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SOLUTI ON BACKGROUND 5 [0001] The present invention relates to

sem conduwDa/ofssbs i cation. In particular, the present inpemtuson4ried ates to
sem conduct or processing feature deposition nmethods. BACKGROUND OF THE
RELATED ART [0002] In the fabrication of sem conductor devices, materials
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form capacitor features such as parallel netal lines. The patterned
substrate will include trenches to acconmodate the netal l|ines. [0003] A
barrier | BACKGROUNEN first formed on the patterned substrate and within
the trenches to prevent diffusion of nmetal ions into the substrate. For

exanpl ¢, YAUMNPE COPREpresdnblinveiBbdkelhicd @S s@hRohdicRE HBNdREn! MnthaiduLnghes. a
barrier layer of tantalum (Ta) can first 15 be deposited to prevent copper

ons (e Iprdcth iV AMAHILUS RN il RIGHAS ! Ao AP LSt rat e and

conprom si ng performance o sem C evi ce e copper (Cu) a
then be d [ t tal.un barrier. Deposition nmay procee
by, for E%ﬁs %ﬁﬁ&:,a.{ﬁ. L@&g v%:@i)ton (PVD) process, a chem cal
vapor dep05| tion (CVD) . process or pl asma enhanced. CVD (e g. PECVD)
process. POEboo4p %éabéwaﬂqsh@ﬁse@vc%lyéﬁor devigespaiterisds akvasmemumdcatisye,
oxi dation occurs on the surface of the barrier layer as it is exposed to
ai r. Thi sdgendeddn y sevsonduchs subgrase bEerextmpies a metalrsfercae e idepositad bamnr i er
deposition reactor to another reactor for deposition of the netal |[ayer.

Unf or tisinapgiteyned sidstidt ab férth Epacienomithed sdaess pabliadhenpling. Wed pdierdeae
barrier layer once it has been oxidized. Therefore, to ensure better

adher ences@ﬁﬁ%%fﬂltﬂﬁu&’@ﬁé}kgﬁs’}g a%éorﬂ%ﬁ&ét@fhé AYEl Snes@dded measures are often

taken prior to conplete net |'ayer deposition.

[0003] 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 layer is deposited 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 réactor for deposition of the metal
layer. Unfortunately, the metal to be deposited does not adhere as well to the barrier layer
once it has been oxidized. Therefore, to ensure better adherence between the metal and

25 barrier layérs, added measures are often taken prior to complete metal layer deposition.

For example, a seed layer of the metal to be deposited is generally deposited above the
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For exanple, a seed |layer of the netal to be deposited is generally

deposi ted above the 1 WD 03/058655 PCT/ US02/ 41705 barrier layer including
wi t hi n t worafosssds t r enches. The thin seed | ayer is fairlyPaaidsoz/m70and
continuous. The seed | ayer can be deposited by a physical vapor deposition
(PVD) process. The formation of an initial seed layer prior to conplete

nmetal |ayer deposition increases, to a.lim.ted, ex t ,

bet ween RaF@eryayst 1@?1‘18%@? ﬂ&ﬂ cjﬁlet REY I%'Ieg)ch;?sde ](Ssgﬁh%ne%e%ﬁel%}éeﬁ *}? g?/{eif %hﬁog%gver ,
addi ng a seed |ayer requires additional tinme and expense, . decreasi t he
overal | afdfdontiomes. oFhessasil daysdger be dspereisd gqyr@phqwgg _%P‘?fnde&a%lﬁ?‘? Zﬁ*ﬁ%
decreased efficiency, the degree of uniformty in thickness of the  seed
| ayer deseedsbedhalfomaation of an tnitibl sebi iyeuprereioyconiplety metahlaper ¢PPRELAN| | ed
conpletely by a netal, a non-uniformseed | ayer can | ead to occl usion of

the trenghe,kQr ($xanplied s ethkOaditickebepoteni thesbafict feyeseed thayetlyf r om
opposing walls of the trench cone in contact wth one another (or close to

one anot her gil’tedt Eat fa?&? AP eclélgfn%%l sdbetyty RhistoidatoRnamihaland egrasé,ti on

t her € belBW T Eavi ng trapped Vi Thi ckef seed | ayer portions are near the
top, step portion, of the.trengch. .Th i . portions of the seed |ayer
are geneflerfangdhepyEy! er{%ﬁwggyo ?Féri‘lﬁ‘gﬁls&&&i{s&t% r&énrgc[?hes becone snaller and
smaller, with trench walls comng__ 15 clgsgr and_cl.gser. t.oget her %{11

pr obl em X008l er Hangdditier serdecreaset cHisiackrBn dasee Al UHEBERY 1if 1F1§n65§)g3,’§| e for
surface oxides to be dissolved and use of a seed |ayer avoided  far

pur posessefl laghdsionibed Honvevelimitdépbafariupatels, it #Eerdht orhs Hedgempigidy by
directly on the barrier |ayer by conventional nethods, such as CVD or

PECVD, d@@std104 nfabisifédl ¥e@ter cari Radto dwision afithe (rsugherEdrickhppleawhete.  That
is, conventional deposition nethods fail to 20 ensure that the netal |ayer

trapped B P B o B o Tl me, | mewt e o
one another (or close to one another), the trench can be precluded from 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.
[0006] 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, such 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-sectional view of a reactor revealing semiconductor

substrates therein to undergo material deposition from a liquefied gas solution.



BRI EF DESCRI PTI ON OF THE DRAWNGS [00071 Fig. 1 is a side cross-sectional
view of a reactor revealing sem conductor substrates therein to undergo
mat eri al wWopemssdssdN froma |iquefied gas solution. 2 WO 0RCTABOHS1705

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

sem conductor substrate of Fig. 1 to undergo a nmethod of barrier |ayer

deposi tion. [0009] Fig a si.de cr.oss-.sec
sem cond08d8r sﬁ’fgstzrlétaes“g? Crlgﬁbse"?o’?%} Vlﬁ%(?étaggg}ﬁégn%%vf‘l g%ﬁs%mt?tga}ﬁlgabg
deposition. 5 [0010] Fig. 4 is a side cross-sectional view of the
seni condudégo asntth@dafbarciﬁrllab’gd%osm‘é‘!l owi ng net hods of barrier and netal
| ayer deposition. [0011] Fig. 5 is a side cross-sectional view of the
sem condyeogyr SuhsBriaheidef créisgrectdonal wlckvou the Sﬁwop@lqt@kﬁllbﬁ?té%‘?%af Figg2itQol at ed
nmet al Ilnes [0012] Fig. 6 is a flowhart summarizing an enbodi nent of
sen Con%%go aSrHQﬁB& 8t Brctal GuyRF @GRSBORY. DETAI LED DESCRI PTI ON [ 0013]
SD(e;lsc[| ption of rret hods of material deposition froma |iquefied gas
utio
ebodh maPD0lar o Bl e g P e R g avi ngs. W

hil e enbodi nents SCr.i be 15 ref nce to deposition of certain
mat er i al U B‘j}’lrl’gép?tgf’%‘? ‘Frlaggnb%%@@éer dpX s(Iat{or?;]bodl rrent sp are applicable to

the deposition of any sem conduct or teri on bstrat.e
appr opr i WO&L] i qlfes.i%ets yaisle EossBEFHAIG leWaﬁfa@é Sﬁﬁ}l‘fql B g F‘S‘PSH%&%Fl\%hen
netal lines are to be formed within trenches of a patterned substrate,

}/\/Inﬁre t h@ylbwanpeteP paishudecaingagolted metehlings. prior to formation of the netal
es

[0012] Fig. 6 is a flowchart summarizing an embodiment of semiconductor substrate

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 illustrated b y the accompanying d rawings. W hile embodiments are d escribed with

15 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 lines.

