12 May 2005 METHOD AND APPARATUS FOR PERFORM NG NI CKEL SALI CI DATION 1 12
May 2005 FIELD OF THE I NVENTION This invention is directed towards
fabrication of integrated circuits, and particularly toward a nethod and
apparatus for perform ng nickel salicidation. BACKGROUND OF THE2 MIyEETS ON
Resi stance of interconnect lines (such as source/drain interconnect |ines)
plays a significant role in controlling the speed of ultra | arge-scale
integration (ULSI) devices. A self-aligned silicide process (typically
referred to as a salicide process) is often used to reduce the resistance
of interconnect lines. A salicide process enploys netal |ayer deposition
and subsequent annealing to cause a reaction between the netal and
underlying silicon. This reaction consunes the netal and sonme of the
silicon, formng a lowresistivity netal silicide layer in their place.

Ni ckel is an attractive candidate for use in a salicide process. N ckel can
react wth silicon to formlow resistivity nickel nono-silicide as the
salicidation product. N ckel nono-silicide can be formed during a ‘
one-step, |lowtenperature annealing process. N ckel nono-silicide has | ow
silicon consunption during salicidation. In addition, nickel nono-silicide
sheet resistance does not depend upon device linewdth. Thus. a

wel | -control |l ed nickel salicide process could be used to form | ow
resistivity Pte '

METHOD AND APPARATUS FOR PERFORMING NICKEL SALICIDATION




el ectrodes and source/drain contacts in an integrated circuit device. One
prior art nickel silicidation process is described by S. R Das et at.,
Mat. Res. Soc. Synp. Proc., 427, 541 (1996). This process conprises
depositing nickel onto polycrystalllne silicon (poly-silicon), 1@@% 2005
subsequently annealing the sanple. During annealing, nickel reacts mnth
silicon to formnickel silicide. However. the reaction 12 May 2005 product
is not auniformthin nickiigigégggiggbggﬁiﬁﬂgéﬂe surface of the
poly-silicon |ayer. N ckel grain growth near the
surface of t .-oI SI|I pld p silicon.grain growh causes
| ayer inver si 0Bt EEGFFQ t% prgs & F@Eﬂ?ogﬂfﬁ%ate%ﬂ“{ B¢ the nickel
silicide | ayer. 'The resulting nickel silicide layer is not uniform and
flat. ADRSBiHREYIoVeH aanethed adeapparaius &orceripoming é@lsbféhqléatu?@scrl bed by S.
Nygren et al. Appl. Surf. Sci., 53 57 (1990) Thi s process conprises
deposi ting nickel on si BACKGRINE HECINVENEEONubsequent | y anneal i ng

t he sanple. During anneal i ng, nlckel reacts wth silicon to form nickel
silicide. Hoviessranct dieintelionnevt tkesl (ssdhl dscoutee/dtalmnegohoae tiat playear i na- t he
anneal i ng process, formng a discontinuous island structure on the surface

of .~ the sigrifieanrekinsdonasifing frnpedd cfdha ARGk idiedrt®onai I S1} daiet OANS tO
hi gher resistivity nickel di-silicide. Athird prior art process is

descri begiftigh¥d 5[1101&&1%31'0@555 apicallyFeferrtbi a0 gs a fliele pfRYss) is SfRn WBed 998) . This

process conprises inplanting poly-silicon wwth nitrogen ions; (2)

deposi ti ﬁ@u&cff?@lleglsﬁﬂcaoéﬁ&ﬁm%bhﬁéépﬁnesa M0saidkie i%@s@leh{ﬁ%ﬁ BSecS3REe tw ce.

During anneal ng,

deposition and subsequent annealing to cause a reaction between the metal and
underlying silicon. This reaction consumes the metal and some of the silicon, forming a
low resistivity inetal silicide layer in their place.

Nickel is an attractive candidate for use in a salicide process. Nickel can rc—::rlact
with silicon to form low resistivity nickel mono-silicide as the salicidation product.
Nickel mono-silicide can be formed &uring a one-step, low-temperature annealing
process. Nickel‘ mono-silicide has low silicon consumption during salicidation. In
addition, nickel mono-silicide sheet resistance does not depend upon device linewidth.
Thus, a well-controlled nickel salicide process could be used to form low resistivity gate
electrodes and source/drain contacts in an integrated circuit device.

One prior art nickel silicidation process is described by S. R. Das et al., Mat. Res.
Soc. Symp. Proc., 427, 541 (1996). This process comprises depositing nickel onto
polycrystalline silicon (poly-silicon), and subsequently annealing the sample. During

annealing, nickel reacts with silicon to form nickel silicide. However. the reaction
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cobalt reacts with silicon to formcobalt silicide. Nitrogen ion
inplantation inhibits aggloneration and inhibits transformation from
cobalt nmono-silicide to lower resistivity cobalt di-silicide. '
Unfortunately, this process also increases cobalt di-silicide resikslidoky
and requires a two step annealing process. A fourth prior art process Is
described by L. W Cheng et al., Thin Solid Filnms, 355-356. 412 (1999). In
this process, a single crystal silicon substrate ig i npl,anted W th

ni t r ogerPPHIssismot d My pigkd ﬁélcsd&ﬁle’eqlht?%ﬁ 38 Hﬁ&hﬁ'@ﬂ y-SAeAT R al
procedures including 12 May 2005 There is therefore a need in the art for
a ni ckelNiskglicohateeppa-eiison prpin gromtisnesr the ugfpen ditkacaly-sibigen ¥ves ci de
thin-filmon single crystal and polycrystalline silicon underlayers.

| deal | y,Rapid polpstlivod gedimgtoavtlg Ejuséolaperninaksdn, mheeis fdmapae-silivde groavsbr oad
range of annealing tenperatures; (2) formnickel nono-silicide wthout
further ortpnsfhemiadel sticide ldyegTRie readtigs nivkd yilinide kgkr dinosutifamdad ( 3)
restrict grain growth in nickel nono-silicide to prevent thin-film

