--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 s
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 is 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 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 150Cl1 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 CMP), and a typical one is

a step of PO'?éMbBQI% ol & R”sﬂih@%l%ﬁL&aﬁéhléﬁlﬁ Eﬁh%%b%yﬁﬁt%h%k?Ctr'c

film (hereinafter erre to as ILD) with a polishing agent having silicon

oxi de abras'VEAQEﬁ'ﬂﬁDdb§B§Eﬁ§§G'QE%QO®QEQ@E§Y@N&aETne solution, to
pl anarize irregularities after formng the Ilayer. A pH controlllng agent to

be used for the 15 polishing agent at that tine is usually one, of which an
aqueous solution has an etching rate to sone extent against the silicon

oxi de layer to berpel pshednt! iik&enpaloas YiclmcRydrexiadgqari shimpia. It is a
common I LD-CWP slurry that a high stock renoval rate and planarization 20
performance acempebieved by bei bszdngnaacembpnati pplékhing 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



such etching as a chem cal action and a nechanical polishing action which
abrasive grains essentially have. Likew se, polishing of a silicon nitride

| ayer is possible. For exanple, the polishing conpositions 25 disclosed in
Patent Docunments 1 and 2 may be nentioned. For the purpose of planarizing a
single layer surface having irregularities, like ILD-CVMP, a chem cal
etching - 3 action is very useful for -acteterating the processing. On the
ot her hand, in polishing for the purpose of term nating the polishing of
the |ayer to SPPAGHedFtMELe st3PpdieTehiothis Dedh xRIsePl tot¢Rt t he
| ayer 5 to be polished which is forned in a recess in the stopper |ayer
remai n, |ike eé*/F;Qj SEE &G Pt R et 0 CERITNGRE RO HRY bring

about an adverse effect. .Nanely, ., fthe layer to.be polished, K which should be
orai ned (n S h BRARISIRG T AR T AR R RO BHHHE Ty Sha 10
chem cal etching action, thus |eading to dishing. . ually, it is common to
carry out exg’ﬁé \Fée“&ﬁliastmrr‘?g Of 9 1p'ipr Eo;@“glf 1[5';}2\?_%%6@1 !ré‘tr€ntti%n of
the | ayer st outt%ﬁipzoel 'aSheoC!Li e 1o %Se%éu%%fgﬂ%a’.éﬂ]re{?uéh'@ .in the wafer

ns. .
pl ane, whéreby "an ‘adverse efte emcals i% et chl ng action is

considered to beéﬁgg%%%g€%%£§é§%g ine$ﬁgg¢so Qétféﬁqgke in the nethod

di scl osed in Pat e selec rty represen?ed by (the stock

removal rat eesfgmaisceoﬁgdd&%} gﬂyﬂgfeﬂégﬁ%{ﬁél%eouét@%f reﬁgge/ﬁém{ £ of a

silicon oxid I's made to times at t Xi mum by addi ng

PhOSPOT 1 ¢ aidbn i da PHASPIAN:fy 301 Sk SAd MALI Ve A0 Sd | GO 9Xhie) 2DT asi ve

grains. In the case of the polishing conposition disclosed 25 in Patent

Docurment 1, ighd he sheiedl QR iShidGtapids G i shidd de & aVRFonekide
term nating the polishing when the surface where the silicon oxide |ayer

and the siliaiyer 4s NHd rirfteed1apedr XISt riS EXpRSathrd &My he an
adverse effect such that the silicon nitride |layer to he retained, is

chemical |y enaded wad ity ddhemcassdiven sl i shimg. adatit hesviphosphbéde aci d
itself has such a
oxide abrasive grains dispersed in an agqueous 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