20 [0014] Embodiments described below are generally applicable to semiconductor
processing of a patterned substrate. Once trenches have been patterned 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 the substrate by electroplating or electroless
deposition. In one embodiment, the trench is lined with a barrier layer and the material

25 deposited above the barrier layer.



20 [0014] Enbodi nents descri bed bel ow are generally applicable to

sem conduct or processing of a patterned substrate. Once trenches have been
pat t er nedwpDnBosghe substrate, a |liquefied gas sol ution tratr/tisavhraes i ons
of a particular material is introduced to the substrate and the material.
is deposited on the substrate by electroplating or electroless deposition.
I n one enbodinent, the trench is lined wt barr.i er .| aver

mat er i al[00258] deB&5THRR) NAWAP 18he B} Og}m?rgfgra. gl E}?f%%eééggqs it

PCT/ US02/ 41705 [0015] Referring now to Fig. 1 an enbodj nent 6 reaction
chanber thfXlinchdshansuscepian 10Pdherg@stoastnpetiessiysondystop rﬁé“z’gf%estg %ﬁﬁf}%

sem conduct or substrates 100 during application of liquid deposition. As
descri begpfigitidaebs NRfued nlepostitrodsAsfdesaitedi &lrtherdisosngt imsthads ok @asrilef i ed
gas solution include the introduction of a liquefied gas 5 solution, such

as a bargjet:Eorging, lideatd eds damtien! Mtivaasihd Abtroduetiont bt arlepefiedrgas hanber
101. mr(lﬁéﬁ)ggltélgo@ti%n,qqla su%gtrate 100 is subnerged in liquefied gas

sol ution (flgt%?is ni n%e% gf’ﬂ%%% "é‘cﬂ?ﬁrrl% E%L?e?ﬁgegg9§1)lhﬁgn§[‘7ﬁ iserthae&cedn thenber

subst¥ at® ereln various |liquefied gas sol utions
can be enpl oyed for deposition r . As ] : kquefi ed
G5 sol ulblrbiens Aenibe  suRrts 0gS SRl ERE et it hiel ©

solvent 10 that is of a gas formbut_ due to fac(})or . guch as %Jﬁt red

t enper at matrioks tpriwsdaposifed en prvufpeseef the substraie (P ?ﬁéfe Crgif il ?f} Frei
described further herein. [0016] Referring to Fig. 2 an enbodi nent of a
subst r at @arlde liggeSfpns diatioriscarbpasgdoyeadofoa dppasiticar PYBPIFS NS MgREMeed gas
solutions 175 to deposit barrier material in trenches 255 of the substrate
100. DePﬁéH'etéi ﬁ)@léfﬁg Wh§ s@ftich BUAeRNd th Sefetmd 4 Hnddgbluton dnoitel@eoa sovas

el ectroplate barrier material fromthe barrier forming liquefied gas

solutjong .t i7s5ofta0ga§ fors bR 19 ackdlE saktbsd £k &l P eMminirBiod ptdigurt,riepaiveied255.

in a liquid state by methods described further herein.

[0016] Referring to Fig. 2 an embodiment of a substrate 100 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 barrier forming liquefied gas solutions 175 to a

surface of the substrate 100 within the trenches 255.

[0017] In the embodiment shown, an inter-layer dielectric (ILD) 210 that has been

formed on the substrate 100 shown (see also 610 of Fig. 6). The ILD 210 preferably has a

dielectric constant (k) less than about 4 as a manner of maintaining lower capacitance
,0  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 ILD 210 embodiments here

include, but are not limited to, fluorinated silica glass (FSG) and silicon based carbon

doped oxides (CDO's).

[0018] The ILD 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



[0017] In the enbodi nent shown, an inter-layer dielectric

has been fornmed on the substrate 100 showny(see al so 610 (()1|‘ LII::)i)g.Zlg)th'?'}]e
I LD 210 pwefoapstsby has a dielectric constant (k) |ess thaoTalsors17ds as a
manner of maintaining |ower capacitance 20 between the trenches 255 to be
filled wth netal. CGenerally such ILD 210 naterials are referred to as

.‘Iowk' materials. Low k materigls used in ILD 210,. i

i ncl ude Thp REQYER aRRaratpsyily @Berlat?,% ‘f“?‘f?f) rOREFLGDE] F?lgdéggggg@n(agé%) H%ﬁ silicon
based car bon doped oxides (CDO s). [0018] The |ILD 210 is deposited. by

pl acenemtrafucehéntsubbst appaeatus0wheis a pladed of hHIPXR 152@“8?‘?5%e§%0r& Went, is
a plasma enhanced chem cal vapor deposition (PECVD) apparatus. _4 WO ,
03/ 0586%kqRGTHyURER/ A1F0% mikdaREOVDz@ppdemsiied akovetes sibsdatan @@y The gas
conventional conditions and a gas m xture introduced into the apparatus

wher e a.nﬁi}cﬁgga%sﬁfin&ﬁ@esna ¥hakefound @enarcatsdnby heliatnpas freduentifle( &) o A | ow

k materia e gas is deposited above the substrate 100. The gas

m xt | i nel ud , i y
fill 3{ egﬁagl{%géen en @%&ﬁg@@%%@%ﬂﬁﬁn SHHENa9Sr dMEWlk Mektitin as a vol une

_ _ uniformty during formati on of the |ayer
of low k material. 019] Wit.h feren t i h
'nto thaOTBl k Mlleiariedpdie: & Gencitansiqe safeh e URECe hadraL iyt o e
shown (see also 620 of Fig. 6). In_the nbodj nent shown he LR 210 is
pat t er neiclaribeteit slan dbebysesons @ tlLEn 10 Fe WD (SFefEla OarF;']/g‘e@Chi hg, to

formthe parallel trenches 255. Dry etching can be chosen i i
( . tog 1
oxygen fengdenwitr struvent thboFLD h2d 0s i paitemed 1700 eleheds divd C%‘?{Yeélgf”? nlgglﬁ{]szzﬁ: zgan
is begun by placenent of a protective mask pattern above the Iow k
materi al r{s%}/ﬁﬂy AXPORhiAG, tAfoRmstht PafalleMmrtitvhet RENC Ml cabing EATCHE Aepsehén

