SPECIFICATION ETCHING AGENT, ETCHING METHOD AND LIQUID FOR PREPARING ETCHING
AGENT TECHNICAL FIELD [0001] The present invention relates to processing of a
semiconductor substrate on which a titanium (Ti)-based metal film 10 was formed, in particular, copper
(Cu) wiring was performed, and mainly an etching agent for a Ti-based metal film such as Ti film,
titanium-tungsten (TiW) alloy film, and an etching method. In addition, the present invention relates to

processing of a semiconductor substrate gpiniekryaatamp or a metal wiring 15 having lower
ionization tendency than that of tungsten has been formed, in particular, processing of a
semiconductor substrate on which a tungsten (W)-based metal film was performed, and mainly an

etching agent for a W-bas f] s W fi | film, etching method. 20
BACKGROUND OF THE Mmgﬁ‘%@f ’ E’Tﬁ?ﬁé@%@% g&é?ac%qﬁaé]nquid for a Ti-based metal
film such as Ti film and Tiyy aligyriilReiRr exareple Hver agee AN IR GIERAY liquid, acidic etching

liquid such as, for example, hydrofluoric acid - hydrogen peroxide mixed liquid, phosphoric acid -
hydrogefi peroxide mixed liquid, are known. 10003] However, the hydrogen peroxide solution not
only has a problem that when a metal such as, for example, copper, silver, gold is contained,
decomposition of hydrogen peroxide is &ﬁﬁ@&%ﬁ&sﬁ&m of the etching liquid is shortened, but
also has sucihpygklems that it is difficult to control a concentration of hydrogen peroxide in the etching
liquid and that etching rate is slow, and the like. [0004] 10In addition, for example, the fluorine -
hydrogen peroxide fiixed ligpiddras suehrpratidems theitz fos examplep stchingnate isslovaand that
corrosion of underlying metal or metal on a substrate is significant, and the like, and the phosphoric

acid - hydrogé#ié HixetIRREB SsCeu CRPFdbIenté agi BRamble hRat etehfig 1B ¥ sidue is
?Oeonoeg]""ltﬁd agd thaeoriosion ofypderlying msiglar metgl ona SYbHALS 5 pigificant, apd the like.
mainly an etching agent for a Ti-based metal film such as Ti film,
titanium-tungsten {TiW) alloy film, and an etching method. In
addition, the present invention relates to processing of a
semiconductor substrate on which a metal bump or a metal wiring
15 having lower ionization tendency than that of tungsten has been
formed, in particular, processing of a semiconductor substrate on
which a tungsten {(W)-based metal film was performed, and mainly

an etching agent for a W-based metal film such as W film, TiW alloy

film, and an etching method.

20
BACKGROUND OF THE INVENTION
[0002]
Heretofore, as an etching liguid for a Ti-based metal film such
as Tifilm and TiW alloy film, for example, hydrogen peroxide etching
25 ligquid, acidic etching liguid such as, for example, hydrofluoric acid -

hydrogen peroxide mixed Iiquid, phosphoric acid - hydrogen

peroxide mixed liquid, are known.



Under such circumstance, as an etching method for a Ti-based metal film such as Ti film, Tiw alloy
film without generating etching residue, an etching method for a Ti-based film on a semiconductor
substrate using a solution containing hydrogen peroxide and a chelating agent has been proposed
(see, JP-A-2002-155382). [0006] 25However, depending on a kind of underlying metal or metal on a
semiconductor substrate, such problems occur that etching selectivity is poor because, for example,
corrosion of ¢8@@ddetals occurs, and that lifetime of the etching liquid becomes shortened and
etching rate becomes slow because, for example, decomposition of hydrogen peroxide is promoted,
and the like, [0007 1514 §88Hiort 3R okﬁéféjlrfbggﬁr)%ﬁ?éf ing P FIBF TR allgyWithGdt discoloration
of solder, formlg, ing lgui Ja]! id ic-acid-based
compound, and the Iiké%%ai%%gg dé?sﬁlzil%1:%%{e1crlllrg (ﬁsgg%gyg‘g%%%%%é)& (%Se%hlg?é g&l@
phosphonic-acid<based edmpeand; mosctrmporind idrothen ther mitrdg en-gantainingiphasphonic acid
has been disclosed, and since such ,phosf}ggﬁ(inic-acid-based compound has such a problem that there

is fear of stabilftyiiier?hdtRe 16 R IESUH EdniainHg HyGmdEEn pRroXIYE Fordédaniplélbecause the
solution thergafis strangly Gojored &H?i&%ﬁtmc%”&%‘%&adzierHHE%%ﬁ'E?aH§o§9'_H?iH§%9§ ,etching

agent for a semiconductor substrate. [0008] Under such circumstance, in processing of a

semiconductes:suligttaie provicethivith Tynidring andha seminonducios suhsisate agefulifer forming
lead (Pb)-free solder bump, developments of an 20 etching method improving an etching selectivity of
a Ti-based niét&! film and an etching liquid to be used for selective etching of a Ti-based metal film
have been dﬁﬁg@g_ [0009] On the other hand, heretofore, since a coating used a metal 25 having
lower ionization terldency such as gold, silver has not only superior physical properties such as good
electrig gonductivitynsuprtietdhermocamprassion hondingeability buk atsesuperiosrchanaical
properties such as oxidation resistance, chemical resistance, the coating has been suitably used for

forming bumiBi¥eiAngdand tha dikeishardsrhicsnudicrsUbstrata sede JRPIAIPOGY 1601 38, etc.).

slow and that corrosion of underlying metal or metal on a substrate
is significant, and the like, and the phosphoric acid - hydrogen
peroxide mixed liquid has such problems, for example, that etching
15  residue is generated and that corrosion of underlying metal or metal
on a substrate is significant, and the like.
[0005]
Under such circumstance, as an etching method for a
Ti-based metal film such as Ti film, TiW alloy film without generating
20 etching residue, an etching method for a Ti-based film on a
semiconductor substrate using a solution containing hydrogen
peroxide and a chelating agent has been proposed (see,
JP-A-2002-155382).
[0006]
25 However, depending on a kind of underlying metal or metal on
a semiconductor substrate, such problems occur that etching

selectivity is poor because, for example, corrosion of other metals



5[00101~  In addition, on the other hand, for etching the tungsten (W) and/or titanium-tungsten (TiW)
alloy in the presence of such metal having good electric conductivity, for example, an etching liquid
characterized by containing at least an aqueous hydrogen peroxide 10 solution and an alkali
component and having pH of 7 or less, and the like have been known (see, JP-A-2004-31791, etc.).
However, recently, since precision in wiring, and the like is desired, there is a problem that such

etching liquid js ot suffigientto inhipitssirle-gtching of Wi TiMalloy, anckihie like 15 DISCLOSURE OF
INVENTION PROBLEM TO BE SOLVED BY THE INVENTION [0011] Considering the situation
exemplified abavies & hiolemtto bec2frsolveld ylthezpreseibineentiamis tal providesaitédsehing method
for a Ti-based metal film on a semiconductor substrate, in particular, a selective etching method for a
Ti-based met8f AFASA%ESeRfEOFHRLT BupSHateGsatd A%k Etching liquid to be used therefor.
25[0012] )y ition, the present inventors tried to apply the etching agent for a Ti-based metal
film on a sem[i onductor substrate, on which Cu wiring of the present invention completed previously
had beers formed, agramaiehinghagentiala Wobased metal fhpron @ semitopautior substrate, on
which a metal bump or a metal wiring having lower ionization tendency than that of tungsten such as
gold 5 bump Hathiseen fosRetnEHdBund e wWibaséF afemal dilmpdireetiBasedtd vélbvant metal
bump or metal wiring was.etched, that is, side-etchi urred, and.also that this side-etching was
catsed by b A dion (R s B e SRR Tower
ionization tenglency than thatof 1@ ungsien (lawderization teedencymmatalpsuctzas geld, silver.
Consequently, the present inventors studied to improve the etching agent for a Ti-based metal film,
and developddicareahing sagenPWhiihlie 2 dpatsieobinpitsiting the imetallic Cop@sien (Galvanic

corrosion), and.finally succeeded to provide an etchin ent which 15 can be gpplied to.a

semicm]\ uctgg'%ﬁﬁl%éat% B%W&edj \7v($ n;{Wb%g(-’P r%g%aﬁ Hﬁcoﬁ%ﬁiéwag ;%n%(fa %6}%‘%50&% ‘metal wiring
having low iogjzatian-{endentyhsush as aoihsilves haspeen ferneds MEANSLEO SQIVING THE
PROBLEM 20[0013] The present invention is the invention relating to an etching agent for a
semiconductprstibstratégompesediof & svlutiostabmpysing: ¢4) kylitodehopéroxide]Bloa phosphonic

acid Chelatingontaining hydrogen peroxide, for example, because the solution
thereof is strongly colored and too many metal impurities are
15 contained as an etching agent for a semiconductor substrate.
[0008] |
Under such circumstance, in processing of a semiconductor
substrate provided with Cu wiring and a semiconductor substrate
useful for forming lead {Pbj-free solder bump, developments of an
20 etching method improving an eiching selectivity of a Ti-based metal
film and an etching liguid to be used for selective etching of a
Ti-based metal film have been desired.
[0009]
On the other hand, heretofore, since a coating used a metal
25 having lower ionization tendency such as gold, silver has not only
superior physical properties such as good electric conductivity,

superior thermocompression bonding ability but also superior



agent having a hydroxyl group and (C) a basic compound, and (D-1) 25 a copper anticorrosive agent
and/or (D-2) 0.01 to 3% by weight of two or more kinds of anion species other than phosphonic acid
chelating agents having a hydroxyl group, in which anion species have no oxidizing power. [0014] In
addition, the present invention is the invention relating to an etching method characterized by
selectively etching a Ti-based 5 metal film on a semiconguctor substrate using relevant etching agent

for a semicorftRictor EbsRARP §OE 5] FARAEr, tAS préSeRtio&ntd i HaMentiGh FOMAAY to an
etching method shaxacterized %a%&%gfi%%effé%g aMtbasednsiakd0 filpon, s[?miff?nductor

substrate using relevant etching agent for a semiconductor substrate. [0016] till further, the
present inventibriigthe ameentidrerelatireg tora liqaid forprepatitg @ etching sigentfor{assemiconductor
15 substrate composed of a solution comprising (B) a phosphonic acid chelating agent having a
hydroxyl grouH) a %@95‘6&% é@mﬁ&‘&ﬁd, and (D-1) a copper anticorrosive and/or (D-2) two or more
kinds of {j\nio fﬁi]es other than phosphonic acid chelating agents having a hydroxyl group, in which
anion species have no oxidizing power. 20 EFFECT OF THE INVENTION [0017] By selectively

etching a Ti-based metalfifion aon the other hand, for etching the tungsten (W)
and/or titanivm-tungsten (TiW)} ailoy in the presence of such metal
having good electric conductivity, for example, an etching liquid
characterized by containing at least an aqueous hydrogen peroxide

10 solution and an alkali component and having pH of 7 or less, and the
like have been known (see, JP-A-2004-31791, etc.). However,
recently, since precision in wiring, and the like is desired, there is a
problem that such etching liquid is not sufficient to inhibit

side-etching of W, TiW alloy, and the like.

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTICN
0011} '
Considering the situation exemplified above, a problem to be
20  solved by the present invention is to provide an etching method for a
Ti-based metal film on a semiconductor substrate, in particular, a
selective etching method for a Ti-based metal film on a

semiconductor substrate as well as an etching liquid to be used

therefor,

25 [0012]

In addition, the present inventors tried tc apply the etching

agent for a Ti-based metal film on a semiconductor substrate, on



semiconductor substrate, in particular, a Ti-based metal film on a 25 semiconductor substrate provided
with Cu wiring on the upper part thereof, using the etching agent for a semiconductor substrate
composed of a solution comprising (A) hydrogen peroxide, (B) a phosphonic acid chelating agent
having a hydroxyl group, (c-1) an inorganic alkali among (C) basic compounds, and (D-1) a copper
anticorrosive among the etching agents of the present invention, such effects as, for example,
corrosion of arhipldePyingimealdri® s metarsr asumsiige caihel irilibite: Ykt dfake etching

agent can bjﬁgrolo%ed bgcause amount of metae[ d{ssfolved o,the e#chln%ae}g%}ﬁs reduced; etching

can be carriedf 5t WitHa G reSiaud e }%ﬁ%rg\geél etcﬁifngase ééfi%/ﬁ?/ of 4 Ti-bdsEd Metdl film; and

the like can e gxhibifad ag,comparad vaththeconventiopat A1 $0[Q04Rra1 witaddition, when
a Ti-based metal film on a semiconductor substrate, in particular, a Ti-based metal film on a substrate

provided with Svingringrisselectivélyetched cmeusihgn sblatior Whithsis preparedbyamixing the liquid
for preparinghetchin a%ﬁ-nt 15 fo asemicond(gc or substrate of the _present invention and hydrogen
t

peroxide at tREBHENCEUSRE the FBiTHiAg EFLtd TaR Be SéHibitBd: 181 BRSAHIERHEHor Fhce
deteriorationof the;etehing agent.gauged W%omi% %&gﬁogﬂaﬁgr%&e £ame further

inhibited; instability of hydrogen peroxide due to coexistence of alkali can be 20 avoided: and etching
rate of a Ti-hasedmetdkifire canibe suitablyadljustall bysmixing rrafic ofsielevarthioquid farpreparing
etching agent and hydrogen peroxide; and the like. [0019] By etching a W-based metal film on a
semiconducftstEstratd 2P prvided WithF FRSEA burhp B 3 Tétal WG KA ingPBIWEF $éhization

tendency thap fal-ahtungeten-onjopizaion sadentymetal) Aualhas.dey exammple, ol siver

palladium, tin, or-alloy thereof, using the etching agent for a semiconductor substrate composed of a

solutiopcomprisiRg«A) hiydroden perdxide, (B)de phosphanielacisielielatingagent kaving.a hydroxyl
group, (C) a basic compound, and (D-2) 0.01 to 3% by weight of two or more kinds of 5 anion species

other than phE3pHEHEREI cHafalR g HgehiS RawHY & fyd JouP QYK arfibREELies have no
oxidizing powerhzﬁn}gggéh%%c Ing agents, okiNe p%%%ﬁmdi S thhﬁepfoé%%\%iﬂgggg%%t gan be
a i the

oy 286 . .
exhibited: bintatallic corrosion (Galvanic corrosion) by a W-based metal an ove-described

metal having/leweer 19 ieaizabon endanay tharythatof tungsienicar be-nhibited:andbeansequently
side-etching by relevant corrosion can be inhibited; and the like. BEST MODE FOR
CARRY INGCOUPORTT HEIR R ION1S[o02e] to provide an etching agent which

15 can be applied to a semiconductor substrate provided with a
W-based metal film on which a metal bump or a metal wiring having

low ionization tendency such as gold, silver has been formed.

MEANS TO SOLVING THE PROBLEM
20 [0013]

The present invention is the invention relating to an etching
agent for a semiconductor substrate composed of a solution
comprising (A) hydrogen peroxide, (B) a phosphonic acid chelating
agent having a hydroxyl group and (C} a basic compound, and (D-1)

25 a copper anticorrosive agent and/or (D-2] G.01 to 3% by weight of
two or more kinds of anion species other than phosphonic acid

chelating agents having a hydroxyl group, in which anion species



In the present invention, Ti-based metal film means a film of Ti-based metal formed on a substrate by
Ti or Ti alloy such as TiW (hereinafter, optionally abbreviated as "Ti-based film"). 10021] 20In the
present invention, W-based metal film means a film of W-based metal formed on a substrate by W or
W alloy such as TiW (hereinafter, optionally abbreviated as "W-based film"). 10022) (A) Hydrogen
peroxide relevant to the etching agent of the 25 present invention is used for the purpose to oxidize Ti
film, W film, TiV &l AREG#-AKET and to make dissolution reaction by a basic compound (alkali
compound) i%gf@ﬁ inorganic alkalis, organic amines, easy. [0023] In the etching agent for a
Ti-based metal film'on a semiconductor substrate on which a copper wiring has been formed 5
(hereinafter, optionally abbieldatedhas the etehing agetiomeeyvamnidd the presentdiwentiono<1>), among
the etching agents of the present invention, concentration of (A) hydrogen peroxide to be used is

usually 10 to35% By REIGRE BreferabRr &5 t83erd ySveRRE ishe pretérdbly A5 to'Z6% by weight,

and still more preferably 20 to 26% 10 b Sicqthtr ag,&.cange ntration in said etchin agent. (0024]
In the efﬁinﬁngé%ﬁtﬁg%a Wibaséd rrlilfect(gl%l iim on a éemi%{onsﬁct%?ﬂs%s%fgt%vgﬁlgvfﬁ:% a thetal bump or

a metal Wirir‘;gg@@\{irirﬂcyvga@mz)aimaandgn%maméhat of tungsten has been 15 formed (hereinafter,
optionally abbreviated as the etching agent relevant to the present invention <2>), among the etching
agents of théQd<Ent invention, concentration of (A) hydrogen peroxide to be used is usually 10 to

35% by weight, pre raﬁlg/ 15 1o 35% by weight, more preferably 20 to 35% by weight, and still more
preferably 24 to 20 205 ?/r\?v(tafl%g% ,Ié%%%)ﬁ%gr{? g%l%ﬁ ihss% ééz ?ﬁzggggzleﬁﬁl?%)%ﬁé £ “As the

above-desciibegitfy) hysingenpeirxideracommerdiallyiavaiahle.ong may-be sisedas appropriate,
and specifically, for example, a commercially available hydrogen peroxide may be used 75after diluting

with disfilledfidmrernpurifiedinatastLiorpexsHarigede using relevant etching agent for a

semiconductor substrate.

[0016]

Still further, the present invention is the invention relating to

a hguid for preparing an etching agent for a semiconductor

15 substrate composed of a solution comprising (B} a phosphonic acid
chelating agent having a hydroxyl group and {C) a basic compound,
and {D-1) a copper anticorrosive and/or (D-2} two or more kinds of
anion species other than phosphonic acid chelating agents having a

hydroxyl group, in which anion species have no oxidizing power.

EFFECT OF THE INVENTION
{0017}
By selectively etching a Ti-based metal f{film on =a
semiconductor substrate, in particular, a Ti-based metal film on a
25  semiconductor substrate provided with Cu wiring on the upper part
thereof, using the etching agent for a semiconductor substrate

composed of a solution comprising (A) hydrogen peroxide, (B) a



water, ultrapure water, or the like to a proper concentration. [0026] As the (B) phosphonic acid
chelating agent having a hydroxyl group relevant to the present invention, such chelating agent, which
can maintain oxidizing power by preventing decomposition of hydrogen peroxide, and which has an
action to dissolve Ti film, W 5 film or LW alloy film by coordinating to Ti or W together with hydrogen
peroxide to form an water-soluble complex, is used. [0027] Relevant (B) phosphonic acid

chelating ageny, haxing,a hydroxyl greLn ncludes farexamnle; gliapes O%B phoni¢ agids 10
havingahydr?)%l/lggr%upsuchas 1-hydroxy§%cyli ene-l,%‘-di%osp%lonicaﬁc}i?d E%O?fp ¥
1-hydroxypropyiicenerd , Biagphosphangcd i, Hadipdmoxyhudylidene- dnd {diphosphomicpacid, and
among them, 1-hydroxyethylidene-1,1'-diphosphonic acid (HEDPO) is particularly 15 preferable. These
phosphonic &id SHERtHY e Bkhibi st afecramRt tarlilfibit Rieisiatio 5 8RRy residue and
insoluble matter on etching subsirat t iliti f che i the pr e of hydrogen
peroxide, oxi%%%a 'F%%acs%%aosr’ V%lé-gags%#}in?éélggﬁ é%)MZBO[((B)gZaS% 8%%%%%% |ﬁgg§£ntarelevant to
the present invemiions k> sussseaneentation of e {Bnhospheanic @cith ehelating @gerthaving a
hydroxyl group is usually 0.1 to 3% by weight, preferably 0.2 to 2% by weight, more preferably 0.3 to
[100éggtiy Wﬂgﬁﬂﬁﬁﬂ?@é?&%&?ﬁ%@%?ﬁ@féw}% oY eightdasse Eeskentration ﬁ*?%%:éllh%tc(hi)ng agent.
In the etching agent relevant to.the present invention <2>, use concentration of the (B
phosphonic aaéal}:ﬂg?aﬁ%gua%ee%’t ﬁ%cv%ﬁé% %ﬁr§§yF855&%‘?s°l?s%§T@%?f ‘gffo% %I)'} ?/vgi%ﬁtt,[%referably 0.1
to 2% by weighbrvese prefanaldy Ak 1019 hy-weighthbslilk mare:prefanably-h2 terd 6% by weight, as

a concentration in said etching 5agent. [0030]  In this connection, as these (B) phosphonic acid
chelating agefits havindratiieiioxy| epoupacommEiciayg fribletonesdan pdstficiently used.
10 [0018)

in addition, when a Ti-based metal film on a semiconductor
substrate, in particular, a Ti-based metal film on a substrate
provided with Cu wiring is selectively etched, by using a solution
which is prepared by mixing the ligquid for preparing etching agent
15 for a semiconductor substrate of the present invention and hydrogen
peroxide at the point of use, the following effects can be exhibited:
for example, performance deterioration of the etching agent caused
by decomposition of hydrogen peroxide can be further inhibited;
instability of hydrogen peroxide due to coexistence of alkali can be
20 avoided; and etching rate of a Ti-based metal film can be suitably
adjusted by mixing ratio of relevant liquid for preparing etching
agent and hydrogen peroxide; and the like.
[0019]
By etching a W-based metal film on a semiconductor substrate
25  provided with a metal bump or a metal wiring having lower
ionization tendency than that of tungsten (low ionization tendency

metal] such as, for example, gold, silver, palladium, tin, or alloy



10[0031] The (C) basic compound relevant to the etching agent of the present invention means the
one selected from (c-1) inorganic alkalis and (c-2) organic amines, and in the etching agent relevant to
the present invention <1>, relevant basic compound is required to be an 15 inorganic alkali. Relevant
inorganic alkali is the one to be used to maintain pH of the solution in a specified range as well as to
dissolve oxides of Ti film, W film, TiW alloy film, or the like, which are oxidized by hydrogen peroxide.

Specific exar@ﬂl%@&ih%(%)gingfga@i@cau@éi in $he etghing.agentrelevant dedhespreseni «0 invention
<1> includes, for example, ammonia, hydroxides of alkali metal such as, for example, potassium
hydroxide, sodiomp bydroxidea Asadngi thensonydrogites o hlkatidnesslare prefadble{Bihdisodium

hydroxide is more preferable. [0032] 950n the other hand, specific example of the (c-1) inorganic alkali
in the etchind® 2§ 8??9\%?\?‘[5 ﬁ%é%?é&é%ﬁﬁ%ﬁ%o%‘féﬁg fh S{é'?}ﬂa %&%H%Ié&érﬁrﬂﬁﬁf&, hydroxides

of alkali metal stich, 33, afoL grafrRle; REBSSIMOYdPxide.sadiym hvdinxide, Among them,

hydroxides of alkali metal are preferable, and sodium hydroxide is more preferable. [0033] 5The (c-2)
organic aminerralevanttodhe eltchindr agephobthiegpresent: thventicris gisark ondy Harvilezetching agent
relevant to the present invention <2>, and is the one to be used to maintain pH of the solution in a

specified ranGEHOREN SEB RisHRIVERKHeE B1 R ARETRT By FiImC oP HE B EWRiSKHre oxidized by
hydrogen 1Q, peraxidg, simijlagly;to the.ahqvedeseribed {c:1) inprganic, alkali, Spegific gxample of

relevant organic amine includes, for example, tetramethylammonm hydroxide (TMAH), choline
hydroxide, aatfthedikenAmaongttitent detsamethylammonasivhy (hadder(TARds iprefasable.
1510034] In the etching agent relevant to the present invention <2>, the (C) basic compound may be
at least one 8r MorAdiRds BrI&dic ¥othpbiiid LBRGed $rsiH iclabréae RBEE (L YiRbrganic

alkalis and (¢-2)-organic amines.. Ameng.them. af least.o [ mare kinds 20.0f basic compound
selecte%yfrorﬁo?é%u%ygﬁrrgﬁge eaér}]d tetramethylammoni m%yg}r:oﬁde Tﬁﬂgﬁﬁ%lare? brg{grable, and
particularly stagledéiseceftejthaidsodiwniydroxidelervant corrosion can be inhibited;

and the like.

BEST MODE FOR CARRYING-OUT OF THE INVERTION

15 |0020]

In the present invention, Ti-based metal film means a film of
Ti-based metal formed on a substrate by Ti or Ti alloy such as TiW
(hereinafter, optionally abbreviated as “Ti-based film”).

