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Conposi tion For Renoval of N ckel-Platinum All oy-Based Metal s Techni cal
'Field 5[0001] The present invention relates to a conposition for renoval of
ni ckel - pl ati num al | oy-based netals. Mre particularly, the inventi oa%85
relates to a conposition for renoval of metats that can sel ectively renove
ni ckel - 10pl ati num al | oy- based netals mﬁthout affecting silicon- based
materials. Backgiesnge A5t Raee dﬂ ch as gates, sources and
drains are 155|I|C|dated to reduce contac resi stance in sem conduct or

devi ces, in or HEFT:B QtHF R el MRk N Ini GansisZditiionn FopoRenosati a§ and speed

increase for “ﬁE&Eé%E?IéEHﬁﬁﬁtéﬁfby-BH%éH“M@ 14sed in electrodes of the
prior art |nclude silicides of nickel, cobalt titanium and tungsten. In

20r ecent years;, TeehnbrerFididurt her reduce contact resi stance of el ectrodes
and contsol hepdo0Epi St ance and overgrowth, alloys conprising nickel with
addi tion of platianﬁat a few atom c percent for exanple, haye been used

t

to form ni ckel - pl at T HuREFF§RE dgarentsigpast dtes tongeFORPERAELSDN| fEFdes

cont ai ni ng no pémadvaline havic bebp Lsechun atltleaypmts,edamertekel thbﬂefl Imis
fornmed on a po%%5|llc urf ce and nickel ﬁl icide is

sel f-al i gni ng n%%$u£%F ?e%ﬂ?ﬁﬂthQsﬁﬂ ai%Fe §bﬁr885§8?ltéﬂa FﬂEn

treated with SfmeEaﬂfQilmﬁtals that can selectively remove nickel-
10 platinum alloy-based metals without affecting silicon-
based materials.
Background Art
[0002]
Electrodes such as gates, sources and drains are
15 silicidated to reduce contact resistance in semiconductor
devices, in order to achieve greater micronization, power
saving and speed increase for MOS type transistors. The
metals used in electrodes of the prior art include
silicides of nickel, cobalt, titanium and tungsten. In
20 recent years, in order to further reduce contact
resistance of electrodes and control heat resistance and
overgrowth, alloys comprising nickel with addition of
platinum at a few atomic percent, for example, have been
used to form nickel-platinum silicides.
25 [0003]
When nickel silicides containing no platinum have
been used in the past, a nickel thin-film is formed on a
polysilicon surface and nickel silicide is formed in a
self-aligning manner by heat treatment, (salicide
30 process), and then treated with SPM (sulfuric
acld/hydrogen peroxide mixture) or HPM (hydrochloric
acid/hydrogen peroxide mixture), commonly employed for
RCA cleaning, to remove the excess nickel.
[0004]
35 However, such a method is inadequate for producing
devices using nickel-platinum silicide. Platinum is a

metal with very powerful corrosion resistance, and when



acid/ hydrogen peroxide m xture) or HPM (hydrochloric acid/ hydrogen peroxide
nlxture) commonl y enpl oyed for RCA cleaning, to renove the excess nickel.
'[0004] 35However, such a nethod is inadequate for producing devices using
ni ckel - platlnun15|licide. Platinumis a netal with very powerful corrosion
resi stance, and when - 2 - treated with-cRem cal solutions conmonly used
for renmoval of nickel and the like, or with SPMor HPM a problemresults

as residue congigtiog HREm! ynahi Ll Aatd 5&5%“%“%(#%g§§lph%sﬁﬂr 6§ergﬁo%g%

sem conduct or devi ce substrate. 5Such resi robllens wth't
el ectrical chafhchéfkatianrd ?%ﬁl%&ﬁ¢dt@mEWkﬁQHS§NU§IT@ENbeﬁI@@ﬁb&@ﬂbr

devi ces. [0005teA:5€s &Qeﬁeéiﬁﬁ%TE%ESié%£EEWM3%$I%Ube§ﬂ%&1%hﬁhk@ﬂalns
10sol utions with powerful dissolving abl|lt% renpval pl ati num

residue, such 38 GhgaSteties ?%etlé%rfr%%cq C’trodt?éfé&ﬁesﬂl@ﬁéﬁéﬁéd and

vari abl e5sin thsﬁk]l‘i65631d\dilé cbeél@@ eslvier se1 @id eeitth ahet ke cprrepentii es of the
sem conduct or §VICG % search, has .t herefore heen conducted

on net hods for® %F%%??E% 91?%h05?¥&F?ﬂ Ty ﬁHQHY Switfo SETd SRRGHG O F

silicides. Patéevlﬁbsunent 1 discloses a nethod in which nost of the nickel
is first rennvg ¥1SPM and then in 20order to protect the nickel-platinum
silicide, it treLted with a chem cal conprising a substance with a
property of coordi naténg wheh nreXiehentsuch s rd enatoert- solingl etsblimki on
conpri sihpg a r i 4 el u d by
G S50l ut-Con i Th-SEhaes. ¥ agr POTREGN o S0 MRl i P e ey s R
difficult, homﬁ%‘éFln‘émer@%l@%r u%lecl@)fa%\qmlar agdliiss \Whiec 5 urde cpowentig

Corrosive powety BEcHRX BoGYREHES. aﬁ@oﬁgﬁlable in thickmds30 wRak&Nhas
Docunent 2 discl oses a cleaning net hod
adverse effects on the properties of the semiconductor

device.
15 [0006]

Research has therefore been conducted on methods for
selectively removing nickel-platinum without damaging
silicides. Patent Document 1 discloses a method in which
most of the nickel is first removed by SPM, and then in

20 order to protect the nickel-platinum silicide, it is
treated with a chemical comprising a substance with a
property of coordinating with nickel, such as a water-
soluble solution comprising ammonia water or cyanide,
after which the platinum is removed by dissolution with

25 agua regia. Handling of materials in this method is
difficult, however, due to the use of aqua regalis which
has powerful corrosive power, or toxic cyanide.

[0007]

Also, Patent Document 2 discloses a cleaning method

30 in which nickel and platinum are removed by treatment at
a high temperature near 71°C to 150°C using SPM, HPM or
APM (ammonia/hydrogen peroxide mixture), while avoiding
damage to nickel-platinum silicide. 1In this method,
however, the solution also lacks stability because it

35 contains hydrogen peroxide among its components, and thus
produces foaming during solution preparation and during
heating.



30i i whi ch ni ckel and platinumare renoved by treatnment at a high
tenperature near 71C to 150C using SPM HPM or APM (ammoni a/ hydrogen
peroxide m xture), while avoiding damage to nickel-platinumsilicide. In
this method, however, the solution also |acks stability because it
35cont ai ns hydrogen peroxide anong its cdhﬁbﬁénts, and thus produces
foam ng during solution preparation and during heating. - 3 - [0008]

In addition, PTO0®8di scl oses a net hod of reaning excess ni ckel f{og}nlckel
silicide-forned sec ion addi n.organic acid to a water-sol uble

sol ution SContaining 58%?58 h@g gt?b?%%?s%ia%ﬂW@jHFi§Héﬁﬁﬁq§6ﬁﬁb5|t|on
is one conprisbmgessahuckaﬁldromydmokénosipléidéLfdnmﬁdxkﬁbﬁmﬁn%xl¢ﬁyaﬂd

fluoroboric acig t unment however obje |s reanaI of
only ni ckel thlndﬁhg f ﬁgpagggtal gbp?af?hﬁﬁ] %%%? s

10nent i ored regaﬂ@anglngeChbptndy Lonrenﬁvﬁym&c&blegﬂmpmsuuﬁeﬁdo@yﬁx
aining ¢ are
Furthernore, geﬁéngE%BH ?geeheaggmsr%%f #'5%% otaly, (%Y¢£§§H$%££ Gan

essentially added to e conmpositron i he-"containi’'ng “c
potential |y et @Fidr0RydsREPE hpdpvyea pedoklderdlekis: kEsitdabi [Tint Watand:

therefore d|ffb@@hhbﬁ§ gx'ﬁbwbgethetﬁeaBB 8€ti§wkéﬁbJHfKan&ﬂ%@ Qf k%ﬁt

sem conduct or ﬁVICGS u5|£g | i'con-based” substrate materials Prlor

Ref erences Pat &AEIDEEERENEE2DOFODDAI N[ Pat ket Bydunertl ] nidpemesd s

Unexami red Pata@htEuhbucaé yaRdNag 2089 376818 {Hatanivdepmrnt-AlaJanapese
Unexani ned Paten; Publ i En No. 2008-1180 25[ Pat ent Docunent 3
Japanese Pat enfPEEI ¢ t EFPBRE Npd ! ©oxldizing agent and a fluorine-

containing compound are essentially added to the
composition. Fluorine-containing compounds can
potentially etch Si0;, while hydrogen peroxide lacks

15 stability, and therefore difficulties exist in their
application to production of semiconductor devices using
silicon-based substrate materials.

Prior Art References
Patent Documents
20 [0009]
[Patent Document 1] Japanese Unexamined Patent
Publication No. 2009-176818
[Patent Document 2] Japanese Unexamined Patent
Publication No. 2008-118088

25 [Patent Document 3] Japanese Patent Public Inspection No.
2008-547202
Summary of the Invention
Problems to be Solved by the Invention
[0010]

30 The present invention has been devised to solve the
problems mentioned above, and its object is to provide a
composition for removal of metals that can selectively
remove nickel-platinum alloy-based metals without
damaging silicon-based substrate materials.

