PLATI NG SOLUTI ONS FOR ELECTROLESS DEPOCSI TI ON OF RUTHENI UM By | nvent ors,

Al bina Zieliene, Algirdas Vaskelis, Eugenijus Norkus BACKGROUND [ 0001] The
f abri cat iwe 20fo/sesm2conduct or devi ces such as i nt egr at ed PCITUS00086363EM0OT Y
cells, and the like, involve a series of manufacturing operations that are
performed to define features on sem conductor wafers ("wafers"). The wafers
include integrated circuit devices inlthe formof nmulti-level structures
defined on a silicon substrate. At a substrate |level, transistor devices
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transi stor devices to define QFIRIVTAdENI&YVAt ed circuit device. Al so,
patterned conductive |layers are insulated from other conductive |ayers by
dielectric materials. [0002] To build an integrated circuit, transistors
are first created on the surface ®ylnhentowafer. The wiring and insul ating
structures are then added as nultiple thin-filml|ayers through a series of
manuf act uri ng pr ocesa!bppigliensy gilgitdas W askelis; Eugenfjuy, Nprkys gi el ectri ¢
(insulating) material is deposited on top of the fornmed transistors.
Subsequent | ayers of netal (e.g., copper, alumnum etc.) are fornmed on top
of this base |ayer, etched to crﬁate the conductive lines that carry the
electricity, and then filled w't i material to create the
necessary insul ators between the |ines. The process used for producing
copper lines is referred to as a dual Damascene process, where trenches are
f or med [00013 Thk dataicagombbsemad ondiuetoedevi¢as shelyayintegiansd dramith,onerearyicalls.he
trenches cont act
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r enVeddature @8y kéiBic6RRREIr walerk 18vaeRS). amd wdf@R Glt@fieQRte¥rated circuit devices in
the form of multi-level structures defined on a silicon substrate. At a substrate level,
transistor devices with diffusion regions are formed. In subsequent levels, interconnect
metallization lines are patterned and electrically connected to the transistor devices to define a
desired integrated circuit device. Also, patterned conductive layers are insulated from other
conductive layers by dielectric materials.
[0002] To build an integrated circuit, transistors are first created on the surface of the wafer.
The wiring and insulating structures are then added as multiple thin-film layers through a
series of manufacturing process steps. Typically, a first layer of dielectric (insulating)
material is deposited on top of the formed transistors. Subsequent layers of metal (e.g.,
copper, aluminum, etc.) are formed on top of this base layer, etched to create the conductive
lines that carry the electricity, and then filled with dielectric material to create the necessary
insulators between the lines. The process used for producing copper lines is referred to as a
dual Damascene process, where trenches are formed in a planar conformal dielectric layer,
vias are formed in the trenches to open a contact to the underlying metal layer previously
formed, and copper is deposited everywhere. Copper is then planarized (overburden
removed), leaving copper in the vias and trenches only.
[0003] When copper materials are used metal barrier layers are need to prevent the copper
from diffusing into the interlayer dielectric (ILD) layer. The diffusion of the copper into the
ILD is sometimes referred to as poisoning of the ILD. The material for the metal barriers

forms excellent barriers to copper diffusion. In addition, the manufacturers of semiconductor



[ 0003] When copper materials are used netal barrier layers are need to
prevent the copper fromdiffusing into the interlayer dielectric (ILD)

| ayer. Thwoabfofassélon of the copper into the ILD is sonePCEaAS2000fe¥ssed to as
poi soning of the ILD. The material for the netal barriers forns excellent
barriers to copper diffusion. In addition, the manufacturers of

sem conduct ordevi ces are investigating materials for use as capping | ayers
to prevent the oxidation of |ayers disposed bel ow the capping | ayers.

[ 0004] devicgssarpuintvigbtigating snageyrlsebor usehastcappiag éavistsdio peavest e ps@atlgmﬂ{hws [ 0005]
Br oadl ;aisgsee%@epqu thteQ% }(g))lre ent invention fills these needs by providing

i nprove PPETmiT &t 1 0nsPRfe eP6Ct r ol ess deposition of ruthenium It should be
appr eci[@00q It id atithih i P % that MeeRibodim&adade. | npl enented in nunerous ways,
including as a nethod and a chem cal solution. Several inventive

enbodi nents of the present invention are described below [0006] In one
exenpl ary enbodi nent, an el ectrol mﬂini um plating solution is