[0021}

20 In the present invention, W~based metal film means a film of
W-based metal formed on a substrate by W or W alloy such as TiW
(hereinafter, optionally abbreviated as “W-based film”).
|0022]

{A}] Hydrogen peroxide relevant to the etching agent of the

present invention is used for the purpose to oxidize Ti film, W film,

3
L

TiW alloy film, and the like, and to make dissolution reaction by a

basic compound lalkali compound} such as inorganic aikalis,



tetramethylammonium hydroxide (TMAH) is more preferable. Sodium hydroxide and
tetramethylammonium hydroxide (TMAH) are 25 preferable, because said compounds generate ions
having small molar electric conductivity (large hydrated radius) such as sodium ion or quaternary
ammonium ion in an aqueous solution, and contact of relevant ions with a metal having lower
ionization tenodreréc i(t:hgn E%%tsofet%g sten (low ionization tendency metal) inhibit handover of electron to
hydrogen ion O the strface of relevant metal, and consequently dissolution of tungsten (Galvanic
Scorrosion) qaolseasily inhibited. [0035] In the etching agent relevant to the present invention <1>,
use concentration of the (c-1) inorganic alkali to be used varies depending on kind of inorganic alkali,
kind and addition arfouribef 10tHE{R) phesphorkiack chelRmig agerehaving @hy@oxyt group and

(D-1) a copper anticorrosive as i%gnbed later, but is usuall 9.2 10.129% EX xggé%h%,o;%refgéably 0.5t0

10% by weig%?,néhcc? Pndc")lrlt-:'C porléfgrj‘ yr&§et8 121%]8§/Cwe?gﬁf) 58 concentration m said etc ing agent.

[00361 15In the eiching-agenitielexant ththe-piasent Ventoptc 2y, iseLencentsation akbthe (c-1)

inorganic alkali varies depending on kind of the inorganic alkali to be used, kind and addition amount
of the (B) phosphuorie eitid ohelating agbht. hawing a kpdrexgbgroup asdtDe? tiwowrasmons kinds of

gnior_l Specieé%h%hBe){?é%anéjhog h%niciacid gp ?R _I%tgggra%%rgsf hg}/in §Gh¥grq§<gl %rou ,Oig Which anion
pecies have ho izin %3we , ﬁifoc?%e soltitionyand té' Iike; Bar'| usually 0. 16 /loby weight,
preferably 0.2 o 4t oucichs A mosegarelasably -89 2% By Weight asi coReeRiion i said
etching agent. 25[0037]
preferably 15 to 26% by weight, and still more preferably 20 toc 26%
10 by weight, as a concentration in said etching agent.
{0024]

In the etching agent for a W-based metal film on a
semiconductor substrate on which a metal bump or a metal wiring
having lower ionization tendency than that of tungsten has been

15 formed (hereinafter, optionally abbreviated as the etching agent
relevant to the present invention <2>}, among the etching agents of
the present invention, concentration of (A} hydrogen peroxide to be
used is usually 10 to 35% by weight, preferably 15 te 35% by weight,
more preferably 20 to 35% by weight, and still more preferably 24 to

20 32% by weight, as a concentration in said etching agent.

[0025]

As the above-described {A) hydrogen peroxide, a commercially
available one may be used as appropriate, and specifically, for
example, a commercially available hydrogen peroxide may be used

25  after diluting with distilled water, purified water, ion-exchanged

water, ultrapure water, or the like to a proper concentration.

[0026]



The (D-1) copper anticorrosive in the etching agent relevant to the present invention <1> is preferably
used for the etching agent relevant to the present invention <1>, among the etching agents of the
present invention. Relevant copper anticorrosive may be the one which is usually used in this field,
and includes, for example, epihalohydrin-modified polyamide, benzotriazole compound, 5
hydroxycarboxylic acid, nitrogen-containing cyclic compound, and the like. [0038J The
ep'halohyd“n_-mod'ﬂ%dt@@y@v'9%Ségmﬁffeda%%éh@r{galeig%i?ag@ﬁ@“ﬁ%a%gf%'_@g}aﬁsmr example,
a compound in 10 which a hydrogen atom of -NH- group existing’in the main chain of the
polycondensatevohtainkd by ateabtoprefsdmmineatkyl amine and-dicarboxylicacid, is pacity or fully
substituted by either one or both of the group represented by the general formula [1]: -CH2CHCH2X[1]
OH 1510039 £#heRa ) tBpraZhtéid HalBgsi hony) aRted GRS JH66PTaRA%H ke 40040]

Relevant polyconrensals Inclues. (o) example, g compound 2.naving-aepeating it ippresented
by the general formtla 121: NHR3NHR4ANHCOR100 {0041; {wherein, R1 represents an alkylene

group havingfilin G@eathtn athims, Amaryenegrodfn oria gradp Tepresentetbpy the:genaial 25formula
[31: 10042) (wherein, R2 represents an alkylene group haying 1 to 6 carbon atoms), R3 and R4 are
each indepe REEprBsentddn HkineRe dfbliRaning 1 i) 6 carmsicatoiisi it the like. 10043]
Specific exa oif the epihalohyd n-modified polya ide exemplified as the (D-1) copper anticorrosive
includes, for xampie, a compound composed of either one or both of a repeating unit

Relevant (B) phosphonic acid chelating agent having a

hydroxyl group includes, for example, alkane-polyphosphonic acids

10 having a hydroxy! group such as
1-hydroxyethylidene-1,1’-diphosphonic acid (HEDPO),
1-hydroxypropylidene-1,1’-diphosphonic acid,

1-hydroxybutylidene-1,1 -diphosphonic acid, and among them,
1-hydroxyethylidene-1,1’-diphosphonic acid (HEDPO) is particularly
15 preferable. These phosphonic acid chelating agents exhibit such
effects that can inhibit generation of etching residue and insocluble
matter on etching substrates due to good solubilities of chelate in

the presence of hydrogen peroxide, oxide of Ti-based or W-based

metal and Cu.

20 [0028]

In the etching agent relevant to the present invention <1>, use
concentration of the (B} phosphonic acid chelating agent having a
hydroxyl group is usually 0.1 to 3% by weight, preferably 0.2 to 2%
by weight, more preferably 0.3 to 1% by weight, still more preferably

0.4 to 0.8% by weight, as a concentration in said etching agent.

[
33

(0029]

In the etching agent relevant to the present invention <2>, use

10



JOrepresented by the general formula [41: NHR3NR4ANHCOR100 CH2CHCH2X OH 10044) (wherein,
Ri, R3, R4 and X are same as above) and a repeating unit represented by the general formula [5]: r3 4
NHR NR NHCOR1CO chi,cH-cH, \ / [5] 15 [0045] (wherein, RI, R3, R4 and X are same as above), or a
combination of these units and the repeating units represented the above-described general formula

[2], and the ”ESn'F @L%Eﬂ%%eﬁs?o{héi?ﬁ?}’ﬁ [eRgAting. it&ﬁ@f&ﬁ%'gegg%&h%%@ﬁa"g'ge“”bed
general formula 4(3 Is optionally tautomerized, for example, by heat treatmeént, or the like to a structure
of a repeatingyaitaepresenied:byibe genaral fosnddia [6]: weighxe NRIRNRAN CORIEO0
by weight, more preferably 0.15 to 1% by weight, still more
preferably 0.2 to 0.6% by weight, as a concentration in said etching
5 agent.
|0030]

in this connection, as these (B} phosphonic acid chelating

agents having a hydroxyl group, commercially available one can be

sufficiently used.

10 [0031]

The {C) basic compound relevant to the etching agent of the
present invention means the one selected from (c-1) inorganic alkalis
and {c-2) organic amines, and in the etching agent relevant to the
present invention <1=, relevant basic compound is required to be an

15  inorganic alkali. Relevant inorganic alkali is the one teo be used to
maintain pH of the solution in a specified range as well as to dissolve
oxides of Ti film, W film, TiW alloy film, or the like, which are
oxidized by hydrogen peroxide, Specific example of the (c-1)
inorganic alkall in the etching agent relevant to the present

2¢  invention <1> includes, for example, ammonia, hydroxides of alkall
metal such as, for example, potassium hydroxide, sodium hydroxide.

Among them, hydroxides of alkali metal are preferable, and sodium
hydroxide is more preferable.

[0032]

On the other hand, specilic example of the (c-1) inorganic

[S8]
n

alkali in the etching agent relevant fo the present invention <2>

includes, for example, ammonia, hydroxides of alkali metal such as,

11



K.2 OH5[0046] (wherein, R), R3, R4 and X are same as above), even when the repeating unit is
simply described as a repeating unit represented by the general formula [4], the repeating unit includes
the case where this repeating unit and the repeating unit represented by the general 10formula [61
coexist. [0047] In the general formulae [1] and [4], the halogen atom represented by X includes, for
example, a fluorine atom, a chlorine atom, a bromine atom, an iodine atom, and the like, and among

L5them, aCh'?J'&“8@%%})%,%%?%@91%&0%‘@%&%%9@%%&%1@ 38 {4 and Lﬁhﬁré[%]rtﬂﬁ%%ﬁ'ky'e”e

group having1to 6 c oms represented by Ri, R3 and R4 may be any o ranched or
cyclic group, anditnchides usuallyahennaea?ihaviig ik ta Biearberd atoris apreificaltyd thesgroup
includes linear alkvlene groups such as, for example, a methylene group, an ethylene group, a
trimethylene grsiis, Atetedisethylene group, a pentamethylene group, a hexamethylene group;
branched alk k?a% roups such as, for example, a propylene group, a methylmethylene group, a
dimethylmetht ene group, an ethylmethylene group, a methylethylene group, a methyltetramethylene

group, ars ethyltetrantetByleng)gregansychemlylene-grapstsueh @s tidiing agent of the
present invention is used only for the etching agent relevant to the

present invention <2>, and is the one to be used to maintain pH of

the solution in a specified range as well as to dissolve oxides of W

film, TiW alloy film, or the like, which are oxidized by hydrogen

10 peroxide, similarly to the above-described (c-1) inorganic alkali.
Specific example of relevant organic amine includes, for example,
tetramethylammonium hydroxide {TMAH), choline hydroxide, and

the like. Among them, tetramethylammonium hydroxide (TMAH) is

preferable.

15 [0034]

In the etching agent relevant to the present invention <2>, the

(C} basic compound may be at least one or more kinds of basic
compound selected from the above-described {c-1} inorganic alkalis

and {c-2} organic amines. Among them, at least one or more kinds

20  of basic compound selected from sodium hydroxide and
tetramethylammonium hydroxide (TMAH) are preferable, and
particularly  single use of either sodium  Thydroxide or
tetramethylammonium hydroxide (TMAH] 1is more preferable.
Sodium hydroxide and tetramethylammonium hydroxide (TMAH) are

25 preferable, because said compounds generate ions having small
molar electric conductivity {large hvdrated radius) such as sodium

ion or quaternary ammonium ion in an aqueous solution, and

12



5 example, a cyclopropylene group, a cyclopentylene group, a cyclohexylene group, and among them,
a tetramethylene group is preferable. [0049J The arylene group represented by R2 includes
usually the one 10 haying 6 to 10 carbon atoms, for example, a phenylene group, a naphthylene
group, and the like. [0050] In the general formula [3], the alkylene group having 1 to 6 carbon
atoms represented by R2 may be any of linear, branched or 15 cyclic group, and includes the one

having usualfP1te® afd preferaBly 119818 cBmbn atofs Spedificaing the"GrbupdReifdéetinear
alkylene groygs such as, for ex?}?%leof‘ mesihylene group. f;& §Ulene E%&Pe i ylene group, a
met yf fed a 1)1

tetramethylené group,ya pe%]fla ylene grolip, a hexamethylene group; branc yiene 70 groups

such as, for example, lRprapylenegreupe & methylnetiadene.group, adimathylmethylenegroup, an
ethylmethylene group, a methylethylene group, a methyltetramethylene group, an ethyltetramethylene
group cyclic afkyleneigroaps sderdasofr exaniple, atyeopropylehe brogptarcytiabiyéne group, a
25 cyclogentgblrenesgorg Ry %cgglohex?/lepn%ggqygd and among them, the one having 1 to 3 carbon

atoms sich &5, 1or'éxa ple; a mgﬁﬁ} ne‘group, an ethylene group, a trimethylene group, a propylene

group, a dir’r]@r@gl ethylene group is preferable. [0051] The epihalohydrin-modified polyamide
exemplified as the (D-1) copper anticorrosive may be a commercially available product or may be
synthesized as applopiatecachordirmg rthectorambri prove dures eindithee polgantide carsbe prepared,

for example, by reacting epihalahydrin such as, for example, epichlorohydrin to g polymeric polyamide
having arep% %S%‘f{if‘ Rith Pg ofb emj& _bll;) réactiiga" %:%prr%% 8irildi(r§% dlcear%%/ﬁc e‘féﬁlgf’a derivative

thereof 10 and diatpinpalkylamine or adedvativeihereofl082ind addition amount of
Commerciallyavailableproductofrelevant epihalohydlin-modified polyamide includes, for example,

Euramirfe P-8500H T retdes awme] proddceddby titisaistheniiealsip e (ad 1&ahgeouy sohdtion of

epihalohydrin-modified polyamide having molecular wejght of 4,000 to 5,000 in 12.5% by weight),
Euramine P-5600 ﬁ'l%%ﬂ%rﬁ&tb%ﬂi%%’ﬁf%ﬁﬁﬂaﬁﬁcéh{éwﬁgzﬂ%ﬁﬁc. Téﬁ%&?é’(ﬁ}éysgllﬁigﬂ of epihal

ohydrin -mogijed W'M%Tgﬂ%,Wé@@rmhf%{'%%i@%%y?&%@g@t@&ﬂ@ 19 30030 fy. weight), WS-4020

20 [Trade Name, produced by Seiko PMC Corp.] (an agueous solution of epihalohydrin-modified

polyamide havihgondcte dutanaigiphtzof 400,006 t0:6000001N 5% bBicweighf)zand the like, all of which
are agueous solutions containing epihalohydrin-modified polyamide. [0053] 25Molecular weight of the

epihalohydriH!Fh%éﬁﬁed polyamide

15 In the etching agent relevant to the present invention <2>, use
concentration of the (c-1) inorganic alkali varies depending on kind
of the inorganic alkali to be used, kind and addition amount of the
(B) phosphonic acid chelating agent having a hydroxyl group and
(D-2) two or more kinds of anion species other than phosphonic acid

20 chelating agents having a hydroxyl group, in which anion species
have no oxidizing power, pH of the solution, and the like, but is
usually 0.1 to 5% by weight, preferably 0.2 to 4% by weight, and
more preferably 0.2 to 2% by weight as a concentration in said
etching agent.

25 [0037]

The (D-1) copper anticorrosive in the etching agent relevant to

the present invention <1> is preferably used for the etching agent

I3



exemplified as the (D-1) copper anticorrosive is usually 2,000 to 1,000,000, preferably 2,000 to
800,000, and more preferably 3,000 to 600,000. [0054] The benzotriazole compound exemplified
as the (D-1) copper anticorrosive in the etching agent relevant to the present invention 5 <1> includes
benzotriazole and derivatives thereof. Benzotriazole -derivatives include the compounds in which the

benzotriazole ring has a substituent such as, far example, a carboxyl group; an alkyl group having 1 to
6 carbon atoﬁ?éeégt?éﬁtatsq for e R taIH]‘é?WF%?ngj %fnaéf?\?/f]&& Stﬁ?%‘&ﬁ» &%gﬁg%l Ralogen atom

such as, for 10 example, a fluating atom aohlorine 1o & bEQIRE AT, @nioding Atan;
andthelike.Specifically,forexample, 4-carboxybenzotriazole, 5-carboxybenzotriazole,
5-methylbenzoteiazble;ibichlosobdhy otriazdle; ahdshedike, arelinclutiede 45[3056kam pThe
hydroxycarboxylic acid exemplified as the (D-1) copper anticorrosive in the etching agent relevant to

the present iRVERAGHPYES RGNy drox§iEamasviic aRRPEOLRIELOISr exSMPIBOERHE acid, isocitric
acid; a hydroxygarhoxlicacidisuch s, 't exarbple, Z0alyhelic ad 1%@‘3@81%%%&{36&3&%@‘3“’ tartronic

acid, malic acid, tartaric acid, mevalonic acid and pantoic acid. [0056 The nitrogen-containing
cyclic compaizdigxemplified as the (D-1) copper anticorrosive in the etching agent relevant to the 25
present invention <1> includes, for example, a nucleic-acid base, and specifically includes purine
derivatives St¥3&, for example, adenine, guanine, 2-aminopurine, guanosine; pyrimidine derivatives

such as, for examplleh gytgré%ealtgggﬂr}% %é%iﬁé@et%lwgggi (%—et@;él 1|1 ee&ergérin@igontaining

carboxylic acids such as, for example, qui ¢ acid; amino acids such as, for example, cysteamine

hydrochloridg bipyddyh ancuthe diker deithis ledndeetjon; these eopiper anticatmsives may be used in
suitable mixing of two or more kinds. [0057) Among these (D-1) copper anticorrosives, for
examplé, ephaishyarinviabestad pEEMIteNENZ6RIARTEIBITAY, Erid:&ci 210 s86hmeé and the like

are preferabé%e polycondensate obtained by a reaction of diaminocalkyl amine
and dicarboxylic acid is partly or fully substituted by either one or
both of the group represented by the general formula [1]
—CH,CHCH,X [1]

o
15 |0039]

{wherein, X represents a halogen atom) and a glycidyl group, and the
like.
[0040]

Relevant polvcondensate inciudes, for example, a compound

20 having a repeating unit represented by the general formula {2}

[ 1
—JFNHRSNHR“NHCORWCOi‘ 2]

[0041]

{wherein, R! represents an alkylene group having 1 to 6 carbon
atoms, an aryiene group, or a group represented by the general

25  formula [3}:

14



[0058] -~ In the etching agent relevant to the present invention <1>, use concentration of the (D-1)
copper anticorrosive is not especially limited, so long as it is a concentration, which is usable as the 15
copper anticorrosive, or more. Specifically, the concentration is usually 0.05 to 5% by weight,
preferably 0.05 to 2% by weight, and more preferably 0.08 to 1.5% by weight as a concentration in
said etching agent. (0059) 20In the etching agent relevant to the present invention <2>, (D-2) 0.01 to
3% by weight of tV)/oW ore ki2nds T anion species other than phosphomc acid chelating agents
having a hydroxyl\group{/)invxfﬁl nion fes haveho oxidizing power, is used in the etching agent
for a W-based metalfilh on a semi ctor substrate 25 on which a metal bump or a metal wiring
haying lower 'Qaiéﬁt]ion tendency than that of tungsten, among the etching agents of the present
invention. Rehevant anion species means an anion species derived from a compound which can be
dissociated tpvgation andeanignif-anaguegus-salition: ancbmere-speeiticallydhe aniepspecies
means an anion which is generated when an inorganic acid or an organic acid is dissociated in an
aqueous sol@tiem thatls, R drioRShEEEs dérf/ee Troms anlinGrRIfe eld orarpdyasiteacid. In this
connectipn, in_the anion.species in this context, hydroxide ign generated from the (C) at least one or
more kinds o%%%%%%gr‘ﬁﬁl&ﬁdec (s)egef:: & rgmaﬁﬁg}(lsg’ilfﬁgrg&alﬁ%ezgﬁalis and the (c-2) organic amines is
not included; $@1360] Relevant anion species derived from an inorganic acid, specifically,
includes, for example, a sulfate ion, a sulfite ion, a chloride ion, a phosphate ion, a phosphite ion, a
hypophosph te ion, GnrdaHeclikex Amphy thenihg seifitedon adchioride odiadd adSphoesphate ion are
preferable. (00 66%% .. _Relevant anion species derived from.an organic acid, specifical{y, includes, for
example, 2 CHFSBHAIL 5 rhrokarb Oy TRE 161+ BUBH A ol ExAPRRHE af ALRLSEA B & 20
hydroxytricagbaxylate ion sUeh:as Qe gxamprigna citrate ion, an isocitrate jan,.a hydroxygarboxylate
ion such as, for example, a glycolate ion, a lactate ion, a glycerate ion, a tartronate ion, a malate ion, a
tartratel [on, aapevatonate ion, t& partoateiioiyrand thd Jike. Among them, a carbonate ion, an acetate
ion, a citrate ion and a malate ion are preferable, and among them, a citrate ion and a malate ion are
more preferabler 7

"—thHR?’fT}R“NHCOWCO_—ﬁ‘W
| CHZ(IDHCHQX 11 [4]
|
%L or g

0044

(wherein, R*, R% R4 and X are same as above] and a repeating unit

represented by the general formula [5]:

r 7
NHRNR*NHCOR'CO—
| |
| CH,CH—CH, | 5]
N/ i
15 - © J
(0045]

fwherein, R!, R3, R* and X are same as above), or a combination of

these units and the repeating units represented the above-described
general formula [2], and the like. In this connection, since the

20 repeating unit represented by the above-described general formula

15



[0062] =  Use concentration of the (D-2) two or more kinds of anion species other than phosphonic
acid chelating agents having a hydroxyl group, in which anion species have no oxidizing power, is
required to be 0.01 to 3% by weight as a concentration in the etching 5 agent relevant to the present
invention <2>. Among them, the concentration is preferably 0.02 to 1% by weight, more preferably
0.03 to 0.5% by weight, and particularly preferably 0.03 to 0.3% by weight. In particular, by controlling
the use concenlrafiopeb thel aniem speciesziai).B Vemawaitdl orless; thewftestfor, whichdhe 10
present invention desires can be surely obtained. 100631 The (D-2) two or more kinds of anion
species otheﬁ%ﬁﬁrﬁﬁh@sﬁ)ﬁé’fﬁé‘&@d%@aﬁﬁe&ééﬁs HadIngePRGSESIAA §rbup tirvafeERion species
have no oxidi lzln B?Wf‘% have the following two 15 effects: an effect to maintain pH of a solution (an
agueous solution) int tchlng agent relevant to the present invention <2> constant, that is, an effect
as a buffering agent, and an effect to inhibit the Galvanic corrosion which is one of the effects of the
present mventmf In order t hibit the effect as this buffering agent and 20 the effect to inhibit the
Galvanic corrosipn tota& @r nt by weight of the anion species in an aqueous solution of the etching
agent reIeva Nh\\ﬁ‘e@ﬁoﬁ: ecomes an important role. In too low concentration, the
function as a bu ferlng gernt cannot be ex |b|ted ontrary too high concentration promotes the
Galvanic 25 cortosion. Cgnsequently, the use concentration of relevant anion species is required to be
at least 0.01 to % by weight as mentlon§£ above briefly. [0064J Among the (D-2) 0.01 to 3% by
weight of two or ore kinds of anion species other than phosphonic acid chelating agents having a
hydroxyl gro hich anion species have no oxidizing power, a 5 combination of 0.0001 to 0.5% by
weight of at Iléa%t e or more kinds of anion species derived from an inorganic acid selected from a
sulfate ion, @%B&%éao, Achiriderion, a phesphatedam, & Rhosphiiedon and-2 hypophegphite ion and
0.0099 to 2.5% by weight of at least one or more kinds of anion species derived from an organic acid
10 selected fegmaaicigateionsapdrephyatitedorhalcombination 0H.@. 0001 tor5%e byaueight of any one
anion species derived from an organic acid selected from a carbonate ion, an acetate ion, a citrate ion

and a malaté Rn KA HB0E R 394 by WeigIPSPanith Ypekiss ddiie W&ﬁ%ﬁ@’gﬁlﬁ%md selected
from a citrate;jog %{g’eﬂﬂ}f’dﬁ‘ﬁ%‘%rh% ‘Q’H@@é%@éﬂﬁﬁ thap ihe ahoue. selecied aniop.spscies derived

from an organic a and & combination of 0.0001 to°0.5% by weight of at least one or more kinds of
anion gpecids denived fronvariimorganic acid selected from a sulfate ion and a chloride ion and 0.0099
to 2.5% by weight of at least one or more kinds of anion species derived 20 from an inorganic acid
selected frorfr?éJ m)sphate ion, a phosphite ion and a hypophosphite ion; and the like are suitably

used. 00651 Iq ﬁhet%tgh'%gr?&%ﬂt r?(l}gygm la ti;q Fre‘ﬁ@@t |n nt'ﬁi‘e<2h> gﬁm%g&fgrent two or
e

more kinds of anion species th combination of 25 astone a |on species actlng as an effect to
inhibit bimetadlisreeeosian Iﬁgsatvamm@drereslmﬁ and-dupther atfleast are-anion spetirs-AGting as a
buffering agent, the bimetallic corrosion (Galvanic
atom, a bromine atom, an iodine atom, and the like, and among
15 them, a chlorine atom is preferable.
[0048]
In the general formulae {2] and {4] to [5], the alkylene group
having 1 to 6 carbon atoms represented by R1, R® and R* may be any
of linear, branched or cyclic group, and inciudes usually the one
20 having 1 to 6 carbon atoms. Specifically, the group includes linear
alkylene groups such as, for example, a methylene group, an

ethylene group, a trimethylene group, a tetramethylene group, a

pentamethylene group, a hexamethylene group; branched alkylene

16



corrosion), which is one of the effects intended by the present invention, can be surely inhibited. In this
connection, the anion species acting as an effect to inhibit the bimetallic corrosion (Galvanic corrosion)
includes at least one or more kinds of anion 5 species derived from an inorganic acid selected from a
sulfate ion, a sulfite ion, a chloride ion, a phosphate ion, a phosphite ion and a hypophosphite ion, and
at least one or more kinds of anjon s eciesal derived from an %rganic acid selected from a carbonate

ion, an acetaf& {3H & Ritfate?Sn 'Shd aFraRife iBrPAS R s bR Bhe? TREWRY HRfoSpERies acting as
a buffering ag@&hhﬂ?'@%ﬁé%ﬁ%ﬁﬁf&ﬁg@ﬁée kinglsof aéﬂpnaﬁﬁfﬂﬁ%ﬂ%\é%frg%a@)!nqganic acid
selected from a phosphate ion, a phosphite ion and a hypophosphite ion, and at least one or more
kinds of aniomspegikd iieiived fragnarporganic acidtdejdttéddrontiasditrate iogramga malate ion as a
preferable one, 15 In addition, an anion, which can be used for both purposes, includes a phosphate

ion, a phospFitBIoH EHASSPROSPAiIte TN & citfitd fon el & RfaldE BR SasSH Preférixblé%Bne. 10066)
Relevant ani ies acti nhibi im i¢.20 corrosi ic.corrosion) is required to
be useggin a%%n%%%quﬁou%ﬁ, g%é:q gp?gc%fl}?epcogﬁ%ﬁ%éﬂo% isﬁ%ﬁ#ﬁ?gﬁ% é%%?gy v%teight,
preferably 0.004itd:0:2%=hy veight; and therexpreferdidyr().G02 ¢0:0.20t by Wweightrassaconcentration in
the etching agent relevant to the present invention <2>. Use of an amount exceeding 25 0.5% by
weight is noﬁ’ﬁ@f%"r%l‘é; because concentration of electrolyte becomes too high in the etching agent,
and handov%af@gzctron easily occurs in such environment, resulting in facilitating the bimetallic
corrosion (Galvanic corrosion) contrary. These anion species maintain electric double layer formed on
a W-based metal filthby=hydeexide-mp white esdribit dnbachoni eapaktilesof; gispatsing-etactric effect in a
wide range. [0067] On the other hand, specific use concentration of the anion species acting as a
buffering agBRtigs&ally 010OIFIP 2 BRI Weidht, Frafarabls: 0% TRy B Dy iRight, dnore
preferably 0&%8 t(gho.?é%)eb %ﬂ hta%'adt%w e preferably 0.028 to 0.1% by weight as 10 a
concentration |H1?he Stchin agent relevant to the present invention <2>. Total value of the anion
species actinggesghe buffering agent and the anion species acting as an effect to inhibit the
above-described bimetallic corrosion (Galvanic corrosion) becomes the use concentration of the
above-described twe ctcier1s jinbr st ailoh’$pééiesdtRslanangphosphcierdid disefating agents

having a hydroxyl group, in which anion cies,have ng oxidizing power. As mentioned above briefly,
domgroue Pecissnaveng i ione