5 nature that it penetrates into the silicon layer or a silicon oxide
_layer, whereby it may possibly be influential over the electrical
properties of the sem conductor to be produced. If the anmount of

phosphoric acid or a phosphoric acid derivative is 10 reduced for the

pur pose of preventing or suppressing such adverse effects, the stock
renoval rate of a silicon nitride |ayer 3ends to he | ow, whereby not only
the efficiency for renoval of the silicon nitride layer will be

det eri or at ed, 23Ol 5o Y sefelct} viey dFTelerautndiceie ReacedsSingresul t,
the silicon oxide layer which_ is, expected to be a polishing stopper |ayer,
will also be Shdifisitdiemiandy it AR DE oW Hhe RRUFRQET @b by  erosion
to formrelative recesses dependj ng, upon_the exposed density, of the stopper
| ayer: Al S0 (P THOR S0 DT IAHY SHE (s oHOeT 1S o ReT ket pat ot
Docurment 2, there will he the sane adverse effects, and in ., addition, there
will be a st PR ehdtaPRS: elﬂe%ri'éeﬁlﬁ ﬂ%%eﬁn THUE T aye? n:g?/ttrh}ée Thahi cal
pol i shing_force,of the ,ab B ips_thensel ves, whereby, t he desired 25
Dol ot viy i M el WS P A0t gl oot T8 O e h oK e
1. JP-A-11-176 - . Pat CHEN : - A- 2004- 214667 | bed
above, in thelaggeﬁrvernetn?aolnlgl %%(%)s, méar%ar%%éran o%?%Ve%lfégaarl ;A%}&%ﬁ%ﬁr}% | ens

whi ch occur esé\?gﬁcgg%&egaﬁ%«g%{%?%bwe_ Qﬁogaégg%gsgk%ﬁicﬁﬁ fhpLigult

and obliged to rding iS  an object of the present

invention to g3l alysh &b M Yoo PIuh&d aBkYi éh Siighu Ph 0! +80h Dge@ Sh1 T con

nitride layer and termnating the polishing when the surface where a

silicon oxidedayel and s sdbd £Q) thd rpsei diavey, aRexist  «203dg 1y¥Posed.

Nanely, it is an object of the present invention to provide a polishing

conposi ti1Qn akbndi c4I0! d t5dH gy Nt thidsh , Wk €bYe Ra th@heHodi Shing. sel ectivity,

preferably a polishing selectivity of at least 3, will be provided, and at
the sane tinedarie, wid e dSnmeabst anddaty Yoo Shesssave gpshisigimgtion to a

silicon nitride layer, and further, it is possible to obtain a
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



practically sufficient stock renpval rate of the silicon nitride layer. The
. present invention provides a polishing 20 conposition to be used in a step
of polishing a silicon nitride layer until a silicon oxide |ayer is reached
in polishing for the production of a sem conductor, which conprises
silicon oxide abrasive grains, an acidic additive and water, wherein the
acidic additive is such 25 that when it"i% formed into a 85 w % aqueous

sol ution, the.ghe 'cgl etchiqg.rate.of t he giliqﬁn nitridg Iaxer is at

most 0.1 nml HF TG ai¥osprere of’ stT. P FurtherS B %offshiing

composi tion coneents al g ol thgy RLESEN L YLDt LN EOIPLh2oPapugncd BE! I Shing
conposi tion erein e water content 1S se 0 be snalTer an a case

where it is used{Qrqd POILSIG: P1PPerS8-4 Nalr PN o | LulSsl o be used for

the polishing step, water 1s added “"to dilute | orm t he above-nmenti oned

pol i shing comppsifien. iRl LR MIRIEN ddventian o des.a pol i shing

nmet hod whi ch conprises polishing & substrate provided 10 wth a silicon

nitride |ayerpanth@ shid con Qxhde-d@ayerinvbtihd hes pbove PoLLshbpga _
conposition, in polishing for the production of a sem conductor, wherein

the silicon &iifésle daves 18yoP) Igheeeptit hie POssshipdpéeaches the
silicon oxide layer. 15 By using the polishing conposition of the present

invention, itihslpossidl eotor eshabélshoipol i shobparsiep opfrpel i shing a
silicon nitride layer and termnating the polishing when a surface where a
silicon oxi desémyesndickor b | b€ oprodiicéedle |Hyahe eadait, 45 exposed.
Nanmely, it 20 is possible to provide a polishing conposition and a
pol i shi ng netplocsphdret @bycideosed ephosphyriepaes@ndedibyt ivé hesst ock renoval
rate of a silicon nitride layer)/(the stock renoval rate of a silicon
oxi de | ayer) wedhcdd for taspupoge ebrpbéventihe@ast d@ppnassangt seckane
time, 25 there will be no substantial adverse effect to polishing
pl anari zat i orediverse eof thehs cathetsthdely vendonl agatasef aheikitomon nitride
| ayer, and further, a practically - 7
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



