F- P11319SF(SG DESCRI PTION TI TLE OF | NVENTI ON: M CROPROCESSI NG TREATMENT
AGENT AND M CROPROCESSI NG TREATMENT METHOD USI NG SAME 5 TECHNI CAL FI ELD

[ 0001] The present invention relates to a m croprocessiFr@ltlBaasmess:)agent
for use in etching, cleaning, or other 10 processes in the manufacture of
sem conductor devices, liquid crystal display devices, mcromachines
(mcro electro nmechanical systens (MEMS)) devices, etc., and to a

m croprocessi ng treatnment nethod using such an agent. More specifically,
the invention relates to a m cropPBEEBSPAGONS treat nent agent and a

m croprocessing treatnent nmethod for use in etching, cleaning, or other
processi ngLBEE a0Bt FNEENTEONncl uding a lam nate of a silicon nitride film
and a silicon oxide film 20 BACKGROUND ART [0002] Anmobng sem conduct or
devi ce meEMiCRCPROCHES PROCERERSMENNEAGENT hENDDRI CROPADCEBEIRGOCESSES i S
patterning and etching of a silicon oxide film a silicon nitride
film a 2BRpOIYBNTieenHOD| usTRGMet@E film or any other filmformed on
F-P11319SF(SG the surface of a wafer into the desired shape. Wt etching,
one ofs such etching techniques, has required a fine processing technique
capabl e of selectively etching only an etching target film 5[0003]

Wien a sitreonrexi derfiphmis the target of etching, exanples of such a
fine processing technique include techniques using buffered hydrofluoric
acid or hygief{uoric acid. Unfortunately, when such buffered hydrofluoric
acid 10 or hy rofluorlc aC|d is used as a nlcroproce55|ng treat ment agent

2si [Tcon nitri g i1 SR I et e

a silicon nitri e SI con m

same i) rretr&astn%ﬁ@sg&ém pf‘é%%é‘é n tghwg, ds LLgdghage Begapes

10 processes in the manufacture of semiconductor devices,
liquid crystal display devices, micromachines (micro
electro mechanical systems (MEMS)) devices, etc., and to a
microprocessing treatment method using such an agent. More
specifically, the invention relates to a microprocessing

15 treatment agent and a microprocessing treatment method for
use in etching, cleaning, or other processing of a

structure including a laminate of a silicon nitride film

and a silicon oxide film.

20 BACKGRQUND ART
[0002]
Among semiconductor device manufacturing processes,
one of the most important processes is patterning and
etching of a silicon oxide film, a silicon nitride film, a

25 polysilicon film, a metal film, or any other film formed on



15[ 0004] For exanple, a mcroprocessing treatnent method using an
agent containing hydrofluoric acid and an anionic surfactant such as
anmoni um | auryl sulfate can solve such a probl em and sel& igely egch only
a silicon oxide film (see 20 Patent Docunent 1 |isted“b& g&&.SF(SG
Unfortunately, such a m croprocessing treatnent agent has very high
foamng ability and therefore is not suitable for use in sem conductor

devi ce manufacturing processes. [0005] 25For exanple, dynam c random

‘ E- P11319SF( SG ‘ tor devi hat i
o1 oanced L hr JHGEGeL 6L B AGSt (ALA hicr BPet BAsPAGPEr eal REnE BOAE: A

DRAM cel | _includes one transjistor,and one capacitor. DRAM integrati on has
i ncr easetabott SHoUrctFeRYi hetheleues, shafr seayeaee. aDRAMEI ntegration i s
general ly achieved by integration of capacitors. Therefore, while the area

occupi edPHYCES THPACTE or 14U eqRieRL € anf | ARt easEvehy capakireront¥aana
reduction in capacitor insulating filmthickness, and incorporation of a
hi gh di Feetie evrEetanfilo-filmare nade so that the capacitance required
for stable storage operation can be ensured. [0006] A silicon oxide
fil mhasl &kl used as the capacitor insulating film and a reduction in
the filmthickness has 15 been nmade. However, the reduction in the

t hi ckness of &t iaoni bix¢ate $xlde ablihan capacdid oratosul af i eigcfiiham has
reached a limt for 1 Moit DRAM In a 4 Moit DRAM therefore, a silicon
nitride didmples usedsash an fisel @t dogs $1ihdn tAshhhdregr attdaddas proceeded,
a tantalum oxide film20 has al so begun to be used. [0007] A 64 Mit

gener at i sciDRAM A su sy | hintif ¢ codl 1€PPAST 1 @S r BE ract arer MH@rHf Db £Mm:
descri bed bel ow occurs when a conventional etchant 1s used in a

process ddiad. | Delfbdesind® 167, Muhg rC WudibuGde 1P aG d:df 1hwel: 6l&¢t rodes
and then F-P11319SF(SG
10 or hydrofluoric acid is used as a microprocessing treatment
agent in the processing of a laminated film composed of a
silicon oxide film and a silicon nitride film, the silicon
nitride film is also etched at the same time. As a result,
patterning into the desired shape becomes difficult.
15 [0004]
For example, a microprocessing treatment method using
an agent containing hydroflucoric acid and an anicnic {
surfactant such as ammonium lauryl sulfate can solve such a
problem and selectively etch only a silicon oxide film (see
20 Patent Document 1 listed below). Unfortunately, such a
microprocessing treatment agent has very high foaming
ability and therefore is not suitable for use in
semiconductor device manufacturing processes.

f0005]

25 For example, dynamic random access memory (DRAM} is a



renoving the forned silicon oxide filmby wet etching to forma capacitor.
[ 0008] Specifically, after the capacitor |ower electrodes 5 are forned,
the formed silicon oxide filmis renoved by wet etchingf-RNBT$$B{HE) Wi th
ultrapure water and drying are further perforned. The drying process has
the problemthat due to the surface tension of water present between the
capacitor | ower electrodes, a "leaning" phenonenon, in 10 which the | ower
el ectrodes | ean and cone into contact with each other, frequently occurs
to i nduce SEMBicOnPRiAtare deTHEs, thattents Dowherad XHisted vl ewatiisod oses a
technique for formng a silicon nitride support film between capacitor

| over el e#titddéas Mipgoere Besimentt 3 dtinstrad dpedrow 18 aReo dieddl oses a
technique for formng a silicon nitride filmas an insulating filmfor

i mpr ovi ngingsuldasi pgeproperstisesf rom kine |dapes;itand Paremt Document 4

| i sted bel ow al so discloses a technique for formng a silicon nitride film
as an et chintgoshapper hiisl mnforadshel sthsequentr 20 ypcessHf ©iphing a
silicon oxide film [0009] In these sem conduct or device

nmanuf det urthmgepyeaesseSDRAMems@g@étaoﬁomge@éh@@ahigt abankvhaspi/he probl em
that the silicon nitride support filmdisclosed in Patent Docunéent 2, 25

the silicontaygteidenf blrmcdipseliesed i ntRat-epb Docyeit 3heObrea
F-P11319SF(SG the silicon nitride filmdisclosed as an etcﬁlng st opper

filmin Pateapibacukent 4,58 12Ls0 (&t ¢hed, et.her. \ he etching target.
b PR OR A RERERT PRy B iaNTe [5%%8] e ot 1.