-aggl onerg4ti on; and (4) restrict silicide enhanced grain growh in
poly-silicon to prevent |ayer inversion. This nethod should al so be

conpati bl e %5&&&@%9&&nﬁka%ﬁ&%aaﬂlgaﬁioé% A&LAPA By € MYRG] &al DAL €-

el ectrodes, I nterconnects 1n density Intedgrated circuit devices.
> 12 DBy G008y r SRS o hEThINYRNEL Dh-mOHLEs £RAMhIRRLS difsidde | nvention
utilize a nickel Sarici’de pr)oces at T B
crystal silicon, and subsequently annealing the sample. During annealing, nickel reacts
with silicon to form nickel silicide.. However, the thin nickel silicide film agglomerates
during the annealing process, forming a discontinuous island structure on the surface of
the silicon substrate. Some nickel mono-silicide also transforms to higher resistivity
nickel di-silicide.
A third prior art process is described by W. T. Sun et al., [EEE Trans. Elec. Dev.,
45.9 (1998). This proceés comprises: (1) implanting poly-silicon with nitrogen ions; (2)
depositing cobalt on poly-silicon; and (3) annealing the sample twice. During annealing,
cobalt reacts with silicon to form cobalt silicide. Nitrogen ion implantation inhibits
agglomeration.and inhibits transformation from cobalt mono-silicide to lower resistivity
cobalt di-silicide. Unfortunately, this process also increases cobalt di-silicide resistivity
and requires a two step annealing process.
A fourth prior art process is described by L. W. Cheng et al., Thin Solid Films,

355-356. 412 (1999). - In this process, a single crystal silicon substrate is implanted with

nitrogen ions prior to doping the source/drain junction. Additional procedures including
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| ow resistivity gate el ectrodes and source/drain contacts. These

enbodi nents incorporate nitrocen into the silicon substrate prior to the
ni ckel deposition. The incorporated nitrogen inproves unifornity and
continuity of thin nickel nono-silicide films that are formed q Jﬁﬂd%
crystal and polycrystalline silicon. This nickel salicide process

m ni mzes changes to standard CMOS salicide processes so as to optim ze
manuf acturability and minim ze additional cost during fabrication of a w de
range of i ntldgreds écraforecinetd dethi ardor d mckdl edridenbontsnthat Smmaa seri es of
integrated circuit fabrication procedures is performed, to forma

pr ocess aghifsHh sickalt Bondsilibide fgnifith tohaldgle drpdiliaaabelgedynhiige ailiedn ci rcui t
conponents on a silicon substrate. These procedures typically include:

form ng Gyl &ers TiiIly! GBI RRRd £hohf315(1?fddn%&ke?hh@ﬁé-%ﬁ%ﬂehﬁ@ér cheggd rically
i sol ate, nel ghboring integrated circuit devices; doping portions of the

S 1.0n e STRSRUE SEH M AL SO He! %ﬁ&élm@ﬁ@%bfdle%ihﬁu%hﬁer dielectric

mat eri al ine silicon gate naterial onto the silicon
substrate a

et LA M Rl R T b

spacers. Thes nbodi nent s then incorpora itro nt rocessed
sUbst r at BOHEEf0 Pﬁfféef&ﬁ}?}BdJ]Wé’ﬁE]Q’ﬂe HRr e Drebree e ‘aﬁﬁn %}5
i npl.antation. After_the |ncorForat|on of the nitro tg E gse enb |nents
“anneal t HEWHY BRebsaliconsioraeyent eysrdnyeation e Thismetiod showdh alse s&?%lpat ‘?:kel is
t hen deposited on the processed substrate and subsequent!|y anneal ed.
Duri ng swithsendaidericesring ofisewuse/draaheaniacyy, gie slerredss, and dnterspPRRSsisdRel
mono-silicide. In some enbodiments, a series of integrated circuit

high density integrated circuit devices.
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6 12 May 2005 fabrication procedures is then perfornmed, to finish the
integrated circuit device processing. These integrated circuit fabrication
procedures typically include: depositing a dielectric naterial onto the
processed substrate and sel ectively etching; planarizing the pq@g@@g@g5
substrate; and depositing netal onto the processed substrate and
selectively etching to formnetal lines. 7 12 May 2005 BRI EF DESCRI PTI ON

OF THE DRAW NGS The objects, features, and advantages of. the present
i-nvention will be apparent M I in view of the

foll owi ng detailed description in which: Figure | illustrates a flowhart
of one enbodi nent of a nickel salicide process to fabricate integrated

circuit devices with | ow resistivit te el ectrodes and spurce/drain
contacts. Fi ermbodiments Pf the é%veaﬂ%lr 3@59%&? 'e@%??laadetpﬁ%eifrtg%tef%@&d substrate
after i e j I cui t nd sour ce/ [ : n fornmed
oo T PO Bl U088 PO DR SIE st ByEiineR: Dpygolgen |
Fi gure 28uaddn8hiothd Eiﬂgﬁ{‘sd%@t?atpgﬁ& to tERCALIRY B%%c%ﬁio'nnﬁ‘ﬁe tRerpuliad rate. Figures
2C |I!ustrafes the cross-section o? Figure after nickel has been
d_eF)OS' t egltrofdnQriphéyes ubiFbrdtyend continuity of thin nickel mono-silicide films that are

formed on single crystal and polycrystalline silicon. This nickel salicide process

mihimizes changes to standard CMOS salicide processes so as to optiﬁize

manufacturability and minimize additional cost during fabrication of a wide range of

. integrated circuit devices."

| In t-hese embodiments, a series of integrated circuit fabrication procedures is

performed, to form a processed substrate_ including partially fabricated integrated circuit
components on a silicon subst.rate. These procedures typically include: forming dielectric
regions in the silicon substrate t_l}at__eiectricallﬁf‘isolate»neighboﬁﬁg integrated circuit
devices; doping portions of the silicon to form source/drain structures; depositing a gate
dielectric material and a polycrystalline silicon gate material onto the silicon substrate and
selectively etching; and depositing a dielectric material onto the silicon substrate and

- selectively etching to form ciielectric spacers. These embodiments then incorporate

nitrogen into the processed substrate. Some of the embodiments incorporate the nitrogen

by ion implantation.