35 Means for Solving the Problems
[0011]

As a result of diligent research on compositions for



2008-547202 Sunmary of the Invention Problems to be Solved by the Invention
[£0010] 30The present invention has been devised to solve the problens

nmenti oned above, and its object is to provide a conposition for renoval of
nmetal s that can selectively renove nickel-platinum alloy-based netals

wi t hout damagi ng silicon-based substrate Tt érial s. 35Means for Solving the
Probl ens [0011] As a result of diligent research on conpositions for - 4 -

removal of netalemobavi g fnlélﬁ(éllllsoﬁév@fqgr @rmatﬂan@l sKetebAfdpumaldays
Wi t hout affectl % silico present inventors have found

s
that it is pos$ e lelgé’tsl \‘?’érTEOPEnﬁ%eﬁH:‘R‘éI $pHaEPmUMERd oys 5wi t hout
damagi ng sil i comteasedspyataei @Ir&séuthlﬁ$eﬂt©i§§| h@iré | Ebeled Hat Sit3N& or

Si 02, by using %%s%%‘i%o%%. ] Oi:ﬁ%’lﬁggt \é\nﬁ'{ngv%n Ef’Js?t?ngrl S|l % an acid, a

chel ati ng agen an ani oni
f | uor i ne-Tont aivdithgutonpmagdngr shydcogehapedamid@rlaml difi-K hes i@l on has

been conpl et ed Sligqla[lg% ]sf_Ll nding. %o%iddél cgl I%% the_ i pv(%lg%{%@sgl conprises the

fol |l ow ng aspect of
ni ckel - pl at i numchpalslidyohagédhmat @HsofCanrlmrﬁ;grﬁlﬂ@a@t 111, cenmpound

and i tric ac &aiis 8 BBRCab R AR REF R g RbbrR TR ers Thar A b tac
at 0.5 to 20 mass%luamiarn-onntasuoihgctampoatd Ood It @ddodems 396 w0t ABt eind
10 the invention has been completed upon this finding.
Specifically, the invention comprises the following
aspects.
[0012]
[1] A composition for removal of nickel-platinum
15 alloy-based metals, comprising at least one compound
selected from the group consisting of hydrochloric acid,
hydrobromic acid and nitric acid at 3 to 55 mass%, a
chelating agent other than oxalic acid at 0.5 to 20
mass%, an anionic surfactant at 0.1 to 4 mass$ and water,
20 while comprising no fluorine-containing compound or
hydrogen peroxide, and having a pH of not greater than 1.
[2] The composition for removal of nickel-platinum
alloy-based metals according to [1], which consists of at
least one compound selected from the group consisting of
25 hydrochloric acid, hydrobromic acid and nitric acid, a
chelating agent other than oxalic acid, an anionic
surfactant and water.
[3] The composition for removal of nickel-platinum
alloy-based metals according to [1] or [2], wherein the
30 chelating agent is at least one selected from the group
consisting of citric acid, ethylenediaminetetraacetic
acid, catechol, acetylacetone and their salts.
[4] The composition for removal of nickel-platinum
- alloy-based metals according to any one of [1] to (31,
35 wherein the anionic surfactant is at least one selected
from the group consisting of sulfuric acid esters,

sulfonic acids, carboxylic acids and phosphoric acid



20whi | e conprising no fluorine-containing compound or hydrogen peroxi de,
,and having a pH of not greater than 1. [2] The conposition for
removal of nickel-platinumalloy-based netals according to [1], which
consi sts of at |east one conpound selected fromthe group consi sting of
25hydrochl oric acid, hydrobromc acid and Ritric acid, a chel ati ng agent
ot her than oxalic acid, an anionic surfactant and water. [ 3] The

conposi tion forstersyakach REeCkal- pbabbnym-al fjRy-based MmMtal a0 ding to
[1] or [2], mher%inhthe gOChelgtlng a%ent | s at least one sel'ected fromthe
roup consisti A§ Lty FETA¥RE I VEPhGENERT B net et raacetic acid, catechol,
g p

acet yl acet one and tﬁéHrTha|bSmpOFition[ﬁgFTh@m@ﬂﬂpo§ftﬂi&ké%”prt [ 3] o
( Sl ati | N ; to any one.o 0 ’
ni ckel - p atlnughﬁokgﬁaggéeﬁeggﬁg ?ggéggﬁgﬁg O Y o %d%%d&ﬂré%

35wherei n the anioni ¢ Surfactan : _ ( tﬁg'group
consi stiry of wblefredincthei diekedrplasihfonatl agtickssed aidtoxly|dontadinds and

phosphoric acid; xe% nte8te69, 5€ 1aV] 8- 20 straight-ch i...L_y
groups, and jthglilrc gr F}Eat%lsvgg gngﬁggpgsbg%ent arf@]"%%“c%hﬁ%sﬁ%oﬁ% or
renoval of ni cR&CIgrapenaanal| oy- based netals according to any one of [1]

to [4], Swherein thgeni ¢kel -Bhablaymal koY~ Parerh Ml Aln oA Yighe! at
85-99.5 atomc percent and plati numat 0.5- at om c percernt. [6]
The conpositi oR ¥ -Pafsdamebplai eRePrgiag i haniny | e bukeld Indtcal [$laccor di ng

to any are of [hlichodbBk, nd@Wairehedoesineh, 506l Hilify SO S13N4 or
ni ckel silicide.,., . [7] The conposition for rendval of nickel-platinum
al | oy-based mefatdC488ording to any one of [1] to [6], which removes

ni ckel - pl ati num al | gyjbaaedcorbabitobABdo®Nremoval of nickel-platinum
alloy-based metals according to any one of [1] to [6],
which removes nickel-platinum alloy-based metal formed on

15 a portion of a substrate made of a silicon-based
material.

[8] A method for producing a semiconductor device,
comprising a step of forming a nickel-platinum alloy film
on a portion of a substrate made of a silicon-based

20 material, and a step of selectively removing at least a
portion of the nickel-platinum alloy film using the
composition for removal of nickel-platinum alloy-based
metals according to any one of [1] to [7], without
damaging the silicon-based material.

25 [9] The method for producing a semiconductor device
according to [8], wherein the silicon-based material is
silicon, Si0,, SisN; or nickel silicide.

[10] A method for preducing a semiconductor device,
comprising a step of forming polysilicon and nickel-

30 platinum alloy thin-films in that order as electrode
materials on at least a portion of a substrate made of a
silicon-based material, a step of forming a nickel-
platinum silicide in a self-aligning manner by heat
treatment, and a step of selectively removing the

35 unreacted nickel-platinum alloy using the composition for
removal of nickel-platinum alloy-based metals according
to any one of [1] to [7].



15a portion of a substrate nade of a silicon-based material . [8] A
sfret hod for produci ng a semi conduct or device, conprising a step of formng a
ni ckel -platinumalloy filmon a portion of a substrate nade of a
silicon-based 20material, and a step of selectively renoving at |east a
portion of the nickel-platinumalloy filmusing the conposition for renoval
of nickel -pl atinum al |l oy-based netals according to any one of [1] to [7],

wi t hout damagi Aid feled oifl itbendbasedioaterial . 25[9] The nethod for producing
a seniconductoro@qgﬁce according to [8], wherein the silicon-based nmateri al
is silicon, Si02, Si'3N4 or nickel silicide. [ 10] A nethod for
produci ng a seni cond@b€t eengeviicéoncdopr ksinngad of epetdld aradoglipe) wsi | i con
and ni ckel - 30kl i AYBKRL LAY  shERRLbLh B8 st Dat. prder s, ol egtrads o _
materials. on at | east a portlon.oF a substrate made of a §il1con-based
material ,° a st &F&A 0P8y AlAgYa HitkertpHanpging s¢lltdelebased sultferdlalgni ng

manner by heat ahdeakMBAgh1§nd faeeteRe0kosehL64h el In FTEMWMEINRictor
35unreact ed nickel,-pl ati num al usi ng the conposition for renoval of

| 0
ni ckel - pl at i nufieXFE -ﬁ&§8daﬁeMQé§t¥E§oFHﬁﬂ@1¥%P%%y one of [1] to [7]. - 6
- Effect of therliefenkisenrip@0d3d] of the DhRgwERgPOSition for renoval of
net al s accordiﬁ% 49 the invention is capable of selective renoval of
ni ckel - 5pl ati un1aﬂ|oys wi t hout damagi ng silicon-based materials, and is

highly éffective foFiprodudti anset senptandutéws slevimesigieds andWd ype
transistors. BE%%fSE?%EE%Btbgnaogiiggogxg&ggggate, a 51i0; film-formed
silicon substrate and a Si;N; film-formed silicon

substrate, respectively, after treatment at 50°C for 30
minutes using a composition of Example 1 of the

15 invention.

. Modes for Carrying Out the Invention
[0015]

Preferred embodiments of the invention will now be
explained in detail.

20 [0016]

The composition for removal of nickel-platinum
alloy-based metals according to the invention is an
acidic solution comprising at least one compound selected
from the group consisting of hydrochloric acid,

25 hydrobromic acid and nitric acid, a chelating agent other
than oxalic acid, an anionic surfactant and water, while
comprising no fluorine-containing compound or hydrogen
peroxide, and it has the property of selectively removing
nickel-platinum alloy-based metals from silicon-based

30 materials.

[0017]

The composition for removal of nickel-platinum
alloy-based metals according to the invention dissolves
mainly nickel in nickel-platinum alloys by acid, and

35 pre%ents re-attachment of metal components onto
semiconductor wafer surfaces by a chelating agent effect.

