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sem conductor device; and 40 Figures 2a to 2f schematically show
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technique may be employed that allows a minimal step coverage. For instance, a physical vapor deposition
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35 contained in the second netal |ayer 242, the conposition of these
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Fi gure 2f schematically shows the sem conductor structure 200 with first
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portions a iffer fr other.in their de r _thickness
P Ot nat eRnEd il R A O P ERE el e Suie sl iRl ipnier e
respectively Elii?cﬁr%ilanq Sﬁcovélp@beZ‘lhﬁ‘ﬁemyéP Ph’s@mpé@xthﬁ fodlervingTiwersss steise Abdordittg to one

si i ci deefibife@NS hodfdeathett i g&fogﬁ@dfoﬁ Ekahlﬁip Q¥R ththel Sh&E s'te? ab uﬁt@é&d&;&%ﬁﬁé#lt yl
I a supstantl a

w t.hin the relons 234 5 and are edto provi

ovtasr | ap "ih ?t‘ﬁe “38&% Bhté‘éﬁﬁ ﬁ‘gdlberfewg E’;ﬁ 5 BPoire drdthe "E°He°°‘?t@’g‘°iddﬁ§he
234, 235regiamd/16r23¢ end/216] 235.a Aferrihenfirsnrigad therew! dnesialiyigtsted Ovithet fie esmptrivere Sorlai fritde
por tion ’grﬂé]-mt%ﬂgl e sﬁl%gclu% ?en%% of &oeds mdtGroR AR bt £S seﬁ‘nﬁcoﬁcﬂ&orssﬁ'ﬁ;c(aﬂg%oo b
silicide ort| ons 243. 03/ 075330 PCI/ USQ2/ 41660 'S <t
and secoRtgp] 3 seleqiie ﬁﬁﬁ”’t&%‘ﬁ?s 3 4qcondyapid ermalpoagalinestep gy b Repfprmgd g’hééﬁ’F"nd time
resi st anmervbbwltleza@horﬂftemﬂaemfd tha tis gederallySeghontiansBefisoReEbedos to&ib&ﬁﬁlitﬂ»le&wal

2319 t hat A Ihg\ﬁng\gﬁ r%ﬂﬁ\% Xgov& ggc'%r%gl ga'n&lzg P I:eg‘g\% %I]tﬂg ? Ts?mggl of -Iilh %rs and secortufl metal

second si tai ned OW ng proces

Accor di nbye{soz“&r?@ béth%d?erﬁﬁtand %C%éa‘tpldtth‘élaflr?ﬁﬁ?ﬂm%temeﬂlﬁ etplnmnt dP@rno@)@aCh’plbe a
rapi d t heleblk wah Re@tt 6 @e Sisefad sdebndinibtal lapi£248, 00 01 dle exRssmRACHAYR rBRLWERN

t he net a‘I: miml’(l) thhe f| ISt and the second netal |ayers 240, 242 and the silicon
cont ai ned" "\ FRE"S |ons 214, 234 and 215, 235. After the first rapid

t her mal anneaPiving tlsetféﬁ rapigi thdnma afiiepling stew rqlpfélmat ofrtiee dtagrs ofi the irq®hs 216 298, 215, 235

i nserv a'(jand?ﬁ fhe atfﬁymﬁ'eqﬁiﬁ Rhd sfe&ﬁ@ Hl@tlal l%fers QX@ Qﬁ’ﬁtaﬂ@ Eﬂt@ée sb 'Eth{Q &%uﬁfé [ =Yol b&&/eeh he
semi condyct.or structure sel ective etching process,
second rapf’ gcof‘ ﬁ‘éirtﬁﬁarf’etaa\ ﬁfﬁ‘éa%tﬁ“ﬁé yfeélﬁgr%‘if dﬁé“ﬁ'e P angpt of W@E%‘ﬁﬂ“ fqnﬁﬁund

i nt er val foymed Rludngsbecemtion, deppels ab the aypt lfitnateril, glenenmgtalnye dni glaeinratidna the Renehling St
tenper at Lif &t Qie%?&l@' Iﬂetﬁs ﬁat/ﬁg L Righer txr@itmglgmﬁér!ltﬁrg kel toaﬁt}(’& ?gw@r Jﬁ?.lsﬁﬁ laéf@% +h9¥v