After the incorporation of the nitrogen, these embodiments anneal the processed
substrate to reduce implantation defects. Nickel is then deposited on the processed
substrate and subsequently annealed. During sample annealing, nickel reacts with silicon

to form nickel mono-silicide. In some embodiments, a series of integrated circuit




Figures 2d illustrates the cross-section of Figure 2e after nickel
nono-silicide has been forned on the silicon. Figures 2e illustrates the
cross-section of Figure 2d after nickel has been renoved fromthe
substrate. Figures 2f illustrates the cross-section of Figure 2¢ gfa{ebos
dielectric isolation regions and a netal |ines have been fornmed on'the
processed substrate. 8 12 May 2005 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
"This invention is directed towards a nethod and apparatus for performng
ni ckel fgtw%@rd@zppfm.res|1$1th@n@er1fmeévm0rfgn@eth@rmqarat@ﬁqquumdewf: poses of

expl anati on, .S£ ific M nonenclature is set forth taq qr(fvi de a. thorough
under st FRFCHYof | RefeinfHsEehtirquH fabTcaBoR Propgsinessdypically glnde: depospidgdent to
one skilled i.n the ar hat these specific detajls . are pot. .required in
order il meBRablto e Feote R SurtRGnt Sofe s ARG A | mvent' on
use a ni e r r

nono- si Ip{l:é)épl%E éea? H%Qbﬁ%@%gﬁé H%%irlré&g eo%ﬁgpnéesglétass o?éat %d%fégg{'ely sal i cide
process crditeaBtforth ie@YBResl ONS into silicon prior to nickel nmetal deposition
and annealing. These enbodi mrents may be used in an ot herw se standard
salicide process, to formlowresistivity integrated circuit transistor
devices such as gate el ectrodes and source/drain contacts.




Figure | illustrates a flowhart of a process 100 used by sone enbodi nents
of the invention. This process 100 fornms nickel nono-silicide on
poly-silicon gate structures and on silicon source/drain structures.

shown in Figure 1, the process 100 (1) perforns (at 110) a Serhﬁ%@fzmw
standard |ntegrated circuit fabrication procedures to form gate an
source/drain structures; (2) |ncorporates (at 120) nitrogen into the
silicon; (3) anneals 0 | icon substrate to .reduce defects and
drive nitrogen into t - B4 DI EHE Adbeder ts (at 140) ni cke
metal onto the silicon substrate (5) anneals (at 150) _the silicon
substrate to Hheahecs, &afures, aed adRnpesof thrpreseat invention el bairpestnt and
silicon, and forms nickel nono-silicide: (6) renoves (at 160) unreacted
ni ckel neteakilledmeltheayt, peviéwofithedollowing detailed deseriptib@ ivpic®005 (at 170)
standard integrated circuit fabrication procedures to finish the.integrated
circuit device processing. Each of the operations of process 100 will now
be further described by reference to Figures 2a-2f. Figure 2a illustrates

a cross-sectipigusf I BlusiritteglawethrCfloat binbd@vieaCofAltickel BicidR6R8$5t0100 for ms
at 110. As shown in Figure 2a, the integrated circuit device 210 includes:

(1) a sifbfede itétﬁ&l?cu?tjdlemcéazt)v;tﬁmFers@ﬁ@lthﬁé Bletiddes LROIARS/dedid: Q
silicon source/drain structures 214; (4) a gate dielectric layer 216; (5)
a polycrysksald ine silicon gate structure 218; and (6) dielectric spacers
219. In sonme enbodi nents, the process 100 forns (at 110) integrated circuit
devi ce '

Figures 2a illustrates a cross-section of the processed substrate after integrated
circuit gate and source/drain structures have been formed on the silicon substrate.

Figures 2b illustrates the cross-section of Figure 2a after nitrogen has been

- incorporated into the substrate,

Figures 2c illustrates the cross-section of Figure 2b after nickel has been
deposited onto the substrate.

Figures 2d illustrates the cross-section of Figure 2¢ after nickel mono-silicide
has been formed on the silicon.

Figures 2e illustrates the cross-section of Figure 2d after nickel has been
removed from the substrate.

Figures 2f illustrates the cross-section of Figure 2e after dielectric isolation

regions and a metal lines have been formed on the processed substrate.




210 and ot her. devices on silicon substrate 211 by using a series of
standard integrated circuit fabrication procedures. For instance,

substrate dielectric regions 212 of the integrated circuit device 210 can
be formed in the silicon substrate 211 by an isolation processqs #Magr088
shal |l ow trench isol ation, LOCCS isolation or PBI_:0COS isolation. The'
substrate dielectric regions 212 electrically isolate device conponents
within the silicon_subst |solate t he source and drain
structures from neiltfhbs 2 1331l NN EQY) - The device's
source/drain structures 214 can be f ormed by n- type or p-type doping

