4 January 2007 WD 03/103046 PCTIUS03117579 BURIED DIG T LI N% STACK @ND
PROCESS FOR MAKI NG SAME FIELD OF THE I NVENTION 5 The field fanppi¥ 200 ent i on
rel ates to sem.conductor processing. More particularly, one enbodi nent
relates to a p&ﬁéess,of maki ng an electrical coupling between

sem conducti ve"Harart*al and a netal. In particul ar, an WO HERT rel ates
to a process for nmaking a tungsten buried digit line ("W BDL") stack. 10
BACKGROUND Sem conductor processing is an intensive activity during which
several processes are integrated to achieve a working device.

Mniaturization is the process of cromding nmor e _seni conductive devices onto
a smal | er subst r at SEHER DIGIT HIE T KNP ERO PSS FOR MAKIDE SAMEJ, | ower

energy usage, and better device 15 portability, anong others. New processing
met hods must often be devel oped to enable mniaturization to be realized.
The advent of the buried digit | FELD(FBIENVENTIONed for a | ower
overall-profile of a dynami c random access nenory ("DRAM') device. However,
the average grdin siz gld pf the myentipprelafes fosgmicomlupionrrsseds P Yecrease in a

nmanner that causeg:ghdont GuidaikBnt Riles R frkds@nbing: fddchichoundari es of a
substrate. Accordingly, a higher than desirable resistivity persists

despi te m ni at uri FapingPetweREscaandustitangteial a5d g metpb B PREEEIS Bggl oner at i on

during back- end- ofmhdafent BN AprddeRE8SSiNE o mbBgerhald 8p@and(ewachi eve digit
line comunication in a menory device that has a low resistivity, is often
acconpani ed by th@DEﬁéPﬂ%nge 25 to-achieve a tenperature-resistant digit

line that is pﬁptected fromthe encr%gﬁﬁgggtnﬁi damagi ng el enments during

BEOL processing, bumin testing, an Thus, what is needed is a
conductive structure tSamtcofMebERoREsingSOMEn@Esive AQiva alin@R@e% seferat he pri or

art. J1 4 January 20O e o Drnon o Seheve A werlong device. Mnismaaion is the

process of crowding mors serniconductive devices onto a smalléer substrate area
in order to achieve better device speed, lower energy usage, and better device

15  portability, among others. New processing methods mrust often be developed to
énable miniaturization to be realized. The advent of the buried digit line
(“BDL") allowed for a lower overall-profile of a dynamic random access
memory (“DRAM”) device. However, the avefage grain size (“gs”) of a
metallization continues to decrease in a mauner thai causes grains to form that

20 follow the grain boundaries of a subsirate. Accordingly, a higher than desirable
resistivity persists despite mminiaturization.

e - Onechallenge is to-prevent metal agglomeration during back-end-of-line
{"BEOL”) processing. The challenge to achieve digit line commmunication in a
memory device that has a low resistivity, is ofien accompanied by the challenge

25  to achieve a temperature-resistant digit line that is protected from the
encroachment of damaging elements during BEOL processing, bum-in testing,
and field use. Thus, what is needed is a conductive structure that overcomes

some of the challenges of the prior art.



The above nentioned problens and chal | enges are overcone by enbodi nents of
this invention. One enbodinent is directed to a process of forming a
tungsten buried digit line ("WBDL") stack on a substrate. ThéJpnezeldl 5
includes formng a silicon-lean netal silicide first. filmover a polysilicon
pl ug. Next, ilicide nitride second filmis for . ctively
sputtering a q@?F%@%#§rich metal silicide target with a 2? f%%gﬁggas. The
nmetal siicide nitride second filmis covered with a tungsten third film A
salicidation process causes the firstSUMMARIO salicide with the polysilicon
plug. In one enbodinment, all the 10 aforenenti oned deposition processes are
carried out by physi caiteobgyerenioperkproblens and-cpalienges ap gverepmaldr enbodi nent, a

process of form ngmpodiiRiks o8 i@GKventich. TRk binBSlimii ts Bcied Sehsdckabe. The process
includes formng a silicon-lean netal silicide first filmover a

pol ysi | i con pl ug. fogeses 2 tmestenbyrpd dipile (WEDLakdek op p pubstrade- T ifepEgests by
Sput ter i ng a._ tis achisHrkidsdlodi- M mAROMRidet i e b pbgaiicb ] L ani um
nitride second filmis covered with a tungsten third film A salicidation

process causes t Pextf3peil siicidppinglesspopd figus farmpd PsacHBily U8R pl ug.

Because the buri egiginGich nlelal@ricde gl Wils ntfogaCids VendiamicaRidanid.or med
according to enbodi nents of the present.-invention, a lower resistivity and a

. D .a
20 hi gher t her nal 5§5pPRsldB@ds sogered withye pasteg dirdijmg A salididabien PRASHEROSENt el at es

to a device that {h@%kwﬂﬁ&to@aﬁﬁemwwﬁﬁmpﬁ% 86M eefoditheRofi@ged and
inpl emented in a host. |In one enbodinent, the host _includes a nenory

nodul e, | n anottheproBmsHHRELFPOsition #raqessss aFefafisd e by PhsialbmpedeegidicBm with a
processor, a menopypystem and at | east one 1/0 device 25 connected to the
- host. BRI EF DESCRI PTI OF THE DRAWNGS In order to illustrate the manner in
whi ch enbodi nents of tlhenoffreeadmiiimenhe prtisenf menpbWaiDiethck & camieé parti cul ar

description of the.i I riefly-: (}g:ﬁg e W 2 .rendered by
reference to spec??tiogxmagél?n@ﬁ#@c leanfeag% \ﬁﬁ:} C cg%?%aﬂﬂeﬁjg%lai ed in the
appended dr awi ngsfisUnldervst atyisitigeni et Nelg g GtanRmiigideseeend fh@@7foriv® 031103046
PCT/ USO3/ 171795 1,y sputtering a titanium nitrids target above the first film. The titanium nitride

second film is covered with a tungsten third film. A salicidation process causes
the first film to salicide with the polysilicon plug.
Because the buried digit line structures of active devices are formed
according to embodiments of the present invention, a lower resistivity and a
20  higher thermal processing yield are achieved. | |
Another embodiment relates to a device that includes a BDL structure.
The device is packaged and implemeénted in a host. In one embodiment, the host
- - includes a memory module, T another eﬁzbbdiﬁi&iﬁ; thehostincludesa
éomputer system with a processor, a memory system, and at Ieast one /O device

25 comnecied to the host.
BRIEF DESCRIPTION OF THE DRAWINGS

Tn order to fllustrate the manner in which embodiments of the present
invention are obtained, a more particular description of the invention briefly
described above will be rendered by reference to specific embodiments thereof

30  which are illustrated in the appended drawings. Understanding that these




drawi ngs depict only typical enbodinents of the invention that are not
necessarily drawn to scale and are not therefore to be considered to_be
limting of its scope, the invention will be described and@)@iﬂaﬂi?{)@a W th
additional specificity and detail through the use of the acconpanying
figures in which: 5 FIG 1 is a cross section of -a structure.during

processi ng ac¥rBist 0 an enbodiment FIG 2A is a sect PFOHUSSRER aI ong the
line 2-2 fromthe structure depicted in FIG 1 after further processing
according to an eh@g M@tc;oﬁi/@pmaamb@d@ezﬁgmlﬁ@ﬁﬁdnmmfentnhe structure

depicted in FIG 2A after 10 furt sin a. Crpss section

of the structure desTEtEd=Rt ‘F"ic a‘%ﬁ‘ ‘?"é&'@’t‘?g gﬁ‘é‘lﬁ‘ﬁ‘ Eif TP(?G Phne of FIG

2B, along the Lines2Gpe, thé Ghventhoh &ill BAleb&Gibad 418 @SH2iS6@GHhaAdiBinaBNOt her ,

.enbodi nrent that bears sim.l t he ructure.d icted.ipn FIG 2A; 15
211 9gr S

FIG 3Bis a crossP¥ E"t?t"ﬁ a‘i:?@ﬁ???ﬁ"é‘a BRCEA af t er

further processing Fl Gygs Srods LLiR) §f§gﬁ1 E"R’Ql“ﬂ‘;gj&g% Ak hdig picted in
FIG 3B, taken 3orthogona:}?f;lstao The p ane o% Saslﬁfgng thegq?%e 3C - 30;

FIG 4 is a pr ocef}@quﬁewt,dl agram according to an enbodinent; 20 FIG 5 is a

top view of a wafer trate co sem.conduct or ies jn
accordance with an ent &guﬁﬁaseﬁfﬁﬁe@ °§8§E&P%%E%3Pgﬁ? Ctgﬁﬁ% lcztf‘drcuit nodul e
in accordance Wi t fnFG. 1 siteb Githerpntcessing Gicordingso an dalbodilaenl agr am of a nmenory
nodul e in accordance with an 25 enbodinent; FIG_ 8 is a block diagramof an

el ectronic systemin aBSoPRMACEsTReeim ohlpEsRIedepisiad mdE- ¥ridlepr esent

invention; FlGg 9 flfhedrd-@fls; di agram of a nenory systemin accordance wth

an enbodi nment; and 3 4 January 2007 WO 031103046 PCTIUS03/17579
: FIG. 2C is a cross section of the siruciure depicted in FIG. 2B, taken

orthogonal to the plane of FIG. 2B, along the line 2C - 2C°.
FIG. 3A is a cross section of @oﬁﬁ embodiment that bears similarity to
the struciure depicted in FIG. 2A;
-‘ 15 FIG. 3B is a cross section of the structure depicted in FIG. 3A after
ﬁnther‘procéssing; |
FIG. 3C is a cross section of the structure depicted in FIG. 3B, taken
orthogonal to the plaﬁe of FIG. 3B, along the line 3C - 3C”;
FIG. 4 is a process flow diagram according to an embodiment;
20 FIG. 5 is a top view of a wafer or substrate containing semiconductor
dies in accordance with an embodiment;
~FIG. 6 is a block diagram of a circuit modile in accordance with an
embodiment;
FIG. 7 is a block diagram of a memory module in accordance with an
25 embodiment;
FIG. 8 is a block diagram of an électronic system in accordance with
another embodiment the present invention;

FIG. 9 is a block diagram of 2 memory system in accordance with an

embodiment; and



FIG 10 is a block diagramof a conputer systemin accordance with an

enbodi nent. DETAI LED DESCRI PTION In the follow ng detail ed description,
reference i's nade to the 5 acconpanyi ng draw ngs which fonﬂiﬂ%WWYH%Veof,
and in which is shown, by way of illustration, specific ways which

enmbodi nent s nqmjgﬁigkgcticed- In the draw ngs, |ike nune§@ﬁamgﬁ§ ri be
substantially S|n1?ar conponents throughout the several views. These

enbodi nents are described in sufficient detail to enable those skilled in
the art to practice v&IG.ddssarrddiagem of a cOubrder stene roekdreertwithrybe utili zed
and structural, |9gjeal...and electrical changes may be made wi thout
departing fromthe scope of the various enbodi nents. The terns wafer and _
substrate used in the foll owi ng ESRATLEDDBSCRIFGNQONe any structure having an
exposed surface with which to forman integrated circuit (1C structure
enbodi ment. 15 The t efnibs fiNiowingdetailes dgsrapiion; wEeeneois mags iadee semi conduct or
wafers. The termsyhshiinl »bﬁgs%gal fd&?gp&%%&ff,%dﬁl%h?&@% SRRFUSL O

structures during processing, and may iInclude other layers that have been

fabricated ther euperef IRstrationepesticarnys whish embadaninrarayde peired Iafer undoped
sem conductors, eghlax fte nu&@@s%{&ﬁﬂ%itﬂ%%ﬂﬂ%?ﬁ%@ﬂé‘é@ﬂ%ﬁe@@ tHdheRoubase

sem conductor or 1nsufator, as we : r sem conductor structures
wel | known to onethgtevirledersn These capedimenicare daseribed sritiicicnrdefad funder st ood to

i ncl ude sem condugt, 5&ﬁsgﬂﬁegﬁqhgﬂ%{a@é&lv%ggseﬁgodﬂw_ uhdi c is defined to
that 1s I I

i nclude any materi a [ y conductive thanthe materials

| ess el ectrica
referred to adOcomeheéisnts mphike vidized adsipchapl lakicalgand glsetricdl phapgris agippl i cati on

is defined as a plARG. ARLARGEE £ b \ofURRRLERR BlndhARS, Ghe SUr face of a

waf er or substrate, regardless of the orlientation of the wafer or
substrate. The t efmswaisrepdapstrajcgped iy thedollpvane dsparipben ngedepansiveyiear to t he

hori zontal as defjned.abo¥ed RERPATH LhRR® fofh &l inRBrate® Birouit (109 biflRturd @S 11
"sidewal I "), "higher™, "l'ower", "over" and "under™ are defined wth respect

to the conventi orfAtbopimgRt or surface being on the top surface of the wafer
The. fol | owi ndodet art & Gan ER gt nilefn Al bEn Rl Rl Blee®l LROTS; (7%
limting sense, t4m substrate is also nsed to refer to semiconductor structures during

processing, and may include other layers that have been fabricated thereupon.

