SPECIFICATION Sapphire Polishing Slurry and Sapphire Polishing Method 5Technical Field
This invention relate to a sapphire polishing slurry to be used in surface polishing process of
the sapphire used mainly for electronic components, optical parts, watches, electrically
insulating material, window material, and relate a the sapphire polishing method. Jo
Background Technique In recent years, with the spread of the LED to be expected as
next-generation lighting, the demand for s&3phird BiEehdd @Nsubstrate material has been
increasing more and more. Most of the current LED is 15 produced as a base GaN film grown
on the sapphire substrate, therefore, for use as a substrate of the LED, the polishing of
sapphire surface is an essential process. However, sapphire polishing is difficult and also
takes a longairnd ipecBadesbapphiFdus thanidafig e hiseaBlelanbin g MeéheHard material
with 9 Mohs hardness, and it is costly because a new 20 polishing facility must be introduced
to increase amount of its supply. In addition, diamond abrasive grain that are used for the
sapphire polishing is currently expensive and that is a cause of raising the polishing cost of
sapphire. Therborealt lslalgressing need to reducing the production cost of sapphire
substrate for LED to increase 25the supply amount of the sapphire substrate stille reduce the
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This invention relate to a sapphire polishing slurry to be used in
surface polishing process of the sapphire used mainly for electronic
components, optical parts, watches, electrically insulating material,

window material, and relate a the sapphire polishing method.

Background Technique

In recent years, with the spread of the LED to be expected as
next-generation lighting, the demand for sapphire used as its substrate
material has been increasing more and more. Most of the current LED is
produced as a base GaN film grown on the sapphire substrate, therefore,
for use as a substrate of the LED, the polishing of sapphire surface is
an essential process. However, sapphire polishing is difficult and also
takes a long time, because sapphire is chemically very stable and it is a
very hard material with 9 Mohs hardness, and it is costly because a new
polishing facility must be introduced to increase the amount of its
supply. In addition, diamond abrasive grain that are used for the
sapphire polishing is currently expensive and that is a cause of raising
the polishing cost of sapphire. Therefore, it is a pressing need to
reducing the production cost of sapphire substrate for LED, to increase

the supply amount of the sapphire substrate stille reduce the
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manufacturing cost, improvement such as the reduction in the polishing man-hour and
~ shortening the polishing time, are desired. By the way, the sapphire polishing process is
further required at least two step or more from the state before polishing (for example, the 5
state after finishing the first machining process such as the primary example lapping with
SiC). As before the finish polishing processing, the sapphire finished with the primary
machining nis: polished using fop ekamphe diamonergbrasivé grain dricca harbbplatercomprising
such as copper and tin. And in addition, planarizing the surface of the sapphire 10by chemical
action and meéchianicamagtioh cnanvely Glhemical iMechanivall Pdlishingi(@MP) e deFheefinal
polishing processing of sapphire substrate, which is sapphire polishing method using polishing
slurry including c8lloithat siliea, Hae deeplpropesddsihisevarap peios art. Fortbxamplenared at
method 150f polishing a sapphire substrate using a polishing slurry cornpris colloidal silica for
CMP adjustedststpt aric peta potentiflois désclose:ih IRre 200928801 (for bloweves ifhe
the conventional polishing method using a colloidal silicaorsilicon oxideincluding
theme$hoddesteibetin26i3PsA2003128514s ther polishingsspewd ¢s still induffieicimte apdithe ry
polishing speed sufficient to omit the pre-polishing step before finishing process, and enable
to reduce the prockssiag time andthufMitsér. ohthd pfocessing Stepshcanhivtiberebrainedssing,
the sapphire finished with the primary machining, is polished using for
example diamond abrasive grain and a hard plate comprising such as

copper and tin. And in addition, planarizing the surface of the sapphire
10 by chemical action and mechanical action, namely Chemical Mechanical
Polishing (CMP) .

The final polishing processing of sapphire substrate, which is
sapphire polishing method using polishing slurry including colloidal
silica, have been proposed in several prior art. For example, a method

15 of polishing a sapphire substrate using a polishing slurry comprising
colloidal silica for CMP adjusted its pH and zeta potential, is desclosed
in JP-A-2009-28814.

However, in the conventional polishing method using a colloidal
silica or silicon oxide 1including the method described in

20 JP-A-2009-28814, the polishing speed is still insufficient, and the
polishing speed sufficient to omit the pre-polishing step before
finishing process, and enable to reduce the processing time and number

of the processing steps, cannot be obtained.

25 Disclosure of the Invention



25Disclosure of the Invention Problems to be resolved by the Invention The present invention
was madeview of the above circumstances. The object of the present invention is to provide a
polishing slurry for sapphire polishing, which can obtain a polishing speed and a smooth
surface equivalent to or greater than that of the prior art upon sapphire polishing, and a
method for polishing a sapphire. Means for solving the Problems 10The inventors of this
invention hdwvekdxtensivelystliedthe fetatibn Between the composition of the polishing slurry
and polishing speed, and characteristics of the polished surface of the sapphire, when a
sapphire substraelis patisheenisingatherstueonry byvGMP .oAsde result, ivweas fouhd thet whaénve
using alumina instead of colloidal silica as 15 abrasive grain to be contained in the polishing
slurry and controtlintetheesH dftlse shurey to shedific valeestn a strongialkaline regiorpvide a
especially, the polishing speed is significantimproved and man-hours of polishing process can
be reduced olishiyp) Alsapphiterpslistihgstupylof presontihvehtioats Y0t characterizeding
that said slurry contains alumina abrasive grains and the pH of the slurry is in a rage from
10.0 t@ 14.6p Atctespréferabiydedi sp5fardp[uivalent to or greater than that of the

prior art upon sapphire polishing, and a method for polishing a

sapphire.