Japanese Pahent - AppLi-eati gn i n.:(JP- . - Q67 Pat ent
Document sapedly No%k%g‘és-gzé:%gggt%g erlft§1 Bgé)gﬁe@%torg%%aﬁé%g 198155

‘Pat ent DOEH@@QEeéé,Jghé wﬂcoggggé%%%%ZOQIgckg%HR%igﬁégﬁéﬂéwgggggg§t

10 film are made so that the capacitance required for stable
storage operation can be ensured.
[0006]
A silicon oxide film has been used as the capacitor
insulating film, and a reduction in the film thickness has
15 been made. However, the reduction in the thickness of a
silicon oxide film as a capacitor insulating film has
reached a limit for 1 Mbit DRAM. In a 4 Mbit DRAM,
.therefore, a silicon nitride film is used as an insulating
film. As integration has proceeded, a tantalum oxide film
20 has also begun to be used.
[0007]
A 64 Mbit generation DRAM has a cylindrical capacitor
structure. The problem described below occurs when a
conventional etchant is used in a process thét includes

25 forming cylindrical capacitor lower electrodes and then



15 PROBLEMS TO BE SOLVED BY THE | NVENTI ON [ 0011] The invention has
been made in view of the above problens, and an object of the invention is
to provide a mcroprocessing treatnent agent that allows selective fine 20
processing of a silicon oxide filmwhen a | am nated fET%]c%i%% lof at
'east a silicon oxide filmand a silicon nitride filmis subjected to fine
processing, and to provide a m croprocessing treatnment nethod using such
an agent. 25 F-P11319SF(SG MEANS FOR SCLVI NG THE PROBLEMS [ 0012]

To sol ve the .conventional probl.ens, the inventqrs have de studies on

ni cr opr 6CESSINE g"?’«?atfor?er ecggs IE P55 95 cgr/]gﬁrf Yeé“éei%gettncﬁé’aﬁ%é%ﬂ met hods
using them As a result, the invention has been conpl eted based on the
findi ng OFdt %a P& P dcessi ng treat ment agent prepared by adding a
certain concentration of an acid to an aqueous sol ution containing

hydr oger %00&dri de or at |east one of ammonium 10 fluoride or quaternary
ammoni um fl uoride nmakes it possible to perform selective fine processing
of a silicon &wegédfiichhlivn EHé gy ddes siapgadftoar |lavierateda: dtitadeconposed of
the silicon oxide filmand a silicon nitride film [0013] 15Thus, to solve
t he aboweepriobinents, thiee fionwent isdn licerdicgcteed itlan & g xamepraat 65,5 iweg:
treatnent agent for use in fine processing of an object having a silicon
ni t ri de efidhimand aadsidinsdmooxiide: fultmaparecvatead udes datideaste one of a
conponent (A) or a conponent (B); a conponent (C); and a 20 conponent (D),
wher ei nfurther tphefoemeanentheAlrysng. P% by sWakght ht0p20%i by Wakght of
hydr ogen fl uori de, the conmponent (B) is 0.1% by weight to 20% by

wei ght efucat ol east sonE ek ammidimdd werdde e Sat eydafaemmmni um 25
fluoride, F-P11319SF(SQ \

capacitor lower electrodes, a "leaning" phenomenon, in

§
s

10  which the lower electrodes lean and come into contact with
each other, frequently occurs to induce 2-bit failure.
Thus, Patent Document 2 listed below discloses a technique
for forming a silicon nitride support film between
capacitor lower electrodes. Patent Document 3 listed below

15 also discloses a technique for forming a silicon nitride
film as an insulating film for improving insulating
properties from bit lines, and Patent Document 4 listed
below also discloses a technique for forming a silicon
nitride film as an etching stopper film for the subsequent

20 process of etching a silicon oxide f£ilm.

[0009]

In these semiconductor device manufacturing processes,
the use of a conventional etchant has The problem that the
silicon nitride support film disclosed in Patent Document 2,

25 the =ilicon nitride film disclosed in Patent Dccument 3, or



t he conponent (C) is 1% by weight to 80% by weight of at |east one acid
sel ected fromthe group consisting of hydrochloric acid, nitric acid,

sul furic acid, and phosphoric acid, 5the conponent (D) f-spwedgssy &g

the total content of at |east one of the conponent (A) or the conponent
(B) and the conponent (C) is 90% by wei ght or |ess, based on the total
anount of the m croprocessing treatnent agent. 10[ 0014] Accor di ng
to the feature, the conposition containing a conbination of at |east one
of the cofpenentliCAn ortiriidecdipanerits(IBseand s he: carmangnts ddppLan have
hi gh etching selectivity of a silicon oxide filmto a silicon nitride 15
fil'm(silitédm axi detbhkmbsichinear ni tii d8 sbi kcheFherRfaner Whem the

m croprocessing treatnment agent of the invention is used in fine

processi ngtohian ebjpeet.including a silicon oxide filmand a silicon
nitride filmstacked sequentially, selective fine processing of the
silicon oxide filmto the 20 silicon nitride filmcan be achieved. This
can inprove the yield ratio in a sem conductor device manufacturing
process. PRAOIR] arT pocumepkfst he conposition, the content of the acid as

t he component (C) is in the range of 1 to 80% by wei ght. Wen 25 the | ower
limt is sgbzat Adebyewesght, the addition of the F-P11319SF(SG acid is
effective in making possible selective etching of a silicon oxide film On
the other pgng; when the upper limt is set at 80% by weight, the reaction
product produced by fine processing of a silicon oxide filmcan be

snoot hly di ssol I m croprocessing treatnent agent, so that fine
processing of t%%ggéfiégﬁu%§?ée£fi ﬁ?%ﬁﬁg%eﬁ?ﬁﬁpFi%HPgﬂ?aﬁﬁOPhpéléase, t he

‘i ncrease éé%%??%%LgﬁgﬁéiK%gég?$?§§%groprocessing treatment agent can al so

be suppre f a rinse agent such as 10 ul trapure
vat e st o renove the mcro rocessing treat nent agent can be kept high. As
used Herein, the t¥HmPIFHEERE otessPmy " Nes 2A08ndBd968 i ncl ude et ching of
a processing target filmand cl eaning of the surface of a processing
target film lgﬁ%%ﬁﬁﬁ Documentrhg: sfPreofc oxl@ed815mis preferably any one
of a native oxide film a thermal silicon oxide film a non-doped silicate
glass film a pitfsHorRrCdeped 41 | Rak Nyl a3@00+22712 bor on- doped silicate
glass film a boron-and- 20 phosphorus-doped silicate glass film a TECS
film or a fluorine-containing silicon oxide film [0017] To sol ve
t he above problens, the invention is also directed to a m croprocessing
t r eat mentP M IHOT REMP R IS IMEHNILESN per f or mi ng sel ective fine processing
of a silicon

15 PROBLEMS TO BE SOLVED BY THE INVENTION

[CO011]
The invention has been made in view of the above
problems, and an object of the invention is to provide a
microprocessing treatment agent that allows selective fine
20 processing of a silicon oxide film when a laminated film
composed of at least a silicon oxide film and a silicon
nitride film is subjected to fine processing, and to

provide a microprocessing treatment method using such an
agent.