di scl osed. The sol ution includes ~um source, a pol yam no
polycarml' i QQ{@)I i 8, rradugy n Hali b 7

agent, [and grgﬁﬁfms iefyi ﬁgﬁéuﬂggstegg%gm%ﬁ% fggl gfgm&grr\lg&%o%)y&c@?%g%% ﬂintl:pﬂ:zi:kigid may
be ni t dpinotlaticas ef elecacless dagdA)ion pf ankencyol dhewaldebelgppratided thet thetpresastet i ¢

acid (CDTA)., or ethyl enedi am. netetraacetic.aci EDTA) . .l n one epbodi ent,
e sortnin fan B el FoBeHS e iiling 53 hewad A0 b ERTOF AL e

i nvent isgitivh! KeReA AR nAPENBHImEh QB teprERht RVEMDARE abdcABeFRISKI Pt i ON,
taken in conjunction with the acconpanying draw ngs, illustrati 'r:q%)by way of
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L0008 0SSR kO FORA oo AR RS R g o 0o
| i ke repeftentdusiipesaltsa dasiignahgent,dnd asgH-ukldiyalg sabaffs! The polyamino
polycarboxylic acid may be nitrilotriacetic acid (NTA), trans-cyclohexane 1,2-diamine
tetraacetic acid (CDTA), or ethylenediaminetetraacetic acid (EDTA). In one embodiment, the
solution is ammonia free.
[0007] Other aspects and advantages of the invention will become apparent from the

following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The present invention will be readily understood by the following detailed description
in conjunction with the accompanying drawings, and like reference numerals designate like

structural elements.

[0009] Figure 1 is a graphical illustration of the dependence of the ruthenium deposition rate

on the concentration of NTA in accordance with one embodiment of the invention.

[0010] Figure 2 is a graphical illustration the dependence of the ruthenium deposition rate on

the concentration of CDTA in accordance with one embodiment of the invention.

[0011] Figure 3 is a graphical illustration of the dependence of the ruthenium deposition rate
according to the concentration of the sodium borohydride in accordance with one

embodiment of the invention.



[0009] Figure 1 is a graphical illustration of the dependence of the

rut heni um deposition rate on the concentration of NTA in accordance with
one enbodwv@ento/iséeizhe i nvention. [0010] Figure 2 is a graphiSec@l9/063631
illustration the dependence of the rutheniumdeposition rate on the
concentration of CDTA in accordance with one enbodi mrent of the invention.
[0011] Figure 3 is a graphical illustrBation of the dependence of the

rut heni um deposition rate according to the concentration of the sodi um
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deposi ti on rate on P78 "ERCERt TG ow O He M Tt HenT UM Sour e i°h"ccor dance
wi t h ongveatib@di nent of the invention. [0013] Figure 5 is a graphical
illustration of the dependence of the ruthenium deposition rate on the
concentration of _the stabiLizin%_agent i n accordance w th one enbodi nent of
the i nl@HN3I diteure dosapraphigel iugration of gregsaerdence of the fytheniyn dspositrn rate
depend I J . Lok ] i rature in
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gr aphi gatentibh.ustrati on of the kinetics of the el ectrol ess deposition using
the plating solution described herein on a copper electrode in accordance

with o di ment of the .inventio TAl LED CRI PTI.LON [ 0016] Al
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however, to one skilled in the art, that the present invention nay be

practiced wi thout sone or all of these specific details. In other
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EIectrg%%@gﬁwiggﬁﬁ%é%§5|tggﬁ%%$§%ggé §&E§€§6§%ﬁg%ﬁ¥§%ﬁ%h% 6?wnanufacturing
embodiment of the invention.

DETAILED DESCRIPTION

[0016] An invention is described for providing formulations of electroless ruthenium
solutions for use in electroless deposition processes. It will be obvious, however, to one
skilled in the art, that the present invention may be practiced without some or all of these
specific details. In other instances, well known process operations have not been described in
detail in order not to unnecessarily obscure the present invention.

[0017] Electroless metal deposition processes used in semiconductor manufacturing
applications are based upon simple electron transfer concepts. The processes involve placing
a prepared semiconductor wafer into an electroless metal plating solution bath then inducing
the metal ions to accept electrons from a reducing agent resulting in the deposition of the
reduced metal onto the surface of the wafer. The success of the electroless metal deposition
process is highly dependent upon the various physical (e.g., temperature, etc.) and chemical
(e.g., pH, reagents, etc.) parameters of the plating solution. As used herein, a reducing agent
is an element or compound in an oxidation-reduction reaction that reduces another compound
or element. In doing so, the reducing agent becomes oxidized. That is, the reducing agent is
an electron donor that donates an electron to the compound or element being reduced.