el ectrical resistance. In renoving the excess rst secdond
metal | G ckness g e misl-yiicer compoung may ‘rerpéli“aléYr?dJu%i&éfﬁemPléﬁ e iR aYSRagr CHRAEWE ng
steps, time tietfoh tiog @mdrvatioRShesetont epi thedmb @nncaliRk ered, Wit thaistcbnd tefiRe6ke, b @ea&m

first a“le§ gﬁlgenﬁl V&Hﬁﬁlq}lle rlleﬁax Sificon %419pou1%i4ig §nQ/eljteQa\§t?1£ rll(*%v %m?ceﬁlase”ﬁly}glﬁall?‘atxﬁ 2&nd

renoved I n
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the materials conprising the first and second netal |ayers 240, 242 are
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The particul ar enbodi nents di scl osed above are illustrative only, as the

invention may be nodified and practiced in different but equival ent

manners apparent to those skilled in the art having the benefit of the
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teachi ngs herein. For exanple, the process steps set forth above may be
performed in a different order. Furthernore, no limtations are intended
to the deweiB®73380 constructi on or design herein shown, ot RreT/tuSazmeas
described in the clainms bel ow. It i s tdianekore evident that the particul ar
enbodi ment s di;scl og ﬂ%ggyfebrlgqxl be. 1c§ncﬁ‘1ct5red%v‘?93 ar rrlmdl fied and all such
vari ations are consi dere {ﬁﬁfﬁl and Bsgt of the invention.
Accordi ngly, PrEidisg éﬁ@étfai“’o%@wgkf?mﬁ‘éﬂl@’ﬁw 4 fiystgHicapedonthining tegipmandreeeohdiliven-
bel ow. -8 WO 03/ 075&%@@3@/@{802/41660 CLAIMS 1. A nethod of fabricating a
sem conduct or e\u rising. providi a substrate . 201 having forned
thereon a first ecuvery:%%nélrl{lgc W’&?@%’fagﬁgﬁﬁtg&r&%ﬁ@m& CUREUIRIC&EY i con- cont ai ni ng
region; 5 sel edeiivebifgrmingrsicoul naptaf layes 242rve tha lsechaisdiconXioaiging tefien; fuidr st

si I'i con- cont ainghi RGiEH QBstrate 361 @%Iaﬁsyoﬂhyat feayi 5911&9 Qhesfﬁﬁ%gl 1%%} 3o dn@x%t 314%1 on
the second sili COI’] ﬁgnt ai ni nth reg io and heat %,reat I n substrate

to transform at fe 234209 f"f}"ndﬂ‘?@l eyer 242 ipg e gpoordy) 51?91@)‘“‘ At Wrerpin thy Grpt
metal silicide 24indasmzbnd healsiicionsrives 2al, 24 nyiefer ddh2adhither iRatS@a omncbf B@ipasition
Si{g cide 243, wher glhithg gssfl rst and second netal silicide portions 241,
243 differ from eac in at |east one of conposition 10 and
t hi ckness. 2. The net hod of claim1, wherein selectively formng the first
maél al | aygr i Irzcl udesemeﬂdﬂpﬂaanhlmg]elteﬁu@eléoweisﬁforﬁm{game firﬁ)sﬁ@tﬁl 1%Qndma@sr t he flh r st
and second si l,j ont Lon i st mask 250 on the
first sili COI’l sﬁgn&%l Qirs?‘maalqgler ﬁgover tﬁi@strarédﬁrrss(\:/()ln%mﬁto“ éonfamlmé FeSIONs o1 | ayer 240
fromthe secoﬁdmlgwlie@%iﬁlaii@ﬁthhﬁ firg sxhegwmt\amn&regﬁmeanﬂet hod of claim. 2,
wher ei n sel ectdmé@hyind SitHedYlafch 2105REAINA RS Alcod-@MBhing el Second
silicon-containing region includes: depositing the second netal |ayer 242
on the second silicon-containing region and the resist mask 250; 20 and
removi ng t he Besi stThamasthod2&xlaind .2, Wheeeimedidaidalyobrngdgatherse8ondvilingsl ddyer @hetpo sdcérndng
t he secoBfc iR Minil:33%&m m%ﬂlaesl ncl udes controlling the netal deposition such
that a step cqvera the resist mask 250 is mininal. 25 5. The nethod of
claim4, wher é?Pﬁsﬁtf%éhesSfC@bd REtdPE7E2 108 T sesordaificnycontninme ireigt and theyptist mask 250;
deddosi t| on technieue in which netal particles hit the substrate 201
substantial ly 6. The nethod of claim4, wherein a
di rectionali tf/eglg?lp%g%g%mﬁ%{ktz?cl es hitting the substrate 201 30 during
deposition of the second netal layer 242 is controlled by at |east one of
gsi ng adcol | i amt or TeNEetiant a3 mgerent Jkﬁosnngthe'ééc&dar&dil ﬁ&eegzmirl]&%bs d;ohtailudlg tHdsed
urlng 242. 7 The nethod of claim1,
wher ei n gli?tgﬁsdg%gg&osﬁ%tﬁaFg?t% C%%rag erfSISanci Sf%}sel?lm A ckness of the first 240
armd the second 242 netal |ayers, tenperature and duration of the heat

