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| MPROVED CERI A POWNDER
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(57) Abstract: A polishing slurry, useful in optical or CMP applications, comprises a ceria with a BET surface area of at least 10
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20 produces its slurry in situ in controlled amounts by providing a pad
wth a surface | ayer conprising the abrasive particles in a resin

whi ch gradual | y di ssol ves during use to liberate the polishing
particles. TWO08E6R0c| es declared to be useful include ceri RETUSWIIP je
("ceria"), zirconiumoxide ("zirconia") and iron oxide. EP 608
730- Al describes an abrasive slurry for polishing a surface in an 25
optical el ement which conprises an abrasive selected from al um na, gl ass,

di anond dust, carborundum tungsten carbide, silicon carbide or boron

nitride with particle Si zeg;lgﬂotmm@mcp@wpgn USP

5, 693, 239 descri bes an aqueous slurry for polishing and planarizing a

metal i c workpi ece which conprises subnmicron particles of alpha alum na
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can be ceria. necessary that the surface be free of scratches and have as low an R, as possible. This

R, measurement is the average distance between the highest and lowest points on the

10 surface perpendicular to the plane of the glass sheet being polished. Thus, accepting
that the surface will not be totally flat at the submicron scale, it is 2 measure of the
variation between highest and lowest points. Clearly the lower the figure the better
for optical clarity and freedom from distortion.

In polishing processes a slurry of abrasive particles in a liquid medium,

15 (usually water-based), is placed in contact with the surface to be polished and a pad is
caused to move across the surface in predetermined patterns so as to cause the
abrasive in the slurry to polish the surface. The present invention relates to ceria
particles useful in such processes.

Various shurry formulations have been proposed in the art. USP 4,576,612

20 produces its slurry in situ in controlled amounts by providing a pad with a surface
layer comprising the abrasive particles in a resin which gradually dissolves during use
to liberate the polishing particles. The particles declared to be useful include cerium
oxide ("ceria"), zirconium oxide ("zirconia") and iron oxide.

EP 608 730-A1 describes an abrasive slurry for polishing a surface in an

25 optical element which comprises an abrasive selected from alumina, glass, diamond
dust, carborundum, tungsten carbide, silicon carbide or boron nitride with particle
sizes up to one micron. _

USP 5,693,239 describes an aqueous slurry for polishing and planarizing a
metallic workpiece which comprises submicron particles of alpha alumina together

30 with other softer form of alumina or amorphous silica.
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The present invention also provides a polishing slurry conprising ceria 30

particles wit hvazialers ig gowponcotsof thcdispessiemmediumx | east 10 nferr]/gmand a
positive ionic

The use of ceria in such applications is therefore well known and widely
practiced. The ceria is commercially obtainable in reasonably small particle sizes of a
little over a micron but there is always a drive to ever more perfect surfaces and this

15 propels a move to finer ceria particle sizes still. There is however an associated
problem with this move in that the ceria tends to be sensitive to agglomeration and -
such agglomerates can cause scratching of the surface being polished. Thus
commercially available ceria tends to a reach a limiting value of around 10 A for
surface roughness, (R,), when used in a slurry form to polish glass surfaces.

20 The present invention is based on the discovery of a form of ceria with unique
characteristics that leads it to be highly successful in resisting agglomeration and
polishing to R, levels of 5 A or even lower and a method by which such ceria can be

obtained.

25 Description of the Invention
The present invention provides a ceria powder that has been milled at a pH of

from 9 to 12.5 to comminute a powder with a BET surface area below 10 m2/gm until
the BET surface area is increased by at least 5 m*/gm.
The present invention also provides a polishing slurry comprising ceria

30 particles with a BET specific surface area of at least 10 m*/gm and a positive ionic
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2 surface charge at pH levels of 4 or |ower when the pH
I s adjusted fromsuch levels to basi ¢ values of 9 or higher. The

ceria particles conprising such powders are essentiallg
aggl oner at e- MOTBROWhi ch is meant that the ceria is free of PAHYPUWHES Rt e
particles that will not re-disperse upon stirring and that are |larger than

5 mcrons in 5 size. The BET specific surface area is
determ ned by the Brunauer/Emett/ Tel |l er -~ nethod described in The
Journal of the American Chem cal Society, 60, page 309 (February

1938) . The i oniwifagelEHaRgeat CEH 1elsiof 4108 fwbr vheh thetpH FRadftistell Tont StHAEVels to
accoustophoretjc nobilit Kx the techni que described In Langmuir, 1988, 4,
pp 611- 10 62%asic values of 9 or highets The cgria pasticles comprisingsueh pewdas a8 of t en

present in ano : . tﬁp,%i : : ' ' ith

t he bal ance beﬁ%ﬁlﬁggg l}a)ﬁlgl;aiwrrgér!? y ofC . Fgﬁfﬁl&ﬁﬁx@ﬁ%{ﬁ%%&%ﬂ@%&@ eséMsuch
as | ant hana, npastigles thatawidl not aedisplrsd wpon Bhigingrand @rat e langen tham § exicrons inhe
present inventj.on conprises 70%ceria with about 30% of |anthana and is 15
comercial |y a¥&'l abl e under the trade nane CEROX[ err] 1650. This product

S The BET specific surface area is determined by the Brunauer/Emmett/Teller
method described in The Journal of the American Chemical Society, 60, page 309
(February 1938). The ionic surface charge is measured in terms of the random
accoustophoretic mobility by the technique described in Langmuir, 1988, 4, pp 611-

10 626.