25



F- P113195F(SG oxide filmusing the m croprocessing treatnent agent

descri bed above. EFFECTS OF THE | NVENTI ON 5[ 0018] The invention
produces t he advant ageous effects as described bel ow by the nea
descri bed above. Specifically, when a Ian1nate%‘?11%4%%ﬁb%%bd of at

| east a silicon oxide filmand a silicon nitride filmis 10 subjected to
fine processing, the invention nmakes possible selective fine processing of
only the silicon oxide film so that successful fine processing can be

achievecﬂqﬁ in _the manufacture of sem conductor devices, liquid
crystal Aﬁ% Qﬁ%yGrﬁ%ﬁcﬁ%Q@ﬁ$%§deV|ces etc. 15 EMBODI MENTS OF THE
| NVENTI ON 0019] An enbodi nent of the invention is described below A

m cropr Ing treatment agent according to an 20 embodi ment of the

invention contains at | east one of the conponent (A) or (B) bel ow and
contai ns the &onmFenent SheC)can(iD)orel awoblems, Wompomesnit{y: 0. 01% by
wei ght to 20% by wei ght of hydrogen fluoride 25Conponent (B): 0.1% by
wei ght thavEA%age weiughite oforatmi d=dASIOSHBO) t 4 esmste on e @fn tagmami um
fluoride or quaternary amoni um fluoride Component (C): 1% by
wei ght ol B%rncamsight tofe atndreasie tonedacidirsel dodned fvsom trleesugrqup
consisting of 5 hydrochloric acid, nitric acid, sulfuric acid, and
phosphortite aciver@arpona Hddn omieleted based on the finding that
a microprocessing treatment agent prepared by adding a
certain concentration of an acid to an aqueous soluticn
containing hydrogen fluoride or at least one of ammonium
10 fluoride or quaternary ammonium fluoride makes it possible
to perform selective fine processing of a silicon oxide
film in the processing of a laminated film composed of the
silicon oxide film and a silicon nitride film.
[0013]
15 Thus, to solve the above problems, the invention is
directed to a microprocessing treatment agent for use in
fine processing of an object having a silicon nitride film
and a silicon oxide film, which includes: at least one of a
component (A) or a component (B); a component (C); and a
20 cemponent (D), wherein
the component (A) is 0.01% by weight to 20% by weight
of hydrogen flucride,
the component (B) is 0.1% by weight to 20% by weight

of at least one of ammonium fluoride or quaternary ammonium

25 fluoride,



[ 0020] The content of hydrogen fluoride as the conponent (A) 10 is in the
range of 0.01 to 20% by weight, preferably in the range of 0.1 to 10% by
wei ght, based on the total anmount of the m croprocessi ng-itrestImEnts@gent .
I f the hydrogen fluoride content is | ess than 0.01% by wei ght, the
hydrogen fluoride concentration wll be difficult to control so that 15
there may be significant variations in the etch rate for a silicon oxide
film If the hydrogen fluoride content is nore than 20% by wei ght, the
etch rate for atsel comppooxnde (£0)l mswilkl bye wedghhi gl S0 3t hat widierat 3H ng
controllability may be low In addition, hydrogen fluoride gas may 20
vapori ze sktgnekistapnkyasddt batl etche drifeaprocesgion® deeatin@ithagant my be
difficult to handle. [0021] The conponent (B) only has to include
at | east bpeérothamminri umiti, ueri-ge corcquat @unahy iameRiumsfiuori de. 25
Exanpl es of the quaternary amoni um fluoride include, but F-P11319SF(SG
are not | pnbkpdot-ac tetnanmet hyl anmoni um fl uori de, tetraethyl anmoni um
fluoride, triethylmethylamoni um fluoride, and choline fluoride. [0022]
SThe content of thhec6ppPABRBL (OB) jLSwhRcthe nange of 0.1 to 20% by

wei ght, preferably in the range of 0.5 to 10% by wei ght, based on the

total amount of +;Be+BALSE0RLR i e t ent.. . Lf nt of the
conmponent (B) ig Iegs t han Ogﬁéfbsgm%?g%%ggghgﬁ%o%%eﬁ ?a%?%ﬁggggghe 10

component (4B) olnchBechhAENBRECERS! DHA0RAL WL ABR I(ERT QUi b gho contr ol so

that there may be signiticant variations in e h ‘rat & or ‘a

woi gnt 1 TePT BE EPBSE ba%eRe o8 FlPREPER SSOIUB T £ 6ot he 15 component

B) sot | s_ma recipitate out of the mcroprocessing treatnent
agent degﬁ%%?%é§é§@§ﬁé“¥i26?8£$8 efdtlre. [0023] The component (C) is at

Ieasﬁoone @Gig]selected from20 the group consisting of hydrochloric acid,
nitric ac¥d,

According to the feature, the composition containing
a combination of at least one of the compeonent (A) or the
component (B) and the component (C) can have high etching
selectivity of a silicon oxide film to a silicon nitride
15 film (silicon oxide film/silicon nitride film). Therefore,
when the microprocessing treatment agent of the invention
is used in fine processing of an object including a silicon
oxide film and a silicon nitride film stacked sequentially,
selective fine processing of the silicon oxide film to the
20 silicon nitride film can be achieved. This can improve the
yield ratio in a semiconductor device manufacturing process.
[C015]
In the composition, the content of the acid as the
component (C) is in the range of 1 to 80% by weight. When

25 the lower limit is set at 1% by weight, the addition of the



sul furic acid, and phosphoric acid. Among these acids, sulfuric acid is
preferred fromthe viewpoint of the selectivity of a silicon oxide filmto
a silicon nitride film 25[0024] F-911319SF(SQ TE%H%? }f t of the
conponent (C) is in the range of 1 to 80% by wei ght, Eﬁ £ t he
range of 40 to 70% by wei ght, based on the total anmount of the

m croprocessing treatnent agent. If the content of the conponent (C is 5
| ess than 1% by weight, the addition of the acid may fail to be effective,
so that selective etching .of a silicon oxide filmor the like may be

di f fi cuPF e idFET1H® tie ontBhtP TS Sittiente (I %te & han 80%
“by weight, the reaction product produced by the etching of a silicon 10
oxi de fiSilrmiPey B&idthifbiled PRof 8 856 Agnidn WhEMNLECOPPEEESSI ng
treatment agent, so that the etching of the silicon oxide filmnmay be

i nhi bi t édmitn izddiatti ovf, &0%e bwl seogittty, ofha heearitcraprocelsitng treat nent
agent may increase, which may reduce the ability of a rinse agent 15 such
as ul tr apwdeocsat &y tlons pee s imenmie & hel Ini arro przoicks Sfiinlgn taagatirent

agent. [0025] The total content of at |east one of the conponent (A)
or the compahéyt diB)scdnetd he adrpanemo(rQcd s G0t athamed ghjerar, | ess,
preferably 70% by wei ght or |ess, based on the total anmount of the

m cr opr @eesdiang fimeatdrenic agent .o \Waerne tdid iedralo:ciold efitlrofcat Heeast one of
t he conponent (A) or the conmponent (B) and the conmponent (C) is 90% by

wei ght gadiessatlhre reacthen predyctnpr edusedsby ihhenet ¢hkngsekya 25
silicon oxide filmcan be snoothly dissolved in the F-P11319SF(SG

i C_rOpr@@%%ienﬁyitdr%r%@ssﬁgm?ﬂbre%&rﬂehﬁf MAfHatdane1dy the etch rate for a
silicon oxide filmcan be reduced. In addition, the increase in the {