sufficient stock renoval rate of a silicon nitride |ayer can he obtained.
_ Further, this polishing conposition contains no hazardous conponent agai nst
the environment and thus has a characteristic such that the waste liquid 5
treatment will be easy. In the acconpanying drawing, Fig. 1 is a graph
show ng the dependency of the polishing performance on the anount of acetic
acid added in a case where acetic acid-whs-used as the acidic additive. 10
PCLI SHI NG COVPOSI TI ON To_acconplish t obj ect of the present invention, it
is required that PﬁEeEHePPSHWgBFCHFnqyéb%T%%o?b2%46§' icon nitride |ayer of
t he polishing conposi.tion.is .15 very wea In a case where pal i shing
conposition is ggéngSSrb © i§88V§Vn6n0§P§ SPAVED l&FS?iES%QS%ESi&E grains
in water, the C LC | [ shi fQr ' he, .pre j.nant as the

or & Paﬁ% §{e9 n% 040969 §§?§%é%ﬁ &hilh 98@h9

polishing force 1o evelroped, "since em<cal reactivity of the

silicon oxidesjbS fﬁaﬁéﬁﬁgigggg%ﬁFféirﬁgf£¥ﬁ“§95FE§ qiLgngcQSa state, there

wll be no su antial po t e pol'rshi ng rce for the

Siiicon nilrigdectayet, PEAATER11 LA BANCLABLRY! | L OG- alfbep oL 1he

silicon oxide Tayer, since t ardness o e silicon nit ayer is

usual 'y high : ede2 i sk L : OX| 13 ases, the
y hig e?? ﬁ§€8é£ dt éh@‘#gaggﬁt Lhi£AP; 8% d8 E§¥Sbllhﬂ QQEPé

hardness its he control to sone extent by e.g. eat t tment or

recrystal | i zajhQnst 5OYGVEr stLp 69?pél§sh§ﬁ§ea05ih@MShSnﬁgEﬁﬁé byyRhasma CVD
to be used for sem conductor devices, with respect to the pollsﬁlng

sel ectivity byngecbanigating! tahi polithengelBehi Yhtysugfavsuahkyeat a | evel
of from1l1l/4 to 1/2, and the efficiency 5 for polishing the silicon oxide

| ayer is rel agivetynhbghde layerdendta sntiessentbeipel lahergcsekesti vity
for the silicon nitride |ayer under such a state, an additional function
ot her thaiv t heseéxposgdactNamels, ohwviiuisdryy o et refl. tHd Peegepossibility
for such an additional function, the present inventors have consi dered
controlling timvennien-sol ptogsudéaaepotashing. chapekytrivheandea i s such
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.



tHat the surface of silicon dioxide abrasive grains is sonmehow nodified to
. be a reactive surface, and this 15 reactivity is selectively devel oped
against a silicon nitride layer. As a result of the study, it has been
found possible to prepare a polishing conmposition which shows no
substantial chem cal etching action and is capable of selectively polishing
silicon nitride, 20 specifically wth a‘éerectivity being preferably at

| east 3, f erabl t, 10, by h i di ddj t |
adsor bed on the. OIS g A TR cqrfip%ﬁalvr's%%&?#‘q%%%%ﬁaem% B (a)

Silicon oxide_abrasive I’%Il%sn 2(:5 The SDOS! |Ssﬁrg:|hn onno %tpl. on_ of 051 Present

i nvention c TS SPlICOﬂ OoXi Boradi ve gra|ﬁ§ uéhf%|ﬁ?WP ox1 te

abr asi ve grahﬂhrgg%_g lgéﬂ%tﬁ@) sé% cd s q{ two or nore
types. Anong them pre erre is colloi silica S|nce |s Excellent in

