,ghe3e|\F$ 6T\ 7>& 2 0 DEC 2004 METHOD TO THI N DOAN COPPER BARRI ERS | N DEEP
SUBM CRON GEOVETRI ES BY USI NG ALKALI NE EARTH ELEMENT BARRI ER AEX)I{]TDEESZUW?
SELF ASSEMBLY TECHNI QUE FI ELD OF THE | NVENTI ON The present invention .

- relates generally to fabrication of sem conductor devices used in
~integrated circuits, and specifically to a nethod of formng an in-situ
~copper barriers in deep sub-mcron geonetries. | ~ D DEC 2004 BACKGROUND
OF THE | NVENTI ON Exi sting, ex-situ barriers will be difficult to inplenment
as the geonetries shrink and aspect ratios continue to increase.

I nsufficient step coverage will Lead to poor barrier properties and results
in integration problens, especially in the presence of copper (Cu). US. .
Patent No. 5,821,168 to Jain describes a process for formng a

sem conductor device by nitriding an insulating | ayer then covering it with
a thin adhesion layer to forma diffusion barrier film An adhesion |ayer,
that may include magnesium titaniumor the like, is forned over the

di ffusion barrier layer. A conposite copper layer is then deposited within
a via opening in the adhesion layer coated insulating layer and planarized
to form MEFEODHE) THIN DOWN CORPER BARREERSHA DEGFSIIBADESR OO I’E,‘C]UI re
a separate diffusion barriier due to the formation of the diffusion barrier

| ayer fromGEOMETRIESBY USING AIAADNINERARTHTBELRHNGT pA e provides a

strong adhesi on between the conposite copper and the nitrided oxide

portions. U'S Pat ﬂ@oNﬂVéﬂéﬁ%&h@MﬁiﬁﬁﬁéﬁNﬁ ga method for
metal l'i zi ng sem conductor materrals I ncl ude ocessi ng steps. The
first step involves depositing an alloy |ayer on the sem conductor surface
in asingle step froma single source. The |ayer may be an alloy of

conductive nmetal, such as gpr b oF THE INVENTION

The present invention relates generally to fabrication of

semiconductor devices used in integrated circuits, and specificaily to a method of

forming an in-situ copper barriers in deep sub-micron geometries.




.12 0 DEC 2004 alum num and an Alloy Material such as hafnium tantalum
magnesi um germanium silicon, titanium titaniumnitride, tung@t&@E@ngﬂm
or a conposite of tungsten. The second step, a |ayer of the conductive .
metal, such as alumnum is deposited over the alloy layer. U S. Patent No.
5,876,798 to Vassiliev ' I high quality filnms of
fluorinated silicon oxi'ﬂgégjl RefUR MEOE ¢/ LAl “dielectrics by
~tight control over the deposition conditions by neans of CVD (chem cal
vapor deposition) at reduced pressure using fluorotriethoxysilane (FTES)
and tetra-exthyl axysilane (TECS) as precursors together with ozone (m xed
with oxygen). In &XisEB8nE>esibodbammars Wiliche sdifittilteth dnthier ohtFIESHeS
used. 3 ~~ 0 DEC 2004 SUMVARY OF THE | NVENTI ON Accordingly, it is an

obj ect gsométeiepsbsiaktarichagrect eatidocitirtie@! ickdi@e N8R EQEn Al gxc'o%ie; cCOPPer
barrier layer. A further object of the present invention is f bri cat® an

i n- si t uiblepérto ot ibakribmyRipehad ad Pés@ursgp%%g%ﬁog{ {’Lée{?%’i%t%ée%%?ggél obj ect's

wi Il appear hereinafter. 1t "has now been scovere Yaifid

ot her qbbegsbsrel ok ;E?é:e(%.‘iﬂt invention nmay be acconplished in the follow ng
manner. Specifical I@E,j an et'ched dielectric layer, over a conductive |ayer,

over a sem conductor structure are provided. The etched dielectric |ayer is
preferably conprised of FSG and has a via hole and an exposed peri phery.

The etched dielectrjc layer is treated with at | east one al kaline earth _
el enent. source, ;ﬁléf eraesty Noa Gr#33e) 68, taafainRidsBribas ch Piiyess Got goanthg aagent s

to forman in-situ metal barrier layer within the dielectric |ayer exposed

per i phéejicandectat deving, bipneticimphy ineniatingddyef tHEOPRMeridSithof H‘%?t%t hin
the via hole wherein the in-situ netal barrier |ayer prevents Jlf usi on of

t2 884rretea:lhet'rom\nlayhetd’rﬁirﬁ{ a RlifGsibAbRArH 8efith CAR GdheSioRNL Y&, ltﬁ‘é/teﬁlay%nclu%% 0 BEC
' magnesium, titaﬁium or the like, is formed over the diffusion parrier Iayer.' A
composite copper layer is then deposited within a via opening in the adhesion layer
coated insulating layer and planarized to form a dual inlaid structure, fbr example.
The process does not require a separate diffusion barrier due to the formation of the

diffusion barrier layer from a portion of the insulating layer. The adhesion layer

provides a strong adhesion between the composite copper and the nitrided oxide

portions.

