0 3 NOV 2003 METHOD FOR MAKI NG SELF- ALI GNED CONTACTS TO SOURCE/ DRAIfN3 NOV 2003
W THOUT HARD MASK LAYER BACKGROUND CF THE I NVENTION (1) FIELD OF THE

| NVENTI'ON This invention relates to a nethod of fabrication used for

sem conductor integrated circuit devicces, and nore specifically to the
formati on sel f-aligned contacts to source/draln reglons next to

pol ysilicon gate structures, that allows for "zero" spacing from contact
structure to gate structure, mnthout requiring the use of an insulating

hard mask |aygps g&ﬁr FOR L‘%‘—AI'E%NEBOE%S&&@S“@% g&?bRﬂ?ﬁ the

"standard" | oglic device sa |C|de pracesses transi stor di mensions
approached sub-mcron., the GaWeRRIY @Rab Me8kaciyltructures start to limt
device performance in several ways. First, it becomes difficult to

m ni m ze contact resistance when the contact hole opening is of m ninmm
size and al so problenms with cleaning small contact hol es beconme a concern.
In addition, with defined GRAOKIROUDIDAOFCDHE alfEENTIM area of the
source/drain regions cannot be mnim zed because the contact hole has be
aligned to these regions wtHl) &IELpepar Ak IMMSHANTIPNt ep, and a | arge
"extra" area has to be allocated for possible msalignnment. Furthernore,
this larger "exthes kﬂ“ﬁ?ﬁﬂqgorﬁééﬁﬁﬁst¢naHwﬂﬂéuhéé'fabrlcatlon used

Source/draIP tosgégggné%éidéJQ%%ggga egagiéég¥¥adé¥yces, and more

specifically to the formation self-aligned contacts to

! ' source/drain regions, next fo polysilicon gate structures,
that allows for “zerco” spacing from contact structure to gate -
structure, without requiring the use of an insulating hard
mask layer over the poly gate. The process is very useful for

the “standard” logic device salicided processes.

As transistor dimensions approached sub-micron, the
conventional contact structures start to limit device
rPerformance in several ways. First, it becomes difficult
to minimize contact resistance when the contact hole
opening is of minimum size and also problems with
cleaning small contact holes become a concern. In
addition, with defined conventional contacts, the area of
the source/drain regions cannot be minimized because the
contact hole has be aligned to these regions with a
separate masking step, and a large “extra” area has to be
allocated for possible hisalignment. Furthermore, this
larger “extra” area also results in increased

source/drain-to-substrate junction capacitance, which
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0 3 NOV 2003 inppacts device speed. Finally, when conventional: widtH) 3 N0V 2003
MOSFET' s are fabricated with conventional contacts, several small

uniformy sized contact holes have to be used, rather than one w der

contact hole. The main reason for this is that being of sane size, the
contact holes wll to be opened similtaneously during the etching

process. Using several snall, equally sized contact holes rather than one

wi der one, wastes val uabl e space and the full width of the source/drain

region i's nghuddsy dé{}iéé_zgpeéﬁncﬁﬁnkﬂg CORYRAl IRRledSWned GaES!

resistance is larger than it could have been in a device having m nins

wi dth. Sel f MBISFENMEG GHIré aEAbPI 8668 wieheBRavealtionzAN:oftaddis m cron and
sub-m cron CMOS MOSFET contact probl ens, easing both the device ground:
rul e desi gnsexeradasimall heupifoentiyngipedbkomtants boil@scdanie Hadrevent i on

contacts. The self-aligned contacts nmakes better use of the space and area
over the sHERCe FAFUET cEdM, 0B WiAprpecaséact bede-n Tasy dadd £93s9% Cvos
sour ce,and dr.ai ctrical

process technol ... etal, contacts far the el :
connect i on ISt '% Qé‘vse ’sso%h%iggfﬁﬁ%g_ BF §phcteSaky %Pc?mctc’ﬁ‘é:a or]:l }sﬁ $%ton gate
to avoid elgqlrivRily ShOidachintl EhAGoLRG v BLHingPUdCetidhildy gate
el ectrode. This spacing requirenent restricls the “product chip density in
the desi gn procedisesdisiaspeséabtyl sRA1NTNRGIatvD stieli @ondir® hbdles
self-aligned process -2

rather than one wider one, wastes valuable space and the

full width of the source/drain region is not fully

utilize. Hence, the conventional device contact

resistance is larger than it could have been in a device
having minimﬁm widkth. Self-aligned contact process

schemes solve many of the micron and sub-micron CMOS

MOSFET contact problems, easing both the device ground

-rule designs and easing the Processing problems

associated with convention contacts.rThe self-aligned

contacts makes better use of the space and area over the

source/drain region, as will be described in more detail.

In CMOS process technology, metal contacts for the
source and drain electricél connection must have some
distance or space away from the polysilicon gate to avoid
electrically short circuiting the metal contact to the
gate electrode. This spacing requirement restricts the
product chip density in the design groundless, especially

for memory chip technologies. The self-aligned process

-




0 3 NOV 2003 can be devel oped to allow "zero" spacing fromthe contadi3 N&¥ 2003
source/drain to the gate. The standard or conventional self-aligned

contact process utilizes a insulator ‘capped poalysilicon for the gate

The insulating |layer, sonetinmes referred to as the "hard mask"”,
can either be a conformal |ayer of silicon nitride or a conformal |ayer

of silicon oxide. This standard SAC, ‘self-aligned contact process works

structure.

wel |

Wi th

t he |nsulat|n

for the Polycide process (Polycide structure: gate oxide /
pol ysilicon gate / metal silicide) however, this process is not conpatible

the

ayer

%.-d&e%esgéa ta%he.w oTaT=Te 'ép@&%gpwerarp the conesepce of

r the poly gate. Thérefore, in order to nmake the

SAC procesgo ssa@i:ee/aﬂdmceap%hebbatw.t THeh & tSldnidleopranesentidwan SAC
process

confor mal seibfitaliggedayentavér prieessomrdilliizesn yareswkater FPPAd wil |
shown later in _this invention, this invention describes a sel f-aligned
sour ce/ dr RN EBhEBEPpEBE SRS gateastans e zTg’reb

needs to be fornulated without the use of the conventional

/d tact ta th t t hQut ,
Cnoul at or TOREFLRAS, pisrRepigor s, Ee st Ml ’Pﬂéure ‘2‘%%??%

descri bed éﬁfcﬁﬁg%ihfa ERCEES 549 %Bhe%‘iﬂﬂl&é"o% IDVSHEA S 14088 etely

conpatible wt art current Salicide processing,

wel |

as,

th the state o

"Lln FYREN t he

be

as

tde $ipi8on 8kiHBE- ¥Rk sPRKEIARE SRS S Sl -l idhedpeonesdctdevi ce

process works well for the Polycide proceés (Polycide
structure: gate oxide / polysilicon gate / metal
silicide) however, this process is not compatible with
the Salicide process, self-aligned silicide due to: the
Presence of the insulating layer over the poly gate.
Therefore, in order to make the SAC process simple and
compatible with tﬁe Salicide process, the a SAC process
needs to be formulated without the use of the
conventional éonformal insulating layer over the
polysilicon gate structure. As will be shown 1ater5in
this invention, this invention describes a self-aligned

source/drain contact process that allows for “zero”

-Spacing between the source/drain contact to the gate,

without requiring the use of an insulator layer on top of
the polysilicon gate structure. As will be described
later, the process described in this invention is
completely compatible with both the state of-the~art
current Salicide processing, as well as, the state:

of~the-art Polycide processing, with improved device
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-3 0 3 NOV 2003, electrical performance, inproved design groundrul es{ 3y 2003
| nproved device reliability. (2) DESCRI PTI ON OF RELATED ART In the
fabrication of sem conductor integrated circuits the nethod of form ng
SAC, self-aligned contacts to source/drain regions in the fabrication of
CMOS MOSFET's can be used to advantage to inprove chip design ground
rules, inprove contact reliability, and i nproved device performance. In
some cases, these self-aligned process schenes are nerged wth shall ow
trench isolation (STlI) schemes. This section contains pertinent PRI OR ART
patents and are neant to provide sone processing background_ for the
present i nvaDebericdlSpefiorndmcd, AdproMediesigy goepRARPlgfeqand
Sacrificial Oxide for Shallow Trench |Isolation" granted Mar. 24, 1998 to
Jang et al iwprevieds devieehd®lgraliokdf g a sacrificial self aligned

sub- at nrospheric chem cal vapor deposition (SACVD) ozone- TECS
tetra-ethyl-ortho- silicate |ayer over a trench oxide. This |layer protects
the trench oxide and is preferentially deposited over the trench oxide

rather than over the thernmghlypgseiappish @ derateo areferred enbodi nents
are presented: (1) a first self aligned sacrificial ozone-TECS | ayer over
the trench bef or ent fige pisbrimatdene bfh semhdoi@)ctos dedwgrased- af Fgakls
sacrificial -4 03NOvV2003 : _

the method of forming SAC, self-aligned contacts to

source/drain regions in the fabrication of CMOS MOSFET's can

be used to advantage to improve chip design ground rules,

improve contact reliability, and improved device pefformance.

In some cases, these self-aligned process schemes are marged

with shallow trench isolation (STI) schemes. This section

contains pertinent PRIOR ART patents and are meant to providq

some processing background . for the present invention.

