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PROCESS TO REDUCE LOCALI ZED POLI SH STOP ERGCSI ON

TECHNI CAL FI ELD The present invention rel ates general I y to t'he
field of sem conductors and, nore particularly, to the chem cal - mechani cal
pol i shing of sem conduct or wafers with silica slurries.

BACKGROUND OF THE | NVENTI ON . Doped polycrystalline Si is often
used to fill contact holes or trench capacitors in dynam c random access
menories (DRAMs). The polycrystalline Sii can be patterned by chem cal
mechani cal polishing (CWP), stopping onlan underl ying layer of patterned
Si3N4, Si2, or other suitable materials. CVP may be

acconpl i shed by nounting a wafer coated with polycrystalline-silicon onto a
carrier and putting it on a polishing nachine. An appropriate polishing pad
material is driven aRRQEESS I REDSCESUOCELEZED PeonISH SDOP ERbEHION | i ca
slurry of an al kaline solution and Si Q2 particles is contacted wth the
wafer. OHions in the slurry react wethnSa@tmngp catal yzi ng the corrosive
action of water which results in the cleavage of Si back bonds. This is the
mechani cal part of the o t l.i.sh are treated

wi th certain chem cal agé%t??%e@errﬁ/vg%%ﬁeﬁp%?ga 3’%&??; P nat s Ty, the
waf ers are cl mi condut ot i 'nﬁ‘oéﬁeﬂ%r‘b’tﬁﬂ%&ﬂly:ﬁ@dtlil@l t he

i ndustry for siﬂdnwnlmeECShnhgal spsliddhdags of. séhSordaicent: Mareds 462K 88

di scl oses the dinGldasis@QrQfedp to 5% of an amine in the sol and the addition
of a quaternary ammnium salt or base to the am ne silica-sol conbination.

Al'so, it teaches BACKGROUND OF THE INVENTION

Doped polycrystalline Si is often used to fill
contact holes or trench capacitors in dynamic random access
memories (DRAMs). The polycrystalline Si can be patterned
by chemical mechanical polishing (CMP), stopping on an
underlying layer of patterned Si3;N4, SiO,, or other suitable
materials.

CMP may be accomplished by mounting a wafer coated
with polycrystalline-silicon onto a carrier and putting it
on a polishing machine. An appropriate polishing pad
material is driven across the wafer surface. Then, a
colloidal silica slurry of an alkaline solution and SiO,
particles is contacted with the wafer. OH ions in the
slurry react with Si atoms, catalyzing the corrosive action
of water which results in the cleavage of Si back bonds.
This is the mechanical part of the process. After
polishing, the wafers are treated with certain chemical
agents to remove the polishing slurry. Finally, the wafers
are cleaned.

A polishing agent commonly used in the industry
for silicon polishing is siliea sol. U.S. Patent No.
4,462,188 discloses the inclusion of up to 5% of an amine in
the sol and the addition of a quaternary ammonium salt or

base to the amine silica-sol combination. Also, it teaches



the use of a silica sol that contains up to 5% of an amne and up to 5% of
a quaternary ammoni um salt or base. The sol used in the
polishing practices taught in the 188 patent is received with about 30 to
60% Sio[err]. The required am ne is added. The sol is diluted to about 3%
Sigerr] (10 to 20 tinmes) with water. The pH of the diluted sol is adjusted
to a range of 10.5 to 11 wth alkali netal or ammoni um hydroxi de. Potassium
hydroxi de is described as a preferred al kali ne solution, and NaOH and

NH err] OH are described as | ess desirabhke. Specifically, with these
solutions, a higher pHis required to inprove stock renoval, as shown in

U. S. Patent No. 4,549, 374. The sol is used to polish the device
soon after dilution and pH adjustment, before the pH changes significantly.
The pH has a teitense o6 desibicre e thak neonpRiings upoltPshf negf pibeedgs. Bot h

of these characi®y st iteSsEegsi 4 apddtdlrnaddl hineom unK@d1heoadese 1 0 est abl i sh

or sustain the desired renoval rate of t e | ayer. It has been
known in the art to poligfesihi GaL4Tg %@i?srﬁhgui'rﬁgti‘céé a&{@g lsica
sol -am ne conbi nati on that contal ns su I Ci

amne to prow g pH
on dilution. AIE® '€ RAEFRF oS o‘?ecélll’éldl wieh APBEF Ffe tnh° du?W?g t fge
pol i shing processphiasdbestinel isnabdetl soph tbhtid kb lonkyd abkaboutnettal

present is thatsm qRol §or§61%fn?é§)d'#1'tﬂgw§9érpr eﬂ?i%r bl 8B the dlluted sol
Conventional slurries do _not have reduced solid 1&%‘nf"iﬁ?fcau

general ly, it i GS8IUAEPe Po® UM i dfi-a E?)Ijr]dsw LPYFEsiBie to
maxi mi ze the ponmsinivat bydTheigei orPanatssd pechydesxiser tigi desorilld eentent

for slurries. preferred alkaline solution, and NaOH and NH.OH are
described as less desirable. Specifically, with these
solutions, a higher pH is required to improve stock removal,
as shown in U.S. Patent No. 4,549,374.

