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adhesi on strength between copper and etch-stop | ayer
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dielectric material and subsequently filled with copper before being planarlzed A

simplified version of this sequence can be described as follows:

- dry etching of the dielectric material to form trenches and/or vias;

25 - deposition (conventionally by physical vapor deposition - PVD) of a Cu
diffusion barrier (usually TaN/Ta) since copper is a fast diffuser through
dielectrics and can reach the underlying transistors built into the silicon,
causing device failures;

- deposition of a “seed layer” of copper, conventionally by PVD;

30 - electrochemical deposition of copper to fill the vias and trenches;

- planarization by chemical-mechanical polishing (CMP) to leave inlaid
copper lines; that is, the surface of copper at the same level as the surface
of the surrounding dielectric;

- deposition over the inlaid copper lines of a dielectric encapsulation layer

35 (generally SiCN, SiN, SiC, SiOCN or SiON deposited by plasma-
enhanced chemical vapor deposition - PECVD) which serves as a copper
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It is therefore desirable to enhance the adhesion strength between copper

25 and the ESL in order to limit surface diffusion of copper, improve
electromigration resistance and reliability of the interconnect system.
Several techniques have been proposed to achieve better adhesion of ESL
to copper and better electromigration resistance.
Plasma treatments in reducing atmosphere such as ammonia or hydrogen
30 have been employed (see for example US patents 6946401, 6764952 and
6593660) to reduce copper oxides and eliminate other contaminants present on the
copper surface, thus resulting in better adhesion of the ESL. However, the
physical and directional nature of the treatment induces some copper sputtering
over the surrounding dielectric areas resulting in a risk of higher line-to-line
35  leakage. Some of the top surface copper is removed during the process, resulting

in increased line resistance which decreases the interconnect performance.



and the ESL in order to limt surface diffusion of
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25 In order to improve the reliability of ULSI devices by increasing

interconnect electromigration resistance and to alleviate the aforementioned
limitations of the prior art, there is a clear need of a method which can (1) limit or
eliminate top surface diffusion of copper atoms or ions in copper lines, (2)
improve the copper / ESL interface by enhancing its adhesion strength and
30 electromigration resistance, (3) preserve the electrical characteristics of the

interconnect system, in particular line resistance and line-to-line leakage.

Summary of the invention

The present invention addresses the above mentioned issue of
35 unsatisfactory device reliability, due to copper electromigration at the top surface

of interconnect wires, with a novel approach.
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- A is selected from the group consisting of an aryl group, preferably a
phenyl group, which can be unsubstituted or substituted with an hydroxyl

25 group, a lower alkyl group or an halogen atom; a group -CH-X-B in which
-B is an aryl or heteroaryl group, preferably a phenyl group or an
heteroaryl group having 5 or 6 members and having 1 to 3 nitrogen atoms;
- X is a single bond or an alkylene group having 1 to 4 carbon atoms,
preferably a -CH,- or -CHj- CH,- group;

30 -Z is a functional group selected from the group consisting of silane,
silazane, siloxane, amine, hydroxyl, and carboxyl groups, preferably an
amine or carboxyl group;

b) or with
- a first solution containing an aryl diazonium salt and successively
35 -a second solution containing a compound bearing at least one

functional group selected from the group consisting of silane, silazane, siloxane,
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In the present description, the term "lower alkyl group" is understood to
mean a straight or branched hydrocarbon chain having 1 to 4 carbon atoms. Such
an alkyl group is for instance a methyl, ethyl, propyl or 1-methyl-ethyl group,
preferably a methyl group.

25 The term "alkylene group having 1 to 4 carbon atoms" is understood to
mean a straight divalent hydrocarbon chain of formula -(CH,),- in whichnis 1, 2,
3 or 4 or a branched divalent hydrocarbon chain having 1 to 4 carbon atoms such
as for example -CH(CH3)-, -CH(CH3)-CH,-, -CH(CH3)-CH,-CH,- or -C(CH3)-
CHs-.

30 The term "halogen atom" is understood to mean an atom of fluorine,
chlorine or bromine and preferably a fluorine or chlorine atom.

The diazonium salt of aniline is understood to mean the compound of

-

formula
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the diazoniumsalt of aniline, as well as the

di azonium salts and am ne conpounds defined above

unexpectedly i) show spontaneous reaction or strong

interaction (summarized as grafting) with netallic

copper and allow stabilization of Cu or Cu alloy
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composite material having at least one area made of a dielectric material and at

3

least one area made of copper or copper alloy is brought into contact, preferably
by immersion, spraying or spin-coating, with a single solution, preferably an
aqueous solution, containing a compound allowing a layer to be obtained
25  providing stabilization of Cu or Cu alloy interface with respect to
electromigration and a very good adhesion to PECVD deposited Si-containing
copper or copper alloy diffusion barriers and/or etch stop layers.
According to one particular embodiment, said compound is the diazonium
salt of aniline which can be either in-situ generated or pre-synthesized. Excellent
30  results have been obtained with aqueous solutions containing the in-situ generated
diazonium salt of aniline in a concentration of from 5 to 50 mM, and preferably of
about 10 mM, allowing a capping layer of between 1 and 8 nm to be obtained.
According to another particular embodiment, said compound is a
diazonium salt bearing at least one functional group selected from the group
35  consisting of silane, silazane, siloxane, amine, hydroxyl and carboxyl groups. It

has been observed that these functional groups provide excellent adhesion to



formula NIn the present invention, the dielectric (or
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ter or isopropylic alcohol and dried
tqrdﬁe -synthesized.

