-1 COWPGCSI TI ON FOR SELECTI VELY POLI SHI NG SI LI CON NI TRIDE LAYER AND

POLI SHI NG METHOD EMPLOYI NG I T The present invention relates to a polishing 5
conposition to be used in a step of polishing for renoval of a silicon
nitride layer in the production of a sem conductor device and a polishing
met hod enploying it. Mre particularly, it relates to an inexpensive
polishing conposition which has a performance equal to or higher 10 than

t he renoval by conventional etching and whereby the renoval step can be
conpl eted without presenting damages to a silicon oxide |layer portion, or a
pol ycrystal or single crystal silicon portion, other than the silicon
nitride | ayer portion to be renoved, and waste liquid 15 treatnent can
easily be carried out, and a polishing mnethod enploying it. In the
production of a sem conductor device, a step of renoving a silicon nitride
| ayer is seen in various phases, such as renoval of a silicon nitride |ayer
as a 20 stopper layer in e.g. a step of formng an el enent 2- separation
structure, but heretofore, such a renoval step used to be carried out by
wet etching treatnent enploying e.g. a phosphoric acid/nitric acid m xed
solution at a high tenperature of about 150C, and it has been rare to 5
utilize a polishing step enploying abrasive grains. The polishing step in
the production of a sem conductor device is carried out usually by chem cal
mechani cal polishing (hereinafter referred to as CW), and a typical one is
a step of polishing a silicon oxide 10 layer as an interlayer dielectric

fil m (herei n&ANROS FIREQ@Y rERR tFHECTIHL W PPLBSIHNG shil hECAYehETREVENg sil i con

oxi de abrasive grains dispersed in an aqueous al kal i ne
LAYER AND POLISHING METHOD EMPLOYING IT

The present invention relates to a polishing
5 composition to be used in a step of polishing for removal
of a silicon nitride layer in the production of a
semiconductor device and a polishing methoa employing it.
More particularly, it relates to an inexpensive polishing
composition which has a performance equal to or higher
10 than the removal by conventional etching and whereby the
removal step can be completed without presenting damages
to a silicon oxide layer portion, or a polycrystal or
single crystal silicon portion, other than the silicon
nitride layer portion to be removed, and waste liquid
15 treatment can easily be carried out, and a polishing
method employing it.
In the production of a semiconductor device, a step
of removing a silicon nitride layer is seen in various
phases, such as removal of a silicon nitride layer as a

20 stopper layer in e.g. a step of forming an element



solution, to planarize irregularities after formng the |ayer. A pH
controlling agent to be used for the 15 polishing agent at that tine is
usual |y one, of which an aqueous solution has an etching rate to sone
extent against the silicon oxide |ayer to be polished, |ike potassium
hydr oxi de or ammonia. It is a common ILD-CVWP slurry that a high stock
renoval rate and pl anarization 20 perforgmance are achieved by utilizing a
conbi nati on of such etching as a chem cal action and a nechanica

pol i shing acéémenratish sthrastwee griautshessesfosd | yshelvea rtekewasestepl i shing
of a silicon nitride layer is possible. For exanple, the polishing

conposi ti onsued dit s Che sedlr 1+ e dPabwn tbpoestirest sh in@ntr 2a tiaynbeempbdy dngd.  For
t he purpose of planarizing a single |layer surface having irregularities,

i ke |1 LD CVR:.@. chepihaspphet Tdi angi B/ natct 1 ©@nac 5d viet yedisebihit ion atcel erati ng
the processing. On the other hand, in polishing for the purpose of

term nating kigh peémsdiagued sheabayeritobde el iishaeths Whath arstopper | ayer

has been exposed, to let the layer s to be polished which is forned in a
recess i thetsloppes pohyshingnsiep dembEopiyPaldaamseengrainp, such a
chem cal etching action may bring about an adverse effect. Nanely, the
| ayer to be poliFhedpohhsbhnghstéd be tkeapmeduthiosuoli a recess during the
polishing, nmay be eroded by the 10 chem cal etching action, thus leading to
di shing. Ussehigonducisr cdembre t s cearyiedtoekcessaltypbyi shemgcallor the
purpose of preventing retention of the layer to be polished due to
non- uni f or m mgchan poal spohygshing hehenairafptaneecfaheedbyoaasatMel se ef f ect
by a chemcal is etching action is considered to be unavoi dable to sone
extent. For axdnpleypiralhenerisod siepl ofedol hsRPangng silicon oxide
10 layer as an interlayer dielectric film (hereinafter
referred to as ILD) with a polishing agent having silicon
oxide abrasive grains dispersed in an aqueous alkaline
solution, to planarize irregularities after forming the
layer. A pH controlling agent to be used for the
15 polishing agent at that time is usually one, of which an
aqueous solution has an etching rate to some extent
against the silicon oxide layer to be polished, like
potassium hydroxide or ammonia. It is a common ILD-CMP
slurry that a high stock removal rate and planarization
20 performance are achieved by utilizing a combination of
such etching as a chemical action and a mechanical
polishing action which abrasive grains essentially have.
Likewise, polishing of a silicon nitride layer is
possible. For example, the polishing compositions
25 disclosed in Patent Documents 1 and 2 may be mentioned.