T30 S represenie ma € an mear., Branc or .
when the usé concer?tra on o?lfhe anion spemes acterg as an gf ecC t% In}:l’lblft Bllm corrosion

(Galvanic cerresionyis0902%:t00. 2% Ryaweight cardhiberisei 3@ caacentiation:of the apign species
acting as a buffering agent is decreased as less as possible, that is, in a range of 0.028 to 0.1% by
weight, bufferiafpaatién daribeSnvaititaimedivhie bintergiicibortgsiod G atvanic torosiers) can be

inhibited m rel
?{%esgrea)fkyiene groups such as, for example, a methylene group, an

ethylene group, a trimethylene group, a tetramethylene group, a
pentamethylene group, a hexamethylene group; branched alkylene

- 20 groups such as, for example, a propylene group, a methylmethylene
group, a dimethylmethylene group, an ethylmethylene group, a
methylethylene group, a methyvitetramethylene group, an
ethyltetramethylene group; cyclic alkylene groups such as, for
example, a cyclopropylene group, a cyclobutylene group, =a

25 cyclopentylene group, a cyclohexylene group, and among them, the
one having 1 to 3 carbon atoms such as, for example, a methylene

group, an ethylene group, a trimethylene group, a propylene group,

17



[0068] © Supply form of these two or more kinds of anion species other than phosphonic acid
chelating agents having a hydroxyl group, in which anion species have no oxidizing power, is not
especially limited, so long as these anion species are dissociated in an aqueous solution to become
relevant anion species. These anion species may be provided, for example, as an inorganic acid or an
organic acid such furi (? ulf Ccﬁj rochloric acid, phosphoric acid, carbonic acid,
acetic acid, (?ﬂﬁ%%%ﬁdﬁ%ghg%gg} ,%%r Hé%ﬁr% %%t%g an inorganic acid or an organic acid such as
sodium sulfgiepsodium sulfite, sodium chloride, sodium phosphate, sodium hydrogenphosphate,
sodium carbonate, sodium hydrogencarbonate, sodium acetate, sodium citrate, sodium malate. 10
However, in the etchig agpHt2brévsHtifo THe prasent RvRIBHAE2 > Spe@ Rinecof eatidiepecies in the
etching age omes occasionally important, these anion species are preferably provided in a form
o sodium oAl UABH ek BRI Sl et e o e & A AT A0060]

Citric acid, npaliGragid, mndsthe: ke whichais "seppeianticorasiv dmbe added to-the etehing agent
relevant to the present invention <I>, are included in the "two or more kinds of anion species other
than phosphericadidrehelatidg EgentsliarHg a Zohydroxyrgoars th bicreaaiowspedie's have no
oxidizing power" in the etcligi gmaﬁgnt relev%nt to ﬂ}.e rg;eeint invention <§>. }he&e compounds are
added in a CoHERt&LGR’ %qgéq' vrv]f%cﬁlfﬁey C8h ddt as anég%%eF Bﬁ?i% PSS Wher tlfiley are used
as a "coppek,aficrrosiveand idlsoafded in acgneentationikange imWRich-2aithey aap act as
"inhibiting action for bimetallic corrosion (Galvanic corrosion)" and "buffering agent” when they are
used as "twossratiorg kindsoktaniondEpecidscatiier Hydicphosphoenie adit chelatinglagemé having a
hydroxyl gr%g)%in which anjon species have no oxidjzing_power’. Therefore, in the etching agents

relevant to RARTROBHTORILTS SRS Yithd Heitf W&RE acid, and the like may occasionally

exhibit an eftgglef;"copper anticorrosive” and "two or 5 more kinds of anion species other than
phosphonic acid chelating agents having a hydroxyl group, in which anion species have no oxidizing
power" depending Gntheamoaliythereoitabe@dded. Thusdaddition ofuditric acidewalictacid, and the
like for both purposes is_not excluded. That is, in the etching agent relevant to_10the present invention

<1>, in addfioH i eBHHER FRRBHsShRe XA RYE oG Aok fit b EredE s R %didtand a
hvdfoxycaf@ﬂc?gi@@Cﬁ?aa% ag malic acid,among e, twe armorekinds.of anion specigs other than

phosphonic acid chelatint, agents having a hydroxyl group, in which anion species have no oxidizing
15 power" may bewsed slwoimbinatiors jitita o$: gtelsitable dlidfitatal peéveandantratianialk’copper
anticorrosive" and relevantégaédroxytricarboxylic acid or h drotg?/carboxylic acid is set in the

(6]

concentratiBhYEEGE Bt E6pHet ahtbSPSsitR a8 QEsihibba-a66VeY OFFIEE bth&r AT the etching
agent relevgn e nt 20.inventj 220 additign 19 "two-Qr_ mare kin f.anion species other
than phospﬁo%%bﬁzio@ﬁé%in% %Egléeﬁts{ﬁ%vamgcg%ygl%x%{i%ﬁ%,(i?rzl%vsrrﬁlc C%l%o(?lsgp' c&%%ave no
oxidizing pewerdoicoppailanticorresive pitay! ba pdethimeonibisatiope buiasdtesctibaeh later, it is
desirable that a "compound which dissociates in an aqueous 25 solution to generate relevant anion

species" agiaodepprantiedosiie s P used AtPelie MR H UBEdWE il paFcert Gy Qveight of the
Gosorbbd TRt e cheRg o e e esion 21 S o Rng agent for
semicondugtghalohydrin-modified polvamide having molecular weight of
400,000 to 600,000 in 25% by weight), and the like, all of which are
agueous solutions containing epihalohydrin-modified polyamide.
10053}
25 Molecular weight of the epihalohydrin-modified polyamide

exemplified as the {D-1) copper anticorrosive is usually 2,000 to

1,000,000, preferably 2,000 to 800,000, and more preferably 3,000
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5 substrate composed of a solution including at least (A) hydrogen peroxide, (B) a phosphonic acid
chelating agent having a hydroxyl group, (c-1) an inorganic alkali, and (D-1) a copper anticorrosive. On
the other hand, the etching agent relevant to the present invention <2> is an etching agent for a
semiconductor substrate 10 composed of a solution including (A) hydrogen peroxide, (B) a phosphonic
acid chelating agent having a hydroxyl group, (C) at least one or more kinds of basic compound
selected fornt¢coDGrdrdanic alkalis and (c-2) organic amines, and (D) 0.01 to 3% by weight of two or
more kinds o{&&g& species other than phosphonic 15 acid chelating agents having a hydroxyl group,
in which anion spec}es have no oxidizing power. [0071) The etching agent relevant to the present

invention <1> is the'pRe ipelughng akigast oM hydioges:Rengxide: {B & PResEhonic-a¢idZ0 chelating
agent having a hydroxyl group, (c-1) an inorganic alkali, and (D-1) a copper anticorrosive, and pH of
relevant solutioriiiscadjusted andimamtdined ingerantelof asdaly e pocpreferably8ti09.5, and more

preferably 8.5 to 9.2. [0072] 25Too high of reJeyant solution causes problems such as, for example,
lowering’in stabflit Hﬁﬁ%g%%@%fﬁfeg%c?@gsé\!gf E6toLioh ﬁgﬁlé? bon%@%%%@z(ﬁ% and the like)

and semiconguetor, risksiates £ Sit AR el ndnd GORIRI¥ KA low Ak, Gakises prablems such as,

for example, decrease in etching rate for Ti, decrease in complex-forming ability of chelating agent,
unbalanced étehirgsatesforTeéanhds W in TdNVialtoyrgenpiatien oketching grsidpe, Huindieake of
side-etching. Therefore, pH is preferably adjusted and maintained in the range as described above.

10073] ESPHR BEHoEe fo MathtafH ARG rSlRGENERD the préSenPliveRtiH itie
above-descrifepH sange, finecessant a0 pHadiusier, Whishds.usually usegnbisjeld, may be

used. In addition to the above-described inorganic alkalis, the pH adjuster may be further used, if
necessdary, fextha purpasetonimpravenior exdmples statility ofthersolutieno {0034 ithRekevant pH
adjuster includes, for example, boric acid, nitric acid, hydrochloric acid, sulfuric acid, hidrofluoric acid,

and the like.3#Hs confBétion, H%o thég‘éepH adjuster® bl 67 Hore kiddls of atfidtRimay be used

in combinatign as.a ' Jn_addlition, use concentration ofrelevant pH adiuster is ysually 0.05 to
4% by 20 w&g%%pr%%ﬁi%%& o 3% by weight, and more pre%era ly 1 ?oIB'f% g}? \?vée% t. [0075]

S-methylbenzotriazole, 5-chlorobenzotriazole, and the like, are
included.
15 |0085]

The hydroxycarboxylic acid exemplified as the (D-1) copper
anticorresive in the etching agent relevant to the present invention
<1> includes a hydrexytricarboxylic acid such as, for example, citric
acid, isocitric acid; a hydroxycarboxylic acid such as, for example,.

20 glycolic acid, lactic acid, glyceric acid, tartronic acid, malic acid,
tartaric acid, mevalonic acid and pantoic acid.
[0056]

The nitrogen-containing cyclic compound exemplified as the

(D-1) copper anticorrosive in the etching agent relevant to the
25  present invention <1> includes, for example, a nucleic-acid base,
and specifically includes purine derivatives such as, for example,

adenine, guanine, 2-aminopurine, guanosine; pyrimidine derivatives
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The etching agent relevant to the present invention <2> is the one including at least (A) hydrogen
peroxide, (B) a phosphonic acid 25 chelating agent having a hydroxyl group, (C) at least one or more
kinds of basic compound selected form (c-1) inorganic alkalis and (c-2) organic amines, and (D-2) 0.01
to 3% by weight of two or more kinds of anion species other than phosphonic acid chelating agents
having a hydroxyl group, in which anion species have no oxidizing power, and pH of relevant solution

s adjusted aqd ppaintaingd .2 s2ge.of ustsl.6 (o1 ateferably B0 95 2 mojs refgrably 7 to

58.5. [0076] Too high pH of relevant solution causés probiems such as, for example, fowering in
stability of hy8regen peraxidel rereaserof carrasion ingneighiboriny metals Apand the like) and
semiconductor 10 substrates (Si, and the like), and the like, and contrary, too low pH causes

problems suGHAEIRIf exaMle Hicreasistin GtRMIAG rat6 1P WSHEEe st infebmBIdtBifing ability of
phosphonic ac%%t%l%%%i}l%g algegaéggﬁmﬁgydrg igg—rgé.;p, ugpl%{an&qg egggi&g rate nfort};iignd W in Tiw

alloy, generat ing résidue, increase of etching. 15 Therefore, pH is preferably adjusted

and maintaineshin ¢éaei rangerassdeseried-abave: dieQ &7} s the gichiagwgent relevantivithe present
invention <2>, since total percent by weight of the anion species in the solution 20 becomes important,

concentratioF¥EREE 6f tHEabsVELEESFBEYS(C) at least one or more kinds of basic compounds
selected from -él%.'norganic alkalis and (c-2) organic amines and (D-2) two or more kinds of anion
species otheL than l)hosphonic acid chelating agents having a hydroxyl group, in which anion species
have no oxidizing 23 pwer, isipreteraialy Bidjusiee ir-a ange of helvta; 3%y Weightard

epihalohydrin-modified polyamide, benzotriazole (BTA), citric acid,
10 adenine, and the like are preferable.
[0058]

In the etching agent relevant to the present invention <1>, use
concentration of the (D-1} copper anticorrosive is not especially
limited, so long as it is a concentration, which is usable as the

15 copper anticorrosive, or more. Specifically, the concentration is
usually 0.05 to 5% by weight, preferably 0.05 to 2% by weight, and

more preferably 0.08 to 1.5% by weight as a concentration in said

etching agent.

[0059]

20 In the etching agent relevant to the present invention <2>,
(D-2) 0.01 to 3% by weight of two or more kinds of anion species
other than phosphonic acid chelating agents having a hydroxyl
group, in which anion species have no oxidizing power, is used in the
etching agent for a W-based metal film on a semiconductor substrate

on which a metal bump or a metal wiring having lower ionization

s
L4

tendency than that of tungsten, among the etching agents of the

present invention. Relevant anion species means an anion species
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also pH of the solution is preferably adjusted and maintained in the range as described above. That is,
in the etching agent relevant to the present invention <2>, since concentration range of the anion
species becomes important, it is desirable that a compound, which dissociates in an aqueous solution
to generate relevant anion species, other than (D-2) two or more kinds of anion species other 5 than
phosphonic acid chelating agents having a hydroxyl group, in which anion species have no oxidizing
power, and tielikecgréntonuse o [oOP8] Thevdithihg agerittetévantia the preseatiinvertién can be 10
prepared by mixing and dissolving (@2; th{ogennper(?g?e (B; a ghos {IOHH acid chelating agent
having a hyd%ilﬁ gréﬂp,a(?:) A54sic com%cl)’iur]‘]?j and -1%chpp FAMtcorosive gn%ﬁ -2) 0.01to
3% by weightgf-to0fRgres kinds af anierrspecigsther than Rhasphania Asidchglating agents
having a hydroxyl group, in which 15 anion species have no oxidizing power, in'water, so as to obtain
the concentrations as gescrilzaddbs v skrthisicshiectibre each compbntinrmal bk iadded in water
and mixed sequentially in an appropriate order,.or all of the components may be added and then
dissolved in FHISF PRETAES PrapEr&d RORiT OERESTG BraSert 26 RGEATON & pfeferdbly subjected
to filtration tregtmenty and thilike, bafare yse, I addition.water tohe: usedinese may e distilled water,
purified water, ion-exchanged water, ultrapure water, or the like which has been purified by distillation,
ion-exchange ¢reatatent, fanchthie dik€.) 2616@AIone dn themtching agériiaslevantig thengresent
invention <1>, in addjtion to use (A)_hydrogen peroxide, (B) a phosphon c acid chelating agent having
a hydroxyl grths Ste4 e inbrgaltic dIkaR T BAT (D A& LS gt antfcbrrsdifa SrdtigeRte Whth are
usually used;in the etching mpethod well known per se can be used. [00801 Such reagents include,
for example, surfactants such as a nonionic surfactant, an anionic surfactant, a cationic surfactant and
an amphoterio@aitectant, which is used for the purpose to improve wettability to semiconductor
surface by reducing surface tension of the solution, and the like. Among them, a nonionic 10 surfactant

such as NCW 1002RpHyeR/etiidAB-pSHeF oy fanscslkyifer, Brod iU E B \WakS Bure Chemical
Industries Lt ike | icul le. T, t - [
naustries gﬁe@ﬂ?cg‘ﬁa)! ‘?ri%ﬂgrﬁ%%“ %ﬁ%‘e%%%:rg@& i‘eﬁl?&{?%%ﬂsé“%%ﬂgfggﬁd“

concentration‘range usually used in this fi the concentration is'usua t0'1% by weight,

and preferabiy (b0iki 25 do 0 DYHnsweigh ias aceicesihtianiohihe eepingragasirelavant to the
present invention <1>. [0081] On the other hand, in the etching agent relevant to the present

invention <287iA ddditibi o usRTIRIHy didgEh prrokide (B)ia20 pheBpriokie ded chrtifig agent
having a hydr?l
1

_ 2 )9’s| rogg,.g}? g&_!ﬁe%ﬂte%&_ea%rl@ore kinds of basic compo_unds selected from (_c-l)
inorganic alkalis aﬁgic-z)) organlcpamlnes, and (D-2) 0.01 to 3% by weight of two or more kinds of
anion specigggi@er than phosphonic acid chelating agents having a hydroxyl group, in which anion
Relevant anion species derived from an organic acid,
specifically, includes, for example, a carbonate ion; a
monocarboxylate ilon such as, for example, an acetate 1on; a
20  hydroxvtricarboxyvlate ion such as, for example, a citrate ion, an
isocitrate lon; a hydroxycarboxyiate ion such as, for example, a
givcolate ion, a lactate ion, a glycerate lon, a tartronate ion, a malate

ion, a tartrate ion, a mevalonate 1on, a pantcate ion; and the like.

Among them, a carbonate ion, an acetate ion, a citrate ion and a

3]
i

malate ion are preferable, and arong them, a citrate ion and a
malate ion are more preferable.

[0062]
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95 species have no oxidizing power, surfactant, and the like can be used. However, since total percent
by weight of the anion species in the solution becomes important in relevant etching agent, as
described above briefly, it is desirable that other component which influences on this percent by weight
should not be contained. [0082) The surfactant to be used, if necessary, in the etching agent
relevant to the present invention <2> includes, for example, surfactants such as a nonionic surfactant,

an anionic surfactani;a£atjgnic surfagiant andsan amphotelis swfagtant, whieh is wsed;far the

purpose to improve wettability to semiconductor surface by reducing surface tension of the solution,
and the like. Amerig thesé20 sirfactarits) shik ebidouscthit ahedmpagnd:whicts dbes 1o dissociate in
an aqueous solution to generate no anion species is preferable. In addition, amount to be used of
these surfactaitd 78 KL &Y BIOOEtGVIYE By A it SRAG Srefe AlSy® 01461758 RPWERhts as a

concentration e elehing,Agen releyant o s present myeniin 19523, 10083] Tha siching agentof
the present invehtion is the one which'is prepared by using, as main components, E(}AS yo%ogen
peroxides (B) agehasphonicacid chelatirigragent:havingnaibydrexy groups ¢a)a hasie, 20:compound
and (D-1) a copper anticorrosive and/or (D-2) 0.01 to 3% by weight of two or more kinds of anion

species othelCtHafspHEspHHOnitSaBiELéRRtdting Gdehtsohadvind @ HyeidRyl groviis, IRTRHIER Blion species
have no oxidigirb%ptow re8s ges‘%ribegta%ory , agldt%ra\lliq_? in afvari%&js [?r&,s,tf%%@mgle, in
e o 25 multiquid System such a_a“qﬁigre Stem. in this connection: when

one-liquid system or 25 multi- m such as two system. 1n this‘connection,

relevant etchipg;agent isiusadtinthecase of one-iuwidsysient.sit ray berisedias itys.and in the case
of multi-liquid system such as two-liquid system, a solution containing all components as described

above may bézprepafddt Bi miting al SolbtorscastHppropfiate befreliset dnd mayde tised.

i0  present invention desires can be surely obtained.
{0063]

The (D-2} two or more kinds of anion species other than
phosphonic acid chelating agents having a hydroxyl group, in which
anion species have no oxidizing power, have the following two

15  effects: an effect to maintain pH of a solution (an aqueous solution}
in the etching agent relevant to the present invention <2> constant,
that is, an effect as a buffering agent, and an effect to inhibit the
Galvanic corresion which is one of the effects of the present
invention. In order to exhibit the effect as this buffering agent and

20 the effect to inhibit the Galvanic corrosion, total percent by weight of
the anion species in an aqueous solution of the etching agent
relevant to the present invention <2> becomes an important role.
In too low concentration, the function as a buffering agent cannot be
exhibited, contrary toc high concentration promotes the Galvanic

25 corrosion. Consequently, the use concentration of relevant anion
species is required to be at least 0.01 to 3% by weight as mentioned

above briefly.
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[0084] 5Among them, from the viewpoints of safety in during transportation and storage, or the like, or
stability of the solution, and the like, multi-liquid system of two or more-liquid system is preferable, in
particular, from the viewpoints of stability and convenience, two-liquid system is preferable.
Specifically, for 10 example, from the viewpoints of inhibiting performance deterioration of the etching
agent caused by decomposition of hydrogen peroxide and avoiding instability of hydrogen peroxide
due to coexid@H&Hbf the basic compound (alkali compound), an etching agent of two-liquid system
composed of (1) a sglytianneludino s hydragenpasoxide and (2) asolion incliding.a phosphonic
acid chelating agent aviné a hydroxyl group, a basic'compound, and a copper anticorrosive and/or
two or more kingsrokpeior speties aiher angphosphonicidcichehalating-agents havingashydroxyl
group, in which anion species have no oxidizing power (hereinafter, 20 optionally may be abbreviated
as a liquid foP PrEarifg2an eichifg e et rafifaht e tRECpréseT inve AtioR)ZEsreferaple. 40085] In
the above-desribed mMultiguid sysiem.such a5 tWo-lquid sysiom, use congentraion ggach
component in each so Gfion may 25 be selected asyappr riate ‘so %ha 4 concentration i the solution
in which all sejutionsase Rrepasediby Mixing Asapprapriaieand-all atrelevant compenents are
contained, that is, a final concentration falls in the concentration range as described above, and each
component rigyibeccontained i the seleztediesitteatrationih eabh sbtutivh. T hdtdsfortexample,
when the etching agent relevant to the present inventjon. <1> is e to twa-ljquid system, two liquids
may be prep%r%%’f%%s%&%ﬁg@g%sﬁ%ﬁg IoWi nagnv(\j/a();:% ag)s% u%?orél 1 J:rcll/r:?’ls I3_7ié|" G?&i%oll“ﬁ[c?jdﬁﬁ%ef@ to 50% by
weight, prefeyally,15:Q,30% hyaweight,/mere preferablyidpiie46% 4y weighhand stifl mere preferably
20 to 26% by weight of hydrogen peroxide and a liquid for preparing an etching solution (Second
Liquid)! 6ompesedtofiaiidnsalutioneiteheding 0l 1aton3%6 by wsip bt coreferabl @2ab QW8 Iweight, more
preferably 0.3 to 1% hy weight, ang stillrmore greferabl 0.4 toé).S% bI%@Neight of phosphonic acid
chelating agkhthavihgh Fydars¥yPoRUS, 07F 181596 BY GeightC preTSRRPEsa8 £886Byweight, and

more preferahly;0.3 104 By yeight of inaraanic, 15 alkalic.and:0-03.40 2% Py yeight, preferably 0.05

to 2% by weight, and more preferably 0.08 to 1.5% by weight of copper anticorrosive, are mixed as
appropriate sottrdtécmixing matio @atidbyoweight) PFirstdi guidof Second siguidédhdeoimed usually 1:9 to
98:2, preferably 4:6 to 9:1, and mare preferably 6:4 to 8:2, and sqg that 20 each concentration in a

prepared soltifigh, 37 HIBRIF of Fete i Ebp STt fard (BaHitai, 3t 8, BlifindP&bncentration
becomes usyally. 1949, 320 by yyeight, prglerally. Le49 30% hyweight Hlﬂrﬁrgﬁeffié?xplé{l}fs to 26% by

weight, and still more preferably 20 to 26% by weight of hydrogen peroxide, usually 0.1 to 25 3% by
weight, preferafaly 2. 2:td @%mlbyl weightn iviore treferéilily M08 to &9by Welghtwanghstibfnore preferably
0.4 to 0.8% by weight of phosphonic acid chelating agent having a hydroxyl group, usually 0.2 to 12%
by weight, préA&faBR0 % 15166 BYPREI Gt 2BHATMBRS prete MG B 16UB6 &Y WatgBES  organic

alkall, and usuallu0,00 0,54 vIeIOhtRI" P02 1R 216HY WEIIM, AAT 4NGER Brprably 0.08 to