ness I s vanta eously | ess t han nm nore

ad@ﬁhﬂ@@f@b@?ﬁ@ﬁq ess than 10 nm still m)re
advant ageents hiymk®ssk bhale [Fedtimt iBNBHorS tréferrb®d@zonium salts are
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Sprsayiang, Qloxamd, intathyisxyWaid cabsii greupsoprefaralily an amine or
pr ef rabf% an aqueous sol ution, containing a conpound
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The ski I-IDes apergamow, preferablyid phedett @oup, vehigucim be unsubstituted

¢ 8 %.g g‘% %cp Qih %ﬁ %g\%k?%%rggp ahgw(é?ﬁﬁglcg’% r}ﬂé\‘t déhr ﬁedl&gentalf@n
t he i nventioA, Slltglﬁa bend Pace akylenc givppdlavimgnhie |4| %ﬂfbon atoms,

ha frOrably Af@:},} oPOEHANER,-RGIp; of a dielectric material

at Ieast one area made of per or copper .allo )
?ei?c E’PV‘ BV K rcgpgﬂmg Xf silane,

iy ®MBiyer to be obtai ned provi di ng

st abi | i Zatticiarhf prefered a@udiakéroymisatierf ploaylilkinoiesgds having
t 0 tﬁé ?c%h{éﬁ) bRy ﬂ{]g\’hﬂth\/ﬁrly agﬂ)‘ég a%g&ﬁ'?rfs LR alt55%YR group

| - containing rall o
glc/ha &Hyp qra(]b{pSCHz group, and Zis a

carboxyl group.

Excellent results have been obtained with the following solutions:

- an aqueous solution of 4-diazophenyl acetic acid generated in-situ from
4-aminophenyl acetic acid and sodium nitrite, in a concentration of from 5 to
50 mM , and preferably of about 10 mM, allowing a capping layer of between 1
and 8 nm to be obtained;

- an aqueous solution of 4-(2-aminoethyl) phenyl diazonium salt generated
in-situ from 4-(2-aminoethyl)aniline and sodium nitrite, in a concentration of
from 5 to 50 mM , and preferably of about 10 mM, allowing a capping layer of
between 1 and 8 nm to be obtained ;

-an aqueous solution of a pre-synthesized 4-diazophenyl acetic acid
tetrafluoroborate, in a concentration of from 5 to 50 mM , and preferably of about
10 mM, allowing a capping layer of between 1 and 8 nm to be obtained.

According to another particular embodiment, said compound is an amine

compound of formula H,N-A-X-Z as defined above.



According to one particul ar enbodi nent, said conpound
is the diazoniumsalt of aniligne which can be either

WO peogitbissgener at ed or pre-synt hesi zed. Excel | ePtT/EP2007/052091
results have been obtained with aqueous sol utions
containing the in-situ generated diazoniumsalt of
aniline in a concentration of from5 to 50 M and
preferably of about 10 mM allow ng a capping | ayer of
between 1 and 8 nmto be obtained. According to
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5 rougﬁ%g gVI de excel | ent adhesi on t oPECVD deposited
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t etts 8é bovaimebor ohydri de, potassiumnitrite,

nitrosyltetr r e,.rNht I r C.
In the fragrreapéq(%g gglt%?w% Pgsgnatmlﬁ%\%éyﬁygnb& (P‘&ffl(icairzrlgl:i i a
d| azmnnurﬁﬁl@abf Fomreta %Wo@ﬁp@mfﬁgbbfoffabpml(hml\’f allowing a

Ia'ger Me@vbeen 1 &d Ssmﬁrio Bt Mbtag{eQUp, preferably a
p en whi ch can unsu Stlttgt ed or

155ubst | t dheserding anseRget G 8 pdigigh 5! Be fievRHoR fby surface of a
gr Q@&p@glt@ﬁaﬁﬂhDWn@ﬁ‘@mg-onX arca @add Ggh idiaimdc oraterial and at

al lié%tene r ou églngp 1 %gsgpe%a bon ?x gﬁgxgc?qllé(ferably
selbezctm:delfsmxm sipha@nrgg ou pzspummlusg,| mgthoa fénst aﬂl@l’[lon preferably an

sil gﬁ@d?ﬁ SO to%xacllaﬁtauﬁﬂ%%ﬁ arpy‘afa‘%ﬁﬁhma%it GR R Wssively with a

gro prere m ne-or car box roup
20Par813¢(mtdl aﬁﬂltwrpf:@ﬂ@nmeda &Pty HMIING %ta eﬁ% foe BreHgnal group

al kanelg fﬁ)% % Hdp @gnﬁﬁ%gf(ﬁf Jih@ stiaRe; &%Xhﬂb whiifid) ldroxyl

I's a phen group al kyl e ro havi n
4 @id g@ﬁ)ogy]ogfgupqungflgia%%g gt lgast epF ?un&[g oupdg@gble of reacting
Or QUi thaney1£adiSal@rafted on the surface of the composite material thanks to the

aryl diazonium salt.
25 According to one particular embodiment, said aryl diazonium salt is a
compound of formula N=N-D-X-Z in which:

- D is an aryl group, preferably a phenyl group, which can be unsubstituted
or substituted with an hydroxyl group, a lower alkyl group or an halogen atom;

- X is a single bond or an alkylene group having 1 to 4 carbon atoms,

30  preferably a -CH;- or -CH,- CH,- group;

-7 is a functional group selected from the group consisting of silane,
silazane, siloxane, amine, hydroxyl and carboxyl groups, preferably an amine or
carboxyl group.