sel ectod 1 oGNS OhbRY, Aleklc AN HH3 B i bppok Sl Pordslinericeliect i cal

transport properties. tion ate ectric layef 216 and

pol y- SI|I at ture 218 e forne n eposi tion of
each mat e@cﬁg tg oé‘te rf;(%ell?om1 8%Sﬁngﬁ(gsg °fa‘%”«5€ %ﬁgf 5 E%PQ 0%bléiby t-gel ective
etching. Gat dlelect ic |ayer 6 |s | at es icon ate Sstructure 218
From "CieTensincs Shicd i @Y5es & teraf S FER Bl of besTS i fuPhed by
deposition of a dielectric 10 12 May 2005 terial to.the silicon
subst r atféoveerer. 1wl beapaasyt 1 epe siled ’é‘ttbﬁ?lﬁﬂla?%ﬁ?ﬂeﬂﬁ% B%té‘cl? € "pacers 219
isolate the gate structure 218 fromthe source/drain structures 214 and
subsequapquirpdiimpider tot Aragiice Hiegruessnipventionst r at es ni trogen 222 that the
process 100 incorporates (at 120) on the top of the integrated circuit
device 210. In sone enbodi nents, thiss nitrogen 222 is incorporated by

i rrpl anting niSomsyawbadiments of the invghttemsusefa nicke! sakicidg peacess thatferms devi ce 210

uniform, thin nickel mono-silicide films on silicon. Some embodiments of the nickel
salicide process implant nitrogen ions into silicon prior to nickel metal deposition and

}  annealing, These embodiments may be used in an otherwise standard salicide process, to
form low resistivity integrated circuit transistor devices such as gate electrodes and

source/drain contacts.

Figure 1 illustrates a flowchart of a process 100 used by some embodiments of
the invention. This process 100 forms nickel mono-silicide on poly-silicon gate
structures and on silicon source/drain structures. As shown in Figure 1, the process 100
(1) performs (at 110) a series of standard integrated cireuit fabrication procedures to form
gate and source/drain structures; (25 incorporates (at 120) nitrogen into the silicon; (3)
anneals (at 130) the silicon substrate to reduce defects and drive nitrogen into the silicon

~substrate; (4) deposits (at 140) nickel metal onto the silicon substrate; (5) anneals (at 150)
the silicon substrate to drive a salicidation reaction that consumes nicke! and silicon, and

forms nickel mono-silicide: (6) removes (at 160) unreacted nickel metal; and (7) performs




(e.g., source/drain structures 214 and the gate structure 218). In sone
enbodi nents, inplanting nitrogen ions conprises blanket N2' ion

i nplantation, with a dosage between 22 * 10 "/cn2 and 2 * 10 16/CW , and
an ion energy between 15 keV and 50 keV. This provides an inpl@@h@gzbggion
-100- 300A thick, as shown schematically by the dark dashed Iine region
222. I n other enbodi nents, inplanted nitrogen ions may have anot her
structure (such as N+), or nmay be inplanted only into sel ected regi ons of
the i nt qgr EM0g standrd (Hidgratetbyir@ér f2B0catibh brogdites to finishpheintegehtedgramt 222 i s
normal Iy nmuch shall ower than the doped source/drain structures 214 (-1~Lm
thick) Qlevidierubsigate dielectric 212 (>I~un thick); N trogen may also be
i ncor porated by other neans such as diffusion doping or deposition of
“material in a nitrogen containing atnosphere. Wen jon_inplantation is used
t o i ncor por atEachiof thepeeratiprscofinnecesnt Mk ray g fugtherrdes@iigd &g rofencs ¢+ may be
advant ageous to anneal (at 130) the integrated circuit device 210, to’
renove defRigues 2adfeligoye 2hilusoates aplosnseatioroof anlintegrated canbiodeviend) rapi d
thermal processing at a tenperature between 800' C and 1000'C, for a

dur at i onthaf proedsyvednfodds atsHOO XGSshawd 1B Pigee 2 dBs integranatdrduitpleaint 210 on
defects with very little "drive-in diffusion” of nitroQen. 12 May 2005

Figure Z&Ciuhéésﬁto)raasm%naumxﬁ&mlﬁg) alibdnauedicldddc thahs RIE 9y aGess 100
deposits (at 140)-on top of the integrated circuit device 210. In sone

enmbodi ne ceycn%n@trﬁ&ﬁ}es ﬁ?&ﬁ%) a Fﬁé( a{e(lje%ﬁ-ﬁcelgfer h98.Tof Piydrd £esiiin@Bipkyd N9 a

di-lute hydrogen fluoride solutron he 1ntegrated “circuit device 210,
for cleaping. ande 278048 6 UieiBHil 852 5hge and water. Then, 100-300A

In some embodiments, the process 100 forms (at 110) integrated circuit device
210 and other devices on silicon substrate 211 by using a series of standard integrated
circuit fabrication procedures. For instance, substrate dielectric regions 212 of the
integrated circuit device 210 can be formed in the silicon substrate 211 by an isolation
process. such as shallow trench isolation, LOCOS isoiation or PBLOCOS isolation. The™
substrate dielectric regions 212 eleétrically isolate device components within the silicon
substrate 211, (e.g., they isolate the source and drain structures from neighboring
integrated circuit devices). ‘

The device’s source/drain structures 214 can be formed by n-type or p-type doping
selected regions of the silicon substrate 211, to give desired electrical transport properties.
In addition, the gate dielectric layer 216 and poly-silicon gate structure 218 can be formed
by blanket deposition of each material onto the silicon substrate 211, followed by
selective etching. Gate dielectric layer 216 isolates poly-silicon gate structure 218 from

the silicon substrate 211. Dielectric spacers 219 are formed by deposition of a dielectric

10




of nickel is sputfter deposited onto the integrated circuit device 210, to
provide a nickel netal |ayer 242 appropriate for nickel salicidation.
Figure 2d illustrates nickel nono-silicide |layers (252 and 254) that the
process 100 fornms (at 150) on top of the integrated circuit devs fRy2bBs I n
sone enbodi nents, the nickel nono-silicide |ayers 252 are fornmed by a

ni ckel saI|C|dat|on reaction at the interface between the silicon
source/drain structures 214 and the nickel netal re-gions 242 (shown in

