of a grindagparatus;

FIG. 4 is an end view showing by way of repde a grinding wheel
integrally combined with light applying means;

FIG. 5 is a perspective view showing thenn& in which a protective tape
is applied to the surface of a wafer;

FIG. 6 is a perspective view showing thean& in which the wafer is held

on a chuck table in a wafer holding step;

5



FIG. 7 is a perspective view showing thesippon of the light applying
means at the time the grinding wheel is loweredarovthe wafer held on the chuck
table in a grinding step;

FIG. 8 is a perspective view showing thenn& in which the grinding
wheel is grinding the wafer held on the chuck tablthe grinding step; and

FIG. 9 is an end view showing the mannewimch the grinding wheel is

grinding the wafer held on the chuck table in thadjng step.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

As shown in FIG. 1, a grinding wheel 74lildes an annular wheel base 74b
and a plurality of grinding stones 74a, each suitistidy in the form of a rectangular
parallelepiped, disposed in an annular patternnahfixed to an outer circumferential
portion of the bottom surface (lower free end) loé twheel base 74b. The wheel
base 74b has screw holes 74c defined in the uppkcs thereof. As shown in FIG.
2, each of the grinding stones 74a is made of aum&of diamond abrasive grains P1
and titanium oxide (Tig) particles P2, which serve as photocatalytic pkadi that are
held together by a phenolic resin binder B1 anddewlto shape. The grinding
stones 74a may be replaced with an integral anguilading stone.

The grinding wheel 74 is manufactured, ésample, as follows: First,
phenolic resin by a weight ratio of 100, which snas phenolic resin binder B1, is
mixed with diamond abrasive grains P1, each haaidgameter of about 10 um, by a
weight ratio of 30, and the mixture is further mixeith titanium oxide particles P2,
each having a diameter of about 10 um, by a wedagtd of 40. They are stirred and
mixed together. The mixture is then heated atnape&zature of about 160°C, and
pressed and molded to a predetermined shape farid@es to 20 minutes. Then,

the molded mass is sintered for several hourstat@erature ranging from 180°C to
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200°C, producing a grinding stone 74a. A pluralidy grinding stones 74a thus
produced are arranged in an annular array and fxéloe bottom surface of the wheel
base 74b, producing a grinding wheel 74. The weighos of the phenolic resin
binder B1, the diamond abrasive grains P1, anditdr@um oxide particles P2 may be
changed appropriately depending on the kind ofitaeium oxide particles P2, etc.

A wafer W shown in FIG. 3 is a semicondust@fer of SiC, for example.
As shown in FIG. 5, a number of devices D are fatnmegrid-like regions separated
by streets S on a surface Wa of the wafer W. A&nmswv side Wb, for example, of the
wafer W is ground by the grinding wheel 74. Themhand the kind of the wafer W
are not limitative, but may be changed appropwaitelrelation to the grinding wheel
74. The wafer W may include a wafer made of a nadtevhich is difficult to
machine, such as GaAs, GaN, or the like, and arwaéele of metal or a wafer with
metal electrodes partly exposed on the reversetisateof.

As shown in FIG. 3, a grinding apparatuscludes at least a chuck table 30
for holding the wafer W thereon, grinding meansoi7 dgrinding the wafer W that is
held on the chuck table 30 with the grinding whéélshown in FIG. 1 which is
mounted on a wheel mount 73 that is coupled tda¥wer tip end of a rotational shaft
(spindle) 70, grinding water supply means 8 forpypg grinding water to the
grinding stones 74a positioned on a region to lwaurgpt of the wafer W, and light
applying means 9 for applying light for excitingetiphotocatalytic particles to the
grinding stones 74a of the grinding wheel 74 thetelgive oxidizing power based on
hydroxyl radicals to the supplied grinding watethe grinding apparatus 1 also
includes a base 10 on which the above componeatsugported, and has an area on a
front portion of the base 10 which is referred soaadloading/unloading area A where
the wafer W is loaded on and unloaded from the kltalsle 30, and an area on a rear

portion of the base 10 which is referred to asiadgng area B where the wafer W is
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ground by the grinding means 7.