Means for solving the Problems
10 The inventors of this invention have extensively studied the
relation between the composition of the polishing slurry and polishing
speed, and characteristics of the polished surface of the sapphire, when
a sapphire substrate is polished using the slurry by CMP. As a result, it
was found that when using alumina instead of colloidal silica as
15 abrasive grain to be contained in the polishing slurry and controlling
the pH of the slurry to specific values in a strong alkaline region,
especially, the polishing speed is significantly improved and man-hours
of polishing process can be reduced.
(1) A sapphire polishing slurry of present invention is
20 characterized in that said slurry contains alumina abrasive grains and
the pH of the slurry is in a rage from 10.0 to 14.0, more preferably from
11.5 to 13.5.
(2) The sapphire polishing slurry of present invention described
in item (1) is characterized in that said slurry contains alumina

25 abrasive grain from 0.01 to 50 wt %, more preferably from 1 to 50 wt %.
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(2) The sapphire polishing slurry of present invention described in item (1) is characterized in
that said slurry contains alumina 25abrasive grain from 0.01 to 50 wt % more preferably from
1 to 50 wt %. (3) The sapphire polishing slurry of present invention described in item (1)
or (2) is characterized in that the mean patrticle sizesaid alumina abrasive grains is from 0.05
to 10 m. (4) The sapphire polishing slurry of present invention escribed 5 in any item (1)
to (3) is charactefizedlihehaa pchalisha ebmbdrsibrs ratiosofod]umirke oy stallimetphase contained
in said alumina abrasive grain, is from 1 to 100 %. (5) A sapphire polishing method of
present invientibfis Charact@izieddh anactve surface ohthe shpphire is polishdd by meahsaid
10of Chemical Mechanical Polishing (CMP) using the sapphire polishing slurry described in
any item (19 to4 P Efdetastithe aivemtohsAtcordihd o thelPotisBing slurry of the present

invention
(4) The sapphire polishing slurry of present invention described

5 in any item (1) to (3) is characterized in that the alpha conversion ratio
of alumina crystalline phase contained in said alumina abrasive grain,
is from 1 to 100 %.

(5) A sapphire polishing method of present invention is
characterized in that the surface of the sapphire is polished by means
10 of Chemical Mechanical Polishing (CMP) using the sapphire polishing

slurry described in any item (1) to (4).

Effect of the Invention
According to the polishing slurry of the present invention
15 comprising a alumina-based abrasive grains and adjusting said slurry
to strong alkaline region of pH from 10.0 to 14.0, and a sapphire
polishing method using said slurry, it is possible to obtain a polished
surface finish equivalent to the case of polishing by conventional
methods using the polishing slurry based on silica, at the faster
20 polishing speed as compared to conventional polishing method using
the conventional polishing slurry. Therefore, it is possible to shorten

the time of polishing.
Further, upon obtaining the sapphire having desired surface
roughness, because it is possible to omit the step of pre-finishing

25 process using colloidal silica or the like, and we can finish the
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15 comprising a alumina-based abrasive grains and adjusting said slurry to strong alkaline
region of pH from 10.0 to 14.0, and a sapphire polishing method using said slurry, it is
possible to obtain a polished surface finish equivalent to the case of polishing by conventional
methods u the polishing slurry based on silica, at the faster 20polishing speed as compared to
conventional = ishing method llea., the conventional polishing slurry. Therefore,s possible to
shorten the: timecaftpotisiingg Fehthesr, ppbis bbtainirig the wapphiré havireg desiedisurface at
roughness, because it is possible to omit the step of pre-finishing 25process using colloidal
silica or thé ¢ d4keé, amnd we wan disistrthet convertiondlsapphire palishint sepowhielrhasent
been carried out at least two or more steps, at one step. Therefore, according to the present
invention, thevpalisiing thsers behsiderablyeshortemed dmabignifibant eeduttiondof the dosefof
polishing can be achieved. Brief Description of the Drawing Fig. 1 is the graph showing
correlation tedwetrr the pihef eaeh (e slupdyiar the gutishihgespedd of sapphire by using
the slurry including alumina abrasive grain and colloidal silica, respectively.

Brief Description of the Drawing
Fig. 1 is the graph showing correlation between the pH of each
used slurry and the polishing speed of sapphire by using the slurry
including alumina abrasive grain and colloidal silica, respectively.
10 Fig. 2 is the graph showing correlation between the percentage of
alpha alumina crystalline phase of alumina abrasive grain and the

polishing speed of sapphire.

A Mode for Imprementing the Invention
15 Hereafter, present invention will be describes in detail.