Fi gure 2mjteridiing thakilicbnl attisyate 24 hdbllowetipnwsiaved cwbinge tlddsadickericnet al
regions 242 and part of the silicon source/drain structures 214, and forns
ni ckel npaErS2iY BbEER tht AxteEsuRER 208 foapthebortrbedrsinl troanress A% and dr ain
structures 214. In sonme enbodi nents, the salicidation reaction is driven

by one- Sh@&:ugﬁhgagmgﬁﬁﬁl processing at a tenperature between 400'C and
800'C. Anic nmono-siliciae region 254 is simlarly fornmed at the

nterface bet #EaP 365 ﬁi?%{le%ﬁl'i%éér?iiz g (6l f;ﬂg CAT 107k EoRbRAGHY UL and (he

ni ckel netal glon own~in |gure e salici atlon reaction
consunes_t he sel ected nickel e on licon gate
struct ur € é‘i%()ﬁlfﬁf’gegrr%t f\r%uﬁtye}cﬁsz lg g} C zrpgﬁgg%rﬁtf%% HRJOIgéﬁ;g%ﬂSZM on top
of the silicon - ructure 218. The react%qﬁ 10 ff

nono- si | {EPPETat r‘é“ %‘?géﬁﬁf’gfﬁlf)ns%ﬁﬁ?géoqsr? {iHrdnteg chr {f PBYIFﬁ a ni ckel
mono-silicide |aver having -2.2 tinmes the-initial -ioo- g& 12 12 May
2005 ni &2l SW&falpé%?mlteﬁ%‘kﬁ%@e Gﬁteétfucmlﬁﬂésbéﬂ,&"@ﬁie dIm§Htsy eact i on

occurs at the interface
implanting nitrogen ions comprises blanket N;" ion implantation, w1th a dosage between

2*10"/cm® and 2*10'%/cm?, and an ion energy between 13 keV and 50 keV. This
provides an implanted region ~100-3004, thick, as shown schematically by the dark
dashed line region 222. In other embodiments, implanted nitrogen jons may have another
structure (such as N*), or may be implanted only into selected regions of the integrated
circuit device 210. Nitrogen ion implanted region 222 is normally much shallower than
the doped source/drain structures 214 (~1um thick) or the substrate dielectric 212 (>1pum
thick). Nitrogen may also be incorporated by other means such as diffusion doping or
deposition of material in a n'itrdgén containing atmosphere.

When ion implantation is used to incorporate nitrogen into the integrated circuit
device 210. it may be advantageous to anneal (at 130) the integrated circuit device 210, to
remove defects caused by the ion implantation. In some embodiments, rapid thermal
processing at a temperature between 800°C and 1000°C, for a duration of between 30
seconds and 60 seconds, removes implantation defects with very little “drive-in

diffusion™ of nitrogen.
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bet ween the nickel metal 242 and the dielectric material (e.g., 212 and
219), so sone nickel netal 242 is still present in Figure 2d, Figure 2e
illustrates isolated source/drain contacts 262 and an isolated gate

el ectrode 264 that the process 100 forns (at 160) on top of theqpWM=59085ed
circuit device 210. In sone enbodi ments, the source/drain contacts 262 and
the gate electrode 264 are electrically isolated by renoving the unreacted

nickel metal 242 (shown in Figure 2d). N ckel netal renoval can be

per f or med usikigure 2sdHuitragasiaonckst metat laaien 2424 bat dlon prefcesp &0 deneaideldt s i ncl udi ng
sul furic acid, hydrogen peroxide, nitric acid, hydrochloric acid and

wat er . A 4dpbutdpost tid insagkdred ¢iccuitciedice BY@lr mgemeperbodintatsahe nishtlenstalni tri ¢
acid and hydrochloric acid; or hydrochloric acid, hydrogen peroxi de and
vat er i slajerRiZa foymeSBefirsfhfyind 8Qiluteh9dioppn Audridecelutibn thheiimeggredt ed
circuit device 210 includes low resistivity source/drain contact 262,

whi ch COfRG18%ics 91, §6¢ dEAINY STHabH] 81 dkthcdBlide BhE Waler, MDIG:; $00-3G0Ale regi on
252. The top surface of- the integrated circuit device 210 also. includes

st et ur & gt 6 AR ERLRED of e MRl AR R A BN o v
i sol ated_f ther. b .eql .pf. dielectri terial 212, 216 and:
10, i gurt By R s@br e o AFRLEIRRieh 2t on regions 272 and

metal lization_lines_ 274 that_ process. 100 for

) ¢ | ne..(a 0) op top of- the
i ntegrated ciFigyre 2¢8istaevnigkel mpnosikcidelaias pr?%rﬂlé 2%‘& %?tégff Pi%*Fsol ati on

"regions 272 are fornmed by depositing the dielectric material BPSG onto the

i nt egr at &P frme (At 45t top of thE, intggrated cirghip devierc2le Jp semoambodimgntEAhifmy 2005
nickel mono-silicide layers 252 are formeci by a nickel salicidation reaction at the
interface between the silicon so‘urce/drain structures 214 and the nickel metal regions 242

* (shown in Figure 2¢). This salicidation reaction consumes selected nickel metal regions
242 and part of the silicon source/drain structures 214, and forms nickel mono-silicide
layers 252 on top of the silicon source/drain structures 214. In some enibodiments, the
salicidation reaction is driven by one-step rapid thermal processing at a tempe:;ature
between 400°C and 800°C.

