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35 ' BRIEF DESCRIPTION OF THE DRAWINGS
The invention may be understood by reference to the following description taken in conjunction with the
accompanying drawings, in which like reference numerals identify like elements, and in which:

Figures la and 1b schematically sho_w cross-sectional views of a conventionally manufactured -
semiconductor device; and

40 , Figures 2a to 2f schematically show cross-sectional views of a semiconductor device during various

manufacturing stages in accordance with one embodiment of the present invention.
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In Figure 2a, a semiconductor structure 200 comprises a substrate 201, for example, a silicon substrate,
or any other substrate appropriate for the formation of semiconductor elements. In the substrate 201, a first
semiconductor element 210 comprises an active region 212 defined by shallow trench isolations 213. A gate
electrode 215 is separated from the active region 212 by a gate insulation layer 218. Spacer elements 216 of an

40 insulating material, such as silicon dioxide or silicon nitrite, are formed adjacent to the sidewalls of the gate

electrode 215. In the active region 212, source and drain regions 214 are formed.
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maPal | dEFonghytace gortippst Imthisirgsest, dids todp botoithit @ degadbdstep@varaye tighef pars bf the

sem condug E@ﬁlcon&.]cfbﬂaﬂﬁeneﬂl@ 104 dxhm e Bphbdr AlehdhtsD1 B 1p$ftno @J»n@ﬁ'ﬁ Lh& @ thxs regio on n

char act g as..requir esign rules. Depositing the second ta
| ayer fogc ons‘évhnrbfgoe d%g?lpsuch that sidewall portions 252 of the resi st

40 mask 250 r@m H schamasicellytsheak thy samioodienetudyte Doveitiek siiiade poftiolshel seeend
metal | ab/eeiec&é%gmnuiﬂﬁctdr%ien@nt%s)%d §deOR silicide portions 243 formed in the first semiconductor
35 element 210. Although not depicted in Figure 2f, the first and second silicide portions 241 and 243 differ from
each other in their depth or thickness, ie., the penetration depth into the regions 214, 215 and 234, 235,
respectively and/or in type of material/composition. Thus, the first silicide portions 241 are designed to improve
the electrical conductivity within the regions 234 and 235 and are adapted to provide for a substantial overlap
with the peak concentration of dopants provided in the regions 234, 235, and/or to yield a minimum barrier height

40 between the silicide portion 241 and the regions 234, 235. The same applies to the second silicide portions 243.
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techni que may be enployed that allows a mninmal step coverage. For

i nstance, a physical vapor deposition -6 2 4 AUG 2006 (PVD) technique,

such as sputter deposition, may be used, wherein process parameters are

Adjusted in such a rmanner that netal partlcles sputtered off of a target

hit the sem conductor structure 200 substantl ally perpen- di cuIZsérMiﬁ 2006

: Conseque osition rat ter of the second netal er 242
at the si at¥§ ;]ma ? oS S%Qe p‘?‘%“ﬁ?%‘r Iare %’Ply‘ﬁb‘ ashret resisigp@der g é% X%)f“Stt he

met al para!“i @toeésemcp@iyttelttlmnwhl@ 230 iHatrory beivnhdnecosemxﬂm@ﬁxu&dﬁﬁerd ré@gd. uct ur e 5

200 such that thhgivRE %l:orﬁ@ﬁlﬁxh&iﬁszﬁ R b ARk Ay%e&ﬁfo&%gg}ogelélss e{)%xl\cgo%mg&o {)rifz of

substrate ufacerra be obtai ned by ~ using a col e vicl
t he substPat&pi healu PUPTRA §5i ReEPriped, dor exarpplq ¢ Ei*ﬁléllﬂ}eynal phealingjen, fogipftiate a chemical

di rSect i omektion peteéen thdqmetalnmmfmg mmakecpxarﬁma i &rs DEY 2@' a'ile 1REiRA RhBEA R Yhe
adj ustin fled dur.in osition of the
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char act eromtdneghifigyrodelse correspondi ng silicide portions to be 15 for med in-

the first andp3gg Q6 eI and Q. Renoyj.n
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f}l ckness o EE' r&g é yer. 2 sem con
eldnent 2 "f" in e P %%“ Baree termalansakng siep-rifitnifin seqond lempasagure, p feaction
r enovi ngtatxcheplapem mchn’m;dnetﬂéﬂipont dompgind &vmh\}ertmhtb la(]dil&ol&ﬁéi p}ﬁﬁee Tyidiaéil@rﬂaé%eeéhad