U.S. Patent No. 5,747,360 to Nulman describes a method for
metallizing semiconductor materials that includes two processing steps. The first
step involves depositing an alloy layer on the semiconductor surface in a single step

from a single source. The layer may be an alloy of conductive metal, such as




Briefly, as an exanple nethod . in accordance with the present invention:
I. Deposit FSG |ayer 14 by PECVD or HDP process; Il. Etch via @@ID&QE@ Qﬂﬂ‘t
FSG | ayer 14; 111. Treat etched FSG | ayer 14 with aqueous |.Ca(-HQ03)z
(source of Ca); and / or 2. Gignard reagent (Rv\pBr and / or RwgCl) (source
of M) 1to diffuse Ca and / or My into FSG |ayer 14 form ng in-situ copper
barri et Epem gnd) on - Adey Materied epychriasahaBtingct tareabintnh fyghegiem bl asma
to renove Br and / or O (fromGignard reagent); arid V. Deposit copper in
vi a hop&m@ninm. mikeary tdeppun, htamiuer nitaidey, thBgane dHBENAET B8t ELif05M
‘copper plug 20. 5 i2 0 DEC 2004 BRI EF DESCRI PTI ON OF THE W NGS The

f eat ur emeateh. dthenstcagasstep, 4 heyeRrarseBtcorRRY LR Lulea 0T Al sar LY
understood fromthe foll owi ng ‘description taken i n conjunction Wt h't he
acconp@spdsiad damindsiidpiagaich i ke reference numeral s designate simlar or
correspondi ng el enments,” régions and portions and in which:

U.5. Patent No. 5,876,798 to Vassiliev describes a method of forming

high quality films of fluorinated silicon oxide suitable for use a intermetal
| dielectrics by tight control over the deposition conditions by means of CVD
(chemical vapor deposition) at reduced pressure using fluorotriethoxysilane (FTES)
and tetra-exthyloxysil}ane (TEQS) as precursors together with ozone (mixed with

oxygen). In a second embodiment, TEOS is omitted and only FTES is used.

R V'S )




Figs. 1 to 3 schematically illustrate in cross-sectional representation a
‘preferred enbodi nent of the present invention. 6 lz o EC zoaqz[yi]}Ethlt
DESCRI PTI ON OF THE PREFERRED EMBODI MENT Accordingly Fig. 1 shows a o
-'schemati c cross-sectional diagram of sem conductor structure 10 that is
understood to possibly Mﬁtgr waf er or substrate, active
and passi ve devices for V tive layers and -
dielectric layers (e.g., inter-poly oxide (PO, internetal dielectric
(IVMD), etc.) fornmed over the wafer surface. The term "seni conductor
structure” is nmeant to include devices formed within a sem conductor wafer
and the |ayers oVerdoydinglyhi¢ isahesbjedinbfeti® picReniMrsRreReCHd E8Gindthe
structures, |ayers, etc. nmay be formed or acconplished by conventional

met hodsiekd dunan Bxsht@ dpiper bafrder Igpaduct i ve layer 12 is fornmed over

sem conductor structure 10 and may have a thickness from about 2000 to

10, 000a. Conductive Layer 12 may be conprised of copper, alum num silver,
or -gold and is preferably copper. For purposes of illustration, conductive

- Layer 12 will be ' d to. be conprised of copper hereafter. . 7 20
DEC 2004 Fig. |: 'ﬁ?&"‘ﬁ%?fé%eaﬁ & %&Rﬁeggﬁ“a% nﬁanr}fg? EtE andRisel doppsr 14 i s
formed,qver conducti.ve,layer 12 to a thickness of from about 2000 to
10, 000R RN f3re é‘?lé‘PéfBIC9PP?’bﬁidf§—k§bQﬁ- 4000 to 8000a. Dielectric |ayer 14
may be conprised of fluorosilijcate glass (FSG, phosphosilicate glass
(PSG), borophosphosilicate glass (BFSG,  or carbon-doped oxide, and is
preferably FSG For purposes of illustration, dielectric layer 14 wll be
consi dered to be Qibepobfets will fStedripaikeer. | N one key step of the
invention, FSG |ayer 14 may be fornmed through the use of SiF4, CFA, or NF3
- as the source of fluorine (F) by the use of plasma enhanced chem cal vapor
deposition (PECVD) or high density plasma (HDP) processes. This
si mul t aneous dopi f.flwarine intaq kde to form FSG | ayer 14 reduces the
degr adat i on of tﬁgg‘ﬁ?\?ﬁvﬂgge% |13+%k;c%rF§>étlk\7glt}ih‘°e§ Oveiansl othermhagitidbihef vi a
hole 1 ithi.n dielectric |ayer 14 .