These diazonium salts can be either in-situ generated or pre-synthesized as

35  described above in relation to the first embodiment of the invention.



car boxyl group. Excellent results have been obtai ned
with the follow ng solutions: s an aqueous sol ution of
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4- am nophenyl acetic acid and sodiumnitrite, in a
concentration of from5 to 50 nM, and preferably of

about 10 mM allowi ng a capping |ayer of between 1 and

8 nmto be obtained; - an aqueous sol ution of

4- (2-arninoethyl) phenyl diazoniumsalt generated
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acid . tet afluoro ora in.a concéntration of fromb5
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cappl ng - Iaayafoncbf sdhgtioneatiodirgnd &aditiohal pepthlet abwyeihg reaction
CO WS vﬁe‘egg tgla%gﬁ)et hd%rw@t?vret gﬁ%ﬁ@ ragegc® m%] sia%arf) and the

an am ne conpound of Forful 4
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i nventi Offer @%ﬁgsﬁfer 1%%@%1{180&0&1%98 gfes@t{t‘?n\;é%ﬁﬁ the surface of the

;?@9%%3%% &atgrlgl:]lrsm\,@ﬁ?@}qageguﬁg rléls%g)ﬁypst@qcs lmtlbqielglﬁsed water or

het1§fp€t§}fy}’ib AENIP aﬂca\dhe@, Befbre ﬁfoa@mggﬁ) anchnandi PYL Uebosition
nltro% %ato% B ly an i }/n group; - X

i s PROSSPRILTBS M dsPost 10’&,*# “Slo Group; - Z

| s a cafbokiylregpeciipt isExaed Itlmntther paukissohdweinbesion is not only

tu@%lﬁ@ gm‘ﬁ' tB{qay"{‘ﬁlgE&éJ é%é{MéQd §09|E§L/$511§1€r whthh 1@?%%%5 SjCN but

sol concentration of

50 | Wigh8iNpre€ePUBIN Obﬁl(éJH astwelloaspwith noveniings af Cu diffusion
cappitg. | ayer of between 1 and 8 nm t o be obt ai ned -

an aquequs sol n o no- 3 i c .acid,

in a cog‘% ‘E‘P%HC%‘F&P Ree b‘ “0“ ﬁ% CEQS%F QbFpping
of lakeu prb@erﬂm fatnh i fiteg o@em&mpmghdrmeﬂs thotifhihe (@R ahd after

an%leamng }X?ternatlvggf il %jy'er can be formed during the chemical-mechanical

polishing (CMP) or during the cleaning performed after CMP.

In one preferred embodiment of the invention, the composite material
consist in a silicon work piece coated with a silicon dioxide layer or Si-containing
low k dielectric layer deposited by plasma enhanced chemical vapor deposition
(PECVD) containing copper or copper alloy lines.

More advantageously the composite material is a semiconductor device, in
particular a multi layer interconnect system of an integrated circuit.

According to a second aspect, the present invention concerns the
multilayer composite device obtainable by the method described above.

This device according to the present invention therefore generally
comprises a dielectric layer grafted on the surface of copper or copper alloy area
of the composite material, this dielectric layer and the dielectric area of the
composite material being coated with a dielectric Cu-Etch Stop Layer and/or a
copper diffusion barrier.

More specifically, this semiconductor device comprises:

- a dielectric layer having one or more trenches;

- the copper line formed in said trenches;



According to a second enbodi nent of the invention, the
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area nmade of copper or copper alloy is brought into

contact, preferably by imersion, spraying or

spin-coating, with a first solution, preferably an

aqueous sol ution, containing an aryl diazoniumsalt

and successively with a second solution containing a

conpound dmapingdayer féremstonghe céppectinotab fgnedmnd covered by an
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ar Y742 oHPUYS A OTACEBT dH HYS P "YHE par ti cul ar
enbodi nedvansgeahishyr hiis dichzoivi cappsel lhyérshaa acthiqkoessdofaess than
for -7 1 (Yol PR ' :
pr elgle&l?lgblyyf ez% %ﬁéﬁ%%ué&?&%%,th%&h&é gtﬂl E{e&%%s uag{ségf?uus%yelg ss than
or Substvcntidanaik advaarrghgevalbetyraupands never al kyl
glr Eulp ora@0rdiad ﬁgﬁﬁhiﬁl %&Btecr, L{% b&g&lt%hfk@l&iﬁn Q@Hé&fr@sr th%lrboiutions
a e group haying .1 to. arbon at ons, prefer

105 ‘gl Jorgprmuipthe daelschrig eippne fyor pdngmethot dPesabed 3?%%

sel ect ed'HesOsoltdiensgiontiin adoBieat, iphder@blySwitanes a mixture of water

si |l azan i 1,0xan i ne, roxyl an rhoxyl

or o s EpURAR ol T 00 SRR o e o
di aposisting 9&lthe dasenben efatthef aniingi the geweniamedaley and amine
pr - o r . .