242 on top of e reS|st mask e |n IVI
split oF‘F°"?°ﬁ‘e‘eS§éaE‘éﬁq o Hgeseoopd ?Vﬁg?&er femezaw Prrd tbfesewﬁ djemel intemee) mealiorky cpxn@lled o
et chi ng phftmmssqmrﬁvﬂxaetrefsls@heu&hdﬂ@ﬂﬁb}egiaﬁkr’ffm onss295%525 are covered by the

second net al i s be rel
Faroved, ot hisanbe okl Mol e Bl RS R 3 e ol s b e
et al - f r EEsEegR g st ﬁ'ﬁirsﬁ?°6‘?15¢2‘532nd“§i>frﬂle@etﬁh%1 Orppd 280 nlan yeyertheleishk indiyistuallp edjshed

Si dewgl | inposifigleonmmdh ka Srzatﬁﬁﬂgbx?&h?ﬁb ythesm%ls{es ranﬂe%]ﬁ d&s@@?ea Rbd&k rhﬁxfémefrea&laﬁt )
secon subst an ntal _surface i ons of the
substrat & %T}SE%%%%%@%FT Sco‘tn?nsf"fgve désﬁﬁ‘bdy ??ECL etaqtl‘ﬁ%rs P8y el kpRegnd By behe
second n‘r’?ﬂeathWa'?’éﬁheﬁasze%%heqtmstmcelewalI portions 252 will not exceed about

1066 of the | amrpaxftxhl]&iéﬁlﬁ&ﬁmﬁ{s d%@o@@ﬁﬂo@@ﬁ}é ﬁi'ush%ﬁ% oG, Gs e v %ma){]ﬂgmoalaécﬁand
respect, noted that a de ep. coverage of

the fi r%r?ct“%eéirﬁ“ e "Efﬁ P“é q‘%YaéeH’eﬂi"m?iGP "B‘r ‘°e‘§2‘§?rﬁ“’éedd{* ﬂleh?ét !ﬁ‘!&&é*re f@Pﬂé“r@ﬁths
216, is tiching l@mefw shmple the protess steps gbtofortln @bovs inay G¢ Gafipasd inCNGifiwkt lordee
formed aburdnore, Fdoquﬁlanalé aRGIENRd &octﬁé bofaif Q?g&séuht‘?og, 5 M egé,'},%%ts%wns S Gha'o

200 with fIE)St silicide portions 241 forne sem ¢conduc

el ement  F5H04HY theslaipsbelom ki der ef%“r ?"l‘%ﬁ%ﬁaﬂls Préguip anhodmtehte disqlgsest above may be

séf condaletedror modified and all such variations are considered within the scope and spirit of the invention.

Accordingly, the protection sought herein is as set forth in the claims below.



35 el enment 210. Although not depicted in Figure 2f, the first and second
silicide portions 241 and 243 differ fromeach other in their depth or

t hi ckness, Le., the penetration depth into the regions 214, 215 and 234,
235, respectively and/or in type of material/conposition. Thus, the first
silicide portions 241 are designed to inprove the electrical conductivity
within the regions 234 and 235 and are adapted to provide for a substanti al
overlap wth the peak concentration of dopants provided in %?3wéegions
234, 235 r yi el m ni mum barrier hei ght 40 betweed A8 2806l i ci de
portion SQ%RQQEJVhQSftg?ghg 234, 235. The sane applies to the second
silicide portions 243. -7 2 4 AUG 2006 That is, the first and second
silicide portions 241, 243 are designed to yield a sheet resistance for
each of the first and second sem conductor elenents 210, 230 that nay be
W thin aqcorr ] ined range he first and second silicide 241,
243 may %é ogfgﬁﬁﬂga%gﬁﬁkggﬁhpEB&?“@X%FB@&ﬁﬂ@ﬂ%%§Q”WE@6K§ing to one

enbodi ment, a heat treatnent is perforned, for exanple a rapid thernal

anneal i ng st : iflLate a ical 5 reaction between the netal in the
firer and t nBPoulid Melb&rfich @93%&9 b megifietarn aiirstedicaneprtaminy i n t he