The sol is used to polish the device soon after
dilution and pH adjustment, before the pH changes
significantly. The pH has a tendency to decrease over time
and as polishing proceeds. Both of these characteristics
require that additional KOH be added to establish or sustain

the desired removal rate of the layer.

It has been known in the art to polish silicon
metal wafers by using a stable silica sol-amine combination
that containg sufficient amine to provide a high pH on
dilution. Also, the addition of alkali metal before and
during the polishing process has been eliminated such that
the only alkali metal present is that which is required
during sol preparation.

Conventional slurries do not have reduced solids
content because, generally, it is desirable to use as high a
solids content as possible to maximize the polish rate. The
prior art specifies certain solids content for slurries.



U S. Patent No. 3,715,842 describes a silica slurry, used to polish Si or
Ge, that is stabilized with a cellulose derivative. The slurry is used in
an al kaline solution. Nevertheless, the '842 patent does not recognize the
probl em of | ocalized oxi de erosion because the disclosed process was

devel oped for Si wafer polishing. The proposed solids content in the '842
patent (1 to 50% would cause considerable insulator erosion if used with
the process of the present invention. U.S. Patent No. 3,552,071
describes polishing of Si using al kalin& earth netal hydroxides, such as
cal ci um hydroxi de and strontium hydroxide, in the slurry. This slurry would
not provi de adequate selectivity to the underlying Sigerr] |ayer used in
the present invention. The silica-based slurries are preferred because they
provi de high selectivityto Pasenndl¥plydnflSi&g2edepcribes a siliaqg s, Pat ent

No. 3,552,071 Q§§£’fjrb3§sélp|ﬂ§@omgsﬁfs§| oiJSGé\,g tHdtl 6@ EQJJ.ElDIzétE'vELthAlat hough
a silica slurr¥ #g .not g Ikallgg solutlo vikéil
necessary to achreV O%F %ﬁ%ﬁ? iVEh rAPS BHWSY 15 VE§di P |on SO15 ds
content is rel apiveignhi gievexrthelsesy éh@l (Aﬁ)‘tﬁcpac“-&&fred%%aﬂl?tze‘t?%@@n of
the insul ator. the problem d# SocBatesl dRidd, &S iGh2pdeatsé base atizidliosaaq

Slurry used o paLLsh Bls U8 OBY 83: 81 NG, A JINER1EG, SIRA GG pO! | o1

rate. Like in Phe presen Inve n, Ica slu isTuse al i ne
sol ution. A | ofoddfs deortanterim itheal’ §GZSB®%‘FIF‘F eHL f1° 80%) | ¥l q Haavssw
Siderr]." NevebhBetesshld htmsiaitdrr ekrativel ¥f higld (wi@hSthe ddgcesy &if woul d

result in a hlgggr Qééékiffﬂvaﬁ#iokéte- Alower pHis preferred in order to
mi ni m ze oxi de €roSl on.

U.S. Patent No. 3,552,071 describes polishing of
Si using alkaline earth metal hydroxides, such as calcium
hydroxide and strontium hydroxide, in the slurry. This
slurry would not provide adequate selectivity to the
underlying Si0, layer used in the present invention. The
silica-based slurries are preferred because they provide
high selectivity to the underlying Si0;.

U.S. Patent No. 3,552,071 describes polishing of
Si using silica sols or gels. Although a silica slurry is
used, it is not in an alkaline solution, which is necessary
to achieve a high polish rate of Si. 1In addition, the
solids content is relatively high (2 to 50%) and would cause
localized erosion of the insulator.

U.S. Patent No. 4,892,612 describes a silica
slurry used to polish Si or Ge having amine additives to
enhance the polish rate. Like in the present invention, a
silica slurry is used in an alkaline solution. A low solids
content is also specified, i.e. "less than 3% SiOj "
Nevertheless, the pH is relatively high (10.5 to 11) which
would result in a higher oxide removal rate. A lower pH is
preferred in order to minimize oxide erosion.



4 For patterning polysilicon, a colloidal silica slurry (sol)
in an al kaline solution is typically used. The alkaline solution is a
necessary conponent of the slurry which prevents the silica particles from
aggl onerating. This aggloneration could cause scratches in the surface to
be polishéd and decreased polishing. CWP is wdely accepted as
the preferred process for .planarizing dielectrics and patterning tungsten
(W studs or polysilicon studs (particularly for specifications of 0.25
[err] mand beyond) and other surfaces afop a silicon substrate.
Nevert hel ess, CMP does encounter certain defects. These defects include
pattern effects, such as oxide erosion and dishing, which increase with
polish tine and depend on the |ocalized and adjacent patterns. Erosion has
a specific pattern to itFohipattseensgr phbayetlieorpad BehdPiabrestligspi ng of
sl urry In topognaphy. (sol) in an gdlrmﬁgﬁiengoilh@idmrmf agbieabiy idged@nd The

wi deni ng proces rgins Ln by under st andi o] mati c
degr adat i ons iﬁﬁﬂgﬁf%?nﬁﬁégtéﬂﬁhu%f‘85??%?%?2r%%¥%%gg%385n%%?%?ﬁ%%ggxide

t hi ckness vari atfiiots prevdetsrigee stHdse partégheefirot 39gLPBAER oS he

speci fic choi cerifs RQGLSREEaPESRMBRIEAIS caGo8sstBl s andthdesurfdeaics.