Vi s00Si tinpl iRl GPRIRACSSINGHNSALTRI AGRsLAdR SURRY eRsed,  whi ch

5 can increase the ability of a rinse agent such as ultrapure water to

rempye Eﬁ%r%b%&%pQﬂﬁ§§$EQ9x%%ﬁﬁ&ﬁ%%% %ﬂ%ﬂ&m&ocessing treatment

agent can be kept high. As used herein, the term "fine
processing™ 1is intended to include etching of a processing
target film and cleaning of the surface of a processing
target f£ilm.

15 [GO16]

The silicon oxide film is preferably any cne of a
native oxide film, a thermal silicon oxide film, a non-
doped silicate glass film, a phosphorus-doped silicate
glass film, a boron-doped silicate glass film, a boron-and-

20 phosphorus-doped silicate glass film, a TEOS film, or a
fluorine-centaining silicon oxide film.
[0017]

To solve the above problems, the invention is also

directed to a microprocessing treatment method, which

25 includes performing selective fine processing of a silicon



[ 0026] The m croprocessing treatnment agent according to an

enbodi nent of the invention nmay also contain a third 10 conponent. For
exanple, the third conponent nmay be a surfactant. For éx&iphl3e,95whés)t he

m croprocessing treatnment agent has a pH of |ess than 2, the surfactant is
preferably, but not limted to, a nonionic surfactant such as pol yethyl ene
gl ycol al kyl ether, polyethylene glycol 15 al kyl phenyl ether, or

pol yet hyl ene glycol fatty acid ester. Wien the m croprocessing treatmnment
agent hasCaulp®l bilm wpinorehet hecsaptactantings tpeeteralyl poantl east one
selected fromthe group consisting of an aliphatic al cohol, an aliphatic
car boxyl i deacidped aydvefl uoroal kyl al cohol, a 20

hydr of | uor oal kyl carboxylic acid, a hydrofl uoroal kyl carboxylic acid salt,
an aliphatic amne salt, and an aliphatic sulfonic acid. Wen the

m croprocessing treatnment agent has a pH of 2 or nore, the m croprocessing
treat nentEBPROTS NBY beEsokvVENDIONI qui d. 25[0027] F-P113193F(SG

The content of the surfactant is preferably in the range of 0.001 to 0.1%
by weisght jcoroge preferably in the range of 0.003 to 0.05% by wei ght. The
added surfactant can inhibit roughening of the surface of a silicon

nitride 5 fil mrwe SEiNEONAYEt 9FoSUBSLT 8LE, aQTaARYOLNST cFREEELALsdUring an
etching process. In ultra large scale integration, conventional

Tl CT 0PI 0CESSERDodd 3L IRt L AULAL SnBLAsMBECCLLEELY bgykemain | ocally on &
finely patterned surface of a sem conductor substrate, so that uniform 10

et ohi ng becoresespter {1 oul Luuhen Ll LesLal <PACLAOLL S ReL oL cabout 0.5

pmor less. In contrast, en t sur nt - contai Arng m Cr opr 0Cessi ng
‘tr eat nent agent g he. i nvention_is.used _as_an et.chant, the
etchant has |np$g§£§{§%$t%%??%t§l%% the %u?%gégogfné%fégge%%@gn&ﬁctor
substrate, so that the.in-plane uniformty of etching across the substrate
o v T R L ot P OSe B hartY SOToh by hargkes PRES<hFace
t ensi on of #hetnicrfﬁéocessing treat nent _agent may. be reduced .
i nsuf ficiBMTYIE0 THAE RHeCefFEiy of PHpYobiRgShet£aBi PrRE§e261ARy be
insufficient. If the content {s nore than 0.1% by weight, not only the
resul ting®f Rt FRECTEFHUL of HRe pPBPEeEF bRAI C2b %ﬁeaé REBRE; BAr al so
defoam ng ability nmay be degraded so that foam may adhere to the etched
surface tOFHUSE uheViehe diehifRcorre haf sembraBguehosr devheespaces 25 to
cause etching failure. F-P11319SF(SG

liquid crystal display devices, micromachine devices, etc.

15
EMBODIMENTS OF THE INVENTION
[CC19)
An embodiment of the invention is described below.
A microprocessing treatment agent according to an

20 embodiment of the invention contains at least one of the

component (A) or (B) below and contains the components (C)

and (D) below.
Component (&): 0.01% by weight to 20% by weight of
hydrogen fluoride

25 Component (B): 0.1% by weight to 20% by weight of at



[0028] In an enbodi nent of the invention, the m croprocessing treatnent
agent may further contain a non-surfactant additive as long as the effects

are not 5 inhibited. Exanples of such an additive in y,
peroxi de and a chel ating agent. [0029] The ni%?%%ﬁégégﬁfﬁgﬂ
treatment agent according to an enbodi nent of the invention may be

produced by m xing the 10 conponents (A), (B), (C, and (D) in any order.
When a hydroxide is used as a raw nmaterial for the conponent (B), the

conponent ) can he obtai,ned hy properly adding hydrofluaoric acid to the
yar o Q6258 LR OF FRAGHIAE: oo T oy ARl TS G
Alternatively, a hydroxide as 15 a raw material may be added to a sol ution
cont ai nitdyC4t-deast hydrogen fluori de as the conmponent (A) wit hout
neutralization with hydrofluoric acid, so that a solution containing the
conponent (B) Ceapobentorifed a$ &w esdlantoftop®lti &lv medtahdl icZatéiton of the
hydrogen fluoride. In such a 20 process, for exanple, the hydroxide as a
raw nmat écigglt fore tled dcorperndsd ([Bomehebe ramypo marnimdmexicde,

t et ramet hyl ammoni um hydr oxi de, tetraethyl amoni um hydr oxi de,

t ri et hy hyeltrlyrhdomori amiklydmndxirde, aoridg hydriondide aefidgn aarhoni um such as
choline. 25[0030] F-P11319SF(SG Next, a description is given of a
m cr opr phesphog itcr eaticent net hod usi ng the m croprocessi ng treat nent agent
according to an enbodi nent of the invention, in which wet etching is used
as an exanpl ecobp@@3ht (D): waker exanple, the microprocessing treatnent
agent according to an enbodi nent of the invention is used to process an
obj ect ifngkadi ng a substrate and a silicon nitride filmand a silicon .
oxide film which are forned on 10 the substrate. Mre specifically, such
an object inc trﬁée%oaté%sbﬁ:ahgd%%e% HihisGQReNEL ke HdmpodRdta @il icon
oxide film which are provided on'the sane surface of the substrate, a

subsdrate andepe aahBal et ollom why ohhd ) Udas: A SiIGan U LS 1ide did mand a

silicon oxide filmstacked in 15 this o substra or

Substrate,aad o3 Lam pat ed! Lmlicel | el udes,f 3l el 0 1B and a

silicon nitri ifmstacked”in thi s order on the substrate. e Silicon
oxide fi.lm my be_a nati.ve oxide film_  a thermal iljcaogn oxide film a
non- dopé& esﬁﬁ%gg 5O§F§§§nﬁi%%Faanfﬁtpﬁﬁgfﬁbrug?d5§8dh¥$F988Fe glass film

