20/'06/ 2006 WO 03/ 058655 PCT/ US02/ 41705 MATERI AL DEPCSI TI ON FROM A
LI QUEFI ED GAS SOLUTI ON BACKGROUND 5 [00011 The present inventi onzﬂjed,@yg@%

to sem condwotmfsd@abri cation. In particular, the present i n% 56 at es
to sem conductor processing feature deposi t| on net hods. D OF THE
RELATED ART [0002J In the fabrication of sem conductor devices, materials
of varyi ng purposes are deposited on a sem conductor substrate For

exanpl e, TERIHLJARKISHERON FROM A LIQUBFIBDNEA S SGLUETEON
-1 ormcapacrtor features such as parallel netal |ines. The patterned
substrate wll include trenches to acconmodate the netal l|ines. [0003J A

barrier |ayBageceigerpfirst formed on the patterned substrate and within
the trenches to prevent diffusion of nmetal ions into the substrate For
exanpl e,; Wh@pB1|COPRY % nes are.to be f he t.renches,
barrier Iay@r of tangaﬁnc'ggd ”?‘Rtéﬁ’élnlj PP Sedigpndgetar, bf‘& 1% v RATHH jax o dbper
ions (e.g. mdrff mgﬁbeyo the trenches into the substrate and

conpr omi si My %38 'I”df’m'cré ESRRAUE O BTRCESHNG Btusedepphitiog sisgmds( Cu)  can
t hen be deposited above the tantalum (Ta) barrier. Deposition may proceed
by, for exX3MEGRQUNNOFTHEBESATERARTon (PVD) process, a chem cal
vapor deposition (CVD) process or a plasma enhanced CVD (e.g. PECVD)
process. 2d00@0041invtherfebricabian bf ssmicaydictor HediRp Thit@thIASE HaThE ﬁr%%sé@@ﬁée
oxi dation occurs on the surface of the barrier layer as it is exposed to

air. This depsiiad by a%ﬁt%o%d@éoxtﬁﬁst%apsﬁ&aé\t%nt e atr{téﬁﬁftfd: Cﬁlq bk rdQﬁsﬁct? 8h ra' er

deposition reactor to another reactor for osrtlon 9]
ort ynat I ted do S not her e to th
ool 71 e Bttorndd LA 1o b Ear BN B SRR LRl B GG ‘?&%\Aglh&étafls?‘e

adherence beﬁf%\ef I taI nd 25 barrier Iayers added measures are often
t aken pri of" Sd'ﬂhl”éct TN I yeroreapis thegnetal Imss. exanpl e, a seed | ayer

of the netal to be deposited is generally deposited above the W 03/053655
20/ 06/ 200610003} A barrier layer is often first formed on the patterned substrate and within the

 trenches to prevent diffusion of metal ions into the substrate. For example, where copper
(Cu) metal lines are to be formed in the trenches, a barrier layer of tantalum (Ta) can first
15 be deposited to prevent copper ions (e.g. Cu*) from diffusing beyond the trenches into the -
substrate and compromising performance of the semiconductor device. The copper (Cu)
can then be deposited above the tantalum (Ta) barrier. Deposition may proceed by, for

- example, a physical vapor depositon (PVD) process, a chemical vapor deposition (CVD)

process or a plasma enhanced CVD (e.g. PECVD) process.

.20 '_{0004] Where a barrier Iayér is dt:posilcd as described above, oxidation occurs on the
surface of the barrier layer as it is exposed to air. This generally occurs as the substrate is
transferred from a barrier deposition reactor to. another reactor for deposition of the metal
layer. Unfortunately, the metal to be deposited does not adhere as well to the barrier layer
once it has 'becnpxidiz.ed. Theret“ore, to ensure better adherence between the metal and

25 barrier layers, added measures are often t_aken prior to complete metal layer deposition.

'.For example, a seed Iayer of the metal fo be deposited is generally deposited above the

1




PCT/ USQ?u 17th barrier layer including within the narrow trenches. The thin
.seed layer is fairly uniform and continuous. The seed |ayer can ﬁ@V06/2006
deposi ted byoasphissi cal vapor deposition (PVD) process. ThecfgematiQn of

an initial seed layer prior to conplete nmetal |ayer deposition | ncreases,
toalimted extent, the adherence between the barrier layer and the fuIIy
$ deposited netal Iayer However, adding a seed |ayer requires. additional
time and éxpendeyer intdeding siithin thsenaower Teiches f The dne yewsk layeiisdaislyut vrm
-.processing. [0005] In addition to decreased efficiency, the degree of

uni f or mi t ynd Rohtiuwkae Theated heer aREsE Hayeitedies arphlysidalabpue demsitioni (PYE)
Unfortunately, in atrench to be filled conpletely by a netal, a

non- uni f 0Bhc38edTheYGmaGEA o Rtaifl 8561 1Rk PRioPlo Lhepleieenehi I145@F depeaitiohe,

where io r portlons of the seed | ayer from opposing walls of the
trench come in_ co th.one a ( 0 o eefk rulilbe
trench cahnctﬁeasf) f]ma‘ rg%eﬁ)&dg%eua? ﬂé}gnce ?ng%anpzlgc E,IQ%%P? %gér}e beI owu gaw ng

trapped vai ds Th| ck seed | ayer portl o are near fhe t tion,
of thest réﬁmltedrms%?%wc ewequqda}ssame a8y %‘{?é onzf @ff@ ralf‘i?“£
referred to as "overhang". As trenches beconme snaller and snmaller, mnth
trench waléseasonrg thg ovgaliIcﬁ'mncandsmmgeductcm@eqm@aiw t he probl em of overhang
beconmes even nore pronounced. (0006] It is possible for surface oxides to
be di ssol ymdspnd msddivionao deqeask@yefician) tedegibont mifqrosgsindhichuisesf Ga.
However, deposition of the entire netal |ayer directly on the barrier

Iayer ,by SRANER rruega%ea"za;dife%mu U%?or@@egr ikt @R Tilalconleslably

super -t manner. that is, conventlonal

ii ttom up’

05|t|on ensu hat rom
the_bot ¢ GBIy heo per i?ﬁd%“ﬁ’ﬁé?%'f SR e ?F“f?%‘“ﬁ%ﬁ%.gds
and i nadequate netal |l ayer formation remal ns. BRI EF DE CRI PTI ON g[ WHE
DRAW NGS {dsey poitiogs of thesseed bvaretremaanposiag tyads of ”Qﬁ BEpegreons B4
reveal i ng sem conductor substrates therein to undergo material deposition
froma | ioneedrictittrgas chot it bon an&hGYAhe3DEIBEE5 bm/r dedofgom adequate metal

" deposition there below leaving trapped voids. Thicker seed layer portions are near the top,
- step portion, of the trench. These thicker portions of the seed layer are generally referred
to as “overhang”. As trenches become smaller and smaller, with trench walls coming

15 closer and closer together, the problem of overhang becomes even more pronounced.

[0000] It is possible for surface oxides to be dissolved and use of a seed layer avoided

for purposes of adhesion. However, deposition of the entire metal layer directly on the
barrier layer by conventional methods, sucﬁ as CVD or PECVD, does not naturally occur
in a ‘bottom up’ (super-fill) manner. That is, conventional deposition methods fail to

20 ensure that the metal layer is formed from the bottom of the trench up. Therefore, the
likelihood of trapped voids and inadequate metal layer formation remains.

BRIEF DESCRIPTION OF THE DRAWINGS

{0007]  Fig. 1 is a side cross-séctional view of a reactor revealing semiconductor

_substrates therein to‘imdergo material deposition from a liquefied gas solution.

N




PCT/ US02/ 41705 (0008] Fig. 2 is a side cross-sectional view of a

.sem conductor substrate of Fig. | to wundergo a nethod of barri erzéla@/@]zoos
deposi tion. W@PRARYsEi 9. 3 is a side cross-sectional view of the )

sem conductor substrate of Fig. 2 to undergo a method of ndCA{YSPHYERs
deposition. 5 (0010) Fig. 4 is a side cross-sectional view of the

sem conduct or substrate of Fig. 3 follow ng nethods of barrier and netal

| ayer depof@osjon. F[HQlit)a fdg crdss-b&ctiansi Wew of assmsantiicaonkubsireny obfFig. Heto
. sem conductor substrate of Fig. 4 followi ng CVW polish, revealing isolated

- metal | negmdeld0kRdinbd 6f bribslaged depsiiglt summarizi ng an embodi ment of
sem conduct or substrate to processing. DETAI LED DESCRI PTI ON (0013]

Descripti f t he rialk i 14 fr- i, i "

soi ut i on (1000Phe T wat ¢ alfegRo S RloRERRNr GlurliPHele Mo fbERE 2 o
enbodi nents .are descr bgd d illustrated by the acconpanying draw ngs.