treat ment aressel eq:ﬁeaﬂetﬁoa oﬁ§1£11@|4nwliiarefid fﬁ@;&ep&ﬁ%ra@e is3RuERGP E}ﬂpl@ﬁl@%tvaﬁoeﬁépggﬁﬁﬁce
in the f e(r:hsn'iquglgf%vhw a§lecr9urz]es %%eslﬁ)ﬂtraﬁe(\ﬁlgg?utbg %h&?’%@i uu:ﬁh that the first and

second s P YO PERn LR S &ef i ned ranges. 8.
The nmethod of claim1l, wherein at | east one of the f| rst 240 and second 242

nmetal |ayer S 6C0rrp|TheSﬁ§thcfatof lBRSE, WL d&%&l%’ oft thdt@ lcujtlm:s Hi@h L Wtrate 201

2|3r coni um . n “f g 4 nobl e onmbj nati on thereof.
0 uring deposxtlon of the $econ metal ayer 242 1s controlled by at least one of usmg a collimator and controlling

the magnetic and electrical fields used during deposition of the second metal layer 242.

7. The method of claim 1, wherein at least one of type of metal and layer thickness of the first 240
and the second 242 metal layers, temperature and duration of the heat treatment are selected to attain a first and a
35 second sheet resistance in the first 241 and second 243 silicide portions such that the first and second sheet

resistances are within corresponding predefined ranges.

8. The method of claim 1, wherein at least one of the first 240 and second 242 metal layers
comprises at least one of cobalt, titanium, tantalum, zirconium, nickel, tungsten, a noble metal and any

40 combination thereof.



-9 WO 03/075330 PCT/ US02/ 41660 9. The method of claim 1, wherein the first
silicon-containing region includes at |east one n-channel field effect
transi st owoa307s8s@ t he second silicon-containing region iRrcrates4mbo | east
one p- channel9f|eIdheﬁk%@ﬁbf&ﬁﬁﬁﬁlﬂ&ﬁmlﬁBQﬁmEm&Qmmﬁb R%@nQ&mﬁébﬁu&ﬁihﬁg a
Fem ConHSh e BB LS ARSI R LOLTIAR AT ko FED ek Y50 o e
prOV|dede@ﬁ“Hm%%%§ﬁ}ate 201; forming a resist mask 250 to cover the first

si li con-contai ni ng reglon and to expose t he second silicon- containing
re%ion 10 re vin 3} f£g§t net al ég40 from.the second