Gl ass 11 ROGTECE TR 16 14 °F1 GBATnO-Com AP g BT E3F SRS T m
[0032] %?Lgr%geeg%%%ggﬁggtggntQ%l&n%%pgf%%iégy% to control so that
15 there may be significant wvariations in the etch rate for a
silicon oxide film. If thé hydrogen fluoride content is

more than 20% by weight, the etch rate for a silicon oxide
film will be too high so that the etching contrecllability
may be low. In addition, hydrogen fluoride gas may
20 wvaporize significantly so that the microprocessing
treatment agent may be difficult to handle.
[0021]
The component (B) only has to include at least one of

ammonium fluoride or gquaternary ammonium fluoride.

25  Examples of the quaternary ammonium fluoride include, but

10



F- P11319SF(SG) m croprocessing treatnment agent may be used in various wet
et chi ng net hods. Etching nethods include i mrersion nethods, spraying

met hods, etc., and the m croprocessing treatnent agent ofptimE 9awEw) on
may be used in any of these methods. 5 Inmmrersion nethods are preferred,
because vapori zati on-i nduced changes in the conposition of the

m croprocessing treatnent agent are small in the etching process. [0033]
When the m croprocessing treatnent agent is used as 10 an etchant, the

et chi ng tempenatudemithd teppératrame tofy lsemonicmopracesisiag treat ment
agent) is preferably in the range of 5 to 50C, nore preferably in the
range of tBtteeBhglammen:iomr &lppefieieably iiehnihactaRgen®fond@n 0 30C. Wthin
t he above range, vaporization of the m croprocessing 15 treatnent agent
can be suppuessed,sentihahochanges uokigenpositi on can be prevented. At high
tenperature, the etch rate becones difficult to control due to the
evapor ati eooepjthe m croprocessing treatnent agent, and at | ow
tenperature, sone conponents of the nicroprocessing 20 treatnment agent are

more |5 kely to epystahtbie se that cbhgogkbeh Qselga@ndt advantagegus! y
decrease or particles in the liquid can dlsa vantageous y i ncrease. \Wen

the etchipg;teapenat vy eybsqh, tE%e%%?%%l Qgeth%h§§% di sgdyant ages (gan

al so be avoi ded. Depending on't tenperature, the etchrate

varies fr891QQ Btl SQedF El%ﬁ%9?F@§§)a%n E ere and %H%&%foreeﬁglg@bh

di fference bet e et ch or a silicon oxi
rate for tﬁg @ de | n ey be 1 nfl ced in sone, c . [ 0034]
5ln an e o %nenﬁ ?b%ﬁg iﬁ%%n |%ngO?E%n51%$o %c%%%?ﬂﬁe?Fezgﬁeﬁ? agent
'\preferablye ﬁn e c te in e rgnge of 1 to 10,000 nm m nute, nore
pref er abl YT R F Y Y8198 3, 566 ﬁﬁPﬁ?HEF@t1P8ro§ &P€i con oxide film
at 23@ If the etch r is |less than 1 nmimnute, 10 fine processing such
as e hlnﬁoﬂgﬁn?ﬁﬁe Ibﬂgt??nélgﬁ PRaFeSFoaacRIBR el ldi Sfcy may be
deteriora éeg it is nore than 10,000 nm mnute, a reduction in film
t hi ckness®t ﬁt?BtFaE?l??Qté?teﬁotﬁéa§téhﬁﬁg BAYr Baghéanigietnthe substrate
surface (the, OE posite surface fromthe surface on 15 which a silicon oxide
filmor theTi#keons $briRd)ehel) batsi arfpcaniicso phadet Hélyi.el 8fmay be
| ower ed. EXAMPLES

the content of the component (B) is more than 20% by weight,

it will be close to the saturation solubility of the

15 component (B) so that crystals may precipitate out of the

microprocessing treatment agent depending on the liquid

temperature.

[0023]

The component (C) is at least one acid selected from
20 the group consisting of hydrochloric acid, nitric acid,

sulfuric acid, and phosphoric acid. Among these acids,

sulfuric acid is preferred from the viewpoint of the

selectivity of a silicon oxide film to a silicon nitride

f£ilm.

25  10024]
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[ 0035] 20Hereinafter, preferred exanples of the invention are

illustratively described in detail. It wll be understood that the
materials, the amounts, and so on described in the exanpl Sﬁhﬁ G
illustrative only and are not intended to limt the st &

i nvention, unless otherwi se 25 specified. F-P11319SF(SG [0036]
(Etch Rates for Silicon Oxide Filmand Silicon Nitride Filn) An opti cal
filmthi ckness neter (Nanospec 6100 5 manufactured by Nanonetrics Japan

LTD) was used,to neasure the thicknesses of sili.con oxide fil nd a
51} con N cri 354 FORUBSRoRE. Tt SETEETEIEN (6], Tand 1 Qo r e Ehanges i n
filmthickness caused by the etching. The neasurenent was repeatedly

perfor né@ BEF it e i@ e FeRtt PR Hithd e e dpherf t4fe & ¥ Res were
cal cul ated. Substrates on which a silicon nitride filmand a silicon oxide
film weieifodinmedasegs pecttihfeIbpt aderamaiged o it il atass ParPr ocessed.

[ 0037] 15(Exanple 1) Ei ghty-three parts by weight of sulfuric acid
(96% by tweiadimenitn agemdeent L&t Ebr, comnehactur etiebyoMebsebicsHiC) Chem cal

Cor poration) was added to a solution of a m xture of 10 parts by wei ght of
hydr®gen efslsudihiaghe 1Ghibgh-wetirghtty, 2hegraatiel figm sefimadenducitdmeaappidicat i ons,
50% by wei ght in concentration, manufactured by Stella Chemfa

Cor por aticoe @fdeftpard,s sy tweitghie 1ddtriapurer aaitrey ,ofand i xietbrby stirring.
Subsequently, the m xture solution was controlled to a tenperature of 25C
and al | owadect dishand 2he arikd Ry e HIEE i Al ettehaidh i(dtecr oproeassi ng

treatnent F-P11319SF(SG

content of the component (C) is more than 80% by weight,
the reaction product produced by the etching of a silicen

10 oxide film may be inhibited from dissolving in the
microprocessing treatment agent, so that the etching of the
silicon oxide film may be inhibited. In addition, the
viscosity of the microprocessing treatment agent may
increase, which may reduce the ability of a rinse agent

