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B T A COMPCSI TI ON AND METHOD FOR SELECTI VELY EE%E%NGy@ '
SI LI CON NI TRI DE FI LM BACKGROUND OF THE | NVENTI ON - ey

FI ELD OF THE | NVENTI ON 5 The present invention relates to

aqueous phosphoric acid etching solutions used in the

manuf acture of sem conductor devices. Mre specifically,

the invention provides an aqueous phosphpric acid etching

solution that exhibits increased etch selectivity of silicon nitride filns

over silicon dioxide films in silicon nitride-silicon

oxi de conposite sem conduct or devices. The sel ective

acoonp| shed L;%’&BW@%MNME;&QQ FOR SEHERTAELY ETRHING A°

aqueous phosphoric acid and a silicon containing conposition, such as
hexaf | uerosilicic acid; that is SkMION/NERIDE EILiM\ the etch bat h sol uti on.

For purposes of the invention "readily sol uble" neans that
the silicon pBackG OUN%FWWVEN@'I@RWOS' tion blends uniformy with

t he agqueous etch bat oom tenperature. The etch bath
sol ution does oric acid, nitric acid
or m xtures tﬁrEItEIBf ?’%H%@f\lﬁd& s containing elenents

fromGoup | or DESCRI PTI ON OF RELATED ART

20 The fabri c'éne aﬁa&ﬁm investppseiteslaramausahesphere aeiddaRingt i ng of a
series of layers typically requires several basic processing steps. These
solutions used in the manufacture of semiconductor devices. More

specifically, the invention provides an aqueous phosphoric acid etching
solution that exhibits increased etch selectivity of silicon nitride films over
silicon dioxide films in silicon nitride-silicon oxide composite

10 semiconductor devices. The selective etching of silicon nitride over
silicon dioxide is accomplished by use of an etch bath solution containing
aqueous phosphoric acid and a silicon containing composition, such as
hexafluorosilicic acid; that is readily soluble in the etch bath solution, For
purposes of the invention “readily soluble” means that the silicon

15 containing composition blends uniformly with the aqueous etch bath at
room temperature. The etch bath solution does not contain hydrofluoric
acid, nitric acid or mixtures thereof or compositions containing elements
from Group ! or il.
DESCRIPTION OF RELATED ART

20 The fabrication of a composite semiconductor device consisting of a
series of layers typically requires several basic processing steps. These
basic processing steps include; cleaning, oxidation{atmospheric and high

19 JuL 1889 bressure), lithography(photolithography, electron-beam, and x-ray),
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basi'c'processing steps include; cleaning, oxidation(atnospheric and high

pressure), lithography(photolithography, electron-beam and x-ray),
2 dopi ng by diffusion and inplantation, deposition(electron-gun,
Sputter, chem cal vapor deposition(CVD), |ow pressure chem cal vapor

deposition(LPCVD), and plasma), etching(wet chem cal and dry or
pl asma) and testing. These general techpiques are well known to those 5

skilled in the art. The présent invention provides an inproved
wet chem cal etch met hod that increases the etch rate of silicon
nitride and enhances the etch selectivity of a heated, aqueous
phosphoric acid solution for silicon nitride relative to silicon

di oxi de i n- sidoping byidiffusion and implardaiior deposition(election-gaapsputteryct or
devices. This is acconplished by adding a readily sol uble silicon

cont ai i ng C okl Rihor UABSHRIICYR) UBILSpidsSifo Afifichuager  acueous

phosphoric a ontarning etc ol ution. Unl wet

etch met hods ysing.h hqsphoric aci iy oF: il jcon

cont ai ni ng co‘fﬁﬂfﬁﬂfq'ﬁﬂéﬁgé&e %@8;5’?%%'%)0 e?%@egﬁhgﬁe@ tgﬂﬁiqﬁf,otm uble in the
15 phosphoric acid containing etching bath solution. Furthernore, the

sol uti ons of RIASMEY @gdﬁesmng/eﬁhesﬁ]gaaerﬁbtec&@mwrarﬁmlwnqm tacthgsed, nitric
acid or mxtures thereof or conpositions containing elenents from G oup |

or Il sucll assigite imtheedraisi | i cate. The presence of sodi um nagnesi um

The present invention provides an improved wet chemical etch
method that increases the etch rate of silicon nitride and enhances the
etch selectivity of a heated, aqueous phosphoric acid solution for silicon
nitride relative fo silicon dioxide in silicon nitride-silicon oxide composite