%rg\éent'mver'lnon ma;lz Be ac%omp]hshed in the following manner. Specifically, an

etched dielectric layer, over a conductive layer, over a semiconductor structure are
provided. The etched dielectric layer is Preferably comprised of FSG and has a via
hole and an exposed periphery. The etched dielectric layer is treated with at least
one alkaline e.arth element source, prefefably Ca(HCQ,),, and RMgBr and RMgCl
Grignard reagents to form an in-situ metal barrier layer within the dielectric layer
exposed periphery. A metal plug, preferably comprised of copper, is formed within
the via hole wherein the in-situ metal bz;lrrier la?er prevents diffusion of the metal

- from the metal plug into the dielectric oxide layer.




FSG | ayer 14 is patterned and etched to formvia hole 16 exposing

" conductive layer 12. Via hole 16 is fromabout 100 to 10, 000g \(Qq]eDEgngﬂMs
nore preferably from about 1000 to 5000a wi de. FSG | ayer 14 has. an exposed
peri phery 17a, 17b consisting of horizontal portions 17a and vertical
portions 17b W|th|$_ %H’la hole 16. 8- ~2 0 DEC 2004 Fie. 2: Formation of

i n-si tu copper LY 85ttt Bxample msthedem @iccehdaricey evith oihe pBesHR@WN i N

“Fig. the structure is subjected to a surface treatnent using Al kaline
Earth eI‘%YFéHE%‘to forman in- S|tu copper barrier layer 18. The Alkaline
Earth el enents can conprise i. beryllium (Be), magnesium (M), calcium
(Ca), strontium (Sr), barium(Ba), or radium (Ra) and nore preferably Ca
and / or My. For purposes of iIIustration the Alkaline Earth el enments w |
be considered to be C® @gltlpsql f |y, for a Ca and /
or Mg Alkaline Earth el errent sur ace t gfa}%crvie?to‘?‘%ﬁb srt%?%@ture is treated

with: (1) Ca(HC03)Z or My(HC03) Z, and nore preferably aqueous Ca(HCOX3) Z -
t he source of the calci um(Ca) and / or (2) a Gignard reagent in an

[ [ | t (i.e. | k d "X' = hal i de, i.e.
19[83?: (r:IeS?F;/,enchl(lorl ne (C @V@%E‘d’ E@leﬁmﬁls(égﬂﬁ%gq&f)n or aStgtiﬁel (§¢ ).i :

the source of the magnesium (M);

- IIL. Treat etched FSG layer 14 with aqueous
1.Ca(HCO,), (source of Ca);' and / or
2. Grignard reagent (RMgBr and / or RMgCl) (source of Mg) to diffuse Ca and / or

Mg into FSG layer 14 forming in-situ copper barrier layer 18;

IV. (Optional Step) Treat structure with hydrogen plasma to remove Br and / or Cl

(from Grignard reagent); and

V. Deposit copper in via hole with in-situ copper barrier layer 18 and planarizing to

form copper plug 20.




t-he organi c solvent may be diethyl ether for exanmple i.e. roughly: 1~ 0

" DEC 2004 Ca(HC03)z + RWgX + Si OF (bonds)+ Si OH (bonds) -> CaF 1 b z{!m
HZ C~ Tenperature from about 100 to 600C, and nore preferably fromabou

300 to 450C, (~ Time fromabout 0.5 to 5 mnutes, and nore preferably from
about 0.5 to 1 m nut g8 I ) r reatnent Ca and / or My

di ffuse through the %I% c',ﬁ ¢ |ayer 14 and into
FSG | ayer 14 formng in-situ copper barrier |layer 18. Ca and My have a
greater diffusion length and thus nove faster than copper in oxides, and so
~occupy the oxide lattice. As a result, copper diffusion (fromthe
subsequent | y f or mERe éepees phdgelvabtageseef Hegpraent Sni&kiidh ted] 8s Lhgre are
no bonding sites available in the oxide lattice (gradient concentration is

pr eventadedrly Fowieastood fabmi thes Edllbwaly HescrRYSE A8 PhY] need for an
ex-situ barrier layer that would pr og\r/i de ppg%r step co&gbg’g}a&{l{&% Hégbthe

sub- i creoorgeeWRhE | BawiRBS iRTORAN 1ikBVRAL syl Ler design rule
structure and dev;gce forrgmti on. in-si tu?%:ﬂggg%%q{)rgﬁaﬁserdels%e PEYEE of depth
from ah@wteshbAd H M e : |y fromabout 2 to 30~. 10 t~ 0 DEC
2004 Fig Z:bq)t %alen%vgﬁr'gg 1§9§F‘§§%’%BP§%?H@%W “@n optional step, the
structure may be treated with hydrogen '