For the purpose of planarizing a single layer surface

having irregularities, like ILD-CMP, a chemical etching



Docunent 1, the selectivity represented by (the stock renoval rate of a
silicon nitride layer)/(the stock 20 renoval rate of a silicon oxide |ayer)
is made to be about 10 tinmes at the maxi nrum by addi ng phosphoric acid or a
phosphoric acid derivative to silicon oxide abrasive grains. In the case of
t he polishing conposition disclosed 25 in Patent Docunment 1, in the step of
polishing a silicon nitride |layer and-tg¢rm nating the polishing when the
surface where the silicon oxide |layer and the silicon 4 nitride |ayer

coexi st, is sotioaedis there usyfbe for advelseaeifigcthsushotdasihde silicon
nitride layer to be retained, is chemcally eroded during the excessive
pol i shing. Fa tdies , otpthes phand ¢ &1 pol i slel fig hfsr stitd puspoaé use that it
penetrates into the silicon layer or a silicon oxide |layer, whereby it my
possi bl y be temiinemninagl tlowepol hehehgcofi clad papeper toebse opolhehed

sem conductor to be produced. If the anmobunt of phosphoric acid or a
phosphori c adieh dersvepper 1sydd hadubeenfexpddedputposet otherkapati ng or
suppressi ng such adverse effects, the stock renoval rate of a silicon
nitride lsayero tlemdsoltshed| ojchhies ebyrmed tmly téeesef inctkacytbébpperenova
of the silicon nitride layer will be deteriorated, but also the selectivity
will be is deyeaseshaiis, aliksuat CMPhdasascena skede sagkrawbhehicsl
expected to be a polishing stopper layer, will also be polished, whereby

pl anari zat i st aling becthpai med byingr ebbuh tin hdversel afifectr.ecNaweldy,
dependi ng upon the exposed density of the stopper layer. Also in the case
20 of the pdtheshiageconposetpohidhsdl oskichnsPatkdt bBoremenned2int here will
be the sane adverse effects, and in addition, there will be a stock renoval
rate of a sis$wclna recess during the polishing, may be eroded by the

10 chemical etching action, thus leading to dishing.
Usually, it is common to carry out excessive polishing
for the purpose of preventing retention of the layer to
be polished due to non-uniformity in polishing in the
wafer plane, whereby an adverse effect by a chemical

15 etching action is considered to be unavoidable to some
extent.

For example, in the method disclosed in Patent
Document 1, the selectivity represented by (the stock
removal rate of a silicon nitride layer)/(the stock

20 removal rate of a silicon oxide layer) is made to be
about 10 times at the maximum by adding phosphoric acid
or a phosphoric acid derivative to silicon oxide abrasive
grains.

In the case of the polishing composition disclosed

25 1in Patent Document 1, in the step of polishing a silicon
nitride layer and terminating the polishing when the

surface where the silicon oxide layer and the silicon



oxi de |l ayer by the nechanical polishing force of the abrasive grains

t hensel ves, whereby the desired 25 selectivity is likely to be very |low at a
| evel of about 2. Patent Docurent 1. JP-A-11-176773 - 5 Patent Document 2:
JP- A- 2004- 214667 As descri bed above, in the conventional nethods, in order
to prevent various problens which occur sinultaneously, control of the
process itself is 5 difficult and obliged to be conplex. Accordingly, it is
an object of the present invention to establish sinply and stably a step of
polishing a sitrtde hayerdeotayetr, apdexppstdat thgrehmapobeshing when the
surface where a silicon oxide layer and a silicon nitride |ayer coexist, 10
is exposed. a@vetrse ¢fféct apuohjelat otheheipiesemitirhdenlapart bopbevi de a
pol i shing conposition and a polishing method, whereby a high polishing

sel ectivity, repritedably gh@@f¢@h1ﬁge§@d@@tdvriygothetex@agsi3¢ will be
provi ded, and at the sane tinme there will be is substantially no chem cal

et chi ng actibplishing;| iRwrtheti t mhpsphgiekc agid riksaldr \has swechozsible to
obtain a practically sufficient stock removal rate of the silicon nitride
| ayer. THe pratene F%@%n%?oﬁe@¢6V@G@§ anpel FBai agl 200RoAPBSEt PBNat 0 be used
in a step of polishing a silicon nitride layer until a silicon oxide |ayer

i s reached i PllpePRsExhgef bayehe proHekYi bh BRYaprasaikbrdhet or, which
conprises silicon oxide abrasive grains, an acidic additive and water,
wherei n the defdvenkéaltpverisheueheotrifal RReRerEifs P6rfBE into a 85 W%
aqueous solution, the chemcal etching rate of the silicon nitride layer is
at nmost 0.1 fehForAuahort kdshaepEcgrcgde, If the amount of

phosphoric acid or a phosphoric acid derivative is

10 reduced for the purpose of preventing or suppressing such
adverse effects, the stock removal rate of a silicon
nitride layer tends to be low, whereby not only the
efficiency for removal of the silicon nitride layer will
be deteriorated, but also the selectivity will be

15 decreased. As a result, the silicon oxide layer which is
expected to be a polishing stopper layer, will also be
polished, whereby planarization will be impaired by
erosion to form relative recesses depending upon the
exposed density of the stopper layer. Also in the case

20 of the polishing composition disclosed in Patent Document
2, there will be the same adverse effects, and in
addition, there will be a stock removal rate of a silicon
oxide layer by the mechanical polishing force of the
abrasive grains themselves, whereby the desired

25 selectivity is likely to be very low at a level of about
2.

Patent Document 1: JP-A-11-176773



- 6 Further, a polishing conposition concentrate of the present invention
conpri ses such a polishing conposition wherein the water content is set to
be smaller than a case where it is used for a polishing step, so that when
S it is to be used for the polishing step, water is added to dilute it to
formthe above-nentioned polishing conposition. Further, the present

i nvention provides a polishing nethod-wbhieh conprises polishing a substrate
provided 10 with a silicon nitride layer and a silicon oxide |ayer, with

t he above pol i shPageatnposument, 2i:n PbrAshADAg-LdA66The production of a

sem conductor, wherein the silicon nitride layer is polished until the
pol i shing reachedst descsiibedoaboxiede inayée. convBntisingg tredhpsld shimg
conposition of the present invention, it is possible to establish a
pol i shi ng st epdeunf tpobirshieny sagipisonrabilendewhiagdr ogeairt er mi nating t he
pol i shing when a surface where a silicon oxide layer and a silicon nitride
| ayer coexi seimihstarposedy. Napekyoli pf20hespposeisisl étiselfr aw de a pol i shing
conposition and a polishing nethod, whereby the selectivity represented by
(the stock réﬁﬁﬁébugaténdfo 1lipedcte het croplexyer pecondingiyckiterdval rate
of a silicon oxide layer) wll be at I|east 3, preferably at |east 10, and
at the same aphnebjestt kér Ehei biresentoinysatden &lo sdrebdd séf fsdarleo
polishing planarization due to a chemical etching action against the
silicon nitripad Bapbly angtegr ohePolaspiast acgliily cony nidyfidecilemerst ock
renoval rate of a silicon nitride [ayer can be obtained. Further, this

pol i shi ng coAplstermanatdndaths Relhghangoudesolrpenant fags mrercha

environment and thus has a characteristic such that the waste liquid
silicon oxide layer and a silicon nitride layer coexist,