U.S§. Pat. No. 5,731,241 entitled “Self—Aliénedﬁ

Sacrificial Oxide for Shallow Trench Isolation” granted Mar.
24, 1998 to Jang et al deséribes a method of forming a

{ sacrificial self aligned sub-atmospheric chemical vapor
deposition (SACVD) ozone-TEOS tetra-ethyl-ortho- si¥icate
layer over a trench oxide. This layer protects the trench
oxide and is preferentially deposited over the trench oxide
rather than over the thermally grown pad oxide., Two preferred
embodiments are presented:.-(l) a first self aligned
sacrificial ozone-TEOS layer over the trench before the pad

oxide etch, and (2) a second self-aligned sacrificial



ozone- TECS | ayer deposited before the sacrificial ion inplant oxi d@ stmv 2003
The protecting ozone-TECS filmlayer ‘can be applied in a variety o
process situations in :shallow, trench isolation (STI), where it protects
the trench oxide frometch damage. U S. Pat. No. 5,817,562 entitled

"Met hod for Making |Inproved Polysilicon FET Gate El ectrode Structures and
Si dewal | Spacers for More Reliable Self-Aligned Contacts (SAC)" granted:
Cct. 6, 1998 to Chang et al shows a method of formng FET stacked gate

el ectrode structures with inproved sidewall profiles. The nore verti cal
sidewal I s i nprov e. _control tqlerance of the gate.el.ectrode. effective
Tengtp and SPRGFBR5: havehdnPan HerL PR ReRurie SRR BT HaR: WP TRTS
reliable metalicCREACT $nt Goilderaligdiedns0sESS/ ARl NaGRRt Bgh pareas. The
met hod enpl oys the use of a stacked gate el ectrode |ayer having a
tetra-et hybppitika- iai hi cat vyl @Sproxede antuatidrar dnmadkldbwstiéman
nitride on the gate electrode polysilicon layer. This stacked gate
structure AsodesdonulBRE) . pthary dithgratechs eventersndbuickddp &FopRisRer on
the sidewal|. The end result is inproved gate Iine |ength tol erance,

i nproved g9P®39fdewal | spacers, that ninimze shorts between netal
source/drain contacts and the polysilicon gate electrodes. U S. Pat. No.
5,480,814 entitled "Process of Making a Polysilicon Barrier Layer in a
Sel f-Aligned Cootgctedbdule.) 5,310 ,36M00n200Bed “Method for Making

Improved Polysilicon FET Gate Electrode Structures and
Sidewall Spacers for More Reliablé Self-Aligned Contacts
(SAC)”" granted Oct. 6, 1998 to Chéng et al shows a method of
forming FET stacked gate electrode structures with improved
sidewall profiles. The more vertical sidewalls improve the
control tolerance of the gate electrode effective length and
improve the shape of the sidewall spacers for making more
reliable metal contacts to self-aligned source/drain contact
areas. The method employs the use of a stacked gate electrode
layer having a tetra-ethyl-ortho- silicate (TEOS) oxide and a
hard mask of silicon nitride on the gate electrode

1 polysilicon laver., This stackea gate structure is used during
patterning and prevents a buildup of polymer on the sidewall.
The end result is improved gate line length tolerance;
improved gate sidewall spacers, that minimize shorts between
metal source/drain contacts and the polysilicon gate

electrodes.

U.S. Pat. No. 5,480,814 entitled “Process of Making a

Polysilicon Barrier Layer in a Self-Aligned Contact Module”
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granted Jan. 2, 1996 to Wi et al shows a nethod of forming a netaf 3 NOV 2003
contact in a self aligned contact region over an inpurity region in a
substrate. A doped polysilicon layer i's formed over the device surface
except in a contact area. A thin polysilicon barrier-layer and a netal

| ayer are then forned over the poly layer and the contact area. The.
resulting netal contact structures are reported to have superior step
coverage, |lower resistivity, and maintains the shallow junction depth of

buried i npuitdytdP=ns.2 , Theopr eseihul [ dir d.to_a novel
method of forming self aligned netal ergﬁﬁr%%éﬂ gbhfgg%g % TeBM L/ 3rai n

areas al | owkeRp¥ orortzento'inspasiely LEL§EEN ddiftactOMeadsbnaBdepalg area and a
summary of the main enbodiments of the present invention follows. SUMVARY

OF THE | NVENR'WN 1 negigngdnerasubbfieate ofA tdupat podgbil hvent iopet Ois
provi de a @%gﬁgyik%?rgxed met hod of _formng an integrated circuit in which
the fabrication of ‘&l {5 PgHegensiEfacy fxrart g ogpbbadt Arearda is

doscri bed. s horymnuia ihenol. MERNGEFL tov o5, b & bagkground o

the present invenfion, reference,

met hods. Tifersteandwed eheCHBYN 4 PoAl R i1 %tntgg;:hgge;or.rh%abri cating
0 003

nmetal self-aligned contact to source/drain area -6 37 Nov

resulting metal contact structures are reported to have
superior step coverage, lower resistivity, and maintains the

shallow junction depth of buried impurity regions.

The present invention is directed to a novel method of
forming self aligned metal electrical contacts to
source/drain areas allowing for “zero” spacing between the

contact and gate area and a summary of the main embodiments

of the present invention follows.

SUMMARY OF THE INVENTION
it is a general object of the present invention to
pProvide a new and improved method of forming an integrated
circuit in which the fabrication of self aligned metal
contacts to source/drain area 1is described, in the
manufacture of CMOS MOSFET devices. As a background t& the

present invention, reference is first made to conventional

Prior Art methods.

The standard or conventional Prior Art method for

fabricating metal self-aligned contact to source/drain area
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consists,of thag follow process steps. Provided are the follow ng | f3rkiV 2003
and structures conprising: substrate of single crystal silicon ’

sem conductor, source/drain contact Tegion over source/drain ion

i npl antation/diffusion area, FET gate oxide, gate el ectrode stack which
consists of insulator capped polycide structure :(gate oxide, polysilicon
gate, and netal silicide). The gate insulator cap material is referred to
as the hard nmask insulator |ayer: Gate etch over the gate region is needed
to remove tOis Nar &B?ﬁe‘ BSEl Bl 05 rd AV step@P) PREDied i t8lech Step which
etches into the polycide structure. After a conventional gatie sidewall
spacer - f org@il Y QegessafAdSotFEeuliedl RompiriENPy ant aibsonsat@aneifher
insulator layer, typically silicon nitride, is used to serve as the

et ch- st op |simegld arrystalseliliabh gpenh eanfuster( SACYLCef EFpidt FE8SSShhen t he

cap insulator used is a silicqQn oxide |ayer PSG, .bporo phosphosi Li.gate
gl ass). TherespomtQer EPGES?édfﬁ“Eo‘rﬂrh&m‘:ﬁﬁ@t(?gb}’ﬁé?lﬁfé?%oﬁ gelﬁéno%\t/:gs t he

BPSG and Sééji?es St eerg;)a%ﬁt EEEISDESQ‘%%%%%%E%BOEC’%1995t&e i9ahAa kard nmask

| ayer. Then; & secon W rent chemstry 1is utilized, in

the case Wheigpdd YRRSURPskaM8ELiS (gitd ickede, ! Pol eEDVicdm gatieghastiop
|l ayer. In this standard or conventional SAC process, an additional gate

contact patéeshisidinasie)i.s Theedatletinapartarheapomabersal ol g Irefgared
el ectrode, over the polysilicon gate. One of the first enboditrgents of the

present invERt3drithe &arPaB‘PFEai’-P%'glﬁ‘r’R’allaéf&nf‘- 5REENBHCR oSttt JB5E - 7

( region is needed to remove this hard mask insulator layer
(cap) prior to an etch step which etches into the polycide
structure. After a conventional gate sidewall spacer:
formation process and source/drain ien implantation, another
insulator layer, typically gilicon nitride, is used to serve
as the etch-stop layer for the sglf aligned contact (SAC}
etch process when tﬁe cap insulator used is a silicon oxide
layer (BPSG, boro phosphosilicaté glass). The SAC etch
process to contact the source/dréin area removes the BPSG and

stops either on the etch-stop insulator or on the gaﬁe hard

mask layer. Then, a second etch step with different chemistry

o,

is utilized, in the case whére an etch-stop layer is
utilized, to-remove the etchfstop layer. In this standard or
conventional SAC process, an additional gate contact:
patterning mask is needed t@lopen the contacts to the gate

electrode, over the polysilicon gate.

One of the first embodiments of the present invention

for fabricating metal self-éligned contact to the

-7-




0 .3 NOV 2003 source/drain area is described bel ow. For conpleteness, ts‘fi
following | ayers are provided conprising: the substrate of single cro 0V 2003
silicon, gate oxide, polysilicon gate with appropriate gate sidewall

spacers. Key to this invention is the use of a special chem.cal vapor
deposition (CVD): process that produces a non-conformal |ayer of silicon
nitride over the gate. This special chem cal vapor deposition (CVD)

process, fabricating the said non-conformal |ayer of silicon nitride,
sinplifies shusc8Adrpincassa tic si@stcrébddabal aw caor athpéktahass psthehe need

for an etch-stop layer, which was required earlier in the Prior Art

convent i onafoploring| haveys arsprsvided) gomerising thessubatrabmaf

specimens with SEM m croscopy, -the non-conforming.silicon nitride |ayer.
is much t hFEREFCOTEY SR T " t B FoPYETS c%#yg* &gon fahe %t idhi g

nitride at L Ny N | sl ) 1,60 t dhi.s speci al
non- conf or n% Egﬁgﬁgg‘% %éo:hl epos?'t F%ES?P&D@%% %gggnlg?‘rr?%giglgyl}?, as
descri bed akhéeuséSofl XeypecrHlodhamiatalovapss ddpuyittion, (5B trocess
source/drain nethod or process. A nore specific object: of the present

i nvention i $hed ppedutele amdnmmosfedmadt havenfof aridilggnani knideroxen
circuit in ﬁhi ch the self ali, rigd cont a‘it source/drain process is
sinplified 518 9RERgnEHS £H shemigrt YaReTsiePogaFteas (CVREi ng SEM

VapordepesProoRtt o R PEORERhE Me) Bt bR diady P SRREE LRI
SiLiCon nithideidayesiMVEifies this SAC process to source/drain areas
and eliminates the need for an etch-stop layer, which was
required earlier in the Prio: Art conventional processing. As
can be analyzed using croséjsectional specimens withISEM
microscopy, .the non—confbrﬁing silicon nitride layer. is much
thicker over the top of the polysilicon gates, than is said
nitride at the bottom and in'between the polysilicon gates.
This special non—conformallchemical vapor deposition: (CVD)
silicon nitride layer, as described above, is a key :
embodiment to this invention}.SAC to source/drain method or

process.