15 such as ultrapure water to rinse and remove the
microprocessing treatment agent.
[0025]

The total content of at least one of the component

{A) or the component (B) and the component (C) is 90% by

20 weilght or less, preferably 70% by weight or less, based on
the total amount of the microprocessing treatment agent.
When the total content of at least one of the component (A)
or the component (B) and the component (C) is 90% by weight
or less, the reaction product produced by the etching of a

25 silicon oxide film can be smoothly dissolved in the

12



agent) was prepared which contai ned 5% by wei ght of hydrogen fluoride and
80% by wei ght of sulfuric acid. [0038] Subsequently, the substrates on
which the silicon 5 nitride filmand the silicon oxi de HFHHIm3wrsr fsg)ned,
respectively, were inmmersed in the etchant, and etch rates were neasured
for a BPSGfilmas the silicon oxide filmand for the silicon nitride
film In addition, etch rate selectivity (silicon oxide filnfsilicon
nitride film was 10 also evaluated. In the neasurenment, the tenperature
of the et®BhahtpPwasesstingt t26ELmthe resultt,s sar ehshowa rimtiablse ih heloow.
[0039] (Exanples 2 to 9) 15The etchants of Exanples 2 to 9 were prepared
as in Exasptk tatexcept at baflithe eententriof he cenpereri=d.A) rfhydrogen
fluoride), the content and type of the conponent (B), and the content and

type of thedtompopenhe(Chcwereechangee assshewryi brlablee 1. Using the
etchant obtained in 20 each exanple, etch rates for the BPSG fil mand the

silicon niiciderbckssiagdrebebmeateageheCliai b GHpreReeXi 48 ch ,
filmsilicon nitride film were also evaluated. The results are shown in

Tabl e 51 bekawin[0040k 266Cappaiali ve Exanples sleand s2)kn %s%%%%%?%(r%G)
The etchant of Conparative Exanple 1 was prepared as in Exanple 1, except

that an aghdeas:bheccOHRORRAL M CLoWas 1add incTable 1. The
et chant of Cbnparat?ve Exanplg 2 8%% S%g%éggd%ggg?ﬁggggg F§t7, except that

an acid 5;ggothe component (C) was not added as shown in Table 1. Using
the etchant obtained in each conparative exanple, etch rates for the BPSG

ot e TSR R LT PO0SEL T BB RO BRI (RS
PO oresu e ROONok N Ta0! v dnPELR%al 092LL CERRULES) 291 @l so evident
10 component. For example, the third component may be a
surfactant. For example, when the microprocessing
treatment agent has a pH of less than 2, the surfactant is
preferably, but not limited to, a nonionic surfactant such
as polyethylene glycol alkyl ethef, polyethyliene glycol
15 alkyl phenyl ether, or polyethylene glycol fatty acid ester.
When the microprocessing treatment agent has a pH of 2 or
more, the surfactant is preferably at least one selected
from the group consisting of an aliphatic alcohol, an
aliphatic carboxylic acid, a hydrofluoroalkyl alcochol, a
20 hydrofluoroalkylcarboxylic acid, a
hydrofluoroalkylcarboxylic acid salt, an aliphatic amine
salt, and an aliphatic suifonic acid. When the
microprocessing treatment agent has a pH of 2 or more, the
microprocessing treatment agent may be solid or liquid.

25  [0027]
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et chant accordi
an acid as the
was suppressed
selectivity of
oxide filmsil

ng each of Conparative Exanples 1 and 2 not 15 contai ning
conponent (C) was used, selective etching of the BPSG film
so that it was not possible to increase the etch rate

the silicon oxide filmto the siliconFiBridEFE (SR )(silicon
con nitride film. 20[0042] In contrast, it was

denonstrated that when the etchant used contained at | east one of the
conponent (A) or the conponent (B) and the conponent (C) according to each
of Exanples 1 to 9, the etch rate for the silicon oxide 25 fil mwas able
to be sel ecti VePy crRcEBased, t6¢ chal adtand: dif oredprabdSFAoetivat e
selectivity of the silicon oxide filmto the silicon nitride film((silicon
oxi de firkmIsi Pifc&n ORIt ticdd -fLi¥ Ay wes. aduicc essfeuldne farsidas edy G043 Et ch
rate selectivity (silicon oxide filmsilicon nitride film 6ELT 049 634
606 range of 0.003 to 0.05% by weight. The added surfactant

can inhibit roughening cof the surface of a silicon nitride

5 film, a

semiconductor substrate, or any other material

during an etching process. In ultra large scale

integration, conventional microprocessing treatment agents

are more likely to remain locally on a finely patterned

surface

10 etching

of a semiconductor substrate, so that uniform

becomes more difficult when the resist spacing is

set at about 0.5 um cor less. In contrast, when the

surfactant-containing microprocessing treatment agent

according to the inventicn is used as an etchant, the

etchant

has improved wettability to the surface of a

15 semiconductor substrate, so that the in-plane uniformity of

etching

is less

across the substrate is improved. TIf the content

than 0.001% by weight, the surface tension of the

microprocessing treatment agent may be reduced

insufficiently, so that the effect of improving wettability

20 may be insufficient. If the content is more than 0.1% by

weilght,

not only the resulting effect may fail to be

proportional to the content, but also defoaming ability may

be degraded so that foam may adhere to the etched surface

to cause uneven etching or that foam may enter fine spaces

25 to cause etching failure.
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OLE 88 649 614 SOL 991 6LT Etch rate (at 25C) BPSG film (silicon oxide
film [agnutmy] 88093 13357 20544 29090 34 22080 13859 91E6 61991

190

15

20

25

F-P11319SF(SG)

[0028]

In an embodiment of the invention, the
microprocessing treatment agent may further contain a non-
surfactant additive as long as the effects are not
inhibited. Examples of such an additive include hydrogen
peroxide and a chelating agent.

[0029]

The microprocessing treatment agent according to an
embodiment of the invention may be produced by mixing the
components (A), (B}, (C), and (D) in any order. When a
hydroxide is used as a raw material for the component (B},
the component (B) can be obtained by prqperly adding
hydroflucric acid to the hydroxide so that a fluoride can
be formed by neutralization. Alternatively, a hydroxide as
a raw material may be added to a solution containing at
least hydrogen fluoride as the component (A) without
neutralization with hydroflucric acid, so that a solution
containing the component (B) can be formed as a result of
partial neutralization of the hydrogen fluoride. In such a
process, for example, the hydroxide as a raw material for
the component (B) may be ammonium hydroxide,
tetramethylammonium hydroxide, tetraethylammonium hydroxide,
triethylmethylammonium hydroxide, or a hydroxide of an
ammonium such as choline.

[0030]

15
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F-P11319SF (3G)

Next, a description is given of a microprocessing
treatment method using the microprocessing treatment agent
according to an embodiment of the invention, in which wet
etching is used as an example.