[0018] A complexing agent (i.e., chelators or chelating agent) is any chemical agent that can
be utilized to reversibly bind to compounds and elements to form a complex. A salt is any

ionic compound composed of positively charged cations (e.g., Ru+, etc.) and negatively



applications are based upon sinple electron transfer concepts. The
processes involve placing a prepared sem conductor wafer into an

el ectrol ex® 20m@be1pl at i ng sol uti on bath then induci ng tRETASL@Y/063E t O
accept electrons froma reducing agent resulting in the deposition of the
reduced netal onto the surface of the wafer. The success of the el ectroless
nmet al deposition process is highly dependent upon the various physi cal
(e.qg., tenperature, etc.) and chemcal (e.g., pH reagents, etc.)
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shoul d be appreciated that the enbodinents further provide for the

r ut henisoippy ¢gscribed herein. Figures 1 through 7 illustrate various graphs showing the effect of
the different parameters for the different formulations described herein for informational
purposes. In Figure 1, the dependence of the ruthenium deposition rate on the concentration
of NTA is illustrated in accordance with one embodiment of the invention. Figure 2 is a
graph illustrating the dependence of the ruthenium deposition rate on the concentration of
CDTA in accordance with one embodiment of the invention. Figure 3 is a graph illustrating
the dependence of the ruthenium deposition rate according to the concentration of the sodium
borohydride in accordance with one embodiment of the invention. Figure 4 is a graph
illustrating the dependence of the ruthenium deposition rate on the concentration of the
ruthenium source in accordance with one embodiment of the invention. Figure 5 is a graph
illustrating the dependence of ruthenium deposition rate on the concentration of the
stabilizing agent in accordance with one embodiment of the invention. Figure 6 is a
simplified graph illustrating the dependence of the ruthenium deposition rate on the solution
temperature in accordance with one embodiment of the invention. Figure 7 is a graphical
illustration of the kinetics of the electroless deposition on a copper electrode in accordance
with one embodiment of the invention.
[0021] Described below in Tables 1-4 are four possible formulations for use with electroless
plating for ruthenium on a copper surface. In the embodiments for the exemplary plating

solutions described below, polyamino polycarboxylic acids may be used as complexing



deposition w thout etching copper below Tables 1 through 4 illustrate the
four different solutions described herein. Figures 1 through 7 illustrate
vari ous gwephw/eskhadi ng the effect of the different paraleTasgoPos3686he
different fornul ati ons descri bed herein for informational purposes. In
Figure 1, the dependence of the rutheniumdeposition rate on the

concentration of NTA is illustrated i accordance with one enbodi nent of
t he inventi on. qure 2 is a graph illustrating the dependence of the
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Ki neti f the el ectrol ess deposition on a copper electrode I n accordance
wi t h one therdoiodilinapptecotte thiaethe quertitiesnf the@ORppnés of thh éeinbddtmns nraybabl es 1-4
are fourﬂ&g Slb e fornulatlgys fo&(ﬂse with electroless plating for

r ut heni O TG FRFSHIC 8 PIYY1%%he enbodi nents for the exenplary plating
sol utions descri bed bel ow, pol yam no pol ycarboxylic acids nay be used as
conpl exi ngagents for fornulati ons of el ectrol ess rutheniumdeposition. It
shoul d be noted that the conplexingpaggnts may be referred to as chelators
or ligands al so. In one enbodlnent nitrilotriacetic acid (NTA) is the

pol yam no pol ycar boxyl } ancth r—enbodi nent, trans-cycl ohexane 1
2-di am ne tetraacetic ARpﬁkbrﬁ#lQ3-° ut P8zed as the pol yani no

pol ycarboxyl i ¢ acid. 1|MN¥#8H anot her enhd@8fkent | et hyl enedi ani net et r aacet i ¢
acid with or NH; 25%) 200mL/L

NaBH, 1-2g/L
Table 2
(RuNO), (SO4)s 5.5g/L
NaOH 40g/L.
NH; 200ml/L
Disodium salt of 17¢g/L.
EDTA 2H,0O
NaBH4 1-2g/L
Table 3
(RuNO), 5.5 g/l
NaOH 40g/L.
NTA 10g/L.
(NH,OH), H,SO, 1g/L.
NaBH, 2g/L