A nickel mono-silicide region 254 is similarly formed at the interface between the
polycrystalline silicon gate structure 218 and the nickel metal region 242 (shown in
Figure 2¢). The salicidation reaction consumes the selected nicke! metal region 242 and

_ part of the silicon gate structure 218. This reaction forms a nickel mono-silicide layer
254 0n t0p.0f the silicon gate structure 218.
The reaction to form the nickel mono-silicide layers (252 and 254) occurs in the

silicon. forming a nickel mono-silicide layer having ~2.2 times the initial ~100-300A




sel ectively etching regions of the BPSG Then, netallization lines 274 are
- fornmed by depositing and selectively etching a netal such as al um num or
copper. Dielectric isolation regions 272 conplete the electrical isolation
of gate electrode 264 fromother conducting materials. MetallizaijzQ®obsnes
274 electrically connect contacts such as source/drain contacts 262 of the
integrated circuit device 210 to other integrated circuit devices. The

di scl osed net hod and apparatus for nickel salicidation have stveral

advant aguekel mieta fayer thickness ¢ke) ~2281668Adhick). dée sectiansiesuss ahidg igadacst i on
during annealing by incorporating nitrogen into the nickel nono-silicide.
Ni t r ogenbatweomrthoniakdondtalt2d2tané thenlidkaiic matesiak(elg..2ildend 3tRjcessomeck el
nono-silicide grain growmh during substrate annealing, which nakes

aggl omer gitked metap282 & siflli geedeht in Higiirepdocess al so reduces aggl oneration by
incorporating nitrogen at the interfaces between nickel nono-silicide and
pol y-silicon,_and between nickel nono-sjlicide and nickel. Ntrogen alters
Cthe i nterfacBigBrfctyillugraigidsadatgh peursesdrainrentapis 262 pngrusisplatel g8, Second,

this nickel salicide process resists inversion of the nickel nono-silicide
and pol yels¢trade a4 thay theprodesy HY formetas 16 andopebihe mtegtatpy citgidiolepineat i ng
nitrogen into the poly-silicon. Nitrogen incorporated into the

pol y- si | 2brnsenuembodinekel the shane/ddhirpalnyactssdd2iand thegrasd eleaqgrodeltd ate t he
interface between nickel and poly-silicon. Thus, poly-silicon grain growh
does not elpafiedllyatdated b wghotifethsuakeatted ARE rhRalQAYSehohade Figureédsi on (e. g.,
| ayer inversion of poly-silicon gate structure 218 and gate nickel

Mono- si | NedkeEmERDicadvARAn be heMBmidd UsingW @ndfidation of etchants selected from
reagents including sulfuric acid, hydrogen peroxide, nitric acid, hydrochloric acid and
water. A solution of sulfuric acid, hydrogen peroxide and water; nitric acid and

hydrochloric acid; or hydrochloric acid, hydrogen peroxide and water is typically used.

Afier 160, the top surface of the integrated circuit device 210 includes low
resistivity source/drain contact 262, which comprises source/drain stmctﬁre 214 and
nickel mono-silicide region 252. The top surface of the integrated circuit device 210 also.
includes low resistivity gate contact 264, which comprises poly-silicon gate structure 218
and nickel mono-silicide region 254. These structures are isolated from each other by

regions of dielectric material 212, 216 and 219.

Figure 2f illustrates dielectric isolation regions 272 and metallization lines 274
that process 100 forms {at 170) on top of the integrated circuit device 210. In some
embodiments, dielectric isolation regions 272 are formed by depositing the dielectric

matertal BPSG onto the integrated circuit device 210, planarizing the device 210, and



14 12 May 2005 Third, this nickel salicide process resists transformation
fromnickel nono-silicide to higher resistivity nickel di-silicide during
substrate annealing. Transformation to nickel di-silicide is reduced by
incorporating nitrogen into the nickel nono-silicide thin- fil mgdudyn®os
salicidation. Nitrogen incorporated into the nickel nono-silicide inhibits
formatiron of nickel di-silicide fromnickel nono-silicide, so that a pure

ni ckel nono- silicide phase i | nt.ai ned at higher bstrat e ,anneal i ng
-terrperatsalﬁesvewcla%retgi%ﬁp?#ﬁ?@%-c P, ezt E‘Feé@zgéreiém& atible with
relatively |low tenperature integrated circuit fabricatjon processes and
i ni m z sl§PesHing g sggcts\teé)hﬁalmag a gngral syches ghusuguR s copmsr-sDBCHIG zes

manuf acturability, and mnim zes additional cost. Hence, enbodi nents of

t hi s i nusniaticonegians BB eosupdete thefeldstricebiselation efga dectide 864 fromeies t hat
have | ow resistivity source/drain contacts and gate el ectrodes. The

f or egoi ngnthasing emedrialie dMeaahewioreides d74eldctapbr @hosct tartaqesucbras ng ni ckel
salicidation. Wile the invention has been described by reference to

NUITET OUSso§REAkih Eontfleé 261 6f the DRegpdedEifuit@eyics R0 to dthertilegrate cittdit recogni ze
that the invention can be enbodied in other specific forns w thout

departing,f.eomthe spirit of the invention. For instance, the enbodinents
descri bed above perform nickel salicidation on source/drain and gate
transi stor devices. O her enbodinents of the invention perform nickel
sal i ci dat i on e displdské methodiand appasatvy fod aiekelesslicitetipn hagpigeveral or di nary ski ||
in the art would understand that the inventionis not to be limted by the
f or egoi nagglvihthgrst Fast, tes tiekaishisgiddoprocesatelists agglotmgrdsion during annealing by

incorporating nitrogen into the nickel mono-silicide. Nitrogen incorporated into the

nickel mono-silicide reduces nickel mono-silicide grain growth during substrate

annealing, which makes agglomeration more difficult. This process also reduces

agglomeration by incorporating nitrogen at the interfaces between nickel mono-silicide

and poly-silicon, and between nickel mono-silicide and nickel. Nitrogen alters the

interface energies and stabilizes the thin-film structure.

Seconci, this nickel salicide process resists inversion of the nickel mono-silicide
and poly-silicon layers. Layer inversion is prevented by incorporating nitrogen into the
poly-silicon. Nitrogen incorporated into the poly-silicon reduces nickel-enhanced poly-
silicon grain growth at the interface between nickel and poly-silicon. Thus, pely-silicon
grain growth does not penetrate through the nickel layer to cause layer inversion (e.g.,
layer inversion of poly-silicon, gate structure 218 and gate nickel mono-silicide region 254

shown in Figure 2f).