the di sper sion stalld ty and géﬁﬁ%kg% osltl%% Fmal r@gecqgenmr@tely

after the preparation of t he p conp05| dn "easli y be

conti nuously ;mmint ained. ddy tHE Gase g}ﬁn@#%ﬁ ac%(?; 3 ter- of the

present invention, the abrasive graln surtace o nentloned

aci di c addi tixyg d’iﬂl'dteb%taci%PrM + Hd 'albcRﬂH‘-tn{ériiE’itcﬁzéd) gdei fguel opment of the

sel ective 10 polishing force. Accordingly, the [arger the specific surface
area of the alp@dMeigains to be used, the higher the effect. In other
words, it has been found that the snaller the grain size of the abrasive

grains, the hi ghgiriha effiRctdNeness. i dved o PESM dd HVENEd Psh g t he
average particle size of the silicon oxide abrasive grains is an average

particle sizentdduhatiet fdonprhites SREci JHihs W fagsraie Qe by BET
met hod by nmeans of Mcronetrics Flow Sorb 11 2300, manufactured by

Shi madzuio Caripdr af isdniced Hie iy dgsrpardrid|L silzeedd dheisildeon, oxi de
abrasive grains is calculated fromthe following fornula. Average particle

size (nmM = 21AMrspéE faboveudcddesairen dviddai thlen C ains tesit 1 iy | fom
numeri cal value to be
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 1is 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



25 determned fromthe density of silica. The lower Iimt of the average
particle size of the silicon oxide abrasive grains is preferably at least 1
nm- 10 fromthe viewoint of constant availability. on the other hand,
the upper Iimt is preferably at nost 50 nm nore preferably at nost 30 nm
with a viewto enlarging the specific surface area to increase the adsorbed
anmount 5 of the acidic additive thereby to -4 ncrease the selectivity.
Further, the content of the silicon oxide abrasive grains in the polishing
conposi ti on SMffHe ignds &fock mamavadn Haderadf eér 4l hican |nedstide 11aifes nore
preferably 10 at least 1 wt% based on the weight of the entire conposition
with a view 85 iaterinsd -nafFHEaPREngthAs P?&ééklpénﬁﬁ’&?ols&ttépnon t he

ot her hand, fromthe viewpoint of costs, it is preferably at nost 20 wt %
nore pref er &0 3O SHFG hf@%d%uasrmormtdia@a&amtt iR B P SHithg

conposition of th resent invention kK containg an acidic additive. The

aci di ¢ addi t AR t@%e afs &d Sre TR AF cﬁ%@“sﬁgﬁ%d:% YA It hi ng
action to a,silicon nit.rlid | ayer. Wth respect to phosphoric 20 acid which
is used in t & SFHM M C-Lorerﬁ?o %5%n disclosed in Patent Docunent 1 or 2,

the chenical etchi te of | | itride. | i d to be 34.8
e hen i3S QR TR RS AT K1 U | b g TR o St and

at 80 C for Adaue ol e o add e toie 28y s il orsgent

invention is pref ergchlhye er eby he chem'ca e of

silicon ni trit?‘%nlr??'ﬁ{nt ;He}?%rceé e, %v;sét@gétdo%qﬁ% %&r&ﬂ&%%g{&ns is at

nost - 11 O. p erabl'y at no As ‘such an acidic

addi tive, hydroehlfd ¢ 84 (%sortheSngitgdﬂcc 4 7y, for exanple, be nentioned

as an inorganic acid, and formc acid, acetic acid, oxalic acid, 5 adipic
acid or lLactic acid may, for exanple, be nentioned as an organic acid.
However, the acidic acid is not |imted thereto, and so long as it is one

showi ng no ghengainEt@Mits@ciden to the silicon nitride |ayer, it
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
gilicon 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



may he used in the present invention. Wth respect to 10 hydrofluoric acid
which is used in the polishing conposition disclosed in Patent Docunent 2,
the chem cal etching action to the silicon oxide filmis strong, and as
such, it is unsuitable in nmany cases as the acidic additive in the present

i nvention enploying silicon oxide 15 abrasive grains. In the polishing
conposition of the present invention, amB optinumvalue is considered to be
present for the concentration of_ the acidic additive adsorbed on the
abrasi ve graiffSSuFadeyYSs thmeheRmiadsh Gt e ke Xk ERE | ve pol i shi ng
force decreases ,if the adsorhed concentration is higher or.lower than the
opti mum val ue?emﬁqoriég‘c&ﬁﬁi T halt ?Sr%eg‘itorF%tg?% Rk 2589 bed