10 1is exposed. Namely, it is an object of the present
invention to provide a polishing composition and a
polishing method, whereby a high polishing selectivity,
preferably a polishing selectivity of at least 3, will be
provided, and at the same time there will be

15 substantially no chemical etching action to a silicon
nitride layer, and further, it is possible to obtain a
practically sufficient stock removal rate of the silicon
nitride layer.

The present invention provides a polishing

20 composition to be used in a step of polishing a silicon
nitride layer until a silicon oxide layer is reached in
polishing for the production of a semiconductor, which
comprises silicon oxide abrasive grains, an acidic
additive and water, wherein the acidic additive is such

25 that when it is formed into a 85 wt% aqueous solution,
the chemical etching rate of the silicon nitride layer is

at most 0.1 nm/hr in an atmosphere of 80°C.



S treatment wll be easy. In the acconpanying drawing, Fig. 1 is a graph
showi ng the dependency of the polishing performance on the anount of acetic
acid added in a case where acetic acid was used as the acidic additive. 10
PCLI SHI NG COVWPOSI TI ON To acconplish the object of the present invention, it
is required that the chem cal etching action to a silicon nitride |ayer of
the polishing conposition is 15 very weak. -ln a case where a polishing
conposition is prepared by dispersing only silicon dioxide abrasive grains
in water, the nme€nirhesl poPPIRSREGNBOFERPRFLEipE cpRegafradst Ods thise
polishing force to be devel oped, since the chemcal _ reactivity of the
silicon oxi dBYEE§BE iP¥eREion rFemekifefefycheakPOhh8NiRIsSGERPESItars, there
will be no substantial possibility that the Eolishing force for the

silicon nitrVBereajeknBetidhes Farfertt A8nSehetpoPrsAPRgleFofBBYf 8r t he
silicon oxide |ayer, since the hardness of _ the silicon nitride layer is
usual |y hi ghcagecshparedt25swHERdt heTspl PESASHBENEeSFEPer SO FhBbt WPEBses, the
har dness itself_nag be controlled to sone extent by e.g. heat treatnment or
recrystaldizafi of. tRoRevEFedi fornthe Bolighéngs skeber ¥aF6rnedd B¢dstasma CVD
to be used for siniconductor devices, with respect to Ehe pol i shi ng
selectivity by A2iHERI i8I tBoFPERi Re eheveeMeRtiored PSligshd®Oiy at a | evel
of from1/4 to 1/2, and the efficiency s for polishing the silicon oxide
layer is rel SPTH8PY APBh. In order to increase the polishing selectivity

for the silicon nithide | ayer under such a .state, a%_additi nal, . function
other than the ef&fiFRGTacti’6nPrESEN: TSP 1PEyRrPYddes @ polishing

method which comprises polishing a substrate provided

10 with a silicon nitride layer and a silicon oxide layer,
with the above polishing composition, in polishing for
the production of a semiconductor, wherein the silicon
nitride layer is polished until the polishing reaches the
silicon oxide layer.

15 By using the polishing composition of the present
invention, it is possible to establish a polishing step
of polishing a silicon nitride layer and terminating the
polishing when a surface where a silicon oxide layer and
a silicon nitride layer coexist, is exposed. Namely, it

20 1s possible to provide a polishing composition and a
polishing method, whereby the selectivity represented by
(the stock removal rate of a silicon nitride layer)/(the
stock removal rate of a silicon oxide layer) will be at
least 3, preferably at least 10, and at the same time,

25 there will be no substantial adverse effect to polishing
planarization due to a chemical etching action against

the silicon nitride layer, and further, a practically



10 As a possibility for such an additional function, the present inventors
have consi dered controlling the inter-solid surface reaction. Nanely, the
idea is such that the surface of silicon dioxide abrasive grains is

sonmehow nodified to be a reactive surface, and this is reactivity is

sel ectively devel oped against a silicon nitride layer. As a result of the
study, it has been found possible to prepare a polishing conposition which
shows no substantial chem cal etching action and is capable of selectively
pol i shing sisufthicignt iskockorepecatixale yol 2 hsbl sedrcelviige bbangr
preferably at least 3, nore preferably at |east 10, by having an acidic
addi ti ve adstibdee orbihinedr adiwd hptai ki dd shiing  agymasiitclon
concentration. (a) Silicon oxide abrasive grains 25 The polishing

conmposi ti on YINEHRENH IR A ZF RS | GPIPRR A FE2ERFT cHRe o iR @BFeBEve

grains. Such silicon _ oxide abrasive grains may be of a single type or a - 9
conbi nat i on 34 tWendrhapra ¢HPeRCtARLAELE hensh prledtertled wasteol1ehddl silica
since it is excellent in the dispersion stability and whereby the stock
renoval Pat EredReREt el B¢ e?2%Yie preparation of the polishing s

conposition can easily be continuously maintained. |In the case of the
pol i shing conposi®i bAC oRCERABPARY 2BENETRNIBHL | BAT -t hel8bRagd¥dBlgrain surface
on which the after-nentioned_acidic_additive will be adsorbed, wll

contribute tPHENYTRE PFRFRAGRCY hef skhechPiishsng P hPHYAREE can
Accordingly, the Iarger %he specific sgrf ce area of tﬂe abrasjye grains to
be used, thetDhi YA HRL FFREIS PR10t ASPCHoiBs® FRSRaYNBERNAFEEAE that the

smal l er the grain size of the abrasive grains, the higher the
effectivenes‘%fl nw?ﬂéu%?%s%ﬁtt?ﬁv%ﬁf¥bﬁ,agdltlve