P R Bt B0k Rgeppine

parleyedp die drimael Adintagseisy edtpbilieknsene] frgs an Bagm, more
oneydhaigddonsta! le@riatd 10hnf atil M AadaRldslisgNedsIhah 8 nm, even

pols?@il azage. Excelll eF{ZI resuht S gave been obt ai ned
wi tH PRI AEY PSR 81 BEPERS ! 204 40 r st aqueous
sol ut i oMdfantgeiano sladsy cidluttonaceahtgge n@irtht@ebre nersiatid such as
fra - pnosalycilie acid and sodiumnitrite - a
secscrgﬁréngg{ndti on allowing a traditional peptide o
20coupl i ngtheauesenoinvgsioneell nevsbd dlnainasedipy thedelloming omlimiting
Cer&sRblel GnPRhiA! h@ZzARRMd ABEbHMRE i A€ol eHRoRs  used to prepare
copper interconnect structures for semiconductor devices.
It should be noted that in these examples, bath compositions contains only
water and precursor(s) of the capping layer. Of course, additional additives may

25  further be added.

Example 1
The substrate used in this example consisted of a silicon workpiece, coated

with a 400 nm layer of silicon dioxide deposited by plasma-enhanced chemical
30 vapor deposition (PECVD). The silicon dioxide layer was coated with a layer of

tantalum nitride (TaN) having a thickness of 15 nm deposited by physical vapor

deposition (PVD) on top of which a layer of tantalum (Ta) having a thickness of

10 nm was also deposited by PVD. A 100 nm copper seed layer was deposited by

PVD on top of the Ta layer and a 1um copper layer was electrochemically
35  deposited on the copper seed layer.



After exposure to the solutions of the present
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wat er or isopropylic alcohol and dried, before

proceeding to a standard ESL deposition process and/or

to the deposition of a copper diffusion barrier. In
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a RhR9:didxgr formed on the copper line thus formed

After clean?r?g the substrate using the procedure described above, the
substrate was immersed in the solution of the invention for 10 minutes under
ultrasonic agitation. The substrate was then rinsed with ethanol, then rinsed with

25  DIW, then rinsed with acetone and dried with nitrogen.

Results:
FT-IRRAS characterization:
The table below shows the different transmission bands of the coated films.

30 The corresponding bonds are characteristic of the aniline molecule.
Wavenumber (cm™) Identification
1488 vy CH aromatic cycle
1166 8 CH aromatic cycle (in plane)
840,827 d CH (out of plane)
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dielectric |ayer fornmed over said Etch Stop Layer

and/ or copper diffusion barrier. Advantageously this

dielectric capping | ayer has a thickness of |ess than

15 nm nore advantageously less than 10 nm still nore
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m. ch t H&eatgsd ﬁ%CtH’E?é otsdiMel o upheatedhsEHETES WereySejuated for
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in
157 ek RIS APbEYS TON R sHob By s aptreated
andtrpcrteﬁ:srsor(s) of the capping layer. O course,
addi tional additives may further be added. Exanple 1
The substrate used in this exanple consisted of a
si | i ce, coated with a 400 nm | ayer of

silicon A%e?’@l&@rl(:? Q:Q§1'utcl§<% Qﬁe RbLA | Coﬁﬁ%&%@de Micaled and

vapor depositiogn e si i oxi de [ayer
20\nadntemeddweict ficed [imyifergnt dies and packaged using a propeﬂwe well

known by people skilled in the art. The packaged dies were submitted to
electromigration testing. Lifetime of the treated dies was significantly higher than

the lifetime of untreated dies.

25  Example 2:
The substrate used in this example consisted of a silicon workpiece, coated

with a 400 nm layer of silicon dioxide deposited by plasma-enhanced chemical
vapor deposition (PECVD). The silicon dioxide layer was coated with a layer of
tantalum nitride (TaN) having a thickness of 15 nm deposited by physical vapor
30  deposition (PVD) on top of which a layer of tantalum (Ta) having a thickness of
10 nm was also deposited by PVD. A 100 nm copper seed layer was deposited by
PVD on top of the Ta layer and a 1 um copper layer was electrochemically
deposited on the copper seed layer.
Chemical mechanical polishing (CMP) was then applied to the surface of
35  the substrate to reduce the total copper thickness to 500 nm.
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| ayer was deposited by PVD on top of the Ta |ayer and
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the copper seed | ayer. Chem cal nechanical polishing
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agitation. The substrate was then rinsed with ethanol,

thqﬂ) BB qoé/ég' th DDW then rinsed with acet one and

dr i‘er?—vxg'?ﬁ)—vr‘gﬂ” ogen.

20 After cleaning the substrate using the procedure described above, the

substrate was immersed in the chemical solution of the invention for 10 minutes
under ultrasonic agitation. The substrate was then rinsed with ethanol, then rinsed

with DIW, then rinsed with acetone and dried with nitrogen.

25  Results:
FT-IRRAS characterization:
The table below shows the different transmission bands of the coated film.

The corresponding bonds are characteristic of the 4-aminophenyl acetic

acid molecule.