10 semiconductor devices. This is accomplished by adding a readily soluble
silicon containing composition, such as hexafuorosilicic acid to an
aqueous, phosphoric acid containing etching bath solution. Unlike other
wet etch methods using heated__a phosphoric acid etch bath the silicon
containing compositions of the present invention are readily soluble in the

15  phosphoric acid containing etching bath solution. Furthermore, the
solutions of the present invention do not contain hydrofiuoric acid, nitric
acid or mixtures thereof or compositions containing elements from Group |
or Il such as sodium metasilicate. The presence of sodium, magnesium
and other Group 1 or il elements is undesirable in many semiconductor

20 processing applications.

Phosphoric acid etching baths are known in the art. U.S.
4,092,211 to Northern Telecom Ltd. discloses a process for etching silicon

nitride through apertures in a silicon dioxide mask in a boiling phosphoric



; and other Group | or Il elenments is undesirable in many semiconductor 20

processi ng applications. Phosphoric acid etching baths are
known in the art. U S. 4,092,211 to Northern Tel ecom Ltd. discloses a
process for etching silicon nitride through apertures in a silicon
di oxi de mask in a boiling phosphoric

3 acid bath. The process reduces the rate at which silicon dioxide
is etched relative to the silicon nitride by adding a sol uble
silicate such as sodium netasilicate to the phosphoric acid or by
adding a finely divided silica to the etching solution. According to
the patent th n of the sol ubl.e bkt Gcat. il ic ds the
etch rate of @ ?@g&h &P@F%%ﬁ&? Uit h?ﬁﬁé%# g}acﬁ]@ﬁc&f di%k[dr?egee{t%ﬁu ate of
the silicon nltrlde Japanese_patent 60137024 to Mat sushita Electric

di scl oses thEe ﬁHH@\?@lh%Sm‘a‘O'ﬂ nitiile by adding a seiubée pijicate SUCh % BRI of
etching a silicon nitride (Si[err]Nerr]). filmthat- has previously been
subj ect ed t onwethsiticate teathephosphoridiacidror dgradding arfely dividedIsdichytapr oduct
10 residues, described in the patent by the fornula Si[err] Nerr](err]

are remved fyp sfching %E}ﬁbg.g A&bm.ﬁ? R HEPPRBhCtRCAdHIGH Bt tr@%&@&ba' hi ng

fluorine ions ect of patent 1s to renove | ayers of

o o s U B b '%p&&ﬂﬁémbpu%ﬁ%%h&

patent application JP 6349808 A to Hitachi Ltd. 15 . discloses a process
of suppressi Hie eteh eateof tha silieen sitlide odapaneseRatent 69137024 tguring sil i con
nitride filmrenoval. This is acconplished according to the

Matsushita Electric discloses the removal of a film formed from the by-

products of etching a silicon nitride (SisNy) film that has previously been
subjected to a heat treatment in the presence of moisture. The by-product

10 residues, described in the patent by the formula SixN,O, are removed by
efching with a phosphoric acid solution containing fluorine ions. The
object of the patent is to remove layers of silicon oxide, silicon nitride, and
the by-product film of the silicon nitride heat treatment in an efficient
manner. Japanese patent appfi?:ation JP 6349808 A to Hitachi Ltd.,

15 discloses a process of suppressing the etch rate of silicon dioxide film
during silicon nitride film removal. This is accomplished according to the
invention by using a phosphoric acid etching solution containing silicon.
Ideally, the etching solution contains at least 50 ppm silicon. The level of
the silicon in the etching bath is maintained by adding fresh etching

20 | solution from a make-up vessel. U.S. Patent 5,310,457 to AT&T Bell
Laboratories discloses a method of achieving high etch selectivity of both
silicon nitride and silicon with respect to silicon dioxide by using an etch

bath of phosphoric acid, hydrofluoric acid and nitric acid. According to the



dnvention by using a phosphoric acid etching solution containing silicon.
| deal |y, the etching solution contains at |east 50 ppmsilicon. The | evel

of the silicon in the etching bath is maintai ned by addi ng fresh
etching 20 solution froma make-up vessel. U S. Patent 5;310,457 to AT&T
Bel | Laboratories discloses a nethod of achieving high etch
selectivity of both silicon nitride and silicon with respect to
silicon dioxide by using an etch 4pbat h of phosphoric acid,
hydrofluoric acid and nitric acid. According to the