W thout ammnia is utilized as the conplexing agent. In the enbodi nents,
the use of certain chel ators/conpl exing agents/|igands allows performng
t he el ectwol2zessssaizheni um pl ati ng process at tenper at ur @sTIUs29/063san 50
degrees C, e.g., under anbient conditions. One skilled in the art wll
appreciate that the quantities of the conponents of the fornulations may be
varied fromthe specific exanples provwi ded. Table 1 Table 2 Table 3Table 4
[0022] In one exenplary enbodi ment, the solution is prepared by dissolving
t he ruthenium source, e.g., (RUNO2 (SO O, i a sodium hydroxide solution
One exenpl ary anmount includes dissolving about 5.5 grans per liter of the
rut heni um source material in 40 grafmabler |iter of a sodi um hydroxi de
sol ution. Next, the hydroxyl am ne hydrosul phate (NH2OH) 2 H2SO4 (whi ch
functions as a stabilizi ga,NaggM0,)! S[adggd/at about 1 gram per liter.
Dependi ng on the sol utfrom fQUAW atT o, hoyL O A, amonia (NH3), or amoni a
with EDTA may be utilijzed ?CD‘T e—conpte -il agent. The solution is then
heated to 35 - 70 degriees—-c—ahd °odiun1Eu ohydri de (NaBH4) is added. In
one enbodi ment, the sodlONRROHRIRNY de | EVhissbived in the sodi um hydroxi de
prior to addition and ltheseN#RH: conponen?®Llare|added at the end. In the
enbodi nents, a lower tenperature is used for the plating with the NTA and
CDTA formul ations. In addition, the anmonia formulation with EDTA utilizes
a lower tenperature than the fornulation with anmonia only. [0023] Two
types g60220hsbhatesnplaryRentebiriad Metsutised pipaeditiediflotahy dleesemat | g
solutions described herein. The two types of substrates included: 1) an
unt r eats@cH| Cahk@UNSY L (T3, Wa s epdivinthydepxide sotusioad Umgpxaanamaapati er and Cu
seed or. . f ajl -tre ' ' G- te)
and acisss ARG igrop B8 Bk SR Bibrt WL LBRNG o ek Rl SRR

liter of a sodium hydroxide solution. Next, the hydroxylamine hydrosulphate (NH,OH),

H2S0, (which functions as a stabilizing agent) is added at about 1 gram per liter. Depending
on the solution formulation, NTA, CDTA, ammonia (NH3), or ammonia with EDTA may be
utilized as the complexing agent. The solution is then heated to 35 — 70 degrees C, and
sodium borohydride (NaBH,) is added. In one embodiment, the sodium borohydride is
dissolved in the sodium hydroxide prior to addition and these two components are added at
the end. In the embodiments, a lower temperature is used for the plating with the NTA and
CDTA formulations. In addition, the ammonia formulation with EDTA utilizes a lower
temperature than the formulation with ammonia only.

[0023] Two types of substrates to be plated were used with the electroless plating solutions
described herein. The two types of substrates included: 1) an untreated blanket Silicon wafer
with a sputtered PVD TaN/Ta barrier and Cu seed or 2) copper foil, pre-treated with Vienna
lime (calcium carbonate) and acid solution and then rinsed with water. After the plating
procedure, the plated wafer or plated copper foil were used for determination of mass of
deposited coating from the difference in weight before and after plating. The mass increase
was used for recalculations and plating rate is presented in pm in 30 min (the density of
ruthenium coating was taken equal to 12.0 g cm™). Electroless ruthenium plating was carried
out for 30 minutes. The loading (surface area of substrate to be plated per volume of plating
solution) was about 1 cm?/ml.

[0024] The embodiments disclose commercially available polyamino polycarboxylic acids
used as complexing agents for formulations of electroless ruthenium deposition, namely NTA

