; {| e3e*wh*t T(6ThQW 2 0 oec 200z | ~~~~~ Wi~ ~~wa~~~~ LOW Kk DI ELECTRI C

MATERI ALS W TH | NHERENT COPPER | ON M GRATI ON BARRI ER DESCRI PTI ON Fi el d of
the Invention The present invention relates to integrated circuy

and in particular to an interlayer dielectric which is capabl e%psuglﬁsczﬂ@
or elimnating copper (Cu) ion mgration in ICs. The interlayer

of the present invention conprises a |bw dielectric constant di m m @l““ﬂ"”“l
material (k of 3.0 or less) that is nodified to include an addlt

has a high affinity for Cuions, yet is soluble In the di eI ectrlc na't'?6i6ﬁ*
Prior Art In current IC chip desi gns which utilize copper | i nes and
organic, low k dielectrics as an interlayer dielectric, Cu | on (lmmwummm“l“mm
barriers are typically made of high dielectric constant (k great

3.0) inorganic dielectrics such as silicon nitride or silicon di oxi deggooz*
These inorganic dielectric c | cal i L =d bet ween t he
interl ayergdl electric and_t &é&r—hﬁ@‘i %8taF%E£]@éeu ee~or_elininate Cu
ion mgration under el eGHYHERENT, COPPER, TN %Bﬁ”?,m BARRIER | ectrical bias
can occur under typical working conditions of the IC chip over a | ong 20
D E C 2002 2 period of tinme. Shorting of the circuits which is caused by Cu
ion mgration determnes the useful life of the chip. Presently, Cu ion

m gration barriers have high dielect rPRSER] S associ ated therew th.
Typically, the dielectric constants of prior art Cu ion mgration barriers
axe greater than 3.0, preferably . 7.0 or ove. The utilization of such high
dielectric constant Cu ion m grm%‘@ﬁé@practi cal with today's
generation of IC chips; the errpl oyment of the sanme increases the overall
dielectric cgnstant of the |IC _chip, the sum of the dlelectrlc const ant
of “the | on i GEadien it ATEENaPE TAGEeehd0 oF L e Ao ( dHERr
(ILD) tinmes tame inr @&mfclu\l%ﬂ Mwlame&mtefn@ymxghﬁfeltdmxdmmwn dsconst ant
of the ILD, theg{b wer P ormancg 3: As stat ed above r| or
art Cu ion m"gFatén arrrel élr‘:sméiré’ Sedime &ﬁigur?é’tpp(?r{ WOH PSR RS

manuf act ure dh Separ atihediieltectitiye harirlerc trayeros ndte @nieysemtcrlems:ltme
overall dielectric constant d t?ﬁl ratl ng Chl tperf nce, al 310 (ﬂ?dds
addi ti onal procé)sm n§ St epy cf&t & élonp exi yréLnCd cosr

manuf act uri ng.f Bo Odatre lm)sme:safwlmaaﬂél@fd anl yiredwole lan lalacastzareoxhadn
m gration barhrl er, @1 S aCI i zfeOr unc‘;‘_e sucg, terls%ll%b eadi | A Y Rer mt Cu
ion mgration. Desp tah blem et &S are ex remnﬁy

advant ageous OSJerlwttrhe: tnrsae:rob( the sane does not significantly increase the
di el ectric constant of the entire IC chip. There is thus a need to, devel op
new | ow k dielectrics which can serve as both the interlayer dielectric and
as a Cu ion mgration barrier in reducEagonrAetimnating Cu ion mgration
in IC chips containing Cu wring.

In current IC chip designs which utilize copper (Cu) lines
and organic, low k dielectrics as an interlayer dielectric,
Cu ion migration barriers are typically made of high
dielectric constant (k greater than 3.0) inorganic
dielectrics such as silicon nitride or silicon dioxide.
These inorganic dielectrics which are typically positioned
between the interlayer dielectric and the Cu lines are used
to reduce or eliminate Cu ion migration under electrical
bias. Cu ion migration under electrical bias can occur

under typical working conditions of the IC chip over a long



'2 0 DE C 200? -3 A need thus exists to provide a low k dielectric nateri al
whi ch can be used as an interlayer dielectric, yet is capable of reducing

and/or elimnating Cu ion mgration in |IC chips containing Cu @hﬂlﬁggzne@
further need exists to provide a low k dielectric material which incr

the lifetinme of high-speed IC chips. A still further need exists to provide
a low k dielectric (serving as both the interlayer dielectric and Cu ion
mgration barrier) that is easy to fabrficate, yet does not add additi onal
processi ng steps and costs in I C manufacturing. A yet further need exists

to provide | hi ps in i.ch Lon_m gratiaqn n. si.gni f.i_c I
reduced or e F%‘l‘lr?gt 85. tgglr?’r'rar gﬂﬂsrgégfgsg%f tt;“%ecg?éélgﬁt% V?f\%g% ilg’n%l%lls?éldzgya
| ow k di el ectui domamégiralt inhi detenmiindes thenodieffiudr ltiMer eifn tihieatchipherent | y

prevents Cu ions frommgrating.there through. The utili.zatign.,of ,such a
Gl 6 ectri o mEESRCRE L 40 Chng o PaPE Ay SPRIPBFECEFPC Ragr Ak S0 SR aga o
enpl oyi ng a sepatahesi AGkGaNktcdatheeewlialier Typipaduent tGe idde l@cgirdtd on.
El i mi nation of inor%?ni% Cu.ion _mgrati.on barrign Ia¥§rs.reduces proc%§sing
steps and co§CTETAPE pPEcBELPhgaES Wl o4 MAIEREIRE PRETGSE Sof i GiTeater
dielectric mahen al.9, Whirelfesablg 1700 Ber adseet.he Theendlill idiagliect rdfc such
constant of the ICG.chip. Specifically, one aspect of the present, i nvention
olat o6 to alMdh CAECFELFOr GPBRCARE EUnOEn TEGh! LoBs D8 T Stan i (ot

mat eri al haviprgcaidiadl edtchi codagstsagenefraldidonopf I2 @hRpE;Ct2@02 -4 | ess,
said dielectric.material dncluding an additive which h a.hi.gh.affinity
for binding nglggﬁﬁpgxPng%&usﬁ %s}nﬁéfaggfnghgopﬁﬁfgﬁﬁnq&%ﬁ%%ﬁﬁﬁ%ﬁﬂric
mat eri al . Theoaddiahitve fi $heellecttedpf, r amet.héhgr sup odngihst idig lefc tsuld ur

conpounds, sulfide co ds,. cyani de,canpounds, |.t i dent.at e .|i gan nd
pol ymeric coﬁﬁ 5%€§% %ﬁg%gfeégﬁcglgfaFﬁgnag i %$§nﬁﬁyF%ep %@Igbarlég§t%£
mat eri al al | angetrfie vienvedieilee tirdtcer(faper tdmelsetheiic trespeatsesd as a barrier

| ayer preventing,Cu ion mgration wthout significantly_incr i.ng e
diel ectric c%ﬁ%%&ﬁfsgf tﬁbglﬁég%er t%e %leie%trlc constant o %he fﬂb,
the lower the performance of the chip.

