DESCRIPTION CLEANING LIQUID AND CLEANING METHOD TECHNICAL FIELD 5[0001] The
invention relates to a cleaning liquid that makes it possible to clean and remove cerium oxide
deposited on the object to be cleaned, and to a cleaning method using such a cleaning liquid. 10
BACKGROUND ART [0002] To make high-performance ultra large scale integrated circuits (ULSI),
finer circuits have been designed. To 15form a very fine circuit structure whose size is reduced to the
order of nanometers, new manufacturing techniques, which have not been used yet, are necessary in
many manufacturing processes. [0003] 20Iwpafticuidr IaiNexposure and development process using
an optical technique is one of the most important processes for forming a fine structure on a
semiconductor substrate. Unkbfil f8gudingover thielsurided ot esdffiEBRBuctor substrate so that such
a fine structure can 25 be formed is closely related to the flatness of the substrate surface. Therefore,
if the substrate surface has poor flatness, some parts of the substrate surface will be in focus, but
other parts will be out of focus, so that the desired fine structure cannot be formed at the parts out of 5
focus, Whimgg%la@eqé%uction in productivity. As the processing becomes finer, the tolerance
for the flatrge§gdj%creases, which further increases the demand for planarization of the substrate
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surfac5e. [0 n addition to the demand for planarization, there is also a demand for a process

time reduction for e putnpe, afimproving praduston effclency, Therefore, a eqbnigue ogpable o

increasing not only the accuracy of fine processing but also cess speed Is necessary. Under 15

the technicalbackground, chgmicaldpechanical-polishing (GMP) s generally performed,as a technique

to ensure flatness. In a CMP process, the surface of a semiconductor substrate is polished
(planarized) pising- pelishing pad ~while apolishingagent (slurgy);containingpolishing,20 abrasive

grains is supplied. [0005] In the CMP, silica slurry is widely used as a polishing agent. Ceria slurry
is also usedHr-theaCME; 4m whichi a gleamning process for removing residues remaining on 25 the
substrate surface is also necessary as in the case of silica slurry. For example, the cleaning agents
desciiBbed below are proposed to be used in such a cleaning process. [0006] Patent Document 1
proposes a cleaning liquid chemical 5 containing three ingredients: an acid, a reducing agent, and
fluoride ionBA[OOORPUND ABdtent Document 2 proposes a cleaning liquid containing hydrofluoric acid
and sulfuric acid, nitric acid, 10 or phosphoric acid. [0008]
(0002}
To make high-performance ultra large scale integrated
circuits (ULSI}, finer circuits have been designed. To
15 form a very fine circult structure whose size is reduced to
the order of nanometers, new manufacturing technigues,
which have not been used yet, are necessary in many
manufacturing processes.
[0003]
20 In particular, an expocsure and development process
using an optical technique is one of the most important
processes for forming a fine structure on a semiconductor
substrate. Uniform focusing over the surface of a

semiconductor substrate so that such a fine structure can

2>  be formed 1s closely related to the flatness of the



Unfortunately, the conventional cleaning liquids have a problem in which they contain an acid as a
main ingredient and therefore can easily corrode various metals, 15 although they can remove cerium
oxide residues. For example, if a metal film on a semiconductor substrate is dissolved by corrosion,
the thickness of the metal film will decrease so that the surface resistance of the metal film will
increase. This is not preferred, because the 20 wiring resistance of the integrated circuit will increase
so that the power consumption will increase. PRIOR ART DOCUMENT Patent Document 25[0009]
Patent Document-k Japanese PatentrApplication Laid-Opes (dBLA)Nar2004:5841@ hasPatent
Document 2: Japanese Patent Application Laid-Open (JP-A) No. 2000-140778. 5 SUMMARY OF THE
INVENTIONGRROBLEMS sl BEoSOLVED 8 YoTHENIN ENEON {30 18] Aftealseetiof theénvention is to
provide a cleaning 10 liquid which is less corrosive to various metal materials and with which cerium
oxide deposited onithe suvface ofehe pbjetstoibd tldanedeanbe dissoived spforaderiui® ions and
thus cleaned and removed, and to provide a cleaning method using such a cleaning liquid. 15 MEANS
FOR SOLVIRG. THE PROBLEMSJ00IE cantgsoRe the ebAdertional protiiéing, tetinténtors have
made studies on cleaning liquids and cleaning methods 20 therewith. As a result, the invention has
been dccormpfistied Baded off ¥ fifdifig tR&CEerifA BXite FB ARG OR1AE StthEe ofitfie object to be

cleaned can_be efficiently cleaned and remaved by uﬂgg a Ieanin%qu id containing hydrogen fluoride
|

and a speciiCamffSTian <aft. 5[6015F 7 ®fus: tife invefitish isdifetted (5a cleaning liquid for

removing cg&ium oxide remainir%(snn tbg%fgga%%ot}?e otggect to be cle%rﬁ%d,cyvhich @gjl%dres (1)

hydrogen fliofids ahd &?%ﬂee%s She Ammonium salt selected from the groupe %Snsstlng of

ammonium Clhé%rgzq:ex %@ngiu& ng%e,s%m% s&ggggag%tr_amethylammonium chloride,

tetramethyl%mmonlum nitrate, and tetramethylammonium sulfate. [0013] When a cleaning liquid
containing i@y)q)r@g?n fluoride 10 is used, cerium oxide can be dissolved to form cerium ions. However,
dissolved cerium ions can be deposited again as impurities on the surface of the object being cleaned,

so thaithe cerium campengnt hegomesdifficylita e remevedaThe inventors havadeund that a
cleaning liquid containing 15 hydrogen fluoride and a specific ammonium salt can stabilize and keep

cerium ionssheing dissaheadintthe cleaning bguid andeefiieientty: reprovithenh Foputhecsteface of the
object being cleaned. In addition, the cleaning liquid of the invention does not contain an acid 20 such
as sulfuric adid initriccacid conphesphotiomacif ds airainvngretientdnd coatrast toesomventienal cleaning
liquids. Therefore, the cleaning liquid of the invention can suppress corrosion of various metal
materials. Asagsed herefn, ithe teras ioerium for! hivedrs=CeRIc T4, Hydratese5 thereof, or complex

ions thereof. .
processing but alsc the process speed is necessary. Under

15 the technical background, chemical mechanical polishing
(CMP} 1s generally performed as a technigue to ensure
flatness. In a CMP process, the surface of a semiconductor
substrate is polished (planarized) using a polishing pad,
while a polishing agent (slurry) containing polishing

20 abrasive grains is supplied.

[0005]

In the CMP, silica slurry is widely used as a
polishing agent. Ceria slurry is also used in the CMP, in
which a cleaning process for removing residues remaining on

25 the substrate surface is also necessary as in the case of



[0014] The concentration of hydrogen fluoride in the cleaning liquid is preferably from 0.001 to 5%
by weight. If the hydrogen fluoride concentration is less than 0.001% 5 by weight, the ability to dissolve
cerium oxide will tend to be low. If the hydrogen fluoride concentration is more than 5% by weight, the
object being cleaned may be etched or corroded, so that the object planarized by polishing may tend
to have an increased surface roughness. In addition, 10 it may increase the cost and time required to
make harmless the hydrogen fluoride in the cleaning liquid which becomes wastewater after the
cleaning treatmeyt. 00156} Fhe cancepiration of thenaniionium:saltdr e &5 cleanindg kiquid is
preferably from 0.1 to 20% by weight. If the concentration of the ammonium salt is less than 0.1% by
weight, it mayl be diffieulptoogtabitide oo keepeceddmions bengadissalued ythercleasiag liquid, so that
the cerium component may tend to be difficult to be cleaned or 20 removed from the surface of the
object beinfldl€éred. If the concentration of the ammonium salt is more than 20% by weight, the ability
to dissolve cerium oxide may decrease, or the cleaning liquid may produce a precipitate, so that it may
be difficult to keep Hi& efeanitRAigurdin & 250 Estates Wich- Ry teAd 6 cstis& i6ables during
cleaning. [0016] = The cleaning liquid preferably contains a surfactant. When a surfactant is added
to the eleaRing it tHe BisifrceTERSioh B ife cRAnMGIR{uidcdTBEFeddcétf Ahtitthe wettability
on the object to be cleaned can be increased. This makes uniform the cleaning and removing effect
over a widéBfea oPfE St ak8 bt the object being cleaned, so that productivity can be increased.
10[0017] 0 T(%u; invention is also directed to a cleaning method, which includes bringing a cleaning
liquid into c%n?act%ith the surface of an object on which cerium oxide is deposited, so that the cerium
oxide is dissolved t_form.cerum.i 5 : in.tk l%ﬂiﬂg lquid used includes (1)
hydrogen fluoride apn%?(ez iglt %%gsltﬂgﬁé%m%n%%%\é%dsggge%gféggqhe grou#?:onsisting of
ammonium chlride, ameniying pitrate; ammonium sylfate; fetramethylammenium ghiorde,
tetramethylammonium nitrate, and 20 tetramethylammonium sulfate. [0018] In the cleaning
method, the copeentration: of hydregen fluoride in the cleaning liquid is preferably from 0.001 to 5% by
weight, and the concentration of the ammonium salt is 25 preferably from 0.1 to 20% by weight. The
reason for this) g as described above. [0019] In the cleaning method, the cleaning liquid  preferably
contains a surfactant. The reason for this is 5 as described above. [0020] The cleaning method is
advantageously empidyed-whe ¢ie’objecttacbe cheangdris & sehsieonductdrisnbstatéave glass

substrate, a ceramic substrate, a quartz substrate, 10or a rock crystal substrate.
a problem in which they contain an acid as a main

ingredient and therefore can easily corrode various metals,
15 although they can remove cerium oxide residues. For
example, 1f a metal film on a semiconductor substrate is
dissolved by corrosion, the thickness of the metal film
will decrease so that the surface resistance ¢f the metal
film will increase. This is not preferred, because the
20 wiring resistance of the integrated circuit will increase

so that the power consumption will incresase.

