METHOD FOR REDUCI NG Sl LI Cl DE DEFECTS | N | NTEGRATED
CIRCUI TS FI ELD OF THE | NVENTI ON 100011The present
invention relates generally to integrated circuits
(iCs), and m)re particul arly to a nethod tar reducing
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active region of a substrate 105. A p-well 108 is
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~ trench isolations 180 are used to isolate the active
particulpdy tcommicthorh fot feducingwilicide defgictsris an THe transi st or has
source/drain diffusion regions |25a-b adjacent to a

gate 130, whi CBACRCIRUOENROFALIEE ENPENTAd® 131 over a
gate dielectric layer 132. Located on the gate
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however, di f fusi ve. During processin atonms can
used to giolate e agbyrereiontfrum sfhge g(ﬁ\gce Yegoub t »%hgtrmmrrms sourceflrain
Ni pipes 148. N pipes can lead to junction |eakage,
diffusioneggidny/ El5a-taddjaehi toq ghey 1 3k wieeH moludexcegae electrode 131 over a gate
functionality. Fig, Ib shows a TEMimge of nickel

dielectrR 1RRS 1348 LolfteSHOWR, gafciGdewt]sled diPlcB@R stRWall@patlels 160. Metal

gat et o- source or gat e-to-drain short circuits.
silicide contacts 140 and 141 are provided on the surface of the substrate in the source/drain
regions and gate electrode.
[0003] Nickel silicide or nickel alloy silicides have been extensively used in contacts due to
low sheet resistance properties. Nickel (Ni) atoms, however, are highly diffusive. During
processing, Ni atoms can diffuse beneath the spacers, resulting in the formation of Ni pipes 148.
Ni pipes can lead to junction leakage, negatively affecting device performance or functionality.
Fig. 1b shows a TEM image of nickel pipes 148. As shown, such nickel pipes can result in gate-
to-source or gate-to-drain short circuits.
[0004] In view of the foregoing, it is desirable to provide transistors with metal silicide
contacts which reduce or minimize the formation of metal pipes.

SUMMARY OF THE INVENTION

[0005] The present invention relates to reducing silicide defects in ICs. In one aspect of the

invention, an IC having a transistor that comprises a gate on a substrate is provided. The gate

has gate sidewalls. The transistor further comprises dielectric spacers disposed on the gate



1000411 n view of the foregoing, it is desirable to
provide transistors with netal silicide contacts which
ga%n;g or inimze the formati on of netal pipes.
) RY OF THE | NVENTI ON 100051The .present inventi . i
sidewallsjend Bwtal silicg ceniagts st the 8@%@9@8&@% ecuiter wg Hg the diclectric
aspect of the invention, an I C having a transistor
spacer$ hataligoedpwitls e raetglailicidmeantaptiforeditce siress Qpélwq ¢PRgRCtSThe
gate has gate sidewalls. The transistor further
[0006]C O irkeiser dbgcect the tnveptiee nsndhabivs detmimg 4 rensisieren an IC
sidewal I s and netal suicide contacts over the

compriliS fidSieBof ROVRING: a AbSrRAYhevinpalgh® oafthé adseate] the bite Gaving gate
spacers are aligned with the netal suicide contacts to
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o I nven ormng a transistor in
n co i ses steps. of ovigjn a_ subst.rat. .
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si dewal k, and diffusion regions. in t e.sggstrate
outer vil]szd dli diglsctrig spasarseare piigied atith e &ilicidg caniagly fuppdpee stress
the gate sidewal k, Metal suicide contacts are fotfiled
on thegustactt.he di ffusion regions. The outer walls of the
dielectric spacers are aligned wth the netal suicide
[0007]C ONtREh@hdrasgdteLthSinvesBogn hétkod fonrattcmg faM@dishlofi metal pipes is
anot her aspect of the invention, a nmethod for reducing
disclodel! TRt kA in@BU&! prB¥iBRS 4 feature on a substrate and forming dielectric spacers
on sidewalls of the feature. Metal silicide contacts are formed on the substrate adjacent to the
dielectric spacers, wherein outer walls of the dielectric spacers are aligned with edges of the
metal silicide contacts. By aligning the outer walls of the dielectric spacers with edges of metal
silicide contacts, formation of metal pipes is reduced.
[0008] These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description and the
accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.
BRIEF DESCRIPTION OF THE DRAWINGS
[0009] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. Various embodiments of the

present invention are described with reference to the following drawings, in which:

[0010] Figs. 1a-b show a conventional transistor with metal pipes;



di scl osed. The nethod includes providing a feature on

a substrate and formng dielectric spacers on

sidewal I s of the feature. Metal siticide contacts are

formed M the substrate adjacent to the dielectric

spagers,, wherei n.outer walls of the dielectrig¢ spacers
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By aligning the outer walls of the dielectric spacers
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netal pipes is reduced. 100081These and ot her objects,
embodameanh gf thetilveatlvant ages and features of the present

i nvention herein disclosed, will becone apparent
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acconpanyi ng drawi ngs. Furthernore, it is to he
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2 shows a transistor in accordance with one enbodi nent
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isolatio%ﬁgplis)nfébt. Igfonte tc]r%bio(ri]i\r/n(:"erﬁ ,itﬁ)en substrate comprises a silicon substrate, such as a
lightly doped p-type substrate. Other types of substrates, such as silicon on insulator (SOI) or
silicon germanium, are also useful. The depth of the STIs should be sufficient to reduce or
minimize leakage or punch-through. Typically, the depth of the STIs is about 2000 — 6000 A.
The substrate comprises a well heavily doped with dopants of a second polarity type. The
second polarity type comprises, for example, p-type. Doping the well with n-type dopants is also
useful. The depth of the well is typically about 1-12 pm below the STIs.

[0015] The transistor comprises a gate 230a on the substrate. The gate includes a gate
electrode 231 over a gate dielectric 232. Typically, the gate electrode is formed from polysilicon
and the gate dielectric is formed from thermal oxide. Other types of materials are also useful.
Source/drain diffusion regions 225a-b are located adjacent to the gate beneath the substrate
surface. The source/drain diffusion regions are heavily doped with dopants of a first polarity
type. The first polarity type, for example, comprises n-type, forming a n-type transistor.

Forming p-type transistors with p-type dopants as the first polarity type is also useful. As



DESCRI PTI ON OF THE | NVENTI ON [ 00131The present
invention relates to ifs. Mire particularly, the
present invention relates to a nethod for form ng
sui cide contacts in ICs. In accordance with the
shownj ngaa23@nis abogpadded guer bvackthe Sdls. i Byppealliyor gatel cetapriseg a gate
the silicidation process to formsuicide contacts to
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contribute to the formati on of pipe defects.
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enbodi ment, the substrate conprises a silicon
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The depth of the STIs should be sufficient to reduce

platinu. Other mie%€silieRIkSGQ aWo WeMEh- t hrough. Typically, the
depth of the STis is about 2000 - 6000 A. The
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a second polarity type. The second polarity type
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gate includes a gate el ectrode 231 over a gate

silicidei¢amitasts. rihds @heemjpind4p regduce sieesgan deanetak Srﬂémée goqitacts during
formed frompolysilicori and the gate dielectric is

proces§iag Madditionailyt, hBgning ttexspaers @ithére doppes has alsabeen fabisd to reduce
are al so useful. Source/drain diffusion regions 225a-b

stress ﬁrtﬁe 41960481 ARSI m&rOHINES PRRinR g dInE. RedidiStstraiseon the
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polarity type, for exanple rises
1 pe, form ngtype transistor. Form ng
Indﬂ'ﬁp? peansistors with p-type dopants as the first.

gy type is also useful . As _shown, gat e _230b
0017 El@ Pk 899 V88 drasges fop fsmie amiC X)) ig acqgy mcam}l ong embodiment
gate conprises a gate conductor that extends intoous

of the auvtition. Federring ¢t Fige3s, agemmrondecter subgTate $0pis preraded. The substrate,
substrate.

in one embodiment, comprises a p-type silicon substrate. Other types of substrates, such as a

germanium-based, gallium arsenide, silicon-on-insulator (SOI), or sapphire substrate, are also

useful. The substrate is prepared with an active region 308. The active region comprises a well

heavily doped with dopants of a second polarity type. To form the active region, conventional

ion implantation techniques, such as implantation with a mask can be used. Other techniques for

forming the active region are also useful.



