Y ‘SELF- ALI GRED CONTACT. PROCESS USI NG A POLY- CAP MASK BACKGROUND OFF9gf411-%

INVENTICN (1) FIELD OF THE I NVENTI ON The present invention rel ates &% he.
abrieation of integrated circuit devices, and nore particularly, to a
et'hod of integrating salicide and self- allgned contact processes in the

fabrication of integrated circuits. (2)!DESCR PTION OF THE PRI OR ART In the

fabrication Ol It egf cep?ﬁertpﬁ&qpsfse%sxhegncmm Mpgge of ten

produced using sali cCi (selt-aligned silicide) processes in order to

obtain higher circuit performance. In silicidation, a refractory netal

| ayer i s deposited and then anneal ed. The underlying silicon reacts with

the refractory netal | ay®ACKGROUNDILQE THES INVEN®EONver| ying the gate

el ectrode and source and drain regions. The silicided gate and source/drain

regi ons have | ower resistance than non-silicided regions, especially in

smal | er geonetrles and hence hlgher circuit -performance. In the

producti

used to reduce cel

fie present 1nvent10n relates to the
fabrication'of integrated c1rcu1t dev1ces, and more
particularly, to a method of.integrating‘salicide and self-
"aligned contact processes in the fabrication of integrated

circuits.

(2) DESCRIPTION OF THE PRIOR ART |

‘in the'fabricetion of iﬁtegrafed circuit
devicee, logic products are often produced using salicide
(self-aligned silicide) processes in order to obtain highexr
circuit performance. In silicidation,.a refractory metal
layer is depoSited andlthen enneeled. The underlying silicon
reacts witﬁ fhe refractory metal layer to produce a silieide
overlying the éate e1ectroﬁe and source and drain regions,
The s111c1ded gate and source/draln regions have lower
resistance than non-silicided reglons, especially in smaller

geometries, and hence, higher circuit performance.

In the production of memery units, the self- .

aligned contact (SAC) has been widely used to reduce cell
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#) OFIELRPE THE (INVENTION | £ aligned contact (SAC) has been widely |



Ysize,- thus greatly increasing the device density for the CMOS product
design.. Wth the advent of Large Scale Integration (LSI) many of the
integrated circuits formed on sem conductor substrates conprise several
geircuit functions on a single chip. For gxanple, nenory devices are forned

h hi he. | 0giC. Gircyi i eSS is desired to
Find & moldroftiin Bheatipckebibh el SRnfod cRERaey e bne® 170ne ™ *°
vater S0 lcidls BabRubkOed A1 C RATHOLHBNGAvEAE d¥ dardRNSEhyeErOrY for

enbedded menory can be ac e standard SAC process needs to use an
i nsul at or -GRRkAGHAGhY $1.51 § GilanyT HifS theK eatbfLaPéd cEisTuikeOo EpRinedl énwWi th t he
salicide process. Silicidation has been widely used in the art.

Si | i ci dat isEmitconidmiclioessebstisdies gdomprddecsaverak cirguditsfunsbiions Sjl.icon
Processing for the VLS|l Era, Vol. 2, by S. WIlf Lattice Press, Sunset

Beach, CAOR a Ejgglepghip4s Fom examnle  UMEROTE $owicas, ang, fermed eRang  and
S. "M Sze, MG aw H'&l|_|, NG%%%Y rk,. NY, c. 1996, . .%97-402 nd 487-488. U.S.
Patent 5, 3PE GRS §RYB3E FH&t ﬁ&a'cl'}FtFo‘P’m%S Argsec tBE8- saktf or an

SRAM but wmjit d | 0Q] G. P o 853 -al , , 079,

both to Yoicl)g e‘%%(}et%ggghgﬁg? rr‘-’lxatqﬂh%%1 OCH)# %af &?rtggé&ﬁfg%ﬁqﬁeo%%%%qggt é;irgrermry and
logi c the SAC processes on one wafer so that both high logic '
performance and high density memory for embedded memory can

be achieved.

The standard SAC process needs to use an
insulator-capped polysilicon. This makes the process

incompatible with the salicide process.

Silicidation has been widely uéed in the
art. Silicidation techniQues and self-aligned contacts

are discussed in Silicon Processing for the VLSI Era, Vol. 2,

by S. Wolf, Lattice Press, Sunset Beach, CA, c. 1990, pp.

144-149 and in_ULSI Technology, by C. Y. Chang and S. M. Sze,

McGraw-Hill, New York, NY, c. 1996, pp.397-402 and 487-488.
U.S. Patent'5,553,980 to Yoo shows a method of forming a
salicided SAC for an SRAM, but with no embedded logic. U.S.
Patents 5;605,853 and 5,719,079, both to Yoo et al teach

formation of a 4T SRAM and floating gate memory and logic



B device including salicide and a butted contact, but not including a SAC.
SUMVARY. OF THE | NVENTI ON Accordingly, it is a primary object of the present
invention to provide an effective and very manufacturabl e nethod for
Tntegrating salicide and sel f- ‘aligned codtact processes in the fabrication

integrated cir. t ur ntion to provide
a processa‘#%rlq% 2%1&? é %%ﬁ%’r‘g% %ﬁasgﬁ#%% géfé#ﬁa 1"‘[5"%ocesses in
the fabricgf Qhé circuits with enbedded nenDry Yet anot her " obj ect
is to fornlsa ICI gate and source/drain regions in the logic circuits of
an integrated CIrCUIt device while also form:ng self-aligned contacts in
the menory circuits of the same integrated circuit device. Yet another

obj ect of the invention SEMMARY COFNTHE IINVESWIQHte and source/drain regions
inthe logic circuits of an integrated circuit device while al so forn1ng
4 slnultaneously a self-aligned contact and a butted contact in

Accordingly, it 1s.a primary object of the
present invention to provide an effective and very
manufacturable method fer-integrating salicide and self-
aligned contact brocesses in the fabrication.of integrated_.

- ecircuits.