PRIOR ART DOCUMENT
Patent Document

25 100091}



EFFECTS OF THE INVENTION [0021] According to the invention, cerium oxide remaining on 15 the
surface of the object to be cleaned, which has been polished by using a polishing agent containing
cerium oxide, can be efficiently removed, while corrosion of various metal materials is advantageously
inhibited. For example, this makes it possible to efficiently clean and remove 20 cerium oxide residues
from polished semiconductor substrates, so that the productivity of semiconductor devices can be
improved. In addition, corrosion of metal materials on semiconductor substrates or corrosion of metal
materials that formiserisenductiondevices istsycoesstully 2bdnhibied, 1soctivat the perfetmance of
semiconductor devices can be improved. EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0022] 5Enmhediments-af thecclearling HiGadidlsf the invention are described below. [0023) The
cleaning liquid of the invention contains (1) hydrogen fluoride and (2) at least one ammonium salt 10
selected from the grauptonsistingehaniordiareciierd€ srambnime hiteé lanniohidin sulfate,
tetramethylammonium chloride, tetramethylammonium nitrate, and tetramethylammonium sulfate, and
is suitable feperse id Btdaninly and ¥éMmovitg ‘cetium oxide remaining on the surface 15 of the object to
be cleaned, which has been polished by using a polishing agent (slurry) containing polishing abrasive
grains<of cerium oxide. In particular, the cleaning liquid of the invention is suitable for use in cleaning
and removing cerium oxide remaining on the surface 20 of the object to be cleaned, which has
undergone%ﬁ%%ggl HECﬁﬁC%%\éﬁgﬁiEB%CMP) using a cerium oxide slurry. [0024] The
concentration of hydroge oride in.the ing liquid.is,preferably from 0.001 to 5% by weight, 25
more prefe?gi)cf? ﬁ%( 0 1%[0 gﬁ%@v@eéﬁ%ﬁ%@ﬂ% rogen fluoride concentration enables
suppressiorg&gféjhing or corrosion of the surface material of the object being cleaned, as well as
efficient cleaning and removal of cerium oxide. 5[0025] The concentration of the ammonium salt in the

cleaning liquid is preferably.fram Ol 16,20%.by. weight, more preferablysfrom 0:1da A0%e by weight,

even more preferably from 0.1 to 5% by weight. When the ammonium 10 salt concentration is kept

low, resourge and.Laost sayings can be achieved atthe chepical preparation atage: Speeifically, a
cleaning liquid stock solution containing concentrated ingredients may be prepared, and the stock
solution may-ke dilutadwith-wates of the like tefoiaptheilSeeleaning tiguiguwifla the alfovens
concentration immediately before a cleaning treatment. This leads to substantial saving of resources
or costs fordhe praductioneofthe eteaningaliquid od filinglof ¢rdnsporfation contaimers with the cleaning
liquid or substantial saving of resources

and thus cleaned and removed, and to provide a cleaning

method using such a cleaning liguid.

MEANS FOR SCLVING THE .PROBLEMS
00117
To solve the conventional problems, the inventors

have made studies on cleaning ligquids and cleaning methods
20 therewith. As a result, the invention has been

accomplished based on the finding that cerium oxide

remaining on the surface of the object to be cleaned can be

efficiently cleaned and removed by using a cleaning liguid

containing hydrogen fluoride and a specific ammonium salt.

25 [0012]



20 or costs for the transportation of containers filled with the cleaning liquid, and thus leads to an
increase in production efficiency. [0026] Besides the above ingredients, the cleaning liquid of
25 the invention preferably contains water as a main ingredient and may also contain any other
ingredient than water. Examples of such an ingredient include a surfactant, a chelating agent, a pH
adjuster, and an organic solvent. It will be understood that if these materials are used, it 5 will be
necessary to take into account the resistance of the cleaning apparatus to the organic ingredient, costs
for waste managerpent; hazaed leyekduringhuses antrs-0e.J0027]:The eleaning Iuid:otithe invention
preferably 10 contains a surfactant. Examples of the surfactant include, but are not limited to, an
anionic surfagtantsuchias;an aliphaticeartiexylaradid dra salt thereof,mrfienienicfsurfastant such as
polyethylene glycol alkyl ether, and a cationic surfactant such as an aliphatic amine or a salt 15thereof.
[0028] Thedioivert of théaddéd suddetamt isqpreferablyda shel tandevoflzoen td 049% byaveight, more
preferably in the range of 0.003 to 0.05% by weight. The surfactant 20 added can suppress
rougheningrofithésurtatcelofalss objeet Beingrcleanead Thesstkfaetdatt chhdlsd erédsethe wettability
on the object to be cleaned so that in-plane uniformity of the cleaning effect can be achieved.
However, ifthiescotitéids téssHHAADL001 % by e rfit, tRETFEGUBN 25 hhE suffate teriion of the
cleaning liquid may be insufficient sq that the effect qf increasing the wettability may be insufficient. If
the contentig hiéresthah - Fo5y-WaigHET ISt oHly Heekhftifg e%ﬁ‘éfﬁ?ﬁ?/tf ﬂ’ﬁda%l Ydpditional to the
content, but also defoaming 5 abili%}/gm qe degraded so tlf%t fé)am may adhere to the surface of the
object beinf tidghed todaliseUne ﬁtclé/anal‘%[l%fﬁb?@] The parity and cleanliness of the cleaning liquid
may 10 be cﬁ&qtr?lined taking into account the manufacturing cost and the issue of the contamination
of the object to bé'undergone in the cleaning treatment. For example, when the cleaning liquid of the
invention is for use,jp,a integraled sifguit mamadiUring pHGRsSHs.coREntof ASrmatal impurites in
ng

the cleaning liquid is preferably 0.1 ppb or less. [0030] The cleaning liquid of the invention may be

prepargd by mixingqin any-order Jydiagen flugude;ithe ammmanium 2Q saltcand any othes ingredients.
Alternatively, compounds, with which the respective ingredients can be synthesized, may be mixed as

raw materials,se+hat a gleaninoliquid-eentatning the ahaveingrdientsat thegbave as concentrations
can be finally prepared. More specifically, 25 hydrogen fluoride, sulfuric acid, ammonia, and water may
be impurities on the surface of the object being cleaned, so
that the cerium component becomes difficult to be removed.
The inventors have found that a cleaning liquid containing
15 hydrogen fluoride and a specific ammonium salt can
stabilize and keep cerium ions being dissclved in the
cleaning liguid and efficiently remove them from the
surface of the object being cleaned. In addition, the
cleaning ligquid of the invention does not contain an acid
20 such as sulfuric acid, nitric acid, or phosphoric acid as a
main ingredient in contrast to conventional cleaning
liguids. Therefore, the cleaning liquid of the invention
can suppress corrosion of various metal materials. As used
4+

herein, the term "cerium ions" means Ce’", Ce®’, hydrates

25 thereof, or complex ions thereof.



mixed to form the cleaning liquid of the invention. Namely, ammonium sulfate is produced by
neutralizing sulfuric acid with ammonia. Alternatively, for example, ammonium fluoride, sulfuric acid,
and ammonia may be mixed to form 5 the cleaning liquid of the invention. [0031] The cleaning
liquid of the invention may be prepared using any formulation as long as the above composition can be
provided at the cleaning stage, namely, the stage when 10 it is used. For example, a concentrated
stock solution for the cleaning liquid may be prepared and transferred to the point of use, and the
cleaning liquigof the invention may be prepared by diluting the stock solution immediately before use.
Alternatively, for example, the ingredients 15 may be each independently provided and then mixed
immediately before use ¢ofarem theatléaning fighicteiotherinvertionl D32 TRE%emperature at which
the cleaning liquid of the 20 invention is used is not restricted at all. Practically, the cleaning liquid of
the inventiohés advantagacdsly Liset ae Feoraémpersiire viich f=n e Bi¥ef(f téthberature range.
Depending on the cleaning conditions, for example, the cleaning may be performed temperature
10C lower P56 thaf rBSMIRafieratié 56 RatSids faictivhd Fherthdf five tcﬁ‘éaéhiﬁg @gi be reduced, or

for example, the cleaning may be performed at a higg[tem erature S%QQ(ieghV?{%;Har{ire%ogn temperature
so that thetdleifing Perforane® tan be ihtreds&a sb033T The tlSaning liGdid of the mvention can

be used on objects of varying materials and shapes. Examples of rial tq be ed include
silicon, glass, ¢&Mmich! Fg}gxgrﬁglre?%eensgr élcoerr%%%er% of t%?gzgg)%%tb%lap?a%g? (J))?C?Lég) being
cleaned wih the cleaping,lquif of the jnvention achde may be fudaoh Iipited tacsinale crystal
silicon, polycrystalline éﬁllcon,gamdrp ous silicon, a thermal silicon oxide film, a non-doped silicate
glass film, g phosphgyisadoped siicate glass gL abyroarlopeddlS silcyle glassifie aay
boron-and-phosphorus-doped silicate glass film, a TEOS film, a plasma CVD oxide film, a silicon
nitride film,.a silicen, carhide film ; siiean exide carbide filmuehasilicon axide aarbidenitride film. The
cleaning liquid may also be applied to glass, quartz, rock 20 crystal, ceramics, etc. The object may
comprise one of these,materials (e erunereatithesednatetialsdistributeddia Certaid pattern, or a
laminate of any of these materials. [00341 25The cleaning liquid of the invention is also suitable for
use in Cleattirg apobjestthatihastiern planatized:by arpolishihgprocess: The sepfae@st the object to
be cleaned may be polished by using any of various known conventional methods. The polishing
method mayase- appropriately 8:setédvted Hepeanditag orethestape of the object to be cleaned or the
desired polishing accuracy. Specifically, for example, mechanical polishing, chemical mechanical
polishing (CMP).5dr the like may be used, and the cleaning liquid of the invention is advantageous for
chemical 10 mechanical polishing (CMP) with a cerium oxide slurry. The cerium oxide slurry is a
dispersion of polishﬂ@a@%ﬁ%ﬂ&éﬁﬁl&fhe?iﬁn?Bfid@W%%%‘ﬁo%? 10035} Thé%leaning liquid of the
invention may be used in 15 various wet clear%%r;? m%thods.OF r%%angalg, i;r)nmersiihor?lgeatment
methéds mﬁi%%fi}s%‘a, -@Rich ar oBREL 8 iMmierséd A the” cleaning 3

i&U|dyplggeg|n a cleaning tank.