regionsfzmﬁm%QBﬂaaanQGSHmzaﬁxnﬂénﬁmg?@@oﬁ}rst rapi d thermal annealing
step, with a first tenperature for a first tinme interval, and a subsequent
renoval of excess netal fromthe surface of the sem conductor structure 200
by means of faimieg ectiist enatat kiyey (Qﬁoﬂ;easmeaﬁr@tew@@e&@m@uicBﬁid%h Apgeal i ng
step mayepgpperformed for a second time interval with a secon fenperature
that is generally higher than the first tenperature to obtain a stable
metal 10 silicide having a relatively |Iow electrical resistance. In
renoving th : | rst d second netal |ayers 240, 242
bet ween thee??%gt'?@aa QE Fs‘gJ(\:I(l)'rﬁr{i ":‘%Srir%{ Fi%f’ﬁgﬁ'yeéréé% fiegn dbe pecopdesiiceth agent
does nofORHBEUNG sePen sel ective with respect to the first and second netal

| ayers 240, 242 so that the excess netal nmay be renoved in a comon
etching process. During the first rapid thermal annealing step, diffusion
of the at ons&¢ctivedy farglions seandsastabltyer 33462) dhb s de8bnd 3gicBhodey.of the
first amshisgeegienmahal |ayers 240, 242 takes place so that a continuous
reacti on between the silicon and the netal is maintained. The degree of

di ffusion, and thus the anount of netal-silicon conpound fornmed during the

ot he anoat e anec 0, SUBARL B e o S R gl i Ty

of the an&iﬁling arpcess. Ceneral ly

t enper 4P V&N A2¢H) Blow st BiRéal dlicita(dn) and the secornthmetal Ibper thiogkness
of the intltakesohd eestacaNEIaE Y 49PN IS RATHA Lust ed cantrol ling the
first Q%ﬁgﬁgﬁetﬁnggra urgng aﬁg The |J&%ﬁ##%%gg%Pg?ggrgglﬁﬁPW%‘§¥bond
rapid thermal cahf ??ﬁtﬁbo £ ahlaast one of copmositompandthiciiess. r eact i on

t akes place in which the netal-silicon conpound is converted into a

| ow- ohi c p ‘ ically,  the second A average tenperature is higher than
the fi r@ét -tZﬁ%@%@ﬁ’ge"?t‘%a%b!-awﬁewa faimipg dhadicdimetial layiedéndladesy a
relatively low electrical resistance. The second average tenperature and
~the .secondyfttng,:interval , m l.so be controlled to obtain the required
sheet resi _s?éaéé:%t“il@ tgécr‘\r%fm%/tﬁg 2% »@Mer thesfirst3and 288on@6silicons to be
not ed toRiRIMNg hegighstvedfirst and second netal |ayers 240, 242 differ from
each other, the sheet resistance in the first and second sem conduct or

el ements 210 and 230 may neverthel ess be individually adjusted in a single
common heatformew awetist mask ¢80P0 thé tsttomonl &t ' descri bed above,
since the reaction characteristics of the nafgfyﬁﬂgﬁggﬁgg?sing the first
and second netal |ayers 240, 242 are 'well known and may be

3. The method of claim 2, wherein selectively forming the second metal layer
on the second silicon-containing region includes:



selected to yield the desired sheet resistance. 30 The particul ar

enbodi nents di scl osed above are illustrative only, as the invention may be
nodi fied and practiced in different but equival ent manners apparent to
those skilled in the art having the ' benefit of the teachings herein. For
exanpl e, the process steps set forth above nmay be perforned in a different
order. Furthernore, no limtations are intended to the detai&s of
construction or design herein shown, other than as described tAU§ B¥GcI ai s
below. It is therefore eyident that the particul ar enbodi ments discl osed
above may be 35 TGN Hie 158PRd daetahdayen (242} onvihei sddontssifcan-eonsifes ed

within the Waﬁﬂdﬁé%éikin@skg?éﬂj- tion. Accordingly, the protectTon
sought herein is as set- forth in the clains below -s NEWCLAIMS 1 to 14 4