2[}2%%2'51) s g;gg the exposed portions of the lowk material with a
10” < maintain bx;/ré]e'nsfrgeoéﬂ%ﬁoﬁﬁ@ntt HERNESs1ZRS 160eh heny esidatien. | Bivhing is
begun by placement of a protective mask pattern above the low k 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 lines
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
20 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 trenches

255, tantalum (Ta) barrier material is first deposited in the trenches 255. Copper (Cu) has

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



material layer for use as an ILD 210. 15 [0020] As discussed further
herein, the trenches 255 are to acconmodate netal lines 500 (see Fig. 5).
However, wbe3sstssirate 100, generally silicon based, and wh@/uskin2e9d, as
descri bed above, are susceptible to diffusion of certain netal ions. For
exanple, -in one enbodinent, the trenches 255 are to accommobdat e copper

(Cu), hayi a.hi diffusivit hnt.0 sili - i :

ow k medihrianamadhe Sodrfia T a1 Vika e bR 2RSSR FRUABGRU ERRBT) ' To
mai ntain isolation of the nmetal to be fornmed in the trenches 255 and
prevent (@)ffusion of netal ions into the ILD 210, a barrier |ayer 325 (see
Fig. 3) is formed in the trenches 255. In one enbodi ment, where copper
(Cu) is (0822 ddpesictbodinent dete kamd¢ranatendss ta bndenogiied raplepzenlsiEe. 2
material is first deposited in the trenches 255. Copper (Cu) has 25 a |ower
di f f usi videl 1dyat of bawieatiarerial &)placstdiac thei sirfabeofthe sebstrage 0, dorpaxeweie, byopper
(Cu) 5 WD 03/058655 PCT/US02/ 41705 diffusion into the underlying ILD 210

when 1 hepﬁbwﬁgy%g%%ﬁ, AR AGRATIRIAt (W BARALHlacddGH) the [£RB3) chamlssr 101
enbodi ment er arrier material is to be deposited by electroplating, a

seed | ayer of rnier.nateni i : g f ;
100, 1 ot ecampras dogpic B Bior sl i B Usp P8 TiG 00 AR opk PEOSERLY, T

pl aced in the reaction chamber. 101 for co it i
mat er i al the( dBfacy Yothgagphsialg BQO 6 .ge‘i“?ﬁalghg?eléﬁ%%&g’e Iis‘jl,(ihétfoc?‘\nlegg &P é%éefﬁ (E)if t he
substrate 100 is _generally cl eaned by introduction of a |iquefied amonia
(NH3) mi snomoeic@HAnnkhge erdnme asneghfingiagesinds. ERBedmMmBhd iy mpHwre
m xture include general cleaning agents of citric acid
E quﬁlﬁ@%aﬂ)sﬂl cldayittigofigentsr of citd® acidi (CQOBEDHGRILRROTE RN lodreflupgicd

10 acid (HF), and hydrochloric acid (HCI).

[0023] Surface o xide i mperfections ¢ an inhibit adhesion and p erformance o {'b arrier
materials deposited. Therefore, 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.
1s  6). Embodiments of surface oxide cleaning agents include ammonium borofluorate
(NH4BF,), hydrofluoric acid (HF), and hydrochloric acid (HCI) which may be combined
in a mixture with liquefied ammonia (NHas).
[0024] In another embodiment, a liquefied ammonia (NHs) rinse is applied to the
surface of the substrate 100 to remove any 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

»s  borane (DMAB) ((CH3);NHBH3), hydrazine (N2Hy), or sodium borohydride (NaBH,) is
6



[0023] Surface o xide inperfections c an inhibit adhesion and p erformance
of b airier materials deposited. Therefore, in another enbodi nent, where
surface owpDdesssase to be renoved fromthe surface of thePswhsvrvate 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).

Enbodi ment 5. qf surface oxide cl eani agent s, jnclu i fJ yorate
(NFABF4) Pipd oot e AL HF TIETAs 408 Agar sunPBE it BPRRaHR SAloRioln) “he
conbined in a mxture with |liquefied amonja fNH3). 0024] I n anot.her
enbodi mearly e heguekseal Henpwpaate U0A pod mek glspwhers dhth f%aaﬂ%%&hané f@ie of
the substrate 100 to renpbve any excesses of the m xtures described above or
20 any f dedngelbetamplatiigves\describied belowt (ses Fignbb dlatelytic metie inskidesBitnrscdir e of
cl eani ng agents, as described above, is left to mx with a barrier formng
li quefi edn@@g t5.0)dlatins (Pdh7 Bold (iuy, diver (A, aivkel () croutmat YRo)y ridddivhe
barrier formng liquefied gas solutions 175 for electroplating as

descr'%be urt h&duaRebgy. [0025] In another enbodi ment, a solution of a
r educi ngg%lfgén%, s&cg g)g di rethyl am ne 25 borane (DVAB) ((CH3)2NHBH3),

hydr azin H4) r _sodi rohydrd. ( ) .S
PCT/ Iuso 2?‘2{%%5 %‘b‘ﬁﬁ“&’& vl %gre%%"aﬁég'e%f&%@ﬁ%@??@? g}pﬁ‘g gép\%%t%ﬁ@%l the
catalytic netal to encourage depositio only on,the surface.of ..th
subst r at 8urfoE Hrie ﬁ‘B?tStféﬁes]é%he?@ § S‘W‘équé%‘? H?ﬁe%h)a?rﬁ’@lneig‘iml% FiHgied
el ectroplating as described below (see Fig. 1). Catalytic netals_include,
but are mgat solhiiorist & that, isgairodutied mte Pey ,Seag@i enviapenisod (hereqchigy chambiel
(Ni), ruthenium (Ru), rhodium 5 (Rn), and cobalt (Co). [0026] Conti nuing
with refepeqee al d300pf Hg. 6). bEiterfaedertfatreingdiqueSed gastrelulioped i eda mxttitee
surface of the substrate 100. The substrate 100 is exposed to a barrier
form g lorauefel 8flterial to be deposited and a gas solvent in a liquefied form. For example, in
one embodiment, a salt, such as tantalum chloride, is mixed into, and dissolved by, a
liquefied ammonia (NHs) solvent to form the barrier forming liquefied gas solutions 175.
In this manner, barrier material tantalum ions (Ta®") are disbursed throughout the barrier
forming liquefied gas solutions 175. In one embodiment, the tantalum ions (Ta") are in a
s concentration range from about 5.0 g/l to about 100 g/1.
[0027] In other embodiments, other salts are dissolved in the barrier forming liquefied
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
20  forming ions are delivered and dissolved in the barrier forming liquefied gas solutions 175
by metal amines.
[0028] Embodiments 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
7



gas solutions 175 that is introduced into the sealed environnent of the
reaction chamber 101 (see also 650 of Fig. 6). The barrier formng