The chuck table 30 has a circular outepshéor example, and includes an
attraction pad 300 for attracting the wafer W arfchene 301 supporting the attraction
pad 300. The attraction pad 300 is held in flwdhenunication with a suction source,
not shown, and has a holding surface 300a thafpiesed in the attraction pad 300 for
holding the wafer W under suction. The chuck tafles surrounded by a peripheral
cover 31, and is rotatably supported by rotatingumse not shown. The chuck table
30 is reciprocally movable along a Y-axis betwess lbading/unloading area A and
the grinding area B by an Y-axis feeder, not shaisposed below the cover 31.

A column 11 extends upwardly from the ba8en the grinding area B, and
grinding feed means 5 is disposed on a side sudat® column 11. The grinding
feed means 5 includes a ball screw 50 having acaeéexis extending along a Z-axis,
a pair of guide rails 51 extending parallel to @apdsed one on each side of the ball
screw 50, a motor 52 coupled to the upper endeobil screw 50 for rotating the ball
screw 50 about its own axis, a vertically movablatg 53 having an internal nut
threaded over the ball screw 50 and a pair of lege held in sliding contact with the
respective guide rails 51, and a holder 54 mouatethe vertically movable plate 53
and holding the grinding means 7. When the mofrd&ates the ball screw 50
about its own axis, the vertically movable platei®8eciprocally moved along the Z-
axis while being guided by the guide rails 51, fegdhe grinding means 7 held by
the holder 54 along the Z-axis.

The grinding means (grinding unit) 7 showr-IG. 3 includes the spindle
70 whose axis extends along the Z-axis, a motdioi7 2otating the spindle 70 about
its own axis, the wheel mount 73 coupled to theelotip end of the spindle 70, and
the grinding wheel 74 removably mounted on the losweface of the wheel mount 73.

The grinding wheel 74 is mounted on the wheel matthby screws 73a extending

8



through respective holes defined in the wheel m@3mand threaded in the respective
screw holes 74c shown in FIG. 1 which are defimethe upper surface of the wheel
base 74b of the grinding wheel 74. As shown in.RGthe spindle 70 has a
passageway 70a defined centrally therein alongxis for passing the grinding water
therethrough. The passageway 70a extends thrdwegivlieel mount 73 and is open
downwardly at the grinding wheel 74, and is heldludd communication with a pipe
81 that is connected to a grinding water supplyc®80.

The grinding water supply means 8 showklI®. 3 includes, for example,
the grinding water supply source 80 that servesa asater source, the pipe 81
connected to the grinding water supply source &b fald in fluid communication
with the passageway 70a, and a flow rate regulataihge 82 provided at an arbitrary
position in the pipe 81 for regulating the floweatf the grinding water.

As shown in FIG. 3, the light applying mednis included in the grinding
apparatus 1 separately from the grinding wheeffgidexample. The light applying
means 9 includes an ultraviolet emission lamp, Wwiscsubstantially arcuate in shape,
for emitting an ultraviolet radiation having a wéamgth in the range from about 280
nm to 380 nm from light emission ports 90. Thehligapplying means 9 is
electrically connected to a power supply 91. Asvahmin FIG. 9, in a grinding step
of grinding the wafer W with the grinding wheel e light applying means 9 is
positioned radially inwardly of the grinding stonéda arranged annularly on the
bottom surface (free end) of the wheel base 74H) e light emission ports 90
facing the inner circumferential surfaces of thanding stones 74a, and applies the
ultraviolet radiation for exciting the titanium aba particles P2 in the grinding stones
74a from the light emission ports 90. Dependinglmnkind of the titanium oxide
particles P2, the light applying means 9 may nolirbged to the ultraviolet emission

lamp for emitting the ultraviolet radiation. If @htitanium oxide particles P2 are
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nitrogen-doped titanium oxide particles, i.e.,rtitan oxide particles P2 doped with
nitrogen for developing a photocatalytic activithen irradiated with a visible light
ray, for example, then the light applying means &nnclude a xenon lamp, a
fluorescent lamp, or the like for emitting a vigbight ray having a wavelength in the
range from about 400 nm to 740 nm. The light aipglyneans 9 is not limited to the
substantially arcuate shape, but may be of an anrallape, for example. In the
grinding step of grinding the wafer W with the gting wheel 74, the light applying
means 9 may be positioned radially outwardly of gneding stones 74a arranged
annularly on the bottom surface (free end) of thieeeV base 74b, and should
preferably be positioned such that the ultraviokdiation emitted from the light
emission ports 90 will be applied directly to thending stones 74a without being
scattered.