As shown in FI 3, -erosi.on_is.the thi.nni | nsul ators and conductors in
an array. Di shi%eg p|°slltsﬁueadt ﬁfl%n?%%reeo g nggéﬁi%%'t ure (such as a conductor)
near the center of the feature. |, Patternin gf Wstuds by CWP is
in many ways simlar to F¥Pt&Fnfififlof ﬁ&ﬁ??g??iﬁﬁnFQﬁ:ﬁ%? By e recess
particul arly befmtigd sofartikéngr dbdlens ttileat aadepatiopuingr sdngaserhin in FI G

4, oxide erosiof 4y id}9 M OMP11 06 eases (BhPePduli8y for specifications
of 0.25 um and beyond) and other surfaces atop a silicon
substrate. Nevertheless, CMP does encounter certain
defects. These defects include pattern effects, such as
oxide erosion and dishing, which increase with polish time
and depend on the localized and adjacent patterns. Erosion
has a specific pattern to it which seems related to pad
bending or trapping of slurry in topography.

Improving the manufacturability and widening
process mafgins in CMP by understanding and improving
systematic degradations in performance such as pattern
erosion and underlying oxide thickness variations is
desired. These pattern effects depend on the specific
choice of polisher parameters, consumables, and their
effects.

As shown in FIG. 3, erosion is the thinning of
ingulators and conductors in an array. Dishing is the
thinning of a large feature (such as a conductor) near the

center of the feature.

Patterning of W studs by CMP is in many ways
similar to patterning of polysilicon studs by CMP,
particularly because of the problems that are encountered.

As shown in FIG. 4, oxide erosion during W CMP increases

FI9-97-178



5 with polish tinme and is slightly higher at the wafer edges where the
filmrenoval is faster. \Wen several arrays of vias are profiled, results,
shown in FIG 5, indicate that the edge array shows higher erosion conpared
to the center array but erosion in both cases is |lower than an isol ated
array with the same via pattern density. In the case of soft
pol i shing pads, as shown in FIGS. 6, 7, and 8, the erosion patternis

rat her specific, but simlar to that reported earlier. This type of erosion
tends to be preferentially higher towards the edge of a pattern array.

FIGS. 6 and 7 show the erosion to be symmetric along the center of the
array for isolated arrays or the center array, respectively. For an edge
array, as shown in FIG 8, erosion is higher near the periphery that is

di st ant fr0n1thftﬁ(phﬂﬁé&phymeT53661§L&Mﬂghui@OﬁhQﬁefaﬂiuﬂ&SmmEﬁrbédgéused by

| ocal i zed vari wﬁﬂéPéscr%f Hﬁﬁﬁ%klfh&/ '{LQ ARl ed ghed, @e\)’@zfaelr 234512 First,

pad bending is expected I gher_near the edge_of an arG%y as t e pad
encount ers t opdtfafy P@?éélﬁgerr?%‘ﬁob?'awwnt RE EEFi ati ofiretRe tBREent of
subsequent padtherstigsy argayi shoes . hildieperogsienatompasedrid then cancay nmay

al so be the regpldy afud @%ds@eheﬂﬁ%@rorﬁa@e@utﬂsomo&@rf&ﬂam r8m\ah ake@m
hi gher | ocali zed chem cal nmechani cal abragil on.fromthe slurry trapped in

patterns. ray wif thf §ﬁ8ﬁ/svﬁ1epastetrﬁrcfb §GEt6Y - devi ce polished with

conventional slurries and depicts an array 14 consisting of a polish stop
layer 4 (such as Si (2 ofTStBRAFasge?t £ RGHSRARErPIIS SGife SAMpHEs are
the formati on pfceoleg/sid,i eaad 8t udhei drdnian prltyerhi tat eattHaas SpeBREGE, or

polysilicon-filled fran gﬁ %agﬁgkt %%o;_,gﬁ]@ eglﬁysrpad.rmg rﬂ&%;:'e ?%srgsg yrries

cause defects such as e ilicon st are a
af fected by thge@q'i%sqcbﬁ)egpreferentlally hlgher towards the edge of g

pattern array. FIGS. 6 and 7 show the erosion to be
symmetric along the center of the array for isolated arrays
or the center array, respectively. For an edge array, as
shown in FIG. 8, erosion is higher near the periphery that
is distant from the topography. These subtle erosion
features may be caused by localized variations of pressure
being applied on the wafer surface. First, pad bending is
expected to be higher near the edge of an array as the pad
encounters topography. Once over topography, the variation
in the extent of subsequent pad bending is minimal. The
peripheral erosion in an array may alsoc be the result of the
increased contribution to £ilm removal from higher localized
chemical or mechanical abrasion from the slurry trapped in
patterns.