Both wafer and substrate inchude doped and undoped semiconductors, epitaxial

semiconductor layers supported by a base ;emiconductor or insulator, as well as

20 other semiconductor structures well known to one skilled in the art. The term
conductor is understood to include semiconductors, and the temm insulator or

dielectric is defined to include any material that is less electrically conductive

- than the materials referred to as conductors—. -7 0 oo

The term “horizontal” as used in this application is defined as a plane
25  parallel to the conventional plane or surface of a wafer or substrate, regardless of
the orientation of the wafer or subsirate. The term “veriical” refers to a direction
perpendicular to the horizonial as defined above. Prepositions, such as “on”,
“side” (as in “sidewall”), “higher”, “lower”, “over” and “under” are defined with
res?ect to the conventional plane or surface being on the top surface of the wafer
30 or substrate, regardless of the orientation of the wafer or substrate. The

following detailed description is, therefore, not to be taken in a limiting sense,



4 January 2007 WD 03/103046 PCTIUS03117579 and the scope of the present
invention is defined only by the appended clains, along vmth t he fHJé scope
of equival ents to which such clains are entitled. FIG 1 is% ection
of a structure 100 dining processing according to an enbodi msnt Al t hough
the structure 100 appears to be a precursor for a 5 nenor 4 enbodi nment s
are appl i cabl @"’t"é’“ﬁ?‘% senni conducti ve devices. A subs#gﬁéqf@g includes
active areas (not pi ctured) and a plurality of gate stacks 112 on the

sugstrate ﬁlo T@dg@@&psbﬁﬁg%ﬁaéﬂtan@ﬁ@nspmshca;gafytm@‘;pp&me&iaﬁinbve | andi ng
pads 114 that are rso or commynicatjion to ca aC|ta|ve st orage
cells (not pi ctur"’é‘g’)g 'i foopR of pEYAlss t ¥ "]?‘?"]&lé‘ﬁ'fl@la&"cfn edhei ng deposited
and 10 etched back to fl Eln ’”ﬂé"% cond
dielectric 120 is deggq{sl tlsre%&%syn%g (fso etchedi(%) ogggégegcag%é&nu%%er surface
122. In one enbcﬁ@lenﬂbﬁﬂiﬂnemhéltﬁquglsﬂlemmtqﬂla@em@besimmhom licate
glass (BPSQ), en;l] PocHC G infl] @&%%ﬂﬂc&l&%@ﬂfﬁﬁcﬂﬁ% J{@&&%WL tpaethyl ort ho
ie

silicate (TECS). tric materials are used according to process
fl ow needs. In orﬁ@b%’wé%@dﬁl@%mﬁv@lﬁ@ (ﬂ‘i't@@tur?@ aldatyrilgy efistegisdest he second
dielectric 120 arg,a, #lReHEate Flo” Hil MisidRal12i% ok dAgResi tion and an
et chback such as %ner?‘l caS -emec anigH(’:a K 01|Sh|SE ﬁ%%ﬁycgn Bet ween two gate
stacks 112 a condH@mwdﬂlé@aQQmwo%@womm@Ion@camc@hmgtora@e silicon of
the substrate 11Q.y @(%&]Dggﬁ,rgé cﬂlﬁgdilgg%cmlg xc?eﬂ%QQQ?éicﬁgﬁéi %g surface 122.

I n one enbodi nent, e ‘conductive plug 124 1s nade I con
(hereinafter rl&f eﬁfqbe@jchbm&‘sﬁfﬁﬂmvgfam H@m%tw@@@sﬁ?yﬂnﬂﬂﬂecwl{wisl ed into a

contact —corri dordeb&xt&d‘ﬁd%@ét%ﬁﬁé&t& @%@&fd%}rpexﬁiéfawiz% B §ess, the
cohductive | anding pads 114 are isolated fromthe polysilicon plug 124.

After further proebedimes thafet didectinhl6 sdorgpbysphpsistelass BPSG)s avfbt ed t hat

access to the conglgtindQicleaiehNbis BRdSpdsddelomdRriBb LkiGe drRok] Wiherof the plane
of the figure or behind it. In other words, the cross Ssection depicted in

FIGI is taken ai®estiimasalsgteasedanerdivsn piosess dpwacdonierei ve | andi ng pads

114 include one idyphéiigRh B ssh@IRai13b khELROsRbldFidldic 1806288 Pehi nd the
polysilicon plug 124 when viewed aligned along a rectilinear array (not

pictured). 30 A fpeirefehs foamedinssgpareion apdandg ‘Pat?’t‘é‘&hﬁﬁaﬁ}ewﬂl'ZA to 2C. FIG
2A is a . mechanical polishing (“CMP™).

Between two gate stacks 112 a conductive plug 124 has been formed by
etching to silicon of the substrate 110, and by etchjhg back to the second upper
20 sorface 122. Tn one embodiment, the conductive plug 124 is made of polysilicon
(hereinafter referred to as a polysilicon plug 124) that is filled into a contact
corridor in the dielectric layer(s). By this process, the conductive laﬁdiﬁg pads
) S 1_._.14 are isolated from the polysilicon plug 124. - After further processing that is
not set forth herein, it is noted that access to the conductive landing pads 114 is
25  either in front of the plane of the figure or behind #t. In other words, the cross
section depicted in FIG. 1 is taken along an oblique Jine such that the conductive
landing pads 114 include one in front of the polysilicon plug 124, and one
behind the polysilicon plug 124 when viewed aligned along a rectilinear array
(ot pictured).
30 A first general embodiﬁent is depicted in FIGS. 2A 10 2C. FIG. 2Aisa
section taken along the line 2-2 from the structure 100 depicted in FIG. 1 after



section taken along the line 2-2 fromthe structure 100 depicted in FIG |
after 5 4 January 2007 WD 03/103046 PCT/ USO03t 17579 further processing. A
polysilicon plug 224 is disposed in a fast dielectric 216 wrsei0dnd
dielectric 220. Arefractory netal silicide first film226 is formed by
physi cal vapohygep@siition (PVD) over the polysilicon pluge22dsaarsmel | as
over the first dielectric 216 and the second dielectric 220. In one
enbodi nent the 5 refractory nmetal first film226 is faorned froma netal

silicide target. W%Oce@%&ﬁ?@ﬁ@°°¥ﬂﬁg??€f1? dignoggd m Prgf%ﬁlere%m%%mect ed from

titanium (Ti), 2zZi bEDNdebdnd(@@idiic 2Dl Airdiiotyinieral ofliciae AR filed 2126Asfoiha@ eof . In
one enbodi nent, the refractor netal __is selecte %@fqrggl?é Vﬁnadr m (V),

ni obi um (Nb), tanPﬁP]@’ﬁic gﬁﬁ’ﬁm%mé’f’?%]ﬁs}’oyﬁ T S YRR di ment |

the refractory W%'M&e&@ﬁi@ﬂ@&dﬁﬁ&%&ﬂﬂ&[&&ﬁ@i@ Ez@&éemﬁmi:ﬁ’ehdﬁélum (M),
tungsten (W, or conbinations thereof I n on t he refractory

enbaodi,
metal is sel ectled HrRERYIRA st Higy§26 1 F?S‘B?dtﬁ‘ﬁnﬁ rppptal Sﬂi“?‘g’gﬁrﬁ?ﬁ {ogop
conbi nati ons ther%ﬁﬁod@&t%&eﬁi&l@ﬁhﬁﬁﬁ%sﬂé&kﬂﬂ‘oﬁfﬁtﬁﬁrﬁr@(ﬁ} aﬁ&cﬁiuni(zr Sel ect ed

fromnickel (N),_ palladi umé}@g 8‘&§C i ons thereof.
15 In one embodi mBAPIERHED, ’t“B‘i‘ ]{lﬁ’éete“i‘@ B! "F Harsiled from a
refractory nmetal lssgeﬂett@dﬂl&nkrmaﬁ ﬁl@rrnmlmrg tﬁﬁilﬁﬁ,cmj’,&ird@b&lamﬁﬂsrs'[ film
226. According to this process odi ment, the refractory netal silicide

first film 226 i n&ierrakse PR GPﬁ‘Heﬁfgﬂ’ér%fﬁFﬁﬂ’a’%%‘flérqtﬁeEﬁe‘BﬁOmF]é‘P‘r’%’E% ory netal

silicide accorg nged endiftRed@d () auddbien (AN dr éhditabisakd@rymmatal is Mand 0 <
X < 3. In an enbodinent, the netal silicide is forned according to the

formula MSix the Pebedimehtle rofgsfory mpial ifpelepird fymeohalt (fo} thosym (Rh) ot her

embodi ment, form Hﬂhﬁn'ﬂﬁr)r&fcbﬁﬁhﬁfoﬁstﬁgﬁe@ﬁ Tibrlel cib8@imbnt! 16 refitudiony mefisi S done by
sputtering froma silicon-1lean_ tar refractory tal silicide target,

such that the PVDSPférddon mekgkiMNid 135‘“?14?‘?)11@?8}“9‘ g corgbipatiopte first film

226 according to tﬂa&oforrrul a of about MSi a6. In one enbodi nent, the
refractory metal siligldes dﬁsmrhrkrrac?o%ﬁnem?thmsqgrd% Bllerfs 4 eartf?awarr' a of

about TaSi a. 6.15 n one I ment refract or%/’ \"Ci de first
film226 is accor BFRAGFEe rre o Pyt fplpcer mapli fims A(‘}?Of%md" rrnslp@cef%r. and Ta
vari es from about eR@¥oniem, tedreftibtory 8264 silicide tuefilre pisOtiuiad YD firfiiag b @fid subttion 9f Net al

silicide first fi Le%c%%@mcj:tﬁ siﬁ&&%&g.}dﬂg to the formula MSi,, and the refractory metalisMand 0 <x <

3. In an embodiment, the metal silicide is formed according to the formula MSix the refractory
metal s M, and 0 <x<1.8,

20 In another embodiment, forming the refractory metal silicide first filrn
226 is done by sputtering from a silicon-lean target refractory metal silicide
farget, such that the PVD process generates a refractory metal silicide first film
226 accqrding to the formula of about MSi, ;. In one embodiment, the refractory

m]éne‘tal silicide first film 226 is according to the formula of about TaSiy,. n one

25 embodiment, the refractory metal silicide first film 226 is according to the
formula of about MSi, ;, and M is TaTi and Ta varies from about 20% to about
99%. In one embodiment, the refractory metat silicide first film 226 is according
to the formula of about WSiy,. In one embodiment, the refractory metal silicide
first film 226 is according to the formula of about MSi, ., and M is WTiand W

30  vares from about 20% to about 99%. In one embodiment, the refractory metal
silicide first film 226 is according io the formula of about MoSi, .. In one



to the fornula of about W5i 0.6. In one enbodi nent, the refractory netal
silicide first film226 is according to the fornula of about MSi ob, and M
is Wi and W30 varies fromabout 20%to about 99% In one efbodiryd®’, the
refractory netal silicide first film226 is according to the fornula of
about MbSia_6. In one 6 4 January 2007 WD 031103046 PCTI US03/ 17579

enbodi ment, t ¥t ory metal suicide first film 226 BETASEHFHPng to the
formul a of about Msios, and Mis MTi and M varies from about 20%to about

99% In one enbo@mmtnengtth&xeﬁ@fw@ﬁt@rsmdﬁemﬁmtzsqgﬁeortiinwfhél I m 226 is
according to the fornula of about. Hf Sia. 6. In gne enbodi nent,. the

refractory netal femmlacf ghontMph,, apd ijis MpBizgd Me varcsSrom Fhgutl%ineboror nul a of

about MSi 0_60 angilsi s dde Einb@fidedifithe ¥BdctoRPmbtiQMcan Gt filDIActioacoliomt 99%
Al t hough specific conbinations are explicitl y set forth above as

embodi nent's, ot hé? the Ggra st eHIFhe g crbojuocniihgreiociometarsiifds  Taf
TaH Ti, Wb, WD st kDI ﬂﬂmrdﬂ@]ﬁthefo%ﬂieﬁaboﬁ%td\@iﬂﬁﬁm%&ﬂ?