[0031]

For example, the microprocessing treatment agent
according to an embodiment of the invention is used to
process an object including a substrate and a silicon
nitride film and a silicon oxide film, which are formed on
the substrate. More specifically, such an object includes
a substrate and a silicon nitride film and a silicon oxide
film, which are provided on the same surface of the
substrate, a substrate and a laminated film which includes
a silicon nitride film and a silicen Qxide film stacked in
this order on the substrate, cor a substrate and a laminated
film which includes a silicon oxide film and a silicon
nitride film stacked in this order on the substrate. The
silicon oxide film may be a native oxide film, a thermal
silicon oxide film, a non-doped silicate glass film, a
phosphorus-doped silicate glass film, a boron-dopsd
silicate glass film, a boron-and-phosphorus-doped silicate
glass film, a TEOS film, or a flucrine-containing silicon
oxide film.

[0032]

In an embodiment of the invention, the

16
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F-P11319SF(SG)

microprocessing treatment agent may be used in various wet
etching methods. Etching methods include immersion methods,
spraying methods, etc., and the microprocessing treatment
agent of the invention may be used in any of these methods.
Immersion methods are preferred, because vaporization-
induced changes in the composition of the microprocessing
treatment agent are small in the etching process.

[0033]

When the microprocessing treatment agent is used as
an etchant, the etching temperature (the temperature of the
microprocessing treatment agent) is preferably in the range
of 5 to 50°C, more preferably in the range of 15 to 35°C,
even more preferably in the range of 20 to 30°C. Within
the above range, vaporization of the microprocessing
treatment agent can be suppressed so that changes in
composition can be prevented. At high temperature, the
etch rate becomes difficult to control due to the
evaporation of the microprocessing treatment agent, and at
low temperature, some components of the microprocessing
treatment agent are more likely to crystaliize so that the
etch rate can disadvantageously decrease or particles in
the ligquid can disadvantagecusly increase. When the
etching temperature is in the above range, these
disadvantages can also be avoided. Depending on the

etching temperature, the etch rate varies from one film to

17
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F-P11319SF(SG)

another, and therefore, the difference between the etch
rate for a silicon oxide film and the etch rate for a
silicon nitride film may be influenced in some cases.
[0034]

In an embodiment of the invention, the
microprocessing treatment agent preferably has an etch rate
in the range of 1 to 10,000 nm/minute, more preferably in
the range of 15 tco 3,000 nm/minute, for a silicon oxide
film at 25°C. If the etch rate is less than 1 nm/minute,
fine processing such as etching may take a long time so
that production efficiency may be deteriorated. If it is
more than 10,000 nm/minute, a reduction in film thickness
controllability after the etching or roughening of the
substrate surface (the opposite surface from the surface on
which a silicon oxide film or the like is formed) may be

significant, so¢ that the yield may be lowered.

EXAMPLES
[0035]

Hereinafter, preferred examples of the invention are
illustratively described in detail. It will be understoocd
that the materials, the amounts, and so on described in the
examples are illustrative only and are not intended to
limit the scope of the invention, unless otherwise

specified.

18



951/4,L Ammoni um fl uoride Ammoni um fl uori de Tetraethyl anmo ni um
fluoride Tetraethylammo niumfluoride Ammoni um fl uori de Conponent (a)
Hydr ogen F-P11319SF (SG)

[0036]

{(Etch Rates for Silicon Oxide Film and Silicon
Nitride Film)

An optical film thickness meter (Nanospec 6100

5 manufactured by Nanometrics Japan LTD) was used to measure
the thicknesses of a silicon oxide film and a silicon
nitride film before and after etching, and to determine
changes in film thickness caused by the etching. The
measurement was repeatedly performed for three different

10 etching times when the etch rates were calculated.
Substrates on which a silicon nitride film and a silicon
oxide film were formed, respectively, were used as the
objects to be processed.
[0037}

15 (Example 1)

Eighty-three parts by weight of sulfuric acid (96% by
welght in cohcentration, manufactured by Mitsubishi
Chemical Corporation) was added to a solution of a mixture
of 10 parts by weight of hydrogen fluoride (high-purity

20 grade for semiconductor applications, 50% by weight in
concentration, manufactured by Stella Chemifa Corporation)
and 7 parts by weight ultrapure water, and mixed by
stirring. Subsequently, the mixture soluticn was
controlied tc a temperature of 25°C and allowed to stand

25 for 3 hours. Thus, an etchant {microprocessing treatment

19



fluoride [%1(9] Qz T0 | Exanple 1 Exanple 2 Exanple 3 Exanple 4
Exanple 5 Exanple 6 Exanple 7 18 eidnpxg

F-P113195F (SG)

agent) was prepared which contained 5% by weight of
hydrogen flﬁoride and 80% by weight of sulfuric acid.
[0038]
Subseqguently, the substrates on which the silicon

5 nitride film and the silicon oxide film were formed,
respectively, were immersed in the etchant, and etch rates
were measured for a BPSG film as the silicon oxide film and
for the silicon nitride film. In addition, etch rate
selectivity (silicon oxide film/silicon nitride film) was

10 also evaluated. In the measurement, the temperature of the
etchant was set at 25°C. The results are shown in Table 1
below.

[0039]
{Examples 2 to 9)

15 The etchants of Examples 2 to 9 were prepared as in
Example 1, except that the content of the component (A)
(hydrogen fluoride), the content and type of the component
(B), and the content and type of fhe compecnent (C) were
changed as shown in Table 1. Using the etchant obtained in

20 each example, etch rates for the BPSG film and the silicon
nitride film, and etch rate selectivity {(silicon oxide
film/silicon nitride film) were also evaluated. The
results are shown in Table 1 below.

[G04C]

25 (Comparative Examples 1 and 2)

20



Exanpl e 9 Conparative Exanple 1 | Conparative Exanple 2 F-P11319SF(SQ
[ 0044] (Exanples 10 to 14) The etchants of Exanples 10 to 14 were prepared
as in Exanple 1, except that the content of the conponEnPliA}IBF(HBGdr ogen
fluoride), the content and type of the conponent (B), and the content and
type of the conmponent (C) were changed as shown in Table 2. Using the
et chant obtained in each exanple, etch rates for a non-doped silicate
glass filmas the silicon oxide filmand for the silicon nitride 10 film
and etch rate sélfe@bichant (&f IGEerRoxG e fExamele i bomani PFeERTEI 2§ were
al so evaluated as in Exanple 1. The results are shown in Table 2 bel ow
[ 0045] ( Gonpaiaatd e Iexarplest thand @) asiheaet thantocnpotenpar @t i ves Exanpl e
3 was prepared as in Exanple 10, except that the conponent (C) was nhot
added as rsHowrdad FeblE1@vn Tie Blghant . of Theo miari s tv e TEXampd & 2 e
prepared as in Exanple 11, except that the conponent (B) was not added as
shown i n Ekalvipel 2.2 Usisngptdienetd hanti20Eobt@l emed, | axeaeh tbapasat awid
exanpl e, etch rates for the non-doped silicate glass filmand the silicon
nitri e fdd mheantbmetaterntat eCsebectnyt tyddsd | AsophoxndenfTapisi i con
nitride film were also evaluated as in Exanple 1. The results are shown
in Tabl e e} ae 25O obtained in each comparative example,
etch rates for the BP3G film and the silicon nitride film,
and etch rate selectivity (silicon oxide film/silicon
nitride film) were also evaluated as in Example 1. The
10 results are shown in Table 1 below.
[0041]
{Results)
As is also evident from Table 1 below, when the
etchant according each of Comparative Examples 1 and 2 not
15 containing an acid as the component (C) was used, selective
etching of the BPSG film was suppressed so that it was not
possible to increase the etch rate selectivity of the
siligon oxide film to the silicon nitride film {(silicon
oxide film/silicon nitride film).
20 [0042]
In contrast, it was demonstrated that when the
etchant used contained at least one of the component (A) or
the component (B) and the component (C) according to each