concentration is IQM/W%pzbinter-soJi surf.ace reaction t devel op. t he
c

sel ective polSSEMTTg Fore &Y NP /s 2O B9 ¢ S Jﬁ%l‘:trhwatY etff on where

th d bed trati i s hi t h th ddi ti d bed

Che"adeored  concipuranon | WAtk gle ol ST L adely ey pcksr oo on
f td t 1 i ) ! t fici

Gocr cace. Sy e ASTan Ry The! DEREn ol B & 1S SR LODED Afon

opt i num val ugmy £hange itx%xﬁe%{?e eeﬁee&:;olbiyshi%%rkeelté@gi&:{r[_%hleoﬁcti,}% c

additive to be used or the abrasive grain concentration. wever, 1n order

to have the gfifiechs Dy ke Prafentuddentian devel aped, oL gq; Sisepply, the

anount of the acidic additive 1I's preferably adjusted so that the pH of the

conposi tion Wdcthied Giusualdyad ram I-thd soc Roef £5 abbyiduony 4 to 5. (c)
Wat er The polishing conposition of the present invention contains water as
a di spersant @yqwaisd vent to disperse or dissolve the respective
conponents. Such water is is preferably water containing inpurities as

little ago possi e Mpdssiyi Bt Of SHPPEES SAM0add i 8H&E fa@nébeonaction of
ot her conponents. Specifically, 1t is preferably pure water or ultrapure

wat er havi ng tHwidsent aiisyeredtwechdiye aton i exed afger f6B1 tng f the owed by 20
filtering to renove foreign matters, or distilled water.
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 sgilicon oxide abrasive grains. Such silicon

oxide abrasive grains may be of a single type or a



(e) Method for preparing the polishing conposition The polishing of the
present invention is prepared by dissolving or dispersing the
above-nentioned respective conponents in water. The dissolving or 2S

di spersing nmethod is optional, and the m xing order or m xing nethod of the
respective conponents is not particularly limted. - 13 The polishing
conposition of the present invention may’ be prepared as a stock sol ution

havi ng a reIaU&&gQ% hlghj$oncentrat|on whi ch may be stor ed or transported
so that it m&f e Pl IYUSF AOtHd R orAmPﬁ‘é‘ 5 41969 shi ng

operation. Specifi ly,. it..may be rep red in f orm of a concentrate
such that in %%é:%%oda#/aélt- d‘r%lbc%/a c‘peolll rﬁ%gex% J&5 tiBrH% he wat er
content is se to be smal

I h f h
polishing ste SE§ 1o aﬁt J’[ y arbci "ghrﬁeﬁetgl ng i tsetlr% % n'g%"ﬁt‘]sh%fgé steep, it
(5, Ot e iy ool v A HEETARC

satisfying the above- ntloned s
& [

1 1
td
9
pol i shi ng ”Etcg:‘?r%o(gléfb% i ﬂ%“le‘ﬁfse%f &;treep of polishing a

silicon nltrl ayer mnt e a ove- ne n I ng conpOS|t|0n and

Cerminating the fplishi gk en @5 Lo £0m 0 d@orl\%gr%%%raﬁcpﬁg in 20

polishing in a process for the produc t|on C ctor pecifically,

|t compri Ses HOldHH N enrUS! e RIS Rl B 3 B BURLL a9 it ded wi th

a silicon nitride layer portion and a silicon oxide l'ayer portion, wth

the above- MentONEG Pkt PRI 1d Mg 251 V16, P01 i1 st dgd of the
present invention is preferably enployed in a case of polishing a substrate

wherein siliGganniddritde dut ereddad ddvdraaeses of the ddesiiv&€on oxide
I ayer and an excess silicon nitride layer is protruded on the surface of a

silicon axi dgdiawindg Forxd | Shcedrdinkg vir @heudedgess thenspefcitfie: silicon
nitride |l|ayer for planarization. in such a case, the silicon 5 oxide |ayer
serves as a plistdanGgirdopiferctiayrasiite agrains to be used, the