1.5% by weight of copper anticorrosive.
2.5% by weight of at least one or more kinds of anion species derived

20 from an inorganic acid selected from a phosphate ion, a phosphite
ion and a hypophosphite ion; and the like are suitably used.
10065]
In the etching agent relevant to the present invention <2=>, by
using different two or more kinds of anion species in combination of
25 at least one anion species acting as an effect to inhibit bimetallic
corrosion (Galvanic corrosion) and further at least one anion species

acting as a buffering agent, the bimetallic corrosion (Galvanic
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5[0086J" In addition, when the etching agent relevant to the present invention <2> is made to
two-liquid system, two liquids may be prepared, respectively, in the following way: a solution (First
Liquid) including 10 to 35% by weight, preferably 20 to 35% by weight, more 10 preferably 24 to 35%
by weight, and still more preferably 30 to 35% by weight of hydrogen peroxide and a liquid for
preparing an etching solution (Second Liquid) composed of a solution including 0.1 to 30% by weight,
preferably 0.1:#-20%; By weightrmeoye prefesabiy, 0. 15rre 4% Ry weight, apd stidl mera preferably 0.2
to 6% by weight 15 of phosphonic acid chelating agent having a hydroxyl group, 0.1 to 48% by weight,
preferably 0.11@30% by weighbcantd rabreiplaferatfly 0.1110t20% byrwitghioof.at feastwiseior more

kinds of basic compounds selected from inorganic alkalis, and qQrganic amines, as well as 0.01 to 6%
by weight, préfFabiy 023294y aight nord 20 FratEAbiy b.0F (855 I weHe &ffstil more

preferably 0.03 10.0,6% by, weight of tweerinere kindsaf apiensipesies.othelbary phosphonic acid
chelating agents having a hydroxyl group, in which anion species have no oxidizing power, are mixed
as appropriatersathatdemixingiratio @atiobygeeighth (Fistdliqoidd Second kigifiel]25becames usually
30:70 to 99:1, preferably 60:40 to 95:5, and more preferably 80:20 to 95:5, and so that each
concentratiors A 5réBGrel SOHAGH T Which SMEHTRI @éﬁt’éb‘?np%r%%‘??ﬁ@%ﬁ%n@&dtﬁat is, each
final concentyation hecomas usyally,1ita 3A% by yeiobt Rreferably 45 to 3596 hyweights more
preferably 20 to 35% by weight, and still more preferably 24 to 32% by weight of hydrogen peroxide,
usually 0.1 tai3¥bveydweight, preferediy0c1 401206y averght f5omore prefdrahlyt6. livtg 184 by weight,
and still more preferably 0.2 to 0.6% by weight of phosphonic acid chelating agent having a hydroxyl
group, usualfs s B9 by eighE piferdbly © B0 256 By e Rt RIfdHoPEpP&rerably 5.2 to 2% by

weight of at Iggel gng, Al Inare,kinds; of basic Gampainds,seleqied fimdnpraanicialiglis and 10

organic amines, and usually 0.01 to 3% by weight, preferably 0.02 to 1% by weight, and more
preferably 0.63cte: Qdbfvel and still cnose préferally 008 food3Unbinweight lof vtlossneredkinds of anion
species other than phosphonic acid chelating agents having a hydroxy!l group, in which anion species

have no oxidiziiy FoNePSPHIBOBTPL, & RTERRIMEAS itOMRRVb AU eystenad esttivel @bove, pH of
each solution is, 2150 not especially, imited, Sﬁ%m%‘lé.bﬁ adiisted 59.fhat kL of & selution. in which all
solutions are prepareé’%y mixXing as approprlate and a FO components as escrlbeoggbove are

contained, 9@ dhatdsl dinalpH dalls-ir the: pHi range as-deseribediaboxe. dhapnthen wasgs . for example,
in the case of two-liquid system as described above, pH of each solution may be adjusted so that final
pH afterSmiximgafe tietligait s beeBnississusi pre 210! i dfet EbBLFH G &5 915, Cand fiore
preferably pH 8.5 t0 9.2 {g the etghirgg aﬁgntergevant ggythg rese tii evie{glltlion é}?a%nd usually pH 6 to
10, preferab@‘/ B}EIOGg fo'8 ' Sndmore) pre? rabﬁy pcf—?’i o 88 i the etc Ing agér?t FeleOaRt [ the present

invention <2z 400881 a teBishingsmethaddnthe-edehing agent relevant to the present invention <1>
may be carried out by processing the following substrate with the etching agent of the present

invention, fol3&&mple, by contacting an etching agent composed of a solution comprising at least
(A) hydrogen peroxide, (BB a phosphonic acid chelating agent having.a hydroxyl. group,.(c-1) an
inorganic alkali, an@gﬁ%?l a)g Eo&p%lrogntiégrerg%?\?e aancc}' a i-t()%éjse rﬁé%é?ﬁlg?%n \élgéﬁﬁ%gﬁ%uctor
substrate. 1040089, (Etchingimethesigithe etshing agent releveat tasthe present;inygntion <2>

may be carried out by processing the following substrate with the etching agent of the present
invention, forexampleaby contatting:an etohirpagerivconiposed B £solifibrid B doimprising at least

(A) hydrogen peroxide, (B) a phosphonic acid chelating agent having a hydroxyl group, (C) at least
one or more’kingik of Bééf@%%ﬁ oﬁn%g ]seﬁgc%@%’o#?ﬁ:-‘i% ﬁﬁi’r@aﬁf&%ﬂ?ﬁ%%ﬁ%‘ B3PS Fanic amines,

and (D-2) 0919:3%, b@s,.w%gmyof\éw%gle ra@r%kaﬁ%égﬁﬁigﬁéﬂeﬁﬁﬂm&&@ﬁﬂg@g@ﬁ@nic acid
chelating agents 20 having a hydroxyl group, in which anion species have no oxidizing power, and a
W-based metakfilam ona Semicanductonsabsiates 260900 se of an amount exceeding

25 0.5% by weight is not preferable, because concentration of

electrolyte becomes too high in the etching agent, and handover of

electron easily occurs in such environment, resulting in facilitating
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That is, the etching method of the present invention may be carried out according to the etching
method well known per se such 25 as dipping method, spray etching method, except that a substrate
is etched using the etching agent relevant to the present invention as described above. 10091] In
addition, in the etching method of the present invention, the liquid for preparing an etching agent of the
present invengion,(ihat s, e liquid for.preparing anceiehing agent, somposed af 2.9 solytign including
a phosphonic aci éﬁeleﬁlng agent ﬁavmg a hy roxy?group, and a copper anticorrosive and/or two or

more kinds ofpeige spaeipsathekibaarphesphipniclagid chslating agenis Wayag aihyseexyl group, in
which anion species have no oxidizing power) may be mixed as appropriate with a solution including
10 hydrogen proxitehatthepeint ofusehibepradre b 86| @iDNaThichreonaing diisfaheing

above-descrigled comQ%nergts rl(eagchi. a %nt)iand it may be used. [00921 Specific example of the
etching methdd Wl kRown par 8 L5 nciides, for example, (1) a method in which a semiconductor

substratg on \glyeya Ti-based metal film or a W-based metal film has been formed is dipped in an
etching agent; (2) a method in which a semiconductor substrate on which a Ti-based metal film or a
W-based metal film Gas Heercfdrared: sdippaeipito aristehingragentazfoand fhehsolatioaris stirred in

such a dipping state by mechanical means; (3) a method in which a semiconductor sybstrate on which
a Ti-based nigt&fifih é”ﬁlf}\ﬁb%eﬁ r%g?f’f'ﬁﬁ S8 BREN Forfiir ‘ﬁi[@pgéﬁ oté?n?etést{i}ngjﬁgent, and

the solution ig,virated and stisecdnsushaclipning stata By means of ultiasenic wayss e the like; (4)

a 75 method in which an etching agent is sprayed on a semiconductor substrate on which a Ti-based
metal film or & Y¥«bbpedargtal fiimdhsis heenfomrede anbith€ ka8 [@093] % binsthigicomsection, in the
method of the present invention, when the etching as described above is carried out, the

semicoRductdr SOBSFAE 6 aRiIcHa THBased MiBtal o BN 5k el i Taathden formed
may be vibrated,. ) necessary. (0994} +,1n addition, dn the methad of.the pragent lnvenfion, etching

system is not especially limited, and, for example, batch type, sheet-fed type, and the like can be used.
10[0095] bilikesemiconducton Sutistrateion witichia Jidbased metatfimifhas beenkdtited to which

the etching agent and the etching method relevant to the present invention <1> are applied includes,
for example, & SULRHETE (65 Gt BEALPONGel QRO S e mICtHIGAH sisstFas @l which a

Ti-based meﬁ%lcfg%Q@chge@sfgrgb%gcearpg'£Q?o%%f[Q91%61above—described two or more

15  kinds of anion species other than phosphonic acid chelating agents
having a hydroxyl group, in which anion'species have no oxidizing
power. As mentioned above briefly, when the use concentration of
the anion speéies acting as an effect to inhibit bimetallic corrosion
{(Galvanic corresion) is 0.002 to 0.2% by weight, and the wuse

20 concentration of the anion species acting as a buffering agent is
decreased as less as possible, that is, in a range of 0.028 to 0.1% by
weight, buffering action can be maintained while bimetallic
corrosion {Galvanic corrosion) can be inhibited more surely.

[0068]

25 Supply form of these two or more kinds of anion species other

than phosphonic acid chelating agents having a hydroxyl group, in

which anion species have no oxidizing power, is not especially

25



Metal constituting Pb-free solder relevant to the step, in which the etching agent relevant to the
present invention <1> is used, is Sn 20 alloys which contain tin (Sn) as a main component, for
example, includes alloys which are composed of one or more kinds of metals selected from silver (Ag),
bismuth (Bi), indium (In), copper (Cu), nickel (Ni), zinc (Zn), aluminum (Al), antimony (Sb), gold (Au),
and the like and Sn. Specific example of the Pb-free solder includes, for 25 example, Sn-Ag system,

Sn-Ag-Bi-In systiesr SIr-AgnBi systeat SarGarsysieme SarGudigssysterad $0-Ag-BirGeosystem,
Sn-Cu-Ni system, Sn-Zn system, Sn-Zn-Bi system, Sn-Zn-Al system, Sn-Zn-In system, Sn-Bi system,
Sn-Bi-In sys&Mi BAISE&yRESHISH-TR1Sy&em, BHAU SRREH SandhE Hikea AHRBN§BEEAT SSn-Cu
system, Sn-Ag_system, Sn-Cu-Ag.system, and the like are preferable, and Sn-Cu system is more
preferable. [6186%%6 pfﬁglg c%?r%oggee;h%gir%%ﬁeagt(%flngmn%%%ﬁlfelg\(}él%t% fiie &%%%%ﬁnvention <1>
is suitably ugeddn asuhsteate stapinwhighithe PhtfteessaldeshumpHs reduces; on dhed,
semiconductor substrate relevant to the present invention, that is, the semiconductor 10 substrate on
which aSTi-basets rietal filatidasceesn forrieed din grsrticukn dhe Beimiconductotisulastdteoprovided with
Cu wiring on relevant Ti-hased ﬂ;et?l fiIm.I{0098]ﬂA maethé)d for formin%the Pb-free solder bump may
be carried islgu?aggonrldﬁﬂg%sﬁe ﬁ]etﬁroldlué}ﬁgﬁly tsedin this fidld? e Pb-fres’sditfe @usmp may be

formed, for example, dyifarming aikatiesn aRthesamicORHUSIOR sUbsaterelavaab 1o the present

invention, that is, on a semiconductor substrate on which Ti-based metal film has been formed, by
application ofcaltesist if feréssann tiersahanating 20 theraon orob moreckinds sfdmetal films
selected from the metals Eth)nstituting the Pb-free solder, g?fter that, subjectinqéthe metals constituting

the Pb-free SS10EP &5 PrAtE I3RS siRg ANT FATRET (ST 8SAM T actording X theBamMBH method in this
field sygh asaeating, orthe ke 75[AQ99%ken teadditionowhen a-subsirate urthgrprovded with Cu

wiring on relevant Ti-based metal film'is used, in order to enhance
since kind of cation species in the etching agent becomes

occasionally important, these anion species are preferably provided
in a form of sodium salt or quaternary ammonium salt thereof when
provided in a form of sailt.

15 [0069]

Citric acid, malic acid, and the like which is “copper
anticorrosive” to be added to the etching agent relevant to the
present invention <I»>, are included in the “two or more kinds of
anion species other than phosphonic acid chelating agents having a

20 hvdroxyl group, in which anion species have no oxidizing power” in
the etching agent relevant to the present invention <2=>. These
compounds are added in a concentration range in which they can act
as a “copper anticorresive” when they are used as a “copper
anticorrosive”, and also added in a concentration range in which

25 they can act as “inhibiting action for bimetallic corrosion (Galvanic
corrosion)” and “buffering agent” when they are used as “two or more

kinds of anion species other than phosphonic acid chelating agents
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adhesion of the Cu wiring and a Sn alloy constituting the Pb-free solder bump, for example, a Nifilm, a
Cr film, or the like may be formed on the Cu wiring. [0100] 50n the other hand, the semiconductor
substrate, on which a W-based metal film has been formed, to which the etching agent and the etching
method relevant to the present invention <2> are applied includes, for example, a substrate provided
with a metal bump or a metal wiring having lower ionization tendency than that of tungsten 10 on the

upper part of relemantsepicanduciarsubstiatevandhigh e i M-based-metabfila; bassbeen
formed, and the like. [0 101] The metal constituting a metal bump or a metal wiring having lower
ionization ter@lewney thar theesPlithgsteri PélevEiit odha Stas 15 Havhioh the &tchipgesgerit relevant to

the present invention <2> is used includes gold (Au), silver (Ag), palladiu dr% in (Sn) or alloys of
these metalsf%?’%%l)?sngoﬁféi’niﬁél &gég)me%gfsf%sagircgaiﬁnggﬁn‘?pgﬁé%t th s(gl e{%se dfe those which

constitute a metal humpBr 2 mgakwiring gausing h&mgpéﬂc&a&a@a%@@éva@&p@f%i%) 20 due to
lower ionization tendency than that of tungsten. In addition, among these metal bumps or metal

wirings, §old faencblimmel or gfokir(iam) wirig)és prefieralileafo 102pAnhethod fov formisig retevant metal

bump or metal wiring 25 may be carried out according to the methad to be usually used in this field.
Speciically, FAGHRL HPXAP Bufhd SEFEEI WHAY Pl b olfibcr TOP BxaMBi® by 61 ittFa circuit with

using a resist,.and/ihe lkepa-a semjcprguctossubstrateto fe usadkinethe pregentinyeqtion, thatis,
on a semiconductor substrate on which a W-based metal film has been formed, then further
processing byiplatingichiemicaloiapotrdepesition raati thextikeé, 540803he lilm this cowmiiction, when a
substrate on vi ich, for example, gald bump has been formed on relevant W-based metal film is used,

in order to iINGPE Hché&ig? bERvesd it Wil et mBtatfifmcaRl e fS5HURRE B Eénductor
adhesiop site;of nickeh N 0 aaliadiuen (P, i, G9RRST (1) T, 2nd.he ke ay Sxist between

them. 101041
hyvdroxyvtricarboxylic  acid such as citric  acid and a
hydroxycarboxylic acid such as malic acid among the “two or more
kinds of anion species other than phosphonic acid chelating agents
having a hydroxyl group, in which anion species have no oxidizing
15 power” may be used in combination, but it is desirable that total use
concentration of “copper anticorrosive” and relevant
hydroxytricarboxylic acid or hydroxycarboxylic acid is set in the
concentration range of “copper anticorrosive” as described above.
On the other hand, in the etching agent relevant to the present
20 invention <2, in addition to “two or more kinds of anion species
other than phosphonic acid chelating agents having a hydroxyl
group, in which anion species have no oxidizing power”, “copper
anticorrosive” may be used in combination, but as described later, it

is desirable that a “compound which dissociates in an agueous

sclution to generate relevant anion species” as a copper

-2
L

anticorrosive is not used, and even when used, a total percent by

weight of the anion species should be set at a concentration within
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The semiconductor substrate to be used in the present invention includes the one consisting of a
silicon material such as 15 silicon, amorphous silicon, polysilicon, silicon oxide film, silicon nitride film;
and a compound semiconductor such as gallium - arsenic, gallium - phosphorus, indium - phosphorus.
Among them, the etching agent and the etching method of the present invention is suitably used for a
semiconductor substrate consisting of the silicon 20series materials. 10105] The etching using the
etching agent éi*PBé{gtfﬂe‘n‘sl%‘fél}P’Fi%n’féi‘r‘il%esemiconductor substrate on which a copper wiring has been
formed, that iﬁ) tching agent relevant to the present invention 25 <1> is completed in a shorter
time under a heated condition as compared with a time at room temperature, but at a high processing
temperature, decompesiionet bydrdgere pefiovddethecursatiganpuss nandditetime ofdtheraetching liquid
becomes shorter. As to the temperature in etching, the lower limit is usually room temperature or
higher, prefefaiity 20C Bright Darfl ot FrBfefabl 28CHE HighdPraid Bértisp&dintitss usually 60C

or lower.prefeally. 50C 5 o oWer; aps M, Rieferably. A0G arloyer, That i, the jemperature of the
etching liquid o the present invention may be set at a temperatﬁre In che above-described range, and
this etching liguidmay bejoatagied wilbra suhstate ¢04.06] 4 Qkhe etehinihusigtheretehing agent for
W-based metal film on a semiconductor substrate on which a metal bump or a metal wiring having
lower ionizati®iPeRddAcy itih iRy stErehaseenfdrmbd P RS thardteHIREP&dEnt relevant to

the present ipyentign <23.fs.nof only completed T3 stioer fime et & fegied condiion 15 as
Compared with a time at room empéra ure, but since erence of an etching rate'between In the

place where giching by said-etehing agent aecunseand fprthe plase whele etehing s bimetallic
corrosion (Galvanic corrosion) occurs in parallel becomes relatively smaller, hence processing time
when tHé etchiig aeeet and the sedtdliebntiet RMéah bMeltbaboraes sherexridad tHerefore
side-etching is more inhjbited, the lgr(ic%ssin temPe{IatuEe IS gr(ﬁe@bl slet at a high&r tertnperature
than room te%p%?g ?&lgp%%f ical y‘,i2 ﬁenétgchngg lwégen ‘r’ﬁg)gbe st at % m%lé(?éltare(ln)a%ange of, for

example, 1019,£0C, Reefgrably#@ 1@-606 a51d mene prefriakiv 30 1@ Geerandéathigetching agent
may be contacted with a substrate. [0107] The etching processing tirn.e cannot be limited because
inorganic alkalis and {¢-2) organic amines, and (D) 0.01 to 3% by

weight of two or more kinds of anion species other than phosphonic
15 acid chelating agents having a hydroxy! group, in which anion
species have no oxidizing power.

0071}
The etching agent relevant to the present invention <1> is the
one including at least (A) hydrogen peroxide, (B) a phosphonic acid
20 chelating agent having a hydroxyl group, {c-1} an inorganic alkali,
and (D-1} a copper anticorrosive, and pH of relevant solution is
adjusted and maintained in a range of usually 7 to 10, preferably 8
to 9.5, and more preferably 8.5 to 9.2,
(0072]
25 Too high pH of relevant solution causes problems such as, for
example, lowering in stability of hydrogen peroxide, increase of

corrosion in neighboring metais {Al, and the like} and semiconductor
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surface condition and shape of the substrate to be processed is not fixed, but practically the
processing time is usually 1 minute to 1 hour, preferably 1 to 30 minutes, and more preferably 1 to 15
minutes. 5[0108] By carrying out the etching processing of a semiconductor substrate, on which a
Ti-based metal film has been formed, using the etching agent for a Ti-based metal film on a
semiconductor substrate, on which a copper wiring has been formed, relevant to the 10 present
invention, thatusy shea¢tchin§iagentirelbeadiie theaprdsentiinventiont«d>] dhve Tidbased fikn can be
selectively etched. In particular, when relevant etching agent is used fo%irtglevant supstrate provided

with Cu wiring GPréfRVart T+baded ffth, SEHING Seldthioh Ao JRTFES EaR B irffprovéd. In
addition, excss. 15,5ide;etching foesnat peeundug foJeduged am _lggéa{@'%ﬂlyspaﬁyeand_further,
since decomposition of hydrogen peroxide caused by Cu can be inhibited, lifetime of the etching agent
is improved and pingesstmasgiiiican b&vekpdndiécil[010 A Aehreaddition stiaé etehing ajent for a
Ti-based metal film on a _semiconductor substrate, on which a copper wiring has been formed,

relevant{o tHE'BFE&ast fHvEHIRIE HANS, thd BEISHY SgdhtiréfoRiist 16 2R hAdBHt iAdeRfich <1> can
be suitably u%ggimg-ggg Er}lvmigr} fﬂ)'@e 358@59&%9%’ is,formed. 25[0110] By carrying out the
etching processing o% a semlconducto% substrate, on which a W-based metal film has been formed,
using the etahdpagent for a W-based metal film on a semiconductor substrate, on which a metal

bump or a metal wiring having lower ionization tendency than that of tungsten has been formed,
relevant to the pres&rtineRtiGHthadTs, te BRHIG ekt Feld0bntiRrhssIrssEnt ifverticn <2>, not
only W-based metal film_can.be rapidly etc byt als ing,of a W-based metal film directly
beneath releVant me a}%vlfr%lﬁlglrlrﬁ%t% vevir?‘rgéq%-%% é%)l gé%ggt%%%%ncggds}é%d%eycgi?ﬁ’ggl llic_corrosion
(Galvanig cogpsigaybyrarmetalbimp ofsa Mefabwi g haming lovier, ieRization tessencythan that of
tungsten 10 and tungsten can be inhibited. )01111 In the etching agent for a W-based metal film
on a semicordidtiopsubstidte, ahavRicHeatHEEFbifRTY 8RrE N sk dirngthaving |eWér Msization
tendency than tha%of Eun%ﬁten has Cioelefn 15Cf608rgned r?(ljelyiﬂteto t@e rese[nt lnventi%n, tPat is, the
etching agenlpr%Yevaen 9 eerpr%gfént invention <‘3’z§f in par iculdr. b %Ss?ngoség}l?r%ohgdro%de or tetra
ammonium hydraxjde as: (Gl atyeastpresenmase kinds of basic compound selected from (c-1)
inorganic alkalis and (c-2) organic amines, such advantages that bimetallic corrosion 20 (Galvanic
corrosion) ca@®&4nhibited, and the like, can be obtained, because electron transfer, in which the

' é%JaternarI\{ ?mmoni m ior}}sgen rated from these basic compounds
A ifH

cation species such%arl%sodiumé%n, ) moniym
is one tause of the Bifrfefafite Eorr8SOAYCANARIE E6iPodioh) TRk Bited °AHd &féttrit iHftdence can be

dispersed in a.yide yange nbileelestricdnubleavercanke sraijained dueto existenge of a small

amount of a specific anion species such as a sulfate ion, a citrate ion, and the like. [0112] Further,
by using theliguid forpreparingranatchingtagentdt the presert invention nsimce Birstshidg agent can

be used by mixing this liquid End a sqlution in Iuding%%grogen eroxjde as appropriate at the point of
use, the foll HFHYSABVATEYEL BARHE dBL&RBY 1BF Bt APEHFSMENCE deRBIAEERBf the etching

agent caused by decomposition, of hydregen pgraxide; sanbe;inhikited; nstapility, of flydrpgen peroxide
can be avoided by coexistence with a basic compound (an alkali compound); and
20  weight, preferably 0.2 to 3% by weight, and more preferably 1 to 2%
by weight.
[0075]
The etching agent relevant to the present invention <2> is the
one including at least (A)] hydrogen peroxide, (B) a phosphonic acid
25  chelating agent having a hyvdroxyl group, (C} at least one or more

kinds of basic compound selected form (c-1) inorganic alkalis and

c-2) organic amines, and (D-2) 0.01 to 3% by weight of two or more
{ g g
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10 etching rate, for example, for a Ti-based metal film or a W-based metal film can be properly
adjusted because hydrogen peroxide and relevant liquid for preparing etching agent can be mixed in
an optional ratio; and the like. [0113] 15By using alkali hydroxide and ammonia, in particular, alkali

hydroxide as a pH adjuster of the liquid for preparing an etching agent in the etching agent relevant to

the present inygrtiopr<dsridvhep &tehingiafa Tirhased mataldim-is eairied a4t 4singdhggtching agent
obtained by mixing this liquid and a solution 20 including hydrogen peroxide, the following effects can

be obtained:Heréxgnapley érching gefeutiontyatid oflTirGu 4 imprsved; higherthroughizimean be
%issolvi r , @s compared, with the case when pH is

adjusted usify & orgaH c%ﬁé]?gﬁjﬁvﬁﬁﬁa tﬁﬁ)&elﬁezﬁ%rﬁg aATHoRIGHT-28 RGdroRide. (01147

Hereinafter, fag,present imvantion il be sperifically expiained sefening tg framples Comparative
e like, but the present invention is not limited thereto by any means. EXAMPLES

5[0115] Examgie 1 (1) Preparation of an etching agent relevant to the present invention <1>

etching agent con%%osed of the following composition was 10prepared. Hydrogen peroxide24.5% by
[

weight PhoslbcP} A

expected due to higher

Examples, and t

te of Ti, and the like

acid chelating agent (HEDPO) 0.5% by weight Copper anticorrosive

An

(benzotriazole)0.1% By weight igoseanic alkali {patassivrm Ny droxide)si0% by.waioht Water72.9% by

weight

10

15

example, lowering in stability of hydrogen peroxide, increase of
corrosion in neighboring metals {Al, and the like) and semiconductor
subkstrates (3i, and the like}, and the like, and contrary, too low pH
causes problems such as, for example, decrease in etching rate for W,
decrease in complex-forming ability of phosphonic acid chelating
agent having a hydroxyl group, unbalanced etching rate for Ti and W
in TiW alloy, generation of etching residue, increase of side-etching.
Therefore, pH is preferably adjusted and maintained in the range as
described above.