14



defined by the appended clains. 15 12 May 2005 4. The nmethod as clained in
claim1, wherein said incorporating nitrogen into said processed substrate
conpri ses doping said processed substrate with nitrogen. 5. The nmethod as
claimed in claim1l, wherein said incorporating nitrogen into s& May 2005
processed substrate conprises inplanting nitrogen ions into said processed
substrate. 6. The nethod as clainmed in claim5, wherein said inplanting

nitrogen ions_conmprises,a,bl.anket N2+ |aon inpl antation. of i d.pr.ecessed
Substrate. 7. THifle Hiaik bidh Bpsrsnrerisarear BBt ra P AR Y eiRE s nos
ion inplantation, _conprises inplanting_ions mﬁt@@a,&pii%e bet ween 2* -
11014/ Civpto dpghepresistiyisy mekel di-giljgidg quitmhSubsirale §inepRRSedATSTSMEHON hd 50 keV. 8.
The method as clainmed in claim1, further conprising annealjng said

pr ocess etickal g sikeide isyriluned bp insamoratingasiregendntpiteaddskel glongisdicistthigy as
claimed in claim8, wherein said annealing said processed substrate prior
to sai d fllepdsirg safjcidatodoe INiroggr inswpomggdiio threritke]l menocdisidenghiits a
tenperature between 800'C and | OO0 C, for a duration of between 30 seconds
and 60 feaaiwsof nidke! dihdlidied from rcket hanomeidicide, ©l thatrm phye whkelenanosai d
depositing nickel conmprises applying a solution including hydrogen

fl uori desiligids phdle Y REQSHRE af HdEET AbQradshribhlatbkehperafardst er deposi ting

bet ween 100A and 300A of said nickel onto said processed substrate.

In addition, this nickel salicide process is compatible with relatively low
‘temperature integrated circuit fabrication processes and minimizes changes to standard
salicide processes. This optimizes manufacturability and minimizes_ additional cost.
Hence. embodiments of this invention can be used to fabricate integrated circuit devices

that have low resistivity source/drain contacts and gate electrodes.

The foregoing has described a new method and apparatus for performing nickel '
salicidation. While the invention has been described by reference to numerous specific
details. one of ordinary skill in the art will recognize that the invention can be embodied
in other specific forms without departing from the spirit of the invention. For instance,
the embodiments described above perform nickel salicidation on source/drain and gate
transistor devices. Other embodiments of the invention perform nickel salicidation on
different transistor devices. Thus, one of ordinary skill in the art would understand that
the invention is not to be limited by the foregoing illustrative details, but rather is to be

defined by the appended claims.




11. The method as clained in claim1l, wherein said annealing said processed
substrate so as to form nickel nono-silicide conprises one-step rapid
thermal processing at a tenperature between 400' C and 8000C. 12. The
method as clainmed in claim1, further conprising: 17 12 May 200bMay@00%i ng
unreacted nickel after said annealing said processed substrate so as to
formnickel nono-silicide; and performng a series of integrated circuit
fabrication procedures after said renoving unreacted ni.ckel, 'jncluding:
deposi ting a 4li dheoethod asalaimédin ofmmol, Sdicepipiagtinsypera 8 ubhBITOgeR I d

sel ectively etching; planarizing said processed substrate; and depositing
met al ontaid patdsar mbassechspires dagisg said peekset substkae with bitragent o f or m net al
lines. I'). The nmethod as clained in claim 12, wherein said renoving

unr eact ed ni ckelThe aepxias ekitd i dgmshivhettn e necpodadkehittgemnt@a sol uti on
containing at |east one of sulfuric acid, hydrogen peroxide, nitric acid,

hydrochl g4id proa&dséi subBikR¢ corfipi3Rk ihpianid nitrSgdnfibiisl itoagidrodeysbdagbaraper oxi de
and water, a solution of nitric acid and hydrochloric acid. and a sol ution

of "hydrochlorgc %%%i hdAPESEd REOS SleviRndn VR Shplardkthe nli6eemBbROd as

clainmed in clai , Wherein said anneal i ng said processe
comprises a blanket N, ion implantation of said processed substrate.

7. The method as claiméd in claim 6, wherein said blanket N," ion implantation
comprises implanting ions with a dosage between 2*10"/cm’ and 2* 1.0’6/cm2, and an ion
energy between 15 keV and 50 keV. |

8. The method as claimed in claim 1, further comprising annealing said
processed substrate prior to said depositing nickel.

9. The method as claimed in claim 8, wherein said annealing said processed
substrate prior to said'd.epositing nickel comprises rapid thermal processing at a
temperature between 800°C and 1000°é, for a duration of between 30 seconds and 60
seconds.

10. The method as claimed in claim 1, wherein said depositing nickel comprises
applying a solution including hydrogen fluoride to said processed substrate and blanket
sputter depositing between 100A and 300A of said nickel onto said processed substrate.

11. The method as claimed in claim 1, wherein said annealing séid processed
substrate so as to form nickel mono-silicide comprises one-step rapid thermal processing
at a temperature between 400°C and 800°C.