Piece-by-piece treatment methods.may also, be used, in whic %tclgfgnigggrseayﬁggt is performed by
discharging'dr f@?p%@fﬁ%eﬁl%rc%érﬁﬂg (ﬁdL'sui%%oen grﬂﬂ%%?elcit%u%h as a silicon wafer being rotated. The

immersion reatnentmetnod may also he patoed while apuitiasanicwaye is.apalieds the
cleaning Iluné. Brish sérub ing methods may also be used, in which cleaning with a brush is
performed while the.25 gleaning liapids is;sprayed.Jt wilhbe yndergtoed, thabthenat the
cerium component may tend to be difficult to be cleaned or
20  removed from the surface of the object being cleaned. If
the concentration of the ammonium salt is more than 20% by
weight, the ability to dissolve cerium oxide may decrease,
or the cleaning liquid may produce a precipitate, soO that

it may be difficult to keep the cleaning liguid in a

55 solution state, which may tend to cause troubles during



cleaning may be performed twice or more. In this case, the composition or concentration of the
cleaning liquid used may vary from one cleaning procedure to another. [0036] 5The cleaning time is
not restricted and may be appropriately determined depending on the degree of staining with cerium
oxide deposited on the object to be cleaned. In general, the cleaning time is preferably 10 minutes or
less, more preferably 1 minute or less. If the 10 cleaning time is more than 10 minutes, the surface of
the object being cleaned may be etched, so that the surface roughness may increase. [0037] In the
cleaning mgthografthe invention, if necessary, 15 a rinsing process with a rinse agent such as
ultrapure water may also be performed after the cleaning treatment. This can prevent the cleaning
liquid from remainjng on the surface of the object cleaned. 20 EXAMPLES [0038] Hereinafter,
preferred examples of the invention are illustratively described in detail. It will be understood that the
materials, the amoits, and soionsdesonbied ip thef 25 sxamplesdareiitisstrative ory-aad are not
intended to limit the scope of the invention, unless otherwise specified. [0039] (Method for Preparing
Cleaning Ligiuéet) 5T heugiéaningtliguicsacsbrdiiig 1o edlch exanpie of cormpaiativetd@mple was
prepared by appropriately adding any of the materials shown below. The salts for use in examples
were dach 8Bl by SBlektiig tHe BbRl aidctRiBEselfor formikg theSaltRemIfe maefals shown
below 10 and allowing them to react. Specifically, the cleaning liquid was prepared by mixing in a
predetermit&@ ratfl- 4B ast e 8R(1Y 5096 BY SWeighthigh-pariBPRdfoffddtidScid (manufactured by

Stella Chemifa Corporation), (2) EL grade, 36% by wejght hydrochloric acid (manufactured by 15
Mitsubishi éﬁgﬁ?@ﬁ%rpo?l&%u%m)%%ﬁ é’?&ﬁé?éyﬁb/otﬁg?w%é%%ﬁﬁé? agilad(rr%fnrﬁ?gétﬂ%d by Mitsubishi

Chemical Corporation), (4) EL grade, 97% by.weight sulfuric acid ufactured by, Mitsubishi
Chemical C?o%rggrcgﬁoﬁ),e(g) %L“%rgge,a 78% b%fwg%ﬁt gﬁﬁec?u%ear%?ng%{ﬁae (r%%ﬂ&f%%tu}?g& by 20

HAYASHI PURE CHEMICAL IND, LTR.). 804 (6) tesamethyiagparjug hycroxide (TOKUSO SD-25

(trade name) manufactured by Tokuyama Corporation). [0040] In each example, when a
surfagtant Wasg Regessary, any 25 one of the materials shown below was added as appropriate.
Specifically, any one of (1) polyoxyethylene alkyl ether (a nonionic surfactant), (2) heptylamine (a

cationic surfactant);and (3)haptaneic agidy(ea-anignie sudfactant)avas addad gt aredeiermined
concentration. 5[0041]
which includes bringing a cleaning liguid intc contact with
the surface of an object on which cerium oxide is deposited,
so that the cerium oxide is dissolved tce form cerium ions
15 and removed, wherein the cleaning liguid used includes (1)
hydrogen fluoride and (2) at least one ammonium salt
selected from the group consisting of ammonium chloride,
ammonium nitrate, ammonium sulfate, tetramethylammonium
chlcoride, tetramethylammeonium nitrate, and
20 tetramethylammonium sulfate.
[0018]
In the cleaning method, the concentration of hydrogen
fluoride in the cleaning liquid is preferably from 0.001 to

5% by weight, and the concentration of the ammonium salt 1is

25 preferably from 0.1 to 20% by weight. The reason for this



(Method for measuring the state of residues left on the surface of the object cleaned) TREK 610-T
(manufactured by Technos Co., Ltd.) was used to measure the state of cerium oxide solid residues 10
present on the surface of the object cleaned. The measurement was performed before and after the
cleaning treatment with the cleaning liquid to determine the cleaning effect of the cleaning liquid.
[0042] 15(Examples 1 to 13) As shown in Table 1, each cleaning liquid was prepared by mixing
0.001 to 5% by weight of hydrogen fluoride as ingredient (a), 1 to 20% by weight of ammonium sulfate
as ingredient ()s and yvaterasg ingredient (c). 20[0043] (Examples 14 to 17) As shown in Table 1, each
cleaning liquid was prepared by mixing 0.01 to 0.1% by weight of hydrogen fluoride as ingredient (a), 1
to 10% by weight pf 25 tetramethylammonium sulfate as ingredient (b), and water as ingredient (c).
[0044] (Example 18) As shown in Table 1, a cleaning liquid was prepared 5 by mixing 0.1% by weight
of hydrogen fluoridérastingretlientr(a), 6% oyheeightdfcarmmonitin gulfateuditl 5% by weight of
ammonium chloride as ingredient (b), and water as ingredient (c). [0045] 10(Comparative Example 1)
As shown inTEabte aban agRebas B8ILrioRWT 2894 By weight'sf driifidfiun $tifatelwad Prepared.
[0046] (Comparative Example 2) 15As shown in Table 1, an aqueous solution of 20% by weight of

ammoniumPfuGHRE &S preFted 2[0047] (Comparative Example 3) As shown in Table 1, a
cleaning liquid was prepared 20 by mixing 0.5% by weight of hydrogen fluoride as ingredient (a), 20%
by weight o o\ nium fluoride as ingredient (b), and water as ingredient (c).

The cleaning method is advantageocusly employed when
the cbject t¢ be cleaned is a semiconductor substrate, a
glass substrate, a ceramic substrate, a guartz substrate,

10 or a rock crystal substrate.

EFFECTS OF THE INVENTION
[00211
According to the invention, cerium oxide remaining on
15 the surface of the cbject toc be cleaned, which has been
polished by using a polishing agent containing cerium oxide,
can be efficiently removed, while corrosion of various
metal materials is advantageously inhibited. For example,
this makes it possible to efficiently clean and remove
20 cerium oxide residues from polished semiconductor
substrates, so that the productivity of semiconductor
devices can be improved. In addition, corrosion of metal
materials on semiconductor substrates or correcsion of metal
materials that form semiconductor devices is successfully

2% inhibited, so that the performance of semiconductor devices



[0048] (Comparative Example 4) 25As shown in Table 1, an aqueous solution of 5% by weight of
hydrogen fluoride was prepared. [0049] Subsequently, a 200 mm diameter silicon substrate
having a 5,000 A TEOS film formed on its surface was 5 subjected to chemical mechanical polishing
with cerium oxide abrasive grains, and the resulting substrate was used as the object to be cleaned.
The object to be cleaned was measured for the state of remaining cerium residues as described
above, and as a result, about 1x1012 atoms/cm2 of 10 cerium oxide was identified as a residual
component: {e05 i mpWhseguently, the cleaning liquid was placed in a cleaning liquid tank with a
volume of 90 L, and the temperature of the cleaning liquid was adjusted to 25C and 15 stabilized. The
object was then immersed in the cleaning liquid tank for 30 seconds, while held on a silicon substrate
holding member made of PEA resin. After the immersion, the object was lifted together with the silicon
substrate haithog iMENDEr altfofCh& Rieamthliquid B KLXY BNA Idfhersed in an ultrapure water rinse
tank with a volume of 90 L, which was provided in advance, so that the cleaning liquid deposited on
the surfaceléfihe bbject was rinsed off. Subsequently, the object was dried and measured again for
the state of remaining cerium residues. 25 The removal performance was evaluated as good when the
amourft of the ceriufreamipBREREaftdr thedratment Was rédidet ©8. 5209 BIHARS/EM? or less,
which corresponds to the lower limit of detection of the residue state evaluation instrument or less, and
the removﬂﬁ%rf@ﬁﬁﬁé@g%ﬁeé\?ﬁfuated as poor when the amount of the cerium component after the
treatment was naot reduced to 8.5x109 atoms/cmz2. The results of the evaluation of the cleaning
performanc@tg;s%eh on this procedure are shown in Table 1 below. 10[0051] [Table 1] No. Ingredient

(a) Ingredient(b) Inquffg iec é%)ncj\'_lr?cg ninlgq%%r&org?nt e Hjl,: n@&?t[yvcg%] é/g?ltteé ins (1)

hydrogen fluoride and (2) at least one ammonium salt

10 selected from the group consisting of ammonium chloride,
ammonium nitrate, ammonium sulfate, tetramethylammonium
chloride, tetramethylammonium nitrate, and
tetramethylammonium sulfate, and is suitable for use in
cleaning and removing cerium oxide remaining on the surface

15 of the object to be cleaned, which has been pclished by
using a polishing agent {(slurry} containing polishing
abrasive grains of cerium oxide. In particular, the
cleaning liguid of the invention is suitable for use in
cleaning and removing cerium oxide remaining on the surface

20 of the object to be cleaned, which has undergone chemical
mechanical polishing (CMP) using a cerium oxide slurry.
10024]

The concentration of hydrogen fluocride in the

cleaning liguid is preferably from 0.001 to 5% by weight,

25 more preferably from 0.001 to 2% by weight. Such a low



[14t30] [vitf] Example 1 0.001 Ammon um sulfate 10 89.999 Good Example 2 0.01 Ammonium
sulfate 1 98.99 Good Example 3 0.01 Ammonium sulfate 10 89.99 Good Example 4 0.01 Ammonium
sulfate 20 79.99 Good Example 5 0.1 Ammonium sulfate

hydrogen fluoride concentration enables suppression of
etching or corrosion of the surface material of the object
being cleaned, as well as efficient cleaning and removal of
cerium oxide.