0077

In the etching agent relevant to the present invention <2>,
since total percent by weight of the anion species in the solution
becomes important, concentration range of the above-described (C})
at least one or more kinds of basic compounds selected from (c-1}
inorganic alkalis and (c-2} organic amines and (D-2] two or more
kinds of anion species other than phosphonic acid chelating agents
having a hydroxyl group, in which anion species have nc oxidizing
power, is preferably adjusted in a range of 0.01 to 3% by weight, and
also pH of the solution is preferably adjusted and maintained in the

range as described above. That is, in the etching agent relevant to
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pH9.0 *HEDPO = 1-hydroxyethylidene-1,1'-d phosphon c acid (2) Etching Etching processing
was carried out by dipping a Ti plate and a Cu plate of which surface areas and weights had been
measured in 15 advance in the etching agent of above-described (1) at room temperature for 10
minutes. (3) Results An appropriate amount of the etching agent after etching obtained in the
above-described (2) was taken, and diluted with 0.1 20 mol/L nitric acid solution. After that, amounts of

dissolved Ti ape Guvvere:maasuad ysing-ansinductivel-eaupladplasma-enissipe anion
spectrophotometer (Trade Name: "SPS 3000 ICP emission spectrophotometer’, produced by Sl Nano

Technology I8B)FEsnP iR BhtainEaRBtaramousts efrdsaRifohaaiourmsp&curkitcarsdwidte roughly
estimated to calculate dissolution rates norﬂ/smigzj.le%%ts nd rag%s og dissgll%}iontrate for Ti/ Cu are
shown togeth irsi?lo‘lcé%ﬁgsl. ][Blf]éi I‘:axqa}?nples 2% (1 %régfaraﬁ%neofrg cehi%fgl agaelﬁf(s) Yelevant to
the present inyenties 195l t+haktqming agepts weke prepaned in thersamesway; as - Example 1,
except that each component in the etching agents was used in a specified amount as shown in Table
1 below.5 (2)Etahivp pbBtehingands balréthque aahé sarmewayasinEsampedur, 1{8) Results

Metal ts.on the surf f the etched Cu plate.and Ti plat din th
in Example 1" RESBISHE SRR CosteF if T IR BB Fedton, i Tabie £26oR®nt 20 of

water in each,gtching liquid was omitted.
|0078]
The etching agent relevant to the present invention can be
10 prepared by mixing and dissolving (A} hydrogen peroxide, (B) a
phosphonic acid chelating agent having a hydroxyl group, {C) a basic
compound and (D-1} a copper anticorrosive and/or {(D-2) 0.01 to 3%
by weight of two or more kinds of anion species other than
phosphonic acid chelating agents having a hydroxyl group, in which
15 anion species have no oxidizing power, in water, so as to obtain the
concentrations as described above. In this connection, each
component may be added in water and mixed seguentially in an
appropriate order, or all of the components may be added and then
dissoived in water. The thus prepared etching agent of the present
20 invention is preferably subjected to filtration treatment, and the like
before use. In addition, water to be used here may be distilled
water, purified water, ion-exchanged water, ultrapure water, or the
like which has been purified by distillation, ion-exchange treatment,
and the like.

25 [0079]

In the etching agent relevant to the present invention <1>, in

addition to use (A) hydrogen peroxide, (B} a phosphonic acid
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[0117] [Table 1] Example 1 Example 2 Example 3 Example 4 Example 5 H202 24.5% 25% 24.5%
24.5% 25% Phosphonic Acid (HEDPO)

chelating agent having a hydroxyl group, {c-1} an inorganic alkali,
and {D-1) a copper anticorrosive, reagents which are usually used in

the etching method well known per se can be used.

(0080

5 Such reagents include, for example, surfactanis such as a
nonionic surfactant, an anionic surfactant, a cationic surfactant
and an amphoteric surfactant, which is used for the purpose to
improve wettability to semiconductor surface by reducing surface
tension of the solution, and the like. Among them, a nonionic

10 surfactant such as NCW 1002 (polyoxyethylene-polyvoxypropylene
alkyl ether, produced by Wako Pure Chemical Industries Ltd.}, and
the like is particularly preferable. These surfactants may be used
in a concentration range usually used in this field, and the
concentration is usually 0.001 to 1% by weight, and preferably 0.01

15 to 0.5% by weight, as a concentration of the etching agent relevant to

the present invention <1>,

|0081]

On the other hand, in the etching agent relevant to the present

invention <2>, in addition to use (A) hydrogen peroxide, (B} a

20 phosphonic acid chelating agent having a hydroxyl! group, (C) at
least one or more kinds of basic compounds selected from (c-1)
inorganic alkalis and (¢c-2) organic amines, and (D-2) 0.01 to 3% by
weight of two or more kinds of anion species other than phosphonic

acid chelating agents having a hydroxyl group, in which anion

25 species have no oxidizing power, surfactant, and the like can be
used. However, since total percent by weight of the anion species in

the solution becomes important in relevant etching agent, as
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0.5% 0.5% 0.5%0.5% 0.5% Inorganic Alkali KOH 2% KOH 3,8% KOH 2.1% KOH 2.2% NH3 1.5%!
Copper Anticorrosive BTA 0.1% EPA 1%: Adenine

described above briefly, it is desirable that other component which
influences on this percent by weight should not be contained.
10082]
The surfactant to be used, if necessary, in the etching agent
5 relevant to the present invention <2> includes, for example,
surfactants such as a nonionic surfactant, an anionic surfactant, a
cationic surfactant and an amphoteric surfactant, which is used for
the purpose to improve wettability to semiconductor surface by
reducing surface tension of the solution, and the like. Among these
10 surfactants, it is obvious that a compound which does not dissociate
in an agueous solution to generate no anion species.is preferable.
In addition, amount to be used of these surfactants is usually 0.001
to 1% by weight, and preferably 0.0l to 0.5% by weight, as a
concentration in the etching agent relevant to the present invention
15 <2=,
[0083]
The etching agent of the present invention is the one which is
prepafed by using, as main components, {A) hydrogen peroxide, {B) a
phosphonic acid chelating agent having a hydroxyl group, (C) a basic
20  compound and (D-1) a copper anticorrosive and/or (D-2) 0.01 to 3%
by weight of two or more kinds of anion species other than
phosphonic acid chelating agents having a hydroxyl group, in which
anion species have no oxidizing power, as described above, and
provided in a various forms, for example, in one-liguid system or

multi-liguid system such as two-liquid system. In this connection,

[
n

when relevant etching agent is used, in the case of one-liquid system,

it may be used as it is, and in the case of multi-liquid system such as
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0.1% Citric Acid 0.1% EPA1 J 1%1 pH 999 9 9 Ti Dissolution Rate (nm/min) 48135F45 48 103 Cu
Dissolution Rate (hm/min) 0.050.05 0.22 0.342

two-liguid system, a solution containing all components &as
described above may be prepared by mixing all solutions as
appropriate before use, and may be used.

[0084]

5 Among them, from the viewpoints of safety in during
transportation and storage, or the like, or stability of the solution,
and the like, multi-liqguid system of two or more-liguid system is
preferable, in particular, from the viewpoints of stability and
convenience, two-liquid system is preferable. Specifically, for

10  example, from the viewpoints of inhibiting performance
deterioration of the etching agent caused by decomposition of
hydrogen peroxide and avoiding instability of hydrogen peroxide due
to coexistence of the basic compound {alkali compound), an etching
agent of two-liquid system compesed of (1) a solution including

15 hydrogen peroxide and (2} a solution including a phosphonic acid
chelating agent having a hydroxyl group, a basic compound, and a
copper anticorrosive and/or two or more kinds of anion species
other than phosphonic acid chelating agents having a hydroxyl
group, in which anion species have no oxidizing power {(hereinafter,

20  optionally may be abbreviated as a liquid for preparing an etching
agent relevant to the present invention) is preferable,

[0085]
In the above-described multi-liquid system such as two-liquid
system, use concentration of each component in each solution may

25  be selected as appropriate so that a concentration in the solution in
which all solutions are prepared by mixing as appropriate and all of

relevant components are contained, that is, a final concentration
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| Ratio of  Dissolution Rate for Ti/Cu 960694 205 141 51 [01181 * BTA = benzotriazole, EPA =
epichlorohyd n odified polyamide resin. 10119) 5 Comparative Examples 1 to 4 (1) Preparation of
etching agents Etching agents were prepared in the same way as in Example 1, except that each
component in the etching agents was used in a specified amount as shown in Table 2 below. 10(2)

Etching  faiehing, wascagded ent#a {imSame pvay.as indeaniie lathResuliel cach
component may be contained in the selected concentration in each
solution. That is, for example, when the etching agent relevant to

the present invention <l1> is made to two-liquid system, two liguids

(¥

may be prepared, respectively, in the following way: a sclution {First
Liguid} including 10 to 50% by weilght, preferably 15 to 30% by
weight, more preferably 15 to 26% by weight, and still more
preferably 20 to 26% by weight of hydrogen peroxide anci a liquid for
preparing an etching solution (Second Ligquid) composed of a
10 solution including 0.1 to 3% by weight, preferably 0.2 to 2% by
weight, more preferably 0.3 to 1% by weight, and still more
preferably 0.4 to 0.8% by weight of phosphonic acid chelating agent
having a hydroxyl group, 0.2 to 12% by weight, preferably 0.5 to 10%

by weight, and more preferably 0.8 to 4% by weight of inorganic

5 alkali, and 0.05 to 5% by weight, preferably 0.05 to 2% by weight,
and more preferably 0.08 to 1.5% by weight of copper anticorrosive,
are mixed as appropriate so that a mixing ratio {ratio by weight)
[First Liquid : Second Liquid] becomes usually 1:9 to 98:2,
preferably 4:6 to 9:1, and more preferably 6:4 to 8:2, and so that

20 each concentration in a prepared solution, in which all of relevant .
components are contained, that is, each final concentration
becomes usually 10 te 35% by weight, preferably 15 to 30% by
weight, more preferably 15 to 26% by weight, and still more
preferably 20 to 26% by weight of hydrogen peroxide, usually 0.1 to

25 3% by weight, preferably 0.2 to 2% by weight, more preferably 0.3 to
1% by weight, and still more preferably 0.4 to 0.8% by weight of

phosphonic acid chelating agent having a hydroxyl group, usually
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Metal amounts on the surfaces of the etched Cu plate and Ti plate were measured in the same way as
in Example 1. Results are 15shown together in Table 2. [01201 {Table 2) Comparative Example 1
iComparative IExample 2 Comparative Example 3 Comparative Example 4 H202 17.5% 16.9% 17.5%

24.5% Chelating Agent EDTA 1% HEDPO

0.2 to 12% by weight, preferably 0.5 to 10% by weight, and more
preferably 0.8 to 4% by weight of inorganic alkali, and usually 0.05
to 5% by weight, preferably 0.05 to 2% by weight, and more
preferably 0.08 to 1.5% by weight of copper anticorresive,

5 |0086]

In addition, when the etching agent relevant to the present
invention <2> is made to two-liquid system, two liquids may be
prepared, respectively, in the following way: a solution {First Liguid)
including 10 to 35% by weight, preferably 20 to 35% by weight, more

10 preferably 24 to 35% by weight, and still more preferably 30 to 35%
by weight of hydrogen peroxide and a ligquid for preparing an etching
solution (Second Liquid} composed of a solution including 0.1 to
30% by weight, preferably 0.1 to 20% by weight, more preferably
0.15 to 10% by weight, and still more preferably 0.2 t0 6% by weight

15  of phosphonic acid chelating agent having a hydroxyl group, 0.1 to
48% by weight, preferably 0.1 to 30% by weight, and more preferably
0.1 to 20% by weight of at least one or more kinds of basic
compounds selected from inorganic alkalis and organic amines, as
well as 0.01 to 6% by weight, preferably 0.02 to 2% by weight, more

20 preferably 0.03 to 1% by weight, and still more preferably 0.03 to
0.6% by weight of two or more kinds of anion species other than
phosphonic acid chelating agents having & hydroxyl group, in which
anion species have no oxidizing power, are mixed as appropriate so
that a mixing ratic (ratio by weight) [First Liguid : Second Liguid]

25  becomes usually 30:70 to 99:1, preferably 60:40 to 95:5, and more
preferably 80:20 to 95:5, and so that each concentration in a

prepared solution in which all of relevant components are contained,
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0.5% DEPPO 0.5%1 HEDPO 0.5% L- Alkali NH3 1.9% NH3KOH1 1.3%1.5%I| TMAH 2.5% Copper
Anticorrosive - F BTA 0.1% pH

that is, each final concentration becomes usually 10 to 35% by
weight, preferably 15 to 35% by weight, more preferably 20 to 35%
by weight, and still more preferably 24 to 32% by weight of hydrogen
peroxide, usually 0.1 to 3% by weight, preferably 0.1 to 2% by weight,

5 more preferably 0.15 to 1% by weight, and still more preferably 0.2
to 0.6% by weight of phosphonic acid chelating agent having a
hydroxy! group, usually 0.1 to 5% by weight, preferably 0.2 to 4% by
weight, and more preferably 0.2 to 2% by weight of at least one or
more kinds of basic compounds selected from inorganic alkalis and

10 organic amines, and usualiy 0.01 to 3% by weight, preferably 0.02 to
1% by weight, and more preferably 0.03 to 0.5%. and still more
preferably 0.03 to 0.3% by weight of two or more kinds of anion
species other than phosphonic acid chelating agents having a
hydroxyl group, in which anion species have no oxidizing power.

15 |O087]

In addition; in the two-liquid system as described above, pH of
each solution is also not especially limited, and may be adjusted so
that pH of a solution in which all solutions are prepared by mixing as
appropriate and all of components as described above are contained,

20 that is, final pH falis in the pH range as described above. In
another words, for example, in the case of two-liquid system as
described above, pH of each solution may be adjusted so that final
pH after mixing the two liguids becomes usually pH 7 to 10,
preferably pH 8 to 9.5, and more preferably pH 8.5 to 9.2 in the

25  etching agent relevant to the present invention <1>, and usually pH
6 to 10, preferably pH 6 to @, and more preferably pH 7 to 8.5 in the

etching agent relevant to the present invention <2>,
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9.19.399 Ti Dissolution Rate (nm/min) 59 16 10J 2.0 Cu Dissolution Rate (hm/min) 5.2 0.9 0.7 0
Ratio of Dissolution Rate for Ti/Cu 11

[0088]

Etching method in the etching agent relevant to the present
invention <l> may be carried out by processing the following
substrate with the etching agent of the present invention, for

5  example, by contacting an etching agent composed of a sclution
comprising at least (A} hydrogen peroxide, (B) a phosphonic acid
chelating agent having a hydroxyl group, {c-1) an inorganic alkali,
and (D-1) a copper anticorrosive and a Ti-based metal film on a
semiconductor substrate.

10 [0089]

Eiching method in the etching agent relevant to the present
invention <2> may be carried out by processing the following
substrate with the etching agent of the present invention, for
example, by contacting an etching agent composed of a solution

15  comprising at least {A} hydrogen peroxide, (B} a phosphonic acid
chelating agent having a hydroxyl group, (C) at least one or more
kinds of basic compounds seiected from (c-1) inorganic alkalis and
(c-2} organic amines, and (D-2) 0.01 to 3% by weight of two or more
kinds of anion species other than phosphonic acid chelating agents

20 having a hydroxyl group, in which anion species have no oxidizing
power, and a W-based metal film on a semiconductor substrate.
[6090]

That is, the etching method of the present invention may be

carried out according to the etching method well known per se such

]
Lh

as dipping method, spray etching method, except that a substrate is

etched using the etching agent relevant to the present invention as

described above.
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18 14 - [0121] * EDTAethylenediamine tetraacetate, DEPPO diethylenetriamine pentamethylene-pho
sphonic acid, TMAH tetramethylammonium hydroxide. 5f0122] As obvious from the results of
Examples 1 to 5, by using the etching agent relevant to the present invention <1>, Ti could be
efficiently etched while Cu was hardly etched. [0123] 100n the other hand, as obvious from the results
of Comparative Examples 1 to 3, when the etching agent not containing a copper anticorrosive was
used, Cu tend®89d be easily etched, and hence Ti could not be etched efficiently. [0124] 15In addition,

as obvious from the resyts of Fxample,L. and Comparafive Example 4,when a0 qrganig.amine

(TMAH) was used as an alkali, Cu was not etched at all and further Ti was also not etched almost.

However, wheneaihi inargaoic atkati{lkiOk )an thecétohing agent sélelante twepreseahirivention <1>
was used as an alkali, it 20 was found that Ti could be selectively etched, that is, Ti could be efficiently

etched while Eadbas hdrity BEmEH. 1261257 2118 e H U B0t 8 HomIPB RS SHExamples 2
d5 f h i | I f] dissoluti te f
= vas oy g e s sanalal ol s i o

Ti/Cu could be improved, t ico e selectively etched as co
ammonia wag usesxi0126dup, and a copper anticorrosive and/or two or more

kinds of anion species other than phosphoenic acid chelating agents
having a hydroxyl group, in which anion species have no oxidizing
power] may be mixed as appropriate with a solution including
10 hydrogen peroxide at the point of use, to prepare a solution which

contains all of the above-described components {etching agent) and

it may be used.

10092]

Specific example of the etching method well known per se

15 includes, for example, {1) a method in which a semiconductor
substrate on which a Ti-based metal film or a W-based metal film

has been formed is dipped in an etching agent; (2} a method in which

a semiconductor substrate on which a Ti-based metal film or a
W-based metal film has been formed is dipped into an etching agent,

206 and the solution is stirred in such a dipping state by mechanical
means; (3] a method in which a semiconductor sﬁbstrate on which a
Ti-based metal film or a W-based metal film has been formed is
dipped into an etching agent, and the solution is vibrated and stirred

in such a dipping state by means of ultrasonic wave, or the like; {4) a

method in which an etching agent is sprayed on a semiconductor

[
i

stubstrate on which a Ti-based metal film or a W-based metal film

has been formed; and the like.
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5 Example 6 (1) Preparation of an etching agent relevant to the present invention <1> An etching
agent composed of the following composition was prepared. Hydrogen peroxide24.5% by weight
Phosphonic acid chela mg agent 0.8% by weight (60% HEDPO solution) [HEDPO content: about 0.5%

by weight] Copper anticorrosive (benzotriazole)0.1% by weight Inorganic alkali (potassium
hydroxide)2.0% by weight Water72.6% by weight pH9.0 10* HEDPO = Trade Name: "DEQEST 2010",

produced by Sdh&®a) Japan Ltd. was used. (2) Etching Etching was carried out by dipping a Ti
plate and a Cu plate in the etching agent of the above-described (1) at room temperature for 1530, 60

and 90 minutes, respectitéty <&y 8, in EBRcOREHIBHAS OF Ridrdyers pRioMHE R HRE etching

agents before, after the etching were measurad by oxidation-reduction titration, .an composition
rates of hydrog?é%%perox%de fte'f‘gre%nd afteré:ﬁe etching were%oub ly éésqt?rlnated%a%c’orgﬁﬁg to the

following forrgulai Resdltscase sk i Table3 sHytragen perraxide deeosposition rate =
5 W-based metal film has been formed may be vibrated, if necessary.
|0094]
In addition, in the method of the present invention, etching
system is not especially limited, and, for example, batch type,
sheet-fed type, and the like can be used.

10 [0095]

The semiconductor substrate on which a Ti-based metal film
has been formed to which the etching agent and the etching method
relevant to the present invention <l> are applied includes, for
example, a substrate provided with Cu wiring on- relevant

15  semiconductor substrate on which a Ti-based metal film has been

formed, and the like,

10096]
Metal constituting Pb-free solder relevant to the step, in which
the etching agent relevant to the present invention <1> is used, is Sn
20 alloys which contain tin {Sn] as a main component, for example,
includes alloys which are composed of one or more kinds of metals
selected from silver (Ag), bismuth (Bi}, indium (In), copper {Cu),
nickel (Ni}, zinc (Zn}, aluminum {Al}, antimony (Sbj, gold {Au), and
the like and Sn. Specific example of the Ph-free solder includes, for
25  example, Sn-Ag system, Sn-Ag-Bi-In system, Sn-Ag-Bi system,
Sn-Cu system, Sn-Cu-Ag system, Sn-Ag-Bi-Cu system, Sn-Cu-Ni

system, Sn-Zn system, Sn-Zn-Bl system, Sn-Zn-Al system, Sn-Zn-In
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(Concentration of hydrogen peroxide before etching - Concentration of hydrogen peroxide after
etching) x 100 / (Concentration of hydrogen peroxide before etching) [0127J Comparative Example 5
(1) Preparation of an etching agent 10An etching agent having the following composition was
prepared. Hydrogen peroxide24.5% by weight Nitrogen (N)-containing phosphon c¢ acid 2.0% by
weight chelating agent (25% DEPPO heptasodium salt aqueous solution) [DEPPO content: 0.5% by
weight) Coppey stwitoriosiis ferizotriaizotd) 0. 19y weight indigasie atkali foothssiyatem,
hydroxide)1.7% by weight Water71.7% by weight pH9.0 * DEPPQO_= Trade Name "DEQEST
2066", producddr By sHIiaFapan 4 ti fvadsifsed B Btehif BB ERRigvay t5tHed Bl ftthe same

way as in Example & (JResHlis; o, Sopceqtiaiion of hdrogen perpxide was measyred jn the same
way as in Example 6. Results are shiown together in Table 3.
system is more preferable.

5 [0097]

The etching agent and the etching method relevant to the
present invention <1» is suitably used in a substrate step in which
the Pb-free soider bump is produced on the semiconductor substrate
relevant to the present invention, that is, the semiconductor

10 substrate on which a Ti-based metal film has been formed, in

particular, the semiconductor substrate provided with Cu wiring on
relevant Ti-based metal film.

[0098]

A method for forming the Pb-free solder bump may be carried

15 out according to the method usually used in this field. The Pb-free

solder bump may be formed, for example, by forming a pattern, on

the semiconductor substrate relevant to the present invention, that

is, on a semiconductor substrate on which Ti-based metal film has

been formed, by application of a resist if necessary, then laminating

20  thereon one or more kinds of metal films selected from the metals

constituting the Pb-free solder, after that, subjecting the metals

constituting the Pb-free solder to plate processing, and further

processing according to the commeoen method in this field such as
heating, or the like.

25 [0099]
In addition, when a substrate further provided with Cu wiring

on relevant Ti-based metal film 1is used, in order to enhance
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[01281 [Table 3] Hydrogen Peroxide Decomposition Rate Dipping 30 mm. 60 min.1 Dipping 90 min.
.1 Example 6 2% 4%i 16% Comparative Example 5 4% 8%I113% [0129] As obvious from the results of
Table 3, it was found that when 5 nitrogen (N)-containing phosphonic acid chelating agent was used,
lifetime of the etching agent became shorter due to high hydrogen peroxide decomposition rate,
whereas when the phosphonic acid chelating agent relevant to the present invention (HEDPO) was
used, lifetimezafithsietchifgthge ntitbagameg omgér adugrtodbw hydrogeit 4 0iperokiclePdetomposition

rate. 101301 o ) i
solder bump, for example, a Ni film, a Cr {ilm, or the like may be

formed on the Cu wiring.

[0100]

On the other hand, the semiconductor substrate, on which a

th

W-based metal film has been formed, to which the etching agent and

the etching method relevant to the present invention <2> are applied

includes, for example, a substrate provided with a metal bump or a

metal wiring having lower lonization tendency than that of tungsten
10 on the upper part of relevant semiconductor substrate on which

relevant W-based metal film has been formed, and the like.

0101}

The metal constituting a metal bump or a metal wiring having

lower ionization tendency than that of tungsten relevant to the step
15 in which the etching agent relevant to the present invention <2> is

used includes gold (Auj, silver {Ag}, palladium (Pd), tin (Sn) or alloys

of these metals, or ailoys containing these metals as é main

component. These metals are those which constitute a metal bump

or a metal wiring causing bimetallic corrosion {Galvanic corrosion)
20 due to lower ionization tendency than that of tungsten. In addition,

among these metal bumps or metal wirings, gold {Au) bump or gold

{Au) wiring is preferable.