Whi | e enbdiPRRSRAMEN} 05@&@??% RPEHO®s reference to deposition of certain
materials by certain |iquefied gasses, the enbodinments are applicable to

t he deposi[ﬂe{lﬂi of Figny is éngido athsesentionslt dew B e senisemshictaatsebsifats of Fig. 3
appropriate |iquefied gas. Enbodi ments can be particularly useful when

met al | i ndsllaviag trethdde of bamied and tnleiah layeedephsdomf a patterned substrate,
where the trenches include a barrier |layer prior to formation of the netal

lines. 20[00Q14) EBEb9GE MBS crd8ssdctibRd iy QWS &ntieniffialdr kubfntd 6aPlge4t o
sem conductor processing of a patterned substrate. Once trenches have been

patternedgl,pf 0§ aﬁgyﬁ%ré?&g?lh}@%lh@#?r(détzﬁ(iiigg s solution. that includes.

ians of a partitu ra oduced to the substrate and the

weterial i posi.ted. on the substrate by el ectroplating.or electroless

deposit | ol 1REP o ﬂi%@?“ﬁﬂ‘é‘”ﬁ‘?‘éﬁ&ﬁ“i%“l?qdﬁég‘“vafjt%‘?g’éc%’gl“itf"éf“115%@/8r and

the material s deposited above the barrier |ayer. WO 03/058655 20/ 06/ 2006
10 processing.

DETAILED DESCRIPTION

{0013]  Descriptions of methods of material deposition from a liquefied gas solution in-. '~
the formation of semiconductor features follow. Aspects of embodiments are described
and i Hustrated by the accompanying drawings. ‘W hile e mbodiments are d escribed with
s reference to deposition of certain materials by certain liquefied gasses, the embodiments

are applicable to the deposition of any semiconductor material on a substrate with

appropriate liquefied gas. Embodiments can be particularly useful when metal lines are to
- be formed within trenches of a patterned substrate, where the trenches include a barrier -
layer prior to formation of the metal lmes.
20 {0014]  Embodiments described below are generally applicable to semiconductor
processing of a patterned substrate. Once trenches have been pattemed into the substrate,
a liquefied gas solution that includes ions of a particular material is introduced to the
" substrate and the material is deposited on th_c substrate by electroplating or electroless
" deposition. In one embodiment, the trench is lined with a barrier layer and the mate_:rial

35 deposited above the barrier layer.




PCT/ US02/ 11705 (0015] Referring nowto Fig. 1 an enbodi nent of a reaction
.chamber 101 is shown that includes a susceptor 102 therein to supppsé, 2006

sem conduct @iy ShRgikates 100 during application of |iquid dgﬁfiitlon; %6
described further herein, nethods of material deposition fF6MUa*1'qlreti ed
gas solution include the introduction of a liquefied gas s solution, such

as a barrier formng liquefied gas solutions 175, into the reaction chanber

101. Duri n@oopos Riekedfing dosUdSKiEAl &n lddbodinai ifer gadidmclanteefl 0bds gasvn
.solution containing materials to be deposited on a surface of the

" substrate I?ﬁgoi'll ﬁ\?eg‘zﬁsﬂsh g g8 thGEinher -pggrt VRLi QHRiukibfl Yebdatks 0AR 8@l | ons
can be enployed for deposition purposes.

menti1oned here, a liquefied

gas solution.is.intended to refer t | i gui, d. sol ution t L, NCl-u :
Jorvent i GopliiopcbEHagie Bof i o s Hseirie FlBey thRly APpebd e RS-
tenperature or, _pressure, is_provided in aliquid state by ”EHhO%f

descri bed denesitien frrek ¢t Alquefinsh 695 Reluties itgludso thy dntrostuglions o AiitifReHed, 825,
substrate 100 is shown that is exposed to a barrier formng |jquefied gas
sol uti ens soltfiot,osughpe i barbier formmgnituefiediBasi solutiams A8 singk Hhe 1§ACtioRChambER r at e
100. Deposition occurs as a current is run through an anode 290 to 15

el ectropl ape, Daniigelepsdiion,i Adubbtenen M sabmeiged ifi digudfitg das guktibedogfaining
solutions 175 to a surface of the substrate 100 within the trenches 255.

100171 1 n the; mRog sited QW s@fbi%gf gﬁéﬁvﬁ& te 08! e4d Hés@riﬁéd—@'lh@llger%mat

has been #orned on the su%strate see also 610 of Fig. 6). The
| LD 210 preferably_has a dielectric consta l.ess th abpu . a
maner ot YERTUR BHIERG 20 A es s (e mnacyahios dehet ity R encno e Bid®e 1o
fidled with nmetal. Cenerally such ILD 210 materials are referred to as | ow
k' materi &1, 2 ligupfied aas splubps iisisadediiorelor wrpliguig salunantlat pgudes o jelverfe,
but are not limted to, fluorinated silica glass (FSG and silicon based
carbono ddpet abai ghe $orfiCHA dhie. to [fA0A8 Isudines dlteDPECpcmtdepo piassure.by pptvidednent
of the substrate 100 in a reactor that, in 25 one embodinent, is a plasm
enhanced ghefiifialkstav@PPmetRROdbdctioed futheMideiappar atus. 4 WO 03/ 058655
[0016]  Referring to Fig:-2 an enibodiment of a_substraté"IOO is shown that is exposed
to a barrier forming liquefied gas solutions 175 to deposit barrier material in trenches 255
of the substrate 100. Deposition occurs as a current is run through an anode 290 to
15 electroplate barrier material from the barier forming liquefied gas solutions 175 to a
surface of the substrate 100 within the trenches 255.
‘“3 - [0017] In the embodiment shown, an inter-layer dielectric (ILD) '.?.10-that has been
~ formed on the substrate 100 shown (see also 610 of Fig. G). The ILD 210 prelerably has a
dielectric constant (k) less than about 4 as a manner of maintaining lower capacitance
‘30 between the trenches 255 to be filled with metal. Generally such ILD 210 materials are
referred to as ‘low k’ materials. Low k materials used in [LD 210 embodiments here
include, but are not limited to, fluorinated silica glass (FSG) and silicon based carbon
doped oxides (CDO's).
- [0018] The JLD 210 is deposited by placement of the substrate 100 in a reactor that, in

s one embodiment, is a plasma enhanced chemical vapor deposition (PECVD) apparatus.
‘ 4




20/°06/ 2006 PCT/ USQ2/ 41705 The PECVD apparatus is operated under
.conventional conditions and a gas mxture introduced into the app/@rsoos
where a pl ag@gyspksckhe m xture is generated by radio frequelpgcr_% &,R}liiﬂﬁA | ow
k material of the gas is deposited above the substrate 100. g éa :

m xture al so includes a background gas, such as inert helium as a volune
filler and to s encourage thermal uniformty during formation of the |ayer
of low k Tht YHGVD atadi¢ ks Opdreted alnded tbnvaniheti walitiehchadta gFhinsxfuoy ns
.the trenches 255 and | eaves the low k 100191 Wth reference to Fig. 2,