(nitrilotriacetic acid) and CDTA (trans-cyclohexane-1, 2-diaminetetraacetic acid). The use of



procedure, the plated wafer or plated copper foil were used for

determ nation of nmass of deposited coating fromthe difference in weight
bef ore amdioabtoarseqkat i ng. The mass i ncrease was used foPCTASa0000b3Bi ons and
plating rate is presented in nmin 30 min (the density of ruthenium coating
was taken equal to 12.0 g cm3 ) . Electrol ess rutheniumplating was
carried out for 30 mnutes. The |loading (surface area of substrate to be

pl ated per volume of plating solution) was about 1 cn2/m . [0024] The
enmbodi rmfﬁilttlﬁn‘tﬂ dhelatere adewper rmlmg/thaﬁlmrabwemﬁmnymh@ngeroyze%raboxy| ic acids
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chelators allows performng the el ectrol ess rutheniumplating process at
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el ectrol ess rutheniumplating increases the plating rate practically tw ce,
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and loading = 2 cn2/2 m. [0026] Figure is a &raphl cal |IIustrat|on t he
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using NTA) is reached using 18 g/L of CDTA). Conposition of the soI ut| on
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cnk/ 2
(g/): (RuNO),»(SO4); —2.75, (NH,OH),-H,SO4 — 0.61, NaOH — 40, NaBH,4 — 2; 35 °C and

loading =2 cm?/2 ml.

[0027] Figure 3 is a graphical illustration of the dependence of the ruthenium deposition rate
according to the concentration of the sodium borohydride in accordance with one
embodiment of the invention. The electroless ruthenium plating rate increases with a
corresponding increase in the concentration of reducing agent (NaBH,4). The maximum value
of the plating rate occurs at a concentration of NaBH, equal to about 2 g/L, and later
decreases. It should be noted that the concentration of 2 g/L. of NaBHy, is optimal, since
solutions containing higher concentrations of reducing agent become unstable after 20-30 min
and ruthenium reduction is observed in solution bulk. Composition of the solution for Figure
3 was as follows where all units are in (g/1): (RuNO),(SO4); — 2.75, (NH,OH),-H,SO4 — 0.61,
NaOH - 40, CDTA - 18.2; 35 °C and loading = 2 cm?/2 ml.

[0028] Figure 4 is a graphical illustration of the dependence of the ruthenium deposition rate
on the concentration of the ruthenium source in accordance with one embodiment of the
invention. The increase in ruthenium source ( (RuNO),(SQ,); ) concentration results in
substantial increase in the electroless ruthenium plating rate and at a concentration of 10 g/LL
of (RuNO)»(SOy4); up to a 1.2 um thick ruthenium coating was deposited. The plating
solutions are stable for at least 30 min. Only in the case of using of highest investigated

ruthenium salt concentration (10 g/L), ruthenium reduction was observed earlier than 30 min.,



[0027] Figure 3 is a graphical illustration of the dependence of the
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el ectroless rutheniumplating rate i ncreases with a correspondi ng i ncrease
in the concentration of reducing agent (NaBH4) . The nmaxi num val ue of the
pl ating rate occurs at a concentrati o of NaBH4 equal to about 2 g/L, and
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NaBH4 iis- efiel Jvamin. sGergposgtainatitomsoletem far Fignee ﬁW@h@&fOélewee\merfaaﬂ wHts aof

d hen duct
obser vl HCCRIATT ST oD AR sBh T of G RO SEHE or Tor R GErE S has as
foIIovw.:nng all units are in (g/1): (RuUNO 2(S™)3 - 2.75, (NH2C]—|)2 H2SO4

0. NaOH - 40, CDTA - 18.2; 35 0C and loading = 2 cn2/2 m . [0028]
Fi gur e [Q029§ Figwie apha eaphicp] iflgstraion of thsrdeperdegepeliibe rrberspmdsposi§amiaii um
deposi 1,,qfk n%&%@nt%oh %f t}&%@aﬂ%ﬁ%&%&ﬁn #o&ﬁ&ﬁn&%‘?}?@h&‘éﬂﬁ&&ﬁﬁ%& dffp&ccor dance
with one e I ment of the Inv he 1 ncrease 1 n ruthenium source (
( RUNO) 2 =493 ])lydxmylanﬁmeahyd@assut;ﬂmel it asddrin eldogbirrd tugleniune pRése solntidiivens

el ectrol ess . rut heni um n rate at a concentration of 10 g/L of
( RuNO) 2@@@%}@ g5N% gnche eza mmléws Fﬁgﬁ}%ﬁ%ﬂ‘ﬁ)%%?r} g %ég%@%%waéamgme

pl ati n%gé{ahﬂﬂd %?cﬁﬁ&g@%%&h@ af @k c@ﬁlgl&ﬁﬁgtag%gt rﬁﬂhergﬂl:ifpe'cfédtr@s%ltg%?e of using

of hig i nvesti gat ruthentumsalt concentration (10 g/L), ruthenium
r educt iObtaimdsusmgﬁWédiselmdqnquexmgmg@@amd the hydexylaafinehyd2Fsutphate aSdhgosi ti on