Figs. 1 to 3 schematically illustrate in cross-sectional representation a

preferred embodiment of the present invention,

AT Y




plasma to renove Br and / or O fromthe Gignard reagents) at the
“follow'ng paraneters: Tenperature: from about 100 to 250C, Powe} :[j %nmuq
about 200 to 3000 Watts; Flow rate of hydrogen: from about 100-to 0
seem Fie. 3: Formation of copper plug 20 within via hole 16 As shown in

Fig. 3, a 1 depps in-situ copper barrier |ayer 18,
filling vi T%%L%‘f}éﬁ%@%m @&@ﬁﬁ,ﬂ?i’iﬁmmﬁ@@mxam e.
Metal plug 20 nmay conprise copper, alumnum gold, or silver, and is
preferably copper. For purposes of illustration, netal plug 20 will be
considered to be conprised of copper hereafter. As referenced above, the

di ffusion of Ca a‘%rarclrdb'rglwgl?iigntlos}?&@slaaxseheﬁﬁti%tcxioTs§~sE@tri&F?£ﬁeEi}/a 4N {b and
into the FSG layer 14 lattice to formin-situ copper barrier ger 18,

ef f ect isewligoral ictonsitestubondithg: i§idr@RrEQbdGeRREL 8l.Rl U9, 20 Thus
copper diffusion into FSG | ayer1 14 i ; i nhi b&?%%llbfaltg?Itqr(}%gggl%as;egg)lﬁfiggﬂﬁt&irng

- sites wdfér Or PiEbstZ04a@nal 4 abb&sd; . QXi ttice of diglectrjc oxide
| ayer 14 (gradi ent concent rat Fg%él?ghgrglec\%ﬁ%(fw lﬁ‘otggdv EoOndisE ve

preseng jNe.: | oxides, i.,e. for ion of FSG | ayer 14,

- Phor okt RRUBLlRRic By LRSS i rpoblpacB LSl s Tme ainke Reia yép), 14 -
copper . interface .22, Fx conmpounds are known to have a good

passi vgﬁ')g%rég edc}%eréﬁﬁ“faﬁﬁrssqr %her bl ock diffusion of Cu into the oxides,
i.e. FSG |ayer 14, for exanple. The al so achieves a stronger interface 22
quality and | essens peeling. Thus, the present invention elimnated the

- need for an ex-situ copper barrier and the k-values are naintai ned by
count er - dopi ng wilt¥e tergorisamicronductoe sxictase( iis enedof Fatihenf dEvi@ekayer
14), and a stronger interface quality is achieved with the formation of

CaFx aforrhed iwitlenfaaeeni2@ndettor 8mfbiarkd the BIE &F k copper plug
20. Wile particular enbodiments of the prgsent eﬁh@%ﬁﬁ‘%ﬁ’ %e been

Unless otherwise specified, all structures, layers, etc. may be formed

or accomplished by conventional methods known in the prior art.

Conductive layer 12 is formed over semiconductor structure 10 and
-may have a thickness from about 2000 to 10,000A. Conductive layer 12 may be
comprised of copper, aluminum, silver, or gold and is preferably copper. For

purposes of illustration, conductive layer 12 will be considered to be comprised of

copper hereafter.




i<l lustrated and described, it is not intended to limt the invention,
“except as defined by the followng clains. 12 ~ 0 DEC 2004 C%BM%BE@EHM#
claim 1. A nethod of formng a netal plug, conprising the steps of: ,
provi ding an etched dielectric |ayer over a conductive |ayer over a

sem COyCl: Forsiab oot dilafo [ tighed dielectric layer having a via hole and
an exposed ngFI p eryd;ﬁe%cgzgl ge%sﬁi d etched dielectric layer with at | east

one Al kali.ne Earth el ement source to forman in-situ netal Ibarlri er wi th n
said dielectric | r .exposed periphery; and forming a netal plug within
said via hole. 2.&¥ﬁe§tﬂﬁt%§ed133f%lf atrisforugest ever sahductivsilayermaRato harri er
llayer is fromabout 1 to 100A thick. 3. The nethod of claim1l, wherein said
i n-si t yhiskngss shrorerbpay 806 to 18.6A0Abent! Bote pa&Ardtl; Ghomdabkhergmetinod of
claim1, wherein said etched dielectric layer is fromabout 2000 to 10, 000A
thi ck &9008ai Rialeetrioleyes lisnfayomeabotprif o7 QBRI o13s (FsG),

phosphosilicate glass (PSG), borophosphosilicate glass (BFSG), or carbon-doped

oxide, and is preferably FSG. For purposes of illustration, dielectric layer 14 will be

considered to be comprised of FSG hereafter.