It is a further object of the invention to
provide a process for integrating salieide and self-aligned
contact processes in the fabrication of logié circuits with

embedded memory.

~ Yet another object is to form salicided gate
and source/drein regions in the logic circuits of an
integrated circuit device while also forming self-aligned
contacts in the memory circuits of the same integrated N

circuit device.

Yet another object of the invention iS'to'form
salicided gate and source/drain regions-in the logic circuits

of an integrated circuit device while also forming



the menmory circuits of the sane integrated circuit device. A still further
obj.ect .of the invention is to formsinultaneously a self-aligned contact -
and a butted contact in the fabrication of an integrated circuit device. In
accordance with the objects of the invention, a nethod for integrating

sal i ci de and SeLE-RLi90°d o1 AGf JHACSIRERCE Tahdi% iR ot LRdi ©

nmenory I eve lon areas are fornmed on

sem condughr f“%ct a2y 8 ecaiits %Mw sand %EE&HE@& | ¥idaltaldeRg cdevi ce

areas. Gate e rodes and assocl ated source and drain regions are forned
on and in the semiconductor substrate wherein the gate el ectrodes have
silicon nitride sidewall spacers. A metal silicide layer is fornmed on the
top surface. of the gate Al stilbdBsrthed objebe ofptherimontifont lie to

sem conductor substrate overlying the source and drain regions associ ated
with the dfsmm @Ilwtlrt@aeguawng sekfxialdionedproentact and@ putded ayer is

deposi ted overl t strate including.the s |c1ded el ectrodes
and sour cEHH® tP*s %Bﬁ?cwrb(ﬂgy a&ﬂgtﬁgﬁ? ?é &t@vﬁcﬁem)ved :
overlying one of the saI|C|ded source and drain reglons mhere a
self-aligned contact is to be formed, and overlying anot her of the

sal i ci ded source and on accordance with the objects of the
invention, a method for integrating salicide and self-aligned
contact processes in the fabrication of logic circuits with
embedded memory is achiévedf Isolation areas are formed on a
semicbnductor'subStrate surrounding and electrically
isolating device.areas. Gate electrodes and associated
source and drain regions are formed on and in the
semiconductor substrate wherein the gate electrodes have
silicon nitride sidewall spacers. A métal siiicide layer
is formed on the top surfécg.of the gate electrodes and on
the top surféce of the semiconductor subétrate'ovérlying'the
source and drain regions associated with the gate electrodes
using a salicide process. A poly-cap layer is deposited
overlying the substrate including the_salicided gate
electrodes and éource and drain regions;: The poly-cap layer
is selectively removed overlying one of the salicided source
and drain regions where a self-aligned contact is to be

formed, and overlying another of the salicided source and



"drain regions and a portion of its associated salicided gate el ectrode
‘where a butted contact is to be fornmed. An insulating l'ayer is deposited:
over the surface of the sem conductor substrate. The insulating layer is
tetched through to forn1sinu|taneous|y t he5pl anned sel f-aligned contact

openi ng anerimer B and b BOrEROH N AU UetBra ARG R L e e
to conpl eéfeé@ﬁa&am&@ af haheear@&%aaé@qs%%cubt £9ex &€ MR EF DESCRI PTI ON
OF THE DRAWNGS I n the acconpanying drawings formng a material part of

thi s descihphl@ting Mever SisShepdsited over theOB@Rf3car &f GRS S- sect i onal
representations of a preferred enbodi nent of the present invention. Fjgs. 4

t hr ough l1demicondustors spbstnater eplfles einsnliamisg'oianefi istetpheiderr ed
enbodi ment of the present invention. %H%12 s a tog vieylnggresentatlon
of" a SRAMFBEQUGR tRsiopgimudbaaeowsly the plassedsselftakignedent

|nvent|on 13 t.hrou 6 are cro sect_ onal
{gkt opening agg %he planneé“%utted contact opening. The
| self-aligned contact opening and the butted contact opening
are filled with a conducting layer to complete fabrication of

the integrated circuit device.
BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings formlng a

mater1a1 part of this descr1ptlon, there is shown:

'Figs. 1 through 3 are cross-sectional
representations of a preferred embodiment of the present

invention.

Figs. 4 thfough 11 are cross—secti@nal
representations of a first preferred embodiment of the

present invention.

Fig. 12 is a top view representation of a SRAM

device designed according to the process of the present



¢ repregentations of a.second preferred.embodi nent of the present invention.
" DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The process of the present '

invention is a SAC process that can be plugged in easily into the standard
salicide |ogic process. By introducing @ polysilicon capping mask into the
process,iﬁpghefgﬁ?ct space to polysilicon can be pushed to zero and a
butting contact can be fabricated in the same step as the self-aligned
contact. This process is fully conpatible with the salicide process,

al t hough it does not have to be used in conjunction with a salicide
process, Ww thout any i rfiast. a8 dhyvowgh (kf faxeneroes-sbetionasl preferred
enbodi nent of the invention details the inventive SAC process within the -
sal i ci derppovesentatrinns; efold sprendrprefamneddiempedinentrobethe he SAC of the
i nvention in a non-saljcide process. The first few steps are the sane for
bot h pr ePERFERLHBBERTAM s of the present invention and will be described
with reference to Figs. 1-3. Referring now nore 7 particularly to Fig.
1, there is shown a seni conductor 'substrate 10, preferably conposed of

nmonocrystal line Si'ﬁé§ﬁk1ﬂf%%habkoﬁnéeﬁﬁéﬁﬁhﬁﬁﬁ3%M%BD&ME&?SOXide or shallow/

trench

The.process of the present invention is a SAC
. process that can be plugged in easily into the standard

salicide logic process. By.introducing a polysilicon Eapping
mask into the process, the contact space to polysilicon can
be:pushed to zero and a butting contaqt can be fabricatgd in
the same step as the self-aligned contact. This process is
fully compatible with the salicide process, although it does
not have to be used in conjunction with a salicide process,
without any impact on device perfbrmance. The first
preferred embbdiment of the invention details the invenfive
SAC'process within the salicide process. The second
preferred embodiment describeé the SAC of the inventiqn in a

non-salicide process.