of Examples 1 to 9, the etch rate for the silicon oxide

25 film was able to be selectively increased, so that the etch

21



F- P11319SF(SG (Results) As is also evident from Tabl e 2 bel ow, when
the etchant according each of Conparative Exanples 3 and 4 not contai ning
an acid as the conponent (C) was used, selective 5 etghi

non-doped silicate glass fil mwas suppressed so that Ef{%i\/\g%%%ﬂ%%)ssi bl e
to increase the etch rate selectivity of the silicon oxide filmto the
silicon nitride film(silicon oxide filmsilicon nitride film. [0047]

10l n contrast, it was denonstrated that when the etchant used contai ned at

| east one_of the ca nent. (A)_ or..the conponent. (B). and the .conponent (C)
accor di 1§ 1o 5 ;iceﬁ%dfqu A ((%tgkﬁosjt]olclozf} O[%ecpeegclhl(nﬁa Oerkrdrb? Stjtgelcsr? i con

oxi de fil.m was l.e to . he selectively increased, so that the etch 15 rate
sel ect i \?ijitf\%fe %bﬁémsi(ﬁ xS | TA N THA G g h r‘%lg]é“)f i3f (silicon
oxide filmsilicon nitride film was successfully increased. [0048] Etch

rate sEUECESHIY LFsiHNCESRSS®Ede fil msilicon nitride film L6T 6L3 603

815 061 LET EE
[0043]
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Sb 26 EZ (c) quauoduao3d Concentration [%P11 Cb 09 G5 G CE edA T,
Nitric acid Sul furic acid Sulfuric acid Sulfuric

F-P11319SF (SG)

[0044]

(Examples 10 to 14)

The etchants of Examples 10 to 14 were prepared as in
Example 1, except that the content of the component (A)

5 (hydrogen fluoride), the content and type of the component
(B}, and the content and type of the component (C) were
changed as shown in Table 2. Using the etchant obtained in
each example, etch rates for a non-doped silicate glass
film as the silicon oxide film and for the silicon nitride

10 film, and etch rate selectivity (silicon oxide film/silicon
nitride film) were also evaluated as in Example 1. The
results are shown in Table 2 below.

[0045]
(Comparative Examples 3 and 4)

15 The etchant of Comparative Example 3 was prepared as
in Example 10, except that the component (C)} was not added
as shown in Table 2. The etchant of Comparative Example 4
was prepared as in Example 11, except that the component
(B) was not added as shown in Table 2. Using the etchant

20 obtained in each comparative example, etch rates for the
non-doped silicate glass film and the silicon nitride filim,
and etch rate selectivity (silicon oxide film/silicon
nitride film) were also evaluated as in Example 1. The
results are shown in Table 2 below.

25 [0046€]
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acid PTO-2 opxngTnE 1 Conponent (b) Concentration (%m t O QZ Ln
1 Ammoni um fl uori de

10

15

F-P11319S8F (SG}

(Results)

As is also evident from Takle 2 below, when the
etchant according each of Comparative Examples 3 and 4 not
containing an acid as the component (C) was used, selective
etching of the non-doped silicate glass film was suppressed
so that it was not possible to increase the etch rate
selectivity of the silicon oxide film to the silicon
nitride film (silicon oxide film/silicon nitride film).
[0047]

In contrast, it was demonstrated that when_the
etchant used contained at least one of the component (A) or
the component (B) and the component {(C) according to each
cf Examples 10 tc 14, the etch rate for the silicon oxide
film was able to be selectively increased, sc that the etch
rate selectivity of the silicon oxide film to the silicon
nitride film (silicon oxide film/silicon nitride film) was
successfully increased.

[0048]
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Exanpl e 14] Conparative Exanple 3 Conparative Exanple 4 F-P113195F(SG
CLAI V5 1. A mcroprocessing treatnment agent for use in fine
processing of an object having a silicon nitride film En8la3598F(FEon
oxide film conprising: at | east one of a component (A) or a
conponent (B); a conponent (C); and a conmponent (D), wherein t he
conponent (A) is 0.01% by weight to 20% by wei ght of hydrogen fluori de,
10t he component (B) is 0.1% by weight to 20% by wei ght of at |east one of
amoni um fl uoride or quaternary amb##dMi | uoride, the conponent (C) is 1%
by wei ght to 80% by wei ght of at |east one acid selected fromthe group
consisting of 15 hydrochloric acid, nitric acid, sulfuric acid, and
phosphoric acid, the conponent (D) is water, and the total content
of at |east onel.of & écoomomemssifs) toreatrercommementf(B)usndin hisine
conmponent (C) is 90% by 20 wei ght or |ess, based on the total anount of
the m cr gprovessimgy ¢f eat n@nfea@geniving a silicd@n dberhder opiacesdi ag
treatment agent according to claiml1, wherein the silicon oxide filmis
any ofie ofilai @ native OXide doprisitdermal silicon oxide film a non-
F- P11319SF( SG
at least one of a component (A) or a compecnent (B); a
component (C); and a component (D), wherein
the component (A) is 0.01% by weight to 20% by weight
of hydrogen fluoride,
10 the component (B) is 0.1% by weight to 20% by weight
of at least one of ammonium fluoride or quaternary ammonium
fluoride,
the component (C) is 1% by weight to 80% by weight of
at least one acid selected from the group consisting of
15 hydrochloric acid, nitric acid, sulfuric acid, and
phosphoric acid,
the component (D) is water, and
the total content of at least one of the component
(A) or the component (B) and the component (C) is 90% by

20 weight or less, based on the total amount of the

microprocessing treatment agent.

2. The microprocessing treatment agent according to
claim 1, wherein the silicon oxide film is any one of a

25 native oxide film, a thermal silicon oxide fiim, a non-
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doped silicate glass film a phosphorus-doped silicate glass film a
boron-doped silicate glass film a boron-andphosphorus-doped silicate

glass film a TECS film or a fluorine-containing sil'ggﬁ}g bgg(%%$n1
3. A mcroprocessing treatnent method, conprising perform 3 I ive
fine processing of a silicon oxide filmusing the m croprocessing
treatnent agent according to claiml or 2.

doped silicate glass film, a phosphorus-doped silicate
giass film, a boron-doped silicate glass film, a boron-and-
phosphorus—-doped silicate glass film, a TEOS film, or a

flucrine-containing silicon oxide film.

5
3. A microprocessing treatment method, comprising
performing selective fine processing of a silicon oxide
film using the microprocessing treatment agent according to
claim 1 or 2.
10

28