O her circuit arrangenents are also useful. D electric
spacers 260 are di sposed on the gate sidewalls. The
di el ectric spacers, thr exanple, arc fornedsilicon
nitride. Qther types of dielectric materials arc also
usef yl .. ntacts 240 an 1 are V] . .
100181 4 fadiing 7 afstreBithh R G B e Bl ing ¥ Burbire isolaion
. enbodj ment, the contacts conprise al .silicide. The
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should Igx fdticigmittalpreyieht leakigs oanpendhl thrpugk.ef vpicallyo trsiepth of the STIs is
accordance wi th one enbodi nent of the invention, the
about 2000 € 60GUAT ateions céhentiorell pricesses camomnsloyesl tbrform the STI regions.
alignment wth the netal suicide contacts. Aligning

For exalipfe, o Rbstedié EALRSeteedtlRhgdioal &ffonhiCetePafhsskWeéthidurg to form
sui cide contacts avoids the formati on of spacer

i SHLC] -as 5l b i

renche B LB A UL b QRIS s Ty B3 S

duri ro ing., Additiopally, aligning,the spacers
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ST1 and on the metal silicide contacts reduces or
formatipn ef/ddntdspali wellor mat i on of netal pipes, 100171Fi gs.

3a-h show a process for formng an 1 C 300 in
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Referring Lo Fig. 3a, a sem conductor substrate 305 is
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example,aaetals udtess Ak afendlgpuestifl 0Thé gatilaygr,tih enaembydinteeyicancomprise a
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mask techniques to formtrenches which are then filled
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[0021] Spacers 360, as shown in Fig. 3d, are formed on sidewalls of the gates. The spacers

comprise, for example, a dielectric material. In one embodiment, the spacers comprise silicon



For exanple, formng the gate |ayers conprises
sequentially formng a gate dielectric layer 332 and a
gate el ectrode |layer 331 on the substrate surface. In
one enbodinent, the gate dielectric |ayer conprises, o
nitridet(Rd)midthendielectriontasrialsipeludiog, fpaesaraple] seliqonidiexidg; exide-nitride-
al so useful. The gate el ectrode |ayer, for exanple,
oxide @MQ) stacks, PPOY i kilicom ox Ghitede (SiPAS,) afe dst wsehil.eCondéonal
materials, for exanple, netals such as A, are also
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region while gate 330h is fornmed over a SU.
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[0022]0at &n S@Dembakmsitpie diffustorgregidals cdiprich lightigiand heaijiydoped regions.
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for exanple, silicon dioxide, oxide-nitrideoxide (ONO

usefulst acks, TEOS or silicon oxy-nitride (SiO'Ny) are al so
useful . Conventional processes may be enployed to form
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as sputtering, are used to form the metal and cap layers.
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[0024] As shown in Fig. 3f a netal layer 345 is
deposited over the substrate, covering the diffusion
regions and gate. Preferably, the netal |ayer
conprises nickel plati num gold or a nickel all oy,
[0025] Tyé}%‘%%ng:m? i8n lsfqlastg* %ngrq%g%]sgfrs pF tale%i tg rf(g"ggl Spai ﬁglfdglcbntacts
1000 A. O her thicknesses are al so useful A cap | ayer
340 ande¥ g thepbEusienreginas and thergaiegleqtepder In qufeerabgdimgifethe salicide
prevents oxidation of the netal |ayer. The cap |ayer
processdom nisled or fivkeledayrpilieidetdon@mnisufiha salididkeproTgsh)) for example,
Conventional deposition techniques, such as
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by wet slaimieg deinpr oulégic paowpde gestur PM)tqﬂ@nr&mm@nWéaxerqxgde mixture
(RTA). In one enbodi nent, annealing is conducted in
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about 1-1000 sec. Unreacted metal and cap material are
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furic perOX| de m xture (SPM or an ammoni um
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alignment wth the silicide contacts, as indicated by
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outer walls avoids any spacer material overlaying the
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the outer walls of the spacers is achieved with an
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resistance of the silicide contacts
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anneal prior to spacer pull back is converted to the
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about 400 --600C for about 1-1000 sec. [0028]As
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conprises, in one enbodi nment,



first and second RTA processes. The use of nore than
one RTA step facilitates the formation of the desired
sui ci de phase to achi eve | ower contact resistance. For
exanple, a first annealing step is conducted at a
res1st1vlmﬁkqlmmes@p@ﬁ éNiS9) plmsenmihisisédp. -Injooh ewbpdimgat, thensoend
by a second annealing step at a higher tenperature to
annealfrgy stepnis chrduchadru  itériysdratarendtiabbuth® J6OMET for elsius i MI0D ec.
In one enbodi ment, as described, the spacer pull back