-t wo- corrponent conbinations, the first element 10 varies from about 20%to
about 99% By thé’a’t‘qﬁlﬁéﬁl%ﬁ‘ﬁﬁgﬁé‘i’t‘tm&% HALP U specificgombingtiops & enent  vari es

from about 201/ 6 ekQicalQsttrordlilovd B embLERAMEE, &h@WBAbinMBhS @8udd WD about 10% t o
about 80% and the third el enent varies from about 0% to about 70" /0 An

anor phous r ef r actiéPyLrede TR L AR LMo WA LIV b Y2 T Malyr ned 15
after PVD fornat II\meOindMlﬁifTieny?\tﬁé aroycoﬁ?@t;@ht Dhbinglidhe, the firilelchiehim 226

according to an enbodi nent nmbodi ment, the anorphous refractory

metal siliciddd nlvﬁ$§8m§é%ﬁﬁaﬁﬁ?$wtﬂ% iBY theShrrer P ERP By PP MRt B nh o di ment

the PVD process Iﬁstbtem&ﬂteaﬁaammtae@hz@%aiabweo%smslséceﬂmtmeg efractory
metal silicide first In anot her . enbodi rrenf;wrtla CVD process is used

to formthe anor ﬁ?ﬁféwﬁﬁ%rﬁéﬂpﬁﬁocﬁ’?n%ftfgw et vaes B epyO%dk ond i1 m 228.

In yet another erbaévopent, an atomc layer deposition (° ALD') process is
used to formthe armrﬁg‘rltous refractory netal silicide nitride second film
228. The refractory aihorghaup relegory prietal silipidedteidmagednd il 2283is fasmed

a-sol i dsol uti g Qﬁ&@wfo%%o§bf&&ﬁﬁa@d}?m%fshﬂﬂﬁ@§tﬁﬁn2§@dmﬂﬁhéBaﬁf met al
silicides and silicon nitrides. The anount of ‘nitrogen ranges 25 froma

"dopi ng quantity &¥bedmepigEage %@d@%t:ﬁ?éma@fm%géeﬁéw@%tl%l%ﬁ@? ric ratio- The
nitride second film 228 is formed by PVD. In one cmbodlment, the PVD

process is in the same tool that was used fo form the refractory metal silicide first
film 226. In another embodiment, a CVD process is used to form the amorphous
20 refractory metal silicide nitride second fibm 228. In yet another embodiment, an
atomic layer deposition (“ALD”) process is used 16 form the amorphous
refractory metal silicide nitride second film 228. The refractory metal silicide
} ~ nitdde second ﬁlm 228 isa. sohd solut;mn of metal and silicon and nitrogen, or a
| | | :composate of metal silicides and sﬂlcon mtndes The amount of nitrogen ranges
25 from a doping quantity as is undersiood in the art to a stoichiometric ratio. The
ratio of nitrogen in the amorphous refractory metal sﬁicide nitride second film
228 can be controlled by the amount of nitrogen that is used in the reactive
sputtering process. o
The sputtering target that is nsed to make the amorphous refractory metal
30 silicide nitride second film 228, has a formula of MSj,, and the refractory metal
isM, and 0 <x < 3. In one embodiment the target is silicon rich such that the
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ratio of nitrogen in the anorphous refractory netal silicide nitride second
film 228 can be controlled by the amount of nitrogen that is used in the
reactive sputtering process. The sputtering target that is 4feenntd0hake the
anor phous refractory netal- 30 silicide nitride second film 228, has a
fornmul a of MSig, .2shs NE refract ory metal is M and O <X pgrdseshisone
enbodi nent the target is silicon rich such that the 7 4 January 2007 WD
03/ 103046 PCT/ US03/ 17579 target includes a formrmula of about MSi>z.
Sputtering is car taigstindedespdgmpiapépbpu MSi ¢ Rpupiprbgdrreaicd Puigpackedeh such t hat
the refractory rfezbg}) e§éﬁk§6ﬂﬁ1§g@ﬂ&@ﬁm‘ﬁtﬁ@mﬁacﬁr§’mﬁh&éet&@ét:wzt‘h%sm ts in a
refractory netal Icide nitride second film formul a of about
M\, Si x, and the rffmdseb¥i, IHPEEﬁMtO@mPU@)SIEG&C mledsseca?ﬂjﬁlﬁlﬁé Bith <y < 1.
I'n an embodi ment, - a b BRI B S@}fetmﬁiaa)&,(mémﬁﬁﬁaﬁ@aﬁ@ k3R Tor Phous

refractory netal Icide nitr econd astﬁ ornmul a of I\/NyS|x
and the refractsor§ <aet! ol ap enipgiiment, the spttgring tagget thahiq uggd o © amARPRHS IFGATHH

specific theory i mefrsopasagide setond ﬁlmr?ex;bgmlfdmda ¢fhfa~iysbcra$i thquefgstenyaetabf Mai t r ogen

may act to cause an o@,@grep@&lé SEAARaf dd sggma@&e&ﬁs grg,yogedqngigaogméamt the

sputtering condi ti"ons he re ractor |s used rmthe
refractory metal Teﬁemi’loﬁlétmg?ﬂftlﬁylaﬁép@@EWOTPP‘P“HWQ Im 2815 f?"é’f“f‘ EFBEY et al
such as set forthgsabhemgcdalifdnsi S used 10 to formthe various enbodi nents of

the refractory netal gﬂplg ractory netal
silicide ni tr?/de secor%gféﬁa&bé’%e%g%h%ﬁeﬁ?@f %fm;{a{gmé@%?ﬁ é | X, )a/md N
has a range from mbidasecondiiin 228, labtﬂli@ctqrymewlmb@h@tfor@matbmavsedt he

refractory m%‘t@l' t%'ﬁ!ujmcfhg% Lohefdg: Outﬁg %egié%%%%tﬁﬁafﬁﬂwaomka of about

WS 2_XN,, and has a range rom about 1. I'n another 15
enbodi ment, the refbodirt %ﬂﬁ@‘iaaﬂﬂmﬁ@lélh@éemﬂtdeﬁé@néﬁb@m s hefoppgahas t he

fornula of ADOUL o Yot FadiNny,.anihalls A ook AR 019LAACKH I Goddftt. L0 abOUL 1.

I n anot her enbodi nment, refractory netal silicide nitride second film
228 has the for rru¢rebodmen‘aﬁwmﬁaﬂf081@etﬂllsﬂlméﬁaltweﬁe@n@fﬂna%éw# eforaWsut 0. 001

to about 1. A efgfadgg‘gwslng]t %dﬁ'ﬁhéﬁaﬁée'ﬁ&x?a%guéo%oﬁ% £H%Qt 1af1£ E{oﬂkpe formation

of the 20 refractory ne l1cide nitride second fil In one
enbodinent, tHé mfoﬂmepb@m@ptawmw siciflp Eﬁ?dESWDP%ﬁW%é@S fb?fopmasuch as by
sputtering a of about MoSi, N,, and N bas a range from about 0.001 to about 1. In another

‘embodiment, the refractory metal silicide nitride second film 228 has the formula
of about HiSi, N, and N has a range from about 0.001 to about 1.

A refractory metal third film 230 is formed after the formation of the
20 refractory metal silicide nitride second film 228. In one embodiment, the
refractory metal third film 230 is formed by PVD such as by sputtering 2

refractory metal target.

As the refractory metal third film 230 has a dimension in one

embodiment that is thicker than the first and second films 226 and 228

25  respectively, It acts as a major structure in a BDY, for 2 memory device. As set
forth above for refractory metal precursors for the first and second films 226 and
228, respectively, various refractory metals are useful for this embodiment. In
one embodiment, the refractory metal third film 230 is sputtered from a W target.
Tn another embodiment, the refractory metal third film 230 is sputtered from a Ta

30 target. In another embodiment, the refractory metal third film 230 is sputiered
from a Ti target. Other target smbodiments used in the process include TaW,




refractory nmetal target. As the refractory netal third film230 has a
dinension in one enbodinent that is thicker than the first and second fil ns
226 and 228 25 respectively, it acts as a major structure in aJmbiryB007 a
menory device. As set forth above for refractory nmetal precursors for the
first and seconﬁ, fog g2 226 and 228, respectively, various refractory netals
are useful for TR'Z%fbodiment. In one enbodi ment, the reP¢FRENFHIHIet al
third film230 is sputtered froma Wtarget. In another enbodi nent, the

refractory netal thaw, TANNTABOTI, TaSp Uit evnf wam, wniari 30t gl . | n anot her
enbodi nent, the r hi r ilm230 is sputtered froma Ti
target. Q her targﬁ’a}g?ﬁo%i"’ﬁgh? CLF% L iHdhg g cewponey cpbigatipithe 8 4
January 2007 WO %ﬁﬂ&b&&ﬂﬁmﬁ&ﬁdﬂ&ﬁiﬁ%ﬁ&b&@ﬁ%%ﬁﬁ%ﬁ%&m Tal 3f, Tall
Ti, Wi, Ww, WWTi MoHf NMoHFfi, and Hf Pi. Bythe

t wo- conponent conb‘i"??g{“f“b?ﬁ ?Jﬁfétekl“i‘efl%‘fmﬁﬁ@%i"ﬁ"“ﬁ?&’ﬁtééboﬁq*%éﬁémonQO%to

about 99% By the ﬂéﬁeﬂﬁvmmmmt1mw%m@0%r@dtﬂefﬂﬁrdfaeh%£t&h&rﬁ%ﬁi varies
from about 20% to 90% 5 second 5 el ement varies from about 10%to
v

about 80% and th r/‘b‘OéJP varies from about 0%to about 70% The

average grain size 232T945‘Jgggg§§fn§ﬁ[:9§2yo tr?frac{ogjﬁz%zﬂﬁd@%é range

from about one-tenth the characteristic rrenS| e p(])IT yS| I i con
plug 224 to great ePgeham qbﬁ‘é%hﬁnﬂicﬂteeﬁﬁmimﬁh@ﬁmmdmQﬂﬁepomﬂcm/erage grain

S12e 10 232 dopl cli b PG et SH! BhRiAb9e T AL ALILLEATY ST 26

shape, and |ocation (centered over the po ySi11con ea § SO
illustrative céﬂv@ﬁ?éﬁ?@ée‘imm@%msqmmgbmhwmmmW;Md/e pl ug 232

ol udes a_char actgris RS oMol QLU0 BEakelI BEQIY L 2l Lhi 1o

film230 is carried out under condftions raln Si ze
therein in a rangen&femiplimint phege tgcopsyctive) Pl'i&?ﬂ/\‘f“‘@"h%ﬁ“%ﬂ‘?é‘ﬁ%@‘é“%ﬁ*%% si zes,
shapes, and | ocatf@ing t}a&&raamhmema]bideilmmwcdmag)ut@devacrntlladms toARE BSStripg

C_Ondi t ' ons set f Or%ﬁs}}@ h@ﬂeﬂunm gilsabeulﬁ %g‘sg 16 ﬁ’eOtﬂgrtaVeﬁagp&iﬁggeE A gsrzlnﬁt ic

di mensi on 234 of t I'i con tied
phot ol i t hogr aphy. ‘?%“‘Bhaé" aéwﬁ‘@HF ?Fé‘?ﬂ‘“‘gtf’ ﬁ”é‘“&*i?&%“%%‘fgéﬂ@wsée‘d?rf‘i*éﬁﬁdﬁd a234 is
the critical dinmensaiintiéara set of photolithographic design rules. By way of