5 (00251

The concentration of the ammonium salt in the

cleaning liquid is preferably from 0.1 to 20% by weight,
more preferably from 0.1 to 10% by weight, even more
preferably from 0.1 to 5% by weight. When the ammonium

10 salt concentration is kept low, resource and cost savings
can be achieved at the chemical preparaticn stage.
Specifically, a cleaning liguid stock soluticn containing
concentrated ingredients may be prepared, and the stock
solution may be diluted with water or the like to form the

15 cleaning liquid with the above concentration immediately
before a cleaning treatment. This leads to substantial
saving of resources or costs for the production of the
cleaning liguid or filling of transportation containers
with the cleaning liquid or substantial saving ¢f resources

20 or costs for the transportation of containers filled with
the cleaning liquid, and thus leads to an increase in
production efficiency.
(00267

Besides the above ingredients, the cleaning liquid of

25 the invention preferably contains water as a main

10



1 98.9 Good Example 6 0.1 Ammonium sulfate 10 89.9 Good Example 7 0.1 Ammonium sulfate 20

79.9 Good Ammon um sulfate 1 98 Good Ammonium sulfate 10 89 Good Example 10 1 Ammonium
sulfate 20 79 Good Example 11

ingredient and may also contain any other ingredient than
water. Examples of such an ingredient include a surfactant,
a chelating agent, a pH adjuster, and an organic solvent.
Tt will be understood that if these materials are used, it

5 will be necessary to take into account the resistance of
the cleaning apparatus to the organic ingredient, costs for
waste management, harzard level during use, and so on.
(00271

The cleaning liguid of the invention preferably

10 contains a surfactant. Examples of the surfactant include,
but are not limited to, an anionic surfactant such as an
aliphatic carboxylic acid or a salt thereof, a nonionic
surfactant such as polyethylene glycol alkyl ether, and a
cationic surfactant such as an aliphatic amine or a salt

15 thereof.
[0028]

The content of the added surfactant is preferably in
the range of 0.001 to 0.1% by weight, more preferably in
the range of 0.003 to 0.05% by weight. The surfactant

20 added can suppress roughening of the surface of the object
being cleaned. The surfactant can also increase the
wettability on the object to be cleaned so that in-plane
uniformity of the cleaning effect can be achieved. However,
if the content is less than 0.001% by weight, the reduction

25 in the surface tension of the cleaning liquid may be

11



5 Ammonium sulfate 1 94 Good Example 12 5 Ammonium sulfate 10 85 Good Example 13 5
Ammonium sulfate 20 75 Good Example 14 0.01 Tetramethylammonium sulfate 5 94.99 Good

Example 15 0.1 Tetramethylammonium sulfate i 98.9 Good Example 16 0.1 Tetramethylammonium
sulfate 5 94.9

10

15

20

25

insufficient so that the effect of increasing the .
wettability may be insufficient. If the content is more
than D.l%rby weight, not only the resulting effect may fail
to be proportional to the content, but also defoaming
ability may be degraded so that fcam may adhere to the
surface of the object being cleaned to cause uneven
cleaning.

[0029]

The purity and cleanliness of the cleaning ligquid may
be determined taking into account the manufacturing cost
and the issue of the contamination of the object to be
undergone in the cleaning treatment. For example, when the
cleaning liguid of the invention is for use in an
integrated circuit manufacturing process, the content of
metal impurities in the cleaning liquid is preferably 0.1
ppk or less.

[6C30]

The cleaning liguid of the invention may be prepared
by mixing, in any order, hydrogen fluoride, the ammonium
salt, and any other ingredients. Alternatively, compounds,
with which the respective ingredients can be synthesized,
may be mixed as raw materials so that a cleaning liquid
containing the above ingredients at the above
concentrations can be finally prepared. More specifically,

hydrogen fluoride, sulfuric acid, ammonia, and water may be

12



Good Example 17 0.1 Tetramethylarrrnonium sulfate 10 89.9 Good Example 18 0.1 Ammonium sulfate
589.9 Gopd Ammonium chloride 5 Comparative Example 1 0 Ammonium sulfate 20 80 Poor
Comparative Example 2 0 Ammonium fluoride 20 80 Poor Comparative Example 3 0.5 Ammonium

fluoride

10

15

20

25

mixed te form the cleaning liquid'of the invention. Namely,
ammonium sulfate is produced by neutralizing sulfuric acid
with ammonia. Alternatively, for example, ammonium
fluoride, sulfuric acid, and ammonia may be mixed to form
the cleaning liguid of the invention.

[0031]

The cleaning liquid of the invention may be prepared
using any formulation as long as the above composition can
be provided at the cleaning stage, namely, the stage when
it is used. For example, a concentrated stock solution for
the cleaning liquid may be prepared and transferred to the
point of use, and the cleaning liquid of the invention may
be prepared by diluting the stock solution immediately
pefore use. Alternatively, for example, the ingredients
may be each independently provided and then mixed
immediately before use to form the cleaning liquid of the
invention.

[0032]

The temperature at which the cleaning ligquid of the
invention is used is not restricted at all. Practically,
the cleaning liguid of the invention is advantageously used
at room temperature, which is in the useful temperature
range. Depending on the cleaning conditions, for example,
the cleaning may be performed at a temperature 10°C lower

than room temperature so that side reactions other than the

13



20 79.5 Poor Comparative Example 4 5 Absent 0 95 Poor [0052] The results in Table 1 show that
when the cleaning liquid according to each of Examples 1 to 18 was used, the 5 amount of the cerium
component on the surface of the cleaned object was reduced to 8.5x109 atoms/cm2 or less, and
therefore the effect of cleaning and removing cerium oxide was high. [0053] 10In contrast, it is
apparent that when the cleaning liquid according to each of Comparative Examples 1 to 4 was 22
used, the cerium component was not reduced to the lower limit of detection of the evaluation
instrumentcand the, effectofleaning avd rempvingrceriumpide wasslowl §2054]S(Exgmples 19 to
31) Each cleaning liquid was prepared as in Example 1, except that the composition and
concentratiosn efdhe cleaningiquidiviere changed asistowWtih(T dblerBeThé Tleaningptreatment and so
on were also carried out by using 10 each cleaning liquid as in Example 1. The results are shown in
Table 2 beloww 6035 (Consparative Examptd 5pAcicamiag iquidaveasprepardttas in Example 1, 15
except that the composition and concentration of the cleaning liquid were changed as shown in Table
2. The cleakiry reatmlent and so on were also carried out by using the cleaning liquid as in Example

1. The result{')soa?)r%shown in Table 2 below. 20[0056] [Table 2] No . Ingredient (a)
5

The cleaning liguid of the invention can be used on
objects of varying materials and shapes. Examples of the
material to be cleaned include silicon, glass, and ceramics.
For example, the surface material of the object capable of

10 being cleaned with the cleaning liguid of the invention
include mav be, but not limited to, single crystal silicon,
polycrystalline silicon, amorphous silicon, a thermal
silicon oxide film, a non-doped silicate glass film, a
phosphorus-doped silicate glass film, a boron-doped

15 silicate glass film, a boron—andmphosphorus—doped silicate
glass film, a TEQS film, a plasma CVD oxide film, a silicon
nitride film, a silicon carbide film, a silicon oxide
carbide film, or a silicon oxide carbide nitride £ilm. The
cleaning liguid may alsoc be applied te glass, guartz, rock

20 crystal, ceramics, etc. The cbject may comprise one of
these materials, two or more of these materials distributed
in a certain pattern, or a laminate of any of these
materials.

[0034]

25 The cleaning liguid of the invention is also suitable

14



- Ingredient() (c) Cleaning performance HF Type [wtAl Water MINCIMII (wt%1 Example 19 0.001
Ammonium chloride 10 89.999 Good Example 20 0.01 Ammonium chloride 1 98.99 Good Example 21
0.01 Ammonium chloride 70 89.99 Good

for use in Eleanihg an object that has been planarized by a
polishing process. The surface of the object to be cleaned
may be polished by using any of various known conventional
methods. The polishing method may be appropriately

5 selected depending on the shape of the cbiject to be cleaned
or the desired polishing accuracy. Specifically, for
example, mechanical polishing, chemical mechanical
polishing (CMP), or the like may be used, and the cleaning
liguid of the invention is advantageous for chemical

10 mechanical polishing {CMP) with a cerium oxide slurry. The
cerium oxide slurry is a dispersion cof polishing abrasive
grains of cerium oxide in a solution.
[0035]

The cleaning ligquid of the invention may be used in

15 various wet cleaning methods. For example, immersion
treatment methods may be used, in which an object is
immersed in the cleaning liquid placed in a cleaning tank.
Piece-by-piece treatment methods may alsc be used, in which
the cleaning treatment is performed by discharging or

20 spraying the cleaning liguid on an object such as a silicoen
wafer being rotated. The immersion treatment method may
also be performed while an ultrasonic wave is applied to
the cleaning liguid. Brush scrubbing methods may alsoc be
used, 1in which cleaning with a brush is performed while the

25 cleaning liquid is sprayed. It will be understood that the

15



Example 22 0.01 Ammonium chloride 20 79.99 Good Example 23 0.1 Ammonium chloride 1 98.9
Good Example 24 0.1 Ammonium chloride 10 89.9 Good Example 25 0.1 Ammonium chloride 20 79.9
Good Example 26 1 Ammonium chloride 1 98 Good Example 27 1 Ammonium chloride 10

cleaning may be performed twice or more. In this case, the
composition or concentration of the cleaning liquid used
may vary from one cleaning procedure to another.