g:)-l-:[b\h? s%%%}yzglltgi\oﬂngff Or\%ﬁﬁ‘ggueﬂar = aglmé con l‘clgr\{ggﬂhcﬁ@e 2l }ne I LR %%gt Ihg%]%?/ 1):
cn/ 2 mom D@A20ko v &/15 thSplatifl ?&@é"ﬁa@s@h obdri1ast ! ad h&ﬁtl&{ nb f@l@mﬂﬁﬁ@ﬁ‘@?nce Of
the rut heni um deposition rate on the concentration of the stabilizing agent

i n accdohaplpdre waia i obsrsvashal dler nreher cgﬁcetlltrétwmv%hﬁdr@wlamm@ hyskpselrhaie up to
hyd I
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stabili enera eposition ra in
sol ut i @isn pexitat i thig epdloydmhans. ocpmwﬁabrb Oﬁ@hb isGluieh € Eaguré B&va@@@ﬁélwmg

agent. wl?l%gehzﬁ{ urlfll‘[]sea)ﬁg ianc(tg(/:}lg:I ({{?118\1%)2(804)3 —2.75,CDTA - 9.1, NaOH - 40, NaBH,4 - 2; 35
°C and loading = 2 cm?/2 ml.
[0030] The data of Figure 6 illustrate the possibility of obtaining of electroless ruthenium
coatings at practically ambient conditions exists. The plating rate at 26 °C is about 0.3 um in
30 min. The elevation of temperature increases the plating rate accordingly. Composition of
the solution for Figure 6 was as follows where all units are in (g/1): (RuNO)2(SO4); — 2.75,
CDTA - 9.1, NH,OH),-H,SO4 — 1, NaOH — 40, NaBH,4 — 2. and loading = 2 cm?/2 ml.
[0031] It can be added that the induction period depends strongly on temperature of solutions
used. At 35 °C the induction period is about 2-3 min, and decreased with the elevation of
temperature. The induction period could be shortened also by means of pre-activation of Cu
surface in an alkaline solution of NaBH,.
[0032] In Figure 7, the data of Electrochemical Quartz Crystal Microgravimetry (EQCM) on
a copper plated quartz resonator allows observing the duration of induction period as well as
the instantaneous electroless ruthenium plating rate is illustrated. It can be noted, that in
EQCM experiments the loading was ten times lower than in above described experiments,
therefore the induction period determined was rather long — about 3 min in the lower portion
of the graph of Figure 7. After 3 minutes the electroless ruthenium deposition on copper
starts and proceeds with a practically constant rate). The previously made calibration gave

that the decrease in quartz resonator frequency equal to 1000 Hz corresponds to mass



obt ai ned using CDTA as the conpl exi ng agent and the hydroxyl am ne

hydr osul phate as the stabilizing agent. \Wen increasing the concentration
of hydr oxyDaniowsed1gdr osul phate higher from 0.6 g/L to alpouitus2009/k363t he
plating rate raises over 10 % In addition, no dimnution of the plating
rate is observed at the higher concentration of hydroxyl am ne hydrosul phate
up to 2 g/L. Therefore, the concentrati on of hydroxyl am ne hydrosul phate
can be maintained at 1 gramper liter in this enbodi ment. Conposition of

t he soldatieans efjoal tFildl92eLe5 @msemnﬁnlwwlmeb@s altlhenimil teparten progegdd ) :

(RuNO) 2. 75 d | oading =
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conditions exists. The plating rate at 26 I's about 0.3°mmin 30 mn. The
el evat iimducobn penplewat Jimen,iwlereasésr dléatiohaf laadingatpgo amnﬁfzjmhgheymducuon
Conposi tion of the solytion for Figure 6 was as follows where all units are
in (g/ ffﬂ"(? %cf mins 75 CDTA - 9.1, NH2OH) 2-H2SO4 - 1, NaOH - 40,
NaBH4 {0633] 201ehol @R fRE embediai¥Risdr he prbQPBvehtioCiRRe Beer@idesbddnatdetalle
|nduct| on period depends strongly on tenperature of solutions used. At 35 C
t he mdll@@ﬂrl ershpeld; hedinderseod uly 08> (Pﬁmdlnalfj’cﬁkdbéln?éélmewnt mvenieonehay bt i on of
tenper at Ul The ind ctlon ul.d be. .sh reel ed al so b ns of
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Fi gur e ifventib® URdrafosd, t}EJ ﬁ@idhﬂ@fh@fﬁpl@adnd@ﬁﬂfoﬁﬁnéﬂ’ty&’é% bdtedseiavdsmet ry (EQCM
on a copper plated quartz resonator all ows observing the duration of