The characteristic dimension 234 of the polysilicon plug 224 is tied to the
15 process photolithography. In one embodiment, the characteristic dimensicn 234
is the critical dimension of a set of photolithographic design rules. By way of
further reference, according to design rules, a characteristic dimension may be
part of the meiric of the structure depicted in FIG. 2A. In;his embodiment, the
mipimum feature may be the diameter of the contact corridor that accommodates
20 the polysilicon plug 234.. For example, photolithography process flows may
have a minimum feature geometry that is one of 0.25 micrometers (microns),
0.18 microns, 0.15 microns, (.13 microns, and 0.11 microns. It is understood
) that the various metrics such as 2 0.1 5-micron photolithography geomeiry may
have different dimensions in a first business entity compared to a sccond
25 business entity. Accordingly, such meﬁ-ics, althongh quantitatively called out,
may differ between two given busiﬁess entities. Other minimum features that
may be accomplished in the futire are applicable to the present Invention.
Tn another embodiment, the formation of the first film 226, the second
film 228, and the third film 230 are all camied out in a single PVD tool. One
30 achievement of this embodiment is a high productivity throughput as various

targets are placed in or near the tool, and are moved into multiple chambers in




further reference, according to design rules, a characteristic dinension my
be part of the netric of the structure depicted in FIG 2A 1In thi% _
enbodi ment, the mninumfeature may be the dianeter of the AJariaRet0 Zo_rri dor
t hat accommpdates 20 the polysilicon plug 234. For exanple, photolithography
process fl ows wigdsnoddve a m ni num feature geonetry that i gscomsabsd. 25

m cronmeters (mcrons), 0.18 mcrons, 0.15 mcrons, 0.13 mcrons, and 0.11
mcrons. It is understood that the various netrics such as a 0.15 nicron
phot ol i t hogr aphy eé&westieel “hay 2rrrrtiate By hisashievancab asga ol B PEEPPSd st busi ness
entity conpared tghcas3ae@nslrb phidskness entity. Accordingly, such netrics,

al though quantitatively called out, nay differ between two given business
entities. O her m ni miGfEHEaress sedimp of frmyinipbiradapoird|in EMedAiaftet he future are

applicable to the i pventd on. ln..anat i , rmati on of
the first film 22%1;95%%%&%5650 'ngggl#cﬁgﬁe%%%gﬁgﬁ{dﬁ’;%ﬁ%eg% ?lsslfcr’n'&.%g(tjDKI O%r e all
carried out inJSa spagénecffpotysibbon pBres224 304 the hilievteryerdtal sificidhfisst Binbodi ment i s
a high producti vi t i tald . ar _ j.n.or near the
tool, and are rmvie%' }S%‘%&?}iﬁﬁ%’%‘ﬁ%ﬂ Aéﬁ?r?&%?‘% In %%§E%j§ﬁt%%gl IIRV\D

03/ 103046 PCTI USO®itisisfit&iarh megbniwideggtidadeemddibp28f rzndtlen beByw thhi s

261 5 5 oross sectrB bt pha R GRRR Ao he Ak BRI MBI oo, [

processi ng. A sal nitridd eccoudfinZ8i gned silicide) structure 236 is fornmed from
5 a portion of the polysilicon plu and the.refractory netal silicide
irstoril m 2969 Sai | oiis Gironebut Rl deg Pé‘tc“'%‘(?‘&]}’r'%é‘rsa PEOEhE i s bel ow
thg ﬁf‘l ti Bgl poi n:] oneQﬁbbdlﬂleﬁt@iﬁI@ﬂfeﬁfnﬁm ahta&%bﬁiﬂﬁrﬁgéﬁbzgagﬁfﬁqmd L il m 228,
and al so bel ow t tenperature a ch nitrogen is .denuded fromthe
refractory netal it‘f"i‘b(ﬂq'g%o hi @ﬁéﬁf@kﬁﬁ’awf?ﬁ‘%‘ihﬂ@g’ﬁ At bne embodi nent, a
rapi d thermal progResatreRdigs fromSbaBrFiceto abdut 8507 C, BRwedbpsicasiat , a first
heating is done at a tenperature range fro ut 750 C to about 850 C. In
anot her enbodi mente®Rg & p @fpeﬁ'iﬁﬁ%%l%?%BW?zg%??ﬁ‘b@W;?éPa‘Fu ¥ Sk from
about 750 C t asabbuGrsBhdtify prokd iaweehnby isaiganoid to baed aigdaiona t enper at ure

range from abF)Ut bge Oeeg tﬁe%ogfts)' 1(l:'lc;[n p?usg(%zg ané tple faég'\éctgr\_{f%:?e&ai silicide first film 226,

but low enough to prevent significant nitrogen migration into the salicide

structure 236. During firther processing, ofien referred to as BEOL processing
that spends the thermal budgef, the amorphous refractory metal silicide nitride
20 second film 228 is substantially denunded of nitrogen (not pictured) by migration
of nitrogen into the salicide structure 236. By “substantially denuded” it is
meant that about 15% of the nitrogen, or more, migrates out of the amorphous
. refractory metal silicide nitride second. film 228.-In one embodiment, the -
meltmg pomt of the refractory metal silicide nitride second film 228§ is above
25 about 900° C.

_ FIG. 2C is a cross section of the structure depicted in FIG. 2B, taken
orthogonal to the plane of FIG. 2B, along the line 2C - 2C”. Itis noted that the
X-dimensien is not depicted in FIG 2C, as the view is orthogonal to the X-
dimension. After further processing, a dielectric cap layer 238 (hereinafier

30 referred to by way of non-limiting example as “nitride cap layer 238) is formed.
In one embodiment, the nitride cap layer 238 is formed before growth of the
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15 the first heating process tenperature is high enough to cause
salicidation between the polysilicon plug 224 and the refractory netal
silicide first film226, but |ow enough to prevent signifi camahuani 20006gen
mgration into the salicide structure 236. During firrther processing,
often referred to as BECL processing that spends the thermal budget, the
anmor phous refwaet/msots met-al silicide nitride 20 second fi lPaER81Tsge
substantial |y denuded of nitrogen (not pi ctured) by migration of nitrogen
into the salicide siructure

t hat about 15% oFaI’t“’r‘ilgmﬁ‘f“f'}t%ﬁq’éna“}b? ﬂﬁﬁa?ﬁ'a” ?5’310 ded\;]ilﬁc&—r?i)r phgﬁgnt

refractory netal nii:hdelcﬁpIi@cr[lﬁ&i&lfdiﬁe&ﬁﬁﬁ@(ﬂmwﬁhbﬂfhe?ﬁﬁcldedﬁﬂctﬁﬁ&QB(Er'[’ﬁOdl ment, the
mel ti ng point oft tal sil nitride s dfilm228 is

Zbove 5 sbout | 0at e eebedR Hehify Sp 5er RN Sarea e SrrBe B e dep! ot ed

in FIG 2B, takesalicidethegok. to the plane of FIG 2B, along the line 2C -

2C . It is noted that the X-dinmension is not depicted in FIG 2C, as the
view i s orthogdnal t oAtdreickd fiessadigit ling siepctureis coraplotpt willedsi ng, a

dielectric cap |%ﬁu&3§a@gﬁm§é%§ée}%} aﬁoﬁmmﬂap@xw@%&él @on-1initing

exanple as "nitride cap |ayer formed.. I n one enbodi rrent t he
nitride cap-| ayefno®acsr 34G @me%@ﬁf@?@@g?mw{n@@w}wmagarﬂmfy 2007 WO

03/103096 PCTI US@3dh Qs BOLESR 'ﬁfe'ﬁﬁhﬂél@da@%:@salﬁ:ﬁie%@%&ﬂﬁ G 2B In
anot her enbodi ment, the CVD nitride caag;ﬁ is forned during growth
é‘!‘%ﬂ@?

of the salicide $mgasalicide Sgbilmy The BBHL Bﬁ?ﬁ?fﬁ‘ﬁﬁﬁfrﬁlefﬂﬁlﬁ@dﬁl tride cap
| ayer 238 is {or Eﬁ@de%fséoﬁ&ﬁﬁ[@@%lﬂﬁﬁ mﬁay&aéubs@anqmy%ﬁlmea BB Z3Basd AS

depicted in FIG 2C, a di line s ructure i S corrplete with the fornmation

of a digit |ine Sp&sdher: m¢ﬁefﬁ$@“@w¢éﬁtﬁm 230, BIgRECtF SEUGBEGi git | i ne
240, bl anket
bt ed arght T nenbBlEEhide daRaRk LR LoAL o) Rkl eauste o0 ALY

that forms a sallidciowet forth sxTablelire iliktetBRHow Ho-thinglessde®dodinbus.r ef ract ory

metal suicide 10 nltrla]%?e ondf|Im228 al tthough it nmay be substantially
denuded of ni tro&@*ﬂehs we aﬂélf‘g?‘ﬁﬁsg SAY the refract ory metal third
film 230, anong ptter—StTUCHUres: e BDEStjucture TsTiabricatgd with
varying film i Eknesses. Exa?ﬁ‘ﬁ?’é@ Example 2 | Example3 1 Example 4

Cap layer 200 |so0 - |1000 1,500

srdfilm, W. |50 |200 130 |s00

Ind film*, TaSi, |20 |50 100 | 200

xl\rx' ‘

20 | 1stfilm**, TaSi, {30 {70 130 300

*2nd film inclades residual amounts of N that did not migrate into the lst film.
.. **3alicided. Includes some N that migrated from- the2nd film. -

Resistivity in the WBDL third fitm 230 is measured in 2 range from about 2.5
25 'Q/sq to about 25 G /sq. The average grain size for the WBDL third film 230
depicted in Table 1, is in a range from about 20 nm to about 500 mm. In another
embodiment, the average grain size is in a range from about 30 mm to about 150
- mm. By various processes, it will be apparent that the refractory metal third film
230 can include a resistivity in 2 range from about 0.1 Q/sq to about 1 ,000 O/sq.
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1-4 are set forth in Table | to illustrate various filmthickness

enbodi nents- Table | - WBDL Structures, all thicknesses in A 15 Exagaa
Exanple 2 Exanple 3 Exanple 4 1Cap|ayer 200 500 1,000 1, 500 lm W
50 200 11350 500 2nd film, TaSiz, 20 50 100 200 xN. 20 1st film*, TaSi,
30 70 130 300 xd&ndsbdsm i ncl udes residual amounts of N t hatcrdisobmaw m gr at e
into the 1st film **Salicided.lncludes some N that mgrated fromthe 2nd
filmResistivity in the WBDL third film 230 iis neasured in_a rage from.
about 2.5 25 Qlsq to Astrdggep! pekpdimmbls deivietia FYFaRh B PZeM ot Athe WBDL

third film230 depbhtQehoblimERMabers sofe kithilarity d1B6 sthicRid @&bRidl ind@Gnm t o about
500 irm |In another ~enbodi nent, the averag %@rn size is in a range from

about 30 run to abduEndbmaybeicvsd agasusHEe G, Liatso giorg bplacspar ent
that the refractory H%})@&lhéompr@sms gs'é@uﬁaaﬁ}sﬂcﬁ&écﬁ'ﬂﬂléaﬁcﬁa%e&hﬂw ty in a

range fromabout 0.1 t o about 4 January 2007 WO
031103046 PCTI US03ielqaio’ éé%’*ﬁf@“@é%rﬂa\]ﬁ ﬁ%ﬁﬁ%ﬁf@@éﬁ?&?{%‘ in FIGS. 3A
to 3C. FIG 3Ais agrrmg%ﬂﬁrmﬁgﬂmdlov&%eﬁommc 53 Bref bdBvkAnd deYorkiO t he
structure depict edvr n and, it %glﬂvréev\ed as a_structure taken

fromFIG 1, also &Ry 3ghdnppsranbpdimest, mﬂ‘%@?‘f“f@&f‘e’ﬁ%ﬁ@ AL7% di sposed

inafirst diel eCtHf,&&ﬁﬁm@ﬁ@s&e&@ﬁ%%&n@bﬁhﬁﬁﬂthb&ﬁ%?t@ryr&tdiﬁfsél&@édory et al
silicide first film326 _is forned hysi cal \é@gor deposition (P VD) over

the pol ysilicon plflfﬁﬂgiﬂbéré’%?qzb%@oﬁﬁl%?m‘{fh@% ehimprisihe EHEOT820. I n one

enbodi ment, thgor ah&iAGE RietedBER Cr,ino, 98| 8 6dritindiba thekbof. B one efbod@hent,
conbi nati ons thereof In one enbodi ment), the refractory netal is sel ected

fromV, Nb, Ta, orbewGHpitesrEaHssesrifdom Cq. Rhdneor eomldpitipntihereafnld opef r act ory

10 netal is sel ectghohidem &k refidlory Wet@1s s61008 fh NP8, Hth@k&ffinaibis one
enbodi nent, the refractory netal is selected fromCo, Rh, Ir, or

conbi nati ons ther é8¥°fi n one enbodi ment, the refract ory net aI is selected
fromN, Pd, Pt, or Coﬁg%n@%b%ﬁent the refractory metal that is used, is generated from a

15 refractory metal silicide target to form the refractory metal first fitm 326.
According to this process ambodiment; the refractory metal silicide first film 326
includes forming a solid solution of refractory metal siticide according to the
formuia MSi,; and the refractory metal is M and 0 <x = 3. |