10

POLISHING COMPOSITION
To accomplish the object of the present invention,

it is required that the chemical etching action to a
silicon nitride layer of the polishing composition is

15 very weak. In a case where a polishing composition is
prepared by dispersing only silicon dioxide abrasive
grains in water, the mechanical polishing force will be
predominant as the polishing force to be developed, since
the chemical reactivity of the silicon oxide layer itself

20 is extremely weak, and in such a state, there will be no
substantial possibility that the polishing force for the
silicon nitride layer becomes larger than the polishing
force for the silicon oxide layer, since the hardness of
the silicon nitride layer is usually high as compared

25 with the silicon oxide layer. In both cases, the
hardness itself may be controlled to some extent by e.g.

heat treatment or recrystallization. However, in the



is the average particle size of the silicon oxide abrasive grains is an
average particle size calculated fromthe specific surface area obtained by
BET net hod by nmeans of Mcronetrics Flow Sorb Il 2300, manufactured by

Shi madzu Corporation. 20 The average particle size of the silicon oxide
abrasive grains is calculated fromthe followng fornmula. Average particle
size (nm= 2121/ specific surface area {n®/g) The constant 2121 is a
nunerical value to be 25 determined fromthe density of silica. The | ower
limt of theca¥Rryel BARYT cierngd LBiP1FE FYP con BRi BeedbEa%ive grains is
preferably at least 1 nm-_10, fron11€§ viewgoint of consiant,availability.
On the ot heFeMEFRPMHLT PRI FeFi tWHEh pFetReabl §° atPRoBPL58RARY  nore
preferably at st,30 nmwith a viewto enlarging . the ecific surface area
to increase ¥ e%&%%&%%ggédﬁﬂﬁ?a%ﬁ%%&t?ﬁg%ﬁﬁ %'aﬂﬁ?tFﬁigFﬁéYéB¥ £8 increase

the selectivit Further, t confent of the silicon_oxjde rasive grains
| the: pol | SKIHRLEb oot 1 HHE b OE nE e cbht LS 1 Bent ROR T B pPEf b aBIGY at

| east 0.1 wt % nor .§%efer€€Iy 1f.at Ieas% 1}m¢96 based OE.thﬁ Mﬁla t of the
entire Conpb¥¥ (PN FHHRT at 55 ef 1R PRIt #YS hrai fit BFARRGVERE Bi¥Bck
renoval rate, On %he ot her hand, fromthe ., vi ewpoint of , costs '% i's
breferably al®Moston0 o SHOTS® BRerRrhbrying RebTCievaEds Fok [BS Aci di c
additive The Pgiéshig gg&gogitionuoé t he gﬂesené kgventiog : gntains an
aci di ¢ addi tPver“Theaet it atfti Ve°Td e~ uSeld 75 pr 8flef 8F§ 8H8~showi ng
no chem cal glely P, aGthoP vh9ndRL! LEARI NLLLASLAYE oYt bl §SPect to
phosphori c
required.
10 As a possibility for such an additional function,
the present inventors have considered controlling the
inter-solid surface reaction. Namely, the idea is such
that the surface of silicon dioxide abrasive grains is
somehow modified to be a reactive surface, and this
15 reactivity is selectively developed against a silicon
nitride layer. As a result of the study, it has been
found possible to prepare a polishing composition which
shows no substantial chemical etching action and is
capable of selectively polishing silicon nitride,
20 specifically with a selectivity being preferably at least
3, more preferably at least 10, by having an acidic
additive adsorbed on the abrasive grain surface in a
specific concentration.
(a) Silicon oxide abrasive grains
25 The polishing composition of the present invention

contains silicon oxide abrasive grains. Such silicon

oxide abrasive grains may be of a single type or a



20 acid which is used in the polishing conposition disclosed in Patent
Docunent 1 or 2, the chemcal etching rate of a silicon nitride |ayer is
nmeasured to be 34.8 nmhr when it is formed into a 85 wt % aqueous sol ution
and left to stand at 80C for 24 hours. The acidic additive to be 25 used in
the present invention is preferably one whereby the chem cal etching rate
of the silicon nitride |layer wunder the abeve-nentioned neasuring conditions
is at nost - 11 0.1 nmhr, preferably at nmost 0.01 nm hr. As such an acidic
addi tive, hy@peeinatienaef dt¥e OoxurPLei EYREFd nfjond orheamptelepeedent i oned
as an inorganic acid, and formc, acid, acetic acid, oxalic acid, 5 adipic
acid or lacti® @iyl sbtiexafphes bk hEnEX6RE4SEsiBntBRgani ¢ acid.
However, the_acidic acid is . not linted thereto, and so long_as it is one
showi ng no ¢heRFESLCRt BhrRYL ALY 8Rdt BREREPY| FREoRLAFEr FEBOVEYeF2tRt  may be
used in the present invention. Wth respect to 10 hydrofluoric acid which is
used in the pBPeShrhglYcahpBEi EREnPUFRRFB5LAT AT PERENPODAERABAL 2, the

chem cal etching action to the, siljcon oxide filmis, strong, and as such,
it is unsuitSBPROPHtHERYCRBs8aSHEYtRE GEPHIBUCHIAY MGARFAIPRE present

i nvention enploying silicon oxi 1s _abrasive grains. In the polishing
conposi tion of tHhE BESSEﬁ?e PﬁvgﬁFiBH}lé 156 CoReFditden &S dered to be
present for_the cgncentrgtion gg thg aci di c additivefadsorbed on. the
abrasi ve gr aPhSEGPFatBYSRbPRat “Phie*BFRFEYENEY 2SR PHET26s8Pe¥PE pol i shi ng
force decreagﬁs i%tthg adgorbe cogcent&gt%on is.&hgger ﬁr Ig r than the
opti mum val us™® Pt FE ColstaBred®that Ci A%a*régFolitwhePE £RECAESSY bed
concentration.is lLow _the inter:soli,d surface reaction t evel op the
celective polihi KeMFEi Bt kA ERE EvETobRER:" 82°Lha"sbTeclile

10 polishing force. Accordingly, the larger the specific
surface area of the abrasive grains to be used, the
higher the effect. In other words, it has been found
that the smaller the grain size of the abrasive grains,
the higher the effectiveness. In the present invention,

15 the average particle size of the silicon oxide abrasive
grains is an average particle size calculated from the
specific surface area obtained by BET method by means of
Micrometrics Flow Sorb II 2300, manufactured by Shimadzu
Corporation.