Furthermore, since it does not contain unstable



[0014] 10Fig. 1 is a set of plan views of SEMinages showing the surfaces
,Oof a silicon substrate, a Si02 filmforned silicon substrate and a Si 3N4
filmforned silicon substrate, respectively, after treatnment at 50C for 30
m nutes using a conposition of Exanple 1 of the 15invention. Mdes for
Carrying Qut the Invention [0015] _Préferred enbodi nents of the
invention will now be explained in detail. 20[0016] The conposition for

val of nickeipphahtausuahl 8y-k SR 180,81 ROr ditnG 0 pehg slventd on i's
;ﬁngci dic solu lc Ppgo risi t Igggfgoneﬁio ound sel ect ed fr.omtale gr oup
consi sting of %ygr%chf r?csg‘g]?g‘? PN obrdhi 3 Prandasipisiec Lacdgesa
chel ati ng agennobt hentahanfbuajrinea@d)ﬂtaﬂmrajﬂdﬁgﬁpb@igs{j,aqtta@tro@ﬁ@e}ggteerénd
whil e conpri si f i.he:co i ni_ ng conpou or rogen peroxide,

't has. the proberty®of HRaracts Vet Pl oA TRy M A el oy Baded
netal s f Pom si Pidbnapdsed13ondeeri anrtb@ﬁﬁ?’ie, for ﬂ_itnatm‘t mpt cajc_tmgpnnz iO(r)n
renmoval of nic j oy ot accordi.ng to e inve

di ssol ves nai n?%gi‘?%ﬁée?@#gf#dék%ﬁlé)g?g%%rﬁala oy By lé)gﬁ alfldag&%@ﬁrsé\%nt s
re-attachment 8f Aefardgbesohent sompeesed amiconduwdt grlardhem, suhkaces by a

hel ati ng agen . i | t ntai,n_unstable -
chel a1 19 ageriofhect. FUEADSI s - So8g, gl R aln wistabl o
stabl e manner . PHSHRR tPHrCoPedrAELn Qo el attr asdnttdion atlseeptaenc offit ai ni ng

conpounds, it phelaeesyladénts da@admich s Idaaiased mherkals such as Si,

Si 02, inhibiting adhesion onto semiconductor wafer surfaces.
By using such a composition for removal of metals it is
possible to provide an effective means for semiconductor
device-forming methods that employ the salicide process.

15 In addition, with optimization, the composition for
removal of nickel-platinum alloy-based metals according
to the invention can be used for treatment to convert
substrate surfaces to a condition with very low residue
of nickel and platinum.

20 [0018]

The acid used in the composition for removal of
nickel-platinum alloy-based metals according to the
invention includes one or more from among hydrochloric
acid, hydrobromic acid and nitric acid, but it is

25 preferably hydrochloric acid or nitric acid, because
high-purity products suitable for semiconductor
fabrication steps are readily available and inexpensive.
The acid is added to the composition for removal of
metals at preferably 3 to 55 mass% and more preferably 3

30 to 48 mass%. If the acid concentration is lower than 3
mass%, the concentration of components contributing to
metal removal will be low, making it impossible to
efficiently remove metals. Furthermore, there is no
significant improvement in removal abllity even if the

35 acid concentration is higher than 55 mass$%. Other acids
may also be used, so long as the concentrations of

hydrochloric acid, hydrobromic acid and nitric acid are



5Si 3N4 and silicides. Furthernore, for platinum atons dissociated fromthe
shickel -platinum all oy and dispersed, or for aggregates conposed nminly of

pl ati num the surfaces of the platinumatons or the aggregates are nodified
by coordination or electrostatic adsorption of 10chel ating agents and

ani oni c surfactants, thereby inhibiting ddifesi on onto sem conduct or waf er
surfaces. By using such a conposition for renoval of netals it is possible
to provide an efiftédmni thene&bsefn@htieﬁbaoﬂéﬂﬁé@ﬁréﬂ@i/cbr@eraerj’én ngryeet hods t hat

| th | ddi. t th t t th
ggpnpg)sll ti gnS?ol}n%lr ﬁeil%g\e; a%ﬁ tﬂ gﬁ&h?hﬁ%a&? oL K %i!e]g} % Iai]‘ohg? a"é‘c]gjﬂdl ng to

the invention &at hé megdaflep beegbnenttta mntlleétscslimltdratk@ sddiacesto a
condition with eyl d f ckel an t m 20[0018] The acid
o) 8@8??%5 3818 B EE 13(% t Ja aa[r}wq atls

used in the corrp05| | on removal frc Sretal s
accordi n@ t o t R€idnEenbeoadiadk udEgroasamplemr’ehé rmmmn‘g thedr ochl ori c

20 oryar onr oMGeReh dnadd LbELCnIC flg BBl sbled S ZRLE] SUARL LY ooh! orie

acid or nitric acid, because high- ur| pro s SUI
seni conduct or P&BLi ééﬁhéﬁgsﬁbfbél‘a‘vefﬁéaﬂittlyeh,vaﬂi%tbl@mmmum@tﬂ@md/ee The

acid is added teicheng@mBosbihel hAKoheyRVAl LAl &31-?] d{r ferably 3 to
55 mass% and nore refera 3 30to 48 mass% ]f e acli coricentratlon is

| ower than 3 nH§86% aFﬁBgcgﬁeéﬂFPéPFbﬁ 6?1@0®§)oﬁ1e¢ﬁ3§ﬂdbnt&ﬂ bietlilngst o net al

removal Mil | bmbng sEkhagtit laapas&hzal SnrhOn Bldh 116 Sd &Y drﬁ@avﬁa@ta?' S
Furt her nore, % I S_No_Si i:é g rpverrent in renoval Ity even if
the 35acid con&eRfPat FBRCTs™hFGhBY Fﬂ BEC skd WHEatddids may al so be

used, so |ong aygdrbbromhceatidtasns oéshyey asddQids t’:}fé Ganftydr obrom ¢ aci d
apd {11 2l degterupnfor 4 UL Lheal SNt O1ed, Soneniialian Tange:
be generated i ﬁhﬁhéf%t%menbnonydaddlds onapfabay leesidddi.aci d and the salt
with thesnionpghibhe
The chelating agent is used for scavenging by the

chelating effect of the dissolved metal ion, and to

prevent adhesion on the board surface by modification on

the aggregate surfaces of the non-dissolving metals, and

20 to protect the silicon-based material. Specific examples
of chelating agents include ethylenediaminetetraacetic
acid (EDTA), catechol, citric acid, acetylacetone,
iminodiacetic acid, nitrilotriacetic acid (NTA),
ethylenediamine, hexamethylenediaminetetraacetic acid,

25 diethylenetriaminepentaacetic acid (DTPA), 1,2-
diaminocyclohexanetetraacetic acid (CyDTA), bis(2-
aminoethyl)ethyleneglycol tetraacetic acid (EGTA), bis{2-
hydroxyethyl)glycine, ethylenediaminedipropionic acid,
thiourea, urea, quinoline, ammonia, thiocyanic acid,

30 cyanic acid, pyrogallol, resorcinol, acetic acid,
propionic acid, butyric acid, formic acid, lactic acid,
ascorbic acid, tartaric acid, succinic acid, malonic
acid, malic acid, maleic acid, glutamic acid, 1-
hydroxyethylidene~1, 1-diphosphonic acid, creatine,

35 creatinine, sulfamic acid, biuret, ethanolamine,
dimethylglyoxime, dithizone, thiocacetic acid, thiomalic

acid, cysteine, glycine, alanine, cyclodextrin, and



5acid to be added. For exanple, the scope of the invention includes m xing
.of sulfuric acid, which has poor etching ability for nickel, wth amoni um
chl oride which has a conmon anion with hydrochloric acid, generating
hydrochloric acid as a result, as well as 10m xing of acetic acid and
amoni um brom de whi ch has a common anion Wwith hydrobrom c acid, generating
hydrobrom c acid as a result, because the sane performance is exh| bi t ed.
Conbi nat i ons oﬂealﬁﬁmaem9fothehéoaégoen@nt|@I!he;d1@aﬂ ds may al so be added.

15[ 0019] The caehmmd@gﬁmhetgty§§9e£95 SEAY NG Dicdenphel aling of fect

of the dissolved fretal 1on reven S1on ‘on oér surface by
modi fi cati on oﬁcﬂﬁeaaégﬁég‘évéag‘;ﬁwla@e@r%fPltéh’éelfﬂtﬂﬂ.dl‘@stdl ving iveealisl and

20to protect tReinyl b¢en-RasedporBEELEEl - rOPeEEd | £ @XaMR &5 Rfocdhe! ald NG
agents i g{:l ude et hyl enedi am ne?et raacetic acid (EDTA), catechol, citric

aci d, acetyl acEPOREY R nbOfaBBY I EOBBERE - ni ThesDtFhHeldting acieateNTay,

ethy|enedlaﬁ1HElsbebénEﬁbﬁﬁemﬂdtH€1B@fﬁtéﬁa§éiﬁé3E“Ffbm the viewpoint
25di et hyl enetri %m ent aaceti c, aci é di am nocycl ohexanetpet raacetic
sp3? ¥ T‘n%{jl 6t

acid (CyDTA), Sm-Rodt AFTY EPR C] ot 3Th AV W i@ {tESHA) |
bi s(2- hydroxyethyhngthgl armont iyl eatdi asi mesi orepd Onlmqeaféiddilttﬂwrpur ea,

urea, quinolin t hi ocyanic, a 30c C_aci |,
resorci nol , acg nggg?é%ipro ?o?v‘lﬁ% %%?fjag{qu yar‘%%nn%c‘?aqu‘qiolkfﬁy ,le]dacti c
aci d, addbor bi ¢ faci dlltansasi sincedit suttl niif B ctiepfmicnm(gc ommtd],e mal i c

aci d, maleic aghgglggyt glggl d]i)?amljey% E@/@%@Agﬁeq}:t% +% diphosphoni ¢

acid, creatine creat ¢ aci iure anol“anmi ne,
di met hyl gl yoxi aad @PrAi Eéﬂéer@hlba%etod@tdmlssst hi onfaltite adied,atdyst ei ne,

gl ycine, alani QgenEYSHQgﬁiBfl' Bon@@ﬁitrat%on ri el ‘éﬁﬁa\r{)fo tSh%as%r%eggwg o

t hese, ethyl enedi am netetraacetic acid , cate citric adi
acet yl acet one Yrél pP@FeP?eHOSWPhGCWr?%tia%f?ﬂcww ResIPViRD e edf @myckd f or

use froms he vhewpaiBkolbing metals. The addition concentration is

also preferably not greater than 20 mass$%, because there
will be no significant difference in the removal
performance and sufficient dissolution may not be
possible depending on the type of chelating agent, while