In another embodiment, forming the refractory metal silicide first film

20 326 is done by sputtering from a silicon-lean refractory metal silicide target such
that the PVD process generates a refractory metal silicide first film 326
according to the formula of about MSi, ;. In one embodiment, the refractorjr
metal silicide ﬁrstﬁ]_nﬁ:_3276.ris according io the formula of about TaSi;;. In cne
embodimen’r, rﬁe refractory metal silicide first film 326 is according to the

25 formula of abort MSi, ,, and M 1s TaTi and Ta varies from about 20% to about
99%. In one embodiment, the refractory metal silicide first film 326 is according
to the formula of about WSi, .. In one embodiment, the refractory metal silicide
first film 326 is according to the formula of about MSj, ;, and M is WTi and W
varies from about 20% to about 99%. In one embodimient, the refraciory metal

30 silicide first film 326 is according to the formula of about MoSi, . Inone
embodiment, the refractory metal silicide first fitm 326 is according to the
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thereof. In one enbodinent the refractory netal that is used, is generated
froma 15 refractory netal silicide target to formthe refractory netal
first film326. According to this process enbodi nent, the réfametyd@f)7 net al
silicide first film326 includes formng a solid solution of refractory

met al silici.de‘wﬁ%org‘i ng to the fornmula MSix, and the refractory netal is M
and 0 <x s 3. MEher enbodi nent, forming the refract oPSTHEFER™S| | ci de
first film 20 326 is done by sputtering froma silicon-lean refractory
metal silicide tapgaia &ubdinc MIatant WEs PMDI fid0geeEicgRAR BiRfe B0t Bbkact ory
-nmetal silicide first film 326 according to the formya.gf. about MSI 0.6. In
one enbodi ment, t#?eé'rhéf’?eaeé‘lﬁ' ent Wf%ﬁ?%?%f%ﬁ%@fﬁmf gaccor di ng
to the formul a ofto@kdetimuibaBhmst HisH, Ol@ne antdihdaie e refderymétiiatidey net al
silicide first film/326.is accordi to 1he 25 farmul a of ouj i 0.6, and
Mis TaTi and Ta é‘grﬁi‘@gzéﬁsﬁﬁoﬁﬁ?ﬁﬁ?ﬁ% 5 °§%b6’ﬂing’995}3‘jaMﬁs éa‘édr%%/gi ment, the
refractory metal titd frintboldi 2084 to Ebdun®BL CAlIBugicpedifl tognbidatiodshe f or nul a of
about WSio.6. In one enbodi ment, the.refractory.metal .sjlicide first film
396" 1 5. accor di ng PONTHESr GRS Bt fpeot R i Ny W Var es
from about 20% t OT=30KLTaME) YaMbTi, TatE, EARATOCIWTE WMol WaidTe WS tWafyi, net al 30
silicide first film 326 i ccording to the for.nul a qof out Si0.6. In one
enbodi nent, the rl\é[f’r%’g?:’{%&a?'ﬂ@bgﬁé'lthest?vgic%rfl]%?@e’%f?@gm? © %é%l%fﬂ%m cording to the
12 4 January 200 AaritBrdd34bb3D4Go BEohi VGH A5 theefooinpatleat cofbabionus, thdSi 0. 6, and
Mis MTi and ries fromabouyt 0%t a apboy 99% . l.n one enbodi nent, the
refractory me'tlm3 Eé/l% IB}eae?fé’a?‘?s i #’f’?t%géig%ogp&abc)%&e P9 P8R K& or nul a of
about Hf Si-O 6. | nfFansoeriototb At 30%,hed the fHird clemiey: viaddsaftonsibbii@aie first film
328 is according tbolﬁ(_t] formul a of about Msip.6, and Mis HTi and H 5

0

varies from about® ‘o about 99% Al though specific combinations are

explicitly set forth ahew@mesi-REBQILIRA DR iObhRE AQPYDRIhBBS of B! ude TaW
TaWri , TaMo, TaMoTi, TaHf TaHf Ti, Wi, Wb, WwWTi, WH WH Ti, Mtif, and
Mb73f Ti. By the tNicloshpelsHicde SrbiimZosrordingie ap prbqdiearb St varies from
about 20% to aboulta@BYeici sdddf fibl B iCOIRPNeRf 8RR 1ifBgn. The 10 first

el enent varies fromabqut 20%to 1iiboua 90% the second el enent varies
amount of mtrogen ranges irom a doping guaniity to stoichiomeiric to excess

over stoichiometric. In ofie embodimient, the amorphous titanium nitride second
film 328 is formed by PVD in the same tool that was used io form the refractory
metal silicide first film 326. Tn another embodiment, 2 CVD process is used to
20  form the titanivm nitride second film 328. In yet another embodiment, an ALD
process is used to form the titaninm mitride second film 328.
Although *“titanium nitride” is referred to, it is within the meaning of the
- specification and the claims to include other refractory metals in addition fo, or - -
in place of titanium.. The refractory metal that is used to form the refractory
25 metal nitride second film 328, is a refractory metal such as set forth above for the
various cmbodiments of the refractory metal nitride first film 326. One
characteristic of the titaninm nitride second film 328 is that it retains

its nitrogen during processing temperatures that form a salicide structure as set
forth below. Another characteristic of the titanium niftide second film 328 is
30 that it may release some of its nifrogen during and after BEOL thermal

processing.
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fromabout 10% to about 80% and the third el enent varies from about 0%to
about 70% A titaniumnitride second film328 is forned after PVD fornati on
of the refractory netal silicide first film 326 .accordi ng t ol lamaend8di nent .
The 15 titaniumnitride second film328 is a conmpound of titaniumand -

ni trogen. The warmwwaesbscof nitrogen ranges from a dopi ng quatthisysbHs
stoichionetric to excess over stoichionetric. I n one enbodi nent, the

anor phous titani um ni

tride second. .fi 28.i s rnmed_by PVD.in the sane
tool that was used to“ t?‘PigleT"gMgHg}’ Ismﬁigﬁﬂn'g?ﬁ%@oﬁof film326. In

anot her enbodi nmenfitaniam GUBI¢NcEmE Hin BZS. U6 66 dibodithefiipheTdia@oryinteaibizan ni tri de
second fil m 328. t. anot her__enbadi ment, an Al rocess i s _used to form
the titani um ni t_r{ﬁﬁ%%’g)é% HB"‘%YIP 3 .asg'tsﬁgrﬁﬁ?ga’llﬁ%‘cﬁﬂ?ﬁﬁai i Jer is
referred to, it i snovhet@hidbdinke:, tHeadhabigryahetdl fird BRSGH kiferakd BCWDdIhe clainms to
i ncl ude ot her refractaor tals in dition to, or Jjn place of titanium -
The refractory Sn’eYeéF‘“"?kf?\éFm Qdimrah g AGDPRICR ’Sﬁ?ﬁdtf’éc?ﬁb?lggﬁ‘la%mﬁ@t al nitride
second film 328, in&dain 830, 6 by ynbb@inaht, thelRa@sry aetal fubd filin adnayvechor the

vari ous enbodi ments of fhe refractory nmetal nitride first film 326. One
characteristic of VEHE aniumnitride second film328 is that it retains

its nitrogen during proGesskiehd SERALAS HheBo Rl sfetPnin 8@l 1 Ci de structure

as set forth below Another characteristic of the titaniumnitride second

film328 is 30 t#miedimenhiyt iy Gickerghandtsrfostapd sepepdrifiny Bigend 3% i ng and after
BECL ther mal o ORERstia 11 4 «hAM3IA0RE YO0 hAg3N40RCTEL03/ 17579 A

refractory netal third film IS formed after the formation of the

“titanium nitride febabryefirrefagipy mqid prsrEseatieb i fiewand seqead flasA3emsr y net al

third film 330 i s QERRY RYBhSHERRpmbYis SRR hrlls Bnbdifagt ory netal
target. In another enbodinent, the retractory netal third film330 is

formed by CVD. In 5 yét ommmemmaﬁﬁmmmeamm& DinpBaciegmitersd figed to form
moral third 1 msgoeEs B eope FiRetenh B AR SN IR 42fier ntal Thir
film 330 has alsdi spetigediiom A Teeget. In another embodiment, the refractory metal third

film 330 1is sputtered from a Ti target. Other target embodiments used in the

process include TaW, TaWTi, TaMo, TaMoTi, TaHf, TaH{Ti, WTi, WMo,

WMoTi, WHE, WHIT1, Mo, MoTi, MoHf, MoH{Ti, and HITi. By the two-

component combinations, the first element varies from about 20% to about 99%.
20 By the three-component combinations, the first element varies from about 20%
| to about 90%, the second element varies from about 10% to about Sﬁ%, and the
third element varies from about 0% to about 70%. -
.- The average grain size 332 of the refractory metal third fitm 330 is in a
rapge from about one<enth the characteristic dimeusiqn 334 of the polysilicon
25 plug 324 to greater than the characteristic dimension 334. The average grain size -
332 depicted in FIG. 3A, 1s illustrated also in an arbitrary size, shape, and
location {centered over the polysilicon plug 324) for illastrative convenience
aci:ording to ap embodiment. Other average grain sizes, shapes, and locations
are achievable according to various processing conditions set forth herein, and as

30 known in the ari.
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enbodi nent that is thicker than the first and second filnms 326 -and 328 10
respectively, it acts as a mpjor structure in a BDL for a nenory deV| ce. As
set forth above for refractory netal precursors for the fir&{ansy g(gcond
films .326 and 328, respectively, various refractory netals are useful for
this enbodinent. .. In one enbodi ment, the refractory netal third f|Im330 i's
sputtered fronOBARPYEr get- I n anot her enbodi nent, the r YA EY et al
third film330 is 15 sputtered froma Ta target. I'n anot her enbodi ment, the

refractory nmetal thirdrhddhbiRieBic difeSRut3Beis@Ed fothdBréceskiphbahi@edraphid her tar get
enbodi nment s used in the  process include TaW .TaWi. aMb,. TaMbTi, Taff,
TarkTi W by e e RO Dy T gony i e ptitc TRAsRgien B’ 1 11 | By
the two- Comonenmawmﬂnﬁﬁiﬂﬁﬁﬁmgédﬁh@ﬂﬁﬁ&oﬁétﬁ@ﬁﬂ&m&t&fﬂ@&ﬁc&ﬁﬁ,abou'{ 20%to
about 99% 20 By t § t.hr ee- S}) onent éﬁg‘ol nations, the first el enent varies
from about 20% t &2 0H AL ™% ent varies from about 10%to

about 80% and the thFI"Gd?)ﬁks%rEﬁ:l&Ese}éﬁcfno?ﬁaefsﬁ%@&%ﬁié&d%@lé%&%w 70% The

average grain size 332 of the refractory netal ird film330 is in a range
from about one-t erfether precessing dctebyidestmeiing B pis g1opn 9B portiopkEhpol ysi | i con 25

plug 324 to great ?Bbgﬂ&%gﬁgzﬁgﬁrtﬁ&%ﬂckﬁbﬁmﬁhﬁﬁ@ﬁs@ﬂm% SARfIANET age grain

size 332 depicted i'n Fl Is illustrated also in an-arbitrary size,

shape, and |ocat |1Weééhiaéﬂ@’ﬂlp?f\?‘é¥ebﬁh@ﬂmﬁ@%ﬁgno%ﬁf%ﬁmﬁn@mfnqeor

illustrative CO”V%&oﬁ&‘EEﬁ?%C&Q%QbMo&&e%ﬁﬁﬁ?@#%ﬂﬁmﬁ%&ﬂ%deﬁﬂa‘%&age grain
si zes, shapes, and locations are achi evable accordin 0.vari ous processing

condi ti ons. set 19orﬁ%@%?@mm%S&?“‘*@’@“Woh\oqeﬁmb?ﬁén%ﬁta firg heatingignuary 2007

WO 03/103046 PCT/ Y531 1 fenprathi ol bAGh&T: 7500 dhdHe P N 13Adik:s tied to the
pr ocess photolithography. ~ For exarrpl e and not by way of limtation, the

characteristic di rehediaantafst braipg isglops A p fmprRBE whes Tgeahert7y0Hat is one of

0.25. mcrons, 0. Jaﬁoﬂ%ﬁ?@”ﬁ:-ﬂow&hﬁb@s@&oﬁ&@é&ﬁmg&ale%xp@ﬂaﬁf&&ﬁgeﬁ%ﬁdzb&ztll m crons.
5 FIG 3Bis a cross section of the structure depicted in FIG 3A after

further processi ng2%% ©PPEPHE Cstl?a%w%%fgsﬁf@ab@smwww%z%om. on ofthe

20: ysi hl con pl 4y 32sueR ket QatlcRbhicOeyn B HHsilfbh fluglSr4fanatle fi1 m 326.
al i ci dation
refractory metal silicide first film 326, but low enough te prevent significant

nitrogen migration into the salicide sbructure 336. In one embodiment, the
- melting point of the titanium nitride second film 328 is above aboui 1,100° C.