20 The average particle size of the silicon oxide
abrasive grains is calculated from the following formula.

Average particle size (nm)=
2121/specific surface area (nﬁ/g)
The constant 2121 is a numerical value to be

25 determined from the density of silica.

The lower limit of the average particle size of the

silicon oxide abrasive grains is preferably at least 1 nm



25 insufficient, and in a region where the adsorbed concentration is high,
the |l ayer of the additive adsorbed on the abrasive grain surface tends to
be thick, whereby - 12 the inter-solid surface reaction tends to be

hi ndered, and the efficiency tends to decrease. Wth the polishing
conposition of the present invention, the opti numval ue may change to sone
extent by s the type of the acidic addilive to be used or the abrasive
grain concentration. However, in order to have _the effects by the present

i nventi on didopgdie ioFevPeintorf ycontaanthmiiml bibihiktaci @rc tddditive is
preferably adjusted so that the pH of the conposition will be 10 usually
from 3.5 t o TIEr hrasidr dHig YRREY 41 1Bl S 15 (Rye il et geessht hgnm.
conposition of the present invention contains water as a dj spersant or a
sol vent to di¥frerRecierakiy st verthel ¢ ypettilyed conpbnentenlai@indater is is
preferably water containing inpurities as little as possible with a viewto
suppr essi ng HihdRecE 10 TWefacR 13%89R ofC oiperedPpbhe ntdsodped dnedhty, it
is preferably pure water or _ulfrapure water having inpurity ions renoved
by an iof exhdife 3 341 ohER BIRBRPY | 1R e RHEERSS rEBve foreign
matters, or distilled water. (e) Method for preparing the polishing
conposition ?ﬁﬂY%ﬁﬁng of the present invention is prepared by

di ssol ving or dispersing the above-nentiopned .respective copponents in
water. The di ssolWFHESHr SBSdFSREFEF gt nbbRof:F4BRt PERAF, SRRASENE ni xi ng
order or mxin nethoq%of tfe respective conponepts, i s_not articularly
Vimted - GFATH Hol AR ROl LORPAS| (PBROBICIAR BF coRRtPTRVERE | on

invention is preferably at least 0.1 wt%, more preferably

10 at least 1 wt%, based on the weight of the entire
composition with a view to sufficiently maintaining the
stock removal rate. On the other hand, from the
viewpoint of costs, it is preferably at most 20 wt%, more
preferably at most 10 wt%.

15 (b) Acidic additive

The polishing composition of the present invention

contains an acidic additive. The acidic additive to be
used is preferably one showing no chemical etching action
to a silicon nitride layer. With respect to phosphoric

20 acid which is used in the polishing composition disclosed
in Patent Document 1 or 2, the chemical etching rate of a
silicon nitride layer is measured to be 34.8 nm/hr when
it is formed into a 85 wt% aqueous solution and left to
stand at 80°C for 24 hours. The acidic additive to be

25 used in the present invention is preferably one whereby
the chemical etching rate of the silicon nitride layer

under the above-mentioned measuring conditions is at most



may be prepared as a stock solution having a relatively high concentration,
whi ch may be stored or transported, so that it nay be diluted for use at
the tine of the 5 practical polishing operation. Specifically, it may be
prepared in the formof a concentrate such that in the preparation of the
polishing conposition, the water content is set to be smaller than at the
time of enploying it for the polishing 8ftep, and 10 at the tine of enploying
it in the polishing step, it is diluted by an addition of water to formthe
pol i shing cbripd¥iihion REgfiesak ng at%é“%?db\/ﬁ»%rﬂrﬁ‘/dﬁéd characteristics. 15
POLI SHI NG METHOD The polishing_pethod of the present invention is used for
a step of polisMhEURiIT I HHE riddiFyer Werechheripodelfenti oned

pol i shing conposition and term nating the polishing when a silicon oxide

| ayer is reathddriG DG %hi IRF AR Dc S Tt IMREPr3YREi on of a

sem conductor. Specifically, i onprises, polishing a , substrate,

particul arl| y*%P T &fe rcﬂﬂ%e&’&iﬁ)’t% %Fl‘g'i I"?%‘?)W‘E%ii‘?’r%e ‘P’é?/gi‘cpﬁ?%?lon and
a silicon oxide |ayer, _portijion,. with the above-nentioned polishi ng

conposi ti5on.acg’§°1”|"héa°p‘dﬁli%i]rf’gctrﬂecf R DM he IR rRents JASTFSIORFRf er abl y
enployed in a case of polishing substra wherein siljcon nitride is
enbedded i n TSIV A 21 gﬁqvﬁeé’(?ﬁ'o%%&e ACAFRE zi'r?d‘ci;\rf‘seﬂ:cétss silicon