As shown in FIG. 4, the light applying meah may be provided in the
grinding apparatus 1 in integral combination whie grinding wheel 74. According
to the modification shown in FIG. 4, the light agpb means 9 that is provided in the
grinding apparatus 1 in integral combination witle grinding wheel 74 includes an
annular ultraviolet emission lamp for emitting aftraviolet radiation having a
wavelength in the range from about 280 nm to 380fram light emission ports 90,
for example. The light applying means 9 is displosadially inwardly of the
grinding stones 74a arranged annularly on the botorface of the wheel base 74b,
with the light emission ports 90 facing the innércemferential surfaces of the
grinding stones 74a, and is electrically connetbethe power supply 91 disposed on
the wheel mount 73. The wheel mount 73 has a mpassageway 73b defined
therein which is held in fluid communication withet passageway 70a defined in the
spindle 70. The wheel base 74b of the grindingeNiid has a wheel passageway

74c defined therein which is held in fluid commuation with the mount passageway
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73b and is open at an opening 74d thereof in arlpedion of the wheel base 74b.
The opening 74d of the wheel passageway 74c ioskspin a position where it can
eject the grinding water between the light applymgans 9 and the grinding stones
74a.

Operation of the grinding apparatus 1 fondjng the wafer W shown in
FIG. 3, operation of the grinding means 7 with gn@ding wheel 74, and a method of
machining the wafer W will be described below wietierence to FIGS. 2, 3, and 5
through 9.

(1) Wafer holding step

As shown in FIG. 5, a protective tape Tgootecting the surface Wa of the
wafer W when it is ground is applied to the surfaa in its entirety. Then, as
shown in FIG. 6, the side of the wafer W wherephaective tape T is applied and the
holding surface 300a of the chuck table 300 areudinb to face each other and
positioned with respect to each other, after wiighwafer W is placed on the holding
surface 300a. A suction force produced by thei@ucsource, not shown, is
transmitted to the holding surface 300a, so thatctiuck table 30 holds the wafer W
under suction on the holding surface 300a.

(2) Grinding step

After the wafer holding step, a grindingpsiof grinding the wafer W held
on the chuck table 30 in the wafer holding stemiisated. In the grinding step, the
chuck table 30 is moved in a +Y direction from kba&ding/unloading area A shown in
FIG. 3 to a position below the grinding means Th@ grinding area B by the Y-axis
feeder, not shown.

Then, as shown in FIG. 7, the spindle 70oimted about its own axis,
rotating the grinding wheel 74 at a rotational €peE6000 rpm, for example. At the

same time, the grinding means 7 is fed in a -Zctliwa, lowering the grinding wheel
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74 thereof in the -Z direction. The light applyingeans 9 is positioned so as to be
disposed radially inwardly of the grinding stone$a7arranged annularly on the
bottom surface of the wheel base 74b when the wafas ground, with the light
emission ports 90 facing the inner circumferergiatfaces of the grinding stones 74a.
As shown in FIG. 8, the grinding stones 74a ofgheding wheel 74 which is rotated
at a high speed are held in contact with the reveide Wb of the wafer W, thereby
grinding the wafer W.  While the wafer W is beingpgnd, the rotating means, not
shown, rotates the chuck table 30 at a rotatiope¢d of 300 rpm, for example. As
the wafer W held on the holding surface 300a is aisated, the grinding stones 74a
grind the reverse side Wb of the wafer W in itsirety. In the grinding step, as
shown in FIG. 9, when the grinding stores 74a cauntlae reverse side Wb of the
wafer W, the grinding water that is supplied frome grinding water supply means 8
flows through the passageway 70a in the spindléh&@mount passageway 73b, and
the wheel passageway 74c, and is ejected from gemiog 74d of the wheel
passageway 74c so as to be supplied to the griredomges 74a at a rate in the range
from 5 L/minute to 10 L/minute.