FIG. 3C is a cross section of the structure depicted in FIG. 3B, taken
20 orthogonal to the_plane of FIG. 3B, along the line 3C - 3C°, After further
pyocessin_g_, a mitride cap layer 338 is formed. Inone mbﬁdimeni‘, the nifride cap
layer 338 is formed before growth of the salicide structure 336. In another
b . embodiment, the nitride cap layer 338 is grown duting the growthi of the salicide
structure 336. In yet ancther émbodiment, the nifride cap layer 338 is grown
25  after formation of the salicide structure 336.

As depicted m FIG. 3C, a BDL structure is completed with the formation
of a digit line spacer 340. In one. embodiment, the digit line spacer 340 is
replaced with a blanket dielectric deposition (not pictured) that covers an array of
BDLs. The BDL includes the salicide structure 336 that forms a salicide first

30 film. The BDL also includes, the titanium nitride second film 328 (although it
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is carried out at a tenperature below the nelting point of the titanium

nitride

is denuded 10 fromthe titaniumnitride second film 328.

a first heating is

range from about
t emper at ure range

750 Cto
fr om about

about 850 C,

second fil'm 328, and al so bel ow the tenperature at which nitrogen

| n &fwwaniE8% nent ,

done at .a tenperature range from about 750 C to about
850 C. In anot Qeyesndgodi ment, a first heating is done at g
foll owed by a second
920 C to about 980 C.

qygg@ture

eating at a
In any event, the first

heati ng t enper at uimay pesupptgtialindepdsd gfnifrescaap ek foslherindLod 8 if@efBen t he
polysilicon plug 3zt ARd ath 830, habddMPinbciREal silicide first film326, but

| ow enough to prevent significant

nitrogen mgration into the salicide

structure 336. | n one Bk stmntretihibricaet! with garymig ifitm Gfickintseest Examgplesm nitri de

second film 328
structure depicte
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yet anot her enbod
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January 2007  WO- 03430 4citel bdmhdI0Radin b dRyPRe SibSitant i al |y denuded of
third film 330,

nitrogen as set forth herein),
anong ot her structures.

t hi cknesses.
filmthickness
A Exanpl e 5 Exk

20

Table 2 .-

e;avgﬁgﬁgﬁqllési%B% theS RN%‘})QIE %Elﬁ%m %Ol a e&)il‘c]:%eg knesses in

and the refractory netal
The BDL structure is fabricated with varying film
Exanmplegagivith indhaWB DS Shird Rt 330 i nckaldb®ind rhufpe ibnlisbit 3i#sqvar i ous

e b

in Table 2, is in a range from about 20 nm to about 500 nm. In another

embodiment, the average grain size is in a range from about 30 nm to about 250

mn. By various processes, it will be apparent that the refractory metal third film

330 can include a resisfivity ina range from about 0.1 Q/sq to about 1,000 Q/sq.

FIG. 4 is a process flow diagram 400 according to an embodiment. The
embodiments referred to in FIGS. 2ZA-2C and FIGS. 3A-3C can be referred to
according to the process flow. At 410, a metal silicide first film is formed above

" an active area of a substrate. Tnone embodiment, the active area is coupléd to

25

the first film through a polysilicon plug or other canductive body.

At 420, a refractory metal compound barrier second film is formed above
the first film. The refractory metal compound barrier second film is stable with

respect to its retention of nitrogen durmg the growth of the salicide structure. At
430, a large-grained metal third film is formed above the refraciory metal

compound second film. The large grain size is quantified by comparison fo a
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Cap | ayer 200 500 1,000 1,500 3rd 111m W 50 200 350 500 2nd film Tall 20
50 100 200 10 1st filnmr, 30 70 130 300 TaSi2 *Salicided. Includes sone N
that migrated fromthe 2nd film Resistivity in the VWBDL thi#&npayaf®30 is
measured in a range fromabout 2 D)sq 15 to about 20 U sq_ The average
grain size forW(S&?lﬂM?ﬁEL third film 330 depicted in Table 2, is in a range
fromabout 20 nu to about 500 nm |In another enbodi nent ,PqTﬁ@"%?age grain
size is in a range fromabout 30 nmto about 250 rim By various processes,
it will be appar ehtradidtiztic divensioafin e biorcinrardhaprotdss isdombpletent B8 e@n i ncl ude a
resistivity in aerm%g(ggj fromabout 0.1 Q' sgq to about 1,000 DJsg. 20 FIG 4 is
a process flow diagr B%00 accor di ng to an enbodi nent. The enbodi nents

referred:to in FIGS. Z2MAChaplcd Saiterdfivelie @RSy hRfi@hd @6 sfsPamaccording to

the process flow At 410, a netal silicide first filmis formed above an
active area of a @tiBePpiiEon Biugy fecuiBSR;higrrbodiprat fempreressdo®as i s coupl ed to
the first filnythpRpe 84400l ysilicon plug or other conductive body. 25 At
420, a refractory netal conpound barrier second filmis formed above the
first film The refr abksr § thuesh 0 osiatetivr pubrodinesntss dbopracssic andi s stable with

respect to itsr ] l: ' he . [@%R o-he salicide
strgcture. At 4%8?%%?3%—%?%‘%%%?@%%&@% %IE m | g‘%"o&rred above the
refractory netal applsaoterdvagey oflivicisiand sfiivetdsex Gecyhcivrens @ebes quantified
by compari son to.ﬁadéﬁyésoéeéy oHine or m%&??&%ﬁ%%@@ﬁ%%%ﬁ%ﬁ&%ﬁ:@

characteristic dinmension in the structure. The process Is conplete at 430 in
One- enbodi medf Afthesgucirdes dnclyssddsreing Foil exemplnita oltiplppekage @ndedpipy sal i ci di ng

the first fi1m ans LheRAk¥Xid GOReRldifuen 3 QUM Bralrhil i} sppmbodi nent , -t he
FIGS. 5 thr h 1

process flowis 5 conplete at 440. FIGS. 5 throug i I'Tustrate other
enbodi nent s. The_sp'lﬂté@ess'e@farrﬁiect@ﬂiwe%nhm@%mdmtalam@ﬂmmmhwnmt he vari ous
embodi nents are i QMERLINERY a sense amplifier, or a trace between active deviceson a

substrate. In one embodiment, an array of BDLs is included such as a line of

15 sense amp]jﬁérs that use the BDLs. In another embodiment, the BDL is part of a

2-dimensional array of storage devices such as a DRAM array. In another
embodiment, the BDL stracture is part of an electrical device that includes the
semiconducior substrate in a chip package and the chip package is part of a
mMEmory module or part of a chipset. In another embodiment, the memory
20 module is part of a DRAM module that is inserted into a bost such as a
motherboard or a digital computer. In another embodiment, specific systems can
be made that include the BDL stincture. For example, a chip package can
. contain a substrate such as one set forth in this disclosure. - In another _
| émbodiment, the BDL structure is part of an eleciricat device that inclndes the
25 semiconductor substrate in a chip package and the chip package is part of a
memory module or part of a chipset. In another embodiment, the memory
module is part of 2 dynamic random access memory module that is inserted into
a host such as a motherboard or a digital computer. In another embodiment, the
BDL structure is part of an electronic system. In another embodiment, the BDL
30  structure is fabricated with a floating gate. In another embodiment, the BDL
structure 1s fabricated with 2 floating gate that is part of a flash memory device
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applicable to a variety of devices and apparatuses. Specific systens can be
made by process enbodi nents, or that include an enbodi nent or enbodi nents 10
of the structure as disclosed herein. For exanple, a chip paéHReyey2a¥
contain BDL structure according to an enbodi nent. In another exanple, the
BDL structurewbasusaeg for electrical coupling for incidegi-gluses g% menory
applications such as a line for a sense anplifier, or a trace between
active devices on substrate. In one enbodinent, an array of BDLs is

i ncl uded such as f&“l’ﬁ*ﬁ‘é"é?ﬂﬁf%@ﬁé“é W??@@r@“ﬁﬁ‘&?‘“ﬁ@éﬁn{ OB | n anot her
enbodi ment, the Blletdonl fpaict. Of a 2-di nensional array of storage devices
such as a DRAM array. In another. enbodinent, the BDL structure is part of
an el ectrical device FHatS is atprtherineier §éhireehstieie tapaimughwmicardecion a chip
package and the c ggg% e:Qr part of a

chi pset. In anot h%%ﬁgﬁ%% |rn::r‘idtlt'}w?la?E‘KE&'‘)dﬂ]{m{EI w%%%r ugg) |§5|5§rt of a DRAM

modul e t hat i s35i nsmidoediciontlis 580 fimdt podeded égmahe sitzpmwerlooE0dhabeontzingi gi t al

conputer. In anotﬁgélgagp&gl $Q§D%§§%%£ - AR FIfe Jegle, Lhhat i nclude

the BDL structure or exa pac a e can confain a substrate such
as one set forth' FIﬁStm-écdlAshdﬁﬁm@kmmn&wbpdﬁ@mvpbdmmmﬂmm BDL structure
is part of an ele égg ctor substrate
in a chip pac kage&ggn&(?&ashc'hda%\éﬁb%&atg P{?%ieé] :ﬂs‘!ﬂgt%&i1 C&ﬁuﬁe E@Mn%dul e or part
of a chi pset. In wmﬁm@nct@nbédmmdmtoﬂmfm%wltypmdbrlcentmaapmﬂtedof a dynamic
random access 4 Is as a

not her boar d or | gl ta %%ﬁgpﬁﬁcphawggﬁo%ﬁg%mngmﬁn@%ﬁeSﬁﬁg& BDL structure
is part of an eI efuttheyndmais pdiiteoprnl cirouimniotehiend torsbdichomplax devideeasBDL. 30 structure
is fabricated wt Qﬁ% e BDL
structure is fabrlpcrg)th{g&dco%&egsga }%gltﬁklgﬁﬁﬂ% hggp@ggﬂﬁpﬁmcwa flash nenory
device 17 4 Jan umd;ﬂgﬁd)mﬂPmmh%tiﬁ&m@m@hpmwﬁ@§W@ldlﬂgalnerqﬁmﬂt(mtn is part
of a chipset suchshaé)g) gcactf:&%tm@&rcﬁm%omaé&% ¢ B QRhtef25: ABeraf! €CL T Cal
device. FIG 5 is atop view of a warfer or su strate contal ning

semni conduct or 15d|@93m1ﬁ103t@cﬂﬂéla<mfel i prie eapodipisaicliherdin 5 10 ipiinchsed afadicsince to FI G
5 a 5 sem conducgugﬂasdi 2,]5 ottl;ﬁmpﬂ)‘ggéﬁ%gc g&&élﬂqcaé dsppn wafer 500 that
contains the at |east o e BDL "structures stch as are depicted in

FI GS. 2A-2C and FIG.6is ablock diagram of a circuit module 600 in accordance withan

embodiment. As shown in FIG. 6, two or more dies 510 at least one of which
contains at least ome BDL structure such as are depicted in FIGS. 2A-2C and

20 FIGS. 3A-3C in accordance with various embodiments can be combined, with or-
without protective casing, into a host such as a circuit module 600 to enhance or
extend the fimctionality of an individnal die 510. Circuit module 600 canbe a
cq_n;bina?:iqn__of dies 510 representing a variety of fimctions, or a eombination of -
dies 510 containing the same finctionality. Some examples of a circuit module

25 600 include memory modules, device drivers, power modules, communication
modems, processor modules and application-specific modules and can include
multi-layer, multi-chip modules. Circuit module 600 can bé a sub-component of
a variety of electronic sysiems, such as a clock, a television, a cell phone, a
personal computer, an anfomobile, an industrial control system, an“ajrcraﬁ, a

30 hand-held, and others. Circuit module 600 will have a variety of leads 610
extending therefrom providing unilateral or bilateral communication and control.