[0028]€t CIASI Fes@ftel Oﬂhg‘f&maﬂoﬁ’ ef ﬁ@%ﬂlc‘id&oht’é@ts%ﬁl PE&C ASGRembodiment,
This avoids stress on the suicide contacts durlng t he
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transi stors. For exanple, a dielectric is deposited
is condygted. s o (@ srdemperaireierfery nickelyieh vilieide Heldow g$egend annealing
and trenches are then filled with conductive materi al,

step atsuld gheagerapappture, totfornt pickelimermsidierdeoditich hasxddwei tesiativity. In one
processes are perforned to conplete the IC, for

embodéniatphsdesadlsbid] therpicet piilebadhrunecis pbdvieh e, infbetvéden the two RTA
passivation, dicing, and packaging. [0030] The

procesbtﬁv qhid KdidERYreRCorARP SUiRIE cbta®k BBfinS BRGS0 aflﬂédl'iﬁg step.
hout departing front die spirit or essential

Altern?t:i}?’jéﬁ};’l llrlf:esr a§ér gﬁtrb%' %et-gﬂ %a&%gﬁ%ﬁgﬂgﬁféﬁﬁ%%%ﬁq annealing step.

e con respec

il tratlve r the an | i n venti o .
100291 £ BiseH GioB e Gy JpEa OGRS B Qnlaeof the ransistors

i ndi cacd by the appended clainms, rather than by the
For expigplege filpcHisss Appasitethandpriteried t@ pgAigadasiand treaefiest Ahp vias and

t he nmeani ng and range of equivalency of die clains are
trenché¢sre e dilled with entueavednatéreal siunh as WWpper, its forianteamniects.

CLAIMS 1. A nethod for formng a transistor in an
Additibm] erocasses aeipeefoirhed toComPlai@PtheICNEr example, additional interconnect
levels, final passivation, dicing, and packaging.
[0030] The invention may be embodied in other specific forms without departing from the
spirit or essential characteristics thereof. The foregoing embodiments, therefore, are to be
considered in all respects illustrative rather than limiting the invention described herein. Scope
of the invention is thus indicated by the appended claims, rather than by the foregoing

description, and all changes that come within the meaning and range of equivalency of the

claims are intended to be embraced therein.



providing a substrate having a gate on the substrate,
the gate having gate sidewal k, and diffusion regions
in the substrate adjacent to the gate; form ng
dielectric spacers on. the gate sidewal k;
form ng netal suicide contacts over the diffusion
| egi ons, wherein portions of the netal sit icide
contacts are covered by the spacers; and pulling back
he . di el.ectric spacers to reduce stress on the netal
Wh%tilﬁe?lm g%éont acts. The nmethod of claiml| wherein
the dielectric spacers N | ed hack such that outer
wal I s of the dielectric spacers are aligned with edges
of the tal_  suicide contacts. . The t hod. of
L cl 4t Wethodarferming A MPRAYOBACR R SIrett T touiRitHies
conprises an ani sotrone etch. 4. The nethod of claim1
compviding @ substrate hayiag aigaly MdhshsirHathe 4l haying 8¢ er
foiuiing the dielectric spacers, wherein the cleaning
sidefvallsygind didBwsivniregienyiin the substrage 4dpagent tpdragabh of t he
di el ectric spacers such that edge portions of the
nmetfadmisg Hielkectlie spartsat the gate skewaltsler cut regi ons are
covered by the spacers. The nmethod of claim4
whep@iing Rietdl kilgidb asiktadiheved il dftidrCregioas, evlierdis portions of the
perfornmed after formation of the netal suicide

metDANAE SntLsakd GeRELSthdghtgs;ahdt he diel ectric
spacers wth edges of "the netal suicide contacts.

6. ﬁing%tdaggle Aer &l Qa%rm%@dc@ shtE VN AOmMEDLsi BUBS L’
surtac€ conprises we cleaning using Di-IF 1n a dilute
aqueous sol ution.

2. The method of claim 1 wherein the dielectric spacers are pulled back such that

outer walls of the dielectric spacers are aligned with edges of the metal silicide contacts.

3. The method of claim 1 wherein pulling back the dielectric spacers comprises an

anisotropic etch.

4, The method of claim 1 comprising:
cleaning the substrate surface after forming the dielectric spacers, wherein the
cleaning forms undercut regions in a lower portion of the dielectric spacers such that edge

portions of the metal silicide contacts in the undercut regions are covered by the spacers.