| i quefi edwgas/osssbuti ons 175 is a mixture 10 of barrier mareriEh2/40bhe
deposited and a gas solvent in a |liquefied form For exanple, in one
enbodi ment, a salt, such as tantalumchloride, is mxed into, and dissolved

by, a Ilquefl vent. to formthe or

| i quef i efPTgHRS i‘ﬂ}l%lrlnégﬁgs i‘%lg!ygﬁsl fﬂ AT §u]ﬁs§ﬂﬁ%’?1 rT;ba{rhr i %% {rétg erOIOaI él%{oer‘ um
ions (Ta5+) are disbursed throughout the barrie fornln

sol ut i onexmizgon pHithg ﬁérf@?ﬂﬁfdh%khstfatﬁﬂéotl%ﬁoé@%ﬁvf%h e(bﬁ*ﬁ 8g I‘lﬂu‘%e%ls
concentration range fromabout 5.0 g/1 to about 100 g/l. [0027] I n ot her
enbodi neghssolatidner 7§ & introdueeddi ssol ved in the barrier formng |iquefied
gas solutions 175 in the nanner described above. Enbodinents of salts that
can be qy@9p! vednidithtasridrapneing flouetiar gdseolftionsars onirtrodherde thestaaticr

hal ogen salts of fluoride, bromde, astatide, iodide, and chloride, as

not ed ab Cori
eri 1% ¢ Di6lal | 0B Hbed ABEVd, &f théPplaRiinidiE thedsutinel 7deb iheer ed
and dissotved % ﬂgl ﬁﬁgggf orm r?g I'i quef |edpgas solutions 175 by netal

am nes. %P%é«? 4_:fnb0d ﬁgaqaﬁgggllgaornre' bod?ﬁlgﬂtnﬂxl“w'@{é@fe%ﬁo 19 bong 175

can be f . AL i'ng ot vartous ts In quefi ed
ammoni a, as_ described above. . This. c acuy
renot e bt Teheriab dvony thedhariier Topping L?&‘Fg?fﬁg%)s ‘%gmﬁlﬁé% Z et S8n ci&n%lé'r and
substrate 100. In this nmanner, no air is introduced to the barrier 7 WO
03/ 05865%)PCT/ US02/ 41705 for n1 ng |iquefied gas solutions 175 or
subsequently to the substrate 100. Therefore, oxidation of the surface of
the subst 0@3(@ 106 4 methodidettcibsintiid) @ prasuicef beoverh agoutiOnpsed anstaboghé00
solutions 175 is introduced. [0029] Once the barrier formng |iquefied gas
sol ut foon%sggéid 2 ténﬂ:;err@cq{'écﬁ% BePedddtolifoom temperature and about liquid Nitrogen

(N,) 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

liquefied 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

surface 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 C1 ions), the positively charged anode 290

20 will attract the non-metal chloride salt ions (CI) as the metal ions of tantalum (Ta’") are

deposited on the cathode substrate 100.

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

described above. The barrier layer 325 lines the trenches 255. Therefore, where, as

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

»s  ions into the ILD 210, or other underlying substrate 100 portions, is avoided. For
8



5 material, such as tantalum (Ta) described above, is then plated fromthe
solution 175 to the surface o f t he substrate 100. In one enbodinent, t
his i s dwora/okseys el ectroplating o f t he barrier materi &cTfusomitrbe
barrier formng |iquefied gas solutions 175 (see also 660 of Fig. 6).
[0030] In a nethod of electroplating, a pressure of between about 0 psig

and about 400 10 psi nd a te rat from bet about. rao

t enper at G?‘*En}%lﬁdnafﬁ&ﬁm%q%éfﬂ?% Nit?gﬁgt}@n a?h?}qe”laﬁrﬁre\é\gﬁ}pgs ﬁ‘f tﬁ%ﬁ“ﬁ el in
the reaction chanber 101. An anode 290 of the reaction  chanper 101 is

adj acent ptdventsdifissiontos coprerdees (Gr b e dee 1P 2A0 ppen 195Pos e gg?‘?ﬁpﬁb Cu)
liquefied gas solutions 175 added to the reaction chamber. An electric
current ipgthimtheagucled. to the |iquefied gas solutions 375 through the anode
290 from an external power source. 15 [0031] In the setup descri bed above,

the seed h@gpr OAsHbRribM f6R, QlakdlemSUBpbardibelaO032 50t formead. aHowthadn and
netal ions (i.e. the barrier material ions) are deposited above the

bl 3 %Ehetr I%%b%& e%%s?%@o&%r@%a%&%ﬂcgagg)e%hﬁé&]ﬁ B&clib&shRR BRSs aFBast

exarrplse, I an € ere the arrier formng liquefied gas

solutions 175 includes ‘a djssolved. t l ym.chl g4 i\d l . i

Ta5+ and P@r"(“g}’r‘ﬁ? WW??Set(ﬂ)@'Bp%gﬁw ar:flalél&ma e&e@@%"%(ﬂ%“gﬁ“a% ;{érnggt
the non-netal chloride salt ions (C(err)) as the netal, ion f tantal um
(Ta5+) ar®), cepusl (@, Grronhen 64D nogRiusLB¥Dr Hiagium gl dasm ’e‘f%n??r}l&“% 0
Fig. 3, a barrier layer 325 has been forned by the nethod described _above.
The bar r i(¥), ikidjen (BR%S obhk €E0), loe atnradyhnelo m66L t ke ksfsnis, (oifentaluras Ta)),
described further below, the trenches 255 are to accommodate a netal,

di f f usi onp@idiARtabyR Borh®insd Wiihometloids Bued @s sidicow (S barodgB),yplngplsarbes r at e

100 portions, Ts avoided. For 8 WO 03/058655 PCT/ US02/41705 exanple, in
one el@boctbﬂpggﬁnarﬁuﬁlf(@%flaﬁﬁhélﬁﬁﬂl depjrier layer 325 lines the trenches 255 to
[0034] As described above, the barrier layer 325 is formed by an electroplating
method 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
conventional means such as within a reactor 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 barrier layer 325 is formed by applying RF to the 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 barrier layer 325 is formed by a 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 (NH3) mixture with general cleaning
9



prevent diffusion of copper ions (Cu) into the ILD 210 upon deposition of
copper (Cu) wthin the trenches. [0033] As described above, a tantalum
(Ta) barrwerosjossses 325 is forned. However, in 5 other enipodiusentsys a
barrier layer 325 can be formed as described above that is at |east
partially of manganese (M), magnesium (My), rhenium (Re), ruthenium (Ru),

tungsten (W, osm um,( Z] ni wm (Zr i Qhi u oLt ANk N E

ha]: ni lﬁm em:{g ay SrseitOath a?(b%'/?', M‘ﬁﬁ???ﬁ#‘/( rs)u?rfa?:é(;t?gﬁe %@@ ggélgn%a %ég?ﬁg%ll 12 "one
o] ese elenents (or. Tantalum (Ta))., | nc) udj I I i

met al | oi @Bovguean besi liold}l‘éedlnw(@n)t,hg 56%)’3 AR Ghﬁf}l g@ﬂﬁw&%@aﬁ&%@%&?ﬁ%m um
(Ge), and gallium (Ga). [0034] As described above, the barrier |ayer 325 is
formed byayan32$.elnt thissinaiddmmentnie isbaningiageni arg iBirpdicer dollavanalifgloraiRy i ed
gas solutions 175 (see Fig. 2). However, this is not required. |In another
enbodi ek thd BerRANsyee 326 ayeiusd be cabsitar 1@hnedisy upoorexposiirotalaimebes such
as within a reactor that is a PECVD apparatus operated under 15

convent | Q%ﬂéfeﬁ@c‘f' bk OBS tieS PECANS Cafpdrat@f afid Ghe GractioR thknsbee MWhetenRinthen gas
m xture that 1 ncludes barrier matérial precursors is introduced into the