- trenches 2h54at8 RhGNRY dpPh@uknEndrOV idiRbkest Ble kavaFe isSUeibritbatbyl fadian be
used as an |ILD 210 as shown (see also 620 of Fig. 6). In the enbodi nent

shown, the | LD 210.is, patte e | L2 [5ER8S T
preferabl © ?ef/‘c E@ﬁ ppgfl)oq'{%ré%%%lﬁ E{eiw%tgggl(ﬁgpé{%egg%%g%g%.muy et (;ﬁlggsg can
vl d oxi BREHBEISEIEH g & BoHaGHN By SHLELRER RS bAoAt T I hak
pattern above the low k material |ayer exposing areas to formthe trenches
255. Et chénvgutage thepmalosd femittdotieg formatienplibe ipygoet pyrismaterighe nat eri al

| ayer for use as an ILD 210. 15 [0020[ As discussed further herein, the
trenches @B%9Rr e With acferio®thaFig. 2ataiches 25Ssarb@héd @ro Rieglowsy makigwbleyer t he
substrate 100, generally silicon based, and the ILD 210, as described

above, arg BURSERIR! Be Weddhl IHSI PN 200 RedHbdn(sBBLbL 620081 Higr6)examphe, in
one enbodi nent, the trenches 255 are to acconmodate copper (Cu), having a

hi gh di ffus;i vit Nt o sili - i SrehQhdt MBdRri al s
a descri%]él?]‘)dér%ved%wcp’u{shgdw Tﬂh%z?gdﬂﬁ%%%%a %%8%1%§’Té&néei ntain isolation
of/the netal to be formed in the trenches 255 _and _prevent diffusi of
met al i ondeieRbly dpectchingptrptony § %P?T?@FP V%VEFS %gg PE%@YCEF&_ cag, bq ési%fs %ﬁ?ed in
the trenches 255. In one enbodi nent, where COF er (Cu) is to bhe deposited
in the treaotsan g5fgentfovet euvirmipant)fob thersibgtratm i @} foaavoikoxifdatan. J2pYBEi%d i n
the trenches 255. Copper (Cu) has 25 a lower diffusivity into tantal um
(Ta), whikghuh bypheesbtar s, a psdektive misk \paném abpyethe (@uk material layer exposing

areas to form the trenches 255. Etching then proceeds through the exposed portions of the -

low k material with a chemical etchant. This forms the trenches 255 and leaves the low k

material layer for use as an ILD 210.

15 [0020] As discussed further herein, the trenches 255 are to accommodate metal Iines

500 (see Fig. 5). However, the substrate 100, generally silicon based, and the ILD 210, as

described above, are susceptible to diffusion of certain metal ions. For example, in one
- embodiment, the trenches 255 are to accommodate copper {Cu), having a high diffusivity
into silicon-based materials such as the low k materials as described above and used in the
0 ILD 210.
[0021] To maintain isolation of the metal to be formed in the trenches 255 and prevent
diffusion of metal ions into the ILD 210, a barrier layer 325 (see Fig. 3) is formed in the
trenches 255. In one embodiment, where copper (Cu) is to be deposited in the trcpches
255, tantalum (Ta) barrier material is first deposited in the trenches 255. Copper {Cu) has .

25 a lower diffusivity into tantalum (Ta), which is therefore, used to prevent copper {Cu)
5




5 WO 03/ 058655 20/ 06/ 2006 PCT/US02/41705 diffusion into the underlying ILD
.210 when the trenches 255 are accommodating copper (Cu). [0022) }§/88/2006

enbodi ment waaiRseakrier material is to be deposited by ele
seed | ayer of barrier material is placed at the surface of ?%ﬁ%ﬁ%@?lﬁte

100, for exanple, by $ PECVD deposition. The etched substrate 100 is then
placed in the reaction chamber 101 for conplete deposition of barrier

mat eri al s {ifzsionlislo thaonddirlyRiglLIBR10 wheortks weivbds ABhtre acchianmdetizreorpr: t he
-Substrate 100 is generally cleaned by introduction of a |iquefied ammonia
(NH3) m xt@@®. containi-ng general cleaning agents. Enbodi ments of the

m xture include general cleaning agents of citric acid

BSH) 2 an Qlyl%@ifnleﬂpafh&e Haftid G fferfdEs) to @r&gwéeml&wogiaaﬁ

(HQ). [00231 ‘Surface oxi de I nperfections can I nhibit adhesion and

per f or ni a{%%?c\l/\ﬁ etbgfr ’ %r mag bl'll degiageéjg t Sgur?ace O;E(Sle“ ) fb?trzﬁe 1'0 Po”‘@%ﬁﬁ‘e %‘ t he

enbodi nen re S ace oOx romt sur

substrat e, ace  oxi cl eaning agent .is intro dto e of
substr 8t 4 G scs e e ey P 08 i Tendices S irreraios SpSBes

Fig. is 6). Enbodinments of surface oxide cleaning agents include ammoni um
bor of | uoraf@fecor(lleteI%BFﬂalon hg/b.m‘o{:tl ueleriglsdsdeckifoH0 ofang. %dﬂld@ﬁl%?ﬁoé“ﬁ@ﬂd
(HCl) which may be conmbined in a mxture with liquefied ammonia (NH3).
[0024] I ntienetifese eMiedisobsntate 200 i igughb@lly ammei aby( Mtd)dutiins of i s ligpglidded to
the surface of the substrate 100 to renove any excesses of the m xtures

descri bed ,aboye: B%H,) 291)(@[5})4 thQi?ur%X &88 Q entd. nExﬂBQ&nH%rntsedm&éjhfmﬂﬁe,

iﬂmexcess m Xt ur e of | eani ng nts, as ri bed above, is left to mx
h a bacrrier form,n uef i

conduct i vi lfcmc%’f SREal ?alnll a?rCSFSnP ﬁ ﬁﬁT‘ @@55195(?(51 F?%@?T%}@tﬁ fglyoq‘tct he

el ectropl at.i ﬂ as described further beI ow [ 0025] In another enbodi nent, a
sol ut i'dn B‘f"d& Fadud hydroshione acidyEicths di met hyl ani ne

[6023] Surface o xide i mperfections ¢ an inhibit adhesion and p erformance o { b arrier
" materials. deposited, Thercfore, in another embodiment, where surface oxides are to be
removed from the surface of the substrate, a surface oxide cleaning agent is introduced to
the surface of the substrate 100 to dissolve any surface oxides present (see also 640 of Fig.
15 6). Embodiments of surface oxide cleaning agents include ammonium boroftuorate
(NH.BF;), hydrofluoric acid (HF), and hydrochloric acid (HCI) which may be combined
‘(;3 ~in a mixture with liquefied ammonia (NH3).
[0024]  In another embodiment, a liquefied ammonia (NH;) rinse is applied to the
surface of the substrate 100 to remove ﬁny excesses of the mixtures described above or
20 any free oxides. However, in another embodiment, some excess mixture of cleaning
agents, as described above, is left to mix with a barrier forming liquefied gas solutions
175. This can improve the conductivity of the barrier forming liquefied gas solutions 175
for electroplating as described further below.
[0025] In another embodiment, a solution of a reducing agent, such as dimethyl amine

25 borane (DMAB) ((CH;),NHBH;), hydrazine (N;H4), or sodium borohydride (NaBH,) is
6 _ .




2% ‘borane (DMAB) ((CH3)2NHBH3), hydrazi ne (N2H4), or sodi um borohydri de
.(NaBH4) is 6 WD 03/058655 20/ 06/ 2006 PCT/US02/J 17115 applied tOzéh@s/zooe

surface of theosedssisrate 100 with a catalytic nmetal to encoy adepgsi tion
only on the surface of the substrate 100 and not el sewhere in t e reaction
chanmber 101 during electroplating as descri bed bel ow (see Fig. 1).
Catalytic metals include, but are not limted to, palladium(Pd), gold
(Au),  si | veppligdylo, thesettede qiNhy substralselfOuvitll Reptal tisouetahio encowage depeditienbal t
. .(Co). [00261 Continuing with reference to Fig. 2, a barrier material is to
be deposi t extlyoon theesurfoe fodiclee edbstrise 190sikdrmt elsiaﬁfﬁere'lihehs wastisratieandl@d 103
exposed to a barrier formng liquefied is gas solutions 175 that is

i ntroduced dufthg cleBeofigal et REMIVAMDIRN (<6 Figh&).r €RGHIO heeNaIHRRIde, B dre(SRe
al so 650 of Fig. 6). The barrier forni ng Ilquefled gas sol utions 175 is a

m xture Opmﬂ?eﬁrtheéalﬁﬁh%{ (1@&) EQIdb@\ zeﬁ%} gﬁ%%&fﬁea S gﬁ@ﬂ%h‘ﬁ%ﬂtm rl?bduu

l'iquefied form exanpl e enbo , Suc tan a um
chl ori de mm X‘f E & and di ssol ved by, a liquefied amonia (NH3)