Ceria as commercially available is often present in amounts that are only 50%
or more of cerium oxide, with the balance being made up primarily of rare earth metal
oxides such as lanthana, neodymia and praseodymia. The preferred ceria used in the
present invention comprises 70% ceria with about 30% of lanthana and is

15 commercially available under the trade name CEROX® 1650. This product is
available from Optical Manufacturers, Limited. This product has a nominal average
particle size of 1.3 micrometers though in fact there were significant numbers of
aggl'egafes and a wide variation in particle size before comminution. A form of ceria
with a higher actual ceria content is available from the same supplier under the trade

20 mark Opaline®.

' The ceria abrasive particles may be present along with other abrasive particles
such as alpha alumina, gamma alumina, silica, zirconia and the like. Such particles
however would need to be of the same order of particle size as the ceria to avoid
scratching. Preferably the ceria according to the invention should represent at least

25 5% such as at least 10 or 20% and more preferably at least 50% of the abrasive
particle weight in any such mixture.

When a slurry of the novel ceria powder of the invention is used to polish
glass, after an induction period in which very little material is removed, a consistent

and effective rate of material removal is achieved along with a final surface having a
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gl ass, after amposifith idnicdurfacs thacge a0 pHhiabies whiey titrated lfomadié valaés ofaboatved,

a consi st ent and effective rate of materigl. renmoval is achieved al ong
with a final ulveséo satliofgtlgast 10 which comprises subjecting ceria comprising
3 agglomerated ultimate particles and an average particle size of greater than one

micron to a mechano-chemical treatment, which comprises milling a slurry of the
particles using low-purity alumina or zirconia milling media and a pH of from 9 to
12.5, until an essentially de-agglomerated product with a BET surface area of at least

10 10 m*/gm is obtained. The pH at which the de-agglomeration occurs is prefcrébly
from 10 to 12.5 and the time required may be from seconds up to 15 days depending
on the equipment used and the degree of de-agglomeration required. Conventional
vibratory mills such as a Sweco mill may require seven days or more but an attrition
mill can accomplish the same degree of comminution in a matter of seconds.

15 Usually very satisfactory results can be obtained, starting from commercially
available ceria such as "CEROX" 160. This product typically has an average particle
size of about 1.3 micrometers and comprises many agglomerates that are substantially
larger than that. The higher quality ceria sold under the trade name "OPALINE" can
also be used in the formulations of the invention after receiving the mechano-chemical

20 milling treatment disclosed herein. Tt does not however appear to retain the positive
surface charge during titration from acid to basic values referred to above for reasons
that are not entirely clear.

The de-agglomeration is carried out using milling media selected from low
purity alumina and zirconia. By "low-purity alumina” it is intended that the alpha

25 alumina content is from about 85-90% by weight, and usually about 88% alpha

| alumina, the remainder being various impurities including glassy components derived
from the bauxite raw material from which the media were made. Curiously enough
alumina media with higher purity, such as 95%, are not so effective at generating a
ceria product capable of polishing to a low surface roughness. The reason for this is

30 not fully understood but it may be related to the tendency of such media over a
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roughness of |ess than 10 A and preferably from3 to 7 A The reason for
this unusual behavior is not fully understood. : : The
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using milli ng° BB ect ed from | ow purity alum na and zirconia. By
"lowpurity alumna"” it is intended that the alpha 25 alum na content is

from about 85-90% by wei ght, and usually about 88% al pha
_ Drawings

15 Figure 1 is a graph illustrating the variation of surface charge with pH of a
commercial ceria powder. _ -
Figure 2 is a graph illustrating the variation of surface charge with pH of a ceria
powder according to the invention. |
Figure 3 is a graphical representation of the results obtained in Comparative Example

20 1 and Example 1 according to the invention.

Figure 4 is a bar chart showing the effect of variation of the milling media used to de-
agglomerate the ceria powder starting material. (See Example 3).

Figure S is a pair of photomicrographs showing the ceria powder used in Example 2
before and after, (5a and 5b respectively), the de-agglomeration operation.

25 Figure 6 is a photograph of a silicon wafer polished using a slurry according to
Example 5 (Comp). '

Figure 7 is a photograph of a silicon wafer polished using a slurry according to the

invention as described in Example 5.

30 Description of Preferred Embodiments
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nost ceria powder was CEROX® 1650 available under that trade name from Optical

Manufacturers, Limited. This product has a nominal average particle size of 1.3

micrometers though in fact, as Figure 5a shows, there were significant numbers of

éggregates and a wide variation in particle size. The product had a BET specific
10 surface area of 4 m*/gm.