A more specific object of the present invention;is to
provide an improved method bf forming an integrated éircuit
in which the self aligned céntact source/drain process is
simplified and designed to fabricate more reliable devices.
Using SEM microscopy to aid: in process analysis, the;results
of special chemical vapor deposition (CVD) conditions for

both a silicon dioxide layer and a silicon nitride layer over

8-




-8 close]y spages polysilicon gate structures wer e anal yzed. These U3 Nov 2003

non- conf or mal | ayers (data taken froma current manufacturing CMOS
production process) over polysilicon gates, further enhance sone of the
mai n el ements and enbodi nents of the present invention. In addition, by
this method the use of a hard mask l.ayer on top of the gate is elimnated
by using the said non-confornal deposition of chem cal vapor deposition of
silicon nitride. One of the process problens of depositing a cheni cal
vapor deposition (CVD) |ayer of frlntbetmeeq;tmo cl osel trqgtures i.e.,

polysrI|c6ﬁ°§ﬁtﬁsSP?%?§uﬂﬂ&¥%%§LCBPeHﬁ TR ORFT LSS, ”Frﬁntﬁgy appears to
have a cr;i;rs\s sectional chfOf 1 %f sa(h?g; ngg ead,m at ct_]lggetlgp edge and in
0 oaf

bet ween pdol'y galtlcm Y60 rruc read Ing" can cause the chem cal vapor

deposi ti OﬂaSE/E’Q):tuP{ﬁ%Q‘;‘ﬁoé Pciulcth ndppesetsspdamapeliikimbeaween the poly
gate structures. Furthernore, the chem cal vapor non-conformal deposition

pr ocessesga&aspr Hariche i drilemarst so'tnler cknthe Ml weadremend st éﬁdand bot t om of

the dense, closely spaced poly lines. However dﬁgem caI r deposition
rate rat PEOpRiments 1pf \jhe RORSANS, LBMAR bHPR ont bR s t’%vabl e by

fine tuni ngtg?gt een&gg.lo apqr, d[e%%%kt 1932?’fp‘5’ﬁc‘?°ﬁ’z(§’fl Ru@n a‘BL {he key

enbodi n”en{“ e presen I nventl on cont aCt Pprocess to
sour ce/ dr gh im@h&Bed LHE udiHy M earal. nsheabﬁ@&nmperep@emsw en (CVD) of

silicon nitride filmlayer on and in between polysilicon gate
chemical vapor deposition of .silicon nitride. One of the
process problems of depositing a chemical vapor deposition
{(CVD) layer of film between two closely structures, i{e.,
polysilicon gates, is known as “bread loafing”, a film layer
appears to have a cross-sectional profile of a 1oaf of bread
at the top edge and in betweén poly gates. Teo much “bread
loafing” can .cause the chemi.cal vapor depositio; {CVD). .
process to fail to deposit adequate film between the poly
gate structures. Furthermore, the chemical vapor
non-conformal deposition processes can produce different
thickness between the top and bottom of the dense, closely
spaced peoly lines. However, a chemical vapor deposition rate
ratio of 3:1, between the top and bottom of poly, is

achievable by fine tuning the chemical vapor deposition

process.

In one of the key embodiments of the present invention,
self aligned contact process to source/drain area, the
non-conformal chemical vapor deposition (CVD) of silicon

nitride film layer on and in between polysilicon gate

_9.




-9 0 3 NOV 2003 structures, has the fiol |l owi ng properties: non-conf OQ”:?'NUV 2003
chem cal vapor deposition rate is set: at least a 3 to 1 rati.o, deposition

on top. of poly gate being 3X to deposition in between and at it he bottom of
poly gates being 1X.. Therefore, a consist silicon nitride filmthickness

of 3X is -achieved on the top of the poly gates, while a silicon nitride
filmthickness of 1X is achieved next: to and in between gate structures.
These stated desirable results have been achieved by this process with a

special fine tuning of the naon-confornal ch%cal Lvapor £ ition (CVD)
process cotametwres. Awd ithey £PLLARBLPR PIRBRFTEMTSdi BNt 0 € present

i nvention, self aligned contact.process 1 rgehdrakn,ageg, 1results-are
present ed FREM S afaRAH dsepgféttbggt Flaééear ga%%gaq;prlgcessausi ng the SAC

process 11 oM { B! Sad VAN onl REECor BS1Y gatdf BIRGTERE aoapysitsiadl T he
non- conf ormal™ deposition processes for:” chenical vapor deposition of
silicon niifi Berwadw Hid ixxonhdi bstdemf of negly espest beehg. 1X¥est results of
deposited filmthickness (on top poly gates and at the botton%iékbieémeen
pol y gat esThenefere e a lransigkosaBEeop Rtk TR BB KBEGRER" tTp Hnd

bottomof 2:1 for the ghencal, or .deposited,QUDL LayepoRf silicon
di oxi de, affghigyed@n %Pf‘erﬁc’(?alc’fvé%%r PEAo ??%a%’ ?‘8&%}4 %‘ayer of 'silicon
nitride of i%f}decfflrpetl‘?jﬁéﬂn% d oY 1khes PLOsESFdBIdR@dSc0hndhis i nvention.
These thi cRfiess“TatTos achieved are beneficial and '

between gate structures. These stated desirable results have

been achieved by this process with a special fine tuning of

the non-conformal chemical vapor deposition (CVD) process

conditions.

And in yet another key embodiment of the present
invention, self aligned contact pfocess to source/drain area,
results are presented from an actual state of-the-art CMOS
process using the SAC process from this invention. These
results are from SEM analysis of the non-conformal deposition
prbéesses for: chemical vapor deposition of silicon nitride
and silicon dioxide films, respectively. Test results of
deposited film thickness {on top poly gates and at the bottom
in between poly gates) indicate;that favorable thickness
ratios between top and bottdm of 2:1 for the chemical vapor
deposited (CVD) layer of si;icon dioxide, and for thé
chemical vapor deposited (CVD) layer of silicon nitride of
3:1, can be achieved by the process methods of this
invention. These thickness ratios achieved are benef#cial and

desirable for device fabrication for several reasons, that

-10-



desirable for device fabrication for ‘'several reasons, that -10 0 3 NOV 2003
are: ease and sinplification of processi ng, inprovenent of round r@ & NOV 2003
designs and i nprovenent in device reliability. And in yet another aspect to
the mai n enbodi nents of the present ‘invention, self aligned contact

process to source/drain area, several key processing features are

described in this section for-contact. to actual device structures. A

non- conf ormal chem cal vapor depositi-on: (CVD) silicon nitride is deposited

bet ween two garallel %?h%ﬂl icon lines. Through standard conventiona
processi ng> - 5eveFEF 2 HléfeF§tbP“f??Tﬁ%ﬁ??ﬁﬁ%ﬁﬂfdé&prEUﬂﬂ??%ﬂﬁ@ of : gate

i deval | Spagensey e LISl UE QhoPERGRE N PIRSRIGSLLicaher g ass

silicon source/drarn region con bet ween
these two poly lines, a.twofold etch process |s followed. Firstly, the
BPSG born phosphosiLicate glass is renoved by etching and the etch step.is
stopped on chemdaln waggorandepesi bspact GD)tisd Iniaddn enbbdidentsayed .tHbt e,

the selective etch just described nust have a high selectivity to etch the
silicate gPﬁ%%e%ﬁoFm‘fﬁn"t”r?@rnr‘-‘?llfdéha?%‘# cd@asidPFoceRe &och chemistry is

changed to_re the renmainin con nitride o of the silicon
: FRUE %f?fﬁ%?n?%?ﬁﬁaﬁﬁﬁ rﬁg k%ﬁ %qusﬁ§%58nge FBEﬂSeTE%ing process.

source/drafrn

The key poudbctibdiflih €M <13L09:bRCrBEOCERLIPIRAOLEOLE abpygtion, [s that

t he non-conformal silicon nitride on the top of the poly 1s nuch thicker,
than the nstruchkeussst 76 non-conformal chemical vapor deposition: (CVD)

silicon nitride is deposited:between two parallel polysilicon
lines. Through standard conventional processing, several
other layers of film are pro#ided, comprising of: gafe
sidewall spacers, a thick layer of BPSG boro phosphosilicate
glass, silicon source/drain region. To open self aligned
contacts (SAC) between tﬁese'two poly lines, a. twofold etch
process is followed. Firstly, the BPSG boro phosphosilicate
élass is removed by etching and the etch step is stopped on

- chemical vapor deposition (CVD) silicon nitride layer. Note,
the selective etch just described must have a high
selectivity to etch the silicate glass and notlthe nitride
layer. Secondly, the etch chemistry is changed to remove the
remaining silicon nitride on top of the silicon source/drain
region by a making use of a time contrelled etching process.
The key point to note, by using the process mefhod this
invention, is that the non—cenformal silicon nitride en the
top of the poly is much thicker, than the nitride on the

surface of silicon (source/drain region) between two parallel

poly lines. Hence, the second etch step, described above, can
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surface,of silicon (source/drain region) between two parallel poly lings

Hence, the second etch step, described above, can -11 be well control Re WGy ﬁma
renove just the silicon nitride on the. bottom while safely keeping nore

than sufficient silicon nitride on top of the poly for isolation purposes.
Hence, this process nethod describe in this invention has good built-in
advanced process controls. In another, aspect of this invention, the said

non- conf ormal chem cal vapor deposition (CvD) filmproperties and

deposition profiles, key to this invention, are dependent on the chem cal

vapor deppgi #reDn ¢éBokantlitd sesoxad]usadvimadd iscec 83 §redat PRI he

Therefore, in order to nake proper and effective use of the.non-conformal
deposi t edbektemorwhiie reafely |kmepa96r:m.?ﬁetHéa%e?”rf%‘il&%dségﬁ Rt (sAc

process, the deposition process.nmust be_well. szedeand, vel |
control | eBEEEGRrAT HRRf éﬁﬁ’ﬁﬁﬁ§é§8fel%¥€%%ugﬂgIggs%&ibedern detail in

the "DesciipLigp t henid e fId8d rEMPadinEst Snveriein ®as ghede fornul as
provi de h%hg%uﬁ ?ﬁ?o?ﬁﬂ%%on to be used with filmprofiles to feedback to
t he chem gahivaparadeepesd tpeds6VBpntaohsconformal fil m processing
conditions for process optimzation. Some of the other considerations for
process optim zation are: poly to poly line and gate spacing, which is

i mportant, as well as, the degre ._non-conf or f. +he silicon
nitride film tRe*BREMGH a@?ﬁf&nc&r 34“&? -?Bye%o’r?/n?géﬂp%ls%lgnd sour ce/ drai n