The sapphire polishing slurry of present invention (hereinafter
referred to as polishing slurry of this invention) contains alumina
abrasive grain and has the pH range of from 10.0 to 14.0, and said
slurry is obtained by suspending alumina particles in an aqueous

20 solution as polishing abrasive grains and adjusting the pH of the slurry
to the range from 10.0 to 14.0.

PH of the slurry containing alumina abrasive grains is adjusted
with pH adjusting agent, for example such as sodium hydroxide (NaOH)
and potassium hydroxide (KOH). It is needless to say that the pH

25 adjusting agent used in the present invention, other alkaline chemical
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10 Fig. 2 is the graph showing correlation between the percentage of alpha alumina
crystalline phase of alu na abrasive grain and the polishing speed of sapphire. A Mode for
Imprementing the Invention 15Hereafter, present invention will be describes in detail. The
sapphire polishing slurry of present invention (hereinafter referred to as polishing slurry of
thisinvention) contains alumina abrasive grain and has the pH range of from 10.0 to 14.0, and
said slurry ¢s itained by suspdhdingtafiithina paNicles insasvddideud 26 sbiitidh adjusting
polishing abrasive grains and adjusting the pH of the slurry to the range from 10.0 to 14.0.
PH of the shgrey tofitainimgbheninh abrdsivetdraing issddjustedwitly il adjustingagentrforge
example such as sodium hydroxide (NaOH) and potassium hydroxide (KOH). It is needless to
say that thépkh23&dfustingl dgeéntlusedr ethet presementiontbthet dRalinechemmical alumina
compounds other than KOH and NaO11 is sufficient as the pH adjusting agent if it enables the
pH of the polishitiy sluraric ddjeisi o the rahgerfronf 1006 1o 1950 nih erdertdl improverkasing
dispersibility of alumina abrasive particles in the slurry of the present invention dispersing
5agents suehastansasibric surfactanpatay b adtedt maFi®q sHewE the result of relation

between pH of the polish slurry and the polishing speed (removed thickness per hourp mihr)
Fig.1 shows the result of relation between pH of the polishing

slurry and the polishing speed (removed thickness per hour : u m/hr)
when sapphire is polished by the polishing method of this invention
(hereinafter referred to as polishing method of this invention). The
10  vertical axis of Fig.1 is polishing speed (z m/hr) and the horizontal axis
of Fig.1 is pH of the slurry used for polishing. In Fig.1, the curve a
shows the result when using the slurry containing 2 wt% of alpha
alumina (alpha crystalline phase content = 100%) of which mean
particle size is 0.25 4 m, and the curve b shows the result when using
15 the colloidal silica slurry containing 20 wt% of silicon dioxide. In
addition, polishing was altogether operated on the same conditions as
the following example 1 using CMP polishing machine.
As can be seen from a comparison of curve a and b of Figure 1, in
the case of using alumina abrasive grains (curve a), the polishing speed
20 increase in the polishing slurry of pH more than 10. The polishing
speed significantly increase in the polishing slurry of pH greater than
11, and is saturated in the strong alkaline slurry of pH greater than
about 12.5.
On the other hand, in the case of using conventional slurry

25 including colloidal silica (curve b), only about 1/3 to 1/5 of polishing
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when sapphire is polished by the polishing method of this invention (hereinafter referred to as
polishing method of this invention). The 10 vertical axis of Fig.1 is polishing speed (it rnlhr)
and the horizontal axis of Fig.1 is pH of the slurry used for polishing. In Fig.', the curve a
shows the result when using the slurry containing 2 wt% of alpha alumina (alpha crystalline
phase content = 100%) of which mean particle size is 0.251i m, and the curve b shows the
result wher wsiry wWbstive tolloitkdl silica shimg contdinimg PG nd% of sdicon dipxide.golishing
addition, polishing was altogether operated on the same conditions as the following example 1
using CMPspolistiing nizchineg alws cam bé seervfrof arcbmpansen oheupve ssandd ofeed
Figure 1, in the case of using alumina abrasive grains (curve a), the polishing speed 20
increase insthewpelishing sltrre ot pH veore tharf 10.cThe: polishing speddisignifitandly Thcreaise
in the polishing slurry of pH greater than 11, and is saturated in the strong alkaline slurry of pH
greater thaavabouf 12.6.p H of u@nd thkugthen hdnd hin the casbkefl usingreomveritiomral Skinyn g
25including colloidal silica (curve b), only about 1/3 to 1/5 of polishing speed was obtained
compdring o ¢kd pblisivedt case using the polish slurry containing alumina abrasive.
Furthermore, the polishing speed showed no difference even pH of the slurry exceeded 10 or
12.5. That is, evehlifahe pHvdf emeprlesitrryristighan mhiakkalodorhaing thevpokshiadg Bspelbdrdid
not rise. That is, when performing sapphire polishing, by using the slurry of the present
invention, thé pbishingsspdedof abowis tirhesoftidépaventictalodoldidaltsiictl is obtainéd e

and final polishing time can be shortened to one fifth. In addition, even if pH is 13.5 or more,
thereis conventional colloidal silica is obtained, and final polishing time can be

shortened tokone fifth. In addition, even if pH is 13.5 or more, there is
10 almost no fall of polishing speed, but since it is necessary to add an
alkaline component in large quantities in order to adjust pH, becoming
a factor of a cost overrun and alumina particles aggregation and it
becomes a cause of polish scratch generating, it is not desirable.
Therefore, the polishing slurry of the present invention should be
15 adjusted in the region of pH 10.0 to 14.0, preferably to pH 11.5 to 13.5.
In the slurry for polishing of the present invention which contain
alumina abrasive and adjusted the pH to the range of from 10.0 to 14.0,
making alumina abrasive contain about only 0.01% of the weight to the
slurry, the polishing speed becoming quick and polishing speed further
20 improving with the increase in the content of alumina grains rather
than polishing by the conventional slurry for polishing which consists
of colloidal silica, but even if it makes it contain 50% of the weight or
more, the effect hardly changes.
Therefore, as for the quantity of the alumina abrasive which the