4 patent the addition of hydrofluoric acid and nitric acid in
concent r at i opaterit the additicrssf hydroflGsHt agichand nitricracid &rs esncerdratimngafl | con
and silicon nitride etch rates by as nmuch as several orders of

magni tude angedfhapes m, “...incréS5mk! pel stlicon'dred SiiiteR hitrigaewéh of the
etching bath 1s m@nt?ggd'by 5 subsequent additions of hydrofluoric acid

and nitric acid. U S.  Patent ' ' r j on di scl oses
the addition'd sap%?? PM%‘ %]%sed\heral or%e?’%ﬁ%%%ég[tﬁdé%ﬁ@ﬁlﬁ@ﬁ eﬁéf&t‘*)hosphori C

acid, hydrofluoric acid and nitric acid. . 'Iéh% addi tion of the silicon
to the etch Kespestivela] Jheekaniivapess pbtheptehing bath s maintgingdiRycti vity of

silicon nitride or silicon with respect to silicon oxide. 10 The silicon
added to fhe sebsbquentadditions cbhydrofludifieadidtand nitricacidplbSoPatent
conposition that is soluble is hexafluorosilicic acid. None of

the ref erences4h $6bA ATET CIp6Etion dRHISILheaddich of a silicBAé ahni g
aqueous etch bath further containing conposition containing
etch bath, comprising; phosphoric acid, hydrofluoric acid and nitric acid.
The addition of the silicon to the etch bath is said to enhance the initial
etch selectivity of silicon nitride or silicon with respect to silicon oxide.
10  The silicon added to the etch bath is soluble in the bath. An example of a
composition that is soluble is hexafluorosilicic acid. |
None of the references disclose or suggest a phosphoric acid
containing aqueous etch bath further containing composition containing
silicon, such as hexafluorosilicié acid that is readily soluble in the
15 aqueous, phosphoric etch bath and the selective etching capabilities of
this bath. The use of silicates such as those disclosed in U.S. 4,092,211
are not contemplated 'as part of the present invention.
BRIEF SUMMARY OF THE INVENTION
it has been found that the etch rate and selectivity of the silicon .nitride
20 etch relative to silicon oxide could be enhanced by adding a readily
soluble silicon containing composition to an aqueous, phosphoric acid
-containing etch bath where no hydrofluoric acid, nitric acid or mixtures

thereof or compositions containing Group | or Il elements are added to the



si.licon, such as hexafluorosilicic acid that is readily soluble in the 15
aqueous, phosphoric etch bath and the selective etching capabilities of
this bath. The use of silicates such as those disclosed in U S. 4,092, 211
_are not contenplated as part of the present invention. " BRI EF SUMVARY
OF THE | NVENTI ON It has been found that the etch rate and selectivity
of the silicon nitride 20 etch relative to silicon oxide could be
enhanced by adding a readily sol dbl e silicon cont ai ni ng conposition
to an aqueous, phosphoric acid cont ai ning etch bath where no
hydrofluoric acid, nitric acid or m xtures t hereof or conpositions
containing Gq | or Il elements are added to the )

5 et @ﬁg@%ﬂ?- tis apusPess pHEE RIeseRkINVeRUQMIC PIYIR®on to provide a
conposition that overcones the di sadvantages found in the art. The

conposi ti ons compdsitipm tal mvercomees thendisadvarntages faound indbeartetthe rate for
silicon nitride and selectivity of etch of silicon nitride relative to

silicon 5 cigwphétiord6f HepBressent iAventidn &Msibit AngRticdBedtotPasy fd0 Prepare
because t he conponents are readily soluble in one another. A further

PurPose, of . plicgrLiIAEURR! dBclyhy' AEHH el HEFHE obile B 4REH V2.
%L‘)#L‘éel :\I\%Eﬁrqvi\%tngh .ecgclymgéscigciagg of the invéntion are eaéyotonFrgég}_e Dec?a%sé%H PTTON
the components are readily soluble in one another. A further purpose of
the invention is to provide a method for effectively increasing the etch rate
of silicon nitride relative to silicon dioxide in a wet chemical etching
process.
10 DETAILED DESCRIPTION OF THE INVENTION
Silicon nitride is widely used in the semiconductor industry as a
barrier or top layer to prevent diffusion of contaminates into the
semiconductor device. ltis also_used as a selective oxidation barrier in
the Localized Oxidation of Silic;)n (LOCOS) process to allow oxidation to
15 occur in required areas to provide transistor isolation. Silicon nitride is
essentially inert, dense and difficult to etch. Hydrofluoric acid and
buffered oxide etchants can be used but etch rates are generally siow
even at high temperatures and a photoresist is often adversely effected by
extreme etching conditions. Another problem is that when phosphoric
20 acid is used in the etching solution the phosphoric acid etches both the
silicon dioxide and the silicon nitride. This co-etching is undesirable when