si Ii con- conta i ng bt ad@%ﬁ%??ﬁﬁﬁn c COFIMRYHIS | ayer 240 over the
second si | i cofrroiont Gistrhatey laya G#Qoon aling sitidve-congrigptregimsid 246und siti@nroantaidngtrépton
resi st mask 250; apfviathidnla@ltkdde @1, chem cal reaction between the first 240
and second 242 netal |ayers and the silicon contained in the first and
second regi on&TPES f Eih “F"ﬁSIf &Y 19 gop ey firatesHigoropaning fegip prdeo S@Pﬁeltftﬁﬁg‘*“’?d{ﬁﬂw%
the first and seconshtasiidgirgin; cont ai ni ng regi ons, respectively. 11.: The
megf,hod of cl aj i theqsecan layer 242 i ncl udes
cdﬁtrolllng t &&9%%m¥ﬁ§§%ﬁgggf?§ﬁ£%ﬁ mm%%ﬂ%g gmggk’g?age of the resist
mask 250 is nPpPiiie 2 sgendpetal fyre 24Peverdis swpnqﬁrlamﬁommmmepemd thersistgpaglp250;
coverage is reﬂﬂﬁ@ﬂhbﬁmﬂmﬁkamb@g1a vapor deposition technlque in which
netal particles hit t rate 20 ntlaII cular

The nefhod of c P i®nd ich gwE?%%ﬂwﬁm%gag % I@Ffmb d emﬁk??ﬁ@} % ﬁ&??lng
the substrate 201 C@mneﬁgl thiefiretsind seommd gdgionhie famcion @4 hedatcohddfd silididQport®ns in
coptroll ed by at | g@$tst A0Scid siisdntOnnifLkdibdiBLPLriRd controlling 25 the
magnetic and el ectrical fields used during deposition of the second netal

| ayer 242. 14. A nmethod of form ng a sem conductor device, the nethod
conpri si-ng pr dki di Ae metiedbSdlsiatl e, vhedin depositig theceamplindidl @yei2ng achides hiraiing tha
second sipbhiGRRRRLE bk Qgeprcg&lrefggoftﬂeh@slst Ihz{s§ bso i@fglimecond silicon-containing
regions differing fromeach other in at least one of crystalline 30
structure, dinension, dopant concentration and dopant profile; depositing a
fizost metal |ayer 24Omaind bhaaihil I Stherdif the S @Netagg iid reduodd-bg GiplaYiik alvaipok EPHoGHvs
form g RSl bRk 2ala LA FRASE NP ubll S bR ont & m ng Tegl on and
to cover the second silicon- contalning on: Fenpv| the first neta

| ayer 240 fromthe first silicon- contalnlng region; 35 dep05|t|ng a second
netal |ayer 242 oveke hiwdfdf chin 80, Wh&élﬂa@iﬁébh&ian& Bgmétﬂg:iaﬁialeﬁlﬁdmé e skverfkeSio1
ggikt (2)58%1.{r ﬁe% ¥I oK ;[: sheg ﬁ?n% alsl ye% 1S c20r51tg)ﬂi aafgas?%nee 8%) n g a. cglm&atca élgcy 085%05%%
2483 in é‘aﬁnFtr@tld ﬁ??ﬁlcel@e]éwe%qurmgf@m@mfélemcnlgi rpegedy lapen @42 respecti veI Y,
wherein a type of material in the first and the second netal |ayers 240,

242 and proce ar, rs of the heat t 40 selected to adj ust
a depth of thiitir e ng“ﬁ‘g JuBR THePegE J"ﬁ‘&? g‘?B’ﬁtE‘?dr corppyi

providing a substrate 201 having formed therein a first and a second silicon-containing region, the first

and second silicon-containing regions differing from each other in at least one of crystalline
30 structure, dimension, dopant concentration and dopant profile;
depositing a first metal layer 240 on the first and second silicon-containing regions;
forming a resist mask 250 to expose the first silicon-containing region and to cover the second silicon-
containing region;
removing the first metal layer 240 from the first silicon-containing region;
35 depositing a second metal layer 242 over the first silicon-containing region and the resist mask 250 ;
removing the resist mask 250; and
heat treating the substrate 201 to obtain a first silicide portion 241 and a second silicide portion 243 in
the first and second silicon-containing regions, respectively, wherein a type of material in the
first and the second metal layers 240, 242 and process parameters of the heat treatment are

40 selected to adjust a depth of the first and second silicide portions.
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