The first few steps are the same for both
preferred embodiments of the present invention and will be

described with reference to Figs. 1-3. Referring now more



“isolation (STlI) regions 12 may-be forned as is conventional in the art to-

"isolate active device regions fromone another. A |ayer of gate oxide 14 is
grown over the surface of the substrate, typically to a thickness of

: between about 40 and 100 Angstrons. A |ayer of polysilicon 16 is deposited

h nd I d h f b b
1000 ancPSOUEF SRR ok F Fne® por JErs 80 805y B Pen BT Ror s ar 6 ot ched
and 22, LD T TOERE] B e P e e,

such as m@aﬁaﬂcﬁe&éﬁ&@m&m asrﬂf@maﬁw&rnﬁﬁauo\bm%cmell or
pass-gate or pull-down transistors in a static random access nenory (SRNW

cel | . TheseDitiowl BNIX oredonst h2 nawis foomeli ght iy copeshtriegiadns 34 i s
performed at this time. Both NLDD and PLDD regions are fornmed using

appr opr i dnethtAvhdskiifplage petivederiamaegisnpafeengngianatdiemitride is
deposi ted over the surface of the substrate and anisotropically etched back
8 to | eave silicon n|tr|de spacers 36 on the sidewalls of the gate

el ectrodes 20 and 22. riggggl ggtgg,(l__é)rgcl%re lﬂerlgorggg‘gnté)vérortrﬁ heavi I'y doped

source and drain regions
surface of the substrate, typically to a thickness of between

about 40 and 100 Angstroms. A layer of polysilicon 16 is
deposited over the gate oxide and field oxide regions to a

thickness of between about 1000 and 3000 Angstroms.

The polysilicon and gate oxide layers are
etched away where they are not co&eréd by a mask to form the
gate eiectrodes'zo and 22, as shown in Fig. 2. These gate
electrodes may be memory devices, such as word lines in a
dynamic random access memory (DRAM) cell or pass-gate or
pull-down transistors in a static random.access mémory (SRAM)

cell.

The LDD implant to form the;fransistor lightly
doped regions 34 is performed at this time. Both NLDD and
PLDD regiqns are formed using appropriate photomasking, as is
conventional. A layer of silicon nitride is deposited over

the surface of the substrate and anisotropically etched back



: Now, according to a first prefefred enbodi ﬁent of the present invention,
the gate el ectrodes and source/drain regions will be silicided using the

- conventional salicide process. Referring to Fig. 4, a layer of titanium

ctitaniumnitride, titaniumtitaniumnitgide, or the like, is deposited over
the surfage hg; 404 T . abY Ri : €5l A8wal P Lickness of
bet ween géogljtgé‘ﬁéog%aﬁﬁ 5 ﬁk%?jgtkr ghéé#%eigu%gﬁhaté |as %nnseg?%g#ﬁ{or
exanpl e, guﬁbnglgcf@m&s tHeRERl 280nepbn (fiigladtatd okt é?H%ﬁ@tﬁéﬁ at a

tenperatlre o '

50 to 800 [err]C for 10 to 30 seconds. titanium | ayer

reacts webhfbifA RedvLDP ddpddngoanbet and edrdlid kegioenscegand drain regi ons 38
and with.the polysilicon in the gate electrodes 20 and 22 to formtitanium
silicide 42. The titaniumoverlying the silicon nitride sidewalls 36 is"
unreacted. The unreacted titaniumis renoved, |eaving the salicided gate

el ectrodes 20 and 22 afP%odceerdangdiqid Fegitopressrrad embodimentsig " 4.
9 Thi t th alici . t | f-ali d t act
o ovess GF Lhe Brestet YvmutioBn Bhe ol dddinogs Al T o Lo Fig.

5 a 'inggaﬁhlai/aiigmifég}i%s' WNEeL B8 L1LMA Wiy YRBOSLAFENLYSEaT NE
surface of the ) __
salicide process. Referring'to Fig. 4, a layer of titanium,
titanium nitride, titanium/titanium nitride, or the like, is
deposited over the surface of the substrate, typically by
sputtering, to a thickness pf between about 200 and 500

_ Angstroms.

The substrate is annealed, for example, using
a fapid thermal anneal (RTA) in a nitrogen ambient at a
temperature of 650 to 800 °C for 10 to 30 seconds. The
titanium layer reacts with the silicon in the substrate in
the source and drain regions 38 and with the poiysilicoh.in
the gate electrodes 20 and 22 to form titanium silicide 42.
The titanium overlying the silicon nitridé.sidewails 36 ié
unreacted. The unreacted titanium is“temoved, leaving the
salicided gate electrodes 20 and 22 and source and drain

~regions 38, as shown in Fig. 4.



Ce

substrate to a thickness of between about 300 and 1000 Angstrons. Fig. 6
shows-an alternative liner which has a first |layer of silicon dioxide 44
havi ng a thickness of between about 100 and 600 Angstrons and a second

| ayer of silicon nitride 46 having a tfi ckness of between about 300 and

| ayer, but it is to be er st at either the single or e |liner

| ayer cagebe-abRfhdd dontaRtOpessedé dhearHdyerbeAd. iMASREINGIIWES Fig. 7,
a poly cap photomask 50 is forned over the substrate. The mask provides
openi ngsdéserilbed selHefarirdngdnoentacFig bug,t iandinent silicemdnjatsieont act s.
The design rule of this mask nust take care of the m salignnent tolerance
to the gia¥epot§sis icamformadiedepositad avigr) theysnnfRrcefof hHethejat e

pol ysilicon under the SAC region. The poly-cap, |layer 4 op of the

pol ysi | | EBRSEERLE P lﬂjttﬁlﬁé"“gﬁﬁt Sgtgeié“i’ﬁ?’{ﬁ%%‘&t gxgoﬁ’? c Qoﬁust be renoved.
10 The thlxég Pt@é”i de liner layer (or poly-cap layer) 46 is etched away
where it Te°hot cover ed by the nmask 50, as shown in Fig. 8. Now, the

phot oresi st mask 50 is renoved and a

11000 Angstroms. Furt henrlﬁlﬁ_%oegﬁ %gg?%]stﬂé |15t 3 dpygé _thqch’gﬁgl[lf\e I i ner

Fig. & shows an alternative liner which has a
- first layer of silicon dioxide 44 having a thickness of
between about 100 and 600 Angstroms and a second layer of
silicon nitride'46'héving a thickness of between about 300
and 1000 Angstroms. Further processing is illustrated using
.the double_liner layer, but it is to be understood that
either the single or double liner.laYer can be used in the

process of the invention.