?ggtgfg SRARCronPlHmPL OSESH: A 1OR% adpBsftioR! B8f) Gafingropekhess
| and deposition profiles, key to this invention, are dépendent
on the chemical vapor deposition (CVD) conditions and:
advanced process controls. Therefore, in order to make proper
and effective use of the non-conformal deposited silicon
nitride film layer in the self aligned contact (SAC) process,
the‘deposition process must be well characterized and well
controlled. Several useful formulas are given and desqribed
in detail in the “Description of the Preferred Embodiﬁents"
section. These formulas provide helpful information to be
used with film profiles to feedback to the chemical vapor
deposition (CVD), non-conformal film processing condiﬁions
for process coptimization. Some of the other considerations
f;r process optimization are: poly to poly line and gate
spacing, which is important,'#s well as, the degree of
non-conformally of the silicon nitride film, the design
ground rules for poly to poly and source/drain contacﬁ space,
and process problems such as “bread lcafing”. Other factors,
i.e., the selectivity of the etch between BPSG boro

phosphosilicate glass and the silicon nitride layer are also

12-




i.e., the selectivity of the:etch between BPSG boro phosphosilicate(b3§gy 200
and the silicon nitride |layer are also -12 a 3 NOV NO3 inportant. For the
requi.renent of contact to poly isolation and to maintain good el ectrical
i solation, the top corner process thickness of the non-confornal, chem cal
vapor deposition (CVD) silicon nitriide is dependent, on: (1) chem cal
vapor deposition (CVD) conditions (2): poly thickness and spacing (3) etch
selectivity between BPSG boro phosphosilicate glass and silicon nitride;.
And yet in apob hel, APRAdCateOReghi bahént Be Rkt B8 BODY €1 ol ihay
obj ectives are reélee by applying this invention to chip device areas
where the pghd t® mointdimedodasllegbticall sisneds can ethar gep ddwner
non-conformal, chem cal vapor deposition (CVD) silicon nitride process is
dependent protéss peticknesdensi theohorheonfigyfadat €heThEal YRRIE sel f
al i gned contact schene can only be ”ad?HEEtMB%P tm@ agjagent paral |l el poly
lines, withIPPRBHEIRN yIEP)pSiy 2S8R cPhE MRS i thh OFREE " " Fif't hernore, in the
wi der poly ci.ng a t he | LL N} ddyd I s on the silicon

tPf Ch&nlé%%s‘{a&#}ofjegé%yiggnlﬁ L&&Fﬂ) eco{n%:&&ﬂﬁ§

will be the sange as ence, e SAC process is no |onger

valid. In adfibéop, tifciaiedishandCepseing a(® tdmhceanectiondy fsetwearet al to
poly, where there I1s a concern with the thick silicon nitride |ayer on top
of poly. TheBeGt iooxmndersphoshdtcanerglass sadl sddiccpanibeidasily sol ved by
separating: the SAC patterning mask fromthe normal contact nmasks. Thusly,
t he :

And yet in another application of this invention, the
above an other objectives ére realized by applying this
invention to chip device aﬁeas where the poly to poly lines
and gate distances are large. The non-conformal, chemical

" vapor deposition (CVD) silicon nitride process 1is dependent
on the pattern density of the substrate. Thus, this self
aligned contact scheme can only be made between two adjacent
parallel poly lines, with fixed poly to poly spacing design
rules. Furthermore, in the wider poly spacing'areas, the
silicon nitride thickness on the silicon will be the same as
on top of poly and hence, the SAC process is no longer valid.
In addition, of another concern are the connections from
metal to poly, where there is a concern with the thick
silicon nitride layer on top of poly. These two concerns that
were raised abeove can be eagily solved by separating;the SAC
patterning mask from the nofmal contact masks. Thusly, the
normal or standard contact mask can be used for both the poly
contacts and diffusion contécts on or in an “open area’,

large distances or spaces.



normal or, standard contact mask can be used for both the poly. contaﬂﬁhNﬂHdﬂm3
di ffusion contacts on or in an "open area", |arge distances or spaces. -13

0 3. NOV 2003 And in yet another enbodiment of this invention, self aligned
contact process to source/drain area, is the enhanced electrical device
performance yi el ded by the applicatian of this invention to CMOS MOSFET' s.
The electrical performance of the invented SAC process is determ ned by

the effective width of the contact to the source/drain and by sone other
paraneters. The larger the effective contact width to the source/drain,

the lower the Bt 4R tYRF RA9then amborddmgREeof Hhis invReAirBn 8eVEs a

process that is self aligned, which 'nmininizes design contact area, ("zero"
desi gn gr 8hadned| eontaferRrriesss facisayreeddramianga ¢ ¢ sgihe) enbpmneed
maxim zing contact area for netal to source/drain, effective contact .
wi dt h. | nedaahkat §al t deviemperfarmangebyile hded sowrithef eppliestodn ofie present
invention for fabricating netal self-aligned contact to the source/drain
area wer etBéScinyeytiep ky dMOS MOSFETAFe Bhédecelattaridaddpprbommaree and
process steps that take place in the fabrication of circuits, and nore
speci fi caPfyteRON YRR SAC mrscesse inode tpemnifac AV thet affdctivef er enced
or described herein. However, those who are skilled in the art can provide
t hese el efftRtR of 1Bhe contact to the source/drain and by some other

parameters. The larger the effective contact width to the

source/drain, the lower the dontact electrical resistance.

This invention gives a process that is self aligned, which

minimizes design contact area (“zero” design ground rule

telerance, spacing from contact to gate), while maximizing

contact area for metal to soufce/drain, effective contact

width,.

In summary, the many of the embodiments and features of
the present invention for fabricating metal self-aligned
contact to the scource/drain a#ea were described. Howevér,
there are other standard procésses and process steps tﬁat
take place in the fabrication of circuits, and more |
specifical}y CMOS MOSFET' s, tﬁat are not specifically gtated,

referenced or described herein. However, those who are'

skilled in the art can providé these elements.

-14-




1 0 3 NQV 2003, BRI EF 5ESCRI PTI ON OF THE DRAW NGS The obj ect and ot her03 NOV 2003
advantages of this invention are best described in the preferred . :
enbodi ments with reference to the attached drawings that include: Fig. 1,

whi ch in cross-sectional representation illustrates the Prior Art or

standard nmethod of form ng SAC, self-aligned contact to source/drain. Fig.

2, which in cross-sectional representation illustrates the nethod of one
enbodi nent of the present invention. :!It shows the non-confornmal chem cal

vapor deposition of sili GRIER DESCRIEFIGN drhenkobRBi@Es of pol ysilicon

gate structure and gate sidewall spacer . Fig. 3, which in cross-
sectional represéfifaPPaficti 2nd thare adyanSEdesi of ogriaph mfentthenngihod of

non- conf or Mg s+ CYD. i LicQn. nitride filmlayer and silicon dioxide film
layer over two c%%gluﬁecgpf%e Srevaterset pEPediPehs (itthr eefeNotee tde
touchi ng of thea€¥Bched LS ndNERLRP 5 r. edges of the test structures.
This:. is a deleterious effec?étertﬁgdlﬁgégg " loafing". Fig. 4, which in
cross-sectional representation illustrates the nethod of another

enbodi ment of the present invention, wherein the SAC, self aligned contact

process i s showht%et heefhialp iparcabket spetioninespreksan@adibn OV 2003
illustrates the Prior Art or standard method of forming SAC,

self aligned contact to source/drain.

Fig. 2, which in cross-sectional representationl
illustrates the method of one embodiment of the presént
invention. It shows the non-conformal chemical vapor:
deposition of silicon nitriae after the formation of:

polysilicon gate structure and gate sidewall épacer |

Fig. 3, which in crossfsectional representation:
illustrates an SEM micrograﬁh of thé method of non-conformal
CVD silicon nitride film layer and silicon dioxide film layer
| over two closely spaced metai test pattern structures; Note
P the touching of the CVD film.near the top corner edgeé of the

£ is. ; 5
est structures, This.is a dgleterious effect termed “bread

loafing”.

Fig. 4, which in cross-éectional representation
l1llustrates the method of angother embodiment of the Present
i ] i .

nvention, wherein the SAC, self aligned contact brocess is

shown between two parallel poly lines.

-15-




Fig. 5 which iin cross-sectional repriesentation. illustrates the netipd KGY 2003
process of the main enmbodi nrent of the present invention, wherein the
non-conformal silicon nitride |ayer .deposited by chem cal vapor deposition
(CVWD) is shown over two closely spaced poly gate structures with sidewall
spacers. Detailed thickness dimensions are shown. Fig. 6, which in
cross-sectional representation illustrates the nethod of yet another

enbodi nent of the present invention, wherein the SAC, self align contact
process uses two patterning: masks. This sketch shows normal contact being
made to poly and diffusion regions in an "open" active area, wth large
poly to poly sp&tes.5PESCRIPTEIOrds sHEEcPREFERRED FHROAVINRS The new and

i mproved nethod of fabricating self aligned metal contacts to source/drain
area i s deddrPBEH2BRF oWhrSinethackicar precess ehethe thaitedrbiogdmest REf er ence

Is first: e to conventional Prior Art t hods. ferring.to Fig. 1, this
sket ch ilr%g?rgfﬁge? 6 %ﬁl%ﬂﬂnﬁqﬁﬁflPhéﬂgt%ﬁﬁﬁﬁ?ﬁ§§IW9&n§gﬁﬁF8ﬁal Prior
Art met hodnf @k qbabsytddsh el 13ekheml LOPerh SANt RAfodiQ 1 SAUTEGHSr LN
area. The substratéyZ igﬁg?ngle g§§5tal E?Ficd% senlcongﬁ%toéggégels
sour ce/ dr ashoennbveet twgiciodel s lesplacaadpaty Sga b & t ructlE B3 NOYR003
source/drain 7 ion inplantation/diffusion area. The FET gate oxide 3 is an
ul tra thi nSidgealbfsratersHn Riteliled thbckhems dimansitonsamrieestbihicult to
depict in the figures. The gate
Fig. 6, which in cross%sectional representation :

illustrates the method of yet another embodiment of éhe

present invention, wherein the SAC, self align contact

process uses two patterning masks. This sketch shows normal

contact being made to poly and diffusion regions in én “open”

active area, with large poly to poly spaces.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
The new and impreved mefhod of fabricating self aligned
metal contacts to source/drain area is described below' with

reference to the attached figures. Reference is first. made to

cenventional Prior Art methods.