sol vent ® to zgmer form ng liquefied gas solutions 175. In this
manner, barrier material tantalumions (Ta5) are disbursed throughout the
barrier fifRhg |Geptiaringavidhselewnas todiie 24 adamiel nenteriad ipiodhedspesitodioa the

tantalumions (Ta5 ) are in a 15 concentration range fromabout 5.0 g/i to
about 100 girface (0OGIR7dbkinatotlfér Ehelxobstranisl) isoéxpesedstal 4 saraerefodmapdiquetied n
the barrier formng liquefied gas solutions 175 in the manner descri bed

above. Enbgsdi gvanicns af75 3mdstis idthatfucsPintd the Bhies QhviRshrhéht bifitge FRBIMRY cHaBber
b rier formation include netal hal ogen salts of fluoride, Dbromde,

ati de, 5 Ol ®d¢59§a1s@@90 Spk% '62 ’I‘h@%arpl Oq'l %E%O Mv.gufiﬁleg ﬁ?%lpﬁénsel%qgla%QEue

barrier i ons I|vee e barrier formn
T auet 00 g eel v ons 7o by etgl, amacs, 100281 Erbod O g, S 0R T o
one embodiment, a salt, such as tantalum chloride, is mixed into, and dissolved by, a
- liquefied ammonia (NH;) solvent to for:ﬁ ﬂlc barrier forming liquefied gas solutions: 175,
In this manner, barrier material tantalum jons (Ta’*) are disbursed throughout the barrier
forming liquefied gaé solutions 175. In one embodiment, the tantalum tons (T35+) are in a
15 concentration range from about 5.0 g/ to about 100 g/l..
{0027] In other embodiments, other salts are dissolved in the barrier forming liquefied
*«3 : gas solutions 175 in the manner described above. Embodiments of salts that can be
dissolved in this manner for barrier formation include metal halogen salts of fluoride,
bromide, astatide, iodide, and chloride, as noted above. In another embodiment, barrier
| 2 forming ions are delivered and dissolved in the barrief forming 1iqueﬁed gas solutions 175 .
by metal amines.
[0028] Em.bodimen-ts of barrier forming liquefied gas solutions 175 can be formed
from the dissolving of various metal salts into liquefied ammonia, as described above.
This can take place in a vacuum within a remote mixing chamber prior to introduction to

25 the reaction chamber and substrate 100. In this manner, no air is introduced to the barrier
! ;




fromthe dissolving of various netal salts into |iquefied anmmoni a, as

.descri bed above. This can take place in a vacuumw thin a renot 926'70(@3}"90%6
100.

chanber priwo ds@sdchiroduction to 25 the reacti on chanber an;;l wﬁ%;lggqe
In this manner, no air is introduced to the barrier 7 V\DOBS )

20/ 06/ 2006 PCT/US02/4 t705 formng |iquefied gas solutions 175 or
subsequently to the substrate 100. Therefore, oxidation of the surface of
t he subst r Smingdqiefiesy gasdealutinent Ther sarsequently dpnthagubstapiref Ped Thypaefore.

solutions 175 is introduced. [00291 Once the barrier fonning liquefied gas

sol uti ons d&xiBatich offthe eeifeedf tikdwbbiaite 100 is avaidedivellen thaibhimias formintgaliqmeti€d a)
descri bed above, is then plated fromthe solution 175 to the surface oft

he substratg JAQiont 7ORGneHRREL.TENt, this i s d one bye lectroplating oft
he barrier material fromthe barrier formng |liquefied gas solutions 175

(see al 50 0001 B0, 1ol BO30Y:L 0y TLNAL ALSLEEIS SULGLL Al e Bigseure

of between'a psi'g” and "abou a 't enper

bet ween about room tenperature and about liquid Nt en, (N2) ..te rafure
s i it ai akephsidias ek 2 fesrbed abye. indheambed 599 tBé Scezlh%oq NS
chanber 101 isnadj acent the substrate 100 and in contact with the barrier
form ng |isuulte edthegubstrateutQ0onkn amee mbioditen thisds deneb i shectienlibas o fAhe

electric current is introduced to the 1liquefied gas solutions 375 through
t he anode B9flerf natenisinfranttre baticpimingiguetied ghssdl0fBik)! 76 (sdchases 6ol Fig.
descri bed above, the seed |layer on the surface of the substrate 1 00 acts
as a cat hqﬁe and netal ions (i.e. the barrier material ions) are deposited
above the “surface of the substrate 100, including within the trenches 255.

ol ut one o0 of Rl OB ing ATpaRlrolhe b Rab iy M FAI0R0,

Tas' and C . ions), the positively charged anode 290 20 will att.r t he
non- mePal PIR G & ienapgratureotiam et weenaboph wog fempargiiis ¢ abQHt ﬁﬂ%ﬂ‘&%ﬁ‘) are

(N3) temperature is maintained in the reaction chamber 101. An anode 290 of the reaction

<~ chamber 101-is*adjacent the substrate 100-and in contact with the barrier forming liquefied-
gas solutions 175 added to the reaction chamber. An electric current is introduced to the
liqucﬁed gas solutions 375 through the anode 290 from an external power source.

15 [0031]) In the setup described above, the seed layer on the surface of the substrate 100
acts as a cathode and metal ions (i.e. the barrier material ions) are deposited above the
stzrface of the substrate 100, including within the trenches 255. For example, in an

- ‘embodiment where the barrier forming liquefied gas solutions 175 includes a dissolved

tantalum chloride salt (e.g. having Ta’* and CI ions), the positively charged anode 290

"zo will attract the non-metal chloride salt ions (CI') as tlie metal ions of tantalum (_TaSJ') are
deposited on the cathode substrate 100.

[0032]  Referring to Fig. 3, a barrier layer 325 has been formed by the method

described above. The barrier layer 32-5_ lines the trenches 255. Therefore, where, as

described further below, the trenches 255 are to accommodate a metal, diffusion of metal

2 ions into the. ILD 210, or other underlying substrate 100 portions, is avoided. For
g _




deposited on the cathode substrate 100. [0032) Referring to Fig. 3, a
.barrier layer 325 has been formed by the method described above.dh®s/2006

barrier |ayeyo @Eséssnes the trenches 255. Therefore, where, P§§IU ggﬁ%_{ bed
further below, the trenches 255 are to acconmopdate a netal, ifTsu“S| on of

metal 25 ions into the 1W 210, or other underlying substrate 100 portions,
is avoided. For S WD 03/058655 s 20/ 06/ 2006 PCT/US02/ 41705 exanple, in one
enmbodi ment ,examplnirabneeriedimbat; aitaraluey@ia) B2Sict layes31hénty thndtveshed 35 Stio
. prevent diffusion of copper ions (Cu+) into the ILD 210 upon deposition of
copper ( Cu)prewsht diffasfoh@ftcoppeiiess (COPER) tASTIIR9¢0 P&t daheition & doppéaCun
(Ta) barrier layer 325 is fornmed. However, in other enbodi nents, a barrier
| ayer 325 Gamibgefirnmed as described above that is at least partially of
manganese (Vn), magnesium (Mj), rhenium (Re), ruthenium (Ru), tungsten

(W, osmu ), zLhconiu Zr) . .niobi (,Nb)., titanium.(Ti), hafnium
(H), vana&nﬂ‘ﬁ%(v)’,§S ol !’%nﬁi‘%ﬂ"r‘fﬁta 6“8‘&?#11‘11%)(%3“?*&"01?“"32&3|‘F Sélnb‘:)df AL T
these elenments (or Tantalum (Ta)), __including alloys conbined with

met al | of ds Dgﬁéﬁmgedimemsceru?a ryayep e san By formedasiissgihed abgve hiat igyblResti um
(CGe), and gallium (G). [00341 As descri bed above, the barrier |ayer 325 is
formed by asrtielleof nepganese Mnonagesiut (Ng), moendnrh {Re), enthkoinm Ry)) fuggstktn ed
gas solutions 175 (see Fig. 2). However, this 1is not required. |In another

embodi ment (Wy,henbanr(0e), zireyitm32s), aeddile (NBY, TRshily (TOOR¥RNI (Y| vamdhs such
as within a reactor that is a PECVD apparatus operated under us

convent i ongfy, ﬁ‘?&]ﬁ&?[@f‘éolﬁa?ﬂ%oﬁ,‘ éPar@i’Pg?)PBf §hdof @chehibxﬁé?ﬁé%cﬁ”f%@hﬁfiﬁflfra hgas