In one k.ey step of the invention, FSG layer 14 may be formed through
the use of SiF,, CF,, or NF, as the source of fluorine (F) by the use of plasma
enhanced chemical vapor deposition (PECVD) or high density plasma (HDP)
processes. This simultaneous doping of fluorine into oxide to form FSG layer 14

reduces the degradation of the k-values (dielectric values).

Fig. 1: Formation of via hole 16 within dielectric layer 14

FSG layer 14 is patterned and etched to form via hole 16 exposing
conductive layer 12. Via hole 16 is from about 100 to 10,000A wide, and is more

preferably from about 1000 to 5000A wide.

FSG layer 14 has an exposed periphery 17a, 17b consisting of

horizontal portions 17a and vertical portions 17b within via hole 16.




g2 0 DEC 2004 5. The nmethod of claiml, wherein said etched dielectric
"layer is from about 4000 to 8000A thick and said via hole is frpr @E@u?ﬂﬂ
1000 to 5000A wide. 6. The nethod of claim 1, wherein said dielectric a;’ler
is selected fromthe group consisting of FSG PSG BPSG carbon-doped
oxi de; said conductive layer is fornmed of a material selected fromthe
group consisting of copper, alumnum gold, and silver; said at | east one
- Al kali e rI_Ih el ement source is selected fromthe group consisting of

e OLRamen ot an-sijw qoppembartigrdayenil§ eagents in an organi c sol vent,
and a cal cium source selected fromthe group consisting of aqueous
Ca(HCGOs) z and aqueous My(HCGs)z; and said nmetal plug is conprised of a
netal selected fromthe group consisting of copper, alum num gold, silver.

7. The method of Taleckay dep wiieheirtvendion, 8 showflin®e Akalifg, Fard h el erent
-source i s aqueous Ca(HCGOs)z, and a Grignard reage I'n an organic solvent; .

sai d Gsupretd 1eAASThcsS® r%m - i.sting of Br, and
Rwvgd anjgai ncl udes the éiﬁeﬁtégqu{t eg@ﬁg?ﬁ%g@%‘%ﬂ%%%ﬁé%ﬁ%ﬂ on of
sai d i%ﬁgéf’béﬁ"riéﬁlﬁgé}’ id er layer and before formation of said nmetal plug:
wi t h hydr ogen-pl as v&nereby Br and C are renoved fromsaid structure. 8.
The nethod of claiml, wherein said dielectric |ayer is conprised of FSG
sai d conductive layer is conprised of copper; said at |east one Al kaline
Earth el ement souyrce, is. aqueous Ca(HCOs)z and a mixture of RWyBr and RwWC
Gignard reagent kierﬁlil??hé‘reg?aﬁme?m%ﬁ@n gempsiae denetralliyphu@e),s conpri sed
of copper. 14. r2 0 DEC 2004 9. A nethod of form ng a netal plug,

conpr i gnagasiemndMgls catium(Ga), dirogtiam GryedidheBe) bf rsdhay SRa a .
conductive |l ayer over a sem conductor structure; said etche ielectric

|ayer moiayreterably Qalaadand: My PeRPRERRSMNRLYASRle AIRDEL: %Egthfe“ ric

| ayer being from about 2000 to 10, thick; sard via ho ein rom 100
to 10, QGAeNsds; is i i.e tric.layer with at | east one
Al kal i ne Eai;‘\etsﬁﬁleul %%gﬁdlg%gégg%te?%gﬁ%/gﬁ I%/%ﬁ'éeir%ft?{et al barrier layer within
said dielectric |ayer exposed periphery; said in-situ netal barrier being
fromabout 1 to 100A thick; and formng a netal plug within said via hole.
10. The et hod of_ cl z}| m.9, wherein said in-situ netal barrier layer is from
about 2 to 30A tWRSEhcplly, foie Geandd of Mg Allmlie Barér elemerdisdratehed
dielectric layer is fromabout 4000 to 8000A thick and said via hole is
f r om abimeatmeabChe otre0noA istrdetedI®ithThe net hod of claim 9, wherein said
dielectric layer is selected fromthe group consisting of FSG PSG BPSG
and_car bon- dd Eh(BIls; oSRGHTOIN kAol @Y Rifedably QREHOF, 318 LTI
f r, alumnum gold, "and