? g?ﬁ;gt g}rg%ﬁsﬁg}%/ %gtgrl_i@lgef }gl%% agf@eé%tgfe} i }ggi%lld Eégm%\-/qf g)[f gg Gin@hcel A 288w 1S

deposition of barri teri hgeneb that results in
barrier. material., on substrate 10 see -al .. Fig.

6). The depbairies gyen %%ée@a}b["é&tbweﬁhi ﬁhléd%’{%‘éﬁf"ﬂ‘%}@ﬂ%ﬁ&%ﬁ b%éfgrl%r%g’?%ﬁgg lsrhegzo
substrate 100 is subsequently nmoved to the reaction chanber described above
(see al sdormbs vathirFithe BpotiqrocBBIbANEr @therwisBaPPsie rapHyerTaD 52 icgf’Pf’%P%d by
a conventional method such as PECVD, the substrate 100 may be cleaned in
the reactdpparaalRanbided.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
i ntroguctpess]of RetdrGietd Bbs AERNB Aoy barkist laver 323 3 fganed aid freeahilhg

surface oxides, a solution of reducing agent and a catalytic 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 (see also 670 of Fig. 6).

s As in the case of the barrier forming liquefied gas solutions 175, the metal layer forming
liquefied gas solution 375 is a mixture of material to be deposited and a gas solvent in a
liquefied form such as liquefied ammonia (NHs). 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.

20 [0037] In one embodiment, a copper (Cu) salt, such as copper iodide (Cul) is mixed
into a liquefied ammonia (NHs) 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 above

25 with reference to the barrier forming liquefied gas solutions 175.
10



9 WD 03/ 058655 PCT/ US02/ 41705 agents as described above. Additionally, a
surface oxide cleaning agent as described above can be introduced w thin
t he reactwonsorsasber followi ng formation of the barrier [PayarsO82605In this
enbodi ment, the cleaning agents are introduced follow ng the formation of
the barrier layer 325 because the substrate 100 oxi di zes upon exposure to

ai r when [ﬁgis{]amfzsfeh%g% Rt %I&b*aa-nﬁ’é;ﬁvgggae@%g%ﬁe@nﬂﬁg ieadeaRbRophamber

vv]tlere fur proges ore ean g an renoval
of any s ace oxi.des .apove arrl of .benefit. This
i s not éﬂél?aé‘dbm’?dtﬁ%mb@ﬁ‘?gf’ Wig 8 V%’Q% S gle%?&?ﬁq:gmﬁnell%eﬁefﬁ@n}oéléct| on
chanber or otherw se open transfer froma deposition apparatus avoi ded. 10
[0036] RdM&h) iapgleswibriggbove. akis 3an daleeplosfe b ar Yaceym WiiBn 37gnple MHiMEd and
free of all surface oxides, a solution of reducing agent and a catal ytic
met al , ashdmberprivedo aimdectioaio thdeeaaippl ¢hathbab olnethisimeariyer, mioeair iis ayteadug

encour age deposition only above the barrier layer 325 (e.g. during netal

| ayer sf origakd RRtll@ser fhednd Egedfied adBbRkioh 3768 for fsabsthgntlyi tauié badier ggsr
sol ution 375 is then introduced within the reaction chanber (see also 670

of Fig. .15 15 As in the case of the barrier formng |liquefied gas
sol utions 175 the nmetal |ayer formng Ilquefled gas solution 375 is a

m xt ure terj to, be d si.t ed sol t | i form
s ure Shodh: oS S RRSTED 08 Ao FZ& ety R e 1
requi red above the barrier |ayer 325 prior to in t|o of the taI

| ayer f oraleatigplafgdgientigmgtes 1 %181[ W%%WS lec%éas[s@é% |5| tB RS a
copper (Cu) salt, such as copper iodide (Cul) is mxed into a Ilquefl ed
ammoni a (4093)s shotvaentFig & (sexr aise K80 pBFig. 6). ayaringdhisi sheptioplptiag earegaise of
solution 375. In this enbodi nent, copper ions (Cu) wll be in a

concent r dhween’ &0ae0 fydund about 4 00 psig and a temperature from b etween about r oom

temperature 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 of the substrate 100 again acts as a cathode and material ions (i.e.

15 this time 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
positively charged anode 290 will attract the non-metal iodide ions (I) as the metal ions of
copper (Cu") are deposited on the cathode substrate 100 above the barrier layer 325,

20 [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 could otherwise interfere with the
performance and integrity of the metal layer 400. In fact, even as trenches 255 become

s narrower and narrower (e.g. with respect to the distance (d) b etween trench sidewalls),
11



about 5 g/| to about 100 g/l. Enbodinents of nmetal layer formng |iquefied
gas solutions 375 can be forned, in part, fromnetal halogen salts or
nmetal amwesassesescri bed above 25 with reference to thePoarusvE#176%r m ng
liquefied gas solutions 175. 10 WO 03/058655 PCT/US02/41705 [0038]
Referring to Fig. 3, enbodinments of nmetal |ayer forning quuefied gas

sol ution 375 n be fornmed fromthe S V|Qg a S

into ligq h?éftl gﬂn’ﬁ U™ a?gg%lgg%rqbed?% ove1 %(rs%dggln EE eid e |n a
vacuumwi thin a_renote m xi ng _chanbe o intro uctlo

react i on SelEABSS 1 qudhﬁosd%ﬁﬁﬁélfe mggl qupr 4(26 ﬁﬂ F%&H‘J?ngﬁenlt FFethr?erP%tﬁl | ayer
formng |iquefied gas solution 375 or subsequently to the barrier |ayer
325. [ 003gjer Bimithghiquasicd|ges solufiomd T nigelysles aamprie ):1thg/agro gombaced@isin | qyer
material is electroplated fromthe netal |ayer formng |iquefied gas

sol uti on o3 drembein NSl Rirther ériyirtes déPdbiticm witltnrihé marfavgtrdndhee@5al so 680 of
Fig. 6). During this electroplating, a pressure of 10 between about 0 p sig