30
Wavenumber (cm™) Identification
3226 v O-H
2937 v CH, CH,
1730 v C=0
1646, 1514 Y CH aromatic cycle
1394 v OC-OH
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Resul ts: FT-1RRAS characterization: The table bel ow
shows the different transm ssi&)n bands of the coated
are char act er i BCT/E8PDN7/052091
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Si 2 apdi4@vi ng struct ur e ddaramed dyole (eh pkine i) cal
per TOrMBPEgpeva vat! on va'sl cXNOUlaBY REOPLE FBlank 59 |

the ar —WetHe—Sub-ttea O Featirent—aesc

above. After treatnent, the substrat es were dep05|ted

vv| HH@REmE8. nm Si N Iayer and then passivated using the
same Seguence as during the fabrlcatlon of act ual

Ang peaksiareattrhugesk ta dhesgoatediilmaby TOFIMS s

untreat ed structures wer e evaI uated for electrical

contimuity, fine- |ne I'eakage, and Tine[resistance.

This eval uation shO\MHSSt ha f(tef”e%ﬁéér@é aid ept ed mple2

above exhi bited s| mOhakgger formance as untre

stiructures. Reliabiljty, repul t s COMIRDr el et r(‘&'zﬂ‘ coating)

I h A s ha
eviak-dat+eon—the—strdueturesrtused—above—both—t+reated

and untreated, wefe died [ NoginhfizddntenslivesNaralized intensity
pac I. orocedure wel | known by pgeopl e
Ckaga0e IR _

skit art—The—patkageddires—werersubnitted
to el ect€dmi gratipn tésting. LifdBi4de of the tr
dijes was@@LLgm ficantl ¥3 hi gher ttga@4t7he lifetime 86324
unF reategtdires—Exanpte 27 The substrate used T This
exanpl e céisi stedl of @ silicon Wk@Pece toat eddi4%h
a 400 nm |l ayer of silicon dioxide deposited by
pl aspa- enhanced chem cal vapor deposition (PECVD). The
si Adh8HO® oxi de | ayer was coated with a |ayer of
Adhesion of SiN on copper was improved by 64% using the coating of the

—

invention compared to the situation where no coating was applied on the copper

surface.

Example 3:
The substrate used in this example consisted of a silicon workpiece, coated

with a 400 nm layer of silicon dioxide deposited by plasma-enhanced chemical
vapor deposition (PECVD). The silicon dioxide layer was coated with a layer of
tantalum nitride (TaN) having a thickness of 15 nm deposited by physical vapor
deposition (PVD) on top of which a layer of tantalum (Ta) having a thickness of
10 nm was also deposited by PVD. A 100 nm copper seed layer was deposited by
PVD on top of the Ta layer and a 1 um copper layer was electrochemically
deposited on the copper seed layer.

Chemical mechanical polishing (CMP) was then applied to the surface of
the substrate to reduce the total copper thickness to 500 nm.

This substrate was cleaned first by immersion in a solution containing
0.1% wt. sulfuric acid for 30 seconds and then by immersion in a solution
containing 2.5% wt. citric acid for 1 minute.

The substrate was then rinsed with deionized water (DIW) and dried with

nitrogen.




tantalumnitride (TaN) having a thickness of 15 nm

deposited by physical vapor dq@ositi on (PVD) on top of
wobkiochomsi ayer of tantal um (Ta) “havi ng a thi ckPeEEPDN7/052091

10 nm was al so deposited by PVD. A 100 nm copper seed

| ayer was deposited by PVD on top of the Ta |ayer and

a 1 nmm copper |ayer was el ectrochem cally deposited on

the copper seed | ayer. Chem cal nechani cal polishing

(CWP) was then applied to the surface of the substrate

t 0 r educlkhet hibstratt avascthipperateli wkipe e $aduth@0 ofitheThivention (see

su%%%ﬁr y@gaﬁ/&g@yed first by immersion in a solution

cont al sul furic acid for 30 seconds and
then by "ﬂhﬁ@@ﬂgmgawa&s phagaci@iagt b cwoat AiansiegmdnBagedFT-IRRAS)

Ci tshbQraA&dd, fifle-dk- fﬂ’g&%é‘ondﬂiﬁloﬁyﬂéﬁ (ﬂtGF WS} ;ﬂﬁ@troscopy

r| nsed w th dej.oni,zed,K wat e dri
Sni t rogerﬁﬁeﬂf@a%%&ter ét%éwﬁ‘ﬁéh é@&tl%ta oaﬁ“fen@vmon an 80 nm
solthick aflicof nithide (SiXg ﬂliyleDWaé dgesitabdn tig spbatapcby PECVD using a

beI terized by Fourier

Tr an% @me) /far%g{? %Qg}@% C&ﬁ%@%'spect r oscgpy

t i me- of -Adhegihn afeonddlr ayeons qoppy MUEVSBA@ by measuring the
S pe&ft&&’l%ﬂ)@bmdﬁctr%r de@a%‘ihht‘f@l $fhcﬁe §H@{%\§r€1aﬁl% rHﬁ:'r&grattaﬁng test.