25 slurry for polishing of the present invention is made to contain, it is
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10 almost no fall of polishing speed, but since it is necessary to add an alkaline component in
large quantities in order to adjust pH, becoming a factor of a cost overrun and alumina
particles aggregation and it becomes a cause of polish scratch generating, it is not desirable.
Therefore, the polishing slurry of the present invention should be 15adjusted in the region of
pH 10.0 to 14.0, preferably to pH 11.5 to 13.5. In the slurry for polishing of the present
invention witinet ebhtaitrakaninil abrasiviesafdOddjustéd the plate the rervge of frdnpbdi@hong
14.0, making alumina abrasive contain about only 0.01% of the weight to the slurry,the

* polishing speeddezorhig cuick datl Polishity spledrfurkher 20nmproving with therindrebse én
the content of alumina grains rather than polishing by the conventional slurry for polishing
which consistst ofagollcitiabsifica chae evembit ¢t heakes it domtainas0% bf the Wéight o mordl the
effect hardly changes. Therefore, as for the quantity of the alumina abrasiveich the desirable
to consider it as MO paveor mera i respece bt polishiRgedpddd, and texconsideplias 30 vitos
or less from a viewpoint of polishing cost, and it is more desirable to consider it as 1 to 15
Wst% @speidient ipragier as ahifing yravis wtilch fhehsiukig fae polish of tha1dredents 2
invention is made to contain, if the diameter of a particle is a thing below 0.05 p m, sufficient
polishing spe&daviiedetbd dhtaind, andfictas b mésdire wrestnibidl ingil becohte ed,
cause of polish scratches, and the polish surface satisfactory as final polishing is not obtained.
Therefore, 88 $otthétaldnfingbaBasifel Gsedtor the sy foi"id! psiishimg 8f fiepreséngolish
invention, the alumina abrasive having a mean patrticle size from 0.05 to 10 p m, is desirable.

The alumintcgrdinhisedaisd s asdivable WHase Hphicéantentof aldiinh eRStiRe plfaget

is 1% or more also especially in the point which may raise polishing speed more to alumina.
Even if it aéﬂﬁ%?s“bf—fi Therefore, as for the alumina abrasive used for the slurry for

10 polishing of the present invention, the alumina abrasive having a mean
particle size from 0.05 to 10 x4 m, is desirable.

The alumina grain used has that desirable whose alpha content of
alumina crystalline phase is 1% or more also especially in the point
which may raise polishing speed more to alumina. Even if it adjusts pH

15 of a slurry to 11 or more, when alumina whose alpha content of the case
where a crystalline phase uses alumina other than alpha phase, and an
alumina crystalline phase, such as gamma alumina and beta alumina,
is less than 1% is used, only the polishing speed about colloidal silica
and equivalent is obtained as an abrasive grains.

20 In the present invention, alpha conversion ratio of alumina
crystalline phase (the alpha content of the alumina crystalline phase)
means the rate that alpha phase in the crystalline phase of an alumina
grains occupies, and the alpha conversion ratio of alumina crystalline
phase (the alpha content of the crystalline phase of the used alumina

25 grains) was measured by the diffraction spectrum of the alumina grain
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15 of a slurry to 11 or more, when alumina whose alpha content of the case where a
crystalline phase uses alumina other than alpha phase, and an alumina crystalline phase,
such as gamma alumina and beta alumina, is less than 1% is used, only the polishing speed
about colloidal silica and equivalent Is obtained as an abrasive grains. 20In the present
invention, alpha conversion ratio of alumina e phase (the alpha content of the alumina
crystalline phase) rrcahisthe ras thatfalphti phase i neearystalide phase o dnialdmima the
grains occupies, and the alpha conversion ratio of alumina crystalline phase (the alpha
content of fhélerysrdlifierphate 6f thesubel attfina grains) was measured by the diffraction
spectrum of the alumina grain using powder x-ray diffraction equip en* and computed it from
the followiry formtiee(Deasionding r3tHe perkinte gratoh CobRtiimsFeRbsmeen dihdta=25518
and 58.9 of the diffraction spectrum of a sample, TStime required for measurement of count
number S, BN9couitilimmBeffae? thetas BEc T BR2COENE ATNBEF at 2 theta= 58.9 , and

TBNthe time required for measurement of BN1 count and BN2
5 TS ! time required for measurement of count number S,

BN1 : count number at 2 theta= 55.8° |,

BN2 : count number at 2 theta= 58.9° , and

TBN ! the time required for measurement of BN1 count and BN2
count.