and ahout, ?14230 PIS bt t& tﬁ@ﬂWe%ﬁﬁaéé’someb%t%%p&hﬁM pEcess déseriper at ur e
and about uid Nitrogen ( tenperature is agal n maintained in the

cl et 1o 40Te B oteP Bhe R afg%{? it R R S

[0040] < f f 2 ay er orm ng gas solution 375.
esraceotesusa Oag t c odean
mat eri al JOGFRIOTE; adhesiony rﬁ’t"ﬁ’i’%‘mt %hﬁe ?r%‘?ra?b(?aﬁl?é ﬁ%ﬁﬁle%albg ohs)™ %eed
deposited within t he trenches 255 above the barrier |ayer 325. For
exanpl e, dompareddprbdiisinnmbtained Bomsenyantignal depesitionmgtheds | i quefied gas
sol ution 375 includes dissolved copper iodide salt (e.g. having Cu+ and |-
i ons), tHeo43josi i welthercharogaderanoapped$0idaiakd fuather atidedey eronringbealtomodi de
ions (1") as the metal ions of copper (Cu) are deposited on the cathode
subst rat g pl 883U e RN 8 1hdYIRfucBEd gas solutions 375 into the trenches 255.
Additives can be incorporated into the metal layer forming liquefied gas solution 375 to
ensure that deposition proceeds from the bottom of a trench 155 up. The additives can be
additives known to encourage bottom-up fill in other conventional deposition methods.
Such additives include sulfides, such as bis-(sodium-sulfopropyl)-disulfide or propane
is  sulfonic acid, and polyethers such as polyamides or polyethyleneglycol. Accelerators,
such as the above referenced sulfides, are more heavily drawn to lower p ortions 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, like 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



20 [0041] Referring to Figs. 3 and 4, a netal layer 400 is forned.

El ectroplating, as described above, avoids the less efficient use of a
seed | ayewoOion/0fsss3ri ng a netal | ayer 400. There is no bui lPdTasovs176ver hang
of a seed |ayer at step portions 350 of the trenches 255. This hel ps
prevent the formation of trapped voids which could otherwise interfere with

the performance and integrity of the t al .

t renches(@®5 Ariaiionellypinef ?ro?/%l?o‘%ﬁﬁ‘arﬁﬁé’&rﬁb%}élrvgl?%o% tﬁle\(/)\E%fq‘ lﬁkl{r%%fé%g%{laf%q@ IglgS

di stance (d) between trench s idewalls), 11 WO 03/058655 PCT/ US02/41705
there iscathd failowsd byredditionf arvapeer Hangcuple secht %?élorﬁ’ﬁ%ga“Pn?’ai}@FmPB&ﬁtW§
liquefied gas solution 375 is used to deposit the metal |ayer 400. In an
enbodi MepfatepaBr @ sbiécomenebr mh@yiels 16 drenmetgl layepufofing ligpisfiebpist sobHl03 73

i ncludes ammonia (NH3), the zero surface tension of the amonia (NH3)
further ﬁﬁg&%(‘e@&t@ﬁ]@gﬁgti on within the narrow trenches 255. 5 [0042] In
addition to the above advantages, the entire deposition process described

above, cadake Rb@fifuldk Pih RIERR H15E, SN0 BRI, Sk IERUOOK Baitan | s

not of conc erefore, adhesion tween the netal |ayer 400 and the

barrier 125 is i ved conpared to .adhgsi t al f i.enal
dep_ogi Ej i g%?sh@ﬁt%ggé E‘(Rfﬁ © ré%?%agﬁoglng% ?%é% ,Cﬂklgg%pe%%\%i% s\égi?%én]?’urt her
avoi ded by ensuring bottom 10 up depositjon.of .th tal from.jthe

| i quef i ethegeesctingl dhamhes i8dBineRtd el By eniRB e istetied de opliben &EIE be'®
incorporated into the netal layer formng |iquefied gas solutjon 375 to
ensure t bastielepb), tndudipg deererelyffouned metabdayeo 081 1sdher sneed Wil liggefiefe
additives can be additives known to encourage bottomup fill in other

convent i QhghoHL M) neArie® Wids inerbpad sualiids helives (He)cl ude sul fides, such as
bi s- (sodi um sul Topropyl )-di sul fide or propane 15 sulfonic acid, and

f E'gy?f@ﬁi@é‘%%?é?e%%fgﬂ%ﬁﬂﬁgi S Ty aem Lo vt b ot ons. of
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 substrate 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

»  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 rinsed 640 to remove any surface oxides or other debris. A barrier forming liquefied gas
13



trenches 255 as conpared to suppressors (e.g. polyethers) that are seen in
greater concentration at the upper portion of the trenches 255. Therefore
deposi ti owOomeosRsSs at a greater rate at |ower portions of PCRASD2/erTehes 255
This ensures bottomup fill of the 20 trenches 255. [0044] As descri bed -
above, a netal |ayer 400 of copper (Cu) is fornmed above a tantalum (Ta)

barrier layer 325. However, the netal .layer [ . LeL:

325, camibion i Mopcapdat i cLFPBIIFGIAGE o LoBRATEPE.Of B op b "
enbodi nents other types of netal |ayers 300 are deposited ttfat i ncl ude
copper abiresns canke apbisdto denosiie harmdy opsherEbsiTRlsi SHERC ROhClgLr Eft}n(gcf’lr%(%i )
boron (B), phosphorous (P), germanium (Ge), and gallium 12 WO 03/ 05865,5
PCT/ USO241ekdfvely( 638dlectAlelstdeparitidny665. n ot her embodi ments of the invention
the resulting nmetal |layer 400 can be tailored by addition of a variety 01’c

material Eoo'ﬁyf'h 35 HoRicAthtd eMBodiBPEtEOBERE indrmeaioarthalssbomntesemiacobguct or
material s to the neta ayer formng |iquefied gas solution 375 prior to

]
el ect rODFg@@g?ep}(%%i%g‘S}é}l PERAI B AGYGAT) AGhEIS Redihe vEbdSs inkoabadisIonce

the nméta ormed, e substrate 100 is prepared for renoval

fromthe reaction cha r. | ne.enbodi nent I hanb i

dr ai ned & H‘E’[@Paqa&?@ggggr ?mpﬁagﬁ ﬁ@@?ﬁggﬁn%gtéérégﬁ[} litgﬁa%g%fﬁe su %(!te? ate
100, including the neWy formed nmetal |ayer 400, is then.rinsed wth

| i quef i ethe Bamemis doxmeds Yharpubsipteds ﬂwnttﬁanéf?ﬂieaéP 8 Tgacion RIbsT Fl iR e

10 [0046] Referring to Fig. 5, the substrate 100 undergoes convent.i onal -
chemi cal depmithantaala lpokfishgasgo{uBvR)62 sderait my@wp@pngly@ﬁle@ﬁd angh7igsqdeaves
a snoot hed substrate surface 550 renoving any excess netal there above.
What rempgngs @dsclibgl 4Rkvel | ayer 400 is isolated within the trenches 255 by

a barrier layer 325 in the formof netal |ines 500.