FIG. 1 shows the semiconductor device polished
with conventional slurries and depicts an array 14
consisting of a polish stop layer 4 (such as Si0O; or Si3Ng)
over a silicon wafer 2. Some examples are the formation of
polysilicon studs in boro-polysilicate glass (BPSG) or
polysilicon-£filled trench capacitors in a Si;Ng pad nitride.
These slurries cause defects such as edge erosion 8. The

polysilicon studs 10 are also affected by the erosion 8.



This erosion 8 creates troughs 6 at the edge of the array that can trap
mat eri al during subsequent CWP steps, and hence cause | eakage.
The deficiencies of the conventional processes and slurries show that a

need still exists for a polishing process and sl uflhiySheprdtas Bech|Reptd

edge ‘erosi on and correspondi ng defects. To overco m;lmluﬁ ngs of
t he conventional processes and slurries, a new pro ry are
provi ded. SUMMARY OF THE | NVENTI ON

To meet this and other needs, and in vidw of its pur poses, the present

i nvention provides a process for m nim zing insulator erosion at the edge
of arrays during sel ective chem cal nechanical polishing of silicon

waf ers. Thus, according to one enbodi ment of the invention, there is
provided a probgssetosicel&ciieatlep pobiughs ng goloper pdgal ¢f ndrissidyreyn

filled vias or thﬁ%nEQHStéame{&laQndaelhgsal;ﬁ@éézfue@]@rrpmpsgtf@@OMn@ctl ng a
silicon wafer gth a sl urr%/l%%ﬁ{ectl ve for polycrystalline silicon, wherein
said slurry incrig&EsfFrdm 9% 2% to about 2.0% by vol ume of an

al kaline solution of at | east one nenber fromthe oyp consi stin

hydroxi des and ani des an88oi4id P&ACFEFe8 HERNEFT té Bt RE %K Soaﬁ’% by
wei ght of sai ¢lskutiey. show that Aceerd sgild exicttdsefoenbopbiisiting t he

i nventi on, ther c%sgrQﬂ?d$ﬂn?)})rt%%%s§lllﬁ.oﬁlll§ﬁh% le\i%leYePQéi&bl

pol ycrystal i ng sil1con vias or_ trenches stop g on an i nsul at or
conpri sing contREEPRFORISTS | SRAF st -er T PHEEC%’P%FFS? §E‘P EEPREgDH Ot the
pol ycrystal | i necsivienedbpabheretesssai dnsl alnyriex] weswanraf&es iare sol uti on

with solid parstlluglrc;sarg doppidd cl es being selected fromthe group
consi sting of sol gel colfoidal silica and fumed colloidal silica and

bei ng fromabout 0.2%to 0.4% by;:;%h%%% Og Tﬁﬁ“ iMooy, and the size of
said particles is from about 25 ;

To meet this and other needs, and in view of its
purposes, the present invention provides a process for
minimizing insulator erosion at the edge of arrays during

selective chemical-mechanical polishing of silicon wafers.

Another aspect of the present invention is a
slurry for selective chemical-mechanical polishing having a
"solid component of abrasive particles and a liquid component
of an alkaline solution. The slurxry of the present
invention has a reduced solids content and finer particle
size of the abrasive to minimize the mechanical component of
the polish, and, thus, reduce insulator erosion. The solids
content of the slurry of the present invention is between
about 0.2 and 0.4% and the particle size of the abrasive is
between about 250 and 500 A. A preferred slurry of the
present invention has a pH between about 9.5 and 10.5

In another aspect of the present invention, the
chemical component of the polish is increased by increasing
the concentration of alkaline solution. This sclution may
be potassium or ammonium hydroxide, or amines. This allows

for the maintenance of a high polish rate.

THIS SHEET HAS BEEN
REPLACED




6a Anot her aspect of the present inventionis a slurry for
sel ecti ve chem cal - mechani cal polishing having a solid conponent of
abrasive particles and a |iquid conponent of an al kaline solution. The
slurry of the present i nvention has a reduced solids content and fi ner
particle size of the abrasive to mininmize the mechanical conponent of

the polish, and, thus, reduce insulator erosion. The solids content of
the slurry of the present invention is between about 0.2 and 0.4% and t he
particle size of the abrasive is bet ween about 250 and 500 A. A preferred
slurry of the present invention has a pH between about 9.5 and 10.5
Therefore accordi ng to anot her enbodi nent of the invention, there is
provided a slurry for polishing polycrystalline silicon conprising from
about 1.2%to 2.0% by V&l dsetofbamzddtord sbhutbeth die Sererdopagti cl es,

sai d al kaline %@Aé&tauoraésr&hg)@hag aha éze@%lqmlﬁgn@@iaﬂmdfe@ergbw@n
consi sting of %droxid s _an nes, and sai d artlc%qﬁlbeln n%bgut 0. 2%