Comparative Example 3 used a commercially available slurry polishing
material available from Saint-Gobain Industrial Ceramics, Inc. under the trade name
NORPOLTM, which comprises ceria that had not been given the mechano-chemical
treatment and alpha alumina. The slurry has 20% solids and a nominal particle size of

15 0.25 micrometer and the dispersed particles had a BET surface area of 45Sm?*/gm.

Roughness measurements were made using a "New View" machine available

from Zygo Co.

Example 1
20 A ceria slurry was made by de-agglomerating 500gm of CEROX 1650 in 4500 gm of

de-ionized water in a Sweco —18-5 mill, (using five jars), using half inch cylindrical |
Diamonite® low purity (88%) alumina media for seven days.

The mechano-chemically treated ceria was very uniform in particle size and
free of large agglomerations. The before and after products are shown in the

25 phtomicrographs presented as Figures 5a and 5b respectively. The BET specific

surface area of the mechano-chemically treated powder was 18.5 m*gm.

A polishing slurry was made by placing 1000 gm of the above slurry into 500
gm of de-ionized water and the pH was adjusted to 9.5-10. The polishing slurry was
used to polish a glass substrate comprised of 96% silica and having an initial R, of

30 6000 A using a single sided polishing machine purchased from Buehler and a SUBA-

6 This Sheet Has Been Replaced




effective have been ani oni ¢ organo-phosphates, ("APE"'), such as that

avail able from 10 Rhodia Corp. under the trade nane "Rhodafac BP769" wth
the pH adjusted to above 6 using a base such as ammoni a., and the use
of such surfWe08A6B0i s a preferred feature of the i nvenPEHS00/15479
Drawings 15 Figure 1 is a graph illustrating the variation of surface
charge with pH of a commerci al ceria powder. Figure 2 is a graph
illustrating the variation of surface charge with pH of a ceria powder
according to the invention. Figure 3 is a graphical representation of
the resul ts obsopipatichihgpidfima Ridel thchIhephad presurd was Ul Sipdahe the saffecy di ng
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phot om cr ogr aphs show ng the ceria powder used in Exanple 2 bef ore and
after, (5a and 5b rihepebshingyiplded aisurfabe-veitig fimal ronghoessoRg meas dde SA25TheRi gur e
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30 Description of Preferred Enbodi nents
5 P the one on the right the mechano-chemically treated grain prepared as described in the

present Example. It will be noted that, in the first 20 minutes or so of polishing, only
about 1 micrometer of thickness was removed but thereafter the amount removed

10 increased significantly but the finish remained very good.

Example 1 (Comparative)

In this Example 200 gm of the as-received ceria used in Example 1 was mixed
with 800 gm of water and 500 gm of this slurry were further diluted by addition of

15 1000 gm of de-ionized water and the pH was adjusted to 10. This slurry was then
used to polish a glass, (96% silica), having a roughness, R,, of 6000A.

The polishing was performed using the same equipment and conditions as are
set forth in Example 1. The polishing process removed a thickness of 40 microns and
left a final surface roughness of 10.5A. The rate of removal is charted in Table 3.

20 As will be appreciated the use of ceria as received gives a much more rapid
removal of material but this comes at the expense of a significantly inferior surface
finish. | |

The slurry products of Example 1 and Example 1 (Comparative) as used for
polishing were then examined to trace their surface charge as the pH was varied. In

25 Figure 1 the slurry made with the "as-received"” ceria was titrated from the neutral to
the acid side to a pH of about 4 and it was noted that the surface charge as reflected by
the random accoustophoretic mobility, (or RAM), became strongly positive but when
the slurry was titrated back to the basic side, the surface charge moved to the negative
side, with a small hysteresis loss. In Figure 2, the behavior of the slurry éccording to

30 theinvention is charted. Here it will be noted that, having started from a strongly
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adj usted to 9. thmermmmgldfs 27mm cyI | ndr| cal D anoni te[ err] | ow purity
(88% | um na eriﬁ‘ cal | y
treated cer?a was v’girﬁglr%ﬁrltt%rﬁl n pa@%ﬁdgf (éharge appgziu%éo an gﬂﬁ;‘b o ar

aggl omer at i onsresitting fgHlameratiordarslf dlsr ingolvating slicateions on therglnm sunfadehnakmg

ht om cr ogr aph resented.as_Figures. 5a and 5b r tive
P grap tieie removal easier. It 1sgfJ SO quite anomalous and ?n icates that cXmmmutlon of this

specific ceria at high pH levels brings about a mechapo—chemical effect and not
merely a physical size change.
10
Example 2
This Example employs the same ceria starting material as was used in
Example 1 and a slurry identical to that made in Example 1 was prepared and
mechano-chemically treated in the same way. Figures 5a and 5b are
15 photomicrographs of the powder before and after the de-agglomeration operation.
The mechano-chemically treated powder had a BET surface area of 18.5 m*/gm and
was essentially free of agglomerates and very uniform in particle size.
A polishing slurry was made by diluting 5000 gm of the above slurry with
2500 gm of de-ionized water and this was used to polish five samples of a pure
20 (99.99%) silica using a double-sided polishing machine made by SOMOS and a
SUBA-550, ("Hard Pad"), polishing pad from Rodel, Inc.. The pad pressure was 1
p.s.a. and the relative surface speed, (of the pad relative to the surface), was 2.8 m/sec.
The slurry flow rate was 100 cc/min. This yielded a final surface roughness of 7-8A.
Polishing was then continued using a Rodel Inc. POLYTEX pad, ("Soft Pad"),
25 under a pressure of 0.5 p.s.a., a slurry flow rate of about 75 cc/min but using the same
relative surface speed. This yielded a surface roughness of 4A which, when measured

by the more precise atomic force microscope was reduced to 2-3A.