AUG 2006 1. A nethod of fabricating a sem conductor device, conprising:

providing a S”b%w‘/’f@%%%l}égﬁsﬁvfﬁa%g d thereon a first

silicon-containing I'on *silicon-containing region; formng
a first netal l|ayer (240) on the first and second silicon-containing
region; selgctively renoying the first netal |ayer (240) fromthe second
silicon- cohtai :ff?‘ﬁgmﬁgb‘?%ﬁ?s%'ﬁb?i wélgreirodapesiting e eacomenadtal Ry (£44¢)
on the secamslusés iceAtroR tHeainB 4 Y 00 d, heat treating the substrate
(201) to tran fé)r nh_at ,ﬁg-%t partia Lf(%lf?%gﬁ{:\? Fﬁ? a HePaFovesyes of sheyesist o a
first metal™3N 09ds (Yaimaland the second netal layer (242) into a second
nmetal silicide (243), wherein the first and second netal silicide por-
tions differ fr.o'[;n each other in at |east one of conposition and thickness.
2. The met Rod of N@M¢thod ofydainai4 wheneimghe lseepfw\&rrag@tsaked@é%r%y REAHGRS:
deposi ti ngirighg Vdposiddmbion @%:Bhidue? r first and second silicon-
cont ai ni ng regi oé);'] aelrilﬁ? formn lé{'"lr%egll) \gﬁ}éﬁa@%g‘?f@ jC?%ﬁttHQefq%frate (201)

si |'i con- coRtRT AN BEipsRdieilarine net hod of claim 2, wherein sel ectively
form ng the second netal |layer on the second silicon-containing region

i ncl udes: bg Z 4rAUG %ﬁoa fdegpsi i ng the second netal |ayer (242) on the
second si | $'con-UEn{HHPALT Flah ¢h Wheraime disettinalits kf (2E8) patthdes Qiﬂtﬂﬁli%ng
the Tesi  sthenmstkst(26002014. ddrrey ebbemical of L in depositi.ng the
second metal, | ayer ( ,’Z%‘Q i ncl udeg cont r_(())l r?éngb?%ne%‘{t% P"H'g o@?‘t?‘&dﬁ Qich
that a step SV EY et il pEsig 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 second sheet
resistance in the first (241) and second (243) silicide portions suéh that the first
and second sheet résistances are within corresponding predefined ranges.

8. The method of claim 1, wherein at least one of t_hé first (240) and second.

(242) metal layers comprises at least one of cobalt, titanium, tantalum, zirco-
nium, nickel, tungsten, a noble metal and any combination thereof.

9. The method of claim 1, wherein the first silicon-containing region includes

at least one n-channel field effect transistor (210) and the second silicon-
containing region includes at least one p-channel field effect transistor (230)

10. A method of fabricating a semiconductor device comprising:

10



mask (250) is mnimal _ 5. The nmethod of claim4. wherein the step coverage
is reduced by enploy- ing a vapor deposition technique in which netal
particles hit the substrate (201) substantially perpendicularly. 6. The
met hod of claim4, wherein a directionality of netal- particles hitting
the substrate (201) during deposition of the second netal Iay?rlméﬁﬁk IS
con- trolled by at | east one of using a collimtor and contro W

magnet i ¢ arfdrmie e!:ﬁrfsltfh@étafl on of the second netal
laver (242) 7 bThe i ES'Ie?S(ZwéfgnWﬁspgllggﬁ%ﬁhfaérggg '8%‘8”@%@,5@0%&
met al and Iséjipé?f‘ COL”I‘ﬁ'BIﬂSJe@sQ'Qﬂ progded osta gauslyataridot)ne second (242) netal
| ayers, tenperature and duration of the heat treatnent.are selected to
attain a first and a second sheet resistance in the first (241) and second

(243) s.||éomn@masmtsnaa;cm25mn)ato toveerfthe st arpébrﬁe&ma :@gj‘gfdmﬁ%ﬁ'ds@aences

are within redefined ranges. 8. The net cl'a
wher ei n at ?’géaglfég%g (?g'[“ﬁ@nfqo@?'n ®Pdhd second. (242) netal |layers

-conprises at |east one of cobalt, titanium tantalum zirco- nium nickel,
tungst en, nohl e metal and any conbl nation thereof. 9. The nmethod of claim

1, wherei n"?'ﬂ%v‘f’gr“%? fisst metd Javait(24A) frgny thei sevondadillodescorbinRp@igiane
n-channel field effect transistor (210) and the second silicon- containing
region includes at | east one p-channel field effect transistor (230). 10. A

met hod of feRASIERG AneeRnsemetaindyer (242)emwaretheGREBAY SiINGn-cotlaiirly Al 2006

form ng a id ge MRIRIma 240) on a first silicon-containing region and
a second- silicon corWa%?xd)r egi on provided on a substrate (201); form ng