the selective etching of silicon nitride is required. The previously

mentioned U.S. Patent 5,472,562 teaches that the addition of a soluble



sSi.licon nitride is widely used in the sem conductor industry as a
barrier or top layer to prevent diffusion of contamnates into the

sem conductor device. It is also used as a selective oxidation barrier

in

the Localized Oxidation of Silicon (LOCOS) process to allow oxidation to
15 occur in required areas to provide transistor isolation. Silicon

nitride is

Hydrof l uoric acid and
rates are generally slow

essentially inert, dense and difficult to etch.

buffered 0ox¢ de etchants can be used but etch
even at high tenperatures and a photoresi st

Is often adversely effected by extrenme etching conditions. Another

problemis that when phosphoric

20 acid is used in the etching solution

t he phosphor Biticaniapneparinestosan atching solution of phosphoriti asitd daydrofivetie silicon

nitride. This co-etching is undesirable when

t he selective etching

of silicon nipbid &&d hitrié egid Wﬂplaudm@h@éelébwg} of silicon nitrfidéicBiiRpwith S.  Pat ent

5,472,562 teaches that the addltlon of a sol ubl e

conpound to

silicon

and nitric aci cPeé +gﬂ|céﬂléﬁdtﬁe se p??/W%Y&CH% %{)@égﬁ?%“ g{e et chi ng

acid
with

tt d th f th
i onal ngHRGRRaDRYEeluRi8ReH & qnﬁecgeyéﬁrs.@qﬁﬁaéen%ﬁ%ff@crﬁaﬁyi 0 many 5

cases detri rrent al to the sem conductor process. O her processes

di scl osedS i ncases detfrimpentai toethe samisbnduadtonprasiessofihenpratesses: silicon
added to nodify the etching characteristics of the composition.

10

15

20

disclosed in the art provide stripping compositions which have silicon
added to modify the etching characteristics of the composition. Typically,
this may be accomplished by adding a solid silicon containing material
such as a silicon wafer to a heated phosphoric acid solution. This
process is undesirable because of the length of time required to digest the
silicon wafer and the presence of undissolved particles in the etching
solution.

The present invention pr?_vides a method of enhancing the etch
rate of silicon nitride relative to silicon dioxide in a composite
semiconductor device by etching the composite semiconductor device in a
heated, aqueous solution containing phosphoric acid and a silicon
containing composition that is readily soluble in the aqueous etching
solution. The invention further provides an aqueous etching composition
containing phosphoric acid and a silicon containing composition that is
readily soluble in the aqueous etching composition.

According to the invention silicon nitride can be selectively etched
relative to silicon dioxide by carrying out the etching operation in a heated

étching bath containing an aqueous, phosphoric acid solution and a

Typi cal ly,



‘this may be acconplished by adding a solid silicon containing nateri al
such as a silicon wafer to a heated phosphoric acid solution. This 10
~ process i s undesirable because of the length of time required to digest the
silicon wafer and the presence of undissolved particles in the etching

sol ution. The present invention provides a nethod of enhancing
the etch rate of silicon nitride relative to silicon dioxide in a
conposite 15 sem conductor device by %tching the conposite semn conductor
device in a heat ed, aqueous sol ution contai ni ng phosphoric acid and a
silicon contai ning conposition that is readily soluble in the aqueous
et chi ng solution. The invention further provides an aqueous etching

conposi ti on silicon acomaiaing campositigm thatds eesidily sotuble shithe efchcathai ni ng
conposition that is 20 readily soluble in the agueous etching

conposi tion. Commercial grade pMospheri®acidcdntse b@é’@l”?p?éla_lgi, tHecon nitride can
be selectively etched relative to silicon dioxide by carrying out