In the grinding step, furthermore, as shawrFIG. 9, the light applying
means 9 applies an ultraviolet radiation havingaaelength of about 365 nm to the
grinding stones 74a of the grinding wheel 74 whechotated at high speed, during at
least a period of time from a time immediately befthe grinding stones 74a start
grinding the reverse side Wb of the wafer W uri@ grinding stones 74a become
spaced from the wafer W, thereby exciting the titamoxide particles P2 that are
present in the grinding stones 74a shown in FIG. I18. other words, the ultraviolet
radiation is applied to the surfaces of the titemioxide particles P2 in the grinding
stones 74a, exciting the electrons in the valararel of the titanium oxide particles

P2 to generate two types of carriers, i.e., elestand holes.
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The holes generated in the titanium oxiddigles P2 that are present in the
grinding stones 74a produce hydroxyl radicals tiaate high oxidizing power on the
grinding water on the surfaces of the titanium exjhrticles P2. Therefore, the
grinding water supplied from the grinding water glypmeans 8 and brought into
contact with the grinding stones 74a is given tkiglining power from the hydroxyl
radicals at least on the reverse side Wb of themi&f Since the reverse side Wb of
the wafer W which is made of SiC is oxidized andbgttied by the generated
hydroxyl radicals, it is possible to grind the wa¥ easily with the grinding wheel 74.
Inasmuch as the generated hydroxyl radicals ang steort-lived, other parts than the
reverse side Wb of the wafer W are not oxidizedHgygrinding water. The ejected
grinding water is also effective to cool the regighere the grinding stones 74a and
the reverse side Wb of the wafer W are held in acinwith each other and to remove
debris produced from the ground reverse side Whefvafer W.

The present invention is not limited to #iwove embodiment, but various
changes and modifications may be made in the emimodi For example, even in
the case where the wafer W is a wafer made of raaththe light applying means 9 is
provided in the grinding apparatus 1 in integrahbmation with the grinding wheel
74, the wafer W is ground while the metal theredbeing oxidized and embrittled by
the oxidizing power of hydroxyl radicals. Thereafpithe wafer can smoothly be
ground.

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

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

1. A grinding wheel comprising:

an annular wheel base having a lower end; a

a plurality of grinding stones fixed to aater circumferential portion of the
lower end of said annular wheel base, each of gaidling stones being made of a
mixture of abrasive grains and photocatalytic ples which are held together by a
binder.

2. The grinding wheel according to claimwherein said abrasive grains
include diamond abrasive grains, and said photbyt&tgoarticles include titanium
oxide (TiQ) particles.

3. Amethod of grinding a wafer compristhg steps of:

holding a wafer on a chuck table;

grinding the wafer by pressing a plurabfygrinding stones, each made of a
mixture of abrasive grains and photocatalytic pdes which are held together by a
binder, against the wafer held on said chuck talple rotating said grinding stones
and said chuck table while supplying grinding watesaid grinding stones and said
chuck table; and

applying light for exciting the photocat@typarticles to the grinding stones
to give oxidizing power based on hydroxyl radicasthe supplied grinding water
while the wafer is being ground.

4. A grinding apparatus comprising:

a chuck table for holding a wafer thereader suction;

a grinding unit including a spindle, a whe®unt fixed to a lower end of
said spindle, and a grinding wheel removably madirde said wheel mount, said
grinding wheel having an annular wheel base anllir@lgy of grinding stones fixed

to an outer circumferential portion of a lower exicdaid annular wheel base;
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grinding water supply means for supplyintnding water to said grinding
stones; and

light applying means for applying light fexciting photocatalytic particles
to said grinding stones of said grinding wheel teegoxidizing power based on

hydroxyl radicals to the supplied grinding water.
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