[0036]

5 The cleaning time is not restricted and may be
appropriately determined depending on the degree of
staining with cerium oxide deposited on the object to be
cleaned. In general, the cleaning time is preferably 10
minutes or less, more preferably 1 minute or less. If the

10 cleaning time is more than 10 minutes, the surface of the
object being cleaned may be etched, so that the surface
roughness may increase.

[0637]
In the cleaning method of the invention, 1f necessary,

15 a rinsing process with a rinse agent such as ultrapure
water may also be performed after the cleaning treatment.
This can prevent the cleaning liquid from remaining on the

surface of the object cleaned.

20 EXAMPLES
(00387
Hereinafter, preferred examples of the invention are
illustratively described in detail. It will be understood
that the materials, the amocunts, and so on described in the

25  examples are illustrative only and are not intended to

16



89 Good Exam'ple 28 1 Ammonium chloride 20 79 Good Example 29 5 Ammonium chloride 1 94 Good
Example 30 5 Ammonium chloride 10 85 Good Example 31 5 Ammonium chloride 20 75 Good
Comparative Example 5 0 Ammonium chloride 20 80 Poor [0057]

10

15

20

25

1imit the scope of the invention, unless otherwise
specified.
[0039]

(Method for Preparing Cleaning Liguid)

The cleaning liquid according to each example or
comparative example was prepared by appropriately adding
any of the materials shown below. The salts for use in
examples were each obtained by selecting the acid and the
pase for forming the salt from the materials shown below
and allowing them to react. Specifically, the cleaning
liguid was prepared by mixing in a predetermined ratio at
least one of (1) 50% by weight high-purity hydrofluoric
acid (manufactured by Stella Chemifa Corporation), (2Z) EL
grade, 36% by weight hydrochloric acid (manufactured by
Mitsubishi Chemical Corporation), (3) EL grade, ©9% by
weight nitric acid (manufactured by Mitsubishi Chemical
Corporation), (4) EL grade, 97% by weight sulfuric acid
(manufactured by Mitsubishi Chemical Corporationj, {5y EL
grade, 28% by weight agueous ammonia (manufactured by
HAYASHI PURE CHEMICAL IND., LTD.), and (6)
tetramethylammonium hydroxide (TOKUSC 3D-25 (trade name)
manufactured by Tokuyama Corporation).

[0040]
In each example, when a surfactant was necessary, any

one of the materials shown below was added as appropriate.

17



The results in Table 2 show that when the cleaning liquid according to each of Examples 19 to 31 was
used, the 5 amount of the cerium component on the surface of the cleaned object was reduced to
8.5x109 atoms/cm2 or less, and therefore the effect of cleaning and removing cerium oxide was high.
[0058] 10In contrast, it is apparent that when the cleaning liquid according to Comparative Example 5
was used, the cerium component was not reduced to the lower limit of detection of the evaluation
instrument, and the effect of cleaning and removing cerium oxide was low. 15[0059] (Examples 32 to

44) Each clganing liquid was prepase@ as n Example {oexeeptihahthe-compositioreand a
concentration of the cleaning liquid were changed as shown in Table 3. The cleaning treatment and so

on were als@ sawietouthyfusing each cleaning:bquid asiin&xampie 1iFhe cesults are 5 shown in
Table 3 below. [0060] (Comparative Example 6) A cleaning liquid was prepared as in Example 1,
except thatsthe fcomygosition and coAcemeatiamofithe d0icleasing digdidnieresshahgetastshown in
Table 3. The cleaning treatment and so on were also carried out by using the cleaning liquid as in
Example 1wThe aesigtd are showreifeTasie B isslowo[oos1F I5[Tadle 3] . Ingredient (a) Ingredient(b)

Ingredient (c) eaning Cleaning performance HF Type % Water fwt%3
5 [0041]

(Method for measuring the state cf residues left on
the surface of the object cleaned)

TREX 610-T (manufactured by Technos Co., Ltd.) was
used to measure the state of cerium oxide solid residues

10 present on the surface of the object cleaned. The
measurement was performed before and after the cleaning
treatment with the cleaning ligquid to determine the
cleaning effect of the cleaning ligquid.

[004z2]

15 (Examples 1 to 13)

As shown in Table 1, each cleaning liquid was
prepared by mixing 0.001 to 5% by weight of hydrogen
fluoride as ingredient {(a}), 1 to 20% by weight of ammonium
sulfate as ingredient (b), and water as ingredient (c).

20 [0043]

(Examples 14 to 17)

As shown in Table 1, each cleaning liguid was
prepared by mixing 0.01 to 0.1% by weight of hydrogen
fluoride as ingredient {(a), 1 to 10% by weight of

25 tetramethylammonium sulfate as ingredient (b), and water as

18



Pat%) Example 32 0.001 Ammonium nitrate 10 89.999 Good Example 33 0.01 Ammonium nitrate 1
98.99 Good Example 34 0.01 Ammonium nitrate 10 89.99 Good Example 35 0.01 Ammonium nitrate
20 79.99 Good Example 36 0.1 Ammonium nitrate 1 98.9 Good Example 37

ingredient (c).
[0044]
(Example 18)
As shown in Tabkle 1, a cleaning liguid was prepared
5 by mixing 0.1% by weight of hydrogen fluocride as ingredient
(a), 5% by weight of ammonium sulfate and 5% by weight of
ammonium chloride as ingredient {(b), and water as
ingredient {c}.
[0045]
10 {Comparative Example 1)
Ls shown in Table 1, an aguecus solution of 20% by
weight of ammonium sulfate was prepared.
[0046]
(Comparative Example 2)
15 As shown in Table 1, an agueocus scluticn of 20% by
welght of ammonium fluoride was prepared.
[0047]
(Comparative Example 3)
As shown in Table 1, a cleaning liquid was prepared
20 Dby mixing 0.5% by weight of hydrogen flucride as ingredient
(a), 20% by weight of ammonium fluoride as ingredient (b},
and water as ingredient (c).
(0048}
{(Comparative Example 4)

25 As shown in Table 1, an agueous solution of 5% by

19



0.1 Ammonium nitrate 10 89.9 Good Example 38 0.1 Ammonium nitrate 20 79.9 Good Example 39 1

Ammonium nitrate 1 98 Good Example 40 1 Ammonium nitrate 10 89 Good Example 41 1 Ammonium
nitrate 20 79 Good Example 42 5 Ammonium nitrate 1 94

weight of hydrogen fluoride was prepared.
{0049]
Subsequently, a 200 mm diameter silicon substrate
having a 5,000 A TEOS film formed on its surface was
5 subjected to chemical mechanical polishing with cerium
oxide abrasive grains, and the resulting substrate was used
as the object to be cleaned. The object to be cleaned was
measured for the state of remaining cerium residues as
described above, and as a result, about 1x10%* atoms/cm® of
10 cerium oxide was identified as a residual component.
F0050]

Subsequently, the cleaning liguid was placed in a
cleaning liquid tank with a volume of 90 L, and the
temperature of the cleaning liguid was adjusted to 25°C and

15 stabilized. The object was then immersed in the cleaning
liquid tank for 30 seconds, while held on a silicon
substrate holding member made of PFA resin. After the
immersion, the object was lifted together with the silicon
substrate holding member ocut of the cleaning liguid tank

20 and immersed in an ultrapure water rinse tank with a volume
of 90 L, which was provided in advance, so that the
cleaning liquid deposited on the surface of the object was
rinsed off. Subsequently, the object was dried and
measured again for the state cof remaining cerium residues.

25 The removal performance was evaluated as good when the

20



Good Example 43 5 Ammonium nitrate 10 85 Good Example 44 5 Ammonium nitrate 20 75 Good
Comparative Example 6 0 Ammonium nitrate 20 80 Poor [0062] The results in Table 3 show that
when the cleaning liquid according to each of Examples 32 to 44 was used, the amount of the cerium
component on the surface of the cleaned object was reduced to 8.5x109 atoms/cm2 or less, and
therefore the effect of cleaning and removing cerium 5 oxide was high. [0063] In contrast, it is apparent
that when the cleaning liquid according to Comparative Example 6 was used, the cerium component

was not redycadhto the lewer ikt 0id Odetectiamef thewvalugtien insteument: apd she effect of
cleaning and removing cerium oxide was low. [0064] (Examples 45 to 47) As shown in Table 4, each

cleaning liquidkwasdl 5 prepased by mixings0d:%h yrweight of ydreger fluerde asdrgredient (a), 10%
by weight of ammonium sulfate as ingredient (b), water as ingredient (c), and a nonionic, cationic, or
anionic surfactanito Sabseédqueritly; fheleleaningreatment and se iohweretedreied out by using each

evaluation instrument or less, and the removal performance

5 was evaluated asgs poor when the amount of the cerium

component after the treatment was not reduced to 8.5x10°

atoms/cm®. The results of the evaluation of the cleaning

performance based on this procedure are shown in Table 1

below.

10 {00513
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20 cleaning liquid as in Example 1. The results are shown in Table 4 below. [0065] [Table 4] No.
Ingredient (a) Ingredient(b) Ingredient (0) Surfactant Cleaning performance HF Type [wt%)] Water

Type [ppm] [wt%] [wt%] Example 45 0.1 Ammonium sulfate 10 89.9

10

[Table 1]
Ingredient Ingredient (b} Ingredient
No ta) (c) Cleaning
. HF Type [wts] Water performance
(Wi YP (Wt ]
Exanmple 1 0.001 | Ammonium sulfate 10 89.999% Good
Example 2 0.01 {Anmonium sulfate 1 898.99 Good
Example 3 Q.01 {Ammonium sulfate 16 89.98 Good
Example 4 0.01}Ammoniun sulfate 20 79.95 Good
Example 5 0.1 Ammoniun sulfate 1 98.98 Good
Example & 0.LiAmmonium sulfate 10 89.9 Good
Example 7 0.1 jAmmonium sulfate 20 79.9 Good
Example 8 1| Ammonium sulfate 1 98 Good
Example & 1 jAmmonium sulfate 10 89 Good
Example 10 1| Ammonium sulfate 20 79 Good
Example 11 5| Ammonium sulfate 1 94 Good
Example 12 5{Ammonium sulfate 10 85 Good
Example 13 5| Ammonium sulfate 20 75 Good
Example 14 0.1 |Tetramethylammonium 5 94.99 Good
sulfate
Example 15 g.1 Tetramethylammonium 1 98.9 Good
sulfate
Example 16 g.q|Tetranethylanmonivm 5 94.9 Good
sulfate
Example 17 0.1 |Tetramethylammoniun 10 89.9 Good
sulfate
Ammonium sulfate 5
1 0. .9 Good
Example 18 . Ammonium chioride 5 83 oC
Eomparatlve 0| Ammonium sulfate 20 80 POOL
Example 1
Comparative 0 jAmmonium fluoride 20 80 Poor
Exanple 2
Compafatlve 0.5 Ammoniun £iucride 20 79.5 Poor
Example 3
Compa§atlve 5{Absent 0 85 Poor
Example 4
[0052]
The results in Table 1 show that when the cleaning

liguid according to each of Examples 1 to 18 was used, the

amount of the cerium component on the surface c¢f the

cleaned object was reduced to 8.5x10° atoms/cm® or less,

and therefore the effect of cleaning and removing cerium

oxide was high.