Referring to Fig. 1, this sketch illustrates in cross-
section, the standard or conventional Prior Art method for
fabricating metal self-aligned contact to source/drain area.
The substrate 2 is single crystal silicon semiconductor. The

source/drain contact region is sketched as 5, over a

. =16-




el ectrode stack.is an insulator capped polycide structure, consistinggdg KOy 2003
gate oxide 3, polysilicon gate 4, and netal suicide 6. The gate
insulator-cap material is depicted as 8, and is referred to as the hard
mask insul ator layer. Gate etch is needed to renove this hard mask

I nsul ator |ayer 8, before etching into polycide structure 10. After a
conventional gate sidewall spacer 12 formation process and source/drain
ion inplantation, another insulator l-ayer 14, typically silicon nitride,

is used to sepwecalditdim et clorstiaplah8yeioh i thaisel hraki 9agd ﬁ@f‘tfﬁée (SAQ)
etch process if the cap insulator 8 used is oxide. A thick layer 716,
conposed of ©BPHE 3 bigt ArphddriRoshlinchapey| o ssiils asmediothae SAE ettt

process renoyges tlhe BPS%fgnd stops either on the etch-stop insulator 8 or
on the gate hatd hasih ReF EFAGHL LAt lRAET drtihet Epawren- dTHd aaem -
chem stry i bl e i S e an etch-stop.layer is; utilized,
to renove tﬁ%%?%%%osgﬂ arﬁktal)’l:gr g§4$nf¥1\rﬁﬁrs GPESEPS gg\f‘?ﬁr%%’é%‘é?“%
addi ti onal gadesiIHAGS Fask bLyiAgese h ngact syt e gate

el ectrode, over the pol ys%i con gate Z%CER%%P?:&SE ?895% %f l',?drt"FO1e|“£sa'rlsketch

i | lustrates $¥ticidss$.sGbei gatonenghl 4 her fdaps maeebedl Meat Sef cddie 43 @sent

i nvention for fabricating netal self-aligned contact to the source/drain
area. For coarﬁ’f;e‘tseﬁé‘sfffrfeﬁetf’oﬁ?oW‘%d‘*#%é’%kalieSUHtghohwe:t-.hesas:wbstrate 2

oo oS S0 R STk B Loy YR PR R o e e o

a speci al chaficd® etching into polycide structure 10. After a |
conventional gate sidewall spacer 12 formation Process and
source/drain ion implantation, another insulator layer 14,
typically silicon nitride% is used to serve as the etch-stop
layer for the self aligned contact (SAC) etch process if the
cap i?sulator B used is oxide. A thick layer 16, coﬁposed of
BPSG, boro phosphosilicate ‘glass is used. The SAC etch
Process removes the BPSG aﬁd stops either on the etch-stop
insulator B8 or on the gate hard mask layer. Then, a ;econd
etch step with different chemistry is utilized, in the cése
where an etch-stop layer isgutilized, to remoﬁe the étch—stop

[ layer 14. In this standard SAC process, an additional gate

contact mask is needed to open the contacts to the géte

electrode, over the polysilicon gate 4.

Referring to Fig. 2, this sketch illustrates in
cross-section one of the first embodiments of the rresent
lnvention for fabricating metal self-aligned contact ‘to the

source/drain area. For completeness, the following layers are

17-




vapor deposition (CVD) process that produces a non-conformal |ayer ofna NOV 2003
silicon nitride 20 over the gate 4. This special chem cal vapor deposition i
(CVD) process, fabricating the said ‘non-conformal |ayer of silicon nitride

20, sinplifies the SAC process to source/drain areas by elimnating the

need for an etch-stop layer, required for Prior Art conventi-onal

processing. As can be clearly seen in Fig. 2, the non-conformng silicon
nitride layer is much thicker (A) over the top of the polysilicon gates,

than is sdcdm)i thiedeuBktidee Hoid WIngBe abgstal beiviesh t Gatpobysdéi con
gates 4. Referring to Fig. 3, this sketch illustrates in cross-section a
sket ch of3,apsdasailagor| gete oh wiitdy errepprigSENa e crislpvadh sheweng t he
results of sg(gci al chem cal vapor deposition (CvD) conditions both a

silicon ditox#8¥ tPafbis3bnyeptipriys HEer PHe® | SRRSado chepical .
non- conf | Jayers.(da aken from urre manuf act ur |
productigr%g%fogee S 6§mnngé%6r)o ersoscec?gnﬁgf_"?b?f?% eso%ern%g]_lér?ié‘?gfl%\ﬁe t est

pattern 34ved O aihO¥dn ALELNES RNRAGE LARMGatof4 I hitRisBeekigieNnt s and

enbodi mrents of the present invention. OF course, in this invention with
appl i cat icherticalt epbogdepssi tirde{qVD)Cc psecass| yfdbm catlingothai saidle | ayer
is wutilized and said nitride |ayer i's deposited on polysilicon ates. In
addi t i on ropy cepfermal hbayeneof st lgicon pataidesiO . 18wplifiey $be3Skayer on

2)19 P c ﬁ]; mt Eaglo%\%tg% o &tsa d glﬁ%g(‘i:%? edic}? yarlilesaisn; %yt 2?1:%9 1!1.9 ti ngo _hCeO I;]mfe%rd”?lor dgll? ositio n
etch-stop layer, required for Prior Art conventional '
processing. As can be clearly seen in Fig. 2, the
non-conforming silicon nitride layer is much thicker (A) over
the top of the polysilicon gates, than is said nitride at the

bottom (B) and in between the polysilicon gates 4.

Referring to Fig. 3, this sketch illustrates in
cross—-section a sketch of a sqanning electron microscope
(SEM) micrograph showing the results of special chemical
vapor deposition (CVD) condit;ons both a silicon dioxide
layer 30 and a silicon nitride layer 32. These non-conformal

P layers (data taken from a current manufacturing CMOS
production process showing process compatibility) over 5
metal line test pattern 34 (AlCu alloy), further enhancé some
of the main elements and embodiments of the present
invention. Of course, in this invention with application to
the logic salicide process, only the silicon nitride la&er is
utilized and said nitride layer is deposited on polysilicon

gates. In addition, by this method the use of a hard maék
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silicon nitride and said gate process is exactly the same as "the stgqpqm@ 2003
| ogi ¢ process”. Note that "bread | oafing” of the non-confornal |ayers -
appear.s at the top edge and in between the lines. Furthernore, the

chem cal- vapor non-conformal deposition processes can produce different

t hi ckness between the top and bottom:of the dense, closely spaced |ines.
However, a chem cal vapor deposition rate ratio of 3:1, between the top

and bottom of poly, is achievable by fine tuning the chem cal vapor

deposition rocess. As_stated above,  sketch of the SEM m crograph shows

' Fi gur oL8YBFHEnT ECRITS W1 AAFeCaAT SRR MR (1 h o Ee88bY | or
chem ool 4BROEOAPBARLE | Slbals ikl 6eNCRLLILIP AR lddoagRidhogde 1n an

actually state o process. esults, e.g., Indicate that

favorabl egi i DEekNESEridd | O RALWEGR tEOPrsBds POld @RaRt1F Eh&Osahdeas chem cal
vapor deposited (CVD) passivating |ayer of silicon nitride, and for the
cheni cal Va&per stapdsrd etbdi@/Proceassi. vAb tagthaly eYbreiadi dorfilngki o of 2:1,
can be achieved by the process nethods of this invention. For :
conpl et en&8€, nep-capfermpl Jdayesiin aPReBEF r# forthfettapP |edger 2B ¥R/ Ti N 36

(desol ved uring,.SEM sanmpl reparation anqtan anti-reflective coating,
ARG 38 of PRERPERRERE D B ERHREse trE Rt vakBEs “cond ti ona. Tor
non- conf orBRkc8hEL LRI Mddd8i 0 pR6BLEYEs acdigdgiRSe dlfreledtNOV . thil

ratio of 3:1 (between top and bottom)' are: pressure of about
thickness between the top and bottom of the dense, closely
spaced lines. However, a chemical vapor deposition rate
ratio of 3:1, between the top and bottom of poly, is
achievable by fine tuning thg chemical vapor deposition
process. As stated above, sketch of the SEM micrograph shows
in Figure 3, the results of non-conformal deposition
processes for chemicalhvapor depésition of silicon nitride
and silicon dioxide in an acthally state of-the-art CMOS
process..Test results, e.g., indicate that favorable
thickness ratios between top and bottom of 3:1 for thel
chemical vapor deposited (CVD) passivating layer of silicon
nitride, and for the chemical vapor deposited (CVD) |
passivating layer silicon dioxide of 2:1, can bé achieved by
the process methods of this ipﬁention. For completeness, in
Fig. 3 is shown, a barrier metal layer of Ti/TiN 36 (désolved

during SEM sample preparation) and an anti-reflective

coating, ARC 38 of TiN.

The chemical vapor deposition (CVD) process conditions

for non-conformal silicon nitride, to achieve a thicknéss
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0.01 to 500 Torr, tenperature of about 300 to 700C, gases N2 , NH3§ 3. id)
with gas flow rates fromabout 0 to 10, 000 sccm deposition rates from
about 0 to 50,000 Angstronimn, thickness range in'"open" areas from about
1,000 to 8,000 Angstroms. The non-conformal, refractory, silicon nitride
insulating layer is between 5,000 to ‘8,000 Angstrons thick on the

pol ysilicon gate stacks and between 1,000 and 3, 000 Angstromns over
source/drain areas, for closely spaced gates. For conpl eteness, the

foll ow ' ' tli f the - te tilized to build an
Fer. Cehodiigoagiory MRaselea® fop 14, PREESE” GudicREe THE FinEORF or al

silicon midlritde580 e dgseerinperatahevef &bdwst 300 gat wogralt gaseand etch,

LDD, spacger S/D,., saligcidati t hen deposit the_non- formal CVD

511 con it nHre S ettt BDTBPEERtss, EETR SR O He KA ofmsk. v Step
etch of tduemSAGeposttaicin rihea: fravmaalit S D-artd, pob yampntraalmpat t ern and
etch, finall.y,barrier metal, and, netal one intercon t, pr.o S. The key
process g‘é‘ulﬁtké‘e?% THE ifiveRPTon ad:regsagr n(‘)ﬁ%(?v‘ﬁst: ?hg(?&htéfg'ﬁg@k i s needed
and t he datgstproseskhe soaxachfyrifdle refinectay,'ssllandamd’tidgi ¢ process. The

di fference J b ween LAR! ant li,ci dation, _and the nornal
cont act pl‘r%gélégtst,lg‘% hi;a‘ra};fri 5% Régﬁeg{jQéb%ne%osﬁf‘%?n%]?g%ﬁﬁmssi Itﬁ%%,]ﬁ nitride
deposi t i am whehpal BAQ igant gahe astkokschAngrivcesen Ref@d ranag 3t 006ig. 4, this

sket ch | lA3kiBhESoddl Yol38e/a8EN QualNeANQALNEL, 5AEL Of D mai n

enbodi nent e present invention brica metaP selt-ali gned 20

For completeness, the foilcwing is a brief outline of the
process steps utilized to build an FET, showing exactly
where in the process sequence the non-conformal silicon
nitride step described above, fits in: gate pattern and
etch, LDD, spacers, S/D, salicfdation, then deposit the non-
conformal CVD silicon nitride,:deposit CVD BPSG, pattern
with the SAC mask, two step etéh of the SAC contact,-then
normal S/D and pﬁly contact pattern and etch,finally,barrier

metal and metal one interconnect process.