_n’gturethat I ncludes barrier ‘materi precursors i s introduced Into e
appar at us . vappr (see. al.so., 641 of . Fi 6) ... Th arrierhayer 325 s
formed by enRiReDRie cPB8iRe P et Busca o R lisd TS oy Y Elads
deposition, of barrier naterial on the substrate 100 (see al so 661 of
10 (P), germanium (Ge), and gallium (Ga).
[0034] As described above, the barrier layer 325 is formed by an electroplating
- -“meéthod utilizing a barrier forming liquefied gas solutions 175 (see Fig. 2). However, this -~
is not required. In another embodiment, the barrier layer 325 can be formed by
convenlional means such as within a rcactor that is a PECVD apparatus operated under

15 conventional conditions (see also 631 of Fig. 6). In this embodiment a gas mixture that

includes barrier material precursors is introduced into the apparatus as a vapor (see also

641 of Fig. 6) The bamrier layer 325 is formed by applying RF to thé vapor, generating a

- plasma that results in deposition of barrier material on the substrate 100 (see also 661 of

Fig. 6). The deposition takes place within conventional PECVD parameters. The

20  substrate 100 is subsequently moved to the reaction chamber described above (see also
662 of Fig. 6).

[0035] Where the barmer layer 325 Is formed by 2 conventional method such as

PECVD, the substrate 100 may be cleaned in the reaction chamber after formation of the

barrier layer 325 in the PECVD apparatus (see also 663 of Fig. 6). The substrate 100 may

.25 be cleaned by introduction of a liquefied ammonia (NHj) mixture with general cleaning




Fig. 6). The deposition takes place wthin conventi onal PECVD par anet ers.
.The 20 substrate 100 is subsequently nmpved to the reaction chanbesqy/56/2006

descri bed aWompuisee al so 662 of Fig. 6). [00351 Were theppajkhol7paYer
325 is fornmed by a conventional nethod such as PECVD, the substrate 100

may be cleaned in the reaction chanber after formation of the barrier

| ayer 325 in the PECVD appar at (lj{g@{_s_ee al so 663 of Fi g% 6). The substrate
100 may 25 2gwteRedpssaibsg dheve-odiddifionllys a surfpepuexideorieamnenree NBEIesHHBedur e
_wth general cleaning 9 WO 03/ 058655 20/ 06/ 2006 PCT/US02/4171)5 agents as
descri bed abmieecanAddintiodnedd withia theréaaten okimsteer dbBawminggfoayatiin efSthddsoidrbed
above can be introduced within the reaction chanber follow ng formation of

the barri efayet 3% nIRB enlbdbditiés, FbRANNEAEsntd Se iSk@RBED BldYLNY thedb@nation
i ntroduced following the formation of the barrier |ayer 325 because the

substrate IPRORILS fet B HRXRRE E slfuftel1001ded LEAPLESSAR RCANGGRNT he

PECVD apparatus an e reaction c re furt processing is to

take place, Therefore, cleanj d renpval .of any surface oxides ghove
he bart oharge 895/ashy forBEVEL aabRbY Hade hel Rhsfioh cBiRpEh ikl 20K
barrier layer 325 is forned within the reaction chanber or_otherw se open
transfer fPEOAFEINGED S take placeadhsredergscleaningrnd renpvaboiaay REfEs PYIAES W VEI gs.
2 and 3, once the barrier layer 325 is formed and free of all surface

oxi des, a thelbatricoinyef 32 % duayi begpfagacfit. dihcs ia notteghired whenetthe bammisr byeciAShed
above, can be applied above the barrierlayer 325 to encourage deposition

onl'y abovegthied batifiihefhel 2Rtion Ihamber @r Sthériwig BBER| rdndfeer frbor BBdeposition
d&scrl bed here). A metal layer formng liquefied gas solution 375 is then
i

roduced, wi t.hi _ reacti on chanber (see also 670 of Fig. 6). Is As in
t he case g%p% agls%gyr&?g.r formng |iquefied gas solutions 175, the netal

e TR, BURLRS BT BSOS A8 B ) B BEARS,
(N). o sgggagé o:iic?est, Qe_so{u?i%tn otf r;tf;jlc}ucinm(?@_, asgecx?tdanldaayceartal;tsic metal, as described above, can
be applied above the barrier layer 325 to encourage deposition only above the barrier layer
© 325 (e.g. during metal layer formation described here). A metal layer forming liquefied
gas solution 375 is then introduced within the reaction chamber (sec also 670 of Fig. 6).
15 As in the case of the barrier forming liquefied gas solutions 175, the metal layer forming
liguefied gas solution 373 is a mixture of material to be deposited and a gas solvent ina
E-) " liquefied form such as liqueficd ammonia (NH;). Of note, is the fact that no seed layer is
required above the barrier layer 325 prior to. introduction of the metal layer forming
liquefied gas solution 375.
.zo {0037]  In one embodiment, a copper (Cu) salt, such as copper iodide {Cul) is mixed
into a liquefied ammonia (NH;) solvent to form the metal layer forming liquefied gas
“solution 375. In this embodiment, copper ions (Cu’) will be in a concentration range from
about 5 g/l to about 100 g/l. Embodiments of metal layer forming liquefied gas solutions

375 can be formed, in part, from metal halogen salts or metal amines as described gbove

25 with reference to the barrier forming liquefied gas solutions 175.
_ 0




requi red above the barrier layer 325 prior to introduction of the netal
layer forming Iiquefied gas solution 375. 20 [00371 In one enbodpyept,/ 2806
copper (Cu) ws@bhiosssdch as copper iodide (Cul) is mxed int ?Czﬁjs' gﬁ;ﬁ“ ed
amoni a (NH3) solvent to formthe netal layer formng |iquefi B :
solution 375. In this enbodi ment; copper ions (Cu) wll be in a
concentrati[%B éang from about 5 g/l to about 10049”" Enbodi ment's of
metal | ayer 003%Ini nfefSrgnetq Be: HanbodinentopineslByedarnias fianefiad, gas solptions,
. -fromnmetal halogen salts or netal ami nes as described above 2$ with
reference t1/5 ¢ra bardeiead fromnthnglissotyied pEdagas setalitshionintd Thuefld M@nonia
031058655 20/ 06/ 2006 PCT/US02/4 t 705 [0038) Referring to Fig. 3,
enbodi ment N#,;) retdebcritededbobar Mg chi GURT pleck GRS wehih i WRSn Sddi@mikBig
formed fromthe dissolving of various netal salts into |iquefied anmonia

(NH3) as degemi : v : I A Lt i . te
X NG charper s #0 Hodletich 3. SaRrindfibel X BRIHE B B Rpli o
manner, .NO . A, 1S | t o t.he netal er formng liquefied gas

ol Ut o 338 s oBta) BEC SRS FolePich B Fion p 23 B siessiientlpimds barianigrer: o

el ectropl a 1739 of the barrier layer 325, netal -|ayer material is

el ectropl atéd fromthe netal |layer formng |iquefied gas solution 375 to
forma nmetal |ayer 400 as shown in Fig 4 (see also 680 of Fig. 6). During
this el ect {¥Pht i ngmilar pe etlentiropladingi of bet barelar dingent 320, psétgl fayer aboartal 460
psig and a tenperature from between about room tenperature and about |iquid

Ni trogen (BEjtrépearpe fidtrthe metal dgyer forfhdliqidiRd ghd sdiod BACHIfBfn 2 Gt PRfer The
anpde 290 adj acent the substrate 100 introduces an electric current to the

net al | ayenod & S I pigef gs‘ééi aﬁé%séng 'ﬁ%gﬁ ?ﬂlﬁ'méaﬁﬁdfggtt% ?atizlg’r% E&g%u?és ofih rere

substrate 100 again acts as a catho a mat er i 1ons (i.
t he net al Lal: io sé r eposited within the trenches 255 above
t he ba?ori eﬂgc@?(/%negl?%gg_ PHgANER Pr%l@dj?ﬁg AR4 A HRCHLE f\'i\?%ﬁ"@“’ﬁ?@ aﬁ’@’t‘%{lc’of’hyer
form‘ngli%uefied - . . .

témperature and about liquid Nitrogen (N;) temperature is again maintained in the reaction

- chamber. The anode 290 adjacent the substrate 100 introduces an electric current to the

metal layer forming liquefied gas solution 375. ;

{0040} The surface thhe substrate 100 again acts as a cathode and material ions (i.e.