[00353]

in contrast,

it is apparent that when the cleaning

liguid according to each of Comparative Examples 1 to 4 was
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Nonionic 100 Good Example 46.0.1 Ammonium sulfate 10 89.9 Cationic 100 Good Example 47 0.1
Ammonium sulfate 10 89.9 Anionic 100 Good [0066] The results in Table 4 show that when the
cleaning liquid according to each of Examples 45 to 47 was used, the 5 amount of the cerium
component on the surface of the cleaned object was reduced to 8.5x109 atoms/cm2 or less, and
therefore the effect of cleaning and removing cerium oxide was high. [0067] 10(Examples 48 to 59)
As shown in Table 5, each cleaning liquid was prepared by mixing 0.1 to 5% by weight of hydrogen

fluoride as ingredient £&a): 5% by weighiofammeaivin sulfatedamepniumaidoridey @mmonium nitrate,
or tetramethylammonium 15sulfate as ingredient (b), and water as ingredient (c). [0068] (Comparative

Example 7) imiAscshavent énctable 5 antaguesusisahutionrofisds byuweight, ofsardmomium sulfate was
prepared. 20[0069] (Comparative Example 8)
effect of cleaning and removing cerium oxide was low.

[0054]
5 (Examples 19 to 31)

FEach cleaning ligquid was prepared as in Example 1,
except that the composition and concentration of the
cleaning liquid were changed as shown in Table 2. The
cleaning treatment and so on were also carried out by using

10 each cleaning liguid as in Example 1. The results are
shown in Table 2 below.

[0055]

(Comparative Example 5)

A cleaning ligquid was prepared as in Example 1,

15 except that the composition and concentration of the
cleaning liquid were changed as shown in Table 2. The
cleaning treatment and so on were alsc carried out by using
the cleaning liquid as in Example 1. The results are shown
in Table 2 below.

20 [0C56]
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As shown in Table 5, an aqueous solution of 20% by weight of ammonium fluoride was prepared.
[0070] (Comparative Example 9) As shown in Table 5, a cleaning liquid was prepared by mixing
0.5% by weight of hydrogen fluoride as ingredient (a), 20% by weight of ammonium fluoride as
ingredient (b), and water as ingredient (c). [0071] 10(Comparative Example 10) As shown in Table
5, an aqueous solution of 5% by weight of hydrogen fluoride was prepared. [0072] Subsequently, a
200 mm diameter silicon substrate 15 having a 1,000 A non-doped polysilicon film formed on its
surface wagrsyibjectgd to chemical mechanical polishing with cerium oxide abrasive grains, and the

resulting s e-was %,;Izcgdigntth objectto-be-cleaned—Fhe-obj "ci'%tg@eg,ll'—‘égg aned-was-measured for
the state gf remaining esﬁwas as|20 descﬁ’t‘)ﬂéﬁdﬁé}ﬁw Pand as a result,cabout] Ix 1042 atems/cm2 of
cerium oxide wi% idenfifiedas a rGS|duaI cop;}BQnent [0 73{Lt%] Stibsegquenty: thereleéaning
treatment and so on were B4rfied out by | ch-cleahing liguid a@#%%sqg%%= results are
shown in 1@%1@%%%9&#—[@@% : ndredientth) et Claani
A FpTe Vv 1] a) Mot wcmuggllggleweug,&g) Cleaning

performance @ poiysilicon nlm.m:nmy@a@wrc%)awmer 10 89,90 Good

Example 22 0.01|Ammonium chloride 20 75,89 Gooed

Example 23 0.1 |Ammonium chloride 1 98.9 Good

Example 24 0.1 Ammonium chleoride 10 85.9 Good

Example 25 0.1 }Ammonium chloride 20 79.9 Good

Example 26 1jAmmonium chloride 1 98 Good

Exanple 27 1ljAmmonium chloride 10 89 Good

Example 28 1| Ammonium chloride 20 79 Good

Example 29 5 1ammonivm chloride 1 94 Good

Example 30 51 ammonium chioride 10 85 Good

Example 31 5| Ammonium chloride 20 75 Good

comparative 0| Bmmonium chloride 20 80 Poor

Example 5

[0057]

The results in Table 2 show that when the cleaning
liquid according to each of Examples 19 to 31 was used, the
5 amount of the cerium component on the surface of the
cleaned object was reduced to 8.5x10° atoms/cm® or less,
and therefore the effect of cleaning and remcving cerium
oxide was high.
[0058]

10 In contrast, it is apparent that when the cleaning
liquid according to Comparative Example 5 was used, the
cerium component was not reduced to the lower limit of
detection of the evaluation instrument, and the effect of
cleaning and removing cerium oxide was low.

15 [0059]

(Examples 32 to 44)

Each cleaning liguid was prepared as in Example 1,
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[et%] (et%) Example 48 O.IArrmoniuxn sulfate 5 94.9 Good Example 49 1 Ammonium sulfate 5 94
Good Example 50 5 Ammonium sulfate 5 90 Good Example 51 0.1 Ammon um chloride 5 94.9 Good
Example 52 1 Ammonium chloride 5

10

15

except that the composition and concentration of the
cleaning liquid were changed as shown in Table 3. The
cleaning treatment and so on were also carried out by using
each cleaning liguid as in Example 1. The results are
shown in Table 3 below.

[0060]

{(Comparative Example 6)

A gcleaning liquid was prepared as in Example 1,
except that the composition and concentration of the
cleaning liguid were changed as shown in Table 3. The
cleaning treatment and so on were also carried out by using

the cleaning liguid as in Example 1. The results are shown

in Table 3 below.

[0061]
[Table 3]

Ingredient Ingredient (b) Ingredient ) )

No. {a) €=} Cleaning
HF Type (wt$] Water performance
Iwt$? Iwtd]

Example 32 0.00% Ammonium nitrate 10 89.999 Good
Example 33 0.01 | Ammonium nitrate 1 9g8.99 Good
Example 34 0.01 |Ammonium nitrate 10 89.99 Good
Example 35 0.01 |Ammonium nitrate 20 79.99 Good
Example 36 0.1 |Ammonium nitrate 1 98.9 Good
Example 37 0.1 |Ammonium nitrate 10 89.9 Good
Example 38 0.1} Ammonium nitrate 20 79.9 Good
Example 39 1l Aammonium nitrate 1 98 Good
Example 40 liAmmonium nitrate 10 89 Good
Example 41 1jAmmonium nitrate 20 79 Good
Example 42 5 Ammonium nitrate 1 54 Good
Example 43 5| Ammonium nitrate 140 85 Good
Example 44 .. S|{Ammonium nitrate 20 75 Good
Comparative 0| Ammonium nitrate 20 80 Poor
Example 6
[0062]

The results in Table 3 show that when the cleaning
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94 Good Example 53 5 Ammonium chloride 5 90 Good Example 54 0.1 Ammonium nitrate 5 94.9
Good Example SS 1 Anunonium nitrate 5 94 Good Example 56 5 Ammonium nitrate 5 90 Good
Example 57 0.1 Tetramethylammonium sulfate 94.9 Good Example 58 1

10

15

20

liguid according to each of Examples 32 to 44 was used, the
amount of the cerium component on the surface of the
cleaned obliect was reduced to 8.5x10% atoms/cm? or less,

and therefore the effect of cleaning and removing cerium
oxide was high.

[0063]

In contrast, it is apparent that when the cleaning
liquid according to Comparative Example € was used, the
cerium component was not reduced to the lower limit of
detection of the evaluation instrument, and the effect of
cleaning and removing cerium oxide was low.

(00641

(Examples 45 to 47)

As shown in Table 4, each cleaning liguid was
prepared by mixing 0.1% by weight of hydrogen fluoride as
ingredient (a), 10% by weight of ammonium sulfate as
ingredient (b), water as ingredient (c}, and a nonionic,
cationic, or anionic surfactant. Subsequently, the
cleaning treatment and so on were carried cut by using each
cleaning liquid as in Example 1. The results are shown in
Table 4 below.

[0065]
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Tetramethylairmonium sulfate 5 94 Good Example 59 5 Tetramethylammon um sulfate 90 Good
Comparative Example 7 0 Ammonium sulfate 5 95 Poor Comparative Example 8 0 Ammonium fluoride
20 80 Poor Comparative Example 9 0.5 Ammonium fluoride 20 79.5 Poor Comparative Example 10 5
Absent 0 95 Poor

[Table 4]
Ingredient Ingredient (b) Ingredient Surfactant N .
No (a) (c) Cleaning
’ HF [ (W] Water Tyoe — performance
[wet] e fwid] P PP

Example 45 0.1 orLum 10 89.9| Nonionic 100 Good
sulfate

Example 46 g, |Ammonium 10 89.9| Cationic | 100 Good
sulifate

Example 47 g, (Ammoniun 10 89.91 Anionic 100 Good
sulfate

[006e]

The results in Table 4 show that when the cleaning
liquid according to each of Examples 45 to 47 was used, the
5 amount of the cerium component on the surfage of the
cleaned object was reduced to 8.5x10° atoms/cm® or less,
and therefore the effect of cleaning and removing cerium
oxide was high.
(00673
10 (Examples 48 to 59)

As shown in Table 5, each cleaning liguid was
prepared by mixing 0.1 to 5% by weight of hydrogen fluoride
as ingredient (a), 5% by welght of ammonium sulfate,
ammonium chloride, ammonium nitrate, or tetramethylammonium

15 sulfate as ingredient (b), and water as ingredient (c).
[006é8]

(Comparative Example 7)

As shown in Table S,Van agueous sclution of 5% by
weight of ammoggum sulféte was prepared.