sol ution he 1 nventi on, '] con
Onjtride Yhs. Sm}uqoay@ m&vealaawl tﬂ@a paftictie eéarﬁgker\aesembﬁqueous

zgﬁgmu@ﬁldﬂguauﬁd lécaa €0. OSINjI JonfairdAFD R @il (i )llltem(emdrﬁfgnxof 4-(2-
esi o e Si a eval.uat ed by
redgtprly walige P b g AR ¢ BB SRERED SSRGS on of
the SiN layer in a n1croscratch|ng test. The solution
of ¢ henbRAVELEdion in this particular exanple was an
quevusggégurron of sulfuric acid (0.01 N) contai ning
151.52 gr amfidri ¢le¢nn(1&@hmmlbs@ﬁte4u$agnth@mﬁ@qeﬂurEaé@crlbeca@b@Ve the

andyPstiat@had 1fnn11ér§e%r in( £ s‘ZSMtloﬁf Ofsﬂ)lgl 1H{7érﬁiohrfo¥ 90 mlnutes under
Coat i ng pr ot ogol eani ng he su{lyf

t helFRoBE A @eR i %garaé% e thenransed, e Ben nitsed with

I MBIVBatlen findddevighatonalang alivd iwad nédodehe | nventl on for
10 m nutes under ultrasonic agitation. The substrate

was then rinsed with ethanol, then rinsed with DIW
20t heResnithsed with acetone and dried with nitrogen.

FT-IRRAS characterization:
The table below shows the different transmission bands of the coated

films.
The corresponding bonds are characteristic of the 4-(2-aminoethyl) aniline

25  molecule,

Wavenumber (cm'l) Identification

3226 v N-H

2910,2834 v CH, CH,

1592 O N-H

1502, 1364 vy CH aromatic cycle
1213 v N-C

1117 0 CH-aromatic cycle
825 O NH,
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Resul ts:

FT-1 RRAS characteri zati on:
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wo pdomioiBRe correspondi ng bonds are charact eri SPCT/ERP£007/052091
acetic acid nol ecul e. TOF-SI M5: The

t he 4-am nophenyl

foll owi ng peaks are attributed to the coated fil m by

TOF- SI M5 spectroscopy: Adhesi on:
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copper was inproved by 64% using the coating of the
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mnute. The substrate was then rinsed wi th deioni zed
water (DIW and dried with nitrogen. The substrate was
t hexdhegiahed using the solution of the invention (see

coat ! ng AHELA AL SAELEManeT NG SRR PILRS SNAAR Sl e

by Fouri er rans or M FAREE
invention compared to the situation where no coating was applied on the copper
surface.
Example 4

The substrate used in this example consisted of a silicon workpiece, coated
with a 400 nm layer of silicon dioxide deposited by plasma-enhanced chemical
vapor deposition (PECVD). The silicon dioxide layer was coated with a layer of
tantalum nitride (TaN) having a thickness of 15 nm deposited by physical vapor
deposition (PVD) on top of which a layer of tantalum (Ta) having a thickness of
10 nm was also deposited by PVD. A 100 nm copper seed layer was deposited by
PVD on top of the Ta layer and a lum copper layer was electrochemically
deposited on the copper seed layer.

Chemical mechanical polishing (CMP) was then applied to the surface of
the substrate to reduce the total copper thickness to 500nm.

This substrate was cleaned first by immersion in a solution containing
0.1% wt. sulfuric acid for 30 seconds and then by immersion in a solution
containing 2.5% wt. citric acid for 1 minute.

The substrate was then rinsed with deionized water (DIW) and dried with
nitrogen.



spectroscopy, time-of-flight secondary ions nass

(TOF- SI M5) spectroscopy. After17coati ng the substrate
waigoongotshe sol ution of the invention, an 80 nnp¢hERI007/052091

silicon nitride (SiN) layer was deposited on the

substrate by PECVD using a silane (SiH4) / ammonia (NH

) chem stry. Adhesion of the SiN |ayer on copper was

eval uated by neasuring the critical force producing

del am nation of the SiN layer in a niicroscratching

t est. ThEhesgibstritorwas thehecoatpdewsingothei spluthins opalret iroghaen (see

ex : ous solution of sulfuric acid (0.01

N)aéc%h?ga niOn"S’“.‘ilé‘?ﬁMum,er /liter I;rlo M of 4_562_

am noet hiA1©)cogHng wige characterized gwdipurier i tagpiopadnited §F T-IRRAS)

S OipdER- a3k by, tidhe-SFORiEhN@cPHdAEVRAL mady (TRIF-SIMBNsFgrbdeepy.

substrate.usi ng the procedure scr, bed ove, the
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i nvtbirkisdicoh quitrid® (BN lityes wam deposittd omgersubstengd bpPECV.D using a

The.: Jrat . ri w th ethanol, then
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t181F

e correspondjn
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nol sebutloa. oFGeHEId/Eeid The 1 N dodwiiing aksgramélitat €10 lavi)ed” 4-@liazo)
t he . £ -S| s ectrosco : Adhesion:
Adt‘%’%?gtﬁlgeg aélldrl\ine%%ﬁ;gg%%eﬁ@ms I mproved by 64% usi ng

the coating of the invention conpared to the situation

wher&ine pp@8tding was applied on the copper surface.
Exanple 4 _The substrate used in this exanple caonsjsted

] np )
I5of a si IMEIncliirngithe substige deing the pRocedarenfsscaet agve. the
si | gubantd iv@X i idendeom the olitiop! FSiB-iaade edr abemit@ds under

ultrasonic agitation. The substrate was then rinsed with ethanol, then rinsed with

wh

DIW, then rinsed with acetone and dried with nitrogen.