The nethod of claim |l wherein formng the netal
sui ci de contacts conprises performng first and second
anneal i ng processes. 8. The nmethod of claim?7 wherein
the first annealing process is conducted at a first
tenperature range and the second anneal i ng process is
conducted at a second tenperature hat is higher than
the -first tenperature range 9. The nethod If,cI%;n18
5. whed B¢ mepae of plginy 4 svbereied ﬁ%ﬁ Rack thediglpeipiepnacers is performed
perfornmed between the first and second anneal i ng
aftenfomeativaof thergetalmilecidreontaets & alignaugar vallp ek e dicfngirici spacers
back the dielectric spacers is perfornmed after the
withedgeschf dimneethl sailgcige amgsts, 11, The nethod of claiml
wherein the netal silicide contacts conprise nickel or

ni ckel all oy. 12. A nethod for reducing netal pipes
conprising; providing a feature on a substrate;
6. The method of claim 4 wherein cleaning the substrate surface comprises wet

cleaning using DHF in a dilute aqueous solution.

7. The method of claim 1 wherein forming the metal silicide contacts comprises

performing first and second annealing processes.

8. The method of claim 7 wherein the first annealing process is conducted at a first

temperature range and the second annealing process is conducted at a second temperature

range that is higher than the first temperature range.

9. The method of claim 8 wherein pulling back the dielectric spacers is performed

between the first and second annealing processes.

10.  The method of claim 8 wherein pulling back the dielectric spacers is performed

after the second annealing process.

11.  The method of claim 1 wherein the metal silicide contacts comprise nickel or

nickel alloy.
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formng dielectric spacers on sidewal k of the feature,
form ng netal suicide contacts on the substrate

adj acent to the dielectric spacers, wherein portions
of the netal suicide contacts are covered by the
spacers; and pulling back the dielectric spacers to
reduce stress on the netal suicide contacts. 13. The
met hod of claim 12 wherein the dielectric 'pacers are

12. Puld gdmback rg&{&h}%g@t% %Bmﬁﬁgihg of the dielectric

spacers are alig th edges of the netal suicide

gg@&g@ﬁggaﬁéﬁgggygsa%thd of claim 12 wherein pulling

rc spacers conprises an ani sotropic

etch. . 15 The nethod of claim1l Qupri si ng;

cl %fml%g‘?]r?gt%ﬁ%ctefsa 1‘%&‘?‘#138@%}‘8%?% “formng the

dielectric spacers, wherein the cleaning for )

undering meeh Bpide FonaFs eRiE SRR i e dhosis wpcers

spacers such that edge portions of the netal suicide
whegaim pertipss ¢fithe metal, ﬁh@ge pentpciHare H8VeEPkb B pasershind: he

spacers 16. The nethod of claim 15 wherein pulling

bagkllingdack e dotacire ppeareogedwse petssandlr métpksilicide contacts.

formation of the netal silicide contacts to align

outer walls of the dielectric spacers wth edges of

the nmetal suicide contacts. <cleaning using DHF in a

13. di ITih e RBIQTU i AL UbticRdin the Welectiiespibdrh ad palle€bakrudiPthat
wherein formng the nmetal silicide contacts conprises

outd 196 ihB Yididckrid spailds S8 GAREIANNELAIgLSH RE ARES SifiSide contacts.

14.  The method of claim 12 wherein pulling back the dielectric spacers comprises an

anisotropic etch.

15.  The method of claim 12 comprising;:
cleaning the substrate surface after forming the dielectric spacers, wherein the
cleaning forms undercut regions in a lower portion of the dielectric spacers such that edge

portions of the metal silicide contacts in the undercut regions are covered by the spacers.
16.  The method of claim 15 wherein pulling back the dielectric spacers is performed

after formation of the metal silicide contacts to align outer walls of the dielectric spacers

with edges of the metal silicide contacts.

11



19. The nmethod of claim 18 wherein the first annealing
process is conducted at a first tenperature range and
the second anneal i ng process is conducted at a second
Mrperature range that is higher than the first
tenperature range, 20. The nethod of claim 18 wherein
pul I ing back the dielectric spacers is perforned in

bet ween the first and second, anneal i ng processes,
17. The method of claim 15 wherein cleaning the substrate surface comprises wet

cleaning using DHF in a dilute aqueous solution.

18.  The method of claim 12 wherein forming the metal silicide contacts comprises

performing first and second annealing processes.

19.  The method of claim 18 wherein the first annealing process is conducted at a first
temperature range and the second annealing process is conducted at a second temperature

range that is higher than the first temperature range.

20.  The method of claim 18 wherein pulling back the dielectric spacers is performed

in between the first and second annealing processes.
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