20 [0069]

(Comparative Example 8)
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[0075] The results in Table 5 show that when the cleaning 5 liquid according to each of Examples 48
to 59 was used, the amount of the cerium component on the surface of the cleaned object was
reduced to 8.5x109 atoms/cm2 or less, and therefore the effect of cleaning and removing cerium oxide
was high. 10[0076] In contrast, it is apparent that when the cleaning liquid according to each of
Comparative Examples 7 to 10 was used, the cerium component was not reduced to the lower limit of
detection of the evaluation instrument, and the effect of cleaning and removing cerium oxide was low.

[0077] (Examples GQtashL)As showarnd able &reach.eleanring diguiciwas prepayed by mixing 0.1 to
5% by weight of hydrogen fluoride as ingredient (a), 5% by weight of ammonium sulfate, ammonium
chloride, am@ienitmdtitratenon tetranmeéthylaimonium sukate asdngredient (b), and water as ingredient
(c). 10[0078] (Comparative Example 11) As shown in Table 6, an aqueous solution of 5% by
weight of afriri@hium sulfate was prepared. [0079] 15(Comparative Example 12) As shown. in
Table 6, an aqueous solution of 20% by weight of ammonium fluoride was prepared. [0080]
(Comparative Exaniflent3) :20AsvshdwiditcT&ble )6, a cleaning liquid was prepared by mixing 0.5% by

weight of hydrogen fluoride as ingredient (a), 20% by weight of ammonium fluoride as ingredient (b),
and water as ingredignf{e)"fo08%] 5@%%&@%@%@%&@ 14y 9uid AdsshowirERersifie 6, an
aqueous solution of 5% by weight of hydrogen fluoride was pre ared?.ﬁgOOSZ] . Subsequently, a 200
mm diameteY sTitSARAbSrate FainG A%606 A giﬁ@)ﬁor‘ﬁﬁfaeff#%% &don iﬁs“&ﬁ?a%%ﬁs subjected
to chemical mechanica| polishing with cerium oxide abrasive, grains, and the resulting, substrate was
used as the 89)]@0?@0% gle%%%%g?jfhé)%b?eng % ﬁhemélegﬁnue%rﬁgse m%%sﬁ?gdr %ijﬁ? tgta{e% 'zj)f remaining
cerium resigggs as 10 described agf)vg %nc{ asa result, about 1x1012 atoms/cm2 of cerium oxide was
o83 <

. . L :
identified as a re&du%fcgr%pjéﬁgﬁt. Subsequently, the cleaning treatment and so on were

carried out P@fd‘ﬂrﬂg each cleaning liquid as in Example 1. 15 The results are shown in Table 6 below.

10 (Comparative Example 10)
As shown in Table 5, an agueous solution of 5% by
weight of hydrogén fluoride was prepared.
[0072]
Subseguently, a 200 mm diameter silicon substrate
15 having a 1,000 A non-doped polysilicon film formed on its
surface was subjected to chemical mechanical polishing with
cerium oxide abrasive grains, and the resulting substrate
was used as the object to be cleaned. The object to be
cleaned was measured for the state of remaining residues as
20 described below, and as a result, about 1x10'? atoms/cm® of
cerium oxide was identified as a residual component.
(00731
Subsequently, the cleaning treatment and so on were
carried out by using each cleaning liquid as in Example 1.

25 The results are shown in Table 5 below.
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[0084] [Table 6] No. Ingredient (a) Ingredient(b) Ingredient (c) Cleaning performance on silicon nitride

film HF Type [wt] Water twt46] [gt%] Example 60 0.1 Ammonium sulfate 5 94.9 Good Example 61
1 Ammon um sulfate

t0074]
[Table 5]
Ingredient Ingredient (b) Ingredient Cleaning
(a) (c) performance
No. HE Water on
e Type fwt%} . pelysilicon
[W\,c] gwt%] £311im
Example 48 0.1 Ammenium sulfate 5 94.9 Good
Exanple 49 11 Ammonium sulfate 5 94 Good
Exampie 50 5 iAmmonium sulfate 5 90 Good
Example 51 0.1} Ammoniuwm chloride 5 94.9 Good
Ezample 52 liAmmonium chloride 5 94 Good
Example 53 5| Ammonium chleride 5 90 Good
Example 54 0.1|Ammonium nitrate 5 94.9 Good
Example 55 1{Ammonium nitrate 5 94 Good
Example 56 51 Ammonium nitrate S 90 Good
Example 57 G.1 Tetfamethylammonlum 5 34.9 Good
sulfate
P -
Example 58 1 retramethylamuoniun 5 94 Good
sulfate
Example 59 5 Tetramethylammonium 5 90 Good
sulfate
Compafatlve 0lAmmonium sulfate 5 95 Foor
Example 7
Comparative 0 Ammonium fluoride 20 a0 Poor
Example 8
Comparative 0.5 Ammonium fluoride 20 795 Poor
Example ©
Eomparatlve 5 |Absent 0 95 Poor
Example 10
[0075]

The results in Table 5 show that when the cleaning
5 liguid according to each of Examples 48 to 59 was used, the
amount of the cerium compconent on the surface of the
cleaned object was reduced to 8.5210° atoms/cm® or less,
and therefore the effect of cleaning and removing ceriﬁm
oxide was high.
10 (007671

In contrast, it is apparent that when the c¢leaning

liquid according to each of Comparative Examples 7 to 10

was used, the cerium component was not reduced to the lower
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5 94 Good Example 62 5 Ammonium sulfate 5 90 Good Example 63 0.1 Ammonium chloride 5 94.9
Good Example 64 1 Ammonium chloride 5 94 Good Example 65 5 Ammonium chloride 5 90 Good
Example 66 0.1 Ammonium nitrate 5 94.9 Good Example 67

limit of detection of the evaluatiocon instrument, and The
effect of cleaning and removing cerium oxide was low.
[0077]

(Examples 60 to 71)

5 As shown in Table €, each cleaning liquid was
prepared by mixing 0.1 to 5% by weight of hydrogen fluoride
as ingredient (a), 5% by weight of ammonium sulfate,
ammonium chloride, ammonium nitrate, or tetramethylammcnium
sulfate as ingredient (b}, and water as ingredient (c).

10 [0078]
(Comparative Example 11}
As shown in Table 6, an agueous solution of 5% by
welght of ammonium sulfate was prepared.
[0C79]
15 {Comparative Example 12)
As shown in Table 6, an agueous solution of 20% by
weight of ammonium fluoride was prepared.
[G080]
(Comparative Example 13}
20 As shown in Table 6, a cleaning liguid was prepared
by mixing 0.5% by weight of hydrogen fluoride as ingredient
{a), 20% by weight of ammonium fluoride as ingredient (b),
and water as ingredient (o).
[0081]

25 (Comparative Example 14)
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1 Ammonium nitrate 5 94 Good Example 68 5 Ammonium nitrate 5 90 Good Example 69 0.1
Tetramethylammonium sulfate 5 94.9 Good Example 70 Tetramethylarii.um sulfate 5 94 Good

Example 71 5 Tetramethylammonmum sulfate 5 90 Good Comparative Example 11 0 Ammonium
sulfate 5

As shown in Table &, an agueous solution of 5% by
weight of hydrogen fluoride was prepared.
[0082]
Subseguently, a 200 mm diameter silicon substrate
5 having a 1,000 A silicon nitride f£ilm formed on its surface
was subjected to chemical mechanical polishing with cerium
oxide abrasive grains, and the resulting substrate was used
as the object to be cleaned. The object to be cleaned was
measured for the state of remaining cerium residues as
10 described above, and as a result, about 1x10** atoms/cm® of
cerium oxide was identified as a residual component.
[oc83s]
Subsequently, the cleaning treatment and so con were
carried out by using each cleaning liquid as in Example 1.
15 The results are shown in Table 6 below.

[0084]
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95 Poor Comparative Example 12 0 Ammonium fluoride 20 80 Poor Comparative Example 13 0.5
Ammonium fluoride 20 79.5 Poor Comparative Example 14 5 Absent 0 95 Poor [0085]
results in Table 6 show that when the cleaning liquid according to each of Examples 60 to 71 was
used, the 5 amount of the cerium component on the surface of the cleaned object was reduced to
8.5x109 atoms/cm2 or less, and therefore the effect of cleaning and removing cerium oxide was high.
[0086] 10In contrast, it is apparent that when the cleaning liquid according to each of Comparative
Examples I i9,14 was used, the cerium component was not reduced to the lower limit of detection of

The

the evaluatiep-pstrument—and-th ffect of cleaning-and-removing-c r\nrlllm Ovmla \Alac lowL f 087]
I grealen '~ gredient eanlng
(Examples| 72 to 74) Ag showh in Tiable 7, Eaehleganity liquid was prgpare dppycmplggge C,QL to 0.5%
by weight of hygf’o'gen btluoride as mgredlen{;y(gg, 10% by} weight of @mwaonium silicen
[wtd] [WET%] nitride f£ilm
Example 60 0.31!Ammonium sulfate 5 94.9 Good
Example 61 1li2Ammonium sulfate 5 G4 Good
Example 62 5iAmmonium sulfate 5 80 Good
Example 63 0.1 Ammonium chloride 5 94.9 Good
Example 64 1iAmmeonium chloride 5 94 Good
Example 65 StAmmonium chloride 5 a0 Good
Example 66 0.1 Ammonium nitrate 5 94.9 Good
Example 67 liammonium nitrate 5 94 Good
Example ©8 5ikmmonium nitrate 5 90 Good
Example 69 g.1|Tetramethylammonium 5 54.9 Good
sulfate
Example 70 1 Tetramethylammonium 5 94 Good
sulfate
Example 71 5| Tetramethylammoniun 5 30 Good
sulfate
Comparative 0fAmmonium sulfate 5 95 Poor
Example 11
Comparative o Ammonium fluoride 50 80 Boor
Example 12
Comparative 0.5 Ammonium flucride 20 795 Poor
Examgple 13
comparative 5| Absent 0 95 Poor
Example 14
[0085]

10

The results in Table & show that when the cleaning

iigquild according to each of Examples 60 to 71 was used, the

amount of the cerium component on the surface of the

cleaned object was reduced tc 8.5x10° atoms/cm® or less,

and therefore the effect of cleaning and removing cerium

oxide was high.