to 0.4% by wei ght %ﬁeQ?'%fyélaPE; re'not respristivRy S drt her ~enbodi ment
of the invention there is provided a slurry for pollshlng polycrystalllne

silicon conprising about 1.2%rke Be&rbyrrod wieTakt BwawmNdal i ne sol ution
and solid particles, said alkaline solution including at |east one nenber

from the group consi sting,eofs By exhdes A AplsaesoaadeAal drRAr L ¢l es
bei ng about O. 2@6to 0. 4@5% 8 sai d urr

anot her aspect f8t! ?Y&P%NQE&%H}epn @ﬁ?F%PFlQQN¥ éﬁ?cﬁ? BRSSP Hft?he
polish is increhsesgcdympamgyriessidrgwing he bmnnemmmaasDne@fthﬂd«ﬂaqm@rgohgt|on.

This sol ution FBYcomRén RUASSIdM eﬁeawmpmmf@é@wésdsf e HPRBSHg aFBi S

al | ows for the nmaintenance of h polish.rat
not to scale. On tge cgnt ary, the dgmen51ons of the

various features are arbitrarily expanded or reduced for
clarity. Included in the drawing are the following figures:

FIG. 1 is a planar view of a semiconductor
substrate polished using conventional slurry compositions

and processes;

FIG. 2 is a planar wview of a semiconductor
substrate polished using the slurry composition and process
of the present invention;

FIG. 3 depicts oxide erosion and dishing during

CMP using conventional processes and slurries;

FIG. 4 is a graph showing oxide erosion as a
function of polish time during CMP for the center and edge

arrays of a wafer using conventional processes and slurries;

FIG. 5 is a graph showing oxide erosion as a
function of polish time during CMP for the isolated, center,
and edge arrays of a wafer using conventional processes and

slurries;



It is to be understood that both the foregoing general description and the
follow ng detail ed description are exenplary, but are not restrictive, of

t he i nventi on. BRI EF DESCRI PTI ON OF THE DRAW NG

The invention is best understood fromthe follow ng detail ed description
when read in connection with the acconpanying drawing. It is enphasized
that, according to common practice, the various features of the drawi ng are
not to scale. On the contrary, the dinegsions of the various features are
arbitrarily expanded or reduced for clarity. Included in the drawing are

the follow ng figures: FIG 1 is a planar view of a
sem conduct or substrate polished using conventional slurry conpositions and
processes; FIG 2 is a planar view of a sem conductor substrate

pol i shed using the slurr§I€onpds & SHaRRdISPHPHERE PG SERBIT &¥eftiliendent i on;
FIG 3 depicts maxiigelatesi aprandiias kafigr datirngy CVMP using conxentiicaaal

processes and rries. . . FIG 4 is a graph show ng oxi de erosion
as a function §%$F?§ﬁ ?llqcrireSl urrrllrtlags'ClVP for the center and edge arrays of a
waf er using conventional _processes and slurries; . FIG.51s a
graph show ng oxi de er ongﬁ' ab P fauﬁE?PEnS%?wbr&ﬁ %% FF%%l%‘hrffrn"%éﬁpf%r t he
i sol ated, cent emhe medtedgef aa régrsseofargamabra ugiiny eunveatP¥halsimdocesses
and slurries; conventional processes and slurries; and

FIG. 8 is a graph showing the erosion profile for
the edge of a dense array of a wafer during CMP using
conventional processes and slurries.

DETAILED DESCRIPTION OF THE INVENTION

The localized erosion problem discussed above is
the main disadvantage to using a-high solids content in the
slurry. The process of the present invention overcomes this
problem by reducing the solids content of the slurry and
increasing the chemical component in the slurry.

Current chemical-mechanical planarization
processes demonstrate the highly selective removal of
polysilicon blanket films to either Si0; or SizN; films
providing a polishing stop. For field areas on patterned
wafers, the high selectivity remains intact. In array
areas, the selectivity breaks down, resulting in the erosion
of the insulator and polish stop. Large array areas of
either polysilicon contact studs or trench capacitors show a
tendency for accelerated erosion on the outside edge of the
array, extending 5 to 15 microns into the device area. The
depth of the erosion can measure up to 1,000 angstroms. The
problem is independent of the stop layer or polishing pad.

This problem may be overcome by manipulating the
chemical and mechanical components of the polishing slurry.

By reducing the concentration of silicon dioxide abrasive



FIG 6 is a graph showing the erosion profile for an isolated array of a
waf er during CMP using conventional processes and slurries; FI G
7 is a graph showing the erosion profile for the center of a dense array of
a wafer during CWMP using conventional processes and slurries; and

FIG 8 is a graph showing the erosion profile for the edge of a dense array
of a wafer during CWVP using conventional processes and slurries.