Exém le 2 (Comparative



20 The BET specific surface area of the nechano-chemcally treated powder

was 18.5 nferr]/gm A polishing slurry was nade by pl aci ng
1000 gm of the above slurry into 500 gm of de-ionized water and the pH
was adj ust edVO®0/%6980 10. The polishing slurry was used tBCHEPI0GRIT]

gl ass substtate conprised of 96% 25 silica and having an initial R err]

of 6000 A using a single sided polishing machi ne purchased from

Buehl er and a SUBA-500 polishing pad from Rodel, Inc.. The pad
pressure was 1.5 p.s.a. and the surface speed of the pad relative to

the workpi ece was InhisEsgfple tdpolishig byocé@sesRidsabstiatesldfBiatiple 2 wered at e
of about 20 cc/m.n. 30 The polishing yielded a surface with a final

roughness, R efuplicateghising 4 gummpmade fro 250 afthe appreaived gerapevdan ped 45Wnows |
Lsed "o ecerGagh A EpEl walf) s pify syas SRR ASAEL AR bR 1O
the one on t hevatérgind therpH meesvastbatSlfedi cal | y treated grain prepared as
o e 5, he RS e FATBAF: nobnif e BaroughliVad 364 dnllabl® 1!

continuing with the "Soft Pad" this was reduced only to 8-9A on the Zygo machine.

These data clearly indicate the better performance obtained by the use of the |

mechano-chemically treated ceria made according to the process of the present

invention.

10

Example 3
In this Example the impact of the media used in the mechano-chemical

treatment is assessed. Three evaluations were performed in identical fashion to that
15 described in Example 1 with the difference only of the media used in the mechano-

chemical treatment. The other media used were zirconia and 95% pure alpha alumina.

Zirconia media gave a product with a polished surface with a final surface
roughness of about the same as was obtained using 88% pure alpha alumina.
20 However when 95% pure alpha alumina was used the surface roughness was about

four times higher.

Example 3 (Comparative)

This Example follows the testing procedure of Examples 1 and 1
25 (Comparative) but using a commercially available glass polishing formulation
comprising ceria and alpha alumina powders with a 0.25 micrometer nominal average
particle size and a BET surface area of 45 m*gm. The formulation is in the form of a

20% solids aqueous slurry available from Saint-Gobain Industrial Ceramics, Inc.
under the trade name NORPOL™ 9243.



AMENDED SHEET 500 polishing pad from Rodel, Inc.. The
pad pressure was 1.5 p.s.a. and the surface speed of the pad relative
1

to the mrk%s&gﬂmﬁ .5 msec. The slurry was caused to pCTAUSOUM 53T A
rate of abou cc/ mn. The polishing yielded a surface with

a final roughness, Rerr], was 4 to 5A. The 5 graph appearing as Figure 3
shows two lines: the on the left being the renoval rate for the ceria
when used "as received", (reported in Exanple 1 (Conparative) bel ow) and
the one on the right the nmechano-chem.cally treated grai n, prepar ed %sg

R AR i r st

described in the 500 GrprQfdain slumyavase diluted “with 100.5m pbfestonized vatqran
20 m nutes orgipwﬁg Qb BdI 10DefRE I polishing #AiHitiatednl Cronet er of thi ckness
t ther

was renoved b after the.amount rendbved 10 increased significantly

but the finish rendihepdlishingreywyed 15 micrometepxefithickness pEblefarsurface)
roughness of 7-8A. s
5 The polishing formulations of the invention therefore clearly are superior to those of
the prior art. As represented by the commercially available ceria polishing powders or

mixtures of ceria with alpha alumina powders with even finer nominal average

particle size.

10 Example4
This Example shows the utility of the ceria formulations of the invention in

the CMP treatment of silica surfaces. It is found that if the slurry used leaves debris
on the surface rather than flushing it away, continued polishing-over the debris can
lead to defects on the polished surface. The significance of these defects depends to

15 some extent on the area they cover. While slurry polishing cannot altogether
eliminate defects caused by this mechanism, it is important to have as few defects as
possible and for the total area occupied by such defects to be minimized. This implies
early and effective debris removal during polishing. The following Example explores
the factors influencing this result. All evaluations were carried out on a silica test-bed

- 20 format. In such processes the key quality measuring parameters are the material
removal rate and the surface defects greater than 0.2 micrometers in size remaining
after the CMP operation, ("DEFECTS"), and the area occupied by the defects,
(AREA").