20 it may lead to precipitate in the solution or residue on
the electronic device substrate. Oxalic acid is
preferably not used as the chelating agent because its
removal performance for nickel is inferior.
[0020]

25 An anionic surfactant is used to remove metal and
other residue, and to protect the silicon-based material.
The type of anionic surfactant may be a) a sulfuric acid
ester, b) sulfonic acid, ¢) a carboxylic acid, d) a
phosphoric acid ester, having a C8-20 straight-chain

30 alkyl group, or a derivative of a)-d) or a salt of a)-d).
More specifically, examples with C12 straight-chain alkyl
groups include ammonium dodecyl sulfate, triethanolamine
dodecyl sulfate, dodecylbenzenesulfonic acid,
dodecylsulfonic acid and dodecyldiphenyl ether disulfonic

35 acid, with no particular restrictions on the type so long
as it is an anionic surfactant. These anionic

surfactants may also be added in the form of salts. The



5safety for the environnent. These chel ating agents may al so be added in
~the formof salts. Fromthe viewpoint of usage in a sem conductor device,
an amonium salt or tetranethylamoniumsalt is preferred. The addition
concentration of the chelating agent canngt, be specified 10for all cases
since it wll differ depending on the chemcal species, but it is
preferably 0.5 to 20 mass% and nore preferably 2 to 10 nmass% |f the

chel ati ng agemddiddian grorcmdamttriati ararnmet] beespebafii®dSfoassyy taswésl | not
be possible t | Sf r4 1y V. ' I d non- di | vin tals.
The addition gsoﬁgée%\tslrtgﬁ%nl i%/l%ﬁ% Q;e)erﬂegfng&;iglgl ?)}%ng ég?éﬁ?éraﬁ?ha%ugo%mé %
because ther e R¥¢Fetrblio Gilgri Masmh afid ereneeeifprabéyr 8nbvél mpestor mance

and suffi ci enty fli @&l ddd QN SIS A3 Blre tAePeadiFAgL 9N t e § YR of
chel atlng agent, while 20it may lead to precipitate in the solution or
n

resi due t het e romastheviide Mibdiatabe. PORSIPdeakPdsSHEL pEbeRERBI y not

used as the chelmiagragentciacause: idis a2l Rerfer iRacgubescpifkel is
i nferior. [0020&1 ZkgAn anC{ oni c sur ctant is used to remmve netal and ot her
resi due, and t'6prot etice i G idoh-ele Fongeatrat ioxnatt hheher Bheonfc

surfactant mayndes%,) thextd fiy i adighiasicant BnpsuhERABhe 261 dheClemoval
carboxylic aCiedffeth a pﬁloes horic g ester., havin strai ght -chain

hor | cid ed g a C8- 29
30al kyl group, 6 & derivati veofta> & F9gdsaHubfageoysly mpperewith
speci fi ¢&l |y, @xerrplasi misdr @k asttr aiught schai podlvkylkaykglpsea by ude

amoni um dOdeCé/ﬂhegﬂﬂCI&‘tiQ?attdf\;eet ) halr'%){lllq.bqggeg%l a%!ﬂl' ff%%lg%%gl %FB?I%F\W et her

dodecyl benzenesul foni ¢ aci dodecyT's oni ¢ acid an
di sul foni c 35ak%RLlith no particular restrictions on the type so |ong as

|t T's an anioni ¢ suAddifos HIRSE AN anby3dr LECHANLS sMRY.BL IR, fe gdded in
the formof salts. The - 10 - addition concentration cannot be specified
for all cases Sthcdvantiian wilids arsudddendenysed eReaceapeundolvpleit is

preferabby O.Isdiueiss?p antd nor e lefenablan @4ahiress¥cht ther addition

concentration of the surfactant is | ower
with water, such as acetonitrile, acetone, methanol,

ethanol or isopropancl, may also be added. The organic
solvent is not particularly limited so long as it does
not affect the removal performance. Also, treatment with

20 the composition for removal of metals according to the
invention may be followed by after-cleaning with such
organic solvents, to remove residue of the chelating
agent from the substrate.

[0022]

25 The term "nickel-platinum alloy-based metal", for
the purpose of the invention, is an alloy composed mainly
of nickel and platinum, and typically it refers to an
alloy comprising 85-99.5 atomic percent nickel and 0.5-15
atomic percent platinum. Also included among the metals

30 that may be treated by the composition for removal of
metals according to the invention, are those that
comprise a metal other than platinum, for example, a
precious metal such as gold, palladium, iridium,
ruthenium or rhodium, a corrosion-resistant metal such as

35 tantalum or hafnium, or another common metal, as well as
a nitride or oxide of these metals, and unavoidable

impurity components whose inclusion is impossible to



5than 0.1 mass% it may not be possible to sufficiently renove the

«hi-ckel -platinumalloy. Wile the surfactant nay be used at an addition
concentration of higher than 4 mass% there is no significant inprovenent
in the renoval effect. There nmay al so be ggﬂed si mul taneously therewith 10a
noni oni ¢ surfactant such as a pol yoxyal kyleneal kyl ether derivative, which
exhi bits an antifoam ng effect. [0021] The conposition for renoval of
netal s accordi ayotid theingvenbtensuhy| uefinhinyg kendisfidras camsatien s@ ubl e

15sol uti on, b“hekBlQeCS§SQLé?gEi8ﬁga ﬁ%sgéfiggné%g%%béﬂgf oy th water, such

as acetonitrile. acefone ano €al so be
added. The orgéﬁﬂ@YsoﬂVehhelgahge paecitidkdrdyotémted so long as it does
not affect therpepsyal performance. Also, treatnment with 20the conposition
for removal of netals according to the invention nmay be followed by

after-cl €aning mntthﬁcﬁompgéhtéogofvénr%movaﬂrQﬁnnmﬁkeimpﬁﬁimmxmhe

chel ating agenblﬁb?%hhédsﬂéﬁéiét &&9@%@& 2> % LiGl¥8n ﬂlo%%a]nlp'b%t fuy

al | oy-based netal”, for the p ose of the invention, I's an oy conposed
mai ni'y of nickéP LRBOBEaf| ﬁa%e neLaypnenl 2llex-haged satalafidm gprmed

conpri sing 85- aa a BtpBteapel cethe NE6KSs LY. A S AAIIC JFEHGeM e -
pl ati num Al so ngkuded gin Péggdgﬁég?ﬁ?SOthat may be treated by the

conposi tion foP f&iBYdl @ dﬁc?QFq%ﬂglqﬂuﬁﬂﬁ diveRtd Athose

t hat conri se domst abtoaﬁéect hanlpd:alhuﬂalmdfrﬁm@qaamﬁ &uch RILEiQUsJEt al
such as gol d, g? ﬁ rut enl m or
a [

corrosion-resis suc 3%% ?ﬂn?ﬂ qlﬁﬁﬂnéhﬁrgfﬁﬁﬁhgﬁ conmmon
metal , as mellsastabhytusdé ﬁorOKQMvaI mhemfck&miﬁkatﬁnumlﬂkmdy4$£§ea

MuriLy COMPOReRhe vhoRe ERERYS!ON LE-LIPOSS BAd G MO dunia,

processing, refining or hat i on as a por
platlnun1conteﬁﬁséﬂ PaEesipby, | Bhehe ammgeo spedifdddmbmet.rid@d2]s on

The conpasi ti 0BnEOpetBHBVEE 95rﬂiﬁc§e£hé’|@Ic‘;l%:lm@aiﬁ%msaq_q]o@tb alss. accor ding

to the invention can be used to renpve a ni t1 num a based net al
filmformed on®gt8hbstiHten the %‘é‘?f%’é@ﬂ?orﬁﬂ%ramémocbfsumhcwl -pl ati num

al | oy-based nekphstaecagfi 09Dt QChdRi LAV EPIAON Deposition), ALD (Atomic
Layer Deposition), vacuum vapor deposition or plating may
be employed, also with no limitations on the film-forming

20 conditions or heat treatment conditions.