DETAI LED DESCRI PTION OF THE I NVENTION ¢ The | ocalized erosion
probl em di scussed above is the nmain di sadvantage to using a high solids
content in the slurry. The process of the present invention overconmes this
probl em by reducing the solids content of the slurry and increasing the
chem cal conponent in the slurry. _ Current chem cal - mechani cal

pl anari zati on PPEcBEsRS Yehirst PRrEiche fighigbeliveri vae refasiidn ¢ff the

pol ysi li con bl apkéthf stop layeid Her rSuGhedr] xurscSi kaer pdesiliddd ns

provi di ng a polihshi t g S: rned f : i.gh
selectivity re%ii%ﬂigrrll aﬁéc{% élrsjr %&?ggégglﬁle@?g}egc?ﬁv?% %{regnalksg}%o%ﬁ,
resul ting in tHk8SePbeFBh- ofBY HAGIRESHRE oF harftRSIHICRLh CerBRRenta i balaggpe
areas of eitherthpokgduttian cbnttacbbstailee preig erdlysdapacn txisowliowat e
tendency for agegheha! BRI P&IP MM nbheaoSids £00e eflet.lﬂg?&giﬁggvaa er

extending 5 to 15 mcrons into the device area. The depth er 0si on
can neasure up to 1,000 ANgsfrons The pr obl em i indggendent of the stop

| ayer or polishing pad. -amine ‘Fﬁf“? %ar‘%lb?rérﬁhsr?&yrs U2t St by

mani pul ati ng t H&lukéancand s ifsc Enh meal tevhpn et §dinsthenpordwlsd g

slurry. By reduensgdbhedconeastindid andotabhdbXd N nprovkbalenabrasine
conventional process. To provide such a combination,
additional alkaline materials would have to be added to the
concentrated sol. Addition of substantial amounts of
alkaline materials to concentrated sols has not been thought
a reasonable approach, however, because the chemistry of
silica sols does not encourage such additions.

Silica sols that contain more than 20% Si0, are
carefully balanced colloidal systems stabilized by a
combination of structured water layers surrounding the
silica particles and a limited number of counter ions. The
addition of alkaline bases or salts destabilizes these sols
by disrupting the structured water layers and by the alkali
attacking the silica polymer. These conditions cause the

sol to become progressively more viscous and finally to gel.

Another solution to minimizing the array
topography is to use a polishing slurry with no selectivity
to the'polysilicon and stop layers. By changing the
chemical additive in the slurry from potassium hydroxide to
ammonium hydroxide and using a larger particle size
abrasive, the polysilicon to oxide removal rates are 1:1.
This eliminates the preferential edge erosion found with the

moderately selective slurries.



and using a finer particle size abrasive, the erosion of the polish stop
| ayers is reduced. Al so, the polysilicon polishing process is strongly
i nfluenced by the chem stry of the slurry. By increasing the chem cal
conponent  to bal ance the reduction of the abrasive, the polysilicon renpoval
rate remains high with m nimal degradation of the stopping |ayer.
A sol -am ne conbi nation that requires only dilution and avoi ds pH
nonitoring and adjustment woul d be considered a distinct and val uabl e
i nprovenent to the conventional processlOTo provide such a conbination,
additional alkaline materials would have to be added to the concentrated
sol. Addition of substantial anounts of alkaline materials to concentrated
sol s has not been thought a reasonabl e approach, .ho ver, becguse t he
chemistry of silica sol SYGEEPRIESBNCOW daﬁﬂ"fe’ﬁyonso. reduee
Silica sols thahsebatar remrient han 209615y arortearectdt €F (1o ¢ -Bal Ariced
col I oi dg! SvS! fEEgid abyddrz el BFYbéiﬁgnﬂ%sli@tﬂx@'feQﬁreat r usiiy edusaietskaygr s
surrounding the,stlic articles,and a.limt n er . r..l.ons. e
addition of al ﬁéff?\ae 1 W&Eh g Betihn Ip?a%é:ég eéélegsoq%(s)%%§%8feér upti ng
t he structur edapareximatadns 2e9dabgd PAe &l KElth 0Pl KPS MOS&i 1 i ca pol yner.
These conditi opge£a@us&s I h&s0lgell 0 cbEToHIE®a Prefigrieas by efymerew1viodaans and
finally to gel, ilica can he Anot.her §8Lu§i O mnimzing the array
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t opography is o U5t & p slhsleﬁiglgl arry w no selectivity to the

pol ysilicon and stop layers. By changing the chem cgl addit&isxéﬁi.i n the
slurry from potassi um hyRft AFE3EE ARt iR HyEr SR ant WUsitig=a | ar ger
particle size ahrastVe,side wollgsiresobn im indrtesednevediqmicds thee 1: 1.
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significantly the rate of erosion. For an adequate

polysilicon removal rate, the pH of the slurry should be
adjusted in the range of 9.5 - 10.5, with a pH of 9.8 being
preferred. The chemical component can be adjusted with
potassium hydroxide, ammonium hydroxide, or amines, all of
which are commonly used in silicon polishing slurries.