.18




ST

FIGS. 3A-3C. A die 510 is an individual pattern, typically rectangular, on a

substrate such as substrate 110 (FIG 1) that contains circuitry to perform
a specific function. A sem conductor wafer 500 will typi caldlymegi208in a
repeated 10 pattern of such dies 510 containing the sane functionality. The
die 510 can further contai-n additional circuitry to extend to such conpl ex
devi ces as a wpRAblshi ¢ processor with nmultiple functi oraksopinisThe die 510
is typically packaged in a protective casing (not shown) with |eads

extending therefrgm (not _.shown) .providing access to the ci.rcuitry of the
e 510 Por an | alurbbeGrbRE A B et R e b it EOHELE 1 1 one
enbodi ment, the dFE;350aivd-del gas@sbritat willve $bricAtithtoastopeeivipe.package ( not

shown) such as a chip-scal e gacka_ge (CSP). FIG 6 is a block diagramof a

circuit modul e 600 i n ¥echisadleeledigirm okamenmmppaiHe At godmsomithmn FI G 6,
two or nore dies ghfbd@hent.Ga6!7 HBRs Se MBbGRent GPRERA 0Bkl stea@ﬁémogﬁe_ BDL
structure such as are depicted in FIGS. 2A-2C and 20 FIGS. 3A-3Cin

accordance wit K vaelde00<sapiaiginga BDL- seusturp embodirampagh asyre ¢episted i t hout

protective casi ngridg1bR-28 HOBIGSSHEBCAS 1R thbbaHidradbubEr&ARod@renhance or
extend the functionality of an individual die 510. Crcuit nodul e 600 can be

a conbi nati onof &rber pravessing di5t is kravey i regrtyong pod ilpsrted arie dorisird imor a

conbi nation of diggrs 153&1_11@.@%@&1@70(9%%'3@&%ﬁi’f%n@rb!lﬂﬁiiebﬁ@@sh{g)é-ln—m exanpl es of
a circuit nodule 25 600 include nenor dul es, device drlyers, ower

no
nodul es, communi c¥emSE MefgledrB Myt g@dﬁ“%@ﬂﬁé\é Bied DARMD-i & 8- speci fi c
modul es and cafy i BEhIEE cadBéhdrhity tRY SFimtedHchit bédid EPOBAYL 88er sidpbgUi t nmodul e 600

can be a sub-conponent, of a variety of electronic s_i{stems_, such as a cl ock,
a television, a c&PfipgpRsreset mgmerydaEresc YhPe e eMMnL hire 8 sglp frginean

industrial contr okets¥sh@f ordbhddiamIkB will RveDsehamnembed heh amdrglchers. Circuit
nodul e 600 will have a variety of |eads 610 __extendi ng therefrom providing

unil ateral or bi| SPephpik FeesteBre sspripte B siepals: Mamporymgdig 200y 2007 WO
03/103046 PCYJUSO3ghlaix hitple &R @dvicesNodbMBiRid onGl sifpstit71 STRIGMLAHGO00 |1 ncl udes
e LT e DLt o B B gl 85 o ALl DS St LML | P
modul e 700 in accoeomanestad fbnas develdd i oioth skkéaf sdprsh s Magrenbodi nent  of
a circuit nodule gn%dlﬁe %rggr[e%ts a command signal from an external controller (not shown)
on a command link 720 and provides for data input and data ontput on data links
730. The command link 720 and data links 730 are connected to leads 740
20  extending from the support 715. Leads 740 are shown for conceptuai purposes
and are pot limited to the posiﬁons shownin FIG.7.
FIG. 8 is a block diagram of an electronic system 800 in accordance with
~ another embodiment the prosent invention. ‘FIG. 8-shows anofber host type such
és an elecironic system 800 containing one or more circuit modules 600 as
25  described above containing at least one of the BDL structures. Electronic system
800 generally contains a user interface 810. User interface 810 provides a user
of the electronic system 800 with some form of control or obseﬁraﬁon of the
resnlts of the electronic system 800. Some exammples of user interface 810
include the keyboard, pointing device, monitor and printer of a personal
30 computer; the tuning dial, display and speakers of .a radio; the ignition switch of
gas pedal of an antomobile; and the card reader, keypad, display and currency
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5 nodul e 700 containing a BDL structure enbodi nent such as are depicted in
FIGS. 2A-2C and FIGS. 3A-3C, or the two-cell storage device grecur@gg (after
further processing that s known in the art, but not i |l ustr S'is
depicted in FIG 1. Menory nodule 700 is a host that generally depicts a
Single In-1ingq,MNgssey Module (SINN) or Dual In-line Menogctrdvbwhaize (DAM) _ A
SIMM 10 or DI M\/Ican generally be a printed circuit board ("PCB") or other
support containing a series of nenory devices, Wile a SIMVI will have a

single in-line s@pegser eimatometed felipranashine. Uy wiaripd 10 @ et set of | eads on

each side of the gguHRAtdesMiokd ﬁaatg%c&oﬁwsﬁﬁémom%%&pﬁmta&uw signals.
Menory nodule 700 contains nu pl e nenory devices . 710 contai ned on a

support 715, the Wﬁt%ea@%ﬂﬁ%tqrb@wmﬁ@g@&wré@e%wmwwand t he
desire for paritypeMoRfdkedPEhtieond @Indkeor hdilcait RoSREBOY cAPhces 710 on both
si des of support 715. Menory nodule 700 _accepts a_conmand signal from an
external contrdl IE‘P"‘F??&P"OWW?me@Hna TEERRRANGI cPRRol vodiregtioy ofBWF des for dat a

input and data ougior Qb Asdr inieice 180or of S GRTREBAGK Lingk 720 and data
| inks 730 are connected to_] eads 740 20 extendi nt? fromthe support 715.

Leads 740 are showﬁiPrPW’E'é‘ﬁE’ngUé]lw“ﬁ'ﬁ?Rf@%%dw@#ﬂ opiesyReR 80§ el beo t he

posi tions shown i gpkkGfiof bl ofxinpies phlvRskly Sivas CRBdR s¥lneb@GHIONi C syst em
800 in accordancegbvvlth 0anot ﬁeroe}r%gpdl r?gént tﬂ present c|Snvent| on. FIG 8
shows anot her hos?ﬁ@wﬂ‘éﬂ%G@W%@hwab?%?%ﬁ(@twm%@G%"@rﬁ%l ni ng one or
more circuit npdubiggi8RB.aSsRndesshikhngd s8R AV RiIORN Hh0nAkhelog@St one of
the BDL structures. Electronic %mtem 800 general Iy contains auser
interface 810. UsEPreicheulmegdulssg legitrmigeustan $0hen bpreplersd PEp 8glE oni ¢ system
800 with some forpy teﬁ@ﬂ&ﬁtOIFuﬂlﬁenﬁ&\S%[e\ﬂ%zh@@st%8@@@&111)&@&%'—50& Sfent he

el ectroni c system 800. Sone exanpl es of user interface 810 |ncI ude the
keyboard, poi nti n@fdeeFEEc TS and printer of a personal 30 conputer,

the tuning dial, displ o QQEE tch of
gas pedal of an auto de Qggﬁgl?t?%{%af%mreég%sgmk%%% E gf/mand

currency 19 415Ja¢mia>|dynezt)d*“1(}-ﬂ/@0®8¢@®3©d@mmfﬂ8@®hiciﬁiﬁ@w@mspﬁmr of an
autormated teller hM@x%n Qgﬁémbébtﬂs g%%%vgl%stftﬁ%&%moﬂgagﬁdrpe access

ports provided to ectro system8 cess ports are use
memox_'y devices 710 as described above including at least one of the buried digit

line structures as set forth herein in accordance with various embodiments, and a
memory controlier 910 that can also include circnitry that is connected with a
20  buried digit line structure as set forth herein. Memory controller 910 provides
and conirols a bidirectional interface between memory syster 900 and an
external system bus 920. Memory system 200 accepts a command signal from
_ the external system bus 920 and relays 1t to the one or more memeory devices 710
" 60 2 command Fnk 930. Memory system 900 provides for data input and data
25 ouiput between the one or more memory devices 710 and external system bus
620 on data links 940. |

FIG. 10 is a block diagram of a computer system 1000 in accordancé with
an embodiment. FIG. 10 shows a further embodiment of an electronic system as
a computer system 1000. Computer system 1000 contains a processor 1010 and
30  amemory system 900 housed in‘a computer unit 1015, Computer system 1000

is but one example of an electronic system containing another electronic system,

20




to connect an electronic systemto the nore tangi ble user interface
conponents previously exenplified. One or nore of the circuit nodul es 600
can be a 5 processor providing some formof manipul ation, coAtfamyhry@f07
direction of inputs fromor outputs to user interface 810, or of other

i nformation ei w)erlm )[.eprogr amed into, or otherw se provided to, electronic
system 800. As W TTP®H€ apparent fromthe lists of exanpl BSVB¥SYus| y
given, electronic system 800 will® often contain certain nechani cal
component s (not shewhdmarysystekd 000, &b dub-céhi@ndd) The @htplterspetth €006R0 and user

interface 810. It wi,l.l be appreciated. t he on r, nore cijlguit nodul es
600 in el ectroni c R8¢ grmngg}é&glgﬁf/@ecmp!gﬁ@@ Eh&plﬁﬁougi%ggonta? Rocesit géﬁat ed

ci rcui t. Furt her mafi¢the kmaly EER00Y Shepntd @ tanlt0b sptanslyontsinpeeaent  of a :
| arger el ectronic.system Fl 9. is a hl Lagr f _a menory system 900
in accordance wit Mt ceﬁpg’ﬂf%g&aﬁ%ﬁf?“p@?%%@ﬁgg%ﬁqk%e I'é?‘%%r%’r%nt of an

el ectrical deviZfe vath it peasait @iventiof ¥ pluralilyeiBDY, ssikatremudBoagtdio ase &

hi gher-1 evel host that. c ai ns _one. ar r menoy vi-ces 7. s descri bed
above i ncl udi ng a???“é%‘g‘fo &2 DIPW@I@Sr"?@ﬁ%gic&m{{ﬁo??’%@estr‘ﬁr ﬁ&é"@ as set
forth herein in aceothdereeupMdamontion 1045 a eritadion® abslk sarge devicabdidy vy
controller 910 tha an 0 i ncl.ude .ci.rcuitr at is. cted with a 20
buried digit Iine2s %3-«:5{13@ aa‘hs%%%ml_iﬁﬁ’érd?"ﬁ"eﬁg‘?&eiI%‘”‘ﬁ%ﬁ%?"ﬁ“&%%??%?‘?‘%ﬁ 910

provi des and conkeompmeds O¢ digresbiigabiit oipnitayseh ¢000eech sy, Syst em 900

and an extern st em bus .920.. . ! stem 900 .acc S a co nd signal
from the ext e?(#]ajﬁg ?/egdrﬂl‘]é"?ﬁcﬁr&% a&wg%%%eraé?caeﬁif % ﬁ T%lgjtrtf%%tbgﬁ r%’%agg&rrgre
marimry-devi ces 7 1Ghat thoproeesoo MftdderhirnbysORG00, MEhascyit H26 tahp8B0y pr ovi des f or
data i nput and data out put tween .t he ope or. nor.e Ly, devi ces 710 and
external system bﬁsglagegfﬁu%%es%?%&ﬁ\ﬁ?mrﬁggcmfﬁfjp? utﬁwtﬁgquﬁgﬁ%%? di agram of a
conput er syst em 1@@0mpbrated o @sisgininemaicd bircuan Swhisiodle peilbge pFde@sing Guishows a
further enbodi nen g! el I, A COF ‘ t em 1000.
Conmputer system 1 %%Lectg% al ns cg&gb%gz)g%%%ﬁ%%wgsﬁgﬂgg%‘ﬁﬁn%%é@r?syst em 900
housed in a cobputsetemuifiop. 1015. Conputer system 1000 is but one exanpl e of
an el ectroni c system contai ni ng anot I ronic system 20 4 January
2007 WD 03/103046 PCTNS03/17579 %-&Jﬁ;-—s(i&q

“Thus has been shown a stmeture including three films that are used in a
buried digit line. The BDL structure includes a large-grained metal flm that

achieves a lowered resistivity in accordance with improved resistivity needs.
20 The BDL structure can be fabricated in a single PVD tool such that no more than

a single tool-prep is required. According to the structure itself, nitrogen

migration is delayed such that a salicide film is grown without significant

| _ . pitrogenimcursion. . - .
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i.e. nmenory system 900, as a sub-conmponent. The conputer system 1000 can
contain an input/output (1/0O circuit 1020 that is coupled to the cessor
1010 -and the nmenory system 900. Conputer system 1000 optioﬂ&WW?W@@ﬁ ai ns
user interface conponents that are coupled to the 1/0 circuit 1020. -In
accordance 5 %b%?“£&§ present invention a plurality of BDkcwisesitmr es can be
coupled to one o a plurality of 1/0O pads or pins 1030 of the 1/0 circuit
1020. The 1/ O circuit 1020 can then be coupled a nonitor 1040, a printer
1050, a bul k st or et iBe¥rEeis1060, a keyboard 1070 and a pointing device
1080. It wll be appreciated that other conponents are often associ ated

wi th conputer system 1000 such as nodens, 10 device driver cards, additional
storage devices, gtc. Aproddsd, bohptisinger be appreciated that the processor
1010, menory system 900, 1/0 circuit 1020 and partially isolated structures
or data storage devi c@bysiel wppryigpesition RV forngnga redpcte matd gdeidoft ed on a

singl e integragﬁdﬁﬁﬁﬁ&ﬁggmmﬁggﬁkﬁm§gle package processing units reduce the
communi cation tine between the processor 1010 and the nenory 15 system 1000.