Referring now to Fig.-7, a poly cap photomask
50 is formed over the substrate. The mask providés openings
for the self-aligned contact, butting contact, and gate
contacts. - The design rule of this mask must take care of the
misalignment tolerance to the gate polysiliéon"in order to
have full coverage of the gate polysilicon under the SAC
region. The poly-cap layer 46 on top of the polysilicon fof

the butting contacts and the gate contacts must be removed.




di el ectric layer, such. as borophosphosilicate glass (BPSG 54 or the |ike
I s.deposited over the substrate and planari zed by refl ow or other nethods
conventional in the art and as illustrated in Fig. 9.- A contact phot onask,
not shown, is fornmed over the substrate. ¥he BPSG 54 and silicon dioxide

| ayer 44 are etched awayrrﬁ@eéf%%&ﬁ,;/ﬁg&giaet1%&@@&&@662&16#6@9%3{: mask to

open the self-aligned contact utting contac and“the gate

contacts andg1or agl idi bRt Nawddntifere (ROLsSHO¥doveitdd Wy WheSRasRNt act s
can be openéed sinultaneously. The contact etch will need to have high etch
sel ecti vi t50 baisvehowdP$G BRiig. t&e |iner. nitride in order to prevent shortage
bet ween the contact to the gate polysilicon while maintaining high etch
selectivity to silicon. Selectivity of BPSG to the poly-cap l'‘ayer 46 should
be greater than about 15, Selectivity of BPSGto siljcon should bhe between

about 30 and 100. - 11 ‘BPHcethePhqtaresist, Pagk Y 15 (SRRFI%RERY Bnoved

fromthe butting _contact_opening 62 and,the. . | (nqt

shown) | ¢ A AR 1B%kr PR e e tiREbsBReRl E1ERR Wadd ARRIIBY, 1

- fngreg'n-s ff[]ea&a&il t11190A i STREK LI ARSS thlhGubbts08 Md 'pimd iRl bgyer 46
reflow or other methods convgntional in the art and as

illustrated in Fig. 9.

A contact photomask, not shown, is forméd over
" the substrate..-The BPSG 54 and silicon dioxide layer 44 are
etched away where they are not covered by thé contact mask to
open the self-aligned contact 60, the butting contact 62, and
the gate contacts and normal diffusion contacts (not shown).
All of these contacts can be opened siﬁultaneously. The
contact etch will need to have high etch selectivity between
BPSG and the iiner nitride in order to prevent shortage
between the contact to the gate polysilicon while maintaining
high etch selectivity to silicon. Selectivity of BPSG td
the poly-cap layer 46 should be greatgr than about 15.
Selectivity of BPSG tq silicon should befbetween about 30 and

100.



*narrowed sel f-aligned contact with zero spaci ng between the SAC contact to
the gate polysilicon. Fig. 11 illustrates the conpletion of the SAC contact
64 and the butting contact 66 with the filling of the contact opening with
A nmetal layer, such as tungsten plugs asjsshown. In order for the process of

‘the invention to be manug ?‘g el Ry q,mggeng@ﬂﬁ Had %19Eah9eb88£y cap |iner
u

| ayer 46 nust give caref consideration to e msalignhent tol erance of

the steppglomodalerebm! ti6&! bt iR icoRtYati apeitly 62N@nBOwREI ggteffect. As
illustrated in Fig. 10, in the ideal case, the spacing rule of the poly-cap

mask, Sp[ erontactpazeghgnd) (nots sheiwar)ryi tbdsbycomaqhs yargattermedcingthé&plerr],
spaci ng C) between t:he self-aligned contact and theagpol y- caE overl ap of the
]

gate pol y sameeprpcespagters pyithoytethp regd[£9x% |an additypas magkimg[err] =
Splerr] + 2 x Werr G ven a certai n_nunber forﬁgerr] 12in order to

mai ntai n ;Prm mafheasilicon mitridepddper hpyer ftd JOF@SnEBehy the stepper
capability of

- hi | det th
effective I@Eé"(‘?’i? ng\?ﬁT “:ﬁg‘%ﬁ h|§'§tt g%%‘?%pg%ﬁsiglsg %f%&mﬁﬁsgﬂ?ofs have
desi gned %A%t Q:Iohcﬁa'é%nggrrfhe gate polysilicon.

Fig. 11 illustrates the completion of the SAC
contact 64 and the butting contact 66 with the filling of the
contact opening with a metal layer, such as tungsten plugs as

- shown.

In order for the p}océss of thé'invention to
be manufacturable, the design rule of the poly-cap liner
1a§er_46 must give careful consideration to the misalignment
tolerance of the stepper, gate critical dimension variations,
and roundin§ effect. As illustrated in Fig. 10, in the ideal
case,.the spacing rule of the boly-cap mask, Spear (spacing
A), is determined by the poly gate spacing (sppél¥; spacing
C) between the self-aligned contact and the poly-cap overlap

of the gate poly (Weoar, Spacing B).