0L YLl SO e ond e, spttace of a2 hson, e e laver o
pnar) 2ot oled Sl 8,505 S SO0 B BISE AL ageT R e
wherein the , polisnind; |, LI NALEL, &1 L0& 8. WaR Y N foldshidg
10 hydrofluoric acid which is used in the polishing
composition disclosed in Patent Document 2, the chemical
etching action to the silicon oxide film is strong, and
as such, it is unsuitable in many cases as the acidic
additive in the present invention employing silicon oxide
15 abrasive grains.
In the polishing composition of the present
invention, an optimum value is considered to be present
for the concentration of the acidic additive adsorbed on
the abrasive grain surface, so that the efficiency of the
20 selective polishing force decreases if the adsorbed
concentration is higher or lower than the optimum value.
It is considered that in a region where the adsorbed
concentration is low, the inter-solid surface reaction to
develop the selective polishing force tends to be
25 insufficient, and in a region where the adsorbed

concentration is high, the layer of the additive adsorbed

on the abrasive grain surface tends to be thick, whereby



stopper layer is exposed. Now, the present invention will be described in
10 further reference to Exanples. However, it should be understood that the
present invention is by no neans restricted to such specific Exanples.
EXAMPLES As an exanple of the polishing conmposition which 15 satisfies the
conditions of the present invention, acetic acid was used as the acidic
additive to an aqueous dispersion contakning 5 wt % of silicon oxide
abrasive grains having an average particle size of 13 nm whereby as shown
in Fig. 1, tdle opttienmacldsbrayat smno@maatbtdroteant20ce Hee dbiaddwed gr ai ns
surface becane an equilibrium adsorbed concentration when the pH of the

| i qui d phasendwheadififsitaienay fengodmd dedreafen pol i shing was carried out
by using this as the polishing conposition under such conditions that the
pol i shing pressufetwashepaUlshicm comPeset bt i ohi blge | Preaentpeed was 42
mmn, the stock renpval rate of the silicon nitride |ayer was 116.7

nm mn, and ¥MHeemtigdk rdi Rt e wilusaay | shargext@esomna sexteflerbyias 1. 9
nm mn. This corresponds to a selectivity of about 60, but the chem cal

et chi ng &ct i6H FYR&UQE d&heHdGihi hRdbioes ttoPe HIRA T ayee s was | ower
than the detection limt. Wth such a polishing conposition, in a 5 region
where the cAHUGRYR iTiRET IIMCMGIRT Al HVEVEE, ddy ©1dem t6r Nagss t han

t he opti mum concentration, the selective polishing force tends to have a

| ow sel ect i ilt§ elkelohmbif ddhiRTEIE TSR QRMELYERTSMOERd at t he
sane tine, the stock renoval rate of the silicon_nitride 10 | ayer tends to
decrease. FUTtHRILN tHe PRI (f the amidss ¢RI YR 19 BeeirE Y hose

havi ng a snal article size have_ a higher selective poljshing force. This
g aéj&gteé so that the pH of éke compos{tionpwlif beg

10 usually from 3.5 to 6.5, preferably from 4 to 5.
(c) Water
The polishing composition of the present invention
contains water as a dispersant or a solvent to disperse
or dissolve the respective components. Such water is
15 preferably water containing impurities as little as
possible with a view tQ suppressing hindrance to the
action of other components. Specifically, it is
preferably pure water or ultrapure water having impurity
ions removed by an ion exchange resin, followed by
20 filtering to remove foreign matters, or distilled water.
(e) Method for preparing the polishing composition
The polishing of the present invention is prepared
by dissolving or dispersing the above-mentioned
respective components in water. The dissolving or
25 dispersing method is optional, and the wmixing order or
mixing method of the respective components is not

particularly limited.



indicates that sites to develop the inter-solid surface reaction increase
in correspondence with the specific is surface area, whereby the effect to

i ncrease the absolute value of the stock renoval rate of the silicon
nitride |layer and the effect to |ower the absolute value of the stock
removal rate of the silicon oxide |layer by a decrease of the nechanica
polishing force due to the 20 small partixle size, will be synergistically
devel oped. Further, the polishing conpositions shown in Tables 1 to 3 were
prepared. By usi Ahet hedesbonpositposdtian oif| thenporisgat! dpwengtitached
silicon wafer and a silicon nitride |layer-attached silicon wafer were
pol i shed undeay2Bespthprasadi asoAssthak shéupopnshangnpoadredstizeiykPa, the
polishing linear speed was 42 mmn and the flow rate of the polishing
conposi ti on hagh2oonaenaratipy, ughaghovpy- beestappdr arus rERSPOIEEd,

manuf actured by Ebara Corporation, and the stock renoval rates of the
respective waPefFBahndt MA¥ BE| dédutaAt Epdeupayak/ shei tdmeovifdehkayer
polishing selectivity were evaluated. The results thereof are also 5 shown
in Tabl es 1 ppagtiraltRetishing epAWBAIPRD- CVMP slurry, a standard polishing
conposi tion was enployed to carry out the same evaluation, which is shown
as Exanpl e 67 i nSpgsiéigaline ifomadside PAePRrERe 18t &hGadk@rPolafsEi ng
conposition is as 10 follow Funed silica abrasive grains (average particle
size: 20 toC2DCRRFTrate FHohAghesudnakhenPEeP2BoicD. ofnthe peddshipgst s
Here, the average particle size of the funmed silica is an average_primary
particle sizE°8BParhaBle FRENPRRET SPBEFPFcISuFfhcECaPEasHBddGred By BET

nmet hod, and the , . . -
at the time of employing it for the polishing step, and

10 at the time of employing it in the polishing step, it is
diluted by an addition of water to form the polishing
composition satisfying the above-mentioned

characteristics.

15 POLISHING METHOD
The polishing method of the present invention is

used for a step of polishing a silicon nitride layer with
the above-mentioned polishing composition and terminating
the polishing when a silicon oxide layer is reached, in

20 polishing in a process for the production of a
semiconductor. Specifically, it comprises polishing a
substrate, particularly a substrate provided with a
silicon nitride layer portion and a silicon oxide layer
portion, with the above-mentioned polishing composition.