The key process points to this invention are as follows: no

hard mask is needed and the gate process is exactly the same
f - as "standard" logic process. The difference is that between
- the S/D implant, salicidation and the normal contact

process, there is inserted a non-conformal CVD silicon

nitride deposition with a SAC pattern and etch process.

Referring to Fig. 4, this sketdh illustrates in cross-
section, the another aspect of the main embodiments of the

present invention for fabricating metal self-aligned




0 3 NOV 22003 contact to the source/dral n area. Fig 4 shows ih det alq nﬁ% 2003
non- conf ormal cheni cal vapor: deposition (CVD) silicon nitride fi

bet ween two parallel polysilicon |lines 40.. For conpl eteness, sone of the
other features are: sidewall spacers 42, a thick layer of BPSG bor o
phosphosilicate glass 46, silicon source/draln region 48. To open self
aligned contacts (SAC) between these two poly lines 40, a twofold etch
process is followed. Firstly, the BPSG boro phosphosilicate glass 46

o eVl BN eah € NG dig B Ghos 81 Shd S ralPMPARoRS ChemEalL uaRo!

deposition ? icon nitrirde 44.: Secondly, the etch chemstry is

changed t Onoh CABY oAl (BB RaNgvSbbl CaspdHiltilcde (CNDY) Opi bi cémenistidiideon .
source/drain region by a making use of a tinme controlled etching process.
The key poaaitptefilbs ddtvddmattwohpasallebrpolysidiigenohipfe 4Qdp %t he poly

is much thicker than the nltrlde on the gsurface of S|Is g %Purce/draln
regi on 48)c°%5%%ﬁﬁ#ﬁ§%M)ﬁﬂ&@aPﬁéF BoPYHET eRATYESTC 87 he®38E0Td et ch step,

descri bed above, c ontrol Le SR, Pecah |4y nitride
on the bot tTBRATHhi ﬁg 555210 Sa hig °%D€%§€H%n suff%%%g%t g?llé%n nitride

on top of jge Qpiycéﬁrsd,.&f&é}‘dx%an RUgROsess. Froceen deldi hsighedhe. two step
etch process are as follo for etch step one,:selective etch conditions.

for etchi agnBRSEG bexa) ﬂhﬂ&ghmsmhesatewglpmkye%ﬂmeﬁoﬂ0$| 3Ngvafeld RIE,
reactive ion etch reactor, dry etch, pressure of abouLo}gl '

etch process is 'followed. Flrstly, the BPSG
phosphosilicate glass 46 is;removed by etching and thp etch
step is stopped on chemical vapor deposition (CVD) si}icon
nitride 44. Secondly, the etch chemistry is changed ;o
remove the remaining silicoﬁ nitride on top of the si;icon
source/drain region by a making use of a time controlied
-etching process. The key point to note is that the siiicon
nitride on the top of the pély is much thicker than the
nitride on the surface of silicon (source/drain region 48)
between two parallel poly lines. Hence, the second etéh step,
described above, can be well controlled to remove just the
silicon nitride on the bottdm, while safely keeping more than

sufficient silicon nitride on top of the poly for isolation

purposes.

Process details of the two step etch process are as
follows, for etch step one,:éelective etch conditions for
etching BPSG, boro phosphosilicate glass and not SiN; are:

RIE, reactive ion etch reactor, dry etch, pressure of about

=21~




0 3 Nov.2003 0.01 to 500 Torr, tenperature of about O to 200C, etch t%
fromabout 1 to 100 KA/ min of BPSG with about 0 to 50: KA/min of Si Qhﬁ“ V 2003
gases of 02, CHF3, CF4 with gas flowrates of fromO to 10,000 sccm power
fromabout 0 to 5,000 Watts. ‘Process . details for etch step two, etch of

Si 3N, non-selectively: RE, reactive ion etch reactor, dry etch, pressure

of about 0.01 to 500 Torr, tenperature of about O to 200C etch rate of
about 0 to 50 KA/mn for Si3N4, gases of 02, CHF3, CF4 with gas flow rates
of from 0 d.®1130Bd0s rery, pauﬁﬂsei-ammamtab@utt (o] Ep(mm“@atéts:;h widtte no
selectivity tinme controlled from about | to 500 sec. Sone process details

for BPSG s aploazphosbl Loat RA/flmsst |ERsE wartth: aBEGYD) 1 dheretmdmanced
chemi cal vapor deposition, reactor Applied 5000, thickness fromabout 3 to

30 KA, wi tdf ®iLNgrgadesarifeal, SCHR , oCFawiRRAgasapldwt hetesmlof dhmealo.
Referring to Fig. 5, this sketch illustrates in cross-section, another one

of the enhadivgmod gkchheppresentom bt iconof 61, 00abWated | IRy ool
self-aligned contact to the source/drain area. The said non--conformal

chem cal vhpenilsdgpesetcRnNst&YDivd ) |dBdH QFeELLeS nand sdepesi+aDp: profil es
are key to this invention and are dependent on the chem cal vapor -22 0 3

NOV 2003 depnsirea@titeVidbnCotsh t st ci|d gy ateh] prosasse cz:smtzmzhﬂ-,
Therefore, in order to use the non-confornal deposited
0.01 to 500 Torr, temperature of about 0 to 200°C, etch rate
of about 0 to 50 KA/min for Si;N,, gases of 0,, CHF,;, CFy with
gas flow rates of from 0 to 10,000 sccm, power from about O
to 5,000 Watts, with no séleétivity time controlled ffom
about 1 to 500 sec.

Some process details for BPSG, boro phosphosilicate
glass layer are: PECVD, plasma enchanced chemical vapor
deposition, reactor Applied 5000, thickness from about 3 to
30 KA, with a thermal anneal .step or an RTA, rapid thermal

anneal .

Referring to Fig. 5, this sketch illustrates in
cross-section, another one of the embodiments of the present
invention for fabricating metal self-aligned contact to the
source/drain area. The said ﬁon-conformal chemical vapor
deposition (CVD) film properties and deposition profiles are

key to this invention and are dependent on the chemical vapor

-22-




silicon nitride layer in the self aligned contact (SAC) process, th@
deposition process nust be well characterized and controlled. Fig qsﬂ@¥ 2003
schematic drawi ng of outlining sone of the key process paraneters, i.e.,

the silicon nitride deposition rate ratio between the poly top and botton1
defined as (Dt/Db). The lateral thickness is (W) which is neasured at the

m ddl e of the silicon nitride |ayer, 'on top of poly. The requirenent for

(Wh) is: Wi < (Spoly - Wac) /2 (1) (hbte where Spoly is the poly to poly

space bet vege 8t IAfcyD) MG khnd! LABSHSANACLLD Wnt ol gt oral

t hi ckness aﬁétﬁ ayer Is'related to "Wh" above,

further des‘i*hbbsﬂok@ Egyad iy To) u‘éaetﬁ@eﬁ&&aéoﬂﬁnﬂhldea@ssit@m (CVD)
process of the sil icon nitride, as well as, the sidewall spacer profile

determ ne tbeli¥bn, nitbridatieyar uh|¢haeselﬁfalﬂupeﬂ congactf ($H¢) If (W) is
too large, having too nuch nitride on the sidewall, then the nlt%%de
| ayers MAIIpwepgesnebhet¢EPQQﬂikﬂ“ PFﬁéeﬁﬁlwuiﬁuPe(ﬂ%&él RHaBarEeEt? "br ead

| oafin of t (shaown in F 2 rring to
Fig. 5g t hi §“Bk8?85r?tf¥‘ﬁermﬁ| stllsaf“e§° 1)tr%s‘:gjr"a%"'elg :\lg)%l gg]r?rlé 4§ -
features of ;Lhe gEDERL ELY spraéestshgaraﬁséspé inwent ivpe. shiikbe @i@fhde

sel ectivity between BPSG

deposition rate ratlo betwean the poly top and bottom,
defined as (Dt/Db). The lateral thickness is (Wh) which is
measured at the middle of the silicon nitride layer, on top

of peoly. The requirement for (Wh) is:

Wh <€ (Spoly - Wsac) /2 A1)
where Spoly isithe poly to poly space beiween SAC
Wsac is the seif aiigned contact width
Wh is lateral thickness, middle of SiN layer
(Note: “Wsp” in Fig. 5 is related to “Wh” above, further

described in Equaticon 5.)

The chemical vapor deposition (CVD) process of the
silicon nitride, as well aﬁ, Ehe sidewall spacer profile
determine the (Wh), the lateral thickness of the nitride
film. If (Wh) is too large, having too much nitride an the
sidewall, then the nitride layers will merge near the top of

the poly gap, causing deleteriocus “bread loafing” of the CVD

layers (shown in Fig. 3).




phosphosilicate glass and the silicon nitride is expressed as (S),‘gpsn- y 2003
the top corner silicon nitride thickness requirenment for isolation i ;(#9.
Therefore, (T) can be expressed as: T = D-- (Dpl/S) (2) where D = -

Db, difference SiNtop - bottomthk Dpl is poly thickness Dt is CVD nitride

t hi ckness over poly S is etch selectivity BPSGto SiN Thus, in order to
achieve this process, we nust have a- dep05|t|on process mhlch can neet the
following criteria: Dt - Db > (Dpl/S) + T (3).. where Dpl is poly:

thickness Sis etch selectivity BPSGto .SIN T is thickness corner

requirenment SIN Dt is CVD nitride t hi‘ckness top over poly Do is CVD nitride

thi ckness bot tRefigisIipg X Fig.NBv oD Frbah égﬁﬁhPanl%%P¥F%Fe%31W(N

T T R
pol ysi | ' \%g"{ﬁlgqe Sl ‘ﬂﬁguégcﬁl’s%cﬁ:ﬁh ﬁ’\’gglt§ee§w S blaro

non- conforna vapor deposited ( on nitride 20, and the

speci fi ertliEBéﬂﬂﬁﬂsﬂﬁa’:tﬁC@&a‘éﬁr @nddehé r@:.ﬁhﬁ:\l'e n:LR&‘ﬁaér iBgexmrdsspd Gs this

sketch illustrates in
{3), then the top corner 5111con nitride thickness

requirement for isolation is IT). Therefore, (T) can be

exXpressed as:

T =D — (Dpl/s) (2§

where D = Dt — Db, difference SiN top - bot#om thk
Dpl is poly thickness
Dt is CVD niiride thickness over polyl

S is etch selectivity BPSG to SiN

Thus, in order to achieve this process, we must have a-

deposition process which can meet the following criteria:

Dt — Db > (Dpl/S) + T (3)
where Dpl is poly;thickness
S is etch sélectivity BPSG to S5iN
T is thickngss corner regquirement SiN
Dt is CVD nitride thickness top over poly

Db is CVD nitride thickness bottom poly
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cross-section, sone of the design rul.e inpacts of the present inventjgnygp 2003
the fabrication of nmetal self-aligned contact to the source/drain area.