i nduct ilFFtiBEYe Bl res repEqtivasandiibe jysntigin ﬁﬁ@b@éﬂeéu@&drtelt@s@etmlﬂmeﬁﬁ% pl ating
rate i r t he | oadi ng
was te?ihéréﬂr%’eu@hlﬂ?a\tkg& Tg%ﬁg(?ﬁncg rca)@gée g’?(t:}%lﬂg}{g ¢ rreﬁ)% ﬁaéﬁ%%%f ore the
mducthwgt f (f)jeterm ned was rather |ong - about 3 mnin the | ower
portio i He ﬁ‘n of Figure 7. After 3 mnutes the el ectrol ess ruthenium
deposition on copper starts and proceeds with a practically constant rate).
The previously nmade calibration gave



that the decrease in quartz resonator frequency equal to 1000 Hz
corresponds to massdecrease equal to 1.092 ng. Consequently, when

el ect r ol 89 20KU56ed12um deposi ti on proceeds (after inductiPEm/USeEN0O6I631 3.5 nm
of rutheniumcoating are obtained in 1 min. It is worthy to note, that the
i nduction period depends on | oading. At 40 C, when |oading was 0.2 cn®/2
m, induction period was 3 mn, whereds after elevation of |oading up to 2
cn2/2 m, the induction period decreased up to 1 mn. [0033] Although a few
enbodi ments of the present inventig;LRgﬁS been described in detail herein,
it should be understood, by those nary skill, that the present

i nvention may be enbodied in many other specific forns wthout departing
fromthe spirit or scope of the invention. Therefore, the present exanples
and endodi nmevit geciradess guthenigwrpdatigrsethtian, ¢dnipitsingat i ve and not restrictive,
and the invention is not to be limted to the details provided therein, but
may be nodi fairedhesinch puaet i ced within the scope of the appended clai nms. Wat

is clained is:fLALNB é; AE el ectrol ess rutheni um plating sol ution,
conpri si ng: *@ONFHENPHFEBYURLIS 2l CORTRISHINGBRBEI ycar boxyl i ¢ aci d conpl exi ng

agent; a redugiRéh@gRAL; hydroxyl am ne hydrosul phate ((NH2OH)2 H2SO4),
whi ch functions as a stabilizing agent; and a pH nodi fyi ng substance. 2.
The el ect r olhgdroxylarhenhydre il phaien@N SO dASOaswhishiferetionnascd stabrizingwher ei n,
t he rutheqiu%psource is (RUNO 2(SO4)3. 3. The el ectroless rutheniumplating
sol uti A" a8 recited in claim1, wherein the conpl exi ng agent is selected
fromthe grqqm;ggﬂgyﬁ@kﬁgugkenitriIotriacetic acid (NTA), transcycl ohexane
| , 2-diam ne tetraacetic acid (CDTA), and ethyl enedi am netetraacetic acid
2. The electroless ruthenium plating solution, as recited in claim 1, wherein, the

ruthenium source is (RuNQO),(SOy)s.

3. The electroless ruthenium plating solution, as recited in claim 1, wherein the
complexing agent is selected from the group consisting of nitrilotriacetic acid (NTA), trans-
cyclohexane-1, 2-diamine tetraacetic acid (CDTA), and ethylenediaminetetraacetic acid

(EDTA).

4. The electroless ruthenium plating solution, as recited in claim 1, wherein, the reducing

agent is NaBH,.

5. The electroless ruthenium plating solution, as recited in claim 1, wherein, the pH

modifying substance is sodium hydroxide.

6. The electroless ruthenium plating solution, as recited in claim 1, wherein the

complexing agent is a mixture of EDTA and ammonia.

7. The electroless ruthenium plating solution, as recited in claim 1, wherein the

ruthenium source is ruthenium salt.

8. The electroless ruthenium plating solution, as recited in claim 1, wherein a

concentration of the ruthenium source in the solution is between about 5g/L. and about 10g/L.