Spcap = Sppoly'l -2 % Wolp, or

Spreiry = SPeaw + 2 X Woap. Given a certain number for Woip

G L e e



*access .nmenory (SRAM cell using the technol ogy of the present invention. By
usi,ng the 0.25 [err]mdesign rule, the cell sizeis 2.28 x 3.0 = 6.84 :
[err]nferr]. By using the SAC process of the invention, we can achieve a
cell size of close to 30% snaller than the2zsize of a cell designed w thout

t he SAC process of .the [nvention. The SRAM cel | _designed by the,jnventors
T sl i G33eR £BmoLENA MisestoneAnt ReRiTAIL o Spetenatitl

cont act s 6 FPRERnef; B S Wikt clbolis SAUPIGH ke B REnE, coP  Sver 46
cont act s AU ke CAMARIS 1B RREORIEL Y Iketatod BRRL Of the

i nvention uUses the SAC process of the invention in non- sal i cide proces

After gat echiteelr addshabétwen adledabNpbtyi gatesrave been forned as :
described with reference to Figs. 1-3 above, the poly-cap liner layer is
deposi ted over the 13 substrate, as.shown i.n Fig. 13. In this

enbodi nent, the poly-cap layer is a dual layer. The first layer is silicon
di oxi de 44 havi ng a thi ckeesknemiexs, bageagesioned aftagds Aagdelmons. The

second | ayer le SEhheon Shih] 4.9 RINYLhL COLuAR 1Y 1 LukMickogze o

invention. By using thé 0.25 pm deéign rule, the cell size
is 2.28 x 3.0 = 6.84 um=. By using the SAC process of the
invention, we can achieve a celllsize of close to 30% smaller
than the size of a cell designed without the SAC process of

" the invention.

The SRAM cell designed by the inventors is
illustrated in top view in Fig. 12. Active areas 80 are
shown. Polysilicon lines 20 are shown-partially covered by
the poly—cap'layer 46. Contacts;70 are partial SAC contacts,
72 are full SAC contacts, and contacts 74 are butted

contacts.

The second preferred embodiment of the
invention uses the SAC process of the invéntion in a non-~
salicide process. Affer gate electrodes and source/drain
regions have been formed as described with reference to Figs.

1-3 above, the poly-cap liner layer is deposited over the



ﬁOOOqAngstronE. Referring now to Fig. 14, a poly cap photomask 50 is forned
over the substrate. The mask provi des openings for the self-aligned
contact, butting contact, and gate contacts. The design rule of this mask
trust take care of the m salignnment toleranﬁp to the gate polysilicon in
order to haye full coverage.of t he gate polysilicon under the SAC region

The pol y- SHPSEEFER 48SofROE) Wt Rl Jd-ysini Eks rebadimentvt the contacts
dth t .S et ' L tel t d. th k
50. Now, DIRERAPSiRRekD1E £ IRES BN Bl el Haye R BECRAGRE® (TOh s

bor ophosphivxideaua aheﬁﬁ%(éi&&ﬁ)cléfés%r oleNBetwkén | SbSlAPADO ahao¥eb t he |
substrate and planari zed by refl ow or other nethods conventional in the art

and as il |ngistaomd.i NThe gseddnd A/@it det sphotomasicrigy oghown, is forned
over the substrate. The BPSG 54 and silicon dioxide |ayer 44 are 14

et ched aw®plysdddcpheg¢bahaving a dibdickielsy oficbetweerttabmtk 300 apdn t he
self-aligned contact 60, the butting contact 62, and the gate contacts and
normal di 4098 RIEERPEEL s (not shown), as detail ed hereinabove in the first
enbodi ment of the invention. Selectivity of BPSGto the poly-cap | ayer 46,

Referring now to Fig. 14, a poly cap photomask
. 50 1s formed over the substrate. The mask.provides openings
for the self-aligned contéct, butting contact, and gate
contacts. The design rule of this mask must take care of the
misalignment tolerance to the gate polysilicon in order to
have full coverage of the gate polysilicon under the SAC
region. The poly-cap layer 46 on.top of the polysilicon for
the butting contacts and the gate contacts is etched away

where it is not covered by the mésk 50.

Now, the photoresist mask 50 is reﬁoved and a
dielectrié layer, such as borophosphosilicate glass (BPSG) 54
or the like is deposited over the substrate and plaharizéd by
reflow or other methods Conventional in the art and as

illustrated in Fig. 15.

A contact photomask, not shown, is formed over

the substrate. The BPSG 54 and silicon dioxide layer 44.are



® whether it conprises silicon nitride or polysilicon, shoul d be greater than

about. 15. Selectivity of BPSG'to silicon should be between about 30 and-

- 100. Fig. 16 illustrates the conpletion of the SAC contact 64 and the

butting contact 66 with the filling of tite contact opening with a netal

I , I h . 3 :
vent  of PREd PUrE IR S8 RRe WP contelR SROERR Bbotalfs MPFY ne
Gevi cos SBEH, CRP-A01e HORRRR CORLRELTEY, S BUCTig, ORAEE Y B ok ng

process  ghet §ater e6rtdct s \«@idt nofmal | @£ idiors eldntakitgnetlot Ostidwni ) pr ocess to
be easily plugged into the standard salicide |ogic process. The inventive

process aandétailednhetaimsboveyin theffatstyreeboddmentt ofintha butted contact
as well as gate and diffusion contacts in the fabrication of an integrated

circuit dnyprbioRmy| jSelrctvd tyepf- BPFGER MRy 5ABc43¥es 4%e integrated -
15 successfully op one chip w.thout any jnpact on.deyice performance. Wile
the i nveﬂf‘ﬁgheﬁaégb‘é%‘}‘??aﬁ% éalt]‘éFf’? %h%%c{grﬁf c?é’gé'tsilgéfithﬁh?‘éﬁrence to
the pref gl §fleater than about 15. Selectivity of BPSG to silicon

should be between about 30 and 100.

Fig. 16 illustratés the completion of the SAC
contact 64 and the butting contact 66 with the filling of the
" contact opening with a metal layer, such as tungsten plugs as

shown.