10 Using above each value, Peak area (SP) = S— BN, is computed from
background noise (BN)=(BN1+BN2) /2X (TS/TBN). And when the
Peak area obtained by measuring in the same manner about the
sample of 100% of an alpha conversion rate, is set to S100,

alpha conversion rate (%) = (SP/S100) x100. ------ (1)

15 Figure 2 is a graph showing the relationship between the alpha
conversion ratio of alumina abrasive grain in each polishing slurry and
polishing speed (when sapphire was polished using each slurry). In
used each polishing slurry, 2 weight % of alumina abrasive grain having
different alpha conversion ratio was included respectively, and the pH

20 of the slurry was adjusted to 12.5 by KOH. And the sapphire was
polished using each polishing slurry and the polishing speed at that
time was measured in the same manner as the case shown in Figure 1.
In Figure 2, the horizontal axis represents the alpha conversion ratio of
alumina abrasive grain in the used each polishing slurry, and the

25 vertical axis represents the polishing speed, respectively.
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count. 10 Using above each value, Peak area (SP)S- BN, is computed from background noise
(BN)=(BN1+BN2) /2 X (TS/TBN). And when the Peak area obtained by measuring in the
same manner about the sample of 100% of an alpha conversion is set to S100, alpha
conversion rate (%) = (SP/S100) xiOO. (1) 15Figure 2 is a graph showing the relationship
between the alpha conversion ratio of alumina abrasive grain in each polishing slurry and
polishing speed (vhen sabpliite wds polifhed IsiRg wacnsidreyr Inosed edctr potistingin of
slurry, 2 weight % of alumina abrasive grain hay different alpha conversion ratio was included
respectivelyh anel theapk 20vefthe slurpy Wwassadjistethte P25 Hlyik@HPAAG the sapphipe ke
polished using each polishing slurry and the polishing speed at that time was measured in the
same manferss fetéese shownna Riglhie1s ImRigu a2 ahe Rofipbrithrasds represarita ithin g
alpha conversion ratio of alumina abrasive grain in the used each polishing slurry, and the
25vertical &4kl paprdsenticthe Falishing Bpelel, taspetdavdlyat thad el bedsebh fomEgaret
2, when the alumina abrasive grain of the alpha conversion ratio is 1 %, the polishing speed
was afnosCGRAERME dthe PHalfshing &t the isdfme mahndretcemand siayycomaring with
colloidal silica ( shown in the bar graph at the left end, in the case of COMPOL 80 ) was used,
but the poliShfig 3peel Was mdt8asEd Wit e asirid the! afdHatdsriversion Fatio et S uiind ©
crystal phase in the polishing abrasive grain, and when the abrasive grain consisting of only
alpha alumid &8 Lsed ("sHown iAthtbaR §Fhph bt the hight BRasiv the tate fpRgisting of

conversion ratio is 100 % ), the polishing speed was 10maximized.
only alpha alumina was used ( shown in the bar graph at the right end,

in the case alpha conversion ratio is 100 % ), the polishing speed was
10 maximized.

From these results, in the view point that the polishing speed can
be further improved compared with the polishing using the slurry
coprising conventional colloidal silica as the abrasive grain, the
alumina whose alpha conversion ratio is from 1 to 100 weight % (that is,

15 the alumina whose alpha conversion ratio of the alumina crystal phase,
is at least 1 weight %) is preferable, and the alumina abrasive grain
consisting of only alpha alumina is more preferably used.

Further, even if using the alumina abrasive grain mixed in
advance alpha alumina and alumina having crystal phase except alpha

20 phase, When the alpha conversion ratio of total abrasive grain
calculated by the above-mentioned calculation method, is 1% or more, it
was confirmed that there is a correlation similar to Figure 2 between
the alpha conversion ratio of alumina abrasive grain in the polishing
slurry and polishing speed. Therefore, as the abrasive grain in the

25 present invention, it is also possible to use those obtained by mixing a
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From these results, in the view point that the polishing speed can be further improved
compared with the polishing using the slurry coprising conventional colloidal silica as the
abrasive grain, the alumina whose alpha conversion ratio is from 1 to 100 weigh % tthat is, 15
the alumina whose alpha conversion ratio of the alumina crystal phase, is at least 1 weight %)
is preferable, and the alumina abrasive grain consisting of only alpha alumina is more
preferably psede ter Barthdr 2aven iftusing tharanmirarabsasivE graintniixedtinlaelranee alpha
alumina and alumina having crystal phase except alpha 20 phase, when the alpha conversion
ratio of total abraSive grain ehiciated by the abaveliehticHedt&siculaien MiethBd 48 1% %or 18
more, it was confirmed that there is a correlation similar to Figure 2 between the alpha
conversiorciativastaltimina disragivl ghairt i theysdistiing SlutBear? péiisHiAg Bpeddhemical
Therefore, as the abrasive grain in the 25present invention it is also possible to use those

obtained b}y b2 pisdétePminebianolRMoPAluntiimshaiitg afepdrceryB@liphasge slurtpe of

sapphire polishing method of the present invention is characterized to polish the surface of the
sapphire by GiiemicanVieehiticat Polishing {cMbyusingiite sapphird poliklig shirfpstsonal
present invention, and to polish by similar method to the conventional sapphire polishing
method exéeptsing thel polishih gt orBresthtiplRitigH P ok B@mple rRotding trie t
sapphire which is the object to be polished, by the template provided in the single
sideotistiedd’ $0 ‘dfopping the slurry of present invention on a polishing cloth or polishing pad
attached on the polishing plate provided in the polisher, the surface of sapphire is polished by
carrying out relafi9é rﬁd‘t?o‘ﬁl?éﬁetﬁé?.ldmg the sapphire which is the object to be

polished, by the template provided in the single side polisher, and

10 dropping the slurry of present invention on a polishing cloth or

polishing pad attached on the polishing plate provided in the polisher,

the surface of sapphire is polished by carrying out relative motion
together.