25 The polishing method of the present invention is
preferably employed in a case of polishing a substrate

wherein silicon nitride i1s embedded in recesses of a



average secondary particle size neasured by The Coulter N4 Pl us
(manufactured by Coulter, U S A) was from130 to 20 180 nm From Exanpl e
67, it is evident that with the standard polishing conposition
corresponding to a conventional ILD-CWP slurry, the silicon nitride
| ayer/silicon oxide | ayer polishing selectivity is at 25 nost 1/2, whereby
it is difficult to use such a conposi-tilan-as a conposition for selectively
polishing the silicon nitride layer. On the other hand, in the - 17 case
of pol i shi neahicermXidr LAXTYT iR i te¥eess agklicon Helspidet 1aVey is
sufficient at a level of from1l/3 to 1/4 to the renoval rate of the silicon
oxi de | ayer by R¥etrudeti &hRl $ehf #ge cobpdsFit HFen PMLdR cbrUPRgI §© the 5
stock renoval rate of_the silicon nitride |ayer required. for the silicon
nitride | ayeRsEtRc@ri% e iR g POsT 1 Ph hythe silicerveitsiderom 1/3
to 1/4 as conpared with the stock renoval rate of the silicon oxide |ayer
required forld¥er skt ot 3Ry cofpsdidh h.cafe ot B WEsis, it is
evident that it _is inmportant for the silicon nitride |ayer-selective
pol i shi ng cdPpbis t1JFET tIFLFERD 2 s 0RR1+ el stekRebf laYeFea®Pd1#4 of the
stock renoval_rate of the si]Jicon oxide |ayer in Exanple 67 and, a silicon
nitride | ayd®PsFites %@(?Ib%gl’aﬁ/eﬁ’aﬁb}?’é?‘ﬁ‘ﬁby1Br%%?%?‘iiv‘i"}ﬂ?r%?'na’f—h?east 3. 18
> 0 mmmr {il-g Nd rlzvO i i '""190) MMco t- cqg,0 -4 ri wWd
riori mri NP9 %J’P“F*Hn}*b?ﬂm@??e%)aﬁ'—ltli‘? ‘»’4112‘% when the IgONllghlng
stopper layer is exposed.
Now, the present invention will be described in
10 further reference to Examples. However, it should be
understood that the present invention is by no means
restricted to such specific Examples.
EXAMPLES
As an example of the polishing composition which
15 satisfies the conditions of the present invention, acetic
acid was used as the acidic additive to an aqueous
dispersion containing 5 wt% of silicon oxide abrasive
grains having an average particle size of 13 nm, whereby
as shown in Fig. 1, the optimum adsorbed concentration on
20 the abrasive grains surface became an equilibrium
adsorbed concentration when the pH of the liguid phase
was adjusted to be around 4.5. When polishing was
carried out by using this as the polishing composition
under such conditions that the polishing pressure was
25 34.5 kPa and the polishing linear speed was 42 m/min, the

stock removal rate of the silicon nitride layer was 116.7

nm/min, and the stock removal rate of the silicon oxide
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of about 60, but the chemical etching action of such a
polishing composition to both layers was lower than the
detection limit. With such a polishing composition, in a
5 region where the concentration of the acidic additive is
more than or less than the optimum concentration, the
selective polishing force tends to have a low selectivity
as compared with the optimum concentration, and at the
same time, the stock removal rate of the silicon nitride
10 layer tends to decrease. Further, with respect to the
abrasive grains to be used, those having a small particle
size have a higher selective polishing force. This
indicates that sites to develop the inter-solid surface
reaction increase in correspondence with the specific
15 surface area, whereby the effect to increase the absolute
value of the stock removal rate of the sgilicon nitride
layer and the effect to lower the absolute value of the
stock removal rate of the silicon oxide layer by a
decrease of the mechanical polishing force due to the
20 small particle size, will be synergistically developed.
Further, the polishing compositions shown in Tables
1 to 3 were prepared. By using these compositions, a
silicon oxide layer-attached silicon wafer and a silicon
nitride layer-attached silicon wafer were polished under
25 such conditions that the polishing load was 34.5 kPa, the

polishing linear speed was 42 m/min and the flow rate of

the polishing composition was 200 ml/min, by using CMP
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apparatus EPO-113D, manufactured by Ebara Corporation,

and the stock removal rates of the respective wafers and

the silicon nitride layer/silicon oxide layer polishing

selectivity were evaluated. The results thereof are also
5 shown in Tables 1 to 3.

Further, as a common ILD-CMP slurry, a standard
polishing composition was employed to carry out the same
evaluation, which is shown as Example 67 in Table 3. The
composition of the standard polishing composition is as

10 follow.

Fumed silica abrasive grains (average particle size:

20 to 40 nm): 12 wt%
Aqueous ammonia (28%): 0.5 wt%
Water: rest
15 Here, the average particle size of the fumed silica

is an average primary particle size obtainable from the

specific surface area measured by BET method, and the

average secondary particle size measured by The Coulter

N4 Plus (manufactured by Coulter, U.S.A.) was from 130 to
20 180 nm.

From Example 67, it is evident that with the
standard polishing composition corresponding to a
conventional ILD-CMP slurry, the silicon nitride
layer/silicon oxide layer polishing selectivity is at

25 most 1/2, whereby it is difficult to use such a
composition as a composition for selectively polishing

the silicon nitride layer. On the other hand, in the
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- 17 -
case of polishing and removing a silicon nitride layer,
the selectivity is sufficient at a level of from 1/3 to
1/4 to the removal rate of the silicon oxide layer by the
standard polishing composition, and accordingly, the
5 stock removal rate of the silicon nitride layer required
for the silicon nitride layer-selective polishing
composition may be at a level of from 1/3 to 1/4 as
compared with the stock removal rate of the silicon oxide
layer required for the standard polishing composition.
10 On such a basis, it is evident that it is important for
the silicon nitride layer-selective polishing composition
to have a stock removal rate of at least 1/4 of the stock
removal rate of the silicon oxide layer in Example 67 and

a silicon nitride layer/silicon oxide layer polishing

15 selectivity of at least 3.
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34 S4 ?i
The entire disclosure of Japanese Patent Application