A mechano-chemically treated ceria prepared as described in Example 1,

25 except that only 72 hours of milling were used, was filtered and dispersed in
deionized water containing 0.3% of Rhodafac BP769 anionic organo-phosphate
surfactant with the pH adjusted to 6.3 using 30% ammonia, so as to give a slurry with
a 3% ceria solids weight. Sufficient ammonia was added to adjust the pH to 10.1 and
0.3% of a Darvan C surfactant was added. This formulation, (INV-1), was compared

30 inits ability to leave a defect-free surface against:

10



In this Exanple 200 gm of the as-received ceria used in Exanple | was m xed
with 800 gm of water and 500 gmof this slurry were further diluted by
addi tion of wdgemedsP0 gm of de-ionized water and the pH was mgjusdoassvo 10.

This slurry was then used to polish a glass, (96%silica), having a
roughness, R[err], of 6000[err]. The polishing was perforned
usi ng the sane equi pnment and conditions as are set forth in Exanple 1.
The polishing process renoved a thickness of 40 m crons and left a

final surface roughness of 10.5A The e qf re | is charted in Table’
3. 20 £ ?afnecfgm%'ﬂbtﬂqé’c‘i"‘gl[‘%mﬁﬁéﬁﬁf%g&bm%i@gei ved gives a
much nore rapig) a similar e @iorthat e iVddahe Dittie proparatic B b%antwbﬁh gaERAgR of a
significantly i'nferior surface finish. e slurry products

of Exanpl e 1 a¢rik Imvings higher caimenmtent availabledrans ghe spme supplier yodardhkg wfener e

-then exam ned 't.‘(r)g}ﬁ i bRl ~sulf:ace charge as the pH was varied. In 25
Figure 1 the g u?ry n’lglgél’eg\ﬁ(@{%g "as-received" ceria was titrated fromthe

neutral tos t h&heMRR,2ir eeatdrial senpuvabratesinangasured imlAngstras/minueed t hat t he

e A I e

back to the bakesasictes aﬁd\ﬁe%ﬂfeﬁ%@c&ﬁﬁdrg&a%mh thai perfdiman&gat i ve si de,
e

with a small hysteresis loss. In Figure 2, behavi or of the slurry
according to 30 the invention is charted. Here it will be noted that,

?a‘“_”g start e eyRRY. ' 'Y’ 7 MRR DEFECTS AREA
10 COMP-1 137% >350% 413%
INV-1 100% 100% 100%

INV-2 73% 293% 66%

From the above results it emerges that the Cerox slurry that contained no surfactant,
15 (COMP-1), cut very aggressively but left behind substantial amounts of material on
the surface leading to a very high DEFECTS value. The product according to the
invention, (INV-1), made from the Cerox ceria powder cut less aggressively while
leaving a2 much reduced number and area of Defects. The product according to the
invention made from Opaline ceria powder, (INV-2), gave a lower MRR value and a
20 higher DEFECTS number, (though still less than the product without the surfactant),
but with a much smaller AREA than any of the others indicating that the defects were

predominantly small.

Example 5 _
25 In this Example the effect on the surfactant on the cleanliness of the substrate

after polishing is clearly demonstrated. This demonstrates visually the effect
described in Example 4.
One kilogram of ceria powder sold under the "Opaline" trade name was mixed
with 9 kg of deionized water. This formulation was mixed as 30 g of a surfactant,
30 (Darvan® C) and the pH was adjusted to 10.1 using a 15% ammonia solution.. This

mixture was then milled for 72 hours in a Sweco M-18 mill using half-inch low purity

11



negative surface charge, the addition of acid resulted in a strong novenent

to a positively charged surface that persisted even when the slurry
was titrated back ta the basi ¢ side. This behavior is quite unexpected
and is not KWOM76BObe displ ayed by ot her ceranic oxi de§CT/U§00/15479
This retention of positive surface charge appears to be very hel pful both

I n resisting aggloneration and also in solvating silicate ions on the
gl ass surface naking their renoval easier. It is also quite anomal ous
and indicates that comm nution of this specific ceria at high pH

I ﬁvel S Ibrl ngs ﬂﬁﬁiﬂa niedie CTienexfiehthieiresaltingf shefi wadfiitared ﬁnough ar@fe%ﬁél roithall
physi cal size ang i s Exanpl e enpl oys
the same ceri Wgeﬂ@{%wﬁusg@wﬁda@wﬂwm to repQveRHicamaxigym a si urry
identical to tgﬁ;unggplﬁ i Exanple | was prepared and

mechano-chenically treated in the same way. Figures 5a and 5b are 15

phot oni cr ogr aphs ofA first spopid of thieslurmy, (33@6 ﬁmataxmm@ 34%aglis)rwasinixed

oPeT L1 o0, 5yl P TROLARBRELPA G bt AP RIBI Bt Brallte

very uni f or m i Thipsladry,odi€icls waeprepared for comparaﬁv@phﬂp&iﬁsmwﬁlbﬁ ﬁé&d‘t@%aﬁﬂﬂﬁ by
diluting 5000 gm of, the_above slurry i"‘hﬁl‘ 2500 gm of de-ionized water
V)

and this was (PESer With  silica purface to %Q?Fb"leé ofmajerigl r99°v¥9§h99‘?€ef§‘fa§ﬂl%%

usi ng a doubl [ g=Yarey ,gg}{p%amg ISHBHA 0,
("Hard Pad"), q%%?‘?gjﬁ}n%gusg)gl??gm Roggﬁwgf%gglm?he rég:%tt? Ho ®
p.s.a. and the)hp@gmphweaséﬂqemédmmg@ of(tbet waftrea:phthnsne hﬁmMéhemtqasélgme
surface), .8 m sec. The slurry flowrate was 100 cc/mn. This.
yi el ded a |na' surface roughness of 7-8A