selected fromthe group consisting of copp siTver;
said at | east on i . urce is selected fromthe group
consi sting of - R@%&%&@@%JE%@ &‘Fgﬁ‘g%{HaAZQRHQAt Grignard reagents in an
-organi c sol vent, agdgja. cal gi um source sel ecte fr?m the group consisting of
aqueous Ca( HCOs)Z( A R TEG IS BRI B P 8B KoY LhetYgd wheres " Rompri sed
of a netal select (ilc(i fromthe g)r(gup consi sting of copper, alumnum gold,
and silver. alkyl group and = a halide, i.e. fluorine (F), chlorine (Cl), bromine

(Br), iodine (I, or astatine (At)] — the source of the magnesium (Mg);

the organic solvent may be diethyl ether for example i.e. roughly:




15 i2 0 DEC 2004 13. The nethod of claim9, wherein said at |east one

Al kaline Earth el enent source is aqueous Ca(HCGs)z, and a Gig @rﬂ:lngagmt
in an organic solvent; said Gignard reagent selected fromthe-group
consi-sting of RMpBr and Rwd , and includes the foll ow ng step, treating

(1.1 UGN RetoX 1 0SS sl U TR Rt Lver ant

before formati'on of said metal | ug Wi y Br and d
“are renoved fromsaid structure. 14. The nethod of claim9, wherein said
dielectrirc layer is conprised of FSG said conductive |ayer is conprised of
copper; said at |east one Alkaline Earth el ement source is aqueous
Ca(HCOs)z and a mixture of RMyBr and RWgd Grignard reagents in an organic
sol vent; and said netal plug is conprised of copper. 15. A method of

forming a n& if mﬂec@ur@érqmadm 100etos6@E, ahd dfore PrdfdaPRCHRQ4LBLEVI di ng

an etched dielectric |ayer over a conductive |ayer over a sem conductor
structure; said 80@&tetbMiel ectric | ayer having a via hole and an exposed
periphery; treating said etched dielectric layer with at | east one Al kaline

Earth el eme@ Tisowifroen &BohO0 B1al5 iftsted hritehidlre RAELL A1 ANE N LR 0, sai d
dielectric |layer exposed periphery; re&)ﬁ e&?cﬁy R about%"é]to r

minutes;

During this surface treatment Ca and / or Mg diffuse through the
periphery 17a, 17b of FSG dielectric layer 14 and into FSG layer 14 forming in-situ
copper barrier layer 18. Ca and Mg have a greater diffusion length and thus move
faster than copper in oxides, and so occupy the oxide lattice. As a result, copper
diffusion (from the subsequently formed copper plugs 20 - see Fig. 3) is inhibited as

there are no bonding sites available in the oxide lattice (gradient concentration is

prevented).

Formation of in-situ barrier layer 18 obviates the need for an ex-situ
barrier layer that would provide poor step coverage in deep sub-micron geometries.

The present invention permits smaller design rule structure and device formation.

In-situ copper barrier layer 18 has a depth from about 1to 1004, and

more preferably from about 2 to 30A.

10




treating the structure with hydrogen-plasma; formng a netal plug-within
“said via hole: 16. The nethod of claim15, wherein said in- quQr@egEE 2004
barrier layer is fromabout 1 to 100 thick. 17. The nethod of clai 5,
wherein said in-situ metal barrier layer is fromabout 2 to 30~. thick. 18.
The nethod of claim 15, wherein said etched dielectric layer is from about
2000 to 10, 000A thick and said via hole 16 is fromabout 100 to 10, 000A
wide. 18, J of cIa|m15 vvhereln said etched dielectric layer is
f r om abogt=1 t o SoTeSenR atmentyi g hole is fromabout 1000 to
5000A wi de. 17 ~2 D DEC 2004 20 The met hod of claim 15, wherein said
dielectric layer is selected fromthe group consisting of FSG PSG BPSG
and car bon-doped oxi de; said conductive layer is formed of a materi al

selected fromt héngalmmptmaﬂlselmgm)ﬁtmaan@r mad! ba thePed OR4 @, hga%%&{ Ver;
said at | east one Al kaline Earth el enent source is selected fr e group