[0102]

A method for forming relevant metal bump or metal wiring

25 may be carried out according to the method to be usually used in

this field. Specifically, relevant metal bump or metal wiring may be

formed, for example, by forming a circuit with using a resist, and the
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Example 7 (1) Preparation of an etching agent relevant to the present invention <1> 15An etching
agent having the same composition as in Example 2 described in Table 1 was prepared. (2) Etching
Etching was carried out by dipping a Tiplate and a Cu plate in the etching agent of the
above-described (1) at 40C for 10, 20 and 2030 minutes, respectively. (3) Results Concentrations
of hydrogen peroxide in the etching agents before and after the etching were measured by
oxidation-rediiétfore titratiose mrid dedosisositorPetiastof Rpdrbgervperbxide bafor@agskafter the

etching were rou hlty estimated according to the olloelvin% fc%)rmula. Resul .aléae SQ’ng in Table 4.
Hydrogen per%‘)?’i 8 d%%o#?b%rsi]t%nor%t%sz g&?@rl]}ce%ﬁa(ﬁ% ke Fi%%%é)ﬁlp‘@ Kidé bef %Sé?ghing -
Concentration.ofi hydregen-peroxideafter gtehingh .1 08/ {Gencentsation pfhydrogenpesoxide before
etching) [0131] Example 8 10 (1) Preparation of an etching agent relevant to the present invention <1>

An etching agéritthandng theofolfbvyingitompasitibhhwak prepared. Hydrogen peroxide25.0% by weight
Phosphonic acid chelating agent (HEDPO) 0.5% by weight Copper anticorrosive (EPA)1.0% by weight
Inorgani(f5 alkatl J(Qr‘?‘i}nonia)O.Q% by weight

In this connection, when a substrate on which, for example,
gold bump has been formed on relevant W-based metal film is used,
in order to improve adhesion between the W-based metal film and
relevant bump, a conductor adhesion site of nickel (Ni) film,

10 palladium (Pd) film, copper (Cu) film, and the like may exist between

them,

[0104]

The semiconductor substrate to be used in the present
invention includes the one consisting of a silicon material such as
15 silicon, amorphous silicon, polysilicon, silicon oxide film, silicon
nitride film; and a compound semiconductor such as gallium -
arsenic, gallium - phosphorus, indium - phosphorus. Among them,
the etching agent and the eiching method of the present invention is
suitably used for a semiconductor substrate consisting of the silicon

20 series materials.

(0105]

The etching using the etching agent for Ti-based metal film on

a semiconductor substrate on which a copper wiring has been
formed, that is, the etching agent relevant to the present invention

25 <1» is completed in a shorter time under a heated condition as
compared with a time at room temperature, but at a high processing

temperature, decomposition of hydrogen peroxide occurs vigorously,
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Water72.6% by weight pH8.5 (2) Etching 15Etching was carried out in the same way as in Example 7,
(3) Results Concentration of hydrogen peroxide was measured in the same way as in Example 7.
Results are shown together in Table 4. [0132] 20[Table 4] Hydrogen Peroxide Decomposition Rate 55
Dipping 30 m n.Dipping 60 mm. | Dipping 90 min. Example 71%2%3% Example 84%17%28% 10133j
It has been known that stability of hydrogen peroxide is decreased under high pH condition. However,
as obvious frentthBfeisons of Tablke 4tilwas fdimdithabapemammbiiateas uded 48 dirinorganic

alkali (Example 8, pH: 8.5), hydrogen peroxide decompagsition rate was higher and lifetime of the
etching agen %&E%ﬁo%:g, Bén ?ﬁ’éﬂéﬁ %?—? v(i\l/ ‘éj?gvglel?,g)lia%sléo]?ns 8rf:\(lelg v\?ﬁﬂ%@ TR %é']nr%otassium

hydroxide wag used.(Exampie 7 pig: Sl Fsom the aboye, deserption: dtcouid pe yaderstood that, as

an inorganic 10 alkali to be used in‘the present invention, hydroxides of alkali metals such as
potassium hydggxide zandl the likepanelprefetablej61B34pReferenbevExamptd drahtiyEx@thples 9 to

Example 14 (1) Preparation of etching agents 15An etching agent composed of the following
composition Was! prepared rh&deGild 6?@6@183’%&0&% d85crBEin Table 8) Hydrogeh peroxide

28.0% by weight Fhosphanie acidshelatingigaent {HERRLA404, by Weight Basiccogapound
(sodium hydroxide)0.58% by weight
at a temperature in the above-described range, and this etching
liguid may be contacted with a substrate.

[0106]

10 The etching using the etching agent for W-based metal film on
a semiconductor substrate on which a metal bump or a metal wiring
having lower ionization tendency than that of tungsten has been
formed, that is, the etching agent relevant to the present invention
<2> is not only completed in a shorter time under a heated condition

15 as compared with a time at room témperature, but since difference of
an etching rate between in the place where etching by said etching
agent occurs and in the place where etching by bimetallic corrosion

" (Galvanic corrosion) occurs in parallel becomes relatively smaller,
hence processing time when the etching agent and the metal contact

20 each other becomes shorter, and therefore side-etching is more
inhibited, the processing temperature is preferably set at a higher
temperature than room temperature. Specifically, the etching
agent may be set at a temperature in a range of, for example, 10 to
70°C, preferably 20 to 60°C, and more preferably 30 to 60°C, and

25  this etching agent may be contacted with a substrate.

[0107]

The etching processing time cannot be limited because
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Citric acid (buffering agent)0.07% by weight Sodium sulfate0.0 to 0.2% by weight WaterRemainder
pH7.8 * HEDPO = 1-hydroxyethylidene-1,1'-diphosphonic acid (2) Etching A silicon wafer having
gold (Au) bump on a titanium - tungsten (TiW) alloy film was dipped in each etching agent for each of
Reference Example and Examples of the above-described (1), and 5 etching was terminated when the
TiW alloy film on the wafer surface disappeared. After the etching was terminated, the wafer was

washed with Ui fates Rt gppeadnsa 6818 etchiy HHRRETHE Negnizs vATSESchaht Produced by
Wako Pure %t)]%rglc%hlpdustn%% #ﬁ%}g Solllj%%%IggSt&% OHIQQVQQ-&QQ%ﬁeﬁUHS‘ tR(%gaEdlng aTiw

alloy film, which was masked wit ump and’hence remaine N a ré%tlélr%lﬁar form, on the

wafer obtaingdirt theadeverdesaried £2), lengthteta side ohihe ippesielaeiwas aseryed and
measured using a scanning electron 15 microscope (Trade Name: "S-4800", produced by Hitachi
High-Technélogigsorp.). By assuming a side length of Tiw alloy film in the case of the etching agent

(Refere%;cev\fégﬁlglgée 1) not adding sodium sulfate as 100, and calculating relative length (%) of a side
length of LW alloy film remained after the etching in each 20 Example, side-etching was compared.

Results are shown g Table-pi {01358k [Taklehd HRefergree-txampleExample Example &xample
substrate, on which a Ti-based metal filmm has been formed, vsing
the etching agent for a Ti-based metal film on a semiconductor
substrate, on which a copper wiring has been formed, relevant to the

10  present invention, that is, the etching agent relevant to the present
invention <1»>, the Ti-based film can be selectively etched. In
particular, when relevant etching agent is used {for relevant
substrate provided with Cu wiring on relevant Ti-based film, etching
selection ratio of Ti to Cu can be improved. In addition, excess

15 | side-etching does not occur due to reduced amount of dissolved Cu,
and further, since decomposition of hydrogen peroxide caused by Cu
can be inhibited, lifetime of the etching agent is improved and
process margin can be expanded.

[0109]

20 in addition, the eiching agent for a Ti-based metal film on a
semiconductor substrate, on which a copper wiring has been formed,
relevant to the present invention, that is, the etching agent relevant
to the present invention <1> can be suitably used in a step in which
Pb-free solder bump is formed.

25 [0110]

By carrying out the etching processing of a semiconductor

substrate, on which a W-based metal film has been formed, using
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Example Example Example 1 9110 11 12 13 14 H202 28.0% 28.0% 28.0% F28.0% 28.0% 28.0%
28.0% Phosphonic Acid 0.34%

the etching agent for a W-based metal film on a semiconductor
substrate, on which a metal bump or a metal wiring having lower
ionization tendency than that of tungsten has been formed, relevant
to the present invention, that is, the etching agent relevant to the
5 present invention <2>, not only W-based metal film can be rapidly
etched, but also efching of a W-based metal film directly beneath
relevant metal bump or metal wiring, so-called side-etching caused
by bimetallic corrosion (Galvanic corresion} by a metal bump or a
metal wiring having lower ionization tendency than that of tungsten
10 and tungsten can be inhibited.

[0111]

In the etching agent for a W-based metal film on a
semiconductor substrate, on which & metal bump or a metal wiring
having lower ionization tendency than that of tungsten has been

5 formed, relevant to the present invention, that is, the etching agent
relevant to the present invention <2>, in particular, by using sodium
hydroxide or tetra ammonium hydroxide as {C] at least one or more
kinds of basic compound selected from (c¢-1) inorganic alkalis and
(c-2) organic amines, such advantages that bimetallic corrosion

20 (Galvanic corrosion) can be inhibited, and the er, can be obtained,

because electron transfer, in which the cation species such as
sodium ion, quaternary ammonium ion generated from these basic
compounds is one cause of the bimetallic corrosion (Galvanic
corrosion), is inhibited, and electric influence can be dispersed in a

wide range while electric double layer can be maintained due to

(o)
Lry

existence of a small amount of a specific anion species such as a

sulfate ion, a citrate ion, and the like.
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0.34% 0.34% F0.34%0.34% 0.34%] 0.34% (HEDEPO) Basic NaOHF NaOH NaOHF NaOHNaOH
NaOH NaOH Compound 0.58%

[0112]

Further, by using the liquid for preparing an etching agent of
the present invention, since an etching agent can be used by mixing
this liquid and a scolution including hydrogen peroxide as

appropriate at the point of use, the following advantages can be

(4]

obtained: for example, performance deterioration of the etching
agent caused by decomposition of hydrogen peroxide can be
inhibited; instability of hydrogen peroxide can be avoided by
coexistence with a basic compound {an alkali compound), and

10 etching rate, for example, for a Ti-based metal film or a W-based
metal fiim can be properly adjusted because hydrogen peroxide and
relevant liquid for preparing etching agent can be mixed in an
optional ratio; and the like.

[0113]

15 By using alkali hydroxide and ammonia, in particular, alkali
hydroxide as a pH adjuster of the liquid for preparing an etching
agent in the etching agent relevant to the present invention <l>,
when etching of a Ti-based metal film is carried out using the
etching agent obtained by mixing this liguid and a solution

20 including hydrogen peroxide, the following effects can be obtained:
for example, etching selection ratio of Ti/Cu is improved; higher
throughput can be expected due to higher dissolving rate of Ti, and
the like, as compared with the case when pH is adjusted using an

organic alkali such as, for example, tetramethylammonium

25 hydroxide.
[0114]

Hereinafter, the present invention will be specifically
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0.58% 0.58% 0.58%0.58%F 0.58% 0.58% 57 Citric Acid  (Anion 1) 0.07%0.07% 0.07% 0.07%
0.07% 0.07%0.07% Sodium

explained referring to Examples, Comparative Examples, and the

like, but the present invention is not limited therete by any means.

EXAMPLES

5 [0115]
Example 1
{1) Preparation of an etching agent relevant to the present invention
<1=>
An etching agent composed of the following composition was
10 prepared.
Hydrogen peroxide 24.5% by weight
Phosphonic acid chelating agent (HEDPO) 0.5% by weight

Copper anticorrosive {(benzotriazole) 0.1% by weight
inorganic alkali (potassium hydroxide) 2.0% by weight
Water 72.9% by weight
pH 9.0

* HEDPO = 1-hydroxyethylidene-1,1'-diphosphonic acid
(2} Etching
Etching processing was carried out by dipping a Ti plate and a
Cu plate of which surface areas and weights had been measured in
15 advance in the etching agent of above-described {1} at room
temperature for 10 minutes.

(3) Resuits

An appropriate amount of the etching agent after etching
obtained in the above-described (2] was taken, and diluted with 0.1
20 mol/L nitric acid solution. After that, amounts of dissolved Ti and

Cu were measured using an inductively-coupled plasma emission
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Sufate 0%0.001% 0.005% 0.01% 0.02% 0.1%0.2% (Anion 2)  Relative

Lh

10

20

spectrophotometer (Trade Name: “SPS 3000 ICP emission
spectrophotometer”, produced by SII Nano Technology Inc.). From
the obtained metal amounts, dissolution amounts per unit area were
roughly estimated to calculate dissolution rates (nm/min). Results
and ratios of dissolution rate for Ti/Cu are shown together in Table
1.

[0116]

Examples 2 tc 5

{1) Preparation of etching agents relevant to the present invention
<l>

Etching agents were prepared in the same way as in Example
1, except that each component in the etching agents was used in a
specified amount as shown in Table 1 below.
{2) Etching

Etching was carried out in the same way as in Example 1.

(3) Results

Metal amounts on the surfaces of the etched Cu plate and Ti
plate were measured in the same way as in Example 1. Results are
shown together in Table 1. In this connection, in Table 1, content

of water in each etching liguid was omitted.

[0117]
|Table 1]
’ Example | Example | Example Example Example
1 |2 3 4 5
H.0O, 24 .5% 25% 24.5% i 24.5% 25%
P”O(Sﬁgggg)‘\c'd 0.5% 0.5% 0.5% 0.5% 0.5%
inorganic Alkali KOH KOH KOH KOH NE
9 2% 3.8% 2.1% 2.2% 1.5%
Copper BTA EPA Adenine | Citric Acid ERA
Anticorresive 0.1% 1% I 0.1% 0.1% 1%
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Bump Side 100J101 103 [107 111 109 107 Length

h

10

pH 7.87.87.87.87.8

polyamide resin.

10119]

Comparative Examples 1 to 4

(1) Preparation of etching agents

| pH s | 9 | 9 | 9 9
Ti Dissoiution q
Rate (nm/min) 48 35 45 48 103
Cu Dissolution 0.05 0.05 0.22 0.34 2
Rate (nm/min)
Ratio of 3 i
Dissolution Rate 960 694 205 ‘ 141 51
for Ti#/Cu i l
{0118]
* BTA = benzotriazole, EPA = epichlorohydrin-modified

Etching agents were prepared in the same way as in Example

1, except that each component in the etching agents was used in a

specified amount as shown in Table 2 below.

(2) Etching

Etching was carried out in the same way as in Example 1.

{3) Results

Metal amounts on the surfaces of the etched Cu plate and Ti

plate were measured in the same way as in Example 1.

shown together in Table 2.

Resulis are

[0120]
[Table 2]
a Comparative | Comparative | Comparative | Comparative
Examplie 1 Example 2 Example 3 Example 4
H.O, 17.5% 16.9% 17.5% 24.5%
. EDTA HEDPC DEPPO HEDPO
Chelating Agent 1% 0.5% 0.5% 0.5%
Alkai NH, NH; KOH TMAH
1.9% 1.3% 1.5% 2.5%
Copper 3 ) i BTA
Anticorrosive 0.1%
pH 9.1 9.3 9 9
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7.8) 7.8 101361 Comparative Example 6 (1) Preparation of an etching agent

An etching agent

having the following composition was 5 prepared. Hydrogen peroxide28.0% by weight Phosphonic
acid chelating agent (HEDPO) 0.34% by weight Inorganic alkali (sodium hydroxide)0.58% by weight
Citric acid (buffering agent)0.07% by weight Sodium sfulfate1.0% by weight Water70.0% by weight
pH7.8 (2) Etching Etching was carried out in the same way as in Reference Example 1. (3)

Results 10Meastiréisentstivere 'parriedsgut in the samegway as|in Reference Example 1. By assuming

a side lengthiof Tafe eyl in Referénce Example 1 as 100, land calculatin

relative length; (%) of a

compared. Results are

side length of:@;’t@!m%érqamed jrpa rect?ngulanfgrm, side-etchirg was

shown in Tabte-6-351H 137 i
Dissoiution Raie 11 18 14
for Ti/Cu
0121]
*  EDTA = ethylenediamine tetraacetate, DEPPO =

10

20

diethylenetriamine pentamethylene-phosphonic acid, TMAH
tetramethylammonium hydroxide.

0122]

As obvious from the results of Examples 1 to 5, by using the
etching agent relevant to the present invention <I>, Ti could be
efficiently etched while Cu was hardly etched.

[0123]

On the other hand, as obvious from the results of Comparative
Examples 1 to 3, when the etching agent not containing a copper
anticorrosive was used, Cu tended to be easily etched, and hence Ti
could not be etched efficiently.

j0124]

in addition, as obvious from the results of Example 1 and
Comparative Example 4, when an organic amine {TMAH) was used as
an alkali, Cu was not etched at all and further Ti was also not etched
almost. However, when an inorganic alkali (KOH} in the etching
agent relevant to the present invention <1> was used as an alkali, it
was found that Ti could be selectively etched, that is, Ti could be
efficiently etched while Cu was hardly etched.
10125]

Further, as obvious from the resuits of Examples 2 and 5, it

was found that when potassium hydroxide was used as an alkali,
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[Table 6] Comparative Example 6 H202 28.0% Phosphonic Acid (HEDEPO) 0,34% Basic Compound
NaOH 0.58% Citric Acid (Anion 1) 0.07% Sodium Suf ate (Anion 2) 1.0% Relative Bump SideLength

64.5

ratio of dissolution rate for Ti/Cu could be improved, that is, Ti
could be selectively eiched as compared with the case when
ammonia was used.

[0126]

5 Example 6

(1) Preparation of an etching agent relevant to the present invention

<]
An etching agent composed of the following composition was
prepared.
Hydrogen peroxide 24.5% by weight

Phosphonic acid chelating agent
0.8% by weight

{60% HEDPO solution}
[HEDPO content: about 0.5% by weight]

Copper anticorrosive (benzotriazole) 0.1% by weight
Inorganic alkali {potassium hydroxide) 2.0% by weight
Water 72.6% by weight
pH 9.0

10 * HEDPO = Trade Name: “DEQEST 2010”, produced by Solutia

Japan Ltd. was used.
(2) Etching
Etching was carried out by dipping a Ti plate and a Cu plate in
the etching agent of the above-described (1} at room temperature for
15 30, 60 and 90 minutes, respectively.

(3} Results

Concentrations of hydrogen peroxide in the etching agents
before and after the etching were measured by oxidation-reduction

titration, and decomposition rates of hydrogen peroxide before and
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pH 7.8.-10138] As obvious from the results of Table 5 and Table 6, it was found that side-etching
could be inhibited by adding an appropriate amount of sodium sulfate generating sulfate ion in an
agueous solution to an etching agent as compared with the etching agent not containing sodium
sulfate (Reference Example 1). In addition, in contrast, since side-etching was promoted by using an
excess amount of sodium sulfate generating sulfate ion in an aqueous 10 solution, it was also found
that percent by.weight of an anion species in the solution was important in the etching agent relevant
to the presen %\e/(ren ion %@Q}ﬁﬁé@? xamg nénst,gif %%1%5)%%%%%%& %E g[%hgléhgﬁgale%%s relevant to
the present inueriiQN<2>R ¢ s EIChiFY agerts Wweredgepared in the same way as in Example 9 except
that a specified amount of sodium chloride or sodium hydrogenphosphate was used instead of sodium
sulfate. Component&ystngeeaniorr 23hdrelévanrerihib ageartseare shown in Table 7 and Table 8. (2)
Etching Etching,was carried out in tlge ame way as in Reference 5 Example 1. (3) Results
Measurements were cé&r?é”oc Sﬁ% IRt safe \Eléf)fl 5%%%2&%%9(?&\ xa%u 1. B‘i)%%éﬁ ing a side
length ofsLW alloy film in,Referencedexamnle 485 d90p apskgalculating telativeslengtin(yo) of 10 a side
length of TiW alloy film remained in a rectangular form, side-etching was compared. Results are
shown together with cétponentsafianian 2jrithe etchingageats; sioTabtéchang) Table 8. [0140]

[Table 7] Ex%nloée?jw
Comparative Example 5

(1) Preparation of an etching agent

10 An etching agent having the following composition was
prepared.
Hydrogen peroxide 24.5% by weight

Nitrogen (N)-containing phosphonic acid

2.0% by weight
chelating agent
(25% DEPPO heptascdium salt agqueous solution)

[DEPPO content: 0.5% by weight]

Copper anticorrosive (benzotriazole) 0.1% by weight
Inorganic alkali (potassium hydroxide) 1.7% by weight
Water 71.7% by weight
rH 9.0

* DEPPO = Trade Name “DEQEST 20667, produced by Solutia
Japan Ltd. was used.
(2] Etching
15 Etching was carried out in the same way as in Example 6.
(3} Resulits
Concentration of hydrogen peroxide was measured in the

same way as in Example 6. Results are shown together in Table 3.
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Example 16 Example 17 Added Salt (Anion 2) Sodium Chloride F0.004% Sodium Chloride 0.016%
Sodium Chloride 0.08% Relative Bump SideLength 105 106 101 pH 7.8 7.8 7.8 15[01411 [Table 8]

[0128]
[Table 3]

Hydrogen Peroxide Decomposition Rate
| Dipping 30 min. JI Dipping 60 min. f Dipping 90 min,
| Exampie 6 2% i 4% f 6%
| Comearaiiye R
i0129]

As obvious from the results of Table 3, it was found that when
5 nitrogen {N)-containing phosphonic acid chelating agent was used,
lifetime of the etching agent became shorter due to high hydrogen
peroxide decomposition rate, whereas when the phosphonic acid
chelating agent reievant to the present invention {(HEDPO} was used,
lifetime of the etching agent became longer due to low hydrogen
10 peroxide decomposition rate.
[0130]
Example 7
(1) Preparation of an etching agent relevant to the present invention
<]»
15 An etching agent having the same composition as in Example
2 described in Table 1 was prepared.
{2) Etching
Etching was carried out by dipping a Ti plate and a Cu plate in
the etching agent of the above-described (1) at 40°C for 10, 20 and
20 30 minutes, respectively.

(3} Results

Concentrations of hydrogen peroxide in the .etching agents

before and after the etching were measured by oxidaticn-reduction
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Example 18 Example 19 Example 20Example 21 Added Salt (Anion 2) Sodium Hydorgen phosphate
0.005% Sodium Hydorgen phosphate 0.02% Sodium Hydorgen phosphate 0.1% Sodium Hydorgen

phosphate 0.2%

titration, and decomposition rates of hydrogen peroxide before and

after the etching were roughly estimated according to the following
formula. Results are shown in Table 4.

Hydrogen peroxide decomposition rate =
5 {Concentration of hydrogen peroxide before etching -
Concentration of hydrogen peroxide after etching} x 106 /

(Concentration of hydrogen peroxide before etching)

[0131]

Example 8

10 {1} Preparation of an etching agent relevant to the present invention

<1>
An etching agent having the following composition was
prepared,
Hyvdrogen peroxide 25.0% by weight
Phosphonic acid chelating agent (HEDPO) 0.5% by weight
Copper anticorrosive (EPA) 1.0% by weight
Inorganic alkali (ammonia) 0.9% by weight
Water 72.6% by weight
pH 8.5
{2} Etching
15 Etching was carried out in the same way as in Example 7.
(3] Results

Concentration of hydrogen peroxide was measured in the

same way as in Example 7. Results are shown together in Table 4.

[0132]
20 [Table 4]

I
] ; Hydregen Peroxide Decomposition Rate
| |
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Relative Bump j_SideLength 109 112 112 107 pH 7.8 7.8 7.87.8 [0142] As obvious from the results of
Table 7 and Table 8 it was found that, similarly to sodium sulfate generating sulfate ion in an agueous
solution, even with sodium chloride generating chloride ion in an aqueous solution or sodium
hydrogenphosphate generating phosphate ion in an aqueous solution, side-etching could be 5
inhibited by adding it in an appropriate amount. [01431 Examples 22 to 25 and Comparative Example
7 (1) Preparation of etching agents Etching agents were prepared in.the same way as in Example 10 9
except that specified amounts?g)?%%fl?g gg%%ting s'%%g‘lﬂeé) ar%lli%'n slzgief)c%nsg erived from inorganic acid
or organic acid i@g@na;gge;ouﬁ solutioneyvere used instead, of sodium sulfaje, Components of the anion

2 in relevant e e-shewn-Table-9-(2)-Etching

Example 8 ‘ 4% ! 17% ‘ 28%

[0133]
It has been known that stability of hydrogen peroxide is
decreased under high pH condition. However, as obvious from the

results of Table 4, it was found that when ammonia was used as an

inorganic alkali (Example 8, pH: 8.5), hydrogen peroxide

Lh

decomposition rate was higher and lifetime of the etching agent was
shorter, even though pH was lower, as compared with the case when
potassium hydroxide was used (Example 7, pH: 9.0}, From the
above description, it couid be understood that, as an inorganic
10 alkali to be used in the present invention, hydroxides of alkali
metals such as potassium hydroxide, and the like are preferable.
[0134]
Reference Example 1 and Examples 9 to Example 14

(1) Preparation of etching agents

15 An etching agent composed of the following composition was

prepared. (The details of component are described in Table 5)

Hydrogen peroxide 28.0% by weight
Phosphonic acid chelating agent (HEDPO) 0.34% by weight
Basic compound {sodium hydroxide)} 0.58% by weight
Citric acid (buffering agent)j 0.07% by weight
Sodium sulfate 0.0 to 0.2% by weight
Water Remainder

pH : 7.8

* HEDPO = l-hyvdroxyethyvlidene-1,1’-diphosphonic acid
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15Etching was carried out in the same way as in Reference Example 1. (3) Results
Measurements were carried out in the same way as in Reference Example 1. By assuming a side
length of TiW alloy film 20 in Reference Example 1 as 100, and calculating relative length (%) of a side
length of TiW alloy film remained in a rectangular form, side-etching was compared. Results are
shown together with components of anion 2 in the etching agents in Table 9. [0144J 25[Table 91
Example 22 %g%g%ZggExample 24 ExampleComparative 25Example 7 Added Salt (Anion 2)

te 0. 0

Sodium Sulfi
A silicon wafer having gold (Au) bump on a titanium -

tungsten (TiW) alloy film was dipped in each etching agent for each
of Reference Example and Examples of the above-described (1}, and

5 etching was terminated when the TiW alloy film on the wafer surface
disappeared. After the etching was terminated, the wafer was
washed with pure water and dipped in a gold etching agent (Trade
Name: “Au-Etchant”, produced by Wako Pure Chemical Industries
Ltd.) to dissolve the goid bump.