As stated above, prior art Cu ion migration barriers are
used in conjunction with low k ILDs. The manufacture of
separate dielectric barrier layers not only increases the
overall dielectric constant deteriorating chip performance,
but also adds additional processing steps which add to the

complexity and cost of chip manufacturing.

To date, no successful use of only a low k ILD as a Cu ion
migration barrier has been realized since such materials
readily permit Cu ion migration. Despite this problem, low
k dielectrics are extremely advantageous since the use of
the same does not significantly increase the dielectric
constant of the entire IC chip. There is thus a need to,
develop new low k dielectrics which can serve as both the
interlayer dielectric and as a Cu ion migration barrier in
reducing or eliminating Cu ion migration in IC chips

containing Cu wiring.



Anot her aspect of the present invention relates to sem conductor
structures, particularly IC chips, which include the above gqa Egzﬁpoq
interlayer dielectric therein. Specifically, an aspect of tfre 33; c
i-nvention provides an IC structure conpriksing: a substrate, the interlayer
di el ectric described hereinbefore formed on said substrate, a Cu region

formed on or withijn said interlayer dielectric,. and a pasivati.an.l ayer,
formed on said CuAréﬁﬁﬁﬂ.tfﬁﬁ f?%éFtFCtEﬁiQWQ% oftne ?WstﬁuéFﬁﬂgéﬁﬁ}c

contain manyatayess @hicht echayrr (el esd rigsiandraasbgnali cdkckefier eRee

pl ane patterns and Cu vias. A further aspect of the present invention

provi des a HBt Fe®adi-of i FedaRine anAdetured WHINEH i | Cided onhaviigiadrioay er
dielectric dgseri pgd QGESBEQSBQE .Chnw§g$H§Qance with this aspect of the
present invention, the method comprisés fo mng the interlayer dielectric
descri bed herei nbefore on the surface of a substrate; formnga 2 0DEZC
2002 5 Cu region on or within said interlayer_dielectric; apd f.orm a
passl vation | ayer‘gor‘TFu e#f&rap(?ee i Sﬁ.lsh’ i’ LW T hin Jtch"é Ecd)léﬂ(%crﬁgf &
present inveatkeidlt owHs€ht henthégsdayerhdi el ietddinge destr iliesh haferidbe=or e
ir_conjunction with separate inorganic ion mgration barrier layers. In
thi s opti ongl*1Bffbodi ment of the present invention, the thickness of the

i norganic barrier |ayer can be significantly reduced so that the overal

di el ectric constant of the structure ~s not substantially increased from
that of the |nterhayetiliel Berther Aredugridis usew ofprowiepmar & e liavor dani ¢
Cu ion mgration rier r n S i . t j de
addi £1 onal | 557 870htron g ar net "B Bre: Srh L Mo IBRSa ] SRRt he
Drawi ngs Fi gon hdgratdioe draasskeaect tiomal igi easyoftcefalophdatce or yetr ultiay es
of the present invention wherein an |Interlayer dielectric 12 is sandw_ched
bet ween a stB&tr&fe 16 o e PRACEF Y 19-5RY. RS t ARSES i 7 orifed
on the integbavercdiiehgetric; and in Fig. 1b the Cuis forned In the
interlayer dielectric. Fig. 2 is a cross-sectional view of the structure of
Fig. l1la including an optional Inorganic barrier |layer 16 and an opti onal
passivation |ayerp

1§et further need exists to provide IC chips in which
Cu ion migration has been significantly reduced or

eliminated.

summary
Aspects of the present invention utilize a low k

dielectric material which includes a modifier therein that
inherently prevents Cu ions from migrating there through.
The utilization of such a dielectric material, as the
interlayer dielectric, eliminates the need of employing a
separate inorganic Dbarrier layer to prevent Cu ion
migration. Elimination of inorganic Cu ion migration
barrier layers reduces processing steps and cost 1in IC
processing as well as avoiding the use of high dielectric
materials which serve to increase the overall dielectric

constant of the IC chip.

Specifically, one aspect of the present invention
relates to a new interlayer dielectric which comprises a

dielectric material having a dielectric constant of 3.0 or



Fig. 3 is a cross-sectional viewillustrating a capacitor structure which

is used in the present invention in nmeasuring Cu and Al \r/1\1£r :DIE’Q 0D
E C 2002 6 Figs. 4a-9b are plots of triangular voltage s ;Da )29 ves

of a structure described in Fig. 3 in whih the netal is Cu (4a) and Al
(4b). Both an unnodified interlayer dielectric (conparative exanple) and a

nodi fied interlayer .dielectric (present.invention) are shown. Fig. is a
capaci tancei?%‘f' v§.al\gol43f;leec(t\ﬁl‘gl Betoria &Hﬁﬁ&l&flin@d d'ht @&gé‘ié}’gdiwg‘il@%‘t ric
and a nodi fhgd hnheghayeridieleebri BingeagdiBg temphexphesent iiBvant yer.
Detail ed Description of the Invention The present Invention, which provides
a new i nt erPayey aPérBéeril® Waiichglid eiddiid veatoriat ndi Rgecadddrs vehdesei n,
will now be Lhed: 0 gr e ai . ri tQ. 4t draw hat
acconpany tﬁgfgggégngﬁgg%lﬁ%%%igﬁg%Ft %ggﬁé%g%ﬁéhé?giﬁﬂpﬁggé é@ﬁ%ﬁ%%g%Vike
ref erence nsmefafls avepuseds,orcyascdé bicogpouke sandhal t tdenespendiiggnds

| . Ref is fi d Fi.gs. la-1b which il basi,
Cerm conduct B SHPOGEIRAS 1TARDRHtont ATH URCTRYET | Byert i oF At oof 1 he

present inventi ofiéheterne SpecdfiLRl lalldhe e candieiar est rHugledHl ey eaf
Figs. la-1b _conprise a substrate_ 10, an_interlayer dielectric, 12 of the
present inveRBiBREFEFMER & HARD raf e 1524%d S&n 1&YEF PrEXenyirdr fed 16% or,

al ternativelyqgrhPi SR dvi ANt | W8 gntrbayer, diglechtify SURSt rAka1Q TRy be
a sem conductor chip, wafer or interconnect structure in which a Cu wring

| evel can beohsrard ¢hetkonlL¥he substrate may be conposed of, or contain a
sem conducting material such as Si, Ge) GGags,

Another aspect of the present invention relates to
semiconductor structures, particularly IC chips, which
include the above described interlayer dielectric therein.
Specifically, an aspect of the present invention provides an
IC structure comprising: a substrate, the interlayer
dielectric described hereinbefore formed on said substrate,
a Cu region formed on or within said interlayer dielectric,
and a pasivation layer formed on said Cu region. The final
IC chip interconnect structure may contain many layers of
interlayer dielectrics and a signal or reference plane

patterns and Cu vias.