a resist mask (250) to cover the first silicon-containing region and to ex-

pose th- e-Bafowith &wrﬁﬁg%ﬁs%\énk fif region;- removing the first netal

| ayer (240) fron1the secon contai ning region; depositing a second
nmetal |ayer (242) over the second silicon-containing region and the resist

mask ( 250)initiaen®\d : nitiatin em cal
react |( on %olglt’we%@ tégga?{&?lsg%t anﬁ eg]gtgg)nf s?%?; aﬁgtsaqcopgy(%ép gedgldaynhe
silicon c&ht&" 3&9 |5r‘|"%%°¥"|'"ra§? it theeliesh @ndesgcond reguofn@rtmfarmld fitst(241)

and seconénd2€edorgl {243 d@ t t S
- silicon- cor?’?al m%%‘féwsl) i gﬁgé ‘?de?ggg%:?? \;E?yﬁrkg%ﬁd%% ﬂgtsﬁlb(i?no?orgfa%'% %,

wherein dé econd netal |ayer (242)

11.  The method of claim 10, wherein depositing the second metal layer (242)

includes controlling the metal deposition such that a step coverage of the resist
mask (2560) is minimal.

~ 12.. The method of claim 11, wherein the step coverage is reduced by employ-

~ ing a vapor deposition techmque in which metal particles hit the substrate (201)
substantially perpendicularly.

13. The method of claim 10, wherein a directionality of metal p'artiéles hitting
the substrate (201), during deposition of the second metal layer (242) is con-
trolled by at least one of using a collimater and controlling the magnetic and
electrical fields used during deposition of the second metal layer (242).

14. A method of forming a semiconductor device, the method compﬁsing

providing a substrate (201) having formed therein a first and a second silicon-

containing region, the first and second silicon-containing regions differing from

11



i ncl udes controlling the metal deposition such that a step coverage of the
resist mask (250) is mnimal. 12.. The nethod of claim 11, wherein the
step coverage is reduced by enploy- ing a vapor deposition technique in
which netal particles hit the substrate (201) substantially
perpendi cul arly. 13. The method of claim 10, wherein a directi zn@’lﬁi t% of
netal particles hitting the substrate (201), during depositig Hife
second met @acH iRl ik 24341 = tralled by at | east one of using a
col limator_and contr %14| %%gts(t)'ﬁée)%rfr&é%sgf"l"@eaﬂHJCt'éﬂeedtm@mﬁibn,f depeaia dbvRENGHr i NY
deposi t i onll¥F aRhgopapopidfifet al | ayer (242). 14. A nethod of fornming a
sem conduct or device, the nethod conprising providing a substrate (201)
having formed therein a first and a second silicon- containing region, the
first and depositigsa Ifirstometns gs gy &0 iffering from 11 Z 4 AUG 2006
each other.in at |east one of?%r(ystgllﬁ?%@&&ﬁ@@pﬂ%ﬁﬁimmtamm-
concent r a9'%n and dopant profile; depositing a first netal |ayer (240) on
the first and second silicon-containing re- gions; formng a resist mask
(250) to cl?(;(rpose the_fti rstksi i con-containing region and to cover the
second si 968 Cof%sinnagkr@gDpro engitYi the £ 8ecfiks St al layer. (240) from
the first c§\9éritﬁé?%é88ﬂa%ii[f}§oﬂg rq%i on; deposi tfﬁfgb‘gﬁ‘g% ngdegion apdrto(242)
over the first silicon-contaiHI'AGNEHRBANand the resist mask (250);
removi ng the resist mask (250); and heat treating the substrate (201) to
obtain a fdiSlinSidd £ i.on 1) and a sec- ond silicide portion (243)
in the first a?]%mséeﬁtsggnés}?]f faggﬁ (50% )é?'ﬁi thg fﬂé!giiﬁnm],-cairﬂairﬁmﬁégwﬁﬂ y, wherein
a type of material in the first (240) and the second (242) netal |ayers
and pr OCQ%%OE%E?@%SEé gf éth heat 5 eatnent are selected to adjust a
dept h of heohrocy sEkond metdfiayer (24 2kowest edist silion containt i

P the resist mask (250); W containing.region gnd

removing the resist mask (250); and

heat treating the substrate (201) to obtain a first silicide portion (241) and a sec-

ond silicide portion (243) in the first and second silicon cont

' aining regi -
spectively, Lo

wherein a type of material in the first (240) and the second (242)
metal layers and process parameters of the heat treatment

' are selected to adjust
a depth of the first and second silicide portions. o
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