higher the effect. 1In 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 (m*/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



polishing method is particularly preferred wherein the polishing is
termnated at the tine when the polishing stopper |ayer is exposed. Now,
the present invention will be described in 10 further reference to
Exanpl es. However, it should be wunderstood that the present invention is by
no neans restricted to such specific Exanples. EXAMPLES As an exanpl e of

t he polishing conposition which 15 sattsiPes the conditions of the present
invention, acetic _acid was used as the acidic additive to _an aqueous

di spersi on cEFCH Hifsg Vi WERISE Qf iR teatd@vasladiide tygr aPRs th&vi ng an
average particle size of 13 nm wherehy .as shown in Fig. 1, the optinm
adsor bed confé& rrathiaﬁ‘ﬁl'oﬁ YORE itv & Sy PEStE Ya oaH'Pm'

equi librium adsorbe% cggﬁgntration gﬂfn t he Qﬁ of the liquid phase was

adj usted to BET&r BEfd XA PSS S A WHED Gttt UETHR RN this as
t he polishing.conposi.ti.on under such conditions that th | ishin ressure
uns D3 3.5 EBE BRE i IR, A EP SpsaFanss b AP ety
removal rate gf til,%easiildgicor‘%l 'ittr.ivdeetl ayer was 1116. 7 nrﬂtrﬁen, and the stock
removal rate®of e %G Col OXide ™ Fayer” was £ M n. This
corresponds tS%1%c§qk,g% jvity of about 60, but the chem cal etching action
of such a polishing conposition to both |ayers was |ower than the

detection limt. E:%.xtéhe%:”dh?e %Aé&@%fqﬂ@s&t 'lo&ni&fig%ez étkﬁ%lé)t é(\/nere t he

concentration of e acidic additive is nore than or e optinmum

concentratiog, the iseleet !p\e,qil%@{iin%id&q SYiGE P IS Y RAE S d oW

selectivity ~as conpared with the ti mum concentration, and at the sane

time, the stqgkereMRyali & @ frdls i he@ehid i dr 510 rr{c?ﬁé?rpxteef'léi%ﬁl%/
decrease. Further, with respect to"the abrasive grains to be used, those

having a;smalgk RaEHtChe wtd Z@ e o hiHghele igpltedf WP ddsihidg force. This
indicates that sites to develop the inter-solid surface reaction increase

i n correspondergRsitibrt ha tipecivilesr o sffface «ataa; maieitelnithe wfd ect to
increase the absolute value of the stock renoval rate of the silicon
nitride | ayetoahd rdei@veflf acitd.0 bawehet behabsabutle ¥ebwetak t he
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



stock renoval rate of the silicon oxide |ayer by a decrease of the
mechani cal polishing force due to the 20 snall particle size, wll be
synergi stically devel oped. Further, the polishing conpositions shown in
Tables 1 to 3 were prepared. By using these conpositions, a silicon oxide
| ayer-attached silicon wafer and a silicon nitride |ayer-attached silicon
waf er were polished under 25 such condi-tildns that the polishing | oad was
34.5 kPa, the olishing linear speed was 42 nimn and the flow rate of the
pol i shi ng con%oﬁifﬂm@’hrmdér?%r?ﬁ’h’ﬁ #t BYStsh @l aM'br16 apparatus EPO 113D,
manuf actured by Ebara Corporation, and the stock renoval rates of the
respective waf er sSPAnSUCEh@R spFiEdR ATERF B aYBRrSFhl eBACoRFAE Payer
polishing selectivjty were evaluyated. The results theregf are also 5 shown
in Tables 1 tPBEUFFietd BRY o EFEFPTRER ONPE BRI 9REd dFaRbar d

pol i shing conposition maswgnpqueg to,carry.out the sane. eval uation, which
i s shown as FATET F TR 3TOFALC 251 PostETohC ofCt e S¥FAMHSr dC1d
pol i shing co sition is as .10 follow, Funmed_silica rasj ve grains