[0024]

Among silicon-based materials on which the nickel-
platinum alloy-based metal is to be formed, which is to
be treated using a composition for removal of nickel-

25 platinum alloy-based metals according to the invention,
silicon, S$i0; or SisNy may be mixed with germanium, or
doped with boron, nitrogen, phosphorus, arsenic, gallium,
antimony or the like. Also, nickel silicides typically
include nickel silicide and nickel-platinum silicide

30 (silicides of nickel and nickel-platinum), and because
these undergo altered composition and distribution of
atoms on the semiconductor device surface by heat
treatment during production of the semiconductor device,
they are also included among silicon-based materials to

35 be treated with a composition for removal of metals

according to the invention.
[0025]



10does not affect silicon-based materials such as silicon, Si02, Si3N4 or
.hickel silicide, and it can therefore be suitably used for renoval of

ni ckel -pl ati num al | oy-based netal filns formed on substrates nmade of these
silicon-based materials. There are no partjgular restrictions on 15the

met hod of forming the nickel-platinun1allo;-based'netal filmon the
substrate, and any nethod such as sputtering, CVD (Chem cal Vapor

Deposition), ALD (Afbwinc alager.cbagastbirogyyivaclsiny aporpsepasid v rof

pl ati ng may be e .al.s ith no Limtations. the filmformn
20condi tions of %§a§ ?ﬁg&?ﬁeﬁ?ﬁtgﬁ PFann% ?bﬁgﬁf 6{gthﬁﬁ) 14 ﬁ@ﬁﬁgﬁased
material s on whiethlshecgoeckéhngpkat themialvkoyibas edrevmtednt suay Hee for med,
whi ch 1s 0 bepeeahalauskdBra1CeaRas! tbon! OkcLaaMale Alodl Gl s

25pl ati num al | 0y-based netals according to the invention, St 1 con, S92 or
Si 3N4 may? be nithé€d siilirogebatatufibeErabpeda etz borwh;h i fregen,eaning

phosphorus, arsgAing, vaakbpbure FALERORY Phet K] ko AlSGei; | 14ygd des
typically include %fgkef b'licide and nicﬁel-platinwﬂéyﬁ?cﬂ%ﬂgiﬁﬁ%ﬂ%@%ides

Si
of nickel and AEERIPLpPRELARGAENCENd BBchhgecxerkewiRRG grmpa@atdye
conposi ti on andsxdinplleisbuli @Re0findtAlBoAN the ®E&Hh CORCMSIOr wlayias susface
by heat treatment during production of the sem conductor device, they are
al so included dM6AE9sPREEENOPadel Halbri atomsdcBbhdouty edtasd afarh a
conposi tipn fosthe@vdl rahotBlabs -26CALALRY: L Orthe: 1oy il AP he
- Wien a sem conductor device is to be produced using a conposition
for renpval of SRICKEOPIFCAPTNHRVAFPoytBasbEcABRANE BEMOIAN fgraad-ment

invention, treakmpeiratBycbpapebborredngarerdl at id®@sed oy exdantndihat does
not damage 5t he silicgg-basﬁd subEtrate material, with after-cl eani ng using
ultrapure wat eP2BPIENERE RELICEIFRREREr "RRBFL¥E: t he removal performance. In

the exanpl es ar@®0@éjparative exanples of the invention, the netal-renpva
prOpert¥H¥as JUdgedT%%S%%o%Rtlbg ii%g%é %E?Q%écggédbﬂgrvgﬁg]é%ﬁggsition

for removal of nickel-platinum alloy-based metals

12

according to the invention, as well as the number of

treatments and the treatment temperature, may be set as

desired to optimize selectivity and removing ability,
20 according to the metal thin-film forming conditions and

the film thickness. Treatment is carried out with a
liquid temperature of preferably 1°C to 100°C and more
preferably 15°C to 80°C, to obtain excellent metal

removing ability, metal selectivity and usable life of
25 the solution. When used at a lower temperature, the
metal removing ability may be reduced and precipitate of
the components may occur. When it is to be used at a
higher temperature, warming may be carried out while
considering the variation in the concentration due to
30 component decomposition and volatilization of the
solution components.
[0027]
Since the composition for removal of nickel-platinum
alloy-based metals according to the invention contains no
35 fluorine-containing compounds, it can avoid damaging

silicon~based materials such as nickel silicide, Si, Si0



10stricter renoval performance is required dependi ng on the sem conduct or
.device, the treatnent tinme or treatnent tenperature may be extended to a
degree that does not danmge the silicon-based material. [0026] 15The anount
of liquid volune used for the conposition f@p_rennval of nickel -platinum
al | oy-based netals according to the i nvent} n, as well as the nunber of
- treatnments and the treatnent tenperature, nmay be set as desired to optim ze
sel ectivity andrr 8tV miridli Istlypcti@atgordinogihg hhek@&ﬂpﬂaﬁiﬂirfdilﬁysh
form ng conditi n he, filmthickness. Treatment is carried out with a
quuidgtenperaF8§% %Fgﬁ%E?E?EbW?diCP 0" 100 EHH Ibre preferably 15C to 80C
to obtain excellPBABInetal renoving ability, netal selectivity and usable
life pf 25the_SO|UtWH n ¥%§Qmﬂgsﬂd§£tér'8@61c%?ﬂPQ&fE%!%mﬂd¥%é@§£§d
renoving ability may be reduced and precipitate of the conpornients Tay
occur. Ween itupdngoapbecugedibion fApyheeneenberfaturekewplmtigumaylioy-
carried out whphec.goRsLdesi AYcLPEiNGr {8t LR 1&&&% NGEALNAL) an que, to
30conponent decgonposition and volatilization of the solution conponents.
[ 0027] SitceathéceofPbsihi Bhiehrar semieendictni ket dis Wdmpped
al | oy-based netal shacesingbbytiont REri PYRHLAPHLELAMAIS NQtinum alloy-—
35f | uori ne-con alnlngﬁggfgpunds, it can avoid danaq!ng silicon-base

| =1

materi al s such®4§eHi Pycpdeatep methed. . lipeatnghtsitay adsq &e

sel ectivd@ y repavirngdnbokebypbapphyimgl oy scdmige stthst rdres-gwmaa 10 rsuch

materi al's. [Oo%gLals to the surface of the semiconductor wafer using a
single wafer method. Such treatment may be carried out
while agitating, rocking or applying ultrasonic waves.

The electronic device used may be one other than a MOS-

15 type transistor, so long as it is a device that has a
nickel-platinum alloy as a constituent material.
[0029]

The composition for removal of nickel-platinum
alloy-based metals according to the invention may be used
20 with the aforementioned composition for production of an
actual semiconductor device, but from the viewpoint of
facilitating transport and precipitation, it may instead
be produced, transported and stored as a solution with an
increased concentration, having equivalent proportions of
25 each of the components other than water. Such a solution
is diluted with ultrapure water for use in the
concentration range specified according to the invention.
[0030]
One example of producing a semiconductor device
30 using a composition for removal of nickel-platinum alloy-
based metals according to the invention includes the
following steps. Specifically, it is a production method
comprising a step of forming a nickel-platinum alloy film
on at least a portion of the silicon-based substrate, and
35 a step of selectively removing at least a portion of the
nickel-platinum alloy film using the composition for

removal of metals according to the invention, without



V}hén a sem conductor device is to be manufactured 5using a conposition for
«renoval of nickel-platinumalloy- based netals according to the invention,
usually a step is carried out in which a sem conductor wafer is dipped in

t he conposition for renoval of nickel -plgtfllgum al | oy-based netals by a
batch method. Treatment may al so be 1lOcarried out by supplying the
conposition for renoval of netals to the surface of the sem conductor wafer
usi ng a singl edemfgingethedsiBichntbastdenibsimatre. catd et todd waiyl ®e

agitating, roc a rasonl caves The .el ecl I ni_c .dev used
may be one ot hékﬂ 8& P%&Q%@ﬁié tF afst sefp of foﬁnblﬁlg? &s G g ; é&
that has a ni cI%@iLyplLéwmnaa‘lilnyCh@lapl;@hmum uelnito yreete rtibed eJ{e@(ﬁz@]deThe
composi ti on T ohatefpueL ofbghbekehyplal] HPYCIRASGA SRS A9QnAINg to

the invention may be used 2 ?orene tio npos I on
producti on of &R actfaf-abhvebndueaprerehy decathuirdatamnthe apidewedionti rof

facilitating t Eﬁésﬁﬁiéaéﬁédpﬁfék@llﬁié@ﬂmum ta B, 'Jbslrg;achxtée JIREG€d o0

transported ang stored as a_solution wth an i ncreased concentration,
having equi val 8RF pFBRERLI BhsMBF2 28edCROBII RN ¢ difforétien tdier t han wat er.
Such a sol utionshsidibetedrmity stépppure water for use in the
concentration ganﬁe sgeci fied according to the invention. [0030] One
exanpl e of pro sem conduct or devi ce 30using a composition for
renoval 1&f ni ck@P3plati num all oy- based netals according to the invention

i ncludes the foll ow Specifjcall S Rl ucti on ,net hod
Lonplrji sing a step \(,)\?jﬂg §£g§gng %?cl l%ﬁla‘ﬁ%rﬁoéf I oei/%ﬁﬂqrﬂ Ry east a
portion of theggia{iteondb’asel;l Subsgamp bes antt I5anst ey iofe sae:lampthevsel yuth
removing at |eggt anae]egtgﬂd% tPRa i £ 'um?%gﬂjtn#{glaé QY fd LM M0 tte

conposition for renova 415 accor ai ng inveht on,

damagi ng the sFPpEBRObased substrate. The nethod nay be appli ed, for
exanpl e,19 n a gbepzpf forming a thin-filmof polysilicon and

ni ckel -platinumall oy as the electrode materials sequentially, formng

ni ckel - pl ati nuAf¥pLPerdensph aeweyiogl alghl Hyy el diehemd lagtimawt), and

renovi ng The following procedure was carried out to evaluate

the removing effect on nickel and platinum, when a
nickel-platinum alloy film-attached substrate was dipped

20 in a composition for removal of metals. A thin-film
comprising an alloy composed of 90 atomic percent nickel
and 10 atomic percent platinum was formed on a silicon
substrate by sputtering. The film thickness was 15 nm.
The substrate was cut into a 2 x 1 cm rectangle to obtain

25 a sample piece for evaluation of the metal-removing
ability. The composition for removal of metals was
prepared by adding each of the components to water with
the compositions of the examples and comparative examples
listed in Tables 1 to 3, and 10 ml, of each prepared