10 [0050] Once the barrier is formed and the substrate within the reaction chamber for
liquid deposition, a metal layer forming liquefied gas solution is introduced 670. Again,
depending on the composition of the solution, a current can be applied to electroplate a
metal layer 680 on the substrate surface, or alternatively deposit the metal layer by
electrqless deposition 685. Once a substrate is formed with a metal layer thereon,

is  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 achieved by use of a liquefied gas solution in an
otherwise conventional electroless deposition method. For example, a liqueﬁed gas

5  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 solution 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 (TP>7/Ti'), tin (Sn**/Sn*"), chromium (Cr*'/Cr™), iron (Fe*'/Fe’"), or vanadium
14



[0047] Referring to Fig. 6, the above nethods of |iquid deposition are
summari zed by 1s way of a flowchart indicating one preferred enbodi nent of
sem conduwOD®B/058¢BSt rat e processing of a substrate to accecwasar/el7dsol at ed
nmetal |ines. However, other enbodinents are possible which do not

i ncorporate such features. In the enbodi mrent shown, an ILDis first forned

on a substp 1 .The .substrate,is then et hed r

ot ween W 2K Do fBoTABeAELFIlS TR G PR e p
alternate 20 enbodi nent no I LD materi i s deposited and et chi can

be avoi dedbstmie dyips deaesition. s Theegleqt §fd€P?§é@m} &y PrRgesd gin? éﬂﬁ%&?ﬂ? or

mat eri al deposition froma |iquefied gas solution 630. In a alternate
enbodi nertetwitencibsstadomaboperatine aglifgmue 3¢&ECG. s pl aced in a PECVD appar at us
631, in lieu of the reaction chanber, for liquid deposition. [0048] Once in
t he react[pgse|chaBbpbdinidies Sddsstibal eatora helajet imehbdy of daned degbsitRb.
rinsed 640 to renove any surface oxides or other debris. A barrier formng

| i quefi edA §on g VW83 mARB8 AR e T i ds 4):?7&8%05@9& %étt@rﬁ'all fort Raficdnatieduced

650. pen ng upon the conp05|t|on of the solution, current can be

o alter Rt oy el Bl d ltAR AT HERkER U 45 Bt shupo o

enbodi nent, the barrier is f rned on the suhstrate surfa

deposi ti diPPsitienspeedjrnngl b&ﬁﬁ%e%%ife PRSHYEr itoF e{i%rppfn@ V@%%Xﬁ |”§te’icﬂwe8guced
651 into the apparatus and RF applied to deposit the barrier 661 on the
subst r at ststaueterighdacluding fomsupeeoniluctors, eanche daposisshaqcprding fasmetheds
transferred to a reaction chanber for material deposition froma liquefied
gas sol utdessrited2 bokher & dditiomylybe aaptchemsess) modifeaned, ands ubstisgbns 668/ s
descri bed above. 10 [0050] Once the barrier is fornmed and the substrate

W thip thgadeaghitholt Chpalsly f@6m the spirit and scope of these embodiments.

-]

15



liquid deposition, a nmetal layer formng liquefied gas solution is

i ntroduced 670. Again, depending on the conposition of the solution, a
current capobessapplied to electroplate a netal |ayer 680Pon/ushB40bsStrat e
surface, or alternatively deposit the netal |ayer by electroless
deposition 685. Once a substrate is forned with a netal |ayer thereon, 15

i sol ation Ef al lines can be achieved by conventional CVP net hods 690.
[0051] T nmet hods of deposition indicate |iquid deposition for
formation of . a barrier or nmetal |ayer by way of el ectroplating. However,
in alterhgg@uﬁhbodinents, liquid deposition of a barrier or netal layer is

achi eved by use of a liquefied gas solution in an otherw se conventi onal

el ectrol ess deposition nethod. For exanple, a liquefied gas 20 sol ution can
be introduced into a reaction chanber as described above. The |iquefied gas
sol ution ban aQansihebeRmEpHiiGns of material to be deposited that are

di ssolved in liquefied amonia (NH3). However, the solution will also
contai n a convevidorgad subsdaieihaging gdrench etsheshihersitigicindgen (H2) along with a
redox pair to effect otherw se conventional electroless deposition of the
deposii mat eriatrod@isg & Sigeefddsas 660tiodBbludingHbgs oft) mafReidbto spal iresichan be  of
25 titanium (Ti 3+/ Ti4+), tin (Sn2+/Sn4+), chrom um (Cr2+/ Cr3+), iron

(Fe2+/ Fes?'%posi@ﬁai A A Wi thdfs 004058655 PCT/ US02/ 41705  (V2+/ V3+) .
Addi ti ona , Selective deposition may be achi eved by heating of only the

substrate during deposition. The el ectrol ess deposition may proceed at a
tenperature between about room tenperature and about 300C. [0052]

Enbodi nents de j i Bt f e gri i LdnO:
Addl 1 onal Ty LA RPen (AR SHRIARRRIE dreald IRCAROBI oo 10

senicondu%%gﬁgqifatures. Altho%?h exen Ia%y enbodi nents descri be particul ar
barrier a QOFYF AP At GENTET T AN T O%HE t i onal enbodi ments are possi bl e.
For exanple, a variety of interconnect

3. The method of claim 1 wherein said ions of said material are between about 5.0 g/1

10 and about 100 g/1 of said liquefied gas solution.

4. The method of claim 1 wherein said material is to form a barrier layer in said
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.

15 5. The method of claim 1 further comprising placing said substrate in a reaction
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.
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structure material, including for superconductors, can be deposited
according to nethods described above. A dditionally, many changes,

nodi fi catwong/ossesdl substituti ons maybe 10 nade wi t hout depamttisoy4f7odm t he
spirit and scope of these enbodi nents. 15 WD 03/058655 PCT/ US02/ 41705
CLAIMS | Cdaim 1. A nethod conprising: providing a substrate having a
trench etched thereinto; and 5 introducing a |liquefied gas solution
including ions of a nmaterial to said trench to deposit said materi al

within saidt T i/n1 wherein said introducing of
g e il

. . . G he‘tho2 0 .
said liquefie 55% séﬁut occurs in an oxygen-free

environnment. 3, The thod of claim1 wherejn.said io of . sai rial
are between aB&snNgs? giratg g %Fﬁ?cﬁ%ﬁ{am%@bhwlﬁg &t a%oa@{é gh?rlelclql uer f)jlee g%ggs
solution. 4. The nethod of claim1l wherein said material is to forma
barrier Ipayersduncespriad to s2idamfrpdugiaBdandet hod further conprising adding a
reduci ng agent and a catalytic netal to a surface of said trench prior to
sai d i ntroducietgtrbplatieptsddposiabadd mategial withini sahd mershiadiet seadutirodoeing bat sai d
surface of said trench. 15 5. The nethod of claim21 further conprising

pl aci g $&ifnsHbSkER M olh Said Gae Y s6hPOWEF sodkdead shid lpiefled pdsrsotiitiohng,
said liquefied gas solutron further including a reducing agent and a redox

pair to l.eGt deposition of said material within said trench
upon saigggﬁﬁgggﬁg}%ﬁi ?ge'

7. The method of claim 6 further comprising:
cleaning said substrate with a surface oxide cleaning agent to remove any surface

oxides from said trench; and

10 rinsing said substrate to remove a portion of said surface oxide cleaning agent prior

to said introducing.