The process of the present invention
integrates the salicide process foi logic circuits With.the
self-aligned contact process for“memory circuits so that
memory and_loéic devices can bé fabricated together on the
same wafer.' The poly-cap masking process of the present

~invention allows the seif-aligned coﬁtact proceSs'to be |
easily plugged into the standard_salicide_logic process. The
inventive process can form simultaneouély.a self-aligned
contact and a butted éontact.as well as gate.and diffusibn
contacts in the fabrication of an integfated circuit device.

Salicide and self-aligned contact processes are integrated



“ embodi hrents thereof, it will be understood by those skilled in the art that
vari ous changes in formand details may be nade wi thout departing fromthe
spirit and scope of the invention. CLAI M5 16 1. A nmethod

;0f fabricating an integrated circuit dedt ce conprising: formng isolation

- areas on guckRIEsFU1dYCbAr one et vl thoutoRg DEp&dl ol @viiiceal |y isol ating .
device 5 areas; providing a gate oxide |ayer overlying said
sem condystrdfiormalneerate in said device areas; depositing a first
pol ysilicon layer overlying said gate oxide |ayer and said isolation areas;
10 patterning said first polysilicon |layer to formgate el ectrodes;
inplanting first ions tQ formlightly doped source and drain _regions within

sai d semiconduct or substPite Hheaegnddan bAsshBeer R IGWAYdes: 15

ons (o FORHERSAS (A GERRHT CRTE SRR S oy LP RS Shi

sem condygiiaiidtls” #h8reof, it will be understood by those skilled
in the art that various changes in form and details may be
made without departing from the spirit and scope of the

invention.

ARy e o



' aSSOCIated with said gate el ectr odes; depositing a poly-cap Iayer
overlying said s g sald gate el ectrodes and source and-
drai n regions; H m nr ng said poly-cap layer overlying one of
« said source and drai f riegivons ere a self- 25 aligned contact is to be
formed, and overlying another 17 of said source and drain regions and a
portion of its associated gate el ectrode where a butted contact is to be
formed; depositing an insulating |ayer over the surface of 30 sai d
sen1conductor substrate; sinultaneously form ng said planned self-aligned
cont act opening and said planned butted contact opening through said
i nsulating layer; and filling said self-aligned contact opening and said 35
butted contact ogb&iMsg with a conducti iy |layer to conplete the fabrication
of said intédgr& mtbodcqftfdem@@tmg aphdniegrated cebrenity dayigeai m 1
bef ore said step of depositing said poly-cap |ayer further conpri si ng:
comprising:
forming isolation areas on a semiconductor
substrate surrounding and electrically isolating flevice
5 areas; ’ - :". '::l‘i:li'
providing a gate oxide layer overlying said
semiconductor substrate in said device areas;
 depositing a first polysilicon layer overlying said
gate oxide layer and said isolation areas;
10 '~ patterning said first polysilicon layver to form
gate electfodes; |
implanting first ions to form lightly doped source
and drain regions within said semiconductor substrate
associated with said gate electrodes;
15 forming spacers on the sidewalls of said gate
electrodes;
implanting second ions to form heavily dbped_source
and drain regions within said semiconductof substrate
associated with said gate electrodes;
20 . depositing a poly-cap layer overlying said substrate
including said gate electrodes and source and drain
regioﬁs; |
selectively removing said poly-cap layer overlyihg'

ane - of said source and drain regions where a self-

25 'aligned;contact is to be formed, and overlying another



@

e sonduct or "Sunbt rat el aneal ha Sal g 22%‘:22?\’35& . subd ﬂmm\ﬂmmm\nll\

said netal layer is transformed into a metal. silicide [ayersovertsatd g

el ectrodes and over said heavily doped source and drain regions aSSOCIated

with said gate 10 - el ectrodes; and renoving said netal |ayer which is not

transforned into netal silicide overlying said spacers to | eave said 18

metal silicide |layer only on the top surface of said gate el ectrodes and on
the t'op surface of said 15 semiconductor substrate overlying said heavily

.-doped source and .drain regions associated with said gate el ectrodes

resulting in salicided gate el ectrodes and salicided source and drain
regions. 3. The nethod according to GI7aim 2 wherein said netal |ayer

conpri ses 'tigfNE4NE FhreBeandndsain idinss ianidChdpokBy6H ¢PNHE ses titani um
silicide. 4. The n€thod according to aim1 wherein said poly-cap | ayer
conpri ses siadssmmiated igdtehalectradd Whskee ss battbdt neetaciboig t800 and 1000
Angstronms. 5. The nethod according to Claim1 wherein sald pol y- cap
be formed;
depositing an insulating layer oVer_the surface of
30 said semiconductor sﬁbstrate;
simultaneously forming said planned self-aligned
contact opening and said planned butted contact opening
through said insulating layer; and
filling said self-aligned contact opening and said
35 Dbutted contact opening with a conducting iayef to
complete the fabrication of said integrated ciiguit

device.

2..The method according to Claim 1 before said
step of depositing said poly-cap layer further
comprising: |

depositing a metal 1aYer_over said gate eiectrodes_

. 5 and said semiconductor substrate;

annealing said semiconductor substrate whereby said
metal layer is transformed into a metal silicide layer
over said gate eléctrddes.and over said heavilj doped
source and drain regions associated with said gate

10 - electrodes; and
removing said metal layer which is not transformed

into metal silicide overlying said spacers to leave said



'ayer conprises a first layer of silicon-diokide havi ng a thickness of
bet ween about 100 and 600 Angstrons and a second | ayer of“siITCbh"hTfdee'

havi ng ‘a t hi ckness of between about 300 and 1000 Angstrk
according to Claim2 wherein said poly-cap | ayer conpri ﬂ“l @ !“Eﬂllmu r of
silicon dioxide having a thickness of between about 10 *an ngst r-ons
and a second |layer of silicon nitride having a thickness of 19 bet ween
about 300 and 1000 Angstroms. 7. The method according to Caim1l wherein
said poly cap layer conprises a first |ayer of silicon dioxide having a

t hi.ckness of between about 100 and 600 Angstrons and a second | ayer of

pol ysilicon having a thickness of between about 300 and 1000 Angstroms. 8.
The method according to Caim1 whereini8aid |nsulat|ng | ayer  conprises
bor ophosphosi medafle sgl astde Aaykre omiyhod &heotopnsutfadd afmshidherein said
conducting |ayer conprises tungsten. 10. A method of fabricating an
integrated ci g@ket edeoreedesmnd onnfhef sppi ayrface nf @rik eas on a .

sem conduct or suhstrate surrqQunding and el ectricall | atin deV|ce
l%% semgcon uctor su straé% over ygng saf’ eavfiy dop%

source and drain regions associated with said gate
electrodes resulting in salicided gate electrodes and

salicided source and drain regions.