(EDTA). 4. The el ectroless rutheniumplating solution, as recited in claim
1, wherein, the reducing agent is NaBH4. 5. The el ectrol ess ruthenium

pl ati ng swbupioseelas recited in claim1l, wherein, the pHRCEABRG09068531
substance is sodi um hydroxide. 6. The el ectrol ess ruthenium plating
solution, as recited in claim1l1, wherein the conplexing agent is a mxture
of EDTA and ammonia. 7. The el ectrol e¢s ruthenium plating solution, as
recited in claim1, wherein the rutheniumsource is rutheniumsalt. 8. The
el ectrol ess rut heni um pI ating solution, as reci ted inclaiml, wherein a
concenty at i 3% % té%{n urqalgursou nn atspeecug (tllacr)rpll bet veen about 5g/L
and about 1 gFL e Nthi um p at i ng sol UtT'0f, as recited

in cl aicBhdentrai&r & the aed@omgag&ﬂtaﬁ t}ﬁmomftlohhebdtaeacwwt P?Erhﬁldlaﬁoﬁt%/&m ution
i s between about |1g/L and about 2g/L. 10. The el ectrol ess ruthenium plating

solution, as recited in claim1, wherein a concentration of the ruthenium

source dt'os a%'étele%tféﬁé\#mtﬂe}nunl Bﬁtlﬁgggﬂl{l&{ 83 Tecit ?&hﬁ RihiiRg sol ution, as

recited in claim erein a contentration o yamno polycarboxyllc
aci d cenpdeaxhtich efgatuthaniletsoreaissdbout 5.390@/ L and about 20g/ L. 12. The

el ectrol ess rutheniumplating solution, as recited in claiml1l, wherein a
concentration of the stabilizing agent is between about 0.5 and about 2

o/L. 134, Thefh%|ef‘e%¥r6EL@1%%he'hHﬁ1|{'gﬁhEgkcﬁhﬁ‘$ﬂ RYr&akdtd Qim BSwkg&hked in claim 1,
wherein a concentration of fying substance is about 40 g/L. 14.

An el ecbna@ingsggor ththepolummptoatqu\:gr@abfht Rgd complepimgsigag.is hetmgemebnuidgbur ce;
Ongog%/%rmdgg Uﬁ%g}iar boxylic acid conpl exi ng agent consisting essentially of

12. The electroless ruthenium plating solution, as recited in claim 1, wherein a

concentration of the stabilizing agent is between about 0.5 and about 2 g/L..

13. The electroless ruthenium plating solution, as recited in claim 1, wherein a

concentration of the pH modifying substance is about 40 g/L.

14. An electroless ruthenium plating solution, comprising:
a ruthenium source;
a polyamino polycarboxylic acid complexing agent consisting essentially of one of
nitrilotriacetic acid (NTA) or trans-cyclohexane-1, 2-diamine tetraacetic acid (CDTA).
NaBH, as a reducing agent;
a stabilizing agent; and

a pH-modifying substance.

15. The solution of claim 14, wherein the stabilizing agent is hydroxylamine

hydrosulphate (NH,OH), H,SOy,).

16. The solution of claim 14, wherein the ruthenium source is ruthenium salt and wherein

the pH modifying substance is a base.

17. An electroless ruthenium plating solution, comprising:

(RuNO)»(S04); as a ruthenium source;



nitrilotriacetic acid (NTA) or trans-cycl ohexane-1, 2-diamne tetraacetic
acid (CDTA). NaBH4 as a reducing agent; a stabilizing agent; and a

pH nodi f Wogosuisséiance. 15. The sol ution of claim 14, WRETAISR000I063631
stabilizing agent is hydroxyl am ne hydrosul phate ((NH20H)2 H2SO4) . 16. The
solution of claim 14, wherein the rutheniumsource is rutheniumsalt and
wherein the pH nodi fying substance isla base. 17. An el ectrol ess ruthenium
pl ati ng solution, conprising: (RuUNO 2(SO4)3 as a ruthenium source;a

pol yam no palppbanbaxpolyearbexydicagidpiomglerdnaagent;; a reduci ng agent; a
stabilizing aar%gur%tl' arédt,a pH nodi fyi ng substance. 18. The solution of claim
17, wherein'the sl%gdatﬁ M zi ng agent is hydroxylam ne hydrosul phate ((NH OH)
H2SO4) and wheibdizing fient;@ddci ng agent is NaBH4.

a pH-modifying substance.

18. The solution of claim 17, wherein the stabilizing agent is hydroxylamine

hydrosulphate (NH,OH), H,SO4) and wherein the reducing agent is NaBHs.