30 composition was loaded into a polyethylene container.
The sample piece was placed in the container, left still,
and kept warm for 30 minutes at 50°C. The sample piece
was then removed from the container and ultrapure water
was used for cleaning of the entire sample piece. The

35 ultrapure water was produced using a Milli-Q Water

producer (Millipore, electric conductivity: 18.2 MQ).



t‘h.é' unreacted nickel -platinum alloy using the conposition for renoval of
»netals according to the invention (salicide-formng step). Exanples

10[ 0031] The present invention will now be expl ained in greater
detail by exanples and conparative exarrpl_efB wi th the understandi ng that
the invention is in no way limted thereto.” 15[0032] (Eval uation of
renmoving ability for nickel and platinun) The foll ow ng procedure was
carried out toTégakgatle thedrwapei 3§ mbbett hpdrodiltketi@ndigl,atddnumsathen a

i ckel bl At UGN of LLENALhAC g UBSt  ALE: s ) PRSA 2 k& raatpost L on
for renmoval of metals. A thin-Til'mconprising an alloy conposed o 0
atom c per cent ChieBkeplafe - 10Lateni Ecpertentrohit imaimemiesl fusaiediroh 48

silicon 5Ub5trﬁ1€%s§Yh§B¥BB§6h?9- adhg f(i',«glzbtiaﬁfé«tgéeﬁmv@asl 13 MBe riRg,

substrate was cut_ into a ,2_x cmrectangl e to obtarn 25a sanple piece for
eval uati oh of tHé&-mefRPCLahoIrAgeabi EheyChahet bomprEentoiigast waditovaald bf

metal s was pr eﬁ@F%% Q)it@dldi B@iagéﬂu%uéh?p}}@f@@r@eﬂfoﬁn&%d_\f& gfo_ W %Lﬁé%g,g L to
conpositions of .the exanpl es gnd conparative exanples listed in Ta
3, rTgnd 10 niL o}‘l@ ERuﬁFgg'aPEElg%E@)np%P%F‘énai?\?a‘é 1 oReER 1t pol yet hyl ene

contai ner. Theesaypkacpienensdstphaceditnathe costRimesdudief toﬁtﬁiljsil}i@d .
Cont ai ner and (TETBA) cCRat oF Cad’ UEBE POFOBFart e or s 'R FE bl &
pi ece. THe 35uldtdr apesé wat.ethwaslpmbdecdddesyhgsal ftd i adpabtersqinaduger
(MITipore, elq%&%@%cﬁoeguﬁgkgi%Xkeléh%mEQZI'In&ué@&fes, Ltd.,
hereunder abbreviated as "dodecylsulfuric acid salt") and
90 mass% dodecylbenzenesulfonic acid (product of Kanto
Kagaku Co., Ltd.), and the other reagent used was 30
15 mass% hydrogen peroxide water (product of Kishida
Chemical Co., Ltd., for electronic material use). The
HPM used in Table 3 was a mixture of 35 mass$
hydrochloric acid:30 mass% hydrogen peroxide water = 1:1,
the SPM used was 97 mass% sulfuric acid:30 mass% hydrogen
20 peroxide water = 1:1, and the aqua regia was 35 mass$
hydrochloric acid:60 mass$% nitric acid = 3:1 (all volume
ratios). The mixing procedure for the preparation was
irrespective of the properties of the solution to be
obtained. The water in the composition for removal of
25 metals consists of ultrapure water and the water in the
reagents.
[0033]
Next, cach of the sample pieces treated with a
composition for removal of metals having a different
30 composition was used for recovery of the residual metal
on the sample piece surface using a metal-recovering
solution comprising aqua regia and hydrofluoric acid, and
was analyzed with an ICP mass spectrometer. The
following metal~-recovering solution was dropped 4 times
35 at 0.25 mL each time in a uniform manner only on the
front side of the sample piece which had the metal thin-

film, and after standing for approximately 3 minutes, the



'I:h‘é acids used were 35 mass% hydrochloric acid, 98 mass% sul furic acid and
260 mass%nnitric acid (all by Kishida Chem cal Co., Ltd., for electronic

mat eri al use) and 48 mass% hydrobromi c acid (Wako Pure Chemi cal Industries,

5Ltd., special grade), the chel ating agents6 used were a 50 mass%citric

acid aqueous sol ution (Konatsuya Co., Ltd. hi gh-purity product), oxalic

aci d di hydrate and et hyl enedi am net et raacetl c acid (both products of

Ki shi da Cheni cahtoe, récaverindesahionie wfca:cltlwdtsadjsecrhwemetali040 mass%

triethanol am nﬁeéssigfyﬁ%sg&%@&&ﬁ%&&&%ﬁ%& V;H}%poagt }Lsul 5% fuLe

Chem cal I ndustries ereunder ab urirc é.CI d
salt") and 90 %s@%u@@e@w@em@msfwcﬂmﬁblmm a(Cprbdll@tra@flrléawabeKagaku

Co.. Ltd), and Lheiother—reagent (ysechaas. 3 15maaat hydeegen per oxide

wat er (product of Kishida Chem ca i for ectronic material use).
The HPM dsed i ReTaBeELR waelat ot b edbppmsl rﬁi’s@%ﬂwﬁeﬁ“&lﬁl Bieecacthesn

nmass % hydrogenhp@f@ﬂ@@rﬁ\@t 861F domdpohdier %%éﬂ@@dadﬁ@%n% PRSS Hegdhfuric
aci d: 30 nass% en. 20 erodee wat er = and the aqua regia was 35

dro
mass% hydr ochl 8¥5“B° e bS 64 el %8 n'fkﬂ?l%’“a‘?ﬁ%l dn he (S&I]PC\%‘I GHETRA&EY 0s) . The
m xi ng pr Oceduaﬁdfgintéet}pée@aﬁ;alé Obi ¥@S dudREReUdammedf hiyheophopett kes of
t he solution tg g %tl)tal ned. The_ water %ﬁ#ge co S|t|ogfor renpval_ of
o5metal s consi SP&C o Tl T ABLEES At er” % I aFEagRALS. °f0033]
Next, edéh of the sabpriéopi E:Ee<$1$$@h1tf®cdi wq&kaen:mnipﬂsltMeomaﬁ@t‘Ler gﬁra\tal of
nEtals havi ng ngf%%grfgipfocg Oéﬁél gP%mHn%%KLlr a%P%%r¥ecov%r%d.

resi dual netal 'Bce Ut ace usi - EeCOVEri
sol ution conpr IBi agdagluenr engadaﬁﬁOhvm@fﬂn&)rpkatamlm b\artdil was alqalayzed with

an | CP mass speg giQ”@Bﬁ onghg ffﬁ 9s S8 Al €§“é¥%¥8féiﬁ%¥ %%E%Qe@ﬁs

dropped 4 tines |n a uni f orm manner “only on
front side of £he @%@lecgm@%e%ﬁs cﬁelhfaﬁlmm arettdie tsemplE Prhecgnd after

standi ng sf or apREexbaBt etie 3 GhAULES: a teed -wald & mixture of 60 mass$
nitric acid (product of Kanto Kagaku Co., Ltd., Ultfapur
grade) and 35 mass$ hydrochloric acid (product of Kanto
Kagaku Co., Ltd., Ultrapur grade) in a ratio of nitric
acid:hydrochloric acid = 1:3. The hydrofluoric acid used

20 was 38 mass% hydrofluoric acid (product of Kanto Kagaku

Co., Ltd., Ultrapur grade). Next, a micropipette was
used to transfer the metal-recovering solution to a

TEFLON® container, and the metal-recovering solution was

heated to 200°C for evaporation to dryness. Aqua regia
25 (1+19) was added to the TEFLON® container for
redissolution, obtaining a constant volume of 2 ml. The
Ni and Pt concentrations of the measuring solution were
analyzed using an ICP mass spectrometer (product of Seiko
Instruments, Inc., SPQ-8000H), and the number of metal
30 atoms remaining on the sample piece was calculated. The
metal removing ability was evaluated from the obtained
value. The results are shown in Tables 1 to 3, as the
numbers of residual Ni and Pt atoms (atoms/cm?). The
TEFLON® containers and micropipette tips used were all
35 pre-washed with dilute aqua regia and ultrapure water to

prevent contamination.
[0034]



entire recovering solution was collected. The netal -recovering sol ution
+"used was prepared at the tinme of use, by m xing aqua regia: hydrofluoric
acid:ultrapure water in a ratio of = 1:1:4 (volune ratio). Wen a netal -
5recovering solution is dropped onto a sanpl e piece, the hydrofluoric acid
conponent etches not only the netal conponents but al so the oxides on the
silicon surface, and since the sanple piece surface becones hydrophobic so
that the dropl €& laratiapell ed firkom-tessuntaeelapasamefie 10t he interior is

di ssol ved together wyidy [he Al D8k Ul 368 LRYEh a0 L0, (B AL,
conponents can be recovered. |1n addition, by dissolving the plratrhumw th
the aqua regi #BRAFbrightthe tcampqsygsidn & oro refibiveilent| yheevelealst hendet al

conponents rengidlidig Qi td¥e SRR E Wi age. e ia used was
a nixturg of 60 mass% nitric acid_(pfﬁgﬁ?%%%géﬁa%?otﬁg gégyggiﬁthd

Ul t r apur > gr adé)* HRASS mads fyrirdcl siamposerd of ppaaiie éilk@%@‘é KaQ_étku

Co., Ltd., U tpneisi,)giadekoirhed batikBe0binibbh Csa@ss g yvdnoshariiecacig =
1: 3. The hydr&%l aric qﬁid u%fd 20was 38 nass% hydrofl uoric acid (product
of Kanto Kaga L @ GREHRGS gotdef. "ReXes HSRfler oppettRSWaRtased

to transfer thezdred@ -inacoverd ng 50 Wi 9ot ang1dEELONR cOBhgbper, and the
nmet al -recovering solution was heated to 200C for evaporation to dryness.