As the polishing apparatus, a double side polisher can also be

15 used. In the case of using a double side polisher, holding the sapphire

which is the object to be polished, in the carrier provided in the double

side polisher, and inserting the polishing slurry of present invention

between the polishing cloth or pad attached on both the upper polishing

plate and lower polishing plate provided in the polisher, the surface of

20 sapphire is polished by carrying out relative motion together.

Examples
The following examples are given in order to illustrated the
present invention in detail without limiting the technical scope to

25 these examples.
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As the polishing apparatus, a double side polisher can also be 15 used. In the case of using a
double side pol slier, holding the sapphire which is the object to be polished, in the carrier
provided in the double side polisher, and inserting the polishing slurry of present invention
between the polishing cloth or pad attached on both the upper polishing plate and lower
polishing plate provided in the polisher, the surface of 20sapphire is polished by carrying out
relative motidhtegatherl Examples The following examples are given in order to
illustrated the present invention in detail without limiting the technical scope to 25these

examples. Exampledrt bR partdytweight ofprepdispetsetivdipha lalumina abnasive grainsns
having an mean particle diameter of 0.25 pm, was dispersed in 98 parts by weight of water,
and adjusted the pld ofle sluray tocl2. 854y edding D ghtassiunwiaydioxiderinta the 8Ripp rts
containing the alpha alumina abrasive grains. Thus, polishing slurry of Example 1 containing 2
part by weightvot albrninaabtasive gdaats whiost giphaldonfvehsiorn vatio iso100 9%, wasadding
prepared. Then, using the single side polishing apparatus attached 10 polishing pad SUBA
600 (rhanufadtuseduoy Nittal Heesi€opdn itshpolishing plateoflis imghesh ¢ loaldibg thrlumina
sapphire, the object to be polished, on the template, and while supplying the slurry of Example
1 between #he polishiagglate, THeusapphire asspolished édr B8 ammites atdhéaimhberbiart
rotation 60 rpm of polishing plate and at polishing
by weight of alumina abrasive grains whose alpha conversion ratio is
100 %, was prepared.
Then, wusing the single side polishing apparatus attached
10  polishing pad SUBA 600 (manufactured by Nitta Haas Co.) on its
polishing plate of 15 inches ¢, loading the sapphire, the object to be
polished, on the template, and while supplying the slurry of Example 1
between the polishing plate, the sapphire was polished for 60 minutes
at the number of rotation 60 rpm of polishing plate and at polishing
15 pressure of 300/cm?2.

In that case, for the sapphire to be polished, the weight difference
of the sapphire between before polished one and after polished one, was
measured using precision balance (Model AG 204 manufactured by
Mettler TOLEDO Co.), and from said weight difference of the sapphire,

20 the polishing speed was obtained by calculating the thickness of
polished sapphire. As a result, the polishing speed was 3.4 pm  h r .
Example 2

The polishing slurry of Example 2 was prepared in the same

manner as the polishing slurry of Example 1, except that the pH of the

25 slurry alpha dispersed alumina was adjusted to 13.21 by adding sodium
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15pressure of 300/cm2. In that case, for the sapphire to be polished, the weight difference
of the sapphire between before polished one and after polished one, was measured using
precision balance (Model AG 204 manufactured by Mettler TOLEDO Co.), and from said
weight difference of the sapphire, 20 the polishing speed was obtained by calculating the
thickness of polished sapphire. As a result, the polishing speed was 3.4 pm / h r Example 2
The polishingdsiamidef Bxarhpte 2 ivas prepared iytheosdhe. manner as the polishing slurry of
Example 1, except that the pH of the 25slurry alpha dispersed alumina was adjusted to 13.21
by adding sodiurd irsmlrodide sa pidce of patassilimligdiroxider thasem thesapphive wvas in
polished under the same conditions as in Example / except using the polishing slurry of
Example 2Brstetpdt Exasrsiert as polshihg shurkys Theepslishing sfedc arthae tifhd nwasb2.8
m/ hr. In addition, when the central line average surface roughness (Ra) of the polished
sapphire strk@ce mas neasprddsising ARV (MODEL MNi8b00 snanafattarted bytKEYXENGE: s

Co.), the Ra at that time, was 0.496 nm. 10Comparative Example 1
5 2.8um,//hr.

In addition, when the central line average surface roughness (Ra)
of the polished sapphire surface was measured using AFM (MdDEL
VN-8000 manufactured by KEYENCE Co.), the Ra at that time, was
0.496 nm.

10 Comparative Example 1

In place of alumina abrasive grains, the polishing slurry of
Comparative Example 1 was prepared by diluting the slurry of colloidal
silica having a particle size of from 62 to 82 nm (Compol 80,
manufactured by FUJIMI INCORPORATED), to 1:1 with purified water.