A further aspect of the present invention provides a
method of forming an IC structure which includes the
interlayer dielectric described hereinbefore. In accordance
with this agpect of the present invention, the method
comprises forming the interlayer dielectric described

hereinbefore on the surface of a substrate; forming a



2.0 DE C 2002 InAs, InP or another 111/V conpound. The substrate may
contain active device regions, wiring regions, isolation regions or other

| i ke regions therein. For clarity these regions are not sho

drawi ngs, but are nevertheless intended to be included in sngémﬂ%EEFZBOZTO
at | east one surface of substrate 10, tshere is applied interlayer
dielectric 12. The interlayer dielectric 12 is applied to one surface of
substrate 10 by using standard deposition t echni ques including: chem cal
vapor deposition, sputtering, asma- assi sted .chem cal or . deposition,

spi non coati ng aﬁ@16¥hé¥‘F?ké“géﬁﬁbﬁﬁl B %%ﬁ}? Ftknesd"df the
interlayer difelrgdig & igs g¥tvaanidn calyero otrhe;aprcesantrégm/@mu on, but
typically it is applied to a thickness of fromabout 0.1 to about 1.0 ~Cm
Interlayer dielectric 12 is unlike prior art interlayer dielectrics in that
it contains an addiauisne \,hhﬂhei I"Lhﬂahifﬂibp'es o aS&ntpﬁens@rmt amouaht ebfechi veet 0
bind Cu ions, I rende, the additiyve uble in_the dielectric
matri x. Speci cﬁﬁaf %%ﬁ%ﬁl iel%e ?ﬁ%nfﬁﬂi%ﬁﬁﬁﬁ%geaprgmfdlelectrlc
const ant di eleeetynire tainch am tadCHd[:ia/Lea.teThmdzﬁ;rami'd ovouiel @cétioncoastant” is
used herein to denote 2 dielectric h VI a dielectric constant, i.e. k

val ue, of 3.0 dtH%ss, hrigtet dB1y9 gt éﬂft‘alb?eof‘éweﬂt
dlelectrlcs1jﬁueﬂﬁmbme-u&edmdbuﬁE¥¢N@ﬁenkaummw@amnclm@kuderamyjer can
conventi onal .organic, lelectrlc W? ch fa ig % e range of k_
val ues nenti dtied’ SR LA RIS %% é& Pl e ﬁ%r% anicaréfeéctric
materi al s thaiorcﬂmrbte as eich é nsttzhectpmesem mmeﬂfmm.@nanm:hmdg lnc2e@sBdE C
2pp~ g but ar not, Ilnlt d_ .to: pol ndes anond- | i ke
carbon, sili c%n Lontar ni ﬁgt}b%lvgr%e%i ny%fe ée((%geq‘{eli?her si?ﬁ% rnlngétet ing 6)r§<
non- thernDseta|$@parakmedmmﬂ@ﬁmm¢ym@rspmumhgm¢mmomlk@romganﬂaydmehectmnns
havi ng a di el ns f S a I hj

conj uncti on wﬁ%%é%%egf £ a9 ?r%% %ﬁt F?g gﬁuggaikglsggl&hé %3%$§%ing
t wo condltlonsga(m$t|¢unusm MEgcapEQme of formng a strong bond with Cu
ions, i.e, it nust have a high affinity for Cu ions therefore formng a
strong conplex with Cu ions; and (||) it must be soluble in the low K
dielectric material therebyyeif j1gin y i famidiss ri but ed

t hroughout the dielectric matrix. IIIustratlve addltlves t hat may be used
in conjunction with the low k dielectric include: nmercapto conpounds,

sul fur conpouh#ss - sbpfilbHeatonpoopdsseeyannde EofpsuRds S eRilconderttate

li gands, pol yg@Eh@tEQ@EOH@dEh@nErQEQQE Lhkenaddit Lyesctihat have & 1styang
binding affinity for Cu. .It is noted that the term "conpound" includes
derivatives oﬂlﬁhécaﬁévelﬁehﬁléﬁé@waﬁﬁﬁﬁl9§§Weﬂnpﬁeﬁépﬁééaaédﬁﬂﬁvﬁ“%ﬁﬁ1oyed

in the presengtRvVeRt cAN1yS @nprBa|ngaﬁh@ecgoﬂEOEQQmeEhQnﬁQQkilVe i's
added to the low k_dielectric prior to dep05|t|on of the same using

conventional $BEGELEHCENERTLEFYIWAT cAN s *Bapabl e GTtﬁF0€FHHﬁQf€ﬁﬁQQn&%d
interl ayer d|@h@cght@rngggsaﬁbqacmmgeeln the additive is unlforn1y
distributed in the low k dielectric matrix. Specifically, the premx is
obt ai ned by dissolving the additive in a solution of the dielectric or a
precursor of thg.dieliectr ic¢osetBertpossibheeneats ther sabtaithing dherapovea

rem x can al so he ysed.
P incgudgng an optional 1norganic barrier layer 16 and an

optional passivation layer 18.

Fig. 3 is a cross-sectional view illustrating a capacitor
structure which is used i1n the present invention in

measuring Cu and Al migration.



2 ~ D EC200 9 It is noted that the anount of additive enployed in the
present invention should be sufficient to satisfy conditions (i)-(ii)

menti oned above. That is, the anount of additive nust provide sa%ﬁ' ient Cu
ion binding while still being soluble in the dielectric natriz Ei;?bﬂz
conditions are achieved if the additive is used in anmounts not to exceed
10'8 noles. Preferably, the additive is,present in an anount so that from
about 10-6 to about 10-8 nol es of addit?ve are present in the entire matrix
of the low k dielectric material. Tt is further noted that the amobunt of

addi tive enployed in the present invention does not.  substantially increase
the diel ectriEt&dnstantP ctre meleiotv &L et B dLa oV h sSWESR theW f or med

on the surfacgupfed @fl@tﬂi@awréil&w@ﬁib@d a5 }_Si\j)WFB iih Rhrgh.cHacios wédu n
the interlayer dielectric as shown in Fig ion, which may be

. Th
patterned as Shovih (#Fignd IaAJorWFh)patt%‘?%oanl‘émfectﬁJn@cF iR S¥9ace  of

the interlayeqi&i&teciéi Codipseposid lébgar@i@y&rn@fa @bdhef&dMntdrlayer
deposi tion |s carried out utilizipg a conventlgng deposition process that

i s capabl e of ¥R HELG (RYRTCRE WY TN Bt- an interl ayer
di el ectric. Exanples of suitable deposition processes that can be used in
formng a Cu | ayer include: chem cal vagor dep05|t|on pl asma- assi st ed

cheni cal vapofi@epostsidrcaRpes farchg(C v‘é?)or‘é‘f}rfcﬁge {\Bk i PR dtther i ke

deposition pre&Rs$LeiedhenOVelAhdr tdH £kaeESi Ofa ﬁ&“%‘%bdf&ﬂé&liﬁtéEEa er
critical to the resent invention, but generally the thjckness of CU region