10 {3} Results
Regarding a TiW alloy film, which was masked with the gold

bump and hence remained in & rectangular form, on the wafer
obtained in the above-described (2}, length of a side of the upper
plane was observed and measured using a scanning electron
15 microscope (Trade Name: “S-4800”, produced by Hitachi
High-Technologies Corp.). By assuming a side length of TiW alloy
film in the case of the etching agent {Reference Example 1) not
adding sodium sulfate as 100, and calculating relative length (%) of
a side length of TiW alloy film remained after the etching in each

20 Example, side-etching was compared. Results are shown in Table

5.

(0135
[Table 5]
Reference | Example | Example ’ Example | Exampie | Exampie | Example
| Example 1 9 10 11 12 13 14
H,O, 28.0% 28.0% 28.0% 28.0% 28.0% 28.0% 28.0%
Phosphaonic
Acid 0.34% £.34% 0.34% 0.34% 0.34% 0.34% 0.34%
(HEDEPO) !
Basic NaOH NaCH NaOH NaOH NaOH NaOH NaOH
Compound | 0.58% | 0.58% | 0.58% ; 0.58% 0.58% | 0.58% . 0.58% ;
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Sodium-Acetate 0.023% Sodium Carbonate 0.012% Sodium Malate 0.025% Sodium Nitrate 0.016%
Relative Bump Side Length 108108 101 114 96 pH 7.8l1i7-8

(Anion 1)

Sodium ! |
Sufate 0% 0.0061% 3.005% 0.01% 0.62% 0.1%

{Anion Z)

Relaiive
Bump Side 100 101 103 107 111 108 107

Length |
pH | 7.8 7.8 7.8 [ 7.8 7.8 7.8 I 7.8

Citric ACid | g 4700 | p.o7% | 0.07% | 0.07% | 0.07% | 0.07% g 0.07% |
|

[0136]
Comparative Example 6
{1) Preparation of an etching agent

An etching agent having the following composition was

5 vprepared.

Hydrogen peroxide 28.0% by weight
Phosphonic acid chelating agent (HEDPO) 0.34% by weight
Inorganic alkali {sodium hydroxide) 0.58% by weight
Citric acid (buffering agent) 0.07% by weight
Sodium sfulfate 1.0% by weight
Water 70.0% by weight
pH 7.8

(2) Etching

Etching was carried out in the same way as in Reference
Example 1.
(3} Results

10 Measurements were carried out in the same way as in
Reference Example 1. By assuming a side length of TiW alloy film
in Reference Example 1 as 100, and calculating relative length (%} of
a side length of TiW alloy film remained in a rectangular form,

side-etching was compared. Results are shown in Table 6.

15 [0137]
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7.8 7.8 7.8 [0145]

As obvious from the results of Table 9, it was found that side-etching could be

inhibited even with an anion species having reducing power such as sulfite ion in Example 22, acetate

ion which wa

s an anion species derived from organic acid, and further malate ion which was an anion

species having chelating ability. On the other hand, it was also fount that side-etching could not be
inhibited in the case of an anion species, such as sodium nitrate generating nitrate ion in an aqueous

solution, havi

Preparation o
except that a
weight of sodjt
citric acid and furthefa%pecified

organic acid
in Comparati
that a specifi
these etchin

in Reference

Reference E
and calculati
side-etching
in Table 10.

h

10

15

g power. 10[0146] Examples 26 to 27 and Comparative Example 8 (I)

nts were prepared in the same way as in Example 9
5IR§" ¥9ristead of citric acid 15 and further different percent by
3R ._Aar?.“I 26 and that a specified amount of malic acid instead of
am®tHif’of .ajsalt generating a specified anion species derived from
lion, dngfead of sulfuric acid, were used in Example 27. In 20 addition,
tching agent was prepared in the same way as in Example 9 except
m ci nstead of sodium sulfate was used. Each component of
rTable16—2) Etching 25Etching was carried out in the same way as
sult§-07% Measurements were carried out in the same way as in
ning ?S,g/de length of TiW alloy film 5 in Reference Example 1 as 100,

ngth of TiW alloy film remained in a rectangular form,

o) of a side le
sults @& shown together with each component in these etching agents

Nk s
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<
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P(Bammirmﬁcﬁmhu
dgce‘.ﬂ.llegb HVVII II
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< J.\JJ..;

|
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pH 7.8

[0138]

As obvious from the results of Table 5 and Table 6, it was

found that side-etching could be inhibited by adding an appropriate
amount of sodium sulfate generating sulfate ion in an agueous
solution to an etching agent as compared with the etching agent not
in

containing sodium sulfate {(Reference Example 1). In addition,

contrast, since side-etching was promoted by using an excess
amount of sodium sulfate generating sulfate ion in an agueous
solution, it was also found that percent by weight of an anion species

in the solution was important in the etching agent relevant to the
present invention <2>.
[0139]

Examples 15 to 21
(1) Preparation of etching agents relevant to the present invention
<2

Etching agents were prepared in the same way as in Example

9 except that a specified amount of sodium chloride or sodium

hydrogenphesphate was used instead of sodium sulfate.
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Example 26 IComparative Example 27 Example 8 H202 28.0% 28.0%28.0% Phosphonic Acid
(HEDEPO) 0.34% 0.34%0.34% Basic Compound NaOH 0.58% NaOHNaOH 0.58%0.58% Anion 1

Malic Acid 0.05% Malic AcidiCitric Acid

Components of the anion 2 in relevant etching agents are shown in

Table 7 and Table 8.
(2) Etching
Etching was carried out in the same way as in Reference
5  Example 1.
(3) Results
Measurements were carried out in the same way as in

Reference Example 1. By assuming a side length of TiW alloy film

in Reference Example 1 as 100, and calculating relative length (%) of

a side length of TiW alloy film remained in a rectangular form,

10
side-etching was compared. Results are shown together with
components of anion 2 in the etching agents, in Table 7 and Table 8.
[0140]
[Table 7]
Example 15 Example 16 Exampie 17
Added Salt | Scdium Chloride | Sodium Chloride | Sodium Chioride
{Anion 2} | 0.004% 0.016% 0.08%
Relative Bump |
Side Length 105 106 101
pH 7.8 7.8 ) 7.8
15 |0141]
{Table 8]
Example 18 | Example 19 | Example 20 | Example 21 }
Sodium Sodium Sodium Sodium
Added Salt Hydorgen Hydorgen Hydorgen Hydorgen
{(Anion 2) phosphate phosphate phosphate phosphate
‘ C.005% 0.02% 0.1% 0.2% |
| Relative Bump
Side Length 109 112 112 107
pH 7.8 7.8 7.8 7.8
[0142]

As obvious from the results of Table 7 and Table 8, it was
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0.05%0:07% Anion 2 Sodium Sulfate 0.02% Disodium Citrate 1 Disodium Citrate |1 0.033%0.033%
Relative Bump Side Length 107 112199 1 pH 7.9 7.97.8 [01481 As obvious from the results of
Table 10, it was found that by adding specified amount of two or more kinds of different anion species
in the etching agents, inhibition effect in side-etching could 15 be obtained. In addition, it was also
found that one of the anion species might be an anion species other than citric acid. [0149] Reference

Example 2 anghfxampie 28 milarly to sodium sulfate generating sulfate ion in an
agueous solution, even with sodium chloride generating chloride ion
in an aqueous solution or sodium hydrogenphosphate generating
phosphate ion in an agueous solution, side-etching could be

5 inhibited by adding it in an appropriate amount.
[0143]
Examples 22 to 25 and Comparative Example 7
(1) Preparation of etching agents
Etching agents were prepared in the same way as in Example
16 9 except that specified amounts of salts generating specified anion
species derived from inorganic acid or organic acid in an agueous
solution were used instead of sodium sulfate. Components of the
anion 2 in relevant etfching agents are shown in Table 9.
(2} Etching
15 Etching was carried out in the same way as in Reference
Example 1. |
(3} Results

Measurements were carried out in the same way as in

Reference Example 1. By assuming a side length of TiW alloy film

20 in Reference Example 1 as 100, and calculating relative length (%) of
a side length of TiW alloy film remained in a rectangular form,
side-etching was compared. Results are shown together with

components of anion 2 in the etching agents in Table 9,

0144
25 [Table 9]
| Example | Example Exampte Example | Comparative
22 23 24 25 | Example 7
Sodium Sodium Sodium Sodium Scdium
‘&szd?d S;)H Sulfite Acetate Carbonate Malate ! Nitrate
nion 0.014% | 0.023% 0.612% 0.025% | 0.018%
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(1) Preparation of etching agents

In Reference Example 2, an etching agent was prepared in the

same way as in Reference Example 1 except that, as a basic compound, a specified amount of
tetramethylammonium hydroxide (TMAH) of an organic amine was used instead of NaOH of an
inorganic alkali. And in Example 28, an etching agent was prepared in the same way as in Example 9
except that, as a basic compound, a specified amount of tetramethylammonlum hydroxide (TMAH) of

carried out i
Reference Examp

11 (9\ I:fphlnn

an organic ahfﬁﬁéa\i\m% bged |hstea@@f NaOH @fgan inorgag alkal in the;same way gg in Reference

Example 2. Eact ase.
was carried out in tlﬂé‘fsame ay aTseln Réfereﬁc?e Expmpl@ £ (3) esuﬁs‘315Measuré’n$ents W

me way as in Reference Example 1. By assuming a side length of TiW a
2 as 100, and calculating relative length (%) of a side length of TiW alloy film

Etching
ere
loy film in

remained in a rectangulgr{qEn.sside-giching was.gomparerh Resuts arashowp iegethgrwith each 20
component in these etching agents in Table 11. [0150] [Table 11] Reference Example 2 Example 28

H202 28.0% 18 0%tPhosphomic Adi¢ (HEDPO)d even with an anion species having

10

15

20

25

reducing power such as sulfite lon in Example 22, acetate ion which
was an anion species derived from organic acid, and further malate
ion which was an anion species having chelating ability. On the
other hand, it was aiso fount that side-etching could not be inhibited
in the case of an anion species, such as sodium nitrate generating
nitrate ion in an aqueous solution, having oxidizing power.
0146]
Examples 26 to 27 and Comparative Example 8
{1) Prep.aration of etching agents

Etching agents were prepared in the same way as in Example
9 except that a specified amount of malic acid instead of citric acid
and further different percent by weight of sodium sulfate were used
in Example 26 and that a specified amount of malic acid instead of
citric acid and further a specified amount of . a salt generating a
specified anion species derived from organic acid in an agueous
solution, instead of sulfuric acid, were used in Example 27. In
addition, in Comparative Example 8, an etching agent was prepared
in the same way as in Example 9 except that a specified amount of
sodium citrate instead of sodium sulfate was used. Each
component of these etching agents is shown in Table1 .
(2} Etching

Etching was carried out in the same way as in Reference
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0.34%0-34% Basic Compound TMAH 1.3% TMAH 1.3% Citric Acid Anion 1 0.07% Citric Acid 0.07%
Anion 2 Sodium Sulfatei 0.02%l , IRelative Bump ISide Length 100 104! pH

Example 1.

(3) Results

Measurements were carried out in the same way as in
Reference Example 1. By assuming a side length of TiW alloy film

5 in Reference Example 1 as 100, and calculating relative length (%) of
a side length of TiW alloy film remained in a rectangular form,
side-etching was compared. Results are shown together with each

component in these etching agents in Table 10.

[0147]
10 [Table 10]
N Comparative
Example 28 Exampie 27 Example &
I
H.O, 28.0% 28.0% i 28.0%
Phosphonic Acid o o
(HEDEPO) 0.34% 0.34% 0.34%
. NaOH NaOH NaOH
Basic Compound 0.58% 0.58% 0.58%
Anion 1 Malic Acid Malic Acid Citric Acid
0.05% 0.05% 0.07%
Anion 2 Sodium Sulfate | Disodium Citrate ;| Disodium Citrate
0.02% 0.033% : £.033%
Relative Bump |
Side Length 107 H2 | 99
pH 7.9 7.9 ! 7.8
[0148]

As obvicus from the results of Table 10, it was found that by
adding specified amount of two or more kinds of different anion
species in the etching agents, inhibition effect in side-etching could

15  be obtained. In addition, it was also found that one of the anion
species might be an anion species other than citric acid.
(0149]
Reference Example 2 and Example 28

(1) Preparation of etching agents
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7.8 7.8.10151) * TMAH = tetramethylammonium hydroxide [0152] As obvious from the results of Table
11, it was found that even 5 when basic compound was changed from NaOH of an inorganic alkali to
TMAH of an organic amine, inhibition effect for side-etching could be obtained. [0153] Reference
Examples 3 to 5 10(1) Preparation of etching agents Etching agents composed of the
compositions shown in Table 12 were prepared. (2) Etching Etching was carried out in the
same way as in RefeeRegel FxamRlenty () Resilts Megsiaments weis caledioul n,fhe same way
as in Reference Example 1. By assuming a side length of TiW alloy film in Reference Example 1 as
100, and caladating welativeslengtiR@e)ref 2@ a Bidentemigth df EWealloyt film remzainedmsacrectangular

form, side-etching was compared. Results are shown together with each component in these etching
agents in Ta@@@go[gilglﬁf]a specified amount of tetramethyilammonium hydroxide

(TMAH} of an organic amine was used instead of NaOH of an

inorganic alkali. And in Example 28, an etching agent was

Lh

prepared in the same way as in Example 9 except that, as a basic
compound, a specified amount of tetramethylammonium hydroxide
(TMAH) of an organic amine was used instead of NaOH of an
inorganic alkali in the same way as in Reference Example 2. Each
10 component in these etching agents is shown in Table 11.

(2) Etching

Etching was carried out in the same way as in Reference
Example 1.
{3} Results

15 Measurements were carried out in the same way as in
Reference Example I. By' assuming a side length of TiW alloy film
in Reference Example 2 as 100, and calculating relative length (%) of
a side length of TiW alloy film remained in a rectangular form,
side-etching was compared. Results are shown together with each

20  component in these etching agents in Table 11.

[(0150]
[Table 11]
% gf;i:irgg Exampie 28 1
H.0, 28.0% 28.0%
Phoﬁ_ﬁ’é‘gggf‘md 0.34% 0.34%
| Basic Compound | 2%@? ‘ 2M3é/}:
R T
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[Table 12J Reference Example 3 Reference Example 4 Reference Example 5 H202 24.5% 24.5% j
24.5% Phosphonic Acid (HEDPO) 0.50% 0.50%

Sodium Sulfate

Anion 2 : 0.02%
Relative Bump
Side Length 100 104
pH 7.8 7.8
[0151]

* TMAH = tetramethylammonium hydroxide
[0152]
As obvious from the results of Table 11, it was found that even
5 when basic compound was changed from NaOH of an inorganic

alkali to TMAH of an organic amine, inhibition effect for side-etching

could be obtained.
[0153]
Reference Examples 3 to 5
10 (1) Preparation of etching agents
Eiching agents composed of the compositions shown in Table
12 were prepared.
(2) Etching
Etching was carried out in the same way as in Reference
15 Example 1.

({3} Results

Measurements were carried out in the same way as in

Reference Exampie 1. By assuming a side length of TiW alloy film

in Reference Example 1 as 100, and calculating relative length (%) of
20 a side length of TiW alloy film remained in a rectangular form,

side-etching was compared. Results are shown together with each

component in these eiching agents in Table 12,

[0154]

{Table 12]

65



0.28% Basic Compound KOH 1.64% KOH 3.00% NH3 8.4% Anion 1 Citric Acid 1.04% Citric Acid
0.05% | Boric Acid 0.7% Relative Bump Side Length 0 0

Reference Reference Reference
Exampie 3 Example 4 Exampie 5
H.Os _ 24.5% 24.5% 24.5%
Phosphonic Acid J o
(HEDPO) 0.50% 0.50% 0.28%
. KOH KOH NH;
Basic Compound | 1.64% ; 3.00% 8.4%
! . | CitricAcid | Citric Acid ,  BoricAcid |
|  Aniont | 1.04% l 0.05% | 0.7% |
| Relative Bump | f J |
| Side Length | 0 i 0 i 0 |
f pH | 7.7 | 89 | 10.7 |
10155]

As obvious from the resuits of Table 12, it was found that,
when alkali concentration in the etching agent was high and two or
more kinds of anion species was not used, side-etching could not be

5 inhibited and all of the TiW alloy film masked with gold bump were

scraped resulting in peeling off of the bump.

[0156]

In the etching agent relevant to the present invention <2>,

reduction of bimetallic corrosion is intended by containing specified

10 amounts of anion species, which is not involved inn dissolution, other
than hydroxide ion to dissoive W-based metal film and phosphonic
acid chelating agents having a hydroxyl group, in the etching agent,
and dispersing electric double layer formed by hydroxide ion on the
surface of W-based metal film due to bimetallic cell effect by a

5 contact of tungsten and a metal {low ionization tendency metal)
having lower ionization tendency than that of tungsten, not to
localize in the vicinity of the interface where three of tungsten, the
metal having lower ionization tendency than that of tungsten and an
etching agent {electrolyte] are in contact each other. As obvious

20 from the results of Examples @ to 28, it was found that the anion
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OpH7.78.9 10.7 f0155] As obvious from the results of Table 12, it was found that, when alkali
concentration in the etching agent was high and two or more kinds of anion species was not used,
side-etching could not be inhibited and all of the TiW alloy film masked with gold bump were scraped
resulting in peeling off of the bump. [0156] In the etching agent relevant to the present invention
<2>, reduction of bimetallic corrosion is intended by containing specified 10 amounts of anion species,
which is not inyolveskin gissoldiomn ietherithamm Bydrexideriontodissalyevénasad mesabfils and
phosphonic acid chelating agents having a hydroxyl group, in the etching agent, and dispersing
electric doublBa&yBEfdttheerbs I EIGE"iDh GitheCsipraiele oPVW baset metdrfithi dide frbimetallic

cell effect by a 15 contact ftu%sten nd a meEaIa@iow |%r12|§$t6|}on tendenc%/gq]etqrj%%:\tnnr%elower

ionization ten%%ﬁcey? thas that's Ur%éls en- not to fscafize fn the v?‘crf“ﬁﬁ? otithi& frite e three of

tungsten, the metal Raving dovwerdenization tendetey than;that-eftupgsten and An tghingagent
(electrolyte) are in contact each other. As obvious 20 from the results of Examples 9 to 28, it was

found thédt thelspon sspecids toibe coritamedimytie étchingragenat-was dadimplyithie tisehaving no
oxidizing power and capable of existing stably in an aquequs solution, and concentration of the anion
species had t %é%%ljﬁﬁ?&& ?ﬂaeﬂ‘g’n ec%ﬁe%g ARk é:rt%ae%@[%%sﬁéélﬁ%{]%8?61‘5{%{"‘5?/”g’éﬁspersing
electric doublg, layer frempietal-coptacting interface. A the otheLband oit, GaL g, predicted that as

transfer of electron by the cation species contained in the basic compound on the surface of relevant
metal havingieigerinhizatida teidenoyg tharmthat ofnungsten beécomes eyoréeldifficul ssideetching by
bimetallic 10 corrosion becomes less. In additéob?é as obvious from the results of Reference Examples

3 t0 5, it becAMRERiGENt HEATES thEQiffon SPEGE eontafhied i HE Hasity comipbtHY  Kde-etching
by bimaigllic copsian,was-maresbibited by sediure ionhaving lawer, malar eleatig gangictivity than

that of potassium ion and quaternary 15 ammonium ion such as TMAH, which was an organic amine,
as comparediriftrpotasixnioplbecause framsfer ofelectroni bardhhadcurred. Hustheniiinvas indicated

that concentration range thereof was also limited. From these results, by using the etching agent and

the etching B0 FelVARLRS thépiESe REififeRtiNRY) S0 H BEcoiR B oSt fédtice or inhibit
side-etohing ghie [ Rimetalle cusionyilich eoprswhen @ laginaled fliy ramnosgd o W-based
metal film and a metal having lower ionization tendency than that of tungsten is processed.
electric conductivity than that of potassium ion and quaternary
13 ammonium ion such as TMAH, which was an organic amine, as
compared with potassium ion because transfer of electron hardly
occurred. Further, it was indicated that concentration range
thereof was alse limited. From these results, by using the etching
agent and the etching method relevant to the present invention <2,
20 it becomes possible to reduce or inhibit side-etching due to
bimetallic corrosion which occurs when a laminated film composed

of W-based metal film and a metal having lower lonization tendency

than that of tungsten is processed.