A similar slurry was prepared but this time with the addition of 7.5 g of APE

surfactant used in Example 4 in 204.4 g of deionized water and a further 1.5 g of
Darvan C in 50 g of dejonized water. Once again the slurry was pH adjusted to 10.1
using 15% aqueous ammonia. This slurry was then used to polish a wafer with a

15 silica surface in exactly the same way as the comparative sample described above. A
photograph of the rinsed surface of the wafer after polishing shows no trace of surface
debris indicating that the APE surfactant is particularly effective at leaving a surface
that is clean and requires no further treatment to make it suitable for further
processing. As indicated above, a clean surface usually correlates to a surface with

20 few and smaller defects generated during the polishing process.

12



Pol i shing was then continued using a Rodel Inc. POLYTEX pad, ("Soft Pad"),

25 under a pressure of 0.5 p.s.a.,
but using the sane

substrates of Exanple 2 were duplic
gm of the as-received ceria powder and 4500

a slurry flowrate of about 75 cc/mn

relative surface speed. This vyielded
roughness of WRAFA2Rh  when neasured ———by—the—erTF*D‘r‘e_CT'sgégfi}oéan&gsqﬁor ce

m croscope was reduced to 2-3A Ex mi ve)
8 In this Exanpl E“ mﬁﬂ rocedures and
ate

This slurry waWhatis digimediis:ut ed with 1 0000gm of de-ionized wat er

t he pH neasure
surface roughn

10

15

20

25

;

at
SS

t he "Hard P

vxg g?@gisoffgaﬁe]pr%nﬁ {)éf Ceria Surry R o oﬁglaf ;)Soqfsﬁ%g Lhe

CMP applications which comprises providing a ceria slurry with a BET
surface area of less than 10 m%*/gm. and comprising a plﬁrality of agglomerated
ceria particles, and milling said slurry at a pH of from 9 to 12.5 until the BET
surface area has increased by at least S m%/gm.

A process according to Claim 1 in which ceria is milled using milling media
selected from the group consisting of: alumina containing from 85 to 90%
alpha alumina and zirconia.

A ceria slurry obtained by a process a.ccording to Claim 2 which maintains a
positive ionic surface charge when titrated from a pH of 4 or less to a pH'of at
least 10.

A ceria slurry obtained by a process according to Claim 2 which further
comprises an anionic organo-phosphate surfactant.

A ceria slurry obtained by a process according to Claim 3 which further
comprises an anionic organo-phosphate surfactant.

A ceria shurry according to Claim 4 in which the ceria is free of agglomerates

that will not re-disperse upon stirring and that are larger than 5 microns in size.

A ceria slurry according to Claim 5 in which the ceria is free of agglomerates

that will not re-disperse upon stirring and that are larger than 5 microns in size.

heet Has Been Replaced

AT
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usdi nt assltirry made from 500
gm of de-ionized water.

and



continuing with the "Soft Pad" this was reduced only to 8-9[err] on the

Zygo nmachi ne. These data clearly indicate the better performance

obt ai ned by\&@ﬁWﬂ@ﬁDOf t he mechano- chem cal |y treat ed geruseonasie
according to e process of the present invention. 10 Exanpl e
3 In this Exanple the inpact of the nmedia used in the

mechano- chem cal treatment is asses3ed’ Three eval uations were
performed in idepttear—fashronr—to—timat s descrbed—rrmExampte—t-writ h t he
difference only pf the nedia used in the™mechano- chem cal treatnment.

The ot her nedia used were zirconia and|{95% pure al pha al um na.
Zirconia nedia gave a product with a polished surface wwth a final |surface
roughness of about the same as. was obt @i ned using 88% pure al pha aljum na.
20 However when P5% pure al pha alum najwas used the surface roughngss was
about four finmes higher. Exafpl e 3 (Conparative)