14 is from abfSiRlectri® 2BEUIING &9 oHRE PFeIEHat MEFHHAL Y region i s
desirabl e, patterning can be achi eved 20DECznn? utilizing conventi onal

| i t hography, reactive |on et ¢chi ng and cher et ¢chi ng processes. Fig. 1b
illustrates a further enb&ddAesc &€ Q0 REERT SRR ei n Cu region
14 is formed within interlayer dielectric 12. This structure is forned
utilizing conﬁgntlonal rocesses that are ca aQ%e of first fqépiqg a trench
(or via) in theSinterfayetPUreiEety i WLeh I PTG IHe 3 et W T and, if
necessary, po&iéhe@grﬁ@yh£ﬂlﬁ@taﬂeamsitede|fbfrmnmdfﬁgﬁnu11mn§rﬁﬁwibﬁmﬂ via
may be formed by, conventiognal |ithogra and tch reactjve_jon
ot thi ng) and thil{RgcRe: SETherbrdl Pa it t ARt Hy Ry She tFET b ethe
ment i oned Cu deamﬁn@sOﬂhptoaeesmﬁan?othshpﬂ@s@my &pprﬁwatﬁ@noutlbyls

chem cal - nechant @I g %IShIPﬂ rlnding i% | ust r at es SﬁﬂE further
enbodi ments of°the prakeht 9%%t Bﬁwhﬂ% eth nr%Eﬁ¥% aF THBTOENT cFharri er

| ayer 16 and aspdssovadésarilyeg l8kareneérnpt oyerdreHbohdirgh éldémshtrati on is
given for both, it is also within the scope of the present invention to
utilize either the passivation layer or the inorganic barrier layer. It is
al so possi bl eRebensecauisi piestayaeds bé Fhese khebenmilsion ibluserahe sane
in conjuncti h e F I when an

i norganic ba?§|§$&I3gﬁicfééyggﬁéhsgggéﬁﬁsgs tg?%hga?s@%h npl oye élt IS
general |y f or iptlebdaveendiatectayerodi thecpréseny amﬂennl¢@gtb®rénn
utilizing CO”&EQE&@ECQEEQS' EhQ”sQﬁ%&ﬁéﬁétégcgtﬁéc&ﬁ‘?& cat ﬁ* O 1a-1p

deposi tion. |norganic rier |ayer e patterned or unpatterned.
comprise a substrate 10, an 1nterlayer dlelectrlc 12 of the

present invention formed on substrate 10 and an area of Cu
14 formed on or, alternatively, in said inventive interlayer

dielectric.

Substrate 10 may be a semiconductor chip, wafer or
interconnect structure in which a Cu wiring level can be
formed thereon. The substrate may be composed of, or

contain a semiconducting material such as Si, Ge; GaAs,



2 0 DE C 2002 The presence of both the interlayer dielectric of the
present invention and the inorganic barrier |ayer provides dual protection

fromCu ion mgration. It is noted that since the inventive i e
di'el ectric inherently contains an additive therein that has zpfﬂ(ﬁg 2002
binding affinity for Cu, the thickness of the inorganic barrier |ayer can
be reduced from 700 nm (representative pf the prior art) to 350 nmor |ess.
At a thickness of 350 nmor less, the overall dielectric constant of the
structure is not affected in any way. \When a passivation |layer 18 is
enployed, it is fornmed so as to isolate Cu region 14; therefore it may be
formed on t op B cf Yediorf o bitd/ Tl /oh SHRP sedﬁ\é‘? G b, dhabor

Sui t abl e passioratdion dwliesd alsildmatrLanme enplinedddidiE presetion

i nvention include: polyimdes, polysilicon, Si02, Si3N9, netal barriers
such as Ti, FEITPAN ARNCHF JHE 1GHEOTHat IS whifdt &r'¢ Ildpabile

i nsul ating thed@bdLd N ddtomRum e [tHN @ dAa¥elgd hdutmyr dadrr@itless
t hereon. The thickness of the passivation layer 1s not critical to the

present i nverttiSmdasutta R ddidirdase ithisdbidd@t& ich 1ayers is from about
2001 to about 1 mcron. The present exanples are given to illustrate the
present invention and to denonstrate sonme advantages that can arise fc{ om

utilizing thésate least @5 PWEHRR o RAPLIES n Ghitd By EPR
fol l owing st udites: wBf&r RElrdFdmd On st r ugidrieg evipfecataidad tdier2 is
interlayer dielectric of the present invention, i.e. thernosettin
pol yaryl ene &RRASDMAiNHFH Hfiha o e tderi YRy Wing es.ta?,%a,rqm,
23tetra-tert dugodi-t28n sEldhphhha aayanidighg :as atendic it i\x?oxar&mwdrs,on
was nmade to structures that contained a, cqQnventional un i fied int erl,ar}/er
ow K di el ocGRHE (QHaHm Sk ATHY PO bk GHETB \ARHORERRT S i R
Bi ?S ghfarmal oSIrcﬁﬁsuﬁﬁggsa)ndTeﬁttheB:Tgﬂmtoaeywiﬁtiuﬁﬁqara&eﬁseag:.celjzemat edI
reliability test nmetho or. degr.adati on of, the above-nentioned jnterl ayer
i el oot ri cb. MR @1 HNrotiH 5 N Oh T GrH o T Gth e Htfbly o
ment i oned di eltectgiasdrd eimiwdistich capacitdygyi s Iuetiy e sugplsedhowve in Fig.
3 was enpl oyed., Specifically, the structure shown in Fig. 3 conprises a
bot t om W el ecth S o FTAURRIE L 52, tarhtttery Hédi el ectric 59, Cu
or Al electrode 56, and SI 3Ng |l ayer 58. In the test, a voltage of about 2
M/ cm was applied across, the structure of Fiig%.&r 3@?” t he breakdown voltage
t

was bel ow 2 MR 3 Bierd Vot 8 Hges wer e ey 1QHh e Wol YHgF F3YSpl i ed,
t he struct ureliesl heat otk tin arienper atdrter 0fs ahowWdBONG d dheérdinrevpadh otk of

about 10 m'“gfggent in an amount effective to bind Cu ions, yet still
rendering the additive soluble in the dielectric matrix.
Specifically, interlayer dielectric 12 comprises a low
dielectric constant dielectric and an additive. The term
"low dielectric constant" is used herein to denote a
dielectric having a dielectric constant, i.e. k value, of

3.0 or less, preferably less than 2.6.

Suitable low k dielectrics that may be used in the present
invention include any conventional organic dielectric
material which falls within the range of k values mentioned
above. TIllustrative examples of some organic dielectric

materials that can be used in the present invention include,



2 .0 'DEC 2002 13 Bias on the gate can be positive or negative. It is

positive to drive Cu ions into and through the interlayer dlelectrlc

Reverse bias was used to check if the process was reversi bl e. Ty | E:ggoz
sanpl es remai n under bias during cooling. After BTS, changes that may
occurred in the sanple due to ion mgration can be assessed by using the
followng electrical tests. CapaC|tanc§ Vol tage (CV) Tests CV tests, also
called CV shift test, provide a fast sensitive technique for obserV|ng t he
results of transport of ions within insulators. This test is performed at
roomtenperature. Tn the CV test, the ac capacitance of the device is
measured as RUEUREE 8 Lo 1BiFEEYitRg d@oﬁﬁé§d@§htgﬁéyéﬁlpﬁéw1Féﬁﬁépgture

These test cendinfon@ny itePicadblon, dainalodi-gbwih ihhegs b@tl(?m@fr st,he sanpl e
arrived at during BTS. The recorded capaci t ance-vol't age

conpared to PR YSENESHICOLTHSES EGBEPLSLE tBTS. OK H@@agpﬁém§ﬁﬁﬁﬁlpﬂ )t he

flatband vol %ﬁ&% 1§e porl%sé%tse%nhh 3 heat 19k eMogigahiien die 1kickeliy: st daRavne
occurred. M harges Such as ions can be _present in the insulator.