consi stpiagmaftoRidpfisve Bva@d /RME] fi%‘@lth@r@n @%% datr &%g%qm an
organi ¢ solvent, and a cal cium source selecfed fro group co 'S n
aqueouspagaﬁqldﬁ@)z and aqueous My(HCOs)zi and said netal plug is conprised
of a metal selected fromthe group consisting of copper, alumnum gold,
and silver. m wherein said at | east one Al kaline
Earth el enent s%%@géﬂgfggagﬁa@%%ﬁ@ﬁ&g and RMgBr and RMgd Grignard
.. reagents in.an organic soI whereby sai d hydrogen-pl asma treat nent
step rermvesIa %‘m&ﬁhoﬁ rﬁ@g%&aﬁﬁrr ucture. 22. The nethod of claim 15,
wher ei n -sai d d| eI ectrl c layer is conprised of FSG said conductive layer is
conpri sed offlewppés of kydrpgan: fremsabantel 08 thB0DDecdmar t h el ement source is
aqueous Ca(HCGOs)z and a mi xture of RwWBr and RMgCl Grignard reagents in an
organi c solvent; and said netal plug is conprised of copper. 18

Eig. 3: Formation of copper plug 20 within via hole 16

As shown in Fig. 3, a metal is then deposited over the in-situ copper
‘barrier layer 18, filling via hole 16, and planarized to form metal plug 20, for
example. Metal plug 20 may comprise copper, aluminum, gold, or silver, and is

preferably copper. For purposes of illustration, metal plug 20 will be considered to

be comprised of co-pper hereafter.

As referenced above, the diffusionof Ca and / or Mg into FSG layer
14 at its periphery 17a, 17b and into the FSG layer 14 lattice to form in-situ copper
barrier layer 18, effectively eliminates bonding sites for copper from copper plug 20.

Thus copper diffusion into FSG layer 14 is inhibited as there are no bonding sites
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10} 10}, 7t 109% & (Thus, the present invention eliminated the need for an ex-situ copper
barrier and the k-values are maintained by counter-doping with fluorine into the
oxides (i.e. formation of FSG layer 14), and a stronger interface quality is achieved
with the formation of CaF, at the interface 22 between in-situ barrier layer 18 and

copper plug 20.

While particular embodiments of the present invention have been
~ illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.

12




1XmbCF " 10% 9409 ()- 10B 10B 10B8V10YBE () -, 7#109B& () -

10988’ ()-w, &10%B& ()- R 3}A2mbCH" 10% f\ SH10%' () - #910%! () - 2@@/@'5@ 2004
1] 6#10%& ()-'!6#10% () - Ci MLOY%& ()- OZbCF"10% ,
&D10%& () - ZF10%¢& () - 109%¢&: () - %098 ()- 10 10
10, 7109 () - SAEbCE "10% L" 1096& () - <VP109B& () - #0" 1096& () - ZMLOYBE () -
1096& ()- =l g109%& ()- W nopqgrdYNCF"10% 105 105
105V 910%& ()-=7WL09%B& ()- Yc(1096& ()- 0&' 109B& ()-v! 109B& ()-

r 4aBYNCI " 10% 3109 & () - =6#10% & () - vS#10% & () -w@l0% & ()-wi | 10%: () - %+10%
& () - 46789GxbCY " 10% pf @O%&' () - %4010%&' ()- 10} 10}

10}, 7109 & ()-10% & () - <@10% & () -yohngé} [ <1C

107S109& ()-!f#6#109& ()- ! f @109 Ty = TTBH109& ()-f SHLO0Y& () - M#L10%& () -/ 01=
cX} MV 6# 0%l @ 10%&: () - vf

1. A method of forming a metal plug, comprising the steps of:

providing an etched dielectric layer over a conductive layer over a
semiconductor structure; said etched dielectric layer having a via hole and an
exposed periphery;

treating said etched dielectric layer with at least one Alkaline Earth
element source to form an in-situ metal barrier within said dielectric layer
exposed periphery; and

forming a metal plug within said via hole.

2. The method of claim 1, wherein said in-situ metal barrier layer is from

about 1 to T00A thick.

3. The method of claim 1, wherein said in-situ metal barrier layer is from

about 2 to 30A thick.

4. The method of claim 1, wherein said etched dielectric layer is from
about 2000 to 10,000A thick and said via hole 16 is from about 100 to 1000A

wide.
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6. The method of claim 1, wherein said dielectric layer is selected from
the group consisting of FSG, PSG, BPSG, carbon-doped oxide; said conductive
layer is formed of a material selected from the group consisting of copper,
alumjhum_, gold, and silver; said at least one Alkaline Earth element source is
selected from the group consisting of RMgBr, RMgCl, RMgF, Rmgl and
RmgAt Grignard reagents in an organic solvent, and a calcium source selected
from the group consisting of aqueous Ca(HCO;)> and aqueous Mg(HCOs),;
and said metal plug is comprised of a metal selected from the group

consisting of copper, aluminum, gold, silver.