Due to the.reduction of solids in the slurry, a
higher level of chemicals is required for the adequate
removal of polysilicon required for semiconductor device
applications. For ammonium hydroxide, a suitable level
would be a volume concentration of 1.2 to 2.0%, with 1.5%
being preferred. This is a higher concentration
(approximately twice as high) tham in normal polishing

slurries.

FIG. 2 shows a silicon wafer 2 with a polish stop
layer 4 deposited on the wafer 2, which form an array 14.
It is polished using the slurry or process of the present
invention. A flat, substantially defect-free surface 12 is
obtained without the pattern effects or other defects, such
as erosion, experienced with the use of conventional
polishing slurries. In addition, as indicated above, the

polysilicon 10 removal rate remains high.



Nevert hel ess, the optim zed slurry to reduce insulator erosion has a solids

content of 0.2 to 0.4% by weight, with 0.3% being nost preferred. This

slurry uses a silica abrasive with a primary particle size of between

approxi mately 250 and 500 A, with 300 A being nost preferred. Sol gel

colloidal silica or fumed colloidal silica can be used in the slurry.

An increase in the solids content with this particle size would result in

i ncreased erosion of the insulator and reduction in the particle size

reduces significantly the rate of erosﬂgn. For an adequate polysilicon

removal rate, the pH of the slurry should be adjusted in the range of 9.5 -

10.5, with a pH of 9.8 being preferred. The chem cal conponent can be

adj usted wi th potassi um hydroxi de, ammoni um hydroxide, or am nes, all of

whi ch are commonly used P SEFFERPPANSMNKI NG §PLREi@s . to the problemue to

t he reducti on cinggintggednfrbe sherslyrdesi ghar prevedsedf o&herkcplsot Sart

required for the; adegualecr efpvaly Ofs RALNSLLT BoNcreaied Lo sem.conduct or
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def ect-free suritahcgdeZ to vaintabd avltighupof hehpatter n Netkechst orthit her
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high a so ids content as possible to increase the polish

rate.

Although illustrated and described herein with
reference to certain specific embodiments, the present
invention is nevertheless not intended to be limited to the
details shown. Rather, various modifications may be made in
the details within the scope and range of equivalents of the
claims and without départing From the ‘spirit of the
invention.



As descri bed above, a solution to the problem encountered fromthe slurries
and processes of the prior art is to reduce the solids content of the
slurry to mnimze the nechani cal conponent of the polish and, thus,
insulator. erosion is reduced. At the sane tinme, the Ch&mm&ﬁH%QQgﬂg nt of
the polish is increased by increasing the concentratlo

ammoni um hydr oxi de, or am.nes, in order to maintain a m}H

Not e that this approach (reducing the sg]ids content of has not
been used before because it was believed desirable to use as high a solids
content as possible to increase the polish rate. Al t hough
illustrated and descri bed herein with reference to certain specific

enbodi nent s, rese ention is nevertheless not intended to be
limted to th $ élﬂﬁ@ﬁﬁ Rat her, various nodifications may be made in
the details within the scope and range of equivalents of the clains and

wi t hout departing from tthe spi Precess tipr petdahing, polycrystalline \Wiat s
Cl ai ned: silicdn filledAvfascCes Stidiicheael etbppthy qwlarshinBglator

pol ycrystall i n@o@:!ﬂscl% fao}aksgtyggs Osrllltc{]%n%g grsw&p'ap%l%rgn i,ﬂéyéﬁ& or

conprising contacting a icon urry ectiv

pol ycryst al | i n8®%F I15I00#Y WHELBARS 2 RIaliR? SRLFMELRS YWitdmSebadt 1 2%t 0
about 2. 0% by pattuindesf faomabkbaltne.zolud icorsobyavel@astofosaimesberryrom
the group consisting of hydroxi des and am nes and solid particles being

from about 0. 296t0 0.40%, bYT%@'EPécég35%¥ @l%EHrEYWhereln SaleSOlld The
process of claim erein sgli‘,d Ipartl clh%s are_abol 3%to
Y weig o

pa rtlc es are a out sal
3. The process of claim 1 wherein said alkaline
solution comprises at least one member from the group

consisting of hydroxides and amines.

4. The process of c¢laim 3 wherein said alkaline
solution is ammonium hydroxide having a volume concentration
from about 1.2% to about 2.0%.

5. The process of .claim 4 wherein the volume
concentration is about 1.5%.

6. The process of claim 3 wherein the size of
said particles is from about 250 to 500 A and the pH of said

slurry is from about 9.5 to 10.5.

7. The process of claim 6 wherein said solid
particles are about 0.3% by weight of said slurry, the size
of said particles is about 300 A, the pPH of said slurry is
about 9.8, and the alkaline solution is ammonium hydroxide

with a volume concentration of about 1.5%.