After BTS thésél@H§ﬁ§é§Cc§@nﬁéé@ﬁ PHe 35 PhsdE&for interface. These extra
charges are additive to the applied field voltage and are the origin of the
shift in the GV curve along the voltage axis to nore neggtlve vol t ages.

2 0 D E C 200he148ddiv iy s cheddl Lspforhna CORANGS LHLAT HHILE $h&cé khér ge

di stributiondiRilhe riRSwadledia1ThRlst! Satdbkymebel 030368 ng two
conditions: (i) it must be capable of forming a strong bond
with Cu ions, i.e. it must have a high affinity for Cu ions
therefore forming a strong complex with Cu ions; and (ii) it
must be soluble in the low K dielectric material thereby
being essentially uniformly distributed throughout the
dielectric matrix. TIllustrative additives that may be used
in conjunction with the low k dielectric include: mercapto
compounds, sulfur compounds, sulfide compounds, cyanide
compounds, multidentate ligands, polymeric compounds and
other like additives that have a strong binding affinity for
Cu. It is noted that the term "compound" includes
derivatives of the above mentioned additives. A preferred
additive employed in the present invention is a

phthalocyanine compound.

The additive is added to the low k dielectric prior to
deposition of the same using conventional solution chemistry
which is capable of providing a premixed interlayer
dielectric composition wherein the additive 1s uniformly
distributed in the low k dielectric matrix. Specifically,
the premix is obtained by dissolving the additive in a
solution of the dielectric or a precursor of the dielectric.
Other possible means for obtaining the above premix can also

be used.



charges lead to GV shifts. Thus the presence of a significant amount of
native charges (inpurities) in the insulator can mask m grati on caused by
injection of ions fromthe electrode into the insulator. The ,
flatband vol tage shift can be used as a neasure of the anmount r%ﬂsageg&oz
drifting into the dielectric. These charges may be effects of either
insulator instabilities and/or alkali setal mgration. It is possible to
calculate the ion concentration that reaches the thermal oxide/Si interface
by using [ion+]= -(Cox/q) ~VFH where CoH is the dielectric stack
capacitance per unit area and q is the electronic charge. The ion drift
rate in the dielectric and the correspondi ng activation energy can be

obt ai ned by fr@l iewind@ edVitads thef WGun@N odf alddi® iaRd ch@IREedt Uhe thlen this
| atter procedure there is sonme arbitrariness since |arge ~VEB val ues (the
definition ofPregege i1VvasilonasPe ks P& Yidncred tsithe & atAe fyr 698ded 16ps

| arge amount §i0t (1QNS rdh iRl alRRid I C T8RaNge,t hdieela@@lumitC offi alids tiiket he
dielectric during stressing. In the presence .of .inpurities such as sodium
ions in the dMEte@rovdde POTEACHFHT ras lﬁ@eg’lﬁﬁ&@%{)é’hi ﬁorsé?lﬁllrebleﬁintgi al
nore rapid chang®lien iVFBIHepidie itdalr isuhsequent | e idorelidepenrdant fl at
band vol tage shift wll be ogl:%l indicative of ions injected fromthe

el ectrode. WA &% idr dd&d Iklgift YFe Usest ghpagod ROt tRcE&FEES e i n

structures wilhouiolRas Ii &frd BYANISLAS NGRS t5ignifd qadsaroun supf ions
are injected fromthe electrode, it is |likely too inaccurate for structures

with barrier dRp&ts sagtdstl f remprdoeturtd t Rt SepFutes Warbitrarily

between the wldidus/d Ak eSRAERHH dHee pitafrer ablteixThe kihretiogs xof the
ion mgration process can be studied if one follows %e C- V. shift of
2o

sanpl es expoSE¢ s Wilss Madehidri-ous Y drfgtiid BT i araritte @ £
telrrper at UL ef (arddfiﬁfiw'\ef fémd;yémmttr?earﬁmmtermﬁmaihuﬂoes doEhke rfdtat band )
vol tage shifts_are, for .instance, tte ersus the stress tine. Fromthe
Sl opes of 't hesk Mg kil it (7 [ RUECR Mol AL (dndiear b
extracted. Ua@elercerlt.ai n circunstances stress (e.g. changing stress or
gromh of interface defects) the shape of the CV curve can change after
BTS. In this case an apparent CV shift m ght be reported even though no

i oni ¢ m grat ican deakiem places tQ\érshidisedcam allso saodiaced wef ttheanimead vl eaf
damages in tr(lje c_iLieI ectric. '!e'st}}e | att er_.can .be rul ed.out .i.f sanples are

anneal ed wi t Kot 51 as beftt & THE £ & %ov 1 Stodhd it &S ¢ EEd&d. 1n
all the abovelicdses tite aoldragen sihi fRIQOV liks  The Cu region, which may be

patterned as shown in Fig. la or unpatterned, is formed on
the surface of the interlayer dielectric by depositing a
layer of Cu thereon. Cu deposition is carried out utilizing
a conventional deposition process that is capable of forming
a layer of Cu on the surface of an interlayer dielectric.
Examples of suitable deposition processes that can be used
in forming a Cu layer include: chemical vapor deposition,
plasma-assisted chemical vapor deposition, sputtering,
evaporation, plating and other like deposition processes.
The overall thickness of the Cu region is not critical to
the present invention, but generally the thickness of Cu
region 14 is from about 0.1 to about 2 microns. If a

patterned Cu region is desirable, patterning can be achieved



nmeasured at the ni dgap capacitance' of the fore and after BTS curves. To
avoid such msinterpretations it is useful to report the density state.