the etching aperali-any o MaBrabEnhoric acifisGUalbRAUL86A b, "9 an
WP onrand &

aqueous, phosphorrcacid nd _ _ _
tch bath. © S9USOUSIRLKSS, ToEHBRrsLBRBPHEeRt; eloaAMsgraded. Typi cal | y.
t he comrerci ally avail abl e phosphoric acid is available as 80%to 85%
aqueous sd| uPheaphorie agidsaltiienshaving adianicie countbelon 0O particles/mi
and where the size of the particles is less than or equal to 0.5 microns and
metallic ions are present in the acid in the low parts per million to parts
per billion level per liter are used. Examples of these types of electronic
grade phosphoric acids include CleanRoom® electronic grade éhemicals,
10 CleanRoom LP™ , CleanRoom MB™ |, and CleanRoom GIGABIT® (GB)
available from Ashland Chemical. No other acids such as hydrofluoric
acid, nitric acid or mixtures thereof are added to the solution of the etching
bath.
According to the inventic.)n a silicon containing composition is
15 added to the etching solution. This silicon containing composition is
readily soluble in the agueous etching composition at room temperature.
In a preferred embodiment the readily soluble silicon containirig
composition is hexafluorosilicic acid (H;SiFs). In a preferred émbodiment
the readily soluble silicon containing composition is present in the etch
20  bath solution in amounts of from about 16 ppm to about 500 ppm. The
concentration of the readily soluble silicon containing composition is given
in weight(parts per million silicon_ calculated from the silicon present in the

readily soluble composition based on the total bath solution). In a more



'5 phosphoric acid solutions having a particle count bel ow 100 particles/m
and where the size of the particles is less than or equal to 0.5 mcrons

and netallic ions are present in the acid in the | ow parts per
mllion to parts per billion level per liter are used. Exanples of

t hese types of electronic grade phosphoric acids include C eanRoom

el ectronic grade chemcals, 10 deanRoomLP[err] , CeanRoom MB[err], and
Cl eanRoom A GABI T ( GB) avai | abl e ¥rom Ashl and Chenical. No ot her

aci ds such as hydrofluoric acid, nitric acid or mxtures thereof are
added to the solution of the etching bat h. According to

the invention a silicon containing conpositionis 15 added to the etching
sol uti on. Thipseferdeidcambodintenit tiepadilysoditie silicos containingecompgsitian isbl e i n
t he agqueous etching conposition at room tenperature. In a preferred

embodi nent t peeéérﬁdh kiYe SRINUBALR sBiUtioRaR dhtdlirts BF flem about 1BPHAILLI ON 'S
hexafl uorosilicic acid (Herr]Si F[err]). In a preferred enbodi nent

20" batn sol SeeBhPRPRRLIAA '“§$"‘ﬁffﬁg&i’%@?‘g?@%ﬁﬁ?ﬁ%@ﬁﬁ@%'ﬁ i e

concentration of t he readllqbsoluble silicon con a|n|n ositionis
gi ven SR %‘P@rﬁ%ﬁi hisrPresent '8@"&9#’?‘%% e @ PRMAPt he
silicon present in the readily sol ubl e conp05|t|on based on the

total bath sabout 260 .ppm Silican eontaining compositions fyrthefrasonéainimgt@rbueht t he
readily soluble silicon containing conposition is
or Il elements in amounts other than as contaminants are not present in
the etch bath solution of the invention. An example of such an
undesirable composition would be sodium metasilicate.
The bath temperatures at which the etching is performed may be
10 any temperature at which etching of silicon nitride-silicon oxide is carried
out. This type of etching process is typically carried out at about 180°C.
An advantage of the present invention is that the etching can be ‘carried
out at much lower temperatures.“ When an aqueous phosphoric acid etch
bath according to the invention is used, etching may be effectively
15 performed at temperatures as low as 150°C. According to the invention,
the bath temperatures at which etching is performed is preferably from
about 150°C to about 180°C. The temperature of the eich bath solution is
more preferably from about 150°C to about 160°C.
Having thus described the invention, the following examples are set
20 forth to further illustrate the invention,
Measuring Techniques
-etch rates were determined by measuring nitride and oxide thickness

using ellipsometry(Plasmos Ellipsometer).



present in the etch bath solution in anounts of from about 16 ppmto

-about 200 ppm In a nost preferred enbodi nent the readily soluble silicon
contai ning conposition is present in amounts of from about 100 ppmto 5
about 200 ppm Silicon containing conpositions further confaining Goup |

or Il elements in anounts other than as contam nants are not present in
the etch bath solution of the invention. An exanple of such an
undesi rabl e conposition would be sodiunfnetasilicate. The

bath tenperatures at which the etching is perfornmed may be 10 any
tenperature at which etching of silicon nitride-silicon oxide is carried
out. This typditrmilyraseaipelatedsass typically carried out at about

180[err] C. An advant age of the present invention is that the etching
can be carried 1 - (Max-Mar/2 mAveragekx 108nper at ures. Wien an aqueous
phosphoric acid etch bath according to the invention is -used, etching

may be eff eCMthqxhax:rﬂaéxinﬂﬁ&mss,?ﬂimwmqh@ﬁné@, lrverage=Lo0drage] C.