8. The method of claim 7 wherein said portion is a first portion, said rinsing leaving a
second portion of said surface oxide cleaning agent to mix with said liquefied gas solution

during said introducing to improve conductivity for said electroplating.

15 9. The method of claim 1 wherein said liquefied gas solution includes liquefied

ammonia as a solvent for said material.

10.  The method of claim 9 wherein said ions of said material are provided by one of a

salt and an amine of said material dissolved in said liquefied ammonia.

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

17



WO 03/ 058655 PCT/ US02/ 41705 6. The nethod of claim1 further conprising:

pl aci ng said substrate in a reaction chanber having an anode therein
coupl ed twoas/ofssder source prior to said introducing; andPerasvrepbating to
deposit said material within said trench after said introducing by 5
running a current through said anode from said power source to said

| i quefied gas solution in contact wwth said anode. 7. The nethod of claim
6 further conprising: cleaning said substrate with a surface oxide cl eaning
agent to ff mvfh@l@ﬁéth%ﬁroff@ m 1%#19 g{p aa'dgmg a@gﬁlQ'e N dl@edch RS bRGrS I d
substrate to renove on of sald sur ace eanlng agent prior

to said introduci The net h erein said portionis a
first porpqisu Béﬁuﬁfrsialﬁlstf%h F%%&Hﬁ?eélafgéffgﬂ%teégr tion of said surface oxide
cl eaning agent to mx with said |iquefied gas solution during said
introducing to inprove conductivity for said electroplating. 15 9. The

met hod of _cl ai erei.n sai uefl s solution.i.ncludes |iquefied
anmoni a a¥-a s mﬁ“ﬁ6ﬁ°?§?dgﬁﬁF%?Pé@ i%%v?ﬁﬁcﬁ@ ‘ggdSF“?EQ@ﬂwégmherein
said ions of sald material are provided by one of a salt and an am ne of
sai d mat epdcamubiiteaiol lowigr portigniofisaid ¢figedh. ed ammoni a. 11. The nethod of claim
10 wherein said salt is a halogen salt. 17 WO 03/058655 PCT/ US02/ 41705

12. The method of claim 1l further conprising adding additives to said
trench to ensure bottomup fill of said trench as said material is

deposit edl4.  The method of claim 13 wherein said additives include polyether suppressors in

greater concentration at a higher portion of said trench.

15. A method comprising:
providing a substrate having a barrier layer at a surface thereof; and
introducing a liquefied gas solution including ions of a metal to said barrier layer

10 to deposit a metal layer of said metal on said barrier layer.

16.  The method of claim 15 wherein said introducing of said liquefied gas solution to

said barrier layer occurs in an oxygen-free environment.

17.  The method of claim 15 wherein said liquefied gas solution includes liquefied
ammonia gas, said ions of said metal being copper ions provided by a copper salt

15 dissolved in said liquefied ammonia gas.

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,
ruthenium, tungsten, osmium, zirconium, niobium, titanium, hafnium, vanadium, iridium,

and cobalt.
18



13. The nmethod of claim 12 wherein said additives include sulfide
accelerators to accunulate at a |lower portion of said trench. 5 14. The
met hod ofwoloaiosssiB8 wherein said additives include pol yet hecTasppsEssors in
greater concentration at a higher portion of said trench. 15. A nethod
conprising: providing a substrate having a barrier layer at a surface
thereof; and introducing a liquefied gas solution including ions of a netal
to said barrier layer 10 to deposit a netal |ayer of said netal on said
barrier |ayer. : of claim 15 wherein said introducing of said
quuefiedﬁéas éo ﬁ?%%ﬁnﬁ%haggid barrier layer occurs in an oxygen-free

environnment. 17. The neth f .claim15 erein.said |liquefied gas solution
i ncl udes quue?rlogl(ﬁhn ?ﬁjf%’ﬁ%%egl%l?gg‘ﬁeﬂc %t\é\gei) e’?ﬁﬁ%’ net al bei ng copper ions
provi ded by a copper salt.1ls dissolved in said |iquefied anmgnia gas. 18.
The method of CIPAFHHE 7 DR &Vt 3t Yrises of wid subyateiby vapon degesitipniandal | y of
a barrier material selected froma group consisting of tantalum

manganese, nagngsiumng 2 hewifiechgas saltheninamdingingsefenmeas i sair bariierdeysrum

ni obium titanium hafnium vanadium iridium and cobalt. 18 W) 03/ 058655
PCT/ USO2/ 1 1dép5sit detallayet dfadidoasil dissaidbarpieoMiyel. ng a substrate having a
trench etched thereinto; depositing a barrier |layer at a surface of said
substrate by vapor deposition; and introducing a liquefied gas solution
including ions of a netal to said barrier layer 5 to deposit a netal |ayer
of said netal e safhedBaEkin19 ha¥RSin said vapor deposition is plasma enhanced

chemical vapor depositon.

21. A method comprising;
providing a substrate having a trench etched thereinto;
10 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
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 layer.

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

15 deposited by electroplating.

23. A material layer to be formed in a trench of a substrate by introduction of a

liquefied gas solution including ions of material to form said material layer in said trench.

24.  The material layer of claim 23 wherein said material layer is a tantalum barrier.
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20. The nethod of claim 19 wherein said vapor deposition is plasm enhanced
chem cal vapor depositon. 21. A nethod conprising: providing a substrate
havi ng a woanwossess ched t hereinto; 10 introducing a |iquefiPped/ugsaz450d uti on
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
exposing said barrier layer to a liquefied gas solution including ions of a
netal to deposit a netal |ayer of said netal on said barrier |ayer. 22.

The met hogs of ¢hainRegh MHE! Gichifdi4dwhatiniseld ha¥es 18 iSAEShpRELgL: hayer are
15 deposited by electroplfating. 23. A material layer to be forired in a

trench of ¢, SSLLALE: DY LAldRduelicopef a |iquefied gas solution

i ncl udi ng-1ons of "ha e alf et or megal'd™ mat eri al | ayer in said trench. 24.
The material layer of claim23 wherein said material layer is a tantal um
barrier. 19 WO 03/058655 PCT/ US02/ 41705 25. The material |ayer of claim?24
wherein said material layer is a copper layer to be fornmed into at |east
one conductive netal line. 20
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