15 s ime the metal layer material ions) are deposited within the trenches 255 above the

barrier layer 325. For example, in an embodiment where the metal layer forming liquefied

gas solution 375 includes dissolved copper iodide salt (e.g. having Cu” and I' ions), the
. posttively charged anode 290 will attract the non-metal iodide ions (') as the metal 10ns of
: éopper (Cu™) are deposited on the cathode substrate 100 above the barrier layer 325.
2 | [0041] Referring to Figs. 3.and 4, a metal layer 400 is formed. Electroplating, as
described above, avoids the less efficient use of a seed layer in forming a metal layer 400,
. There is no build-up or overhang of a seed layer at step portions 350 of the trenches 255.
This helps prevent the formation of trapped voids which cbuld otherwise interfere with the -
performance and integrity of the metal layer 460. In fact, even as trenches 255 become

25 narrower and narrower (¢.g. with respect to the distance (d) b etween trench s idewalls),




gas solution 375 includes dissolved copper iodide salt (e.g. having Cu'" and
.hions), the positively charged anode 290 will attract the non-nef§ade/2006
i odi de ion &-{ he metal ions of copper (Cu) are deposi e

cat hode su;‘s‘,/tbtr()g{ﬂg‘%'l%o above the barrier layer 325. 20 [0041%8?@3'&[{1%?9 to
Figs. 3 and 4, a nmetal layer 400 is formed. Electroplating, as described
above, avoids the less efficient use of a seed layer in formng a netal

| ayer 400. theThes etillsnnooimgin dvep overhange mharegthef matak égadr | fayremgaliqusfiep gas

. portions 350 of the trenches 255. This helps prevent the formation of

‘trapped vobslatisdBeh i Mek do Uepeditdng Gnétall BYdref0®. Vintdh ditodiment @heranse mtd
integrity of the netal l|ayer 400. In fact, even as trenches 255 becone 25

e over "ol PA YT s Ml b S30ERL s ArRbSS il et
SUT no copReTn oyt NSTIARG M e TR v b LR gL el €0 gas

the netal |ayer form ng liquefied gas solution 375 includes amoni a_( NH3),
the zerd s[ﬂ“ﬂéhe B rrgdyion tof the bovsmeyantesenHBy entiver frpositiRn dHewss deissibrd i on
Wi thin the narrow trenches 255. s [00421 In addition to the above

advant ageszbavheae tuli péacd épes iokygm fpreonwssndescuclbtdt oxldoven sant bhkancpmhace
in an oxygen free environnent such that oxidation is not of concern.

Ther ef or e, TiggeRsd, o hbSbNERIMwERE tHE hadtall ayaf 480 0ar@nehet baTieAr¥25€ts Rprolved

i nproved conpared to adhesi on obtained from conventional deposition

ot hods.  [GAkked § BRKES EABPRLIEN el oABRRIONAMI e, | Ur Lher avol ded by

gglsuri ng bottom 10 position of the neta rom-t i quefied gas

utions into the trenches 255. Additive an be,incorpor.ated into

the et ai PAH: "t B ST e RarT et Gawed gk i e 1g e st BoiRg pous
deposition proceeds fromthe bottomof a trench 155 up. The additives can
be additiWedenositinn afothe Mgl bge Hetltanefied sps Felufiensod e inte dhe &istehsh 205
deposition nmethods. Such additives include sulfides, such as '
bi s- ( sodi uddiudsopn dpyihderpomtddfintbethermgalopgerefofrainguiquefied gac salytiand?s to
pol yet hers such as pol yam des or pol yethyl enegl ycol. Accel erators,

' ensure that deposition proceeds from the bottom of a trench 155 up. The additives can be

additives known to encourage bottom-up fill in o ther conventional deposition methods.
Such additives include sulfides, such as bis-(sodium-sulfopropyl)-disulfide or propane
15 sulfonic acid, and polyethers such as polyamides or polyethyleneglycol. Accelerators,

such as the above referenced sulfides, are more heavily drawn to lower portions of the

trenches 255 as -compared to suppressors (e.g. polyethers) that are seen in greater
| ~ concentration at the upper portion of the trenches 255. Therefore, deposition occurs at a
greater rate at lower portions of the trenches 255. This ensures bottom-up fill of the

‘20 trenches 255.

- [0044]  As described above, a metal layer 400 of copper (Cu) is formed above a
tantalum (Ta) barrier layer 325. However, the metal layer 400, Iike' the barrier layer.325,
can be tailored to a variety of forms. For example, in other embodiments other types of
metal layers 300 are deposited that include copper .alloys and copper -alloys with

25 metalloids such as silicon (Si), boron (B), phosphorous (P), germanium (Ge), and gallium
12




such as the above referenced sulfides, are nore heavily drawn to | ower
.ortions of the trenches 255 as conpared to suppressors (e.g. poly 6@??@06
that are seepobmssgseater concentration at the tipper portnqﬁﬂ@%pg 3
trenches 255. Therefore, deposition occurs at- a greater rate | ower

portions of the trenches 255. This ensures botton}up fill of the 20

trenches 255. [00441 As descri bed above, a netal Yer 400 of copper &cu)

i s formed (8bvédditionally, 4h wihef Eajpotsameniseot thayae«renta@ﬁ the-maeliag, metpldaypsil
layer 400, like the barrier layer 325, can be tailored to a variety of
fornms. Forcagvangiloged hnadditied ofabaibtyreninatetiblistclt yPéspingd ionse twglerdoagetieg300
are deposited that include copper alloys and copper alloys with 25

met al | oi dspgLiglls 8Sseplibdri@Btof RlateriaRAHIRe LBl lag 1efiEd oasHRNIRAIZTM
(o, and e s T B s e e By

Addi ti onal nbodi ments of the invention, the resulting netal
| ayer 400 pn%’)gﬁo{)lec(?{og ged by addition of a variety of materials such as

doping io uper.conducti n teri em conduct or to, the
et al Fayiﬁﬂﬁsirm @mrltueﬂsewgae gces@aftls-t hind ﬁsonﬁrtﬂam% 1@@«5?@ tfp‘t%a‘%g s
[0045] Continuing with reference to Figs. 3 and 4, once the netal |ayer 400
i's formedthe substraie hf rsatrepzmbfqrserpp'eqéé:roedt!teocaquemh@mb#rr dmenpempadimichnbn
chanber. I n one enbodi ment, the reaction chanber is drained of netal |ayer
form ng | tigpueheioh @ﬁﬁub@@Iisuti:ia(md%TSnetﬂhlayersfahﬁmgaiﬁ@eﬂie@ gas palhitiohi 335.t Abenew y
formed netal layer 400, is then rinsed with |liquefied amonia (NH3) and

dried w t B aftalcnRiol IARISHAR B3P FbintkR 1(15@? layhtoﬁ,(b(p(félﬁ‘]en'%ﬁfs@ﬂ Winolifuefielg. 5,

t.he substrate 100 undergoés conventional chem cal = nmechani cal polishing

see_al so S Iea es ed substrate surface
(550 3e§mv.‘ﬁal°£ ﬁ@g%é%"sdﬂg‘t ﬁ?‘f’ﬂé‘teét as\}t%t‘“‘@tnzl ns of the metal |ayer
400 is isolated within the_trenches 255b abarrler | a ﬁln hefom
of metal 4046k sdisferringole7FigReperths ﬁdbitﬁ"tq:l 190 pndergpesy 8”%‘1“‘ odEmite

liquid deposition are sumarized b
mechanical polishing (CMP) (see also 690 of Fig. 6). This leaves a smoothed substrate

surface 550 removing any excess metal there above. What remains of the metal layer 400
is isolated within the trenches 255 by a barrier layer 325 in the form of metal lines 500.
[0047] Referring to Fig. 6, the above methods of liquid deposition are summarized by