No. 2004-304651 filed on October 19, 2004 including
specification, claims, drawings and summary is

incorporated herein by reference in its entirety.
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24 - CLAIMs: 1. A polishing conposition to be used in a step of polishing a
silicon nitride layer until a silicon oxide layer is reached in polishing
for production of a sem conductor, which conprises silicon oxide abrasive
grains, arCh&IMi$c additive and water, wherein the acidic additive is such
that when it is fornmed into a 85 w % aqueous solution, a chem cal etching
rate of the silicon nitride layer is at nost 0.1 nnihr in an atnosphere of

80 C. 2. The podishi Ngh LOGPOShHONt BELOFEI Y t 98! 8h My lstephgEei n the
silicon oxide abrasive grains have an average particle size of from1l to 50

nm as cal cedhiehifg omn sspecthigisuifackaperauneatua edlibycBETondthod. 3. The
pol i shi ng ﬁoqggsition ccgrding %o clain%l mhﬁretn the_acidic additive is
at |east ohe’Tenb2ric3eiedt &y FPOM THhRI of QhipPE8RYF §¢PRgCbt Shydr ochl ori ¢
acid, sul §ahi €om@héltof OrihLcRCEEmpALEES Cs ALl on 0XRL §6 aBkdsivadi pic acid

and lactic acid. 4. The polishing conposition according to claim1, wherein
as cal cul agediingoma d¢bdkcradedihiveagrdofatee, wherein the acidic

additive is such that when it is formed into a 85 wt %
aqueous solution, a chemical etching rate of the silicon
nitride layer is at most 0.1 nm/hr in an atmosphere of

80° C.

2. The polishing composition according to claim 1,
wherein the silicon oxide abrasive grains have an average
particle size of from 1 to 50 nm as calculated from

specific surface area measured by BET method.

3. The polishing composition according to claim 1,
wherein the acidic additive is at least one member
selected from the group consisting of hydrochloric acid,
sulfuric acid, formic acid, acetic acid, oxalic acid,

adipic acid and lactic acid.

4. The polishing composition according to claim 1,
wherein as calculated from a stock removal rate of the
silicon nitride layer by said polishing composition and a
stock removal rate of the silicon oxide layer by a
standard polishing composition having the following
composition:

fumed silica abrasive grains (average particle size:
20 to 40 nm): 12 wt %,

aqueous ammonia (28%): 0.5%, and



silicon nitride layer by said polishing conmposition and a stock renoval
rate of the silicon oxide |layer by a standard polishing conposition having
the followi ng conposition: funed silica abrasive grains (average particle
size: 20 to 40 nm: 12 W % aqueous mymonia (28%: 0.5% and - 25 - water:
rest, the ratio of (the stock renoval rate of the silicon nitride

| ayer)/ (the stock renoval rate of the silicon oxide |ayer-when the standard
pol i shing conposition is wused) is at least 14. 5. The polishing conposition
according to clwa%R1: TSerein as calculated froma stock renoval rate of

the silicon nityri n S o] e siljcopn. Lde | ayer
under the sanen%% ?§.¢ﬂg<%%ngﬁ%?6%§g9¥ﬁéﬂ&$é%X}%#Q(?ﬁeﬁg%ogklgéﬁgval rate
of the silniomidd tydger) / apies ) d{ddie sémekal erdyal of atiee 0filheosi | i con oxi de
| ayer) is at |least 3. 6. The polishing conposition according to claim1,

wher ei n t HeXk39 i ke oxXTRRD abh st VRN ¢ B ke e S PR @ serPedithdnafdunt of 0.1

to 20 wt % ed. ight of the conposition. 7. The polishing
conpositid%gginggﬁﬂ%h%gm%#afh16, wherein the silicon oxide abrasive grains

are present in an anount of 1 to 10 wt % based on the wei ght of the
conposition. 8. The(gfjishing coqyosition according to claim1l1, which as a
pH of from 8.5 thf P& I IAKCHRPTHE hYP RRTOEFIFINCAcEHRHI Ny t o cl ai m 8,

whi ch as a,pktofn fAOMe4 &1 B ed Oerdiiea POLOSRT AGPRPOSA LE 0Bz agfET diNg Lo
silicon nitride and a stock removal rate of the silicon
oxide layer under the same polishing conditions, the
ratio of (the stock removal rate of the silicon nitride
layer)/(the stock removal rate of the silicon oxide

layer) is at least 3.

6. The polishing composition according to claim 1,
wherein the silicon oxide abrasive grains are present in
[+

an amount of 0.1 to 20 wt % based on the weight of the

composition.

7. The polishing composition according to claim 6,
wherein the silicon oxide abrasive grains are present in

an amount of 1 to 10 wt % based on the weight of the

composition.

8. The polishing composition according to claim 1,

which as a pH of from 3.5 to 6.5.

9. The polishing composition according to claim 8,

which as a pH of from 4 to 5.

10. The polishing composition according to claim 1,

wherein the chemical etching rate of the silicon nitride



wherein the chem cal etching rate of the silicon nitride - 26 |ayer is at
nost 0.01 nm hr in an atnosphere of 80 C. 11. The polishing conposition
according to claim5, wherein the ratio is at |least 10. 12. A polishing
met hod which conprises polishing a supstrate provided with a silicon
nitride layer and a silicon oxide layer, with the polishing conposition as
defined in claiml, in polishing for the production of a sem conductor,
wherein the silicon nitride layer is polished until the polishing reaches
the silicoayx des dtayeyst 0.0l nm/hr in an atmosphere of 80° C.

11. The polishing composition according to claim 5,

wherein the ratio is at least 10.

12. A polishing method which comprises polishing a
substrate provided with a silicon nitride layer and a
silicon oxide layer, with the polishing composition as
defined in claim 1, in polishing for the production of a
semiconductor, wherein the silicon nitride layer 1is
polished until the polishing reaches the silicon oxide

layer.