INDUSTRIAL APPLICABILITY

2
Lh

[0157]

Among the etching agents of the present invention, by
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25INDUSTRIAL APPLICABILITY [0157] Among the etching agents of the present invention, by
selectively etching a Ti-based metal film on a semiconductor substrate, in particular, on a substrate
provided with Cu wiring, using the etching agent for semiconductor substrates composed of a solution
comprising (A) hydrogen peroxide, (B) a phosphonic acid 5 chelating agent, (c-1) an inorganic alkali,
and (D-1) a copper anticorrosive, that is, the etching agent relevant to the present invention <I>, the
following effegts €an g exbibited cfoeexamplas corrasian of Anunderlying saetal ondmeatst on a
substrate can be inhibited; lifetime of the etching agent can be prolonged because 10 amount of metal
dissolved intthesdtdHing dydritiitifedaéedoBtchifY EaRBéCaHBt dgtwibiut generatigresidue due

to improved rgtsi;g) of gjg%hi%selec;ivi%ftoi; a 'Iéiébalsgegdﬂrg%tC | gillm' nsdtztg%éisk%b as com (r)?d with the
conventional fhethods. [5 }éﬁnﬁiﬁ’%nong e etléjhlng agents ofsgﬁe present mveﬁ)tlon, y efiching a

W-based meta filman asemicenduciar substrate provides with apmeialinyrp s aimetataviring having
lower ionization tendency than that of tungsten (low ionization tendency metal) such as, for example,
gold (Auj, silvdrdiagingalkesiarh (Pe) Hin #Sb) e by thesddfalisingtie Eithingageaprfora
semiconductor substrate.com os%:diof at%oluti comprising (,? q%dro en per xide, %B) a phosphonic
cid chelating 34SNE RAVIRG-a Pyahoky! oratp LT T as eimpsURE Ehd (D-2)°0. 61 1545 by weight

of two or more, kinds of anian sprciesipifanthanehesprhgnicRcic:elielating qg%%@ﬁlving,a hydroxyl
25 group, in which anion species have no oxidizing power, that is, the etching agent relevant to the

present invertionedsnthd fatlowindeetfciorg cane el exhibited: timetaliic cobesiahe(Galvamic corrosion)
by a W-based metal ng.t e.above-dﬁgfcribe metal having Ioweéioniza{ion tendency than that of
r

tungsten can B&iRhiBited COHESq Nt SidE SR G 85INed 1Y rafeviit CorE6SoR T inhibited:

and the fjke. \MHAT S CLAIMER dS6 1A siching agephiofA.semicondugior sybstrats composed of a
solution comprising at least the following (A), (B) and (C), and (D-1) and/or (D-2): (A) hydrogen

peroxide; cafBpa phosphonictacit chelatimnagehtrhavieg diydioxytgliouproved (€)tachasic
compound; %c%([f)a-t%: ?r?é)pgﬁreggt\if(iz%crofsoi\{eg Ti-based metal film; and the like, as
compared with the conventional methods.
(0158]
15 Among the etching agents of the present invention, by etching
a W-based metal film on a semiconductor substrate provided with a
metal bump or a metal wiring having lower ionization tendency than
that of tungsten {low ionization tendency metal) such as, for example,
gold {Au), silver (Ag), palladium (Pd), tin (Sb), or alloy thereof, using
20  the etching agent for a semiconductor substrate compoesed of a
solution comprising (A) hydrogen peroxide, (B} a phosphonic acid
chelating agent having a hydroxyl group, {C) a basic compound, and
(D-2) 0.01 to 3% by weight of two or more kinds of anion species
other than phosphonic acid chelating agents having a hydroxyl
25 group, in which anion species have no oxidizing power, that is, the
etching agent relevant to the present invention <2>, the following

effects can be exhibited: bimetallic corrosion (Galvanic corrosion) by
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(D-2) 0.01 to 3% by weight of two or more kinds of anion species other than phosphonic acid chelating
agents having a hydroxyl group, in which anion species have no oxidizing power. 2.The etching agent
according to claim 1, wherein the 15 semiconductor substrate is the one on which copper wiring has
been formed, and wherein the etching agent comprises at least the above-described (A), (B), (C) and
(D-1). 3.The etching agent according to claim 2, wherein the semiconductor substrate, on which the
copper wiringshaw biees:20 fereed, isihe semiconductacsubstiate, inavhichheapper wiriigrhas been
formed on a titanium (Ti)-based metal film. 4.The etching agent according to claim 2, wherein the
copper wirind ¥31#e BRB forraFimeya IBaa PR fite 86IdBEBERET S Thebstching &gesd according to
claim 2, WherCeirz}lgeiséh%gpe 23? tg_b%:%sl%d incguPSk‘)-f e s_olge{ b%{ﬂ? fog@}g%%tep. 6.Th§}etching agent
according to R 2 wierdin plgl of the Sofution s 7to 10. ' 7.Tie etc%mg agleﬁt accor w?g to claim 2,
wherein the @)raphesphenicacidighelating agent having a hydroxyl group is the one
tobeselectedfromthegroupconsistingof 1-hydroxyethylidene-1,1'-diphosphon cacid, 51
-hydroxypropylidene-1,1'-diphosphonicacid,and 1-hydroxybutylidene-1,1'-diphosphonic acid. 8. The
etching agent according to claim 2, wherein the (C) basic compound is (c-1) an inorganic alkali. 9.
The etching agent according to claim 8, wherein the (c-1) 10 inorganic alkali is an alkali metal
hydroxide or ammonia.
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10. The etching agent according to claim 8, wherein the (c-1) inorganic alkali is a potassium hydroxide
or a sodium hydroxide. 11. The etching agent according to claim 2, wherein the (D-1) copper

anticorrosive isepihalohydrin-modified polyamide, , 15
benzotriazolecompound,hydroxycarboxylicacidor nitrogen-containing cyclic compound. 12. The
etching agent according to claim 8, comprising (A) 10 to 35% by weight of hydrogen peroxide, (B) 0.1

to 3% by weighgafthesplgseimmroarsd chelating agent having a hydroxyl group, (c-1) 0.2 70 to 12%
by weight of the inorganic alkali, and (D-1) 0.05 to 5% by weight of the copper anticorrosive 13. The

etching agent according to claim 8, wherein the etching agent is prepared from a solution comprising

hydrogen peroxide and a Jiquid for preparing etching agent compased of a solution 25 comprising the
phosphonic a%c‘id che‘lg’]art‘ineg% ‘g%lenn% ﬁgﬁrn%aiar?ﬁyadrs&zﬁ%%%%}Jtﬁ%oﬁwgggﬁ% %?Eaﬁogﬁg e %Fo%%er

anticorrosive, J4nkhs:£ichingagent acqerdingrie elimw, whereimmixing dratio.of the_sglution
comprising hydrogen peroxide and the liquid for preparing etching agent is 1:9 to 98:2. 15. The
etching 4gertad¢odiiig-ti claim 13, wherein pH of the  solution comprising hydrogen peroxide and

pH of the liquid forj}ﬁrglpggng etchinlg a gnj[ are adjusted so that final pH of the mixed solution of
these solutions falls'j JeeoF 740 20" 916. The etching agent according to claim 13, wherein final

concentrations in _th@ljni§e%§mg%qbg§éh%§g{ut%ggmg ising hydregan peraxidg,and the liquid for
preparing etching agent are (A) 10 10 to 35% by weight of hydrogen peroxide, (B) 0.1 to 3% by weight
of the phospgornigracid chelating agent having a hydroxyl group, (c-1) 0.2 to 12% by weight of the
inorganic alkali, anc(l é?él)b%soi% tgoén%gj ck% I\{vc?;ight of the copper anticorrosive.
10 (D-1) a copper anticorrosive;
(D-2) 0.01 to 3% by weight of two or more kinds of anion
species other than phosphonic acid chelating agents having a
hydroxyl group, in which anion species have no oxidizing power.
2. The etching agent according to claim 1, wherein the
15 semiconductor substrate is the one on which copper wiring has been
formed, and wherein the etching agent comprises at least the
above-described {A), (B), (C) and (D-1}.
3. The etching agent according to claim 2, wherein the
semiconductor substrate, on which the copper wiring has been
20 formed, is the semiconductor substrate, in which copper wiring has
been formed on a titanium (Ti)-based metal film.
4. The etching agent according to claim 2, wherein the copper
wiring is the one for forming a lead (Pb]-free solder bump.
3. The etching agent according to claim Z, wherein it is the one
25 to be used in a Pb-free solder bump forming step.

O. The etching agent according to claim 2, wherein pH of the

splution is 7 to 10.
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17. Theetching agent according to claim 13, wherein the etching 15 agent is prepared by mixing the
solution comprising 15 to 30% by weight of hydrogen peroxide and the liquid for preparing etching
solution composed of the solution comprising 0.2 to 2% by weight of the phosphonic acid chelating
agent having a hydroxyl group, 0.5 to 10% by weight of the inorganic alkali, and 0.05 to 2% by weight
of 20 the copper anticorrosive, in a mixing ratio of 4:6 to 9:1. 18. An etching method, characterized in
that selectivesetchingref a fitamiting (Fbased mei@ldibn on & semicondugtal-sHbslaters performed
using the etching agent according to claim 2. 19. The etching method according to claim 18, wherein
the 95 etching lagenhisipre pared dyehaiking a gohitiba eongpesigdhydrogenoparasidé andha liquid for
preparing etching agent composed of a S(%Iution comgrr%sing a phosphonic acid chelating agent having

a hydroxyl gfSup, a Basic cSMF6HTHH and'E%pper Aificorro&VEY 0. The 8TEHiRG Method®According to

claim 19, whqr%am%@gg%@gﬁ@q :spl;gghgglﬁﬂr&%@g hydrogen peroxide and the, ligyid for
n h

preparing etching agent is 1'9 to 98:2. 5 21.The etching agent according to claim 1, wherein the
semiconductdr-aghsteaterisdhe ioteron Whithigometattbump or a metal avikthg having lowerlionization
tendency than that of tungsten has been formed, and wherein the etching agent comprises at least the

above-describeB A Ot KEy HAARE-2) I 161 AP BRRitg®gEnt according to claim 21, wherein the
metal bump %f.mEta'ﬂQf&%e{g\é'ﬁE iopizatian tepdency.than thateLiungstends gogjposed of

gold, silver, palladium, tin o oy thereof. 23.The etching agent according to claim 21, wherein the
15 semicondusiamsubstiate @A WhichimetakdtimpbBrahietal wiring having lower ionization tendency
than that of tungsten has been formed is a semiconductor substrate in which relevant metal bump or

metal wiring Ras beeh¥6rREtNéREhe4iiperdss? bR L RINGSIERAT HasBlThetal filhF. 20724, The etching
agent af(?ordliﬂgxlgé:x@c{na%k%aw §TEln Iﬁ%gﬂﬂﬁ'e‘&{mﬁ%m%%'ewd')@”&mmgig?wef lonization tendency
[ orme

than that of tungsten is a metal bump, and a copper wiring has been etween relevant metal
bump and the &-basethmetat filmg 2mcHhe fichingiagent actoring toxtaine 23, tvberein the W-based
25metal film is a titanium-tungsten (TiW) alloy film.
inorganic alkall is a potassium hydroxide or a sodium hydroxide.
11. The etching agent according to claim 2, wherein the (D-1}
copper anticorrosive 1s  epihalohydrin-modified polyamide,
15 benzotriazole compound, hydroxycarboxylic acid, or
nitmgenwc-c}nfaining cyclic compound.
12. The etching agent according to claim 8, comprising (A} 10 to
35% by weight of hydrogen peroxide, (B} 0.1 to 3% by weight of the
phosphonic acid chelating agent having a hydroxy! group, (c-1) 0.2
20 to 12% by weight of the inorganic alkali, and (D-1) 0.05 to 5% by
welight of the copper anticorrosive.
13. The etching agent according to claim 8, wherein the etching

agent is prepared from a solution comprising hydrogen peroxide and

a liquid for preparing etching agent compesed of a solution

-]
L

comprising the phosphonic acid chelating agent having a hvdroxyl
group, the inorganic alkali and the copper anticorrosive.

14. The etching agent according to claim 13, wherein mixing
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26. The etching agent according to claim 21, wherein pH of the solution is 6 to 10. 27. The etching
agent according to claim 21, wherein the (B) phosphonic acid chelating agent having a hydroxyl group
is the one ofatleastoneormorekindsselectedfrom 1-hydroxyethylidene-1,1'-diphosphonicacid,
51-hydroxypropylidene-1,1'-diphosphonicacid,and 1-hydroxybutylidene-1,1'-diphosphonic acid. 28.
The etching agent according to claim 21, wherein the (C) basic compound is the one of at least one or
more kinds sefditeel! fibuh Sodtganit aikaly &ria o ryaAoanin @S rix 20 Bredetétsinipagdrfiioaccording to

claim 21, wherein thea%% basic compo nd ii?_%itperg%,sgdium hydroxide or a tetramethylammonium
hydroxide. 3G TH &t 'ngt%]enrﬁ &0t i:ﬁsg o claim 21“wherein the (D-2) 0.01 to 3% by weight of two
or more kindg gf anign, species.othasa thasehaspBoric aglidshetating.rgents é}ﬁVi@Q @fydroxyl
group, in which anion species have no oxidizing power, are a combination of 0.0001 to 0.5% by weight

of at least ongodw thore &indg ofsanpntspioies derved fioin aridongEnicfadibesdlectéd ffom a sulfate

ion, a sulfite ion, a chloride ion, a phosphate ion a phosphite jon and a 20 hypophosphite ion and
0.0099 2.@%%%51@&%?%2&3%‘9 %F%%Hé%%&go?%rﬁ}&ﬁrs ]é}:‘?‘ésp&érﬂfeg??oﬁq%grganic acid

selected fromy 4 Gitrate donsandkasmaiale 34 e etehing.agent.goearding to claim 21, wherein the (D-2)
0.01 to 3% by weight of two or more kinds of anion species other 25 than phosphonic acid chelating

agents havingfa hydfoxyl gtobpnm velzieh anirspeoies HavediaioxidiZing powee; arefaxedmbination of
0.0001 t0 O'%%n%%rﬁeriggggsari% op}?ekinmdi}?fegng)glg%ieocglesoge{g/gdsolution comprising
hydrogen peroxide and the liquid for preparing etching agent are {Aj
10 10 to 35% by weight of hydrogen peroxide, (B) 0.1 to 3% by weight of
the phosphonic acid chelating agent having a hydroxyl group, (¢-1)
0.2 to 12% by weight of the inorganic alkali, and (D-1) 0.05 to 5% by
weight of the copper anticorrosive.
17. The etching agent according to claim 13, wherein the etching
15 agent is prepared by mixing the solution comprising 15 to 30% by
weight of hydrogen peroxide and the liguid for preparing etching
solution composed of the solution comprising 0.2 to 2% by weight of
the phosphonic acid chelating agent having a hydroxyl group, 0.5 to
10% by weight of the inorganic alkali, and 0.05 to 2% by weight of
20  the copper anticorrosive, in a mixing ratio of 4:6 to 9:1.
18. An etching method, characterized in that selective etching of
a titanium (Ti)-based metal film on a semiconductor substrate is
performed using the etching agent according to claim 2.

19. The etching method according to claim 18, wherein the

etching agent is prepared by mixing a solution comprising hydrogen

]
tn

peroxide and a liquid for preparing etching agent composed of a

solution comprising a phosphonic acid chelating agent having a
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from an‘inorganic acid selected from a sulfate ion, a sulfite ion, a chloride ion or a phosphate ion and
0.0099 to 2.5% by weight of any one kind of anion species derived from an organic acid selected from
a citrate ion or a malate ion. 5 32.The etching agent according to claim 21, wherein the (D-2) 0.01 to
3% by weight of two or more kinds of anion species other than phosphonic acid chelating agents
having a hydroxyl group, in which anion species have no oxidizing power, are a combination of 0.0001
to 0.5% by weighitrofan\eenekind bhaniorpspeciea desived:10 dtape an nrgenic @dideselected from a
carbonate ion, an acetate ion, a citrate ion or a malate ion and 0.0099 to 2.5% by weight of an anion
species derivé®from Bhofjahit gcir sBdearoiialtiirkiebH By & nafdie 16F bthérthEhhe anion
species derived from tpg: organic acid selec ve. .The etching agent according to claim 21,
wherein the (6?55000.6 t6 %}i\bl%}%leig%t&oﬁrt%%gn%bg oﬁ}lé%i%% s%?]%?n}%%es%gge{;}cﬁ lgﬁh%]r?oﬁhosphonic

acid chelatingzgents havingra fydiexy groupginwhighpanion species have no oxidizing power, are a
combination of 0.0001 to 0.5% by weight of at least one or more kinds of anion 20 species derived
from an iforganic acidseleetsd from #Ealate §6150aSUNRe I6h ahidERloride iBH8R810.00D9 to 2.5% by

weight of at Ieasrglone or more kslqldbs ?}ﬁ apeiop sgggiesndﬁer(i)ved f Qrﬁqﬁar;linorcqgﬁ]i%%cid seollected from a
phosphate ior%,ea 5581§p Hie%on and a ﬁypoﬁhosphﬁe fon. 2534 The et{:xhlng ager{flgccorcﬁng to claim

21, comprising, (A 10,161 33% By weighiet hydmaenperexde{B) OHato 8% by weightatthe
phosphonic acid chelating agent having a hydroxyl group, (C) 0.1 to 5% by weight of the basic
compound, ahd $02250.001 8% ynweight ofitolor mioreikigdsasfrnionspeties cthéeatsan
phosphonic acid chelating agents haying a hydroxyl ~in which anion species have no oxidizing
power. 5 35.1%’@&%&%%‘%555? c%%régrlg %)Clg@ %‘i%ﬁ%%% ed from a solution comprising hydrogen
peroxide @and giliquidfarpreparing etehing aaentcempased:aha solutign epmprising the:ghosphonic
acid chelating agent having a hydroxyl group, the basic compound and two or more kinds of anion
species othertthampphospleoaicveicith E0hchalating wgernts thizvhig a hydbxylgrobp nirtivichlanion
species have no oxidizing power. 36.A etchingﬁmetlg}cj)d, characterized by etching a W-based metal
n

film on a semitohactor SuFAFRR UM Bel eht LEORFNG T cldim 91. 48 F-P¥e etching

method accorgjpg.to-claim 36, wherein the etching agent is prepared by mixing a solution comprising
hydrogen peroxide and a liquid for preparing etching agent composed of a solution comprising a
phosphonic azil cheldting ageritihayirggarnydeaxylgionp, adasiacempdundsvdrd-sieo arftraore kinds of

anion 70 species other than phosphonic acid chelating agents having a hydroxyl group, which anionic
species! RaveSEdg RN powey bstrate on which metal bump o metal wiring

having lower ionization tendency than that of tungsten has been
formed is a semiconductor substrate in which relevant metal bump
or metal wiring has been formed on the upper part of a tungsten (W)
-based metal film.

20 24. The etching agent according to claim 23, wherein the metal
bump or metal wiring having lower ionization tendency than that of
tungsten its a metal bump, and a copper wiring has been formed
between relevant metal bump and the W-based metal film.

25. The etching agent according to claim 23, wherein the W-based

25 metal film is a titanium-tungsten (TiW) alloy film.

26. The etching agent according to claim 21, wherein pH of the

solution i1s & to 10.
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38.The etching method according to claim 37, wherein mixing ratio of the solution comprising
hydrogen peroxide and the liquid for preparing the etching agent is 30:70 to 99:1. 25 39.A liquid for
preparing etching agent for a semiconductor substrate composed of a solution comprising at least the
following (B) and (C), and (D-1) and/or (D-2): (B) a phosphon c acid chelating agent having a
hydroxyl group; (C) a basic compound; (D-1) a copper anticorrosive; 5(D-2) two or more kinds of

anion specieg dther thias phesphenieaeid chelatingagenss taving a hydkoxyt greuth & vBjich anion
species have no oxidizing power. 40. The liquid for preparing etching agent according to claim 39,
wherein the @) baRRBHINFGHATRUE L Ehaa6Fyakie HREII2 ABID WHeFER R fidii8 e&fprises at

least the (B),Or Ievaan; (C'll)e%r:];g the é%'el)' 4(% TheIJrilooqu for Fi%%?&é‘“g eg%%n& gﬁent %gg%rding to claim
[ lon comprising hydrogen peroxide. 15

40, to be used for preparing etching agent by mixing with a solu

42.The liquidifas paepakiegreiching egent atgoidiegie glaim 41, wherein mixing ratio g the liquid and
the solution comprising hydrogen peroxide is 1:9 to 98:2. 43. The liquid for preparing etching agent
accordiry to ttdiff4exwnepei pHeBEtHe ligdid isctjdstadsso that finaPgilef the etchiig @0 agent after

mixing with the solution comprising hydrogen peroxide falls in a range of 7 to 10. 44. The liquid for
preparing etc ikr% %%%ﬁga%gﬁgﬁég (—fo){c’lagir%{a ﬂ,ﬁ?osgxgﬂgé% ?ocrlglr‘eparing the etching agent having final

concentrationg after mpixing-with the-selution spmpusing-hydrogen 35,peroxids of (Mp1@1e 35% by
weight of hydrogen peroxide, (B) 0.1 to 3% by weight of the phosphonic acid chelating agent having a

hydroxyl grogpI{ea3 0Q te 129% b wvaifhiofithe inoryanic akalic dna{d-Beicosad 5961y weight of
the copper alr;}i{gzlpgr.rstogiigeélkalis and organic amines.

16 29, The etching agent according to claim 21, wherein the (C} basic
compound is either a sodium hydroxide or a tetramethylammonium
hydroxide.

30. The etching agent according to claim 21, wherein the {D-2)
0.01 to 3% by weight of two or more kinds of anion species other

15 than phosphonic acid chelating agents having a hydroxyl group, in
which anion species have no oxidizing power, are a combination of
0.00601 to 0.5% by weight of at least one or more kinds of anion
species derived from an inorganic acid selected from a sulfate ion, a
sulfite ion, a chloride ion, a phosphate ion a phosphite ion and a

20 hypophosphite ion and 0.0099 to 2.5% by weight of at least one or
more kinds of anion species derived from an organic acid selected
from a citrate ion and a malate fon.

31. The etching agent according to claim 21, wherein the (D-2)
0.01 to 3% by weight of two or more kinds of anion species other

25 than phosphonic acid chelating agents having a hydroxy! group, in

which anion species have no oxidizing power, are a combination of

0.0001 to 0.5% by weight of any one kind of anion species derived
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45. The'liquid for preparing etching agent according to claim 39, comprising at least the (B), (C) and
(D-2). 46. The liquid for preparing etching agent according to claim 45, 5 to be used for preparing
etching agent by mixing with a solution comprising hydrogen peroxide. 47. The liquid for preparing
etching agent according to claim 46, wherein mixing ratio of the liquid and the solution comprising
hydrogen peroxide is 30:70 to 99:1. 10 48.The liquid for preparing etching agent according to claim 46,

wherein pH gf-the ligyid-s adiusted: seithatifinak aH ef the-etahingtagent affesmixirgiwith the solution
comprising hydrogen peroxide falls in a range of 6 to 10. 49.The liquid for preparing etching agent
according to eldinTi4s; 1Bt be pdeesioh pieparingite @iERING agehtaying Winddlcbnderirations after

mixing with the sqlution comprising hydrogen peroxide of (A) 10 to 35% by weight of hydrogen
peroide. (B0t 1130 By WRCRERIE DACSLRONE S0 ERAE St Sehy 1 oroup, (©)
0.1 to 5% by wejght @f 1he iperganig atkali, and 20 (D-2) 0.01 to 3% by weight of two or more kinds of
anion species other than phosphonic acid chelating agents having a hydroxyl group, in which anion

species haves@o oxidiziagepoinigrg agent according to claim 21, wherein the (D-2)

0.01 to 3% by weight of two or more kinds of anion species other
than phosphonic acid chelating agents having a hydroxyl group, in
which anion species have no oxidizing power, are a combination of
0.0001 to 0.5% by weight of any one kind of anion species derived

10 from an organic acid selected from a carbonate ion, an acetate ion, a
citrate ion or a malate ion and 0.0099 tc 2.3% by weight of an anion
species derived from an organic acid selected from a citrate ion or a
malate ion other than the anion species derived from the organic
acid selected above.

15 33. The etching agent according to claim 21, wherein the (D-2}
0.01 to 3% by welght of two or more kinds of anion species other
than phosphonic acid chelating agents having a hydroxy! group, in
which anion species have no oxidizing power, are a combination of
0.0001 to 0.5% by weight of at least one or more kinds of anion

20 species derived from an inorganic acid selected from a sulfate ion, a
sulfite ion and chloride ion and 0.0099 tc 2.5% by weight of at least
one or more kinds of anion species derived from an inorganic acid
selected from a phosphate ion, a phosphate ion and a hypophosphite
ion.

25 34. The etching agent accoerding to claim 21, comprising (A) 10 to
35% by weight of hydrogen peroxide, (B} 0.1 to 3% by weight of the
phosphonic acid chelating agent having a hydroxyl group, (C} 0.1 to
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5% by weight of the basic compound, and (D-2) 0.01 to 3% by weight
of two or more kinds of anion species other than phosphonic acid
chelating agents having a hydroxyl group, in which anion species
have neo oxidizing power.

35. The etching agent according to claim 21, prepared from a
solution comprising hydrogen peroxide and a liquid for preparing
etching agent composed of a solution comprising the phosphonic
acid chelating agent having a hydroxyl group, the basic compound
and two or more kinds of anion species other than phosphonic acid
chelating agents having a hydroxyl group, in which anion species
have no oxidizing power.

36. An etching method, characterized by etching a W-based metal
film on a semiconductor substrate using the etching agent according
to claim 21.

37. The etching method according to claim 36, wherein the
etching agent is prepared by mixing a solution comprising hydrogen
peroxide and a liguid for preparing etching agent composed of a
solutien comprising a phosphonic acid chelating agent having a
hydroxyl group, a basic compound and two or more kinds of anion
species other than phosphonic acid chelating agents having a
hydroxyl group, which anionic species have no oxidizing power.

38. The etching method according to claim 37, wherein mixing
ratio of the solution comprising hydrogen peroxide and the liguid for
preparing the etching agent is 30:70 to 99:1.

39. A liguid for preparing etching agent for a semiconductor

substrate composed of a solution comprising at least the following

{B) and (C), and (D-1) and/or (D-2}:
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(B} a phosphonic acid chelating agent having a hydroxyl
group;

(C} a basic compound;

(D-1) a copper anticorrosive;

(D-2) two or more kinds of anion species other than
phosphonic acid chelating agents having a hydroxyl group, in which
anion species have no oxidizing power.

40. The liguid for preparing etching agent according to claim 39,
wherein the {C) basic compound is {c-1} an inorganic alkali, and
wherein the liguid comprises at least the (B}, relevant (c-1} and the
(D-1}.

41, The liquid for preparing etching agent according to claim 40,
to be used for preparing etching agent by mixing with a solution
comprising hydrogen peroxide.

42. The liguid for preparing etching agent according to claim 41,
wherein mixing ratio of the liquid and the solution comprising
hydrogen peroxide is 1:9 to 98:2,

43. The liguid for preparing etching agent according teo claim 41,
wherein pH of the liquid is adjusted so that final pH of the etching
agent after mixing with the solution comprising hydrogen peroxide
falls in a range of 7 to 10.

44, The liquid for preparing etching agent according to claim 41,
to be used for preparing the etching agent having final
concentrations after mixing with the solution comprising hydrogen
peroxide of (A) 10 to 35% by weight of hydrogen peroxide, (B) 0.1 to
3% by weight of the phosphonic acid chelating agent having a
hydroxyl group, (c-1) 0.2 to 12% by weight of the inorganic alkali,
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and (D-1) 0.05 to 5% by weight of the copper anticorrosive.

45. The liguid for preparing etching agent according to claim 39,
comprising at least the (B), (C) and (D-2).

46. The liquid for preparing etching agent according to claim 43,
to be used for preparing etching agent by mixing with a solution
comprising hydrogen peroxide.

47. The liquid for preparing etching agent according to clalm 46,
wherein mixing ratio of the liguid and the solution comprising
hydrogen peroxide is 30:70 to 99.1.

48. The liquid for preparing etching agent according to claim 46,
wherein pH of the liguid is adjusted so that final pH of the etching
agent after mixing with the solution comprising hydrogen peroxide
falls in a range of 6 to 10.

49, The ligquid for preparing etching agent according to claim 46,
to be used for preparing the etching agent having final
concentrations after mixing with the solution comprising hydrogen
peroxide of (A} 10 to 35% by weight of hydrogen peroxide, (B) 0.1 to
3% by weight of the phosphonic acid chelating agent having a
hydroxy!l group, (C} 0.1 to 5% by weight of the inorganic alkali, and
(D-2) 0.01 to 3% by weight of two or more kinds of anion species
other than phosphonic acid chelating agents having a hydroxyl

group, in which anion species have no oxidizing power.
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