CONCLUSI ON - Thus has Heafogshefwtay stialsdicideaittidedendidifiimtzhoveahd 1 | ns t hat are
used in a buried digit |]jne.. _structure includes a | arge-grained
metal filmthat %gﬁgggg§agm*%%gﬁg§£%€?ﬁstivity in accordance with inproved
resistivity needs. 20 piher Bl 8idraGbY uRif Bikd bem heRE eAtSidPmeasi N9l e PVD
~tool such that no nore than a singlé tool-prep is required. According to

the structure its8ligidenifride ggend filigi gration i s del ayed such that a salicide
filmis grown wthout significant nitrogen incursion. 21 4 January 2007 WO
03/ 103046 PCT!''US03/17579 What is clained is: |I. A process, conpri sing:

physi cal vapor deposi tiiheprotdYadordiRk i 18mA, MBéEROIMITE SplnSintiugdsde first 5
fil mabove a conductive plug;, fowing a refracLorg{netal sui cide nitride

second fil m abovechPpetersis fimpesian, gndphergm RYD;fosnins 4 jefragionymefal thirg dilm

is carried out under conditions to canse an average grain size therein, wherein the

average grain size is larger than the conductive plug characteristic dimension.
15

3. The process according to claim 1, wherein the conductive plug inctudes a
characteristic dimension W, and wherein forming the refractory metal third is
carried out under conditions fo cause an average grain size g3 therein, and

wherein 0.1W < g5 < 10W..
20
4, The process according to claim 1, wherein PVD forming a refractory
- metal silicide first film above a conductive pliag, inclndes formmg arefractory
mefal silicide first film that has a melting point above about 900° C.

25 5. The process according fo claim 1, wheren PVD forming a refractory
metal sificide first film includes forming a refractory metal silicide first filn,
wherein the silicide is MSi,, wherein the refractory metal is M and wherein 0 <x

<3

22




PVD formng a refractory netal third filmabove the refractory met al
silicide nitride second film 10 2. The process according to cl ai rgaoﬂ?
wherein the conductive plug includes a characteristic di nen’j'sﬁa‘b‘ﬁ‘,ry d
wherein PVD formng a refractory netal third film is carried out under
conditions to cause an average grain size therein, wherein er age
grain size i sY2®g®™% han t he conductive plug characteris ?%Egﬁ'lf?g%si on. 15
3. The process according to claim1l, wherein the conductive plug includes a
characteristic di gensi T pifcednctontigrie claint Qwikry: foindng af maetborsy netal third
is carried out under con@i!té.o s 10 _cause..an aver age. I Skze.gs therein,
and wherein GA V\f%‘%ét,oryén T clgﬁmh]%eﬁcgn%r 0B85 egéf:%%vg ?}?ﬁg)r}? odami1,
wher ei n PVD f or m ngefectoafmad sibirije tarpet, ald velietdicthel @ndiphat nfetal silidkove a
conductive plug; inclkudes.f rm]'ﬁg f k2 et al - sifj.Ci prst film
that has a nelti né‘lmﬁ%ﬁsg(fon%g%\lfes ab"gg‘t&%J a&%%%go%r%%gs%r%hf@%@%%éor ding to
claim1, whereih Pvbdfehmm@<g<iefractory nmetal suicide first filmincludes
formng a refractory netal silicide first film wherein the silicide is
IviSi,, wherein the refractory netal is Mand wherein 0 < x < 3. 22 4
January 2007 WO Q3/ 103046 é&%@h&&%ﬁl@v LGRS SSSageR ding to claim
1, wherein form ng\?an anﬁ?r%:ﬁfggs ref r"actor’yl-l%t al’ S|Elc| Cl é’g‘&hnllg{ri de second
filmincludes reactfrapleryPaml fiieids mtyide sesemd fmrindlydge sryttgringarefacioiimatdlde t ar get
and wherein the anprph " LesSich bE: TN 1e) bd B ks MNYSI X,
wherein the refra%r y%t%@e%s%%&mﬁé%a% 5‘; giﬂgﬁe%ﬂ%&gnn{g V\ﬂgrl%i n0<y:c
1. 7. The procé@s tueg orbilwg cowpeiten af MSiwheren M if elavied fomrTaaFrd¥.phous
refractory netal %'aWﬁ!ﬂﬁ[o”TMdﬂefaﬁ?,%ﬁﬁi,leWﬂ,%@ﬁ%ﬁ?@&ﬁﬁ!ﬂ&&g a
refractory metal suicide target’ in 'the presence of nitrogen,” wherein the
refractory metal $MaTidVield: MoHTGragd HiVirpml geralynagiopvihpreed adgrhersin VGt <wherein M

is selected from %a, TaW

15 8. The process according to one of claims 1-7, wherein the process further

includes:

forming a salicide structure from the refractory metal silicide first film

and the conductive plug.
20 9. The process according to one of claims 1-8, wherein the process further
inchides:

- rapid thermal processing the refractory metal silicide first film and the
conductive plug under conditions to form a salicide structure; and
theymal processing the amorphous refractory metal silicide nitride second

25  film vnder conditions fo substantially resist migration of nitrogen therefrom.

10.  The process according to one of claims 1-9, wherein forming the first
film, forming the second film, and forming the third film are cartied outina

single tool.

30
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TaWri , TaMo, TaMoTi, TaHf, TalfTi, W Wi, WOoTi, WH; WH fi, M, MTi,
MoHf , MoHf Ti, and Hh, and conbi nati ons thereof, and wherein Q < x 5..3. 1
8. The process according to one of clainms 1-7, wherein the ﬁrjﬁrﬁ’é‘@’szo%rther
includes: forming a salicide structure fromthe refractory netal silicide
first film aqgoaﬂgsogﬁnducti ve plug. 20 9. The process acg@fghofrghsio0 one of
clainms 1-8, wherei'n the process further includes: rapid thermal processing
the refractory netal silicide first filmand the conductive plug under
conditions to formth safpEreRRdEEqriRemepElevishipvingabRgd JigiblinesEraiget he

anor phous refractory n%&lpﬁﬁg;i cide nitride second 25 filmunder conditions
to substantially resist mgration of nitrogen therefrom 10. The process
according to one of cl ad%endurtigs plygronplediofowbsiraig whimsinfthy epmductivé pipg f or mi ng t he
second film and f ' I filmare carried out in a single tool 30
23 4 January 2007 %d%%c%%g%%h%%aﬁé%%/ 17579 11. A sem conductor nenory
devi ce having a souri ed fHaBdide firktFRmabsvd BlelbRinctive®ii] | Si ng: a conductive plug
coupled to a substrate, wherein the conductive plug includes a
characteristic di mensi crefisicy mefpl diidesepind Sim pbqvathetselicedetisg fiktbnduct i ve pl ug;
a refractory metal wglLeidle. ARt finAbane shfohald bl g8 hdotly 1 1 m

wherein the refractory netal nitride second fil mincludes one of a
refractory netal Biela glickdes niride nde tigvampitdidegapd um nitride; and a refractory

metal third filmabove the refractory_metal nitride second 10 film wherein
the refractory netal trﬁ"F%“Fﬂ’%g‘?ﬁ@f%%ﬂﬁlsaﬁ’%tﬁvs‘f‘%{’g°é¥ E‘Ftﬁfrﬁg'gf’ﬁ%mf%at is ina
range from about0 ofilm,twhiatein thdvefraturyinetl et fillnigelcdeanasicape shineizd iharissi on to
arger than the conductive.Phug SDALAHSLARLES i TBRSEMkc dimension o

larger than the conductive plng characteristic dimension.

12.  The device according to claim 11, wherein the conductive plug
15 characteristic dimension isin a range from about 2 0.25 micron geomelry to

about a 0.11 micron geomelry.

13.  The device according to one of claims 11-12, wherein salicide first film
has a thickness from about 30 A to about 300 A, wherein the refractory metal

20 nitride second film has a thickness fom about 50 A to about 500 A, and wherein
the refractory metal third film has a thickness from about 30 A to about 3,000 A.

14. The device according to claim 1}, wherein salicide first film has a
thickness of about 130 A, wherein the refractory metal nitride second film has 2

25 thickness of about 100 A, and wherein the refractory metal third film has a
thickness of about 350 A. ‘

15.  The device according to one of claims 11-14, wherein the salicide first
film is MSi,, wherein M is selected from Ta, W, Mo, Hf, Ti, TaTi,, WTi,,
30 MoTi, Hfli,, TaW,, Ta,W,Ti,, TaMo, TaMo,Ti,, Ta Hf, Ta HETi,, W,Ti,
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12. The device according to claim 11, wherein the conductive plug 15
characteristic dinension is in a range from about a 025 micron ‘? g@t?ry to
about a 0.11 micron geonetry. 13. The device according to orfe!

11-12, wherein salicide first film has a thickness fromabout 30 A to about
300 A, wherein the refractory netal 20 n|tr|de second film has a thickness
from about 50WRB#3Sout 500 A, and wherein ‘the refract SCYCHBIA third film
has a thickness from about 30 Ato about 3,000 A. 14. The devi ce according

to claim 11, wherei I& g e e er Wi | Dlolt8Sand Md i BKR@SSn@ooakqut 130 A,
wherein the refrac é rret al” nﬁﬂrl de secoggsfl | m’%%s a 25 thickness of about

100 A, and wher el‘i’19fi Facredrtey 60y wardremitt €2 £i%%nm has a thickness of about

350 A. 15. The device according to one of clainms 11-14, wherein the salicide

first filmis MSiv wherein Mis selected fromTa, W M, Hf, Ti, TaTiXx,

WIi " 30 MoTi x, Hfié , ’[‘E&M&d \nhél'ktﬂmhﬁB%MBdJn/’sao%ofEuaxms maﬁtﬁrherla;ﬂml X; WKTi ,
Y, 24 4 Janu ry.20 110304 17579 Wi o vl oZTi x, W K

WHiTi,, MJIP, BAF OIﬁinsﬁa?? dﬁﬁ%?’@ﬁﬁ;d“ tcide 1@?1‘30\% P8in 0.2svys

0.9, and wherein ﬁNSiS VN, S0, BoNJH Hfﬂ;& bgabmlﬁn@stmar@m@h&aﬁuﬁm&e accordi ng
to one of clains 11§ erelon the refractory netal nitride second film

“includes a salici#&? nepdideEm %Tt’é& from TaN,, Sig, WNPSig, MN, Siq,

Hf NPSi g, and combi nati ons thereof wherein and 0 < q <2.5, and wherein 0 < p
s 1. IT The buried digit line structure according to one of clains 11-14,

wherein 10 the sHLI ciﬁebﬁneﬁﬂigltﬂfmémubmre&eémﬁm ofit cfivialaSi 1214, Whirgin Mo Si 2,

H S 2, and c at i.ons eof re| r&ac tal nitride

ngutg alh B S bete % %z,ﬁ\fgsa %[g{ﬁ/ rﬁe

second fil mincl e and I's se eé’te VWN3, Si X,
MoNySi " Hf NNSi s, @n&maﬁ@mﬂhmf mlasmtﬂkeetmtorw\dnaaienmdmdmﬁ ﬁshnmclﬁdl% 5, and

wherein 0 <y s re_according to one
of clainms 11-17, S\/\/ng’“n%ls Eetc%)% n?gct mﬁ"apfpsé}’f’gﬁ?‘#%m ?ncl udes a
resistivity in a crom’mgsh(ﬁn’sdmmb@hﬁreiﬁ)anlm%ikgq 4rd vélerint 0 4y 000 Q' sqg. 25

15 18 Theburied digit line structure according to one of claims 11-17, wherein
the refractory metal third film includes a resistivity in a range from about 0.1
Q/sq to about 1,000 Q/sq.

25