Caver age dar (FETRid Petd 85 140atS g e oA of o EAs Shmoht ameBBopRed 5 we o
Water: rest s Here tlt.llecaa\l/cer ge a“;t‘;crletize ofd.the f.ud’red Si Igca is an
average pri mﬁ?/ ap%r?}f%?e 5 7€ Dbt AINabIE Fr e lscpe%ﬁjfl ¢St ace area

TRt e DY B L RO AL 15 28T R SEEOOR ¥ AL ULELR, B egormastred by

The Coul ter nuf att ur ed er; rom 20

180 nm From EXaupler 6. chfnd S vl dent othat wd thshe stangas ool | 3bi ng

conposition corresponding to a conventi onal urry, I con

nitride | ayegplsidd COl@ XA haYsre DO S SELECT MY desdllc2hdost 1/2,

whereby it is difficult to use s a conposition as a conposition for
sel ectively PRfdshi NoridesihiRicR &1 @8hayerehO®pbPespihgr hand, in the

- 17 case of polishing and renoving a silicon nitride |ayer;
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



tHe selectivity is sufficient at a level of from1/3 to 1/4 to the renova
rate of the silicon oxide |ayer by the standard polishing conposition, and
accordingly, the 5 stock renpval rate of the silicon nitride |ayer required
for the silicon nitride |ayer-selective polishing conposition nay be at a

| evel of from1/3 to 1/4 as conpared with the stock renoval rate of the
silicon oxide Ilayer required for the staldard polishing conposition. 10 on
such a basis, it is evident_that it is inportant for the silicon_nitride

| ayer - sel ect i€ goitedhisegd 1o mpyddiaceorr eacs vy & e dst Fk hednderegde of at

| east 1/4 of tEe to%& renoval rate of %Qf silicon oxide |layer in Exanple
67 and a si Ao ifdE1eRrYr FENGS. &P 86FEASSrer pol i shing 15 sel ectivity

of at |east 3. -_ﬁL h(gé; rthMprLnnd,n1n0.r:00 r 'éﬁéfirnnj nroir NkDLnm n
,> U -H Sa FH% AU P10 | FIRP ST ATSF L )
r, - mbrnr na)l)mcregt?o%r,i CHen ko%'%?miulr_lnM%a Jea%iﬁavy\}‘rzzﬁarngl_é rt:ioH Bk _er}itesnat by
5 the type of the acidic additive to be used or the
abrasive grain concentration. However, in order to have
the effects by the present invention developed more
strongly, the amount of the acidic additive is preferably
adjusted so that the pH of the composition will be
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 to 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 mixing order or
mixing method of the respective components is not

particularly limited.
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The polishing composition of the present invention
may be prepared as a stock solution having a relatively
high concentration, which may be stored or transported,
so that it may be diluted for use at the time of the

5 practical polishing operation.

Specifically, it may be prepared in the form of a
concentrate such that in the preparation of the polishing
composition, the water content is set to be smaller than
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 is embedded in recesses of a



U Ol1l~ro -i
mCO -H a) Si

aro O-i ,Qk 3 UUro d"-' Q HLWO Nrri rd -H
NS Li k 5ro0o-r) ~ca~Dd rnvav HHNi -Hr - -ri

, 4 U

(drdrord NkkSi rdroc)riNmd'Ln/or rdmro riNmd' Ln%®OrnO)r-iHHHr-iririr-1Ir-1
EEEE O O 0 0 xXXXXXX UX UXXXXXXXXX ux u VAN W-WANNNYANNAY - - W -
U >M-rol-4rnri N JJcr

10

15

20

25

- 14 -
silicon oxide layer and an excess silicon nitride layer
is protruded on the surface of a silicon oxide layer, to
polish only the protruded portions of the silicon nitride
layer for planarization. In such a case, the silicon
oxide layer serves as a polishing stopper layer, and a
polishing method is particularly preferred wherein the
polishing is terminated at the time when the polishing
stopper layer is exposed.