This value gives a quality of neasure of the CV curve. In tgi e
nmonitors the CV stretch out as a result of interface statezr@ﬁéanﬁagi ng
stressing. From such observations one can ensure that a given observed CV
shift is related to charge mgration apg not other phenonena such as are
ment i oned above. 2 0 DE C 2002 16 Triangul ar Vol tage Sweep (TVS) This
test has only recently been devel oped in order to avoid sonme of the
pitfalls of the.CV.test. Wiile th est erforned at. roa .

t enper at ur e, YHeES é:é)tm’ieélt&é’fllagr %&%é)tgrtalgzlygi &S A Emyér Ay gfpclh.lél.g, e 4
t enper at ur e whgtes tdteHions paloeemdaid.e. Thus under the applied do vol tage

t he novenent of the ions produces a current which changes while the voltage

changes from positive to negative. The species of ions that nove depend on
the applied vald.age iAanstisttance, fagthke ealbioagameditops the @uesemtt caused

by alkali ions is obseryed first. Thi,s is fallaowed by copper .igns, which is
fol lowed by HYHSTEEFR SPGREISEH SO 18 4t IVATES GHAGHTY AEds ¥Layer
condi tions; tdiieS dctrd csacandamy sprsatroi timee AN tf oameldomtafl itzH@cone t hat

d duri i tressing. .f the TVS test is preceded by a BTS
Coct o si gni FAARE AP o RE IR oS VETARIFga (gl LV aST chave

been pushed ttxrdreh i(rgulalagr /i1 [Hheon nurdrafyace disd ddtati o, h& iahsergv ethe
current is dye to.the ions injected fromthe elec r.og_ﬁinto t he insul ator
on top of thd AH ABdheittc nt- fof*S45E *Edpac FCort S r st F¥e current
due to copperddpasiriegy ditr ahaaterest.s iMeeltfreasha asito wlide magn dehef cxutercent
caused by hydrogen ion .nov nt. Results: Fig. 9a shows a caonpari.son .

bet ween t he g)é’nt TV i &1 %T”i%t‘ta“?@rtaﬁ@ydia de%ttrol n@on(teaigni'nﬁré%céc&vﬁbllém
pht hal ocyani reccdeirigjatande tadditiere!f drs ahstnr Udtiureel Witth copperingl ectyr ade.
20 D E C 20q,The,control, SRONS: & Y 18P Aediaind.on eak iahloyed, by

be carried out by chemical-mechanical polishing or grinding.

Fig. 2 illustrates some further embodiments of the present
invention wherein an optional inorganic barrier layer 16 and
a passivation layer 18 are employed. Although illustration
is given for both, it is also within the scope of the
present invention to utilize either the passivation layer or
the inorganic barrier layer. It is also possible to use
multiple layers of these elements or to use the same in

conjunction with the structure shown in Fig. 1b.

In instances when an inorganic barrier layer (16) such as
Si0; or Si;N, is employed, it 1s generally formed between
interlayer dielectric 12 and Cu region 14 utilizing
convention deposition processes such as chemical vapor
deposition. Inorganic barrier layer 16 may be patterned or

unpatterned.



a l-arge, broad copper ion peak when changing the voltage frompositive to
_hegative. In conparison, the nodified filmshows a reduced sodi um peak at

| ower voltage and a very nuch reduced copper peak. Fromtth Bre M t he
copper peaks it can be calculated that the control shows a'tac

hi gher copper diffusivity under the same stress condition than the nodified
PAE. (1.2 E+12 for the control to 3 Egél for the nodified film The sane
TVS pl ot nmeasured for alum num el ectrodes (Fig. 4b) shows again the shift
of the sodiumions to | ower voltages which indicates a drop in diffusivity
for sodiumas well. This experinment shows that the peaks at -40 volts in

Flg. 4a ori imtrreseae et raghattiben attesdpp@r itedectd cof dveve of

modi fi ed an%%ﬁ@'lrﬁ}éﬂ@ﬁﬂ id e oW d hatrdihg @%@)Jﬂ ed-duildmss are
more stable, i.e., less charge I's generated during the bake. However, the
capaci t ance Ciléalhllghé?ecﬂllq{elfyr%&Q ciosﬂ imgregak ifrgherl Wiid ewtat tdorist ant of
the nodi fied f{ddne Wi & difie J 6 (19N RAS Re8HRA Y arl y shown
and descrlbedlvmth respect to pre rre enbodi ments thereof, 1t will be
under st ood Bentriges skl 1dddi ive Hdieialn Hdnt he s ér efdiong drindsmiger changes
in form and %l%ltmop%ﬁm%gmgﬂl%n&%)gﬂ i fPJNE SRidddiand scope

of the present 1nvention. I's therefore intended that the present

i nvention nota¥sxr |gan thed lt@blch%i ehenat FQr mm d@s@ﬁqf@dl%\iel |astth ed but
rall, wehin e scong oo U appendadal ol oB: o iGBdEL A0 e o LA NS
1. Anlnterlayer i'el'ectric which is capable cin | 1'm nati ng

i on ni grat i okeTOPEiSi e el él@k&q@mt@n@a%\ﬂﬁwgﬂaﬂ diteusdivie Jci’onst ant
of 3.0 or | &g andeain addifivg selected fromthe group consisting of sulfur
conpounds, sul fide conpounds, “cyari de conpounds, nultidentate |igands and
pol ymeric conpounds, said additive being capable of binding Cu ions, being

soluble in spidh di §0ed14Le B efd @l r angl heidypI1hsd antd ald onﬂirﬂalcf ol s

di stributed throughout said dielectric. 2. The |nterlayer di el ectric of

claim 1 wher®® nt3taleli @t ee2Fi et ieriREr§ O %Hh o g Oif e d i fetReri al .

3. The interdayes il Qettd Carpd/&d %ﬂnagdw;%%cﬁadﬂi&fél@rﬁ crielgetric is
sel ected fromthe group consisting of polyimdes, polyam des, dianond,

di anond | i ke>&hl %@?%%%t%hﬂ%ﬁq‘ﬁwlp%l% scarbcheye'?r“iﬂ]éﬁéa%t%r@eand

par al yene p%b’é@éﬁt v dies it Bid AYEs : di Tnhd?e§f ¥ B} M 13 wer ed 1p,sai d
additive is hthalocganlne conmpound. he |nterlayer di el ectric of

claimi1 wher%lr 15 QPEt A d’P?FQé@% PreRedt Th aFe antitht Wi/ 3%%h 9B2%L ol es or

| ess. 6. Theviwnd afidayesads ehiecdt | Lrofcghabia Eaﬁ\lr@{smrhtsl&lgi tﬂd&dldu Vﬁegﬁon
present in ap amount of from apout 1 6 to a

tlgut % .

semi conduct of ¥ P rtfet AFer chhpT i sTHY &b dtdare ftchré“‘?%t FE drjljléei’ ecctric

of claim1l fonivekhens saf dtisebsd ¢ aiestainsh al Ger el ot ocionte@ct tw tthesai d

interlayer d}h ‘JE r| C 0 D.E C 2002 alf‘v ,é}ne r}? m condfuctor structure
f

of claim?7 her co%"?rllsjr%% ab%%s%if%‘%. o | ayer or ited on” sai Cf:rb.l regi on.

layers is from about 200A to about 1 micron.

The present examples are given to illustrate the present
invention and to demonstrate some advantages that can arise

from utilizing the same.