Aqua regi a 25(HSWHLAREE FFdete RehHE TEERONRNEoWR S eRSEBEIr BHFRSd] ut i on,
obtai ning a costsdantrasldiendf etdr. ThexN, andoRbos9BEBAL E8LT PAS-PE1t he

measuring sol ution re anal yzed using an | CP nmass spectraoneter (product of

Sei ko Instannﬁésﬂe%giﬁ,aQ§Q§g%ﬁﬁN%9 é%ﬁjH?W@nﬁﬁﬁﬁewaéfuﬁﬁ@aFOQOatonB

remai ni ng on tteesanplte piredemas alaaulihedctEhe faet akval eapvbRJoabt hit y

was eval uat ed frqg%thecgbtained val ue. .The hgiults argngyomn %n Tables 1 to
i 8 ©

ot el R TN ReFOREng: Ghe T onel HeS TEELBNR

3, as the nunbéers o
cont ai ners andvas oraopipetltye dripsl.usdthenvatheectl lre3bptanwashadual #hsdi | ut e

aqua regha and, 4l {{ JRULE A Hedd RLAUINenEONLAR HRhLLE L9938 ons 1 -

film thickness were evaluated. When the film thickness
decreases, the amount of current that can flow through
the film also decreases, thereby increasing the sheet
resistance value. The sheet resistance value was

20 evaluated by measurement five times with a four-point
probe low resistance meter, taking the average values as
values before and after treatment, and'determining the
difference between the measured values before and after
treatment. The results are shown in Table 3. Next, the

25 presence of residue of silicon, SiO; and Si3N; and any
damage were evaluated. For silicon, there was used a
silicon wafer by itself, and for SiQ, and Si3N,, there was
used a substrate with a film formed to a thickness of 50
nm on a silicon wafer by sputtering. The treatment was

30 carried out using the composition of Example 1 in Table
1, which is a representative composition for removal of
metals according to the invention, at 50°C for 30 minutes,
and rinsing with ultrapure water was followed by natural
drying. The treated substrate was evaluated with an

35 interferometric film thickness tester (VM-2000, product
of Dainippon Screen Mfg. Co., Ltd.) to evaluate the

variation in 8i0, and Si3N, film thickness. The surface



([gval uation of silicon-based material damage) First, a nickel suicide
+Tilmattached substrate was di pped in the conposition for renpoval of the
netal s, and the extent of damage was eval uated by the foll ow ng 5procedure.
A thin-filmconposed of nickel suicide LNQELZ) was formed on the silicon
substrate by sputtering. Afilmwth a thitkness of 50 nmwas used. The
substrate was cut into a 2 x 0.5 cmrectangle and the sheet resistance

val ue before tfeatnmentd wasideasueed aibsb avdDsdiesd esiEM arfca0Dst &y Next,
a conposition fy OV og nme accordin the inventi.on, was.used for
treatnent sini Pgr&a%:gq?hgtkdé hdué?%%r %gl%%al?ﬁa%bﬂ%nwao% FHE G e M kY 2P
pl ati num r enovBEfgeabirptign unditope sfibSt két@ndwes megnirfldatidm ed. The sheet
resistance val ug, 085, SagaLn-EEasKL e 8T LALyh | GAURRAL .1 and m nut e
variations in filmthickness were eval uafed. en the %1In1thickness
decreases’, thelQRB8At of current that can flow through the film al so
decreases, thenehyikngneasing the sheet resistance value. The sheet

resi stance val ue was 20eval uated by neasurenent five tines with a
four-point probe |ow resistance neter, taking the average val ues as val ues
before and after treatnment, and determ ning the difference between the
measur ed val ues before and after treatnent. The results are shown in Table
3. Next, the 25presence of residue of silicon, Si02 and Si 3N4 and any
damage were evaluated. For silicon, there was used a silicon wafer by
itself, and for Si02 and Si3N4, there was used a substrate with a film
formed to a thickness of 50 nmon a silicon wafer by sputtering. The
treatment was 30carried out using the conposition of Exanple 1 in Table 1,
which is a representative conposition for renoval of nmetals according to
the invention, at 50C for 30 mnutes, and rinsing with ultrapure water was
foll owed by natural drying. The treated substrate was evaluated with an
35interferometric filmthickness tester (VM 2000, product of Daini ppon
Screen Mg. Co., Ltd.) to evaluate the variation in 5102 and Si3N4 film

t hi ckness. The surface



18 - formand residue were al so eval uat ed by SEM (S-5000 by Hitachi,

4

ttd.).

A3TTTqe BuTACw®S

kV and a nmagnification of 20, 000x.
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Nk?Pt Ni Si 2 Exanple 1 28%1Cl-10%Citric aci d-0. 4%STEA 4. 1E+13 1. 6E+13
»‘Conp. Ex.4 28%ICl 3. 5E+14 5.9E+13 +0.4 Conp. Ex.8 Aqua regalia 3.3E+13

6. 8E+12 +1.6

20 -
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C@np Ex. 9 HPM 3. 8E+13 2. 3E+13 +1.2 Conp. Ex.10 8PM 1. 1E+14 2. 4E+14 O

. DSTEA: Tri et hanol am ne dodecyl sulfate [ 0038] Tables 1 and 2 show the
sunnarlzed evaluation 10results for nickel and platinumrenoval ability
when ni ckel -pl ati num al | oy flln}attached % bstrates were dipped in
conpositions for removal of netals. he conpositions for renoval of
ni ckel - pl ati num al | oy-based netal s accordlng to the invention, in Exanples
1 to 14, 15wer €TglpabBE of renoving nickel and platinumto concentrati ons
of below 1.0 x 1014 atons/cnR on substrate surfaces. However, in
Conparative Exanples 1 to 6 which

Table 3

Difference in sheet
Removing ability resistance value
Compositicn (atoms/cm?) before and after
treatment (£/sq.)
Ni Pt NiSi,
Example 1 28%HC1-10%Citric 4.1E+13 1.6E+13 0
acid-0.4%DSTEA
Comp. Ex. 4 28%HCL
Comp. Ex. 8 Aqua regalis
Comp. Ex. 9 HPM
Comp. Ex. 10 SPEM
+DSTEA: Triethanolamine deodecyl sulfate

.5E+14 5.9E+13 +0 .4
.3E+13 6.8E+12 +1.6
.8E+13 Z2.3E+13 +1.2
.1E+14 2.4E+14 0

[l RS R

[0038]
Tables 1 and 2 show the summarized evaluation
10 results for nickel and platinum removal ability when
nickel-platinum alloy film-attached substrates were
dipped in compositions for removal of metals. All of the
compositions for removal of nickel-platinum alloy-based
metals according to the invention; in Examples 1 to 14,

15 were capable of removing nickel and platinum to

concentrations of below 1.0 x 10 atoms/cm® on substrate
surfaces. However, in Comparative Examples 1 to 6 which
either did not contain an acid, chelating agent or
anionic surfactant or had their concentrations outside of
20 the specified ranges, and in Comparative Example 7 which
included oxalic acid as a chelating agent, the nickel or

platinum residue density on the substrate surface was 1.0

x 10" atoms/cm® or greater, indicating that they had
inferior removing ability for nickel-platinum alloys

25 compared to the compositions of the examples. The
component dissolving the metal is presumably the acid,
but since it is widely known that platinum cannot be
dissolved with hydrochloric acid alone, it is believed
that the composition for removal of metals according to

30 the invention dissolves and removes primarily the nickel

components from the substrate with the acid component,



etther did not contain an acid, chelating agent or anionic surfactant or
-*had their concentrations outside of 20the specified ranges, and in

Conpar ative Exanple 7 which included oxalic acid as a chel ati ng agent, the
ni ckel or platinumresidue density on the §pbstrate surface was 1.0 x 1014
atons/cnR or greater, indicating that thef had inferior renmoving ability
for nickel-platinumalloys 25conpared to the conpositions of the exanples.
The conponent ahhdsptavagt s hee et ted clirserpr esurmilal yettlha aom@pnbutsshﬂde itis

wi dely known t t n be dissol.ved mnth h dro ric acid
alone, it is b£$$%€%% #é%@eﬁréb%inﬁﬁﬁﬁt|Qﬁ?§ S % %F% ?grswéﬁéording
to 30t he |nventh@nCM$b@b¢N@sa@&mtr&nﬂnannqmmqnﬂuﬂﬁﬁcth@tn|ckeblmmmp@nents
fromthe subst t : event s
re-attachnent %?£§%e %%?é@g%onponen£s gﬁgiégﬁb é%sfgﬁﬁe 8?h\éﬁatlng agent
ont 0 t hedsubsthadecbipnic t qetd het ard gl agenitd afkaamilesi @ sodf d8tant. A
simlar effecty e@@i@éi‘gﬂ s, ke a&ﬂ@la%%gc%%%dwta% ahydpehregi ¢ aci d

or nitric acid ( | es 0, respectiyvely the chel ati ng agent
was changed ter]fllﬁW%‘?féH‘?W%‘é@éﬁaa’é%@q adddd acé?@é&l@l%@é’ﬁlﬁnéror cat echol

(Exanples 11 t@aﬂéehwspm&mp@éymaﬁw vhen-d d’ﬁjﬁe@% yantnwagnheRapged to

dodecylbenzenesul%onlc acid 10 Exa 4 t he chel ati.ng agent was

1
oxalic acid (CNparative B3 Eﬁuq et ﬁ@néﬁlpFﬂg coul d

not be éxhi bi teﬁxarﬁﬂﬂe oi4t he mmmosmé | @] 2af 1 rigk agadres whist exh4ibadcpd val ues
of not higher was nea§%1 d at 25C with

(F-52, productEég R%?%Fl%% E{ﬁ%ﬁ%gkﬁb@gﬁTﬂ- YSRGS HRE 83&E65¥|0n
results for dapmgédtwot hee nexikebitsedi cialel fafl mhe \Goepositdmpesbti on for

removal of netpls,aecorgling {9 408 JOVENIQD EUROHYRY than 1. The

PH was measured at 25°C with a pH meter (F-52, product of
15 Horiba, Ltd.).
[0039]

Table 3 shows the evaluation results for damage to
the nickel silicide films. When a composition for
removal of metals according to the invention (composition

20 of Example 1) was used, excellent removing ability was
exhibited for nickel and platinum, and no damage was
incurred on the nickel silicide. When aqua regia or HPM
was used, however, while excellent removing power was
exhibited for nickel and platinum, damage was

25 simultaneously incurred on the nickel silicide. When SPM
was used, no damage was incurred on the nickel silicide,
but the removing ability for nickel and platinum was
poor. With hydrochloric acid alone, the metal removing
ability was unsatisfactory and damage was also incurred

30 on the nickel silicide.