7. The method of claim 1, wherein said at least one Alkaline Earth
element source is aqueous Ca(HCOs), and a Grignard reagent in an organic
solvent; said Grignard reagent selected from the group consisting of RMgBr
and RMg(l, and includes the step of;

treating the structure after formation of said in-situ metal barrier layer
and before formation of said metal plug with hydrogen-plasma whereby Br

and Cl are removed from said structure.

8. The method of claim 1, wherein said dielectric layer is comprised of
- FSG; éaid conductive layer is comprised of copper; said at least one Alkaline
Harth element source is aqueous Ca(HCOs); and a mixture of RMgBr and
RMgCl Grignard reagents in an organic solvent; and said metal plug is

comprised of copper.
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0. A method of forming a metal plug, comprising the steps of:

providing an etched dielectric layer over a conductive layer over a
semiconductor structure; said etched dielectric layer having a via hole and an
exposed periphery; said etched dielectric layer being from about 2000 to

" 10,0004 thick; said via hole being from 100 to 10,000A wide;

treaﬁng said etched dielectric layer with at least one Alkaline Earth
element source to form an in-situ metal barrier layer within said dielectric
layer exposed periphery; said in-situ metal barrier being from about 1 to 100A
thick; and

forming a metal plug within said via hole.

10.  The method of claim 9, wherein said in-situ metal barrier layer is from

~about 2 to 30A thick.

11.  The method of claim 9, wherein said etched dielectric layer is from

about 4000 to 8000A thick and said via hole is from about 1000 to 5000A wide.

12. The method of claim 9, wherein said dielectric layer is selected from
the group consisting of FSG, PSG, BPSG, and carbon-doped oxide; said
conductive layer is formed of a material selected from the group consisting of
copper, aluminum, gold, and silver; said at least one Alkaline Earth element
- source is selected from the group consisting of RMgBr, RMgCl, RMgF, Rmg]
and RmgAt Grignard reagents in an organic solvent, and a calcium source
selected from the group consisting of aqueous Ca(HCOs): and aqueous
Mg(HCOs),; and said metal plug is comprised of a metal selected from the

group consisting of copper, aluminum, gold, and silver.
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13. The method of claim 9, wherein said at least one Alkaline Earth
element source is aqueous Ca(HCOs), and a Grignard reagent in an organic
solvent; said Grignard reagent selected from the group consisting of RMgBr
and RMg(l, and includes the following step;

treating the structure after formation of said in-situ metal barrier layer
and before formation of said metal plug with hydrogen-plasma whereby Br

and Cl are removed from said structure.

14.  The method of claim 9, wherein said dielectric layer is comprised of
FSG; said conductive layer is comprised of copper; said at least one Alkaline
Earth element source is aqueous Ca(HCOs)2 and a mixture of RMgBr and
RMgCl Grignard reagents in an organic solvent; and said metal plug is

- comprised of copper.

15. A method of forming a metal plug, comprising the steps of:
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treating said etched dielectric layer with at least one Alkaline Earth element

source to form an in-situ metal barrier layer within said dielectric layer exposed

periphery;
treating the structure with hydrogen-plasma;

forming a metal plug within said via hole,

16.  The method of claim 15, wherein said in-situ metal barrier layer is from

about 1 to 100A thick.

17. The method of claim 15, wherein said in-situ metal barrier layer is from

about 2 to 30A thick.

18.  The method of claim 15, wherein said etched dielectric layer is from about

2000 to 10,0004 thick and said via hole 16 is from about 100 to 10,000A wide.

19.  The method of claim 15, wherein said etched dielectric layer is from about

4000 to 8000A thick and said via hole is from about 1000 to S5000A wide.
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the group consisting of FSG, PSG, BPSG, and carbon-doped oxide; said
conductive layer is formed of a material selected from the group consisting of
copper, aluminum, gold, and silver; said at least one Alkaline Earth element
source is selected from the group consisting of RMgBr, RMgCl, RMgF, RMgl
and RmgAt Grignard reagents in an organic solvent, and a calcium source
selected from the group comprising aqueous Ca(HCOs): and aqueous
Mg(HCOs)2; and said metal plug is comprised of a metal selected from the

group consisting of Copper, aluminum, gold, and silver.

21. The method of claim 15, wherein said at least one Alkaline Earth

element source is aqueous Ca(HCQOs)2, and RMgBr and RMgCl Grignard
~reagents in an organic solvent; and

whereby said hydrogen-plasma treatment step removes any Br and Cl from

said structure.

22.  The method of claim 15, wherein said dielectric layer is comprised of
FSG; said conductive layer is comprised of copper; said at least one Alkaline
Earth element source is aqueous Ca(HCOj3)2 and a mixture of RMgBr and
RMgCl Grignard reagents in an organic solvent; and said metal plug is

comprised of copper.
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