12. The method as claimed in claim 1, further comprising:
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substrate so as to form ni ck6l nono-silicide and said renoving unreacted
ni ckel conprise a process to forma gate el ectrode including nickel
nmono-silicide and polycrystalline silicon that is electrically isolated
froma source/drain contact including nickel nono- silicide andisirgl2os
crystal silicon. 15. The nethod as clainmed in claim1l, wherein at |east one
of said incorporating nitrogen and said depositing nickel is applied to a
regi.on smaller than the entire top surface of the processed substrate. 18
12 May 2005 16remwvingumepcailadickel aftanistiddensating sadrproceisedysubsgite se 8h
substrate; single crystal silicon integrated circuit conponent structure;
pol ycrystal |l i ne sithifg@nickdl egnatsittidd; aedli t conponent structure; nitrogen
incorporated into said single crystal silicon integrated circuit conponent

structure and s abx@oraﬁhg/%&&% BF |rtd1Rarsd bk G Tabritafign ploeetiuedsrafiet said conponent
structure; and nickel nono-silicide on top of said single crystal silicon

i nt egr at ed CIrCUIHemBQ QRRALSLIMEL WeRigad said polycrystalline silicon
integrated circuit onent structure. . The apparatus as clainmed in

clai m 16, wher ei n sa'dggo%hﬂlg' SHEEARE Barchle] b0 Unia hRKEALALAlusrafl - component

structure conpri ses our rarn ructure and said

selectively etching;

planarizing said processed substrate; and

dep051tmg metal onto said processed substrate and selectlvely etching
to form metal lines. |

13. The method as claimed in cléim 12, wherein said removing unreacted nickel
comprises etching said unreacted nicke! using a solution containing at least one of
sulfuric acid, hydrogen peroxide, nitric acid, hydrochloric acid, water, a solution of
sulfuric acid. hydrogen peroxide and water, a solution of nitric acid and hydrochloric
écid, and a solution of hydrochloric acid, hydrogen peroxide and water.

14. The method as claimed in claim 12, wherein said annealing said processed
substrate so as to form nickel mono-silicide and said removing unreacted nickel comprise
a process to form a gate electrode including nickel mono-silicide and polycrystalline
silicon that is electrically isolated from a source/drain contact including nickel mono-
silicide and single crystal silicon.

15. The method as claimed in claim 1, wherein at least one of said incorporating
nitrogen and said depositing nickel is applied to a region smaller than the entire top

surface of the processed substrate.
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pol ycrystalline silicon integrated circuit conmponent structure conprises a
gate structure. 18. The apparatus as claimed in claim17, wherein said
nitrogen is incorporated into said gate structure and said source/drain
structure by doping said gate structure and said source/drain $fmMstasos
with nitrogen. 19. The apparatus as clained in claim17, wherein said
nitrogen is incorporated into said gate structure and said source/drain
structure by 'éTBhan{[i ngdnitr.g en_ions.. 20. The apparatus as clained in

cl ai m 19, wheref i C5FECHEFY g?vﬁ‘fge‘}?ﬂpf‘éﬁ‘@n ions conprises a blanket N2+

i npl antati on of s%jd silicon substrate. 19 12 May 2005 21. The apparatus
as clainmed in cPaNPREOSHMEr ei n said bl anket N2' inplantation conprises
inplanting ions wth a dosage between 2* 1014 /cn2 and 2* 10' 6/CVM2 , and
an ion energy B&INEEHYSIE silisyn iyiepraed kisapit epomers sapgsaeat us as clained in
claim17, wherein defects in said source/drain structure and said gate
structure are rempolyetyshilineapicdn ittegratad ciprwomsyionentsoatuei | i con  substrate
at a tenperature between 800'C and | OOOOC, for a duration of between 3 )0
seconds and 60 sésgeancoodatedin® @ppangé v s@bsilidoni inRgrated ofdcait m 16, wherein
sai.d nickel nono-silicide conprises a 220-660A thin-filmformed by:

appl yi ng a sol uti ofompoabiidirogui)at gig hofvcHatalide stiRofd aitéhrited ck@it substrate;
sputter depositing nickel onto said integrated circuit conponent
structures; component structure; and
nickel mono-silicide oﬁ top of said single crystal silicon integrated circuit
component structure and said polycrystalline silicon integrated circuit
component structure.

17. The apparatus as claimed in claim 16, wherein said single crystal silicon
integrated circuit component structure comprises a source/drain structure and said
polycrystalline silicon integrated circuit component structure comprises a gate structure.

18. The apparatus as claimed in claim 17, wherein said nitrogen is incorporated

| into said gate structure and said source/drain structure by doping said gate structure and
said source/drain structure with nitrogen.

19. The apparatus as claimed in claim 17, wherein said nitrqgen 1s incorporated
into said gate structure and said source/drain structure by implanting nitrogen ions.

20. The apparatus as claimed in claim 19, wherein said implanting nitrogen ions

comprises a blanket N,” implantation of said silicon substrate.
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anneal ing said silicon substrate by one step rapid thermal processing at a
t enper at ure between 4000C and 800' C; and renovi ng unreacted nickel netal.
24. The apparatus as clained in claim17, wherein said nickel nmono-silicide
on top of said gate structure conprises a low resistivity gate12Magtaoode
that is electrically isolated fromsaid nickel nono-silicide on top of

said source/drain structure that conprises a low resistivity source/drain

contact. 20 ._21._'i'he_ apparatus as claimed in claim 20, wherein said blanket N;" implantation

comprises implanting ions with a dosage between 2* 10'*/cm? and 2*10'%/cm’, and an ion
energy between 15 keV and 50 keV.
22. The apparatus as claimed in claim 17, wherein defects in said source/drain
" structure and said gate structure are removed by rapid thermal processing said silicon
substrate at a temperature between 800°C and 1000°C, for a duration of between 30
seconds and 60 seconds.
23. The apparatus as claimed in claim 16, wherein said nickel mono-silicide
éomprises a 220-660A thin-film formed by:
applying a solution including hydrogen fluoride to said silicon subsirate;
sputter depositing nicke! onto said integrated circuit component structures;
annealing said silicon substrate by one step rapid thermal processing at a
temperature between 400°C and 800°C; and
removing unreacted nickel metal.
24. The apparatus as claimed in claim 17, wherein said nickel mono-silicide on
top of said gate structure comprises a low resistivity gate electrode that is electrically
isolated from said nickel mono-silicide on top of said source/drain structure that

comprises a low resistivity source/drain contact.