According to the invention, e bath tenperatures at which etching is

perforned i sgﬁéﬁ%szp%ﬁs%%ph@nsﬁ S{fqeg%%os}f%’{s%ﬁ ]agvéfgr_about 180[err] C. The

tenperature nore preferably from about

150[err] C to, about. 160[err]C Havi ng thus descri bed the

i nventi or® tM@aﬂeﬁl (BRR"YOBxanpl es are set 20 forth to further illustrate
t he inventi on. Measuri ng Techni ques -etch rates were

det er mi ned bywafess fori dejerminatioe ohetthastas; t hi ckness usi ng

ellipsonetry(Plasnos Ellipsoneter).
SisNgs-wafers: 200 nm LPCVD nitride on oxide barrier

100 nm thermal oxide

Experimental Procedure

10  All experiments were performed in a class 1000 clean room environment
in a quartz beaker, heated by a hot plate. In each set of experiments
different temperatures were used (150°C, 160°C, 170°C, and 180°C) using
the same bath heated progressively. During heating of the phosphoric
acid the lid was not put on the vésse!. When the bath reached the desired

15 temperature the first etch rate of Si;N4 was determined by dipping nitride
wafers in the bath for 10 minutes. The etch rate of oxide was determined
by a second dip of thirty minutes. The phosphoric acid used in run 1 was
a GB grade 85% aqueous solution available from Riedel-de-Haen. The
phosphoric acid used in runs 2 through 8 was a GB grade 85% aqueous

20 solution from Ashland Chemical. The phosphoric acid used in runs 9
‘through 12 was a MB grade electronic grade 85% aqueous solution from
Ashland Chemical. The hexafluorosilicic acid was a 25% aqueous

solution. Run 11 containing silicon added in the form of SiO, was



9 -uniformty was cal cul ated as 1 - (Max-Mn/2 x Average)
x 100 w t h Max=maxi nmun t hi ckness, M n=m ni num t hi ckness, Average=
aver age t hi ckness neasured on 49 different positions on a wafer. 5
Waf er Preparation -wafers for determ nation of etch‘rates;
Si[err]NJerr]-wafers: 200 nm LPCVD nitride on oxide barrier

100 nm thermal oxide Experi nental Procedure 10 Al experinents
were perforned in a class 1000 cl ean romm envi ronment in a quartz
beaker, heated by a hot plate. In each set of experinents di fferent
tenperatures were used (150[err]C, 160[err]C, 170[err]C, and 180[err] O
usi ng the sanme bath heated progressively. During heating of the
phosphoric acid the lid was not put on the vessel. Wen the bath

reached the %ér@g b ]a'ﬁdlﬁggﬁﬁ?éﬁ{s%f@s@#% HoLShI d?tHJbPO@é &ddinh it vas

determ ned b ppln nitr ers inth or 10" m nutes. The

The phosphor PO ITRIR el ﬁ"ﬁﬂb‘?‘%swag"c o &sﬁé%ﬂﬂﬁaﬁaﬂg%iﬁ&%%g 8ottt on

avai l abl e from Ri edel - de- Haen. oS horlc acid used in runs 2
t hrough 8 m@V@f@“gWBGeS‘%%‘bﬂQb‘éﬂmpleﬁy Inheating I HRReakereni cal .

The phosphoric acid used in runs 9 t hrough 12 was a MB grade

el ectroni c gstahdindevernight; sTabledtshowsfthe results of ¥ hirsmdadhatvarying The
hexaf |l uorosilicic acid was a 25% aqueous solution. Run 11 containing
sil'icon asldegerhpeidigresOrTRelfecerddereshiité@iclude the etch rate and uniformity of

etch for both SisNg and SiO, and the selectivity of etch.