15 The pH of the obtained slurry was 10.2.

Then, under the same conditions as in Example 1 except used the
slurry of Comparative Example 1 in place of Example 1, the polishing
speed was 0.6 u m, hr.

Comparative Example 2

20 By adding sodium hydroxide to the slurry of Comparative Example
1 and adjusting the pH to 12.55, the slurry of Comparative Example 2
was prepaired.

Then, under the same conditions as in Example 1 except used the
slurry of Comparative Example 2 in place of Example 1, the polishing

25 speed was 0.6 u m, hr.

13



In place of alumina abrasive grains, the polishing slurry of Comparative Example 1 was
prepared by diluting the slurry of colloidal silica having a particle size of from 62 to 82 nm
(Compel 80, manufactured by FUJIMI INCORPORATED), to 1:1 with purified water. 15The
pH of the obtained slurry was 10.2. Then, under the same conditions as in Example 1
except used the slurry of Comparative Example 1 in place of Example 1, the polishing speed
was 0.6 a m/hr. Goraparitive: Exhmpken? 20BY meldifg %@%Wh%?@x@@ﬁlﬁh@%d%ﬁ%ﬁf the
Comparative Example 1 and adjusting the pH to 12.55, the slurry of Comparative Example 2
was prepairediished Fhenbigrieptie sarfie edhdifidnsasin tamipies 2 Beceptdsétd the siuisy
of Comparative Example 2 in place of Example 1, the polishing 25speed was 0.6 p m/hr.

In additionEthe mederal limendvébege stivfalee ol g Hsdsse(Rarefehel polishéd sapphire lsuifaces
was 0.503 nra under the same conditions as in Example 2, and these surface roughness was

almost the tdzmie lef/alds thode wfpplished sapbhire tirté Aethedhid cohdifich*érER&nple
2. As can be seen from the comparison between Example |, 2 and Comparative Example
1, 2, When the pofishitpsibarysesritafiing altinira 5P aBrasive ramestas deedn Exampte 1)
upon polishing sapphire, there was little difference in the central line average surface
roughness {RE)RF A 56lisHEd Bplshird; On tHebtker Hihdik thidéage sOWGTIsing iigining
polishing slurry containing alumina as abrasive grains (Example 1, 2) , the polishing speed
was greate? tAgH frathescader RiEmgeFRi Bolishiy S16p% dShtaimRgccolioidalsifda aggtﬁﬂyé?\?e
grains (Comparative Example I, Zi,. and especially, when the polishingi‘slurry adjusted the pH
to 12 or m@%}’)%graséal’e{ﬁ%rgm 1ét§©ﬁif%ﬁtence in the centralline average surface

roughness (Ra) of the polished sapphire. On the other hand, in the case
10 of using the polishing slurry containing alumina as abrasive grains
(Example 1, 2) , the polishing speed was greater than in the case of
using the polishing slurry containing colloidal silica as abrasive grains
(Comparative Example 1, 2), and especially, when the polishing slurry
adjusted the pH to 12 or more, was used, there was a significant
15 difference in the polishing speed between the case of using alumina
abrasive grains and colloidal silica as abrasive grains.
Example 3
Using the polishing slurry of Example 1, the sapphire just been
processed lapping using # 220 of SiC, was polished until it reaches to
20 final polishing surface in the same polishing conditions as in Example
1.
In the meantime, the amount of removed sapphire by the polishing
was measured at 15 minute intervals. The result is shown in Table 1. A
judgment whether or not the polishing surface has reached to the finish,

25 was carried out by visual observation with an optical microscope (Model
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15difference in the polishing speed between the case of using alumina abrasive grains and
colloidal silica as abrasive grains. Example 3 Using the polishing slurry of Example 1, the
sapphire just been processed lapping using # 220 of SIC, was polished until it reaches to
20final polishing surface in the same polishing conditions as in Example 1. In the
meantime, the amount of removed sapphire by the polishing was measured at 15 minute
intervals. ThE ¢8ddItisashofens in Tablesl. Aljmgmentwhether or not the polishing surface has
reached to the finish, 25was carried out by visual observation with an optical microscope
(Model BX60OM manufactured by Olympus Co.).

[Table 1]
The removed amount of | Accumulated The amount of
sapphire for every 15 plishing time accumulation
minutes after a polishing | polishes (z m)
(g m) start (minute) (2 m)
1. 61 15 1. 61
2. 32 30 3. 92
2. 48 4 5 6. 41
2. 41 6 0 8. 81
2 3 6 75 11 17
2 3 8 90 13 55
2 3 5 105 15 9 0
2 4 3 120 18 33
2 4 1 135 20 7 4
2 39 150 2 3 1 3
1 61 15 1 6 1
2 3 2 30 3 9 2
2 4 8 4 5 6 4 1

15



[Table 11

g haven't been done yet(the sapphire after just been processed

lapping using # 220 of S C) between the start and end of the, final polishing step, was
approximately 23 p m and the polishing removal amount per each polishing time was
approximately constant except during the first 15 minutes. Further, the polishing time required

was 2.5 hoursand-thepotishingspeed-was 9;25 ktduring Jit
was found thag the finish golishing can be dorle in one §tep, omittingjthe cofventional

polishing procgssusing-the-diamond-abrasivg grains betweenbefor¢-thepolishingstep(afier

the state just been processed Rpping using # 220 of SiC)aand the final polishing stef.