[0040]

Fig. 1 shows SEM images of substrate surfaces, for a
silicon substrate, a $i0; film-attached silicon substrate
and a SisNs film-attached silicon substrate, that have

35 been treated with a composition for removal of metals
having the composition of Example 1. None of the

silicon-based material substrates exhibited changes in



2¢Oof Exampl e 1) was used, excellent renoving ability was exhibited for

‘ni ckel and platinum and no danage was incurred on the nickel silicide.
When aqua regia or HPM was used, however, while excellent renoving power
was exhibited for nickel and platinum darrgge was 25si nmul t aneously incurred
on the nickel silicide. Wien SPM was used no damage was incurred on the

ni ckel silicide, but the renoving ability for nickel and platinumwas poor.
W th hydrochl Oﬂiec Aarifdal enepd hféflmTeabnldeﬁE\tbﬂgta@étmélyt Wastwnsiad | sfactory
and damage was o incur.red 3Qon.the nick silicide, {]004% . Fi g.
shows SEM i rradté ST Y% E° Cés o ag ey LORtRLBstARE O 8F 02
filmatt ached rdidieEn subhst rsafe a@dsuatSwah:Mséehn”eaéhaahen bhdtreafed
substrate, ntre th 0Si removal of

met al s havi ng cfgLr(r%gcg‘l |o1;1t oﬁto(lf:jx O\M %Or 5 3m8¥ ?he sf‘??con based

mat er i al 5 substes s canchnithiviiedh cahlangle&s}rlfﬁarome23le thénsuniakeeshapesbef or e
and after trealymplg Wil Wdmell emyleag sohuli 90, s 0efohah apy, i sible
adhesi on of residue. € sane resu Was Seen even w th increased

magni fi cati on RHJ@W%G@?O%@I@X@@I@ trpapspenspeahneneat with an

i nterferomet riconfdd it kgs s dist-ar o?fh%\ﬁ%qie&hg&awﬂﬁmoélwy ﬁyéééces had

variation in filmthickness before and after treatnent. Thu conposition
for rempval ofHidiéelASsIoRdimEMmER It H@é’@&tﬁﬁpapénaééb%i:h@eicb ¥pROVe

i nvention can rSﬂi]ﬁﬂt iared )plraﬁﬂl?l\t@ JﬁQ@npls@bs@@at@bahhaé%fr oM subsirakeg nade
of silicon-base Wi t hout i ncurrl nggdamage

s, ( 5i 0
| ndustrial Appid edrtﬁ Sty(5[1002511102Tf’185 g glftl‘“’é‘)%ihPBF +BRPELRINGf dam
ni ckel - pl ati nwmdhﬁa:lﬂm b%q:ﬁﬂddm)tlahs:yaccordl ng to the invention is useful
for production.of,s€m conductor devices, since it can efficiently renove
ni ckel - pl ati nu[m aé} oys Wi thout affecting substrates nade of silicon-based
mat eri al s. The composition for removal of nickel-platinum

15 alloy-based metals according to the invention is useful
for production of semiconductor devices, since it can
efficiently remove nickel-platinum alloys without

affecting substrates made of silicon-based materials,



624 - [NAME OF DOCUMENT] CLAIMs 1. A conposition for renoval of
+'ni ckel -plati num al |l oy-based netals, conprising at | east one conpound
selected fromthe group consisting of hydrochloric acid, 5hydrobromc acid
and nitric acid at 3 to 55 nass% a chel_atzj ng agent other than oxalic acid
at 0.5 to 20 nmass% an anionic surfactant ‘at 0.1 to 4 nmass% and water,
whi |l e conprising no fluorine-containing conpound or hydrogen peroxi de, and
havi ng a pH of [NBYE goERaD@CUNENIN] 1.CIAMIhe conposition for renoval of

]
ni ckel - pl ati num al | py- base | s. according to.claim.l, which consists of
at | east one corrpouir)lbl se%e%?re@flr%lrﬁ”f h@oﬁrroegrbovcac}nsﬂ stnilﬁéfeg?p%%flggm oric
aci d, hydrobr ofi- ¢orchasedidneta s c aoiplisicheltatliosgtagert compenntihan oxal i ¢
acid, an 15ani ggj f € PR S Ltion f.aor
removal of ni c%el gr(|c:)JI§§(ltEl| %ﬁ%ﬁg?%yrb%@%é Orrne laﬁ?sm;gccgr E&%ﬁ%{é@gékgf:mgflgf 2,
wherei n Phe chey¥arphgongenscld and|rbltiomeiskladctledof ASnmelesgr eup

consi sting of ehtrheiagi dyost liRedliat NBlelIRatel 620agl do ogt echol

acetyl acetone and their salts, 4. The composition for renoval of
ni ckel - pl ati nURREPT oy@BadRHOMEE aP¥r Bl i tb lakp dn@aspicpapniatere 3,

wherein the anyBpie SombACE NG hS BludLasd- W 58]iek! bRyt Be group
consi sting of ﬁul furic acid esters, gasuj fonic acids, carboxylic acids and

phosphori c aci 8Y85P%P8 PRER¥ awi HY ar VS At Ot 9TaREFE §P6dpd, and
thei r dé&ni vatives and salhs.composihior o argesidll @f hackeerpual iefum

30 wher oi n t heoht Bker2Prat TR 41 TG00 BREH Tt Rhriva ke i GREr L85 (b

99.5 atomic pepteat aadspl ate nuom@aeuitd Ss¢ edifedatiomnc ther geoip 6. The

any one of cl araeT Tt Bra b s it Eec RLELL SR &L R BRHETE S35 SERN, ,

ni ckel silicideitric acyd, Theckhehpbbiy i awerftorotthemmdianofoxaildkelacpidat immum
15 anionic surfactant and water.

3. The composition for removal of nickel-platinum
alloy-based metals according to c¢laim 1 or 2, wherein the
chelating agent is at least one selected from the group
consisting of citric acid, ethylenediaminetetraacetic

20 acid, catechol, acetylacetone and their salts.

4. The composition for removal of nickel-platinum
alloy-based metals according to any one of claims 1 to 3,
wherein the anionic surfactant is at least one selected
from the group consisting of sulfuric acid esters,

25 sulfonic acids, carboxylic acids and phosphoric acid
esters, each having C8-20 straight-chain alkyl groups,
and their derivatives and salts.

5. The composition for removal of nickel-platinum
alloy-based metals according to any one of claims 1 to 4,

30 wherein the nickel-platinum alloy-based metal contains
nickel at 85 to 99.5 atomic percent and platinum at 0.5
to 15 atomic percent.

6. The composition for removal of nickel-platinum
alloy-based metals according to any one of claims 1 to 5,

35 which does not erode silicon, Si0O,, Sij3Ns or nickel
silicide.

1. The composition for removal of nickel-platinum



;¢"25 - alloy-based netals according to any one of clainms 1 to 6, which
~“renoves ni ckel -platinum all oy-based netal forned on a portion of a

substrate nade of a silicon-based naterial. 58. A nethod for producing a

sem conduct or device, conprising a step of .formng a nickel-platinum all oy

filmon a portion of a substrate nade of silicon-based material, and a

step of selectively renoving at |east a portion of the nickel-platinum

al l oy fil m usialg dirdaHecomeasilts arcoadingmavabknef oné ckel ephahs NUMmo 6,

al | oy- based ccording .t ny.one _of ¢ out damagi ng
the silicon- lqgékgiﬁ %t gn?“% %l&e%%laténmflhgh;%%'hlgas?(grm%ii_‘%\jd € rr{%e(g on

seni conduct or alévdnde caccdT @i mopktst reltai ma8e whieaesnlibenshasedn- based
material 15is sidd.gon, Si02, Si3N4 or nickel silicide. 10. A net hod

for producing a sem conduct or devi ce, conprising a step of form ng
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10 composition for removal of nickel-platinum alloy-based
metals according to any one of claims 1 to 7, without
damaging the silicon-based material.

9. The method for producing a semiconductor device

according to claim 8, wherein the silicon-based material
15 is silicon, Si0;, Si3zNs or nickel silicide.

16. A method for producing a semiconductor device,
comprising a step of forming polysilicon and nickel-
platinum alloy thin-films in that order as electrode
materials on at least a portion of a substrate made of a

20 silicon-based material, a step of forming a nickel-
platinum silicide in a self-aligning manner by heat
treatment, and a step of selectively removing the
unreacted nickel-platinum alloy using the composition for
removal of nickel-platinum alloy-based metals according

25 to any one of claims 1 to 7.