20  Results:
FT-IRRAS characterization:
The table below shows the different transmission bands of the coated

films.
The corresponding bonds are characteristic of the 4-(diazo) phenylacetic

25  acid tetrafluoroborate molecule.

Wavenumber (cm'l) Identification
3256 v O-H
2947 v CH, CH,
1730 v C=0
1653, 1517 y CH aromatic cycle
1399 v OC-OH
1155 & CH aromatic cycle (in plane)
811,707 O CH (out of plane)
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The su bSItHeashgst%ukh%‘ tHis BeRch 1Mt S A e dnOdilicdnh®bkpiece, coated

nsed wt
with a 400 nm layer of silicon dioxide deposited by plasma-enhanced chemical

vapor deposition (PECVD). The silicon dioxide layer was coated with a layer of
tantalum nitride (TaN) having a thickness of 15 nm deposited by physical vapor
deposition (PVD) on top of which a layer of tantalum (Ta) having a thickness of
10 nm was also deposited by PVD. A 100 nm copper seed layer was deposited by
PVD on top of the Ta layer and a 1um copper layer was electrochemically
deposited on the copper seed layer.

Chemical mechanical polishing (CMP) was then applied to the surface of
the substrate to reduce the total copper thickness to 500 nm.

This substrate was cleaned first by immersion in a solution containing
0.1% wt. sulfuric acid for 30 seconds and then by immersion in a solution
containing 2.5% wt. citric acid for 1 minute.

The substrate was then rinsed with deionized water (DIW) and dried with
nitrogen.

The substrate was then coated in two steps, each using a specific solution
(see coating protocol below).




DIW then rinsed with acetone and dried with nitrogen.

Resul ts: FT-1RRAS characteri za}gi on: The tabl e bel ow
waebaraotshe di fferent transm ssion bands of thepcDaP®d7/052091

films. The correspondi ng bonds are characteristic of

t he 4-(diazo) phenyl acetic acid tetrafl uoroborate
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Adhesi on of SiN on copper was inproved by 10% usi ng
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copper |ay was el ectraochem cally deposited on the )

copper g{rﬁta%lmw&ﬁle 1S W BAMHS MRS AR AgUERAylution

vva?ftshlémicapmﬂ i(ed1tN) donexising flaxiegraf/litte(19uBns) roa“:]-élearhﬁlosalycilic

reduce t total. c el~thi ckness. tg 500 nm This

st rapd e Tig AR S0 Riwbsron 1 a sof uti on

cont ai nilihg Reditd setlutigubdedrindhmagiadidudar S@mpcosedsSN Afialimethyl

t NP RVl ' [ t] -CONtaisni Yot . c N

oi comeldT R P s, D1t Uld A EOP 3T R e 0 M) of N
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10

Coating protocol:

20 tep 1:
After cleaning the substrate using the procedure described above, the

substrate was immersed in the first solution for 10 minutes under ultrasonic
agitation. The substrate was then rinsed with ethanol, then DIW, then rinsed with
acetone and dried with nitrogen.
25

Step 2:

After performing Step 1 using the procedure described above, the substrate
was immersed in the second solution for 30 minutes under ultrasonic agitation.
The substrate was then rinsed with DMF, then rinsed with DIW, then rinsed with

30  acetone and dried with nitrogen.

Results:
FT-IRRAS characterization:

The table below shows the different transmission bands present on the

35  substrate after Step 1 of the coating protocol.
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The substrate was then coated in two steps, each using
a specific solution (see coat égg prot ocol bel ow). The

urier Transfor PCT/EP2007/052091
Infrared (FT-1RRAS) spectroscopy. After coating the
substrate using the solutions of the invention, an 80
nmthick silicon nitride (SiN) |ayer was deposited on
the substrate by PECVD using a silane (SiH) / anmonia
(NH ) chem stry. Adhesion of the SiN |ayer on copper
was neadiecedrivypdndengdb@uaisrdre bhadcteasthn bf) the. 44amindsakycilic acid
parf, 6@3{”@” exanpl e, two solutions were used
sequentially to coat the cleaned substrate. The first
solution used in this particular exanple was an

aqueous| saly{ iy @Mt U |c aC| d (lqegﬁﬁwtmq,ont ai ni ng
1.54 gr FTter (10 mvy o nosat yC| M c acid and

0.7 gra 3 ls 3258(10 M) of ¥r§?‘l’ﬁlm nitrite. The second
sol utiopaged in this partiadaryexanpl e used