Now, the present invention will be described in
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
satisfies the conditions of the present invention, acetic
acid was used as the acidic additive to an agueous
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
the abrasive grains surface became an equilibrium
adsorbed concentration when the pH of the liquid 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
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

19
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layer was 1.9 nm/min. This corresponds to a selectivity
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
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
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
surface area, whereby the effect to increase the absolute
value of the stock removal rate of the silicon 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
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
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

N N
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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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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
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.
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

selectivity of at least 3.
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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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di scl osure of Japanese Patent Application No. 2004-304651 filed on Cctober
19, 2004 including specification, clainms, drawi ngs and summary is

I ncorporated herein by reference inits eatirety. - 24 - CLAIMS: 1. A
pol i shing conposition to be used in a step of polishing a silicon nitride
layer until a silicon oxide layer is f&&¥@d in polishing for the
production of a S sem conductor, which conprises silicon oxide abrasive
grains, an adi-di c® aelel} ishinaneeneeeit iohereilpe theedcidi 2 skeli efve is such
that when it is formed into a 85 wt %  aqueous solution, the chem cal etching
rate of the RRligloingia riidelqayeritsidg yser ot hhddirsihieen 19xddfospher e
of 800C. 2. The polishing conposition according to Claiml1, wherein the
silicon oxi del&Msitasiv Fpdiet HarChhshing dger the production of a

5 semiconductor, which comprises silicon oxide abrasive
grains, an acidic additive and water, wherein the acidic
additive is such 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

10 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 the
specific surface area measured by BET method.

15 3. The polishing composition according to Claim 1 or 2,
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.

20 4. The polishing composition according to any one of
Claims 1 to 3, wherein as calculated from the stock
removal rate of the silicon nitride layer by said
polishing composition and the stock removal rate of the
silicon oxide layer by a standard polishing composition

25 having the following composition:

fumed silica abrasive grains (average particle size:

20 to 40 nm): 12 wt%,



particle size of from1l to 50 nmas calculated fromthe specific surface
area neasured by BET nethod. 15 3. The polishing conposition according to
Claiml or 2, wherein the acidic additive is at |east one menber selected
fromthe group consisting of hydrochloric acid, sulfuric acid, formc acid,
acetic acid, oxalic acid, adipic acid and lactic acid. 20 4. The polishing
conposition according to any one of CraRBhs-1 to 3, wherein as cal cul ated
fromthe stock renoval rate of the silicon nitride |ayer by said polishing
conposi tion and t¥gueRwelkameemial (3&F)k: 0 - The ard| i con oxide | ayer by a
standard polishing conposition 25 having the follow ng conposition: funed
silica abrasive graies: (‘Bhere@tparticle size: 20 to 40 nm): 12 w% - 25 -
aqueous ammonia (28%: 0.5% and water: the rest, the ratjo of (the stock
removal rat e W% 819 19T orFhshighade 1eBRRY Yatre 2 ddke rehove®rate of the
silicon 5 oxide | r when e standard polishing copposition is wused) is
at | east 1/4.n1§r‘Ff‘% S15H] ¢f3"ec P (PR drtfi Pt RS dainms 1

to 3, wherein as, cal culated frqmthe stoc remgval rate of,the sjlicon
ol do aha HRE0S QAR Tt P A e s SRR @ thder t he
sanme polishin onditions, the ratio of (the stock renoval rate of the
silicon ni tri‘%eecﬁafesr 2y Eat#?es%t]&:‘]k‘ removal rate of the silicon oxide |ayer)
is at least 3 6._A poclhi's inl_? nmet hod ich con$r' ses pol i shi nﬁ a %5
substrate provi detPwiRPE BRI FT COMPPTTT 4" 1 35err AN atC st c8li€oRf de | ayer,
wi th the polishi.n omposj tiqn .as._defined i-n.an ne of. d ai 1tob5, in
pol i shi ng foré\tah1 Slrorg)uc i oh or- 4a" saesn‘iccaglncdﬁlcafto?%/ wher etllﬁet%%g(‘:ss)fl i con

l“;;;'r fje Layer dig 9l 1shed dntdye the ol sing deaGles dd e 8% St bGPy Oxi de

10 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. A polishing method which comprises polishing a

15 substrate provided with a silicon nitride layer and a
silicon oxide layer, with the polishing composition as
defined in any one of Claims 1 to 5, in polishing for the
production of a semiconductor, wherein the silicon

nitride layer is polished until the polishing reaches the

20 silicon oxide layer.