The non-conformal, chem cal vapor deposition (CVD) silicon nitride process

I s dependent an the pattern density of the substrate. Thus, this self

aligned contact schenme can only be made between two adj acent parall el

poly lines, with fixed poly to poly spacing design rules. Furthernore, in

the wi der poly spacing areas, the silicon nitride thickness on the silicon

wi |l be the saneagsin orefedfringf tpoFygand, hEew esonret8AEsgr oER8s i s no

| onger valid. In addition, of another concern are the connections_from

metal to pEbylowkeyeother alavice ssHEeEnrai fertyRes Firek 1abriednin nf19i de

| ayer 64 on _top of poly 62. These two_issues or.. CONcgr h e raised
above can baredsfty %Jof’t/%‘&‘ lﬁ?bsi:éﬁzrfea?i’nggfﬂeﬁslﬂfoﬁat é’ﬁf‘i%ga%ﬁé\ﬁﬁfromthe

normal cont B Gerfctdidis] Y gdthe shaewabisr standard
cont act ms%gggﬁgﬁggﬁgeﬁ%r \M(g:t r%{jEe pgﬁf/ cont a%:/tgs 665and -25 0 3 NOV 2003

(diffusion G8hcdiEf US| ORoE-QEYrArMaln chémi 8a RNvampe ’iaposa te80 {CVIThe pol y

"open area" Is defined as: the poly to poly space (k?ﬁfi is larger than the
contact sizeilgeoh nitmideu2d. mesl dhecspeatfied FactAgcrA YRESdesi gn
rul e, as apar?xi mated by the followi ng: Spoly > Wt + 2:(Spolyd) (4) where
Wt is cont 38EIRPIRR°YH design rule Spolyd is poly to poly contact design

Referring to Fig. 6, this sketch illustrates in
cross-section, some of the desigﬁ rule impacts of thelpresent
invention on the fabrication of metal self-aligned contact to .
the source/drain area. The non-conformal, chemical fapor
deposition (CVD)} silicon nitride process is dependent on the
pattern density of the substrate. Thus, this self a;igned *
contact scheme can only be made between two adjacent parallel
Pely lines, with fixed poly to poly spacing design rules.
Furthermoré, in the wider poly spacing areas, the silicon
nitride thickness on the silicon will be the same as;on top
of poly and hence, the SAC process is no longer valia. In
addition, of another concern are the connections from metal
to poly, where there is a concern with the thick silicon
nitride layer 64 on top offpoly 62. These two issues or
concerns that were raised above can be easily solved.by
separating the SAC patterning mask from the normal contact
masks, as shown in Fig. 6. Thusly, the normal or standard

contact mask can be used for both the poly contacts 66 and

- .25-




Spoly is poly to poly "open area” (hbte the thi'ck BPSG born 03 NOy 2003

phosphosilicate glass is:70, in Fig. 6. and the sidewal| spacers are 72, In
Fig. 6.) Finally, the enhanced el ectrical performance is an enbodi ment of
“this invention. The electrical performance of the invented SAC process is
determ ned by the effective contact width (Wac) and the top corner final,
non-conformal cheni cal vapor depositioon (CVD) thickness "T". These terns’
wer e also defined in the sane earlier. Wsac can be estimted as: Wac -

Spoly -- g:ﬁ%&Elgﬁ)sﬁgeﬁf Fﬁgﬁah|ébd£§dtst@npakylﬁpﬂﬂewhﬁﬂMBEBaSAﬁﬁ Wp is
e |

t he thickn the s space Wac is the :effective contact width

to S/D -26 Tﬂ}_ﬁp@,@_@/eob@hahbeﬂ"lsst&&mms that for the "standard" SAC
process. In summary, the many of the enbodi nents and features ofl th
present invend ipedyf do baByi sRacag(sRXdls d@reex) LRARI" T OTRHUAST § ?ﬁe

source/draln area wer e descri be For th a igR: "T",
the top cor R ﬁﬂd@b§§° Fﬁpﬁﬁng T e qﬁhﬁgﬂg %gaLP &q%%éﬁﬁggﬁkvgpor

deposi tion CVD) Si || d defgndriingen the CVD deposition
process, pdﬁé’%qﬂ kR %%gﬁ@bgéghﬁg ?hct|V|ty bg?meen BPSG  boro

phosph05|llcate glass and said silicon nitride, as is shown in the formula
(2). Wiile the invention has been particularly shown and
Spoly > Wet + 2(Spolyd) (4)

where Wet is contact width in design rule
Spdlyd is poly to poly contact design

Spdly is poly to poly “open area"

{(Note: the thick BPSG, boro phosph05111cate glass is 70, in

Fig. 6. and the sidewall spacers are 72, in Fig. 6. )

Finally, the enhanced.electrical performance is: an
embodiment of this invention. The electrical performance
of the invented SAC process is determined b§ the éffective
contact width (Wsac) and the top corner fipal, |
non-conformal chemical Qapor deposition (CVD) thickness
“T#. These terms were alsb defined in the same earlier.
Wsac can be estimated as:

Wsac ~ Spoly — 2 kWsp) (5)
where Spoly is poly to pely space between SAC
Wsp is the thickness of the sidewall space

Wsac is theéeffective contact width to $/D
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described with reference to:the preferred enbodi nents "thereof, it wifi3 Y 2003
under stood by those skilled in the art that various changes in form and
details may be made without departing fromthe spirit and scope of the

i nvention. 0 3 NOV 2003 1. A nethod of fabricating self-aligned contacts

(SAC) to source/drain of field effect transistors (FET's) on a

sem conductor substrate, for closely spaced gates and wi dely. spaced gates,

the nethod conprising: providing a sem conductor. substrate having device

areas; fori},00.8.081 £ X1 5, A 38LdsURYI 6 AHAAFoxITRAShLERGaG @0l 9 | | CON
| ayer on sard devi ce areas an el sewhere on the substrate, the polysilicon
| ayer being doged and activated; providing appropriate patterning, etching,
and depos tP5RE°to form a stacked gate el ectrode polycide structure,
consisting of gate oxide, polysilicon gate and netal silicide; providing
formation of gate insulating sidewall spacers; formng by ion inplantation

sourcel dra ns abl CREPYE (4, aly BEOthd hausilcs AL SEaBnoagser T or
non-conforgpl SFELLAE! AiVed i F"2abBYELe VS maBId s2h3CkedgHal e
contact to the source/draiﬁ:area were described. Fo# the
contact to pely isolation: “T”, the top corner process
thickness of the non-conformal, chemical vapor deposition

{(CVD) silicon nitride is dependent on the CVD deposiﬁion
process, poly thickness and:etch selectivity between:BPSG,

boro phospheosilicate glass and said silicon nitride,;as is

shown in the formula (2). -

While the -invention has been particularly shown:and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made ﬁithout

departing from the spirit and scope of the invention.
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el ectrode structures that are closely spaced, and, at the sane tine( g NGV 2003
conformal refractory insulating |ayer over said stacked gate el ectrode
structures, that are wi dely spaced; depositing sinmultaneously a confornal
thick layer of refractory insulating |ayer on said non-confornal

Insulating layer, and, at the sane tinme, on said conformal insulating

| ayer tolpl ahanethns eft Fakritaidngasel Srlfigoedsteniiacaseousl y; patterning the

wi dely spaged eatasmreadaseld -oF icgoed e oritacksndiSAGQrswi th a uni que
phot o ' L hogr apNypiRek 458l LRI coddict RULRONE At DCRLRG {dIe Y del v spaced
ntacts (nS C y

self-aligned c 0 source/drain and gates a two step etch;
et chi ng SR2§ERPIVRS PRE YHIRW EBAFBHE At SSns GPEtTSIP T S9BPT LS9 e st oppi ng
on the confor pabvidsng at isegicbapertor28ubsBraN@Vha008g etestiiceg i n step two,
usi ng diffgrgnt etch chemstry, the conformal insulating |ayer over the

wi dely spaced source/drain ar rempvi ng said insul ator over

) gas as.g/ell as, D
the widely sPFREBIGA JAFRI DA EPATNTTIHE Ero5ga y spaced gates and
cl osel y spacedepekiting ijgmedyebhicrst dayspQn et deviraiazieaghatdl i t hogr aphy
mask for oiBbEhdrd RASEheOPERd NG tehethé qsAlysispased selef - al bgied cont acts
(SAC) todogggrggédar&iigaggg; gates by a two step etch;
providing appropriate patterning, etching, and
depositions to form a stacked géte electrode polycide
structure, consisting of gate oxide, polysilicon gate
and metal silicide;
i providing formation of gate insulating sidewall
spacers;
forming by ion implantation lightly doped
source/drain areas;
providing a salicidation process for source/drains and
pelysilicon gates;
depositing simultaneously a non-conformal
refractory insulating layer over said stacked gate
electrode structures that are closely spaced, and,
at the same time, a conformal refractory
insulating layer over said stacked gate electrode
structures, that aré widely spaced; '
depositing simultaneously.a conformal thick layer of
' refractory insulating layer on said non-conformal insulating
B layer, and, at the same time, on said conformal insulating
layer to planar the entire substrate surface simultaneously;
patterning the widely spaced gates and self—alignedi
contacts (SAC) with a unigque photolithography mask used for
this purpose;
opening the widely spaced:self—aligned contacts (SAC)
to source/drain and gates by a two step etch; .
etching in step one the thick conformal insulating
layer, while stopping on the conformal insulating