15Example 4 Using-a-polishing-sturry-of Exampte-t-and-the-apparatus-usedin-Exampte 1,

the polishing speed was feas@reét when the polishing préssure is 3P0 g/cm3, 400 gicm2 and
500 g/cm2, regpectivety;-andthe—rotationnumber-of the-polishing-plate-was-variedto-66 fgtjn

80 rpm and 10Drpm, respectively5The result is shownlinOTa@ble 2. [Table®21 3000

10

15

2. 43 120 18. 33
2. 41 135 20. 74
2. 39 150 23. 13

As shown in Table 1, the total removed amount of the sapphire
which the final polishing haven’t been done yet(the sapphire after just
been processed lapping using # 220 of SiC) between the start and end of
the final polishing step, was approximately 23 u m and the polishing
removal amount per each polishing time was approximately constant
except during the first 15 minutes. Further, the polishing time required
was 2.5 hours and the polishing speed was 9.25 g m/hr during the
polishing.

From these result, it was found that the finish polishing can be
done in one step, omitting the conventional polishing process using the
diamond abrasive grains between before the polishing step (after the
state just been processed lapping using # 220 of SiC) and the final
polishing step.

Example 4

Using a polishing slurry of Example 1 and the apparatus used in

Example 1, the polishing speed was measured when the polishing

pressure is 300 g/cm?2, 400 g/cm? and 500 g/cm?2, respectively, and the
16



(g/crn2) 33 m/hr) (pm/hr 100 (rpm)6. 2 m/ hr)

rotation number of the polishing plate was varied to 60 rpm, 80 rpm and

100rpm, respectively. The result is shown in Table 2.

[Table 2]
Polishing 300 4 00 500
pressure (g/cm?) (g/cm?) (g/cm?)
Polishing
plate number
of rotation
6 0 (rpm) 3. 3 4. 9 6

(um,/ h r) (gm, hr) (um, h r)

8 0 (rpm) 5 5. 9

(pm,/ h r) (gm,/ h r)

1 0 0 (rpm) 6. 2 9

(pm,/ h r) (um,/h 1)

In Table 2, the blank portion is the polishing conditions were not

10 confirmed in the present Example.
As shown in Table 2, the correlation was found between the
polishing speed and the polishing plate number of rotation, and

between the polishing speed and the polishing pressure. The polishing
17



In Table 2, the blank portion is the polishing conditions were not 10 confirmed in the present
Example. As shown in Table 2, the correlation was found between the polishing speed
and the polishing plate number of rotation, and between the polishing speed and the polishing
pressure. The polishing speed was 3.3 p m/hr when the polishing plate number of rotation
was 60 rpm and polishing pressure was 300 g icm2. On the other hand, the polishing speed
was obtaingeles bt ¥ilkr vRert the polishing plateuAtdernss idativmwasLEe0YpArantitHe was
polishing pressure was 500 g lern2, 2.7 Stimes of the former. From these result, it was

found that &¢urther agravehentls theqssiishing spedd e posdibfe by hgjestiiy the pélishirtg
plate number of rotation and the polishing pressure, 10Industrial Applicability According to
the polishif SigfryeharRe S3pphird pdlishdridthott Usint Bed sEePsriid réseht ifveriohe
significant cost reduction is possible through the improvement of the polishing process,
because thef gulishihgproeestls shorehd ¢ompetbd id Mee s e6HVENTIGTaPSdbghifen . 2-7
polishing method and the polishing time reduction is possible by applying to the polishing
process of Sapphird tded FoF #hetelectronic part materials including the substrate for the LED

element, the optical component, the watches, the electrically insulating materials, and the
window material. Bt mphese result, it was found that a further improvement in the

polishing speed are possible by adjusting the polishing plate number of

rotation and the polishing pressure.

10 Industrial Applicability
According to the polishing slurry and the sapphire polishing
method using the same of the present invention, significant cost
reduction is possible through the improvement of the polishing process,
because the polishing process is shortened compared to the
15 conventional sapphire polishing method and the polishing time
reduction is possible by applying to the polishing process of sapphire
used for the electronic part materials including the substrate for the
LED element, the optical component, the watches, the electrically

insulating materials, and the window material, etc..

20
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Claims

1. A sapphire polishing slurry wherein said slurry contains
alumina abrasive grain and the pH of said slurry is larger than

11.5 and smaller than 13.5.

2. The sapphire polishing slurry according to Claim 1, wherein
a content of said alumina abrasive grain is in a range of from

0.01 to 50 wt %.

3. The sapphire polishing slurry according to Claim 1 or 2
wherein a mean particle size of the abrasive grain is in a range

of from 0.05 to 10 u m.

4. The sapphire polishing slurry according to any one of Claim
1 to 3 wherein the alpha conversion ratio of alumina crystal
phase in said alumina abrasive grain, is in a range of from 1 to

100 %.

5. A sapphire polishing method wherein a surface of sapphire is
polished by means of Chemical Mechanical Polishing process
using the sapphire polishing slurry according to any one of

Claim 1 to 4.
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