15 way of a flowchart indicating one preferred embodiment of semiconductor substrate

processing of a substralc to accommodate isolated metal lines. However, other

embodiments are possible which do not incorporate such features. In the embodiment
shown, an ILD is first formed on a substrate 610. The substrate is then etched 620 to form
trenches, between which the ILD material will act as an insulating ILD. In an alternate
20 embodiment no ILD material is deposited and etching can also be avoided. The substrate
is then transferred to a reaction chamber for material deposition from a liquefied gas
solution 630. In a alternate embodiment discussed below, the substrate is placed in a
PECVD apparatus 631, in lieu of the reaction chamber, for liquid deposition.
[0048] Once in the reaction chamber, the substrate can- be optionally cleaned and

25 tinsed 640 to remove any surface oxides or other debris. A barrier forming liquefied gas -




is way of a flowchart indicating one preferred enbodi nent of sem conductor
.Substrate processing of a substrate to acconmodate isolated netayg}p@Lse06

However, otWeyospR&asdi ments are possible which do not incorpgrafe, SHGIL
features. In the enbodi ment shown, an ILDis first fornmed on a Substrate

610. The substrate is then etched 620 to form trenches, between which the
I LD material will act as an insulating ILD. In an alternate 20 enbodi nent
no | LD nmat editidn isstidepasbiwdd a6id. e Depemiing apomltiso chepasimirded.theThelubomse r at e
. -Is then transferred to a reaction chanber for material, deposition froma

l'iquefied gagnt 68l bH iDH88DdeddBit @ RhlpbAMEsIRAE sifte b si6dtdpRAnHE60 W t he
substrate is placed in a PECVD apparatus 631, in lieu of the reaction

chanber, fﬁ{ﬁf&%@%’%ﬁ%@ﬁ% :I%ISEQP%%S&%%AG%]D Once in the reaction chanber, the

substrate can and 25 rinsed 640 to renove any

surface oxj or .ot her debris, A barrier form | jquefie 1

03/ 058655 fﬁ’gﬁia/ 24p8n pBborimgel. Ui GATTigis; SR HL AN [y ?@8&%%&“%%?\%9’5’
Dependi ng u&)n the conposition of the solution, a_ current can be %P&H ed
to deposi tPECYRrdepesitiomin hBECYB:anpatatussidif e baigr Bramg GpPaisi Mg d6
alternatively by electrol ess deposition 665. [00491 Li an alternate

enbodi nentintotthe apguratiennd RF fapplieeicko ciapdditeths binsier 66 eos thefsabwratysurfcREQVEE
deposition in a PECVD apparatus 63 1. A barrier form ng vapor is introduced
651 i nto (k82 PRPY Red e sibsiARPIsi tBEh irfnsdaPaSic! a teattiBRERdreber Golmateriahe
substrate surface. Once the barrier is fornmed, the substrate is then
transferre . Cl r L al it LN |4 fied
gi sol ut idgﬂssg%%’ {\:Xﬁ@raeﬁﬂ%ﬁ%g%‘ %ﬁ[gg)ot?ﬁ Gé)ﬁa %é glnéa ne afr?lghlﬁ’ %Igge‘%maggéing%@
descri bed %bovg. tﬁ ciOOSOl Once the barrier is forned and the substrate

wi thin t h&0P @aEeIHR°ERMSer for 1iquid deposition, a netal |ayer forning

| i quefied gas solution is introduced 670. Again, depending on the

conposit i dM0TE t henewlhst basvier i foomedand drensubstratppritlie theorearisen shamber don

liguid deposition, a metal layer forming liquefied gas solution is introduced 670. Again,
- depending on the composition of the solution, a current can be applicd to electroplate a
metal layer 6SO on the substrate surface, or altematively deposit the metal layer by
electroless deposition 685. Once a substrate is formed with a metal layer thereon,

| 15 isolation of metal lines can be achieved by conventional CMP methods 690.

{0051] The above methods of deposition indicate liquid deposition for formation of a

barrier or metal layer by way of electroplating. However, in alternate embodiments, liquid
‘deposition of a barrier or metal layer is achicved by use of a liquefied gas solution in an
otherwise conventio‘nal electroless deposition method. For example, a liquefied gas

20 solution can be introduced into a reaction chamber as described above. The liquefied gas
solution can again contain ions of material to be deposited that are dissolved in liquefied
ammonia (NH;). However, the solutiox_l will also contain a conventional reducing agent,
such as hydrogen (H») along with a redox pair to effect otherwise conventional electroless

" deposition of the deposit material ions (see also 665, 685 of Fig. 6). Redox pairs can be of

25 titanium (TEYTi*), tin (Sn27/Sn*"), chromium (Cr¥*/Cr*), iron (Fe**/Fe’™), or vanadium
' - 14




metal |ayer 6S0 on the substrate surface, or alternatively deposit the
.metal layer by electroless deposition 655. Once a substrate is fo5ngs/yhéd
a metal |aweoospaceon, rs isolation of netal lines can be gehjgua¢ Y
conventional CWVP nethods 690. [00511 The above net hods of deposition
indicate |iquid deposition for formation of a barrier or netal |ayer by
way of el e?t{+opJ+ati nqg._ .However, in alternate enbodi nents, |iquid

deposi ti on{¥Bf 74 barkqdstionsily neslentive gepesitien awpi ks athisxpd dweheting of enlyithed
-.gas solution in an otherw se conventional el ectrol ess deposition nethod.

For exanpl substralej dyurafgi éepogition. ZDhes electroloss deapositienimiy probeesl ai attomaenadaet i on
chanber as described above. The |iquefied gas solution can again contain

ions of mab&wieal alicut bord epgiidad shiabodngodi.ssol ved in liquefied ammonia
(NH3). However, the solution will also contain a conventional reducing

agent,  Sugisap MEHOARACKETL2HB00 WdR AnlEdPmBbEs O SidiE! deﬁ({;ﬁro\m se

conventi onal ctroless deposition o eposit material 1ons (see al so

665, 685 of ;kig. . Redox pai.r an he of titanium (Tl -+/Ti4), ,tin
Como s o 4 bl coRiRs eI afoR lardoppstifl mifbte] Lok sbitdopsbisds

03/ 053655 20/ 06/ 2006 PCT/ USQ2/ 41705 (V2+/V3+). Additionally, selective
deposi t i ontCARYESheALRPHE B MK eambodinats gpscyrbe marticylap deripr and mptaly layer
deposition. The el ectrol ess deposition nmay proceed at a tenperature

bet ween abispositiowsmnadditprala@mbodinants &b gobsiBle0 Eor EROBEE, Evdriaty of Dttsrcowsct | bed
above include nethods of |iquid deposition. s Additionally, enbodinents

i ncl ude nethegtte phtedapantitding fERduPEicBhdfclirs, SRR Kealkdbgi te@raccdraigUtoagethods

ngt hough exenpl ary enbodi nents describe particular barrier and netal |ayer
deposi ti ongcrfdiabbpnak KRRAM] bRliEaididra AR Griofts AL Y Of
i nter connec%cr straucture m§t er!lgﬁﬁgﬁ%gﬁ%&gﬁéﬁ?@b&gﬁg}g’r%on ucétl%rlso, c‘a% be
deposi ted according to, net.hod descri bed aboye. A dditipnally, n
change¥, MECs i%lélfcﬁ%nsqep 48 s J0S i €0 | SHEt ndVbe Sepe e ‘ﬁf%eho%}‘b?@ﬂg‘?‘f-i ng

fromthe spirit and scope of these enbodi nents. 15

15




16 20/06/2006 | claim 1. A nethod conprising: providing a substrate having
a trench etched thereinto; [liquifying ajgas solvent and ions of ggp@éesd@s
to forma liquefied gas solution; and 5 introducing said |iquefied gas
solution to said trench to deposit said material within said trench. 2.
The net hod of Iahimt m |1 wherein said introducing of said |liquefied gas
solution to said trench occurs in vacuum 10 3. The nethod of claim1
wherein said ions of said naterial are between about 5.0 g/1 and about 100
g/l of said |iquefied gas solution. 4. The nethod of claim| wherein said
material is t& forfhmBetiod somerisingypeqviding & gukstrate Sayipg actrencls gicliechibersiser: f ur t her