9. The sem conductor structure of claim7 wherein said Cu region is forned
.on said interlayer dielectric or inside a trench forned in said interlayer
dielectric. 10. The sem conductor structure of claim7 wherei ﬁaDEC 2002
dielectric material is an organic dielectric material. 11. Th

sem conductor structure of claim 10 wherein said organic dielectric is

sel ected fromthe group consisting of pblyimdes, polyan des, dianond,

di anond |i ke carbon, silicon-containing polyners, polyarylene ethers and
par al yene polyners. 12. The sem conductor structure of claim?7 wherein said
additive is a phthal ocyani ne compound. 13. The sem conductor structure of
claim7 wherein said additive is presed@X&MPIgh anount of from 10-8 noles or
| ess. 14. The sem conductor structure of claim 13 wherein said additive is
present in an anmount of from about 10-6 to about 10-a noles . 15. The

sem conduct ofnsthiet exempfiecl ahm FTolheweéng saidient eekayperdoshedt piic has a
t hi ckness of from about 0.1 to about 1. | a1 2 t

Structure of SEFAPHLTSRLHBRER BaRSFLLeT, BN ShErohar et TPttt Bt ayer
fornmed bet wepmesend intenktaypear di el ethermoartitsagdpGlyregilene etBe@ D E C
2002 -20 17. The _seni condu r.Str re claim16.whergi g said tiona

i norganic baFPP§91P5§graiE%ggaiOgygéﬁgeNggEi§§%#%%’séﬁ?éo%dgétgF’s??ucture
of claim 16 weérernesa-thuopli-0A#H|, BAdr ghthelbayenénel, aper ahagddithivekness
of from about, 300812, 0RM! 1 MGhaNco19¢ LRRBEW eARdUELAL ghEUckuUre of
claim7 wherein sard substraté 1's a sem conductor chip, wafer or

i nt er connect cehweattioeal2@nmdbe fsedi ¢ongdudtye rsflowckudaedectiraicm 7 wher ein
sai d substrat ri (o] i i i i,al.,sel ected
fromthe grod§§%§§§§F§??R8 §P§%§?§E§?EC§£§EQ}%igﬂgﬁnpggngﬁggﬁéﬁeprllv
conpounds.

Bias Thermal Stress (BTS) Test

BTS tests were used as an accelerated reliability test
method for degradation of the above-mentioned interlayer

dielectrics.

To measure the metallic ion migration through the above-
mentioned dielectric materials, a capacitor structure such
as shown in Fig. 3 was employed. Specifically, the
structure shown in Fig. 3 comprises a bottom W electrode 50,
a Si substrate 52, an interlayer dielectric 54, Cu or Al

electrode 56, and Si;N, layer 58.

In the test, a voltage of about 2 MV/cm was applied across
the structure of Fig. 3. If the breakdown voltage was below
2 MV/cm, lower voltages were used. After the voltage is
applied, the structure is heated to a temperature of about

300°C for a time period of about 10 minutes.



* 21. "The sem conductor structure of claim7 wherein said Cu region is
patterned or unpatterned. 22. A nmethod of form ng a sem conduct or
structure, said nethod conprising the steps of: formng an i#tegn
dielectric on the surface of a substrate, wherein said inteeriéjé{??UUZ
dielectric is capable of reducing or elimnating Cu ion mgration
conmprising a dielectric material having a dielectric constant of 3.0 or

| ess and an additive selected fromthe group consisting of sulfur
conmpounds, sul fide conpounds, cyani de conpounds, nultidentate Iigands and
pol ymeric conpounds, said additive being capable of binding Cu ions, being
soluble in saLdeDeléhergetﬁaﬁenlb¢ B@ﬂlbeﬁgogubggahlVallyItuthorn1y

di stributed u e C; d e nt act
with said in er gggg Ele? rlch Eééé l%?ﬁ %ﬁgognggthggé thgﬁ%$ %g of
claim22 fur dhelecbnpm Si Rgvénsm hfaanwopt Lordl tpaskeglt i bnthayerooassai d
Cu region. T of L { p.saLd. kot er..dLe L LLC 1S
formed by so uf|g§V§ﬁ%%§g ry g??%?gggyrggﬁﬁ%gstﬁ%ﬂ%%ﬁeséﬁéga?égéu%ggég?e.
25. The net hododfinglai m 22 wherein said dielectric material is an organic
dielectric material. 26. The nethod of claim25 wherein said organic
dielectric is selected fromthe group consisting of polyimdes, polyam des,
di anond, di akbhdr| BR&, cahbogessthatonaygonadenpagupoegnenstheobyapyeedee

et hers and para ne. TRl S 7. T f aid
additive is ggpgxﬁaﬁéggéﬁgﬁé %%ﬁp%ﬁn gsg§%9$ By ug%ﬁg”{ﬁ@ fg?%?%g erein
said additivelpstpiesénteshsan anount of from 10-a noles or less. 29. The
met hod of claim 28 wherein said additive is present in an anount of from
about 10-6 to about 10-e noles. .A9,.A A .Afe. A N9. Aus. A9E

. AL AN&. As. Adi9pAe&tance-Voltage (CV) Tests

CV tests, also called CV shift test, provide a fast
sensitive technique for observing the results of transport
of ions within insulators. This test is performed at room

temperature.

In the CV test, the ac capacitance of the device is measured
as a function of a varying dc bias voltage at room
temperature. These test conditions typically do not disturb
the state of the sample arrived at during BTS. The recorded
capacitance-voltage (CV) plot is compared to the same plot
obtained before BTS. A negative shift in the flatband
voltage curve indicates that cation migration is likely to

have occurred.

Mobile charges such as ions can be present in the insulator.
After BTS these charges can reach the Si/insulator
interface. These extra charges are additive to the applied
field voltage and are the origin of the shift in the C-V

curve along the voltage axis to more negative voltages.
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- 10: 10: insulator can mask migration caused by injection of ions

from the electrode into the insulator.

The measured flatband voltage shift can be used as a measure
of the amount of charges drifting into the dielectric.

These charges may be effects of either insulator
instabilities and/or alkali metal migration. It is possible
to calculate the ion concentration that reaches the thermal

oxide/Si interface by using
[i0n+]= —(Cox/q) AVFB

where C,, is the dielectric stack capacitance per unit area
and q is the electronic charge. The ion drift rate in the
dielectric and the corresponding activation energy can be
obtained by following AVy as a function of time and
temperature. 1In this latter procedure there is some
arbitrariness since large AV values (the definition of
large is arbitrary) must be ignored since the presence of
large amounts of ions in the dielectric change the electric
fields in the dielectric during stressing. In the presence
of impurities such as sodium ions in the dielectric, the
attempt has been made to ignore the initial, more rapid
change in Vi hoping that subsequently the time dependent
flat band voltage shift will be only indicative of ions

1njected from the electrode. While this procedure might be
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10% & () -! 104&Rg el (Hrgsuons R Y)thagt barrier layers as long as

significant amounts of ions are injected from the electrode,
it is likely too inaccurate for structures with barrier
layers. Clearly a procedure that would separate
unarbitrarily between the various ion species would be

preferable.

The kinetics of the ion migration process can be studied if
one follows the C-V shift of samples exposed to bias for
various lengths of time at a given elevated temperature or
for a fixed time at various temperatures. The flatband
voltage shifts are, for instance, plotted versus the stress
time. From the slopes of these curves drift rates (in

jons/cm? sec) of Cu ions can be extracted.