This Exanple folj ows the testing procegure of Exanples 1 and 1 25
(Conparative) but using a commercially|avajlable glass polishing

formul ati on conprising ceria and al pifa al um na powders with a [0.25

m croneter nom nal average particlle gi gze and a BET surface arga of 45
n2/gm The formdlation is in the form ¢of fa 20% sol i ds aqueous sl urry
avai l abl e from Sai nt-Gobain Industrial [ mcs, Inc. under tHe trade

nanme NORPOL[ err]i 9243.
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9 500 Gn of this slurry were diluted with 100 gm
of de-ionized water and the pH was adjusted to 10 before the

pol i shi ng V\%{mgjﬁ%goat ed. The pol i shing renoved pramosisonet er s

of thickness an eft a surface roughness of 7-8A 5 The polishing

formul ations of the invention theref%rzﬁigearly are superior to those of
c

the prior art.
powder s or

As represented by the rcially avail able ceria polishing
m xtures of ceria with algha al um na powders with even

finer nomn bSO Exanpl-o—4 Thi's
Exanpl e sho the utility of the ceria fqrnulations of the invention in
the CMP tredtnment of silicaurfaces. It |is found that ifefhe sliurry used

| eaves debrils
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on the surface rather than flushing it away, continued polishing over the
debris can | ead to defects on the polished surface. The significance
of these defects depends to 15 sonme extent on the area the ile
slurry pol i%¥Ri%E%annot al t oget her elimnate defects cgﬁg@éﬁ{gf@h

mechanism it is inportant to have as few defects as possi bl e and for
the total area occupied by such defe@ g 7o be mnimzed. This inplies

early and effective debris renoval during polishing. The foll ow ng Exanple

expl ores the factors influencing this result. Al evaluations were
carried out on a silica test-bed 20 format. In such processes the key
qual ity neasuring paraneters are the nmateri al renmoval rate and the
surface defects greater than 0.2 mcroneters in size remaining after

the CMP operation, ("DEFECTS'), and the area occupi ed by the defects,
(AREA") . A nme y ed ceria prepared as
described in Exanple 1, Zgﬂﬂgg%e&te%%%é "\H&%?]% hours of mlling were used,
was filtered and dispersed in dei oni zed wat er contai ni ng 0. 3% of
Rhodaf ac BP7698ani oni c or ¥xno- phosphae Suig actant w gh the pH
adjusted to 6. i@ h a 3%
ceria solids Suffl ci ent ammm a was added to adjusy the pHto 10.1

and 0.3% pf g, Darvan: C surfact aht was added. This fornul ati on,
(I'NV-1), was cpnparsd 30 In its ablltty to Ieave a defect-firee surface
agai nst: 2 ; : 1%
s cnvm vr - cenaw g oo denmonesscnscmaunsva -: ----------------- J: --------------- ——— @
. -c' I n
: e ! .
: s : i
_— TE G e B
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(a) the sanme fornulation wi thout the APE surfactant, (COW-1); and (b)
a simlar formulation that received the sane preparation but began with a

di fferent ceria having a higher ceria content avallable same
suppl i er und¥P %FE28 r ade nane "Opaline", (INV-2); %ergao;lg&g

MRR, or material renmoval rate in neasured in Angstrons/n1nute. The
results are set forth in the follow ng/Table in which the INV-1 performance-
S taken as 100% and the others are conpared agai nst that perfornmance.
SLURRY MRR DEFECTS AREA 10
COWP- 1 137% >350% 413%

I NV-1 100% 100% 100%

| NV- 2 73% _ 293% 66%

From t he above
surfactant, 1p (COW-1), cut very aggressively but |eft behind [substanti al
anounts of majerial on the surface leading to a very high [DEFECTS

val ue. The prpduct according to the i nvention, ) B c fromthe
Cerox ceria ppwder cut |ess aggressively while , i ch ©deduced
nunber and arpa of Defects. The product according t} Bverdi on
made from Opaline ceria powder, (INV-2), gave a | owg langnja 20

hi gher DEFECTS nunber, (though still |ess than the put the
surfactant), but with a much smaller AREA than any of the qthers

I ndicating that the defects were

88% Al203
FIG. 4

85% Al203
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predom nantly snall. Exanple 5 25 In this Exanple the effect

on the surfactant on the cleanliness of the substrate after polishing
is clearly denponstrated. This denonstrates visually the effect

descri bed i RyExgaRLe 4. One kil ogram of ceria popEgussmlsgrounder
the "Opal i ne” trade nanme was m xed with 9 kg of deionized water. This

formul ation was mxed as 30 g of a sufactant, 30 (Darvan C) and the pH
was adjusted to 10.1 using a 15% ammoni a sol ution. . Thi S xture was

then miled for 72 SRR NERTTIN G SR I | ow purity
al um na nedi a. Ther} )'i ' ough a one
m cron Pal | i i zed wat er
to recover the nmaxijgh i rst sanple
of this slurry, (23 with 264.3

g of deionized wat e tic stirrer.

Y] 4
e
B RF gty o¥




This slurry, which was prepared for conparative purposes, was then used to

polish a wafer with a silica surface to a desired | evel of materi al
renoval . The wafer was then rinsed by inmersion in five consegﬁ%gve
bath of aquewoswzemonia at a pH of 10.1. A phot ogr aph W& T8¥EH %01 t he

surface of the wafer and this is attached hereto as Figure 10 5.