i si ddi ducj t d atal yti tal t f f
cai 8 trencn pltBins GRG0 o P BB SoRee e R T Ty sai o
trench gonly ﬁfrooﬁl@ih% lsaciéij fi&z%ﬁ%i égg flich k" &RGncr o éegggilﬁr%hh%%ﬁ%ﬁ wihig b 1

further conprising acin ard substrate 1nar chanber pri or

to said introganehng, said |iquefied gas solution further including a
reduci ng agent and a redox pair to cause el ectrol ess deposition of said
material within said trench wupon said introducing. 6. The nmethod of claim
| further conprising: placing said substrate in a reaction 25 chanber

havi ng an anofle t hEednathasioslais 1 reeginpsaieintrasiucing of gaid lguefied geaselution to

i ntroduci ng; ang el ectroplating to deposit said material within said trench
after said intf ﬁﬂgVﬁﬁwﬁg”mPﬁﬁhing a current through said anode from said
power sgpurce to said liquefied gas solution in contact with said anode. 30
7. The nmethod of claim6 further conprising: cleaning said substrate with a

surface 17 2GJ 06/ 2§Q ﬁle%H %Fclﬁil‘neﬁﬂfhé}gin 298 Wns LP sdiE MBS RaI 2R baiddnBhButBd des

fromsaid trench; and rinsing sal
9/l and about 100 g/l of said liquefied gas solution.

4, The method of claim 1 wherein said material is to form a barrier layer in said
15 trench, said method further comprising adding a reducing agent and a catalytic metal to a
surface of said trench prior to said introducing to deposit said material within said trench

only at said surface of said trench.

5. The method of claim 1 further comprising placing said substrate in a reaction
20 chamber prior to said introducing, said liquefied gas solution further including a reducing
agent and a redox pair to cause electroless deposition of said material within said trench

upon said introducing.

6. The method of claim 1 further comprising: placing said subsfrate in a reaction
25 chamber having an anode therein coupled to a power source prior to said introducing;
and electroplating to deposit said material within said french after said introducing by
running a current through said anode from said power source to said liquefied gas

solution in contact with said anode.

30 7. The method of claim 6 further comprising: cleaning said substrate with a surface




substrate to renove a portion of said surface oxide cleaning agent prior to
said introducing. 5 8. The nethod of clam7 wherein said portiogfg)®eA2006
first portion, said rinsing | eaving a second portion of said surface oxide
cl eaning agent to mx with said |iquefied gas solution during said

i ntroduci ng t gy L\ f =Tols L. : met hod
of ol ai m 1 uhores Bt KEACGpEY dny QHanm el SR fRE il o eind 9
anmoni a as a s@sisvttof @mosRiadpdriine bl 8hid skface THAdTRLARY Qberk | b siiler ei n
said ions of said material are provided by one of a salt and an am ne of
said materi al intipdsiobved in said |iquefied amonia. 15 11. The nethod of
claim 10 wherein said salt is a halogen salt. 12. The nethod of claiml
further conprising adding additives to said trench to ensure bottom up
fill of _said rencﬁqas agiq gﬁter'aL is deposited. 20 13. The nethod of
claim 12 wher®in sHed Hif ¢'eOL7 WRR'PID S&IC 8IF9N i§a firsbeastiagr sAichinsing (pa¥eginul at e
at a tower PoLdcbfboiondfldk LBAC g dbani Sod P WA scfd RluReh BadRhEL 1 sal d
addi tives include polyether suppressors 7h greater cEhcentracion at” a

hi gher porti odurig sfdinflodub®E & imprYe ddhdudhviBbhar RRIRMdwRENg: Providing a
substrate having a barrier layer at a surface thereof] liquifying a gas
solvent and ions of a netal to forma |iquefied gas solution; and
introducing the liquefied gas solution to said barrier |ayer to deposit a
metal | ayer ot sailhe methed obdaigall dvheesin said ligufied gasl 8ol@®h OGRS Gguefed The

met hod of claim 15 wherein said introducing of said |Iiquefied gas solution
to salll bar rA¥POaRF&soyeRtfersadmaeigbum 17. The nethod of claim 15 wherein
said liquefied gas solution includes liquefied 5 ammonia gas, said ions of
said netal being copper ions provided by a copper salt dissolved in said

l'i quefied amgni a Tﬂ@?ﬂeth%ﬁ lm;/ J%K? %gbﬁ)r??ag iofd sy %Z\tem%rreei)rgv@e%i b(yi' AL d er

| ayer is at |east partia
salt and an amine of said material dissolved in said liquefied ammonia.

15 11. The method of claim 10 wherein said salt is a halogen salt.

12. The method of claim 1 further comprising adding additives to said trench to

ensure bottom-up fill of said trench as said material is deposited.

20 13. The method of claim 12 wherein said additives include sulfide accelerators to

accumulate at a lower portion of said {rench.

14. The method of claim 13 wherein said additives include polyether suppressors in
greater concentration at a higher portion of said trench.
25
15. A method comprising: providing a substrate having a barrier layer at a surface
-thereof; liquifying a gas solvent and ions of a metal to form a liquefied gas solution; and
introducing the liquefied gas solution to said barrier layer to deposit a metal Iayer_of said

. metal on said barrier layer.




material selected froma group consisting of tantalum manganese,

magnesi um rhenium 10 rut henium tungst%n, osmium zirconium ni e} eEY 2006
titanium hafnium vanadium iridium and cobalt. 19. A nethod conpri sing:
provi ding a substrate having a trench etched thereinto; depositing a

barrier layer1@t aTRainbR6®otaidab Whé’éﬁ%blﬂ%tt%dmngvoﬁﬁﬂa il RAQSI a5 sBBton to
liquifying a 15 gas solvent and ions of a metal to forma |iquefied gas

sol uti on; andsaichbardstleyengcas inlvacguwef.i ed gas sol ution including ions of a
netal to said barrier |ayer to deposit a nmetal [|ayer of said netal on said
barrier layer. 20. The nethod of claim19 wherei n sai d vapor depositi on i's

pl asma enhanc(gfti) _g chem cal vapor depositon. t hod conpri sing
providing a stbstr *ﬂeemﬁ%?%’ ﬁbcla'"% ?%Wﬁ?fe'étsé‘ﬁ’e’tﬂi“?fﬁé qaé|SH'PEP” ‘”?"Hﬁeﬁd'ﬂ%&f?ﬁ’lg a
% surface of said

| fied ] d
sluggte rlatg e tg gsdgﬁ!é@% %% %'ar 'PHSéI ? |on§% e?ﬁlcgg‘%’?g{'é% %{PV'%G War FOUE Ak e of

said substrat&ssoﬁ,g@tn%gldqmédg}gmé,ﬁé oarrier layer to a liquefied gas
solution including tons of a netal o deposit a netal layer of said netal

on said barrier layer. 22. The nethod of claim 21 wherein said barrier
| ayer and said netal |ayer are deposited by electroplating.
18. The method of claim 17 wherein said barrier layer is at least partially of a barrier
material selected from a group consisting of tantalum, manganese, magnesium, rhenium,
10 ruthenium, tungsten, osmium, zirconium, niobium, titanium, hafnium, vanadium, iridium,

and cobalt.

19. A method comprising: providing a subsfrate having a trench etched thereinto;
depositing a barrier layer at a surface of said substrate by vapor deposition; liquifying a
15 gas solvent and ibns of a metal to form a liquefied gas solution; and introducing a
liquefied ga§ solution including ions of a metal to said barrier layer to deposit a metal

layer of said metal on said barrier tayer.

20. The method of claim 19 wherein said vapor deposition is plasma enhanced
20 chemical vapor depositon.
21. A method comprising: providing a substrate having a irench etched the reinto;

_introducing a liquefied gas solution including ions of a material to a surface of said
substrate to deposit a barrier layer of said material on said surface of said substrate; and
25 exposing said barrier layer to a liquefied gas solution including ions of a metal to deposit

a metal layer of said metal on said barrier tayer.

22. The method of claim 21 wherein said barrier layer and said metal layer are

deposited by electroplating.