Under certain circumstances stress (e.g. changing stress or
growth of interface defects) the shape of the CV curve can
change after BTS. In this case an apparent CV shift might
be reported even though no ionic migration takes place. CV
shifts can also occur due to annealing of damages in the
dielectric. The latter can be ruled out if samples are

annealed without bias before the first CV flatband curve is

measured. In all the above cases the voltage shift AV is
measured at the midgap capacitance'of the fore and after BTS
curves. To avoid such misinterpretations it is useful to
report the density state. This value gives a quality of
measure of the CV curve. 1In this case one monitors the CV
stretch out as a result of interface state creation during
stressing. From such observations one can ensure that a
given observed CV shift is related to charge migration and

not other phenomena such as are mentioned above.
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Trianqular Voltage Sweep (TVS)

This test has only recently been developed in order to avoid
some of the pitfalls of the CV test. While the CV test is
performed at room temperature, the TVS test is performed at
the bias temperature, i.e., at a temperature where the ions
are mobile. Thus under the applied dc voltage the movement
of the ions produces a current which changes while the
voltage changes from positive to negative. The species of
ions that move depend on the applied voltage. For instance,
as the voltage drops the current caused by alkali ions is
observed first. This is followed by copper ions, which 1is
followed by hydrogen ion movement which is activated under
these conditions; this is a secondary proton movement on top

of the one that occurred during previous stressing.

If the TVS test is preceded by a BTS test a significant part
of the native positive charges (impurities) have been pushed
to the insulator/silicon interface, so that the observed
current is due to the ions injected from the electrode into
the insulator on top of the displacement current of the
capacitor under test. The current due to copper ion
migration manifests itself as a shoulder on the current

caused by hydrogen ion movement.

Results:

Fig. 4a shows a comparison between the control dielectric
and the dielectric containing a soluble phthalocyanine

derivative additive for a structure with copper electrode.
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The control shows’ a large, sharp sodium ion peak followed by

a large, broad copper ion peak when changing the voltage
from positive to negative. 1In comparison, the modified film
shows a reduced sodium peak at lower voltage and a very much
reduced copper peak. From the areas under the copper peaks
it can be calculated that the control shows a factor of 4
higher copper diffusivity under the same stress condition
than the modified PAE. (1.2 E+12 for the control to 3 E+11
for the modified film) The same TVS plot measured for
aluminum electrodes (Fig. 4b) shows again the shift of the
sodium ions to lower voltages which indicates a drop in
diffusivity for sodium as well. This experiment shows that
the peaks at -40 volts in Fig. 4a originate from the
migration of copper ions. The C-V curve of modified and
control dielectric (Fig. 5) show that the modified films are
more stable, i.e., less charge is generated during the bake.
However, the capacitance is higher, likely due to slightly

higher dielectric constant of the modified film.

While the present invention has been particularly shown and
described with respect to preferred embodiments thereof, it
will be understood by those skilled in the art that the
foregoing and other changes in form and detail may be made
without departing from the spirit and scope of the present
invention. It is therefore intended that the present
invention not be limited to the exact forms described and
illustrated but fall within the scope of the appended

claims.
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or eliminating Cu ion migration comprising a dielectric
material having a dielectric constant of 3.0 or less and an
additive selected from the group consisting of sulfur
compounds, sulfide compounds, cyanide compounds,
multidentate ligands and polymeric compounds, said additive
being capable of binding Cu ions, being soluble in said
dielectric material and being substantially, uniformly

distributed throughout said dielectric.

2. The interlayer dielectric of claim 1 wherein said

dielectric material is an organic dielectric material.

3, The interlayer dielectric of c¢claim 2 wherein said
organic dielectric is selected from the group consisting of
polyimides, polyamides, diamond, diamond 1like carbon,
silicon-containing polymers, polyarylene ethers and

paralyene polymers.

4, The interlayer dielectric of claim 3 wherein said

additive is a phthalocyanine compound.

5. The interlayer dielectric of claim 1 wherein said

additive is present in an amount of from 10°% moles or less.

6. The interlayer dielectric of c¢laim 5 wherein said
additive is present in an amount of from about 107® to about

10°% moles.

7. A semiconductor structure comprising a substrate, the
interlayer dielectric of claim 1 formed on said substrate

and a Cu region in contact with said interlayer dielectric.
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8. The semiconductor structure of claim 7 further

comprising a passivation layer formed on said Cu region.

9. The semiconductor structure of claim 7 wherein said Cu
region is formed on said interlayer dielectric or inside a

trench formed in said interlayer dielectric.

10. The semiconductor structure of claim 7 wherein said

dielectric material is an organic dielectric material.

11. The sgemiconductor structure of claim 10 wherein said
organic dielectric is selected from the group consisting of
polyimides, polyamides, diamond, diamond 1like carbon,
silicon-containing polymers, polyarylene ethers and

paralyene polymers.

12. The semiconductor structure of claim 7 wherein said

additive is a phthalocyanine compound.

13. The semiconductor structure of claim 7 wherein said

additive is present in an amount of from 10°°® moles or less.

14. The semiconductor structure of claim 13 wherein said
additive is present in an amount of from about 10°° to about

10°® moles.

15, The semiconductor structure of claim 7 wherein said
interlayer dielectric has a thickness of from about 0.1 to

about 1.0 pm.

16, The semiconductor structure of claim 7 further
comprising an optional inorganic Dbarrier layer formed

between gaid interlayer dielectric and said Cu region.
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17. The semiconductor structure of claim 16 wherein said

optional inorganic barrier layer is Si0; or Si; Nj.

18. The semiconductor structure of claim 16 wherein said
optional inorganic barrier layer has a thickness of from

about 200A to about 1 micron.

19. The semiconductor structure of claim 7 wherein said
substrate 1is a semiconductor chip, wafer or interconnect

structure.

20. The semiconductcr structure of claim 7 wherein said
substrate comprises, or contains, a semiconducting material
selected from the groups consisting of Si, Ge, GaAs, InAs,

InP and other III/V compounds.

21. The semiconductor structure of claim 7 wherein said Cu

region is patterned or unpatterned.

22, A method of forming a semiconductor structure, said
method comprising the steps of:

forming an interlayer dielectric on the surface of a
substrate, wherein said interlayer dielectric is capable of
reducing or eliminating Cu ion migration comprising a
dielectric material having a dielectric constant of 3.0 or
less and an additive selected from the group consisting of
sulfur compounds, sulfide compounds, cyanide compounds,
multidentate ligands and polymeric compounds, said additive
being capable of binding Cu ions, being soluble in said
dielectric material and being substantially, uniformly
distributed throughout said.dielectric; and

forming a Cu region in contact with said interlayer

dielectric.
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24, The method of c¢laim 22 wherein said 1interlayer

dielectric is formed by solution chemistry prior to forming

the same on said substrate.

25. The method of c¢laim 22 wherein said dielectric

material is an organic dielectric material.

26. The method of claim 25 wherein said organic dielectric
is sgselected from the group consisting of polyimides,
polyamides, diamond, diamond like carbon, silicon-containing

polymers, polyarylene ethers and paralyene polymers,

27. The method of claim 22 wherein sald additive is a

phthalocyanine compound.

28. The method of c¢laim 22 wherein said additive is

present in an amount of from 10°° moles or less.

29. The method of c¢claim 28 wherein said additive 1is

present in an amount of from about 10°° to about 10°% moles.
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