The addition of HaSiFs results in an increase in the etch rate of SisN,
overall. The nitride-to-oxide selectivity decreased as the temperature
increased for both the phosphoric acid with no additive and the baths

10 containing hexafluorosilicic acid. The addition of HF to the phosphoric
acid inrun 12 shows an increase of both oxide and nitride etch rate and a
decrease in nitride-to-oxide etchﬂselectivity. The silicon added as SiO; in
run 11 had no appreciable effec‘t on the etch rate of the nitride film., The
etch rate of run 11 is comparable to the etch rate with only phosphoric

15 acid present in the bath.



10 prepared by adding 3 grams of Sierr] to 100 m _of

Herr]PJerr] and addi ng that conbi nation to an 8 |} kfifs @HGRTN %[gm
acid etch bath and allowing it to stand overni ght. JThe Sﬁ%ﬁ@(@ id
not conpletely dissolve on heating to 150[err]C after stanttrg—ever

night. Table |I shows the results of 12 runs nade at varying 5
tenperatures. The recorded results include the etch—+ '
etch for both Si[err]Nerr] and Sigerd}l and the selectivity of etc

h,
The addition of Herr]SiF[err] results in an increasBisiSheetias Been Repl e of
Si 3N4 overall. The nitride-to-oxide selectivity|id & IRt he
t enperat ure I ncreased for both the phosphoric a | ditive

and the bathg cont ai ni ng hexafluorosilicic acid. The addition of HF to
t he phosphoric acid in run 12 shows an increase of both oxide and
nitride etch, rate ,and a decrease | | trjde-tq-oxide ch
sel ectivity. 1The &IMeRA ofpichinga ?:‘?@CQPB]"&PH device Wq?et'fﬁ ﬂﬁeﬁ%’d'aﬁ%
appreci able effect on the etch rate of the nitride film_ The .- etch
rate of run 11 is selaeyyitaef silieen nitddereativaiesilicemdigrnide iglesbencede 15
acid present in the bath. 11
comprising;
5 etching the semiconductor device in a heated, aqueous, etching

solution, consisting essentially of;

A. phosphoric acid and

B. a silicon containing composition that is readily soluble in the
aqueous etching solution.

10 2 The method as claimed in claim 1, where the etching is carried out
at a temperature of from about 150°C to about 180°C.

3. The method as claimed in claim 1, where the silicon containing
composition is present in an amount of from about 16 ppm to about
500 ppm.

15 4. The method as claimed in claim 1, where the silicon containing
compasition is present in an amount of from about 100 ppm to
about 200 ppm.

5. The method as claimed in claim 1, where the silicon containing
composition is hexafiuorosilicic acid.

20 6. An aqueous etching composition, consisting essentially of;

A. phosphoric acid and

B. a silicon containing composition that is readily soluble in the

I

aqueous etching composition.



CLAIMS 1. An aqueous etching conposition, consisting essentially of;
A. phosphoric acid and B. hexafluorosilicic acid. 2. An aqueous

etching conposition as clained in claim1, where the silicor Y R
conposition is present in anounts of from about 16 ppmto Hida L‘{ géﬁ%ﬂ‘*
3. An aqueous etching conposition as clainmed in claim1l, wh PLACE

phosphoric acid is an 85% aqueous sol uti?{l. 4. An agueous etching
conposition as claimed in claiml1l, where the phosphoric acid is an

el ectroni c grade 85% aqueous sol uti on. 5. An aqueous etching
conposition, consisting essentially of; A. an 85% aqueous sol ution of
el ectroni c grade phosphoric acid, and B. from 16 ppmto 500 ppm

hexaf | uorosilicic acid.
7. An aqueous etching composition as claimed in claim 6, where the

silicon containing composition is present in amounts of from about

16 ppm to about 500 ppm.
8. An aqueous etching composition as claimed in claim 6, where the
5 silicon containing composition is hexafluorosilicic acid.
9. An aqueous etching composition as claimed in claim 6, where the

phosphoric acid is an 85% aqueous solution.
10.  An aqueous etching composition as claimed in claim 6, where the

phosphoric acid is an electronic grade 85% aqueous solution.

10 11.  Anaqueous etching composition, consisting essentially of;
A. an 85% aqueous solution of electronic grade phosphoric acid,
and
B. from 16 ppm to 500 ppm of a silicon containing composition that
is readily soluble in the aqueous etching composition.

15 12 An aqueous etching composition as claimed in claim 11, where the

silicon containing composition is hexafluorosilicic acid.
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