3. The method according to Claim 2 wherein said metal
layer comprises titanium and wherein said metal silicide

layer comprises titanium silicide.

4. The method according to Claim 1 wherein said poly-cap
layer comprises silicon nitride having a thickness of

between about 300 and 1000 Angstroms.

5. The method according to Cleim 1 wherein said poly-cap
'1ayer domprises a first Iayerlof silicon dioxide having
S a thickness of between about 100 and 600 Angstroms and a

second layer of silicon n1tr1de hav1ng a thickness of

between about 300 and 1000 Angstroms.

6. The method accordlng to Claim 2 wherein said poly—cap
layer comprlses a first layer of silicon dioxide having
a thickness of between about 100 and 600 Angstroms and a

second layer of silicon nitride having a thickness of



5 areas; providing-a-gate oxide layer overlying said sem conductor
substrate in said l@mce areas; de§05| ti ng a first polysilicon |ayer

overlyi ng sai d gat Um " ij sai'd isolation areas; 10
I

-« patterning said fi ayer to formgate el ectrodes; 20
i nplanting first ions to form |ghtly doped source and drain regions within
sai d sem conductor substrate associated with said gate el ectrodes; 15
form ng spacers on the sidewall's of sad gate el ectrodes; inplanting second
|ons to form heavily doped source and drain regions wi thin said
sem conduct or substrate associated with said gate el ectrodes; 20
depositing a netal |ayer over gate electgodes and said sen1conductor
substrate; annealing said sem conductor substrate whereby said netal |ayer
i s .transfor nbdtwaem aboudt J00siandcLf@0| Aggstoams. said gate el ectrodes and
over said heavily doped 25 source and drain regions associated with said -
gat e el ectrodes; _

7. The method according to Claim 1 wherein said poly-cap
layer comprises a first layer of silicon dioxide heving
a thickness of between about 100 and 600 Angstroms and a
second layer of poly5111con ‘having a thickness of

between about 300 and'lOOO.Angstroms.

8. The method according to Claim 1 wherein said

insulating layer comprises borophosphosilicate glass.

9. The method according to Claim 1 wherein said

conducting layer comprises tungsten.

10. A method of fabriéating an integrated circuit device
comprising:

fqrming isolation areas on a semiconductei
substrate surrounding and electricaily isolating aevice

5 areas;

providing a gate oxide layer overlying said
semiconductor substrate-iﬁ said device areas;

depositing a first polysilicon layer overlying said
gate oxide-layei and said isolation areas;

10 ' patterning said first polysilicon layer to form

gate electrodes;



* renoving said nmetal layer which is not transforned into netat -siticide ——--

overlying said spacers to | eave said netal silicide |ayer

surface of said 30 gate electrodes and on the top surfaHm“ngﬂgmnm”ﬁm

- sem conductor substrate overlying said heavily doped source andidrai nNs '«
regions associated with said gate electrodes resulting in salicided gate

el ectrodes and salicided source and drain regions; 35 depositing a
poly-cap |ayer overlying said substrate including said salicided gate
el ectrodes and 21 source and drain regions; selectively renoving said

pol y-cap | ayer overlying one of said salicided source and drain regions 40
where a self-aligned contact is to be fgmed, and overlying another of said
salicided source and drain regions and a portion of its associated
salicided gate el bupladcinghdiess bhons etio cioxtmadiighs liyo dbpeflosowrice deposi ti ng
an insulating | ayer over the surface of 45 'said sem conductor substrate;
si mul t aneousf®ad f&FFAhFegiionsprakhén said -sanigeduedRrasubspEardg and sai d
pl anned butted contaq& QRenin thrgugh sagcié.nsulating | ayer; and '
wi e “electro

assoclate said ga es;
15 forming spacers on the sidewalls of sad gate
electrodes; . .

implantinglsecond ions to form heavily doped sburce_
and drain regions within said semiconductdr substrate
associated with said gate electrodes;
20 depositing a metal layer over gate electrodeé and
said semiconductor substrate; |
annealing said semiconductor substrate whereby said
metal layer is transformed-into a metal silicide layer
over said gate electfodes and over said heavily doped
25 source and drain regions associated with said gate
electrodes;
removing said metal layer which is not transformed
into metal silicide overlying said spacers tb.leave said
metal silicide layer only on the top surface of said
30 gate electrodes and on the top surface of said
semiconductor subétrate.overlying said heavily doped
source and drain regions associated with said gate
electfodes resulting in salicided gate electrodes and
salicided sourcé'and-drain regions;
35 depositing a poly-cap layer oﬁérlyihg said

substrate including said salicided gate electrodes and



* filling said self-aligned contact opening and said 50 butted contact
opening with a conduct ’uﬂlllmﬂﬂmmﬂml ete the fabrication of said :
integrated circuit devild od according to Claim 10 wherein

. said netal |ayer conpri Ses‘ti'tari uth atid wherein said metal silicide | ayer 4
conprises titaniumsilicide. 12. The nethod according to Caim 10 wherein i
said poly- cap layer conprises silicon nitride having a thickness of i
bet ween about 300 and 1000 Angstrons. 22 13. The method according to ]
*Cl'ai m 10 wherein said poly- cap layer conprises a first l'ayer of silicon
di oxi de having a thickness of between about 100 and 600 Angstronms and a
second | ayer of silicon nitride having a thickness of between about 300 and
1000 Angstroms. 14. The nethod accordiaig to daim 10 wherein said
i nsul ating |aysfed YMA GeaSnbregibiasphosilicate glass. 15. The nethod
according to Caim10 wherein Sald conducting |ayer conprises tungsten. 16.
A net hod of  fabrigadleictgvalyi pémeF e daiid Pdlly-dagi Teyeonpri sing: form ng
i solation areas on a silicon sem conduct or .

overlying one of said salicided source and drain regions

40 where a self-aligned contact is to be forméd, and
overlying another of said salicided source and drain
regions and a portion of its associated salicided gate
electrode where a butted contact is to be formed;

.depOSiting an insulating layer over the surface of.