8. A process for polishing polycrystalline
silicon filled vias or trenches stopping on an insulator
comprising contacting a silicon wafer with a slurry, wherein

said slurry includes an alkaline solution with solid

THIS §
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0.4% by wei ght of said slurry. 3. The process of claim]
wherein said al kaline solution is amoni um hydroxi de having a vol une
concentration fromabout 1.2%to about 2.0% This Sheé Has Been Rebieedpr ocess
of cl.aim 3 wherein the volune concentration is about 5.
The process of claim1 wherein the size of said par EH“B‘*E“\S“JC\B about

250 to 500 A, and the pH of said slurry is from abo X 0 . 0.

6. The process of claim5 wherein 1§ai d solid particles are about 0.3%
by weight of said slurry, the size of Said particles is about 300A, the pH

of said slurry is about 9.8, and the alkaline solution is anmoni um
hydroxide wth a volunme concentration of about 1.5%

7.
process for selectively polishing.polycrystalline, sidli fille ias or
trenches st oppipﬁﬁttbﬁfﬁ%' i?%’[ﬂsﬁaéglggﬁ%r{’éf% Sc?olrftcé:gfii %85; %%i%lgonu. fer
with a slurry cosehietingeoff olpgiejcrpsiaifahesiiidacand fmeeei srkidadi urry
includes an al kahiipe 888Uy £r¥nt Bosati 0.2% to 0.4% ppaweighesof salid

particles being.selected.fromt.he group.consj st i g [F oY

silica and fun%&ué‘é”?’r of B M 1578 %ﬁdsgélgn%g#?%ér%r%bgfﬁt ‘%81.”50“% ‘géﬁ% %;afd

wei ght of said>0ufry, and the size of said particles is fromabout 250 to
500 A, and wherein said al kaline solution includes at | east one nenber from
t he group consisting of #ydr Ridgscardsant nebatmd® hdergivobahe alkaline

concentration fyAmMaRAUind:98d @e21@%st one memberS frokhenkreeggs of claim7
wherein the pH of said slurr s from ab8

ut 9.5 to 5. 9.
Silicon filledSA% S&R“@r‘éﬁéﬁ@%@&& ARG o™ HRET r?s’lﬂlg‘f”‘ﬁr? Yot 8%ed by a
process accor diqugpceataayiomefodm ckauts 11260t8. about 2.0%. 10. A slurry for
pol i shing polycrystalline silicon conprising fromabout 1.2%
10. The process of claim 9 wherein the pH of said

A

slurry is from about 9.5 and 10.5.

11. A slurry for polishing polycrystalline
silicon comprising an alkaline solution and solid particles,
said particles being about 0.2% to 0.4% by weight of said

slurry.

12. The slurry of Tlaim 11 ‘'wherein said particles
are silica, said alkaline solution includes at least one
member from the group consisting of hydroxides and amines,
said particlé size is from about 250 to 500 A, and the pH of
said slurry is from about 2.5 to 10.5.

13. The slurry of claim 12 wherein said silica
particles are one of sol gel colloidal silica and fumed

colloidal silica.

14. The slurry of claim 12 wherein said particles
are about 0.3% by weight of said slurry, the size of said
particles is about 300 A, and the pH of said slurry is about
9.8.
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to 2.0% by volune of an al kaline solution and solid particles, said

al kaline solution including at | east one nenber fromthe group consisting
of hydroxides and am nes. and said particles bei ngyafRitHadBYREpc&. 4% by
wei ght of said slurry. 11. The slurry of (gl n the size
of said particles is fromabout 250 to 500 A jj umlﬁl mm&l urry of
claim 11 wherein the pH of said slurryldfromabo 0 . b,

13. The slurry of claim10 wherein thd4said particles are silica, said

al kal i ne solution includes at |east one nenber fromthe group consisting of

hydr oxi des and am nes. said particle size is fromabout 250 to 500 A, and
the pH of said slurry is fromabout 9.5 to 10.5. 14. The slurry

of claim 13 wherein saidgarihel £, 8L8 H&1%fiS9h FRLr&A |s%.iiqia|al§<iahiiﬁélind

fumed col loidal silica. ) , .

15. The sl urrySetueieh mhoL3TRREABI nhESF sk (iCHed ¥PEHD ARG EF Gy Oei ght
of said slurryeftheosiatewf 1sakdtpasbowtd €s. 0% about 300A, and the pH of
said slurry is about 9.8. 16. The slurry of claim 13 wherein said

al kaline solution is ammi U%Bysmﬁﬁ%mdﬂam vol wABrennaend raflivee of from
about 1.2%to 2.0% . _The sl ur i ein the vol une
entrat, on Gofidtnrrarion ot bondfifus WidacAlhel 18! Mhalt 1%

17. A slurry for polishing polycrystalline

silicon comprising an alkaline solution and solid particles,
said alkaline solution includes at least one member from the
group consisting of hydroxides and amines, and said

particles being about 0.2% to 0.4% by weight of said slurry.

18. The slurry of claim 17 wherein said alkaline
solution has a volume concentration from about 1.2% to about
2.0%

19. The slurry of claim 18 wherein the size of
said particles is from about 250 to 500 A.

20. The slurry of claim 19 wherein the pH of said
slurry is from about 9.5 to 10.5.
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