N, N - di rrﬁé tby formam de ( GL s solvent and contai ned
43.2 grg 1I ter (0 3 I\/p ) l\ rnvuhnn-;nf r-azole
(HOBt ) , 55229I:Ii3|9B| liter/li tPF{(IIDarSanch/clN N

dii soprp amne, 50 mlliliterfkiter (0.3 of
N, N - gl g%ﬂ}'sr opyHearbodi-n cBéngk,w ) S‘“"' 20

gram | i} &53797K3AN(r) Cer a§é1}( m)orrmwpgtlyéwta)iame)
Coat i ng| prot ocol : Step 1 'ﬁ‘fdﬁ"qﬁkﬁ%ﬁd,%tbf‘ﬁlaﬁéﬁbs”ate
usi ng tnept ocedure—described—above,thesubstrate was
imrersed in the first solution for 10 m nutes under

ul trasonipg @guet@e%mhowb%@ HREAt BandBSsstoReankdl P2&%nt on the
w t h et hanol, then then rinsed with acetone and

dr isaBStE MRS oy eS?f’éBlg?mtﬂ?‘f er perfornming Step 1
usi ng t hithepropegsindtngdesisi e dhahordstid be tireubatni@iselyolie acid

i mer,sed in the second solution for 30 m nutes under
ul tan§§?ﬁaBe %ﬂﬁicgf The substrate was then rinsed
with DVF, then ri nsed with DIW then rinsed with
Wavenumber (cm™) Identification

3354 v N-H

2178 v Si-H

1530 v N-Si

1064 v NH-Si, N-H, SiCH=CH2, N-Si

1273 v OC-OH

1053,997.839 & CH aromatic cycle (out of plane)

d OC-OH (in and out of plane)

Adhesion:
Adhesion of SiN on copper was improved by 60% using the coating of the
invention compared to the situation where no coating was applied on the copper

surface.

Examples 6 and 7

Following the protocol of example 1 an aqueous solution of histidine and

aqueous solution of 3-amino-3phenyl propionic acid were tested.



acetone and dried with nitrogen.
characterization:
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1 of the coating protocol.The correspondi ng bonds are
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The tabl e bel ow shows the different transm ssion bands
present on the substrate after Step 2 of the coating

pr ot ocol .
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acdording to thelinvention all|loWwss Withedeatizsde cappi ng

| ayer to be obtained which i ndusaer tdisr oved adhesi on
bet|ieamiwmopptendn dESCH-NH,ns ur ¥ngdod el equecosy gr at i on
res ip‘i&rﬂ&(ﬁeaQHAl M5CDOIA net hod [foiutfphepari ng a jmul ti

| ayer conposite ¢device, such ascl@nSgninCaRpLL OF 21%
devi ce, which cofiprises the stiep0fid AmbRIdH Py a
dielectric layer|on the surface;f & q@pﬁqu-@

matieri al having at | east one ar.ga, '(Wégr 0 dli el ectric
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As can be seen from the above description and examples, the novel

5

solutions according to the invention allow a dielectric capping layer to be

obtained which induces improved adhesion between copper and ESL to insure

good electromigration resistance.
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-Z is a functional group selected from the group consisting of silane,
silazane, siloxane, amine, hydroxyl and carboxyl groups, preferably an
amine or carboxyl group
b) or with
- a first solution containing an aryl diazonium salt and successively
-a second solution containing a compound bearing at least one
functional group selected from the group consisting of silane, silazane, siloxane,
amine, hydroxyl and carboxyl groups and bearing at least one functional group
capable of reacting with the aryl radical grafted on the surface of the composite
material thanks to the aryl diazonium salt;
(B) forming an overlayer on said surface of said composite material
obtained in step (A) , said overlayer consisting of a Si-containing dielectric Cu-

Etch Stop Layer and/or copper diffusion barrier.
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accordi ng
20 least one functional group of said second solution is a polysilazane.

5. The method as claimed in claim 2, wherein said diazonium salt is a
diazonium salt of a phenyl alkanoic acid of formula N=N-D-X-Z in which D is a
phenyl group, X is an alkylene group having 1 to 4 carbon atoms, preferably a -
CH,- or -CH,- CH,- group; and Z is a carboxyl group.

25 6. The method as claimed in any of claims 1 or 5, wherein said step of
bringing said surface of said composite material into contact with said solution,
comprising immersing, spraying or spin-coating said solution onto said surface of
said composite material.

7. The method as claimed in any of claims 1 to 6, wherein the composite

30  material is a semiconductor device, in particular a multi layer interconnect
system.

8. The multilayer composite device obtainable by the method according to
any of claims 1 to 7.

9. A composition for use in the method according to any of claims 1 to 6

35  which consists in a solution containing a solvent, preferably water or a mixture of



any of clains 1 to 7. 9. A conposition for use in the
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10sel ect ngrPWbr‘ﬁl?Wér @}FHL%O%‘PFS%}%IWW&n@fO%ﬂ gAwp -CH-X-B in which

sil azane,B Sl%“sl a@%aﬂe,oramt&%arymygib@pgy% e&rﬂ@blyaer h¥yH group or an
groues. LSSt PEbY, B0 AT (St B LB 2o oms:
conpound Xsis jar ésgatbond ca amo:{ikﬁlnner gtquprhasyufgf i a0 éntarbgr atoms,
o oL e gl L
15t han 10 +¥nis gt funFtionst @r@msﬁim@e&@m yhel groyp taeapis@gaf silane,
even stidilaz 4! &ilGEMaNLAIROUSHNx P aRety¥B6Ry] loraiish, Hréfdtably an
amine or carboxyl group.
10. The composition as claimed in claim 9, wherein said compound is
present in a concentration sufficient for allowing a capping layer to be obtained
20  with a thickness of less than 15 nm, more advantageously less than 10 nm, still
more advantageously less than 8 nm, even still more advantageously of between 1

and 8 nm.