45 said semiconductor substrate;

- simultaneously forming said planned self-aligned
contact opening and said planned butted contact opening
" through said inéulating layer; and

filling said self-aligned contact opening and said

50 butted contact opening with a conducting layer to
complete the fébricatioh of said integrated circuit

device.

11. The method according to Claim 10 wherein said metal
layer comprises titanium and wherein said metal silicide

layer comprises titanium silicide.

12. The method according to Claim 10 wherein said poly-
cap layer comprises silicon nitride having a thickness

of - between about 300 and 1000 Angstroms.



v

substrate surrounding and electrically isolating device 5 ____areas; formng
gate el ectrodes and associ ated source and drain regions on and in said

- sem conduct or .substrate wherein said gate el ectrodes havtl I mm)lu”mmﬁ
si dewal | spacers; 10 formng a netal silicide |la el Vil I

surface of said gate el ectrodes and on the top surface of said

sem conductor substrate overlying said source and drain regions associ ated
with said gate el ectrodes resulting 23 in salicided gate el ectrodes and
sal i ci ded source and 15 drain regions; depositing a poly-cap |ayer

~overlying said substrate including said salicided gate el ectrodes and

source and drai.n regions; selectively removing said poly-cap | ayer 20
overlying one of said salicided sourcg,and drain regions where a

self-ali 9”“159“&1@&311%@1&:10 akB oS 5 9r o 0L QY % d Wﬂoé%eliﬂgkg‘fﬁogag@i d

sal i cided source an alh regions~and & portion ass ed
sal i ci ded gaéspeiéﬁéfFEBhﬁ@H%EE & ?E%éﬁd1é§H%EH¥ diliBnPaibRiged: 25
depositing an 1nsulating layer over the surface of .
having a thickness of between about 100 and 600 '
Angstroms and a second laye: of silicon nitride having a

thickness of between about 300 and 1000 Angstroms.

14. The method according to Claim 10 wherein said

insulating layer comprises borophosphosilicate glass.

15. The method according to Claim 10 wherein said

“conducting layer comprises tungsten.

16. A method of fabricating an integrated circuit dévice
comprising:
fofming isolation areas on a silicon semiconductor
substrate surrbunding and electrically isolating device
5 areas; | _
forming gate electrodes and associated source and
drain regions on and in said semiconductor substrate
wherein said gate.electrodes have silicon nitride
sidewall spacers; |
- 10 forming a metal siliqide layer on the top surface
of said gate electrodes and on the top surface of said.
semiconductor subStréte overlyihg-éaid source and drain

regions associated with said gate electrodes resulting



sai d seni conductor substrate; etching through said. insulating layer to form
si mul t aneously said pl anned sel f-aligned contact openi ng and sai d pl.anned...

butted contact opening wherein said 30  etching has a hlgh B
bet ween sai d insulating | ayer and said poly-cap | ayer and a ,E@ mnm’m ”",
selectivity between said insulating |layer and said silicon

filling said self-aligned contact opening and said 35 butted cont act
opening with a conducting layer to conplete the fabrication of said
|ntegrated circuit device. 24 17. The nethod according to Caim 16 said

rretal silicide layer conprises titaniumsilicide. 18. The nethod according -
to Claim16 wherein said poly- cap |layer conprises silicon nitride having a
t hi ckness of between about 300 and 100®3Angstrons. 19. The net hod accordi ng
to Caiml6 immesalicited gatkeyeleeprodyeramdmalicdided sougtel ag@r of silicon
di oxi de having a thickness of between about 100 and 600 Angstroms and a
second RayerdvAimidgiomsii tri de having a thickness of between about 300 and
1000 Angstrons. L. : - '
depositing a poly-cap layer overlying said
SubStrate including said salicided gate electrodes and
source and drain regions;
selectivély removing said poly-cap layer
20 overlying one of said salicided source and drain regions
where a self-aligned contact is to be formed, and
overlying another of said salicided source and drain
regiqns and a portion of its associated salicided gate
electrode where a butted contact is to be forméd;
25 ‘depositing an insulating layer over the surface of
said semiconductor substréte;
etching through said insulating layer to form
simultaneously said planned self-aligned contact opening -
and said planned butted contact opening wherein said
30 etching has a high selectivity between,said-inéulating
1ayer and said poly-cap layer and a high selectivity
between said insulating layer and said silicon
substrate; and
filling said'self—aligned contact opening and said
. 35 butted contact opening with a conducting layer to
complete the fabrication of said integrated circuit

device.



i‘énp??ie?eh(??gpﬁéiﬁ%ﬁ;??. Lo, Ll m 16 wherein said insu at\1[|f||cl'|ﬁilﬂll,!lIlllslll Il
17. The method according to.z:aim 16 said me£a1 silicidg

layer comprises titanium silicide.

18. The method according to Claim 16 wherein said poly4
cap layer comprises éilicon nitride having a thickness

of between about 300 and 1000 Angstroms.

i9. The method accérding.to Claim 16 wherein said poly-
cap layer comprises a first layer of silicon dioxi@e
having a thickness of between about 100 and 600
Angstroms and a second layer of silicon nitride'héving a

thickness of between about 300 and 1000 Angstroms.

20. The method according to Claim 16 wherein said

insulating layer comprises borophosphosilicate glass.