A simlar slurry was prepared but thi® AVme with the addition of 7.5 g of
APE surfactant used in Exanple 4 in 204.4 g of deionized water and a
further 1.5 g of Darvan Cin 50 g of deionized water. Once again the
slurry was pH adjusted to 10.1 usi ng 15% aqueous ammonia. This slurry
was then used to polish a wafer with a 15 silica surface in exactly the
same way as the conparative sanple described above. A phot ogr aph of
the rinsed surface of the wafer after polishing shows no trace of surface
debris indicating that the APE surfactant is particularly effective at

| eaving a surface that is clean and requires no further treatnent to
make it suitable for further processing. As indicated above, a clean
surface usually correlates to a surface with 20 few and snaller defects
generated during the polishing process.

FIG. 6



12 What is claimed is: 1. A process for the production of a

ceria slurry suitable for optical polishing and CVP applications which
conprises providing a ceria slurry with a BET surface area of |ess
than 10 nf ekyd a@igvzoand conprising a plurality of aggl oRETASEYIHE i a
particles, and mlling.said slurry at a pHof from9 to 12.5 until the
BET surf ace area has increased By At least 5 nferr]/gm 2. A process
according to Claiml in which ceriais mlled using mlling nedia

sel ected fromthe group consisting of | ow- purity alum na and zirconi a.

3. Aceria slurry obtained by a process according to daim?2

FIG. 7
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whi ch nmaintains a positi ve ionic surface charge when t| t Eg
of 4 or less to a pH of at least 10. 4. A ceria slurry obt ahﬁgﬁg WPREE

process according to Claim1l whi ch further conprises an anionic
or gano- phos urfacta erLi g shurry  accordin
whi ch fgrthg‘?l%ggme“rs éh gs{na%tagﬁ'l C?ﬁl o a%o p giphag sar gsc %

ceria sl urrynuFbesy (ﬂfnggqf@géf%ﬁ g 3 widei @ PF}’(-?“CéFlHF’CSCJ-e Sizessé'hﬁl a?‘?‘i}mt
free of agglmreaders spdcifid £¥ifade Hrdhl§f aqCe/ghNng to Claim5 in which the

~ceria _i S . es_s%k@ééi%ef Eﬁ?ﬁp&g ?‘gﬂkg rgarc@hﬁércially available slurry polishing

g - 13- 5 material available from Saint~Gobain Industrial Ceramics, Inc. under the
trade name NORPOL™, which comprises ceria that had not been given the’
mechanc—chemical éreatment and alpha alumina. The slurry has 20% solids
and a nominal particle size of 0.25 micrometer and the dispersed particles
had a BET surface area of 45m’/gm.

10 Roughness measurements were made using a “New View” machine
a_véilahle from Zygo Co.

Examhle 1

A ceria slurry was made by de-agglomerating 500gm of CEROX 1650 in 4500 gm
of de-ionized water in a Sweco M-18-5 mill, (using five jars), having a pH

15 adjusted to 8.5-10, using 1.?7mm cylindrical Diamonite® low purity (88%)
alumina media for seven days.

The mechano-chemically treated ceria was very uniform in particle
size and free of large agglomerations. The before and after products are
shown in the phtomicrographs presented as Figures 5a and 5b respectively.

20 The BET specific surface area of the mechano-chemically treated powder was

: 18.5 m*/gm. _

A polishing slurry was made by placing 1000 gm of the above slurry
intc 500 gm of de-ionized water and the pH'was adjusted to 9.5-10. The
pelishing slurry was used to polish a glass\subgtrate comprised of 96%

25 silica and having an initial R, of 6000 A using a single sided polishing
machine purchased frdm Buehler and a SUBA-500 polishing pad from Rodel,
Inc.. The pad pressure was 1.5 p.s.a. and the surface speed of the pad

~ relative to the workpiece was 1.5 m/sec. - The slurry was caused to flow at
a rate of about 20 cc/min. .

30 The polishing ylelded a surface with a final roughness, R,, was 4 to 5A.
The graph appearing as Figure 3 shows two lines: the on the'left being the .
removal rate for the ceria when used “as receivéd”, (reported in Example 1
(Comparative) below) and the one on the right the mechano-chemicaily
treated grain prepared as described in the presené Example. It will be

35 noted that, in the first 20 minutes or so of polishing, only o
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What is claimed is:

1.

A process for the production of a ceria slurry suitable
for optical polishing and CMP applications which
comprises providing a ceria slurry with a BET surface
area of less than 10 m®’/gm. and comprising a plurality of
agglomerated ceria particles, and milling said slurry at
a pH of from 9 to 12.5 until the BET surface area has
increased by at least 5 m?/gm. '

A process according to Claim 1 in which ceria is milled
using milling media selected frop the group'consisting of
low-purity alumina and zirconia.

A ceria slurry obtained by a process according to Claim 2
which maintains a positive ionic surface charge when
titrated from a pH of 4 or less to a pH of at least 10.
A ceria slurry obtained by a process according to Claim 1
which further comprises an anionic organo-phosphate
surfactant.

A ceria slurry according to Claim é which further
comprises an anionic organo-phosphate surfactant.

.A ceria élurry according to Clﬁim 4 in which the ceria is
essentially free of'agglomeratés.

A ceria slurry according to Claim 5 in which the ceria is

~ essentially free of agglomerates.
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