[0086]

In contrast,

it 1is apparent that when the cleaning

liguid according to each of Comparative Examples 11 to 14

was used, the cerium component was not reduced to the lower

limit of detection of the evaluation instrument,

and the

effect of cleaning and removing cerium oxide was low.
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sulfate as ingredient (b), and water as ingredient (c). [0088] (Comparative Examples 15 to 17) As
shown in Table 7, each cleaning liquid was 10 prepared by mixing 0.01 to 0.5% by weight of hydrogen
fluoride as ingredient (a), 10% by weight of sulfuric acid as ingredient (b), and water as ingredient (c).
[0089] (Comparative Example 18) 15A cleaning liquid was prepared by mixing 0.01% by weight of
hydrogen fluoride as ingredient (a), 10% by weight of sulfuric acid and 0.1% by weight of ascorbic acid
as ingredient (b), and water as ingredient (c). [0090] 20Subsequently, a 200 mm diameter silicon
substrate haygrg 2,000 A titanium film formed on its surface and a 200 mm diameter silicon substrate
having a 5,000 A aluminum film formed on its surface were prepared, respectively, and each used as
the object to be cleaRedn28[069IF to 3Jdbsequently, the cleaning liquid was placed in a cleaning
liquid tank with a volume of 90 L, and the temperature of the cleaning liquid was adjusted to 25C and
stabilized. The objgtts, Hapmely Hhelttaniainy filneB-carrying silicen Subistigtevdw®l the aluminum
film-carrying silicon substrate, were immersed in the cleaning liquid for the time shown in Table 7,
while held & arsilicoh dtibstrate Rldihd hekibet made Bt PEATRSING After tHE@fersion, the objects
were lifted together with the 10 silicon substrate holding member out of the cleaning liquid tank and
immerSed ih dPakrdpurSwWaTEF TREe3ahk With-a valante of 60 EAvhIRA EEHYoVIIRd in advance, so
that the cleaning liquid deposited on the s r{ace of the objects was rinse%pff. SulPs quently, the
objects weld dried-Snd 15 HEAS a5 s(glr deerd is‘f%c‘%rbfﬁsiﬁa%rf% +-pHdbe'Surface resistance
meter (K70 bl%g_}%g\anufactured by KYOWARIKEN. CO. LTD). The results of the measurement are
shown in Table 7 below. [0092] Aluminum film surface resistance 09 L6 OTT OET 81 95Z 557

80?8109Tnamun]WEE%ﬂ§¥§%%¥%H%%§%ples 15 to 17)

As shown in Table 7, each cleaning liguid was

10 prepared by mixing 0.01 to 0.5% by weight ¢f hydrogen

@

fluoride as ingredient {(a), 10% by weight of sulfuric acid
as ingredient (b), and water as ingredient (c}.

[0089]
(Comparative Example 18)

15 A cleaning liquid was prepared by mixing 0.01% by
weight of hydrogen fluoride as ingredient (a), 10% by
weight of sulfuric acid and 0.1% by weight of ascorbic acid
as ingredient (b}, and water as ingredient (c).

[0090]

20 Subseguently, a 200 mm diameter silicon substrate
having a 2,000 A titanium film formed on its surface and a
200 mm diameter silicon substrate having a 5,000 A aluminum
film formed on its surface were prepared, respectively, and

each used as the object to be cleaned.

25 [0091]
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[Dm]8.3_T1.0LOL gg17ST 61? Treatment time [minute(s)1 0'09 06 SL 009 OLO Hd -1 No
treatment 8 PZ0? T>I1>1> 006

Subseguently, the cleaning liquid was placed in a
cleaning liguid tank with a volume of 90 L, and the
temperature of the cleaning liquid was adjusted to 25°C and
stabilized. The objects, namely, the titanium film-

5 carrying silicon substrate and the aluminum film-carrying
silicon substrate, were immersed in the cleaning ligquid for
the time shown in Table 7, while held on a silicon
substrate holding member made of PFA resin. After the
immersion, the objects were lifted together with the

10 silicon substrate holding member out of the cleaning liguid
tank and immersed in an ultrapure water rinse tank with a
volume of %0 L, which was provided in advance, so that the
cleaning liguid deposited on the surface of the objects was
rinsed off. Subsequently, the objects were dried and

15 measured for surface resistance by using a four-probe
surface resistance meter (K705-RS, manufactured by
KYOWARIKEN. CC. LTD). The results of the measurement are
shown in Table 7 below,

[0092]
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[0093]

The results in Table 7 show that when the cleaning
ligquid according to each of Examples 72 to 74 was used, the
increase in the surface resistance of the titanium film and

5 the aluminum film on the surfaces of the objects cleaned
was smaller than that in each of Comparative Examples 15 to
17 and that the effect of the cleaning liquid according to
each of Examples 72 to 74 on the titanium and aluminum
films was small. Thus, it is apparent that the cleaning

10  liguid c¢f the invention can not only clean and remove
cerium oxide but also prevent an increase in the resistance
of metal films in contrast to the cleaning liquids of
comparative examples.
(00947

15 It is also apparent that in contrast, the use of the
cleaning liguid of Comparative Example 18 produces a
significant increase in the surface resistance of titanium
and aluminum films and therefore increases the resistance

of metal films, although it can clean and remove cerium

20 oxide.
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Example 72 Example 73 Example 74 sT 8Lumexa adTicacdmod Comparative Example 16
Comparative Example 17 _ Comparative Example 18 ON [0093] The results in Table 7
show that when the cleaning liquid according to each of Examples 72 to 74 was used, the increase in
the surface resistance of the titanium film and 5 the aluminum film on the surfaces of the objects
cleaned was smaller than that in each of Comparative Examples 15 to 17 and that the effect of the
cleaning liquid according to each of Examples 72 to 74 on the titanium and aluminum films was small.
Thus, it is apparent that the cleaning 10 liquid efithenavention can not only clean and remove cerium
oxide but also prevent an increase in the resistance of metal films in contrast to the cleaning liquids of
comparative examples. [0094]

1. A cleaning liquid for removing cerium oxide
remaining on a surface of an object to be cleaned,
5 comprising:
{1) hydrogen flucride; and
(2} at least one ammonium salt selected from the
group consisting of ammonium chloride, ammonium nitrate,
ammenium sulfate, tetramethylammonium chloride,
10 tetramethylammonium nitrate, and tetramethylammonium

sulfate.

2. The cleaning liquid according to claim 1, wherein
the hydregen fluoride has a concentration cof 0.001 to 5% by
15 weight, and the ammonium salt has a concentration of 0.1 to

20% by weight.

3. The cleaning liguid according to claim 1 or Z,

further comprising a surfactant.

20
4. A cleaning method, comprising bringing a cleaning
ligquid into contact with a surface of an object on which
cerium oxide is deposited, so that the cerium oxide is
dissolved to form cerium ions and removed, wherein
25h the cleaning liquid comprises:
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151t is also apparent that in contrast, the use of the cleaning liquid of Comparative Example 18
produces a significant increase in the surface resistance of titanium and aluminum films and therefore
increases the resistance of metal films, although it can clean and remove cerium 20oxide. CLAIMS

1. A cleaning liquid for removing cerium oxide remaining on a surface of an object to be cleaned, 5
comprising: (1) hydrogen fluoride; and (2) at least one ammonium salt selected from the
group consisting of ammonium chloride, ammonium nitrate, ammonium sulfate, tetramethylammonium
chloride, 10 tetrameghyI@W nitrater and fethamethylammonium sulfate. 2. The cleaning
liquid according to claim 1, wherein the hydrogen fluoride has a concentration of 0.001 to 5% by 15
weight, and the amyponism salkbas arconcentsatiomok@tto 20% by aveightom t18 The cleaning
liquid according to claim 1 or 2, further comprising a surfactant. 20 4. A cleaning method,
comprisingghringing arcleéaningdiquid intorconitact with arsutface afanrobjectohtwhich cerium oxide is
deposited, so that the cerium oxide is dissolved to form cerium ions and removed, wherein 25the
cleaning liguidicomprisesl fate, (1) Hydeogeiiucidec ahdn chiDrgkdeast one ammonium salt
selected from the group consisting of ammonium chloride, ammonium nitrate, ammonium sulfate,
tetranfethylapiimenrine EhRHERNS Y8tramEIRAdmnioriurh St EB S teFIPREthYRmmonium sulfate.

5. The cleaning method according to claim 4, wherein the hydrogen fluoride has a concentration of
0.001 to S%Lﬁyff(?%eight, and the ammonium salt has a concentration of 0.1 to 20% by weight.

6. The cleaning method according to claim 4 or 5, wherein the cleaning liquid further comprises a
surfactant. 15 7. The cleaning method according to any one of claims 4 to 6, wherein the object is

a semiconductor sybstrag, 2 glass SUbstrate. 2. ceramis SURSHAte., Gatt sybstate, £ A rock crystal

substrate.
the hydrogen fluoride has a concentration of 0.001 to 5% by

10 weight, and the ammonium salt has a concentration of 0.1 to

20% by welght.

€. The cleaning method according te claim 4 or 5,
wherein the cleaning liquid further comprises a surfactant.
15
7. The cleaning method according to any one of
claims 4 to 6, wherein the object is a semiconductor
substrate, a glass substrate, a ceramic substrate, a guartz

substrate, or a rock crystal substrate.
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