layer;



etching in step one the thitk conformal insulating |ayer, whi | e stompanﬁnv 2003
on the non-conformal insulating |layer; etching in step two, using

different etch chemistry,the non- conformal insulating |ayer over the

cl osely spaced source/drain areas, while |eaving sufficient insulator over
the closely spaced gate stack for ‘i solation; providing patterning and

etching to open contact to the polysilicon gate el ectrodes; depositing by
preferential or selective chenical vapor deposition (CVD) a netal |ayer,

form ng metalchphggsn step the, m@ﬁﬂ; dilfite oentaredasn; ch&h‘ﬁs&%l f vabi gned

o oot cal mbents 3kedng LIPLLS LP y ARSI TALEAT L, O e

gate el ectrodes therehy
net hod of &SR 138 @ﬁ's ?TP?&ﬂﬂ ééhaubﬂ%ﬂlatgﬁbgv¢%utbq wideped single
crystal silspaead datefsdamist hod of claim 1, wherein said polysilicon |ayer

is bet me@a@b@yﬁlﬁgm %ﬁgs§19%a%%955£9 UC“VGFOS%%TJ&%}]Q@ Bog Of C'a'fn

1, wherein |d co - con ave a oplng
concentratlzg gﬁégi E §BecGip] P bahograpicns 29 . 0 3
NOV 2003 Sma?hef%%tﬂﬁd @#rEpa¢n11 wherein sald non-confornmal refractory
|nsulat|ng | ayer is silicon nitride and is deposited by non-confornal
cheni cal ' vABBRING s ialosaly CumAcedisehg- 3 datntedn toybacts x(tsmcestof si | ane,

source/drain and gates by a two step etch;
etching in step one the thick conformal insulating layer,
while stopping on the non-conformal insulating layer;

{7 etching in step two, using different etch chemistry,the non-
conformal insulating layer over the closely spaced
source/drain areas, while leaving sufficient insulator over
the closely spaced gate stack for isolation;

providing patterning and etchlng to open contact to the
polysilicon gate electrodes;

depositing by preferential or selective chemical vapor
deposition (CVD) a metal layer, forming metal plugs, in. the
open silicon areas: '

— thus self-aligned electrical contacts (SAC) are formed to the
source/drain areas and to the gate electrodes thereby
( completing said field effect transistors.

2. The method of claim 1, wherein said semiconductor
substrate is doped single crystal silicon.

3. The method of claim 1, wherein said polysilicon layer is
between about 2,000 and 5,000, Angstroms thick. ;

4. The method of claim 1, wherein said polysilicon layer is
conductively doped have a doplng concentraticn of between
about 1.0 E 19 and 1.0 E 21 atoms/cm®
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5 ammoni a and nitrogen. 6. The nethod of claim1, wherein said 03 NOV 2003
non-conformal refractory insulating l'ayer is between 5,000 to 8, 000

Angstroms thick on the polysilicon 10 gate stacks and between 1,000 and

3,000 Angstrons over source/drain areas, for closely spaced gates.; 7. The

met hod of claim 1, wherein said conformal thick |ayer: of
I nsul ating | ayer deposited on 15 the said non-confornal

refractory
I nsul ating | ayers -

i s born phosphosilicate glass (BPSG ‘having a thickness of. between about
3,000 and 30,000 Angstrons. 8. The nethod of claim1l, wherein said 20

self-aligned contacts (SAC) to source/drains are etched

stop on silicon nitri

in atw step

process, step one Jei (r}glet F‘Stﬁ%ﬁho?fcpﬁ(ujﬂ? ’b’p%%%%i Ligate glass layer wth
e Step two

ayer,

eing a chemstry change to etch

the renaini NgosiddriVinill Fe@@a¥sty [ NEsPIINiGR dagbh B efiSlictin -30 9. The
met hod of claim1, wherein said self-aligned contact (SAC,) to
sour ce/ dr ai nsnivwiddt emd atscHeppsoitsd e muressdnfersal deley-crdnvoreel

refractory insulating |ayer over the source/drain areas,
sufficient safePPRF-iBnfGVRAl, MADYFSFGEITHy ¢2s B EFUT PR

for conpl Bnent3rY NS d

while 5 | eaving

Hat d@reet r odes.

10. A nethod of fabrica in% self-aligned contacts (SAC, to source/drain
o) =Rep

6. The method of claim 1, wherein said

i non~conformal refractory insulating layer is between

4 L 5,000 to 8,000 Angstroms thick on the polysilicon

10 gate stacks and between 1,000 and 3,000 Angstréms

over source/drain areas, for closely spaced gates.i

7. The method of claim 1, wherein said conformal’

thick layer of refractory insulating layer deposited on

15 the said non-conformal insulafing layers is boro

phosphosilicate glass (BPSG) having a thickness of.

between about 3,000 and 30,000 Angstroms.

e

Fi 8. The method of claim 1, wherein said

20 self-aligned contacts (SAC) to source/drains are etched

in a two step process, step one being the etch

of boro

phosphosilicate glass layer with stop on silicon nitride

layer, step two being a chemistry change to etch the

remaining silicon nitride over the source/drain areas,

25
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10 effect transistors (FET's.) with both P- and N-channel devi ces on(]@ NOV 2003
senmi conduct or substrate and for standard |ogic salicided process, using

one non-conformal insulating |ayer for cl osely spaced gates”, the inproved

met hod conprising the follow ng steps: providing a sen1conduqtor single

crystal doped substrate having device areas; formng a gate silicon

di oxi de on said device areas; depositing a polysilicon |ayer on said

device areas 20 and el sewhere on the substrate, the polysilicon |ayer

bei ng doped and act i vat edChpr oettdidngf agaiept | atterpatb teridi ng, etching, and
depositions to form a stacked gate el ectrode p%@%CIde structure,

consi sting of o3t 3xided FortATY (SR o gouzee/drminmitye &H¥R cide; -31°0 3

NOV ZOO provi diih bessddd QMeQ%S s hBhl Ahssbdonallasiigers; formng
by ion inplantation lightly doped. source/drain areas; 5 providing a

salicidation prméstimg lswer cefadr &hasscoardepddaini breon ghibs; depositing a

non- conforng ' |h§0ﬂlﬂé{lde I nsul atin Ia er. over;said stacked gate
el ect r ode Struc?ﬁ“agg sufficient said non- 1 insulating layer

over the gate alectrodes.

10. A method of fab&icating self-aligned contacts
(SACY to source/drain for complementary MOS (CMOS) fxeld
( 10 effect transistors (FET'S) with both P- and N-channel
- devices on a semiconductor substrate and for standard
logic salicided process, uéing one non-conformal
insulating layer for ciosely spaced gates ', the improved

method comprising the folldwing steps:
15 providing a semiconductor single crystal doped
substrate having device areas;

forming a gate silicon dioxide on said device

areas;

depositing a polysilicon layer on said device areas
20 | and elsewhere on the substrate, the polysilicon layeg
(- being doped and activated;
rroviding appropriate patterning, etching, and
depositions to form a stacked gate electrode polyc;dé
structure, con31st1ng of gate oxide, polysilicon gate

and metal silicide;



10 depositing a conformal thick |ayer.of boro phosphosilicate gl ass hBﬁ’Sﬁav 200
i nsul ating Iayer on said non-conformal layers of silicon nitride,

pl anar the surface; opening self-aligned contacts (SAC) to source/dral n 15
by a two step etch; etching in step one the thick conformal insulating

| ayer of boro phosphosilicate glass (BPSG, while stopping on the ,
non-conformal silicon nitride insulating |layer; 20 etching in step two,
using different etch chem stry, the non-conformal silicon nitride
insulating layer over the sour cel d ain lreayi ggdeﬁﬂiil ci ent
silicon nitride i nsul%"t%’rldd\‘i’gr f’ﬁg‘aga? g{ 9@% :‘Mc%{rs]ulqéagl aFI on; 25 providing
patterning and ef fo open contact to the polysilicon gate el ectrodes;
-32 depositing b r erential or selective chenmical vapor deposition
(CVD) tungsten net aI  E$@irigtpymabal impphotatiem kightdperoperi con areas;

thus self-aligned electrical contacts (SAC) are 5 forned to the
source/drain ar e«agum&i/cilzﬁltm@r(ﬁa@sel y space gate electrodes, using one

non=conformal insulatin yer, ere S foiugl:g/gfrgeﬁg
transistors,nore SLﬁ”f‘g'b’l‘%“'fgora sstaanffa étgggl CP%% cided processi ng. 10 11.

The method of cl gl iy 10, MEer&ih Bdied ;

depositing a non-conformal silicon nitridg

insulating layer over :said stacked gate electrode
structures;

10 depositing a conformal thick layer of boro
phosphosilicate glass' (BPSG) insulating layer on said
non-conformal layers of silicon nitride, to planar the
surface;

openihg self—aligned contacts (SAC) to source/drain
15 by a two step etch; .
etching in step one the thick conformal insulating
layer of boro phosphoéilicate glass (BPSG}, while
stopping on the non—c@nformal silicon nitride insulating
layer;

20 etching in step two, using different etch
chemistry, the non-conformal silicon nitride iﬁsulating
layer over the source/drain areas, while leaving
sufficient silicon nitride insulator over the gate stack
for isoclation;

25 providing patterning and etching to open contact to

the polysilicon gate electrodes;



pol ysilicon layer is between about 2,000 and 5,000 Angstrons thick. @23 NOV 2003
The nethod of claim 10, wherein said 15 polysilicon layer is conductively
doped have a doping concentration of. between about 1.0 E 19 and 1.0 E 21
atons/cnB8 . 13. The nethod of claim 10, wherein said 20 non-conformal
insulating |ayer silicon nitride is deposited by a special non-confornal
cheni cal vapor deposition (CVD), using reactant gas m xtures of silane, -
ammoni a and nitrogen. 25 14. The nmethod of claim 10, wherein said '
non- conf or mal si | i cBFPefitingdY psafersnidal agerselsctilym ghemiady 2003 bet ween
5,000.. and 8, n r hj op th polysil Lcon gate stacks and
bet ween 1, 000 ggag)°§, g%}(fsqﬁ%ét¢co%§% g‘\’/n 8%§3u?%%aﬁ'drg?ﬂm§' e or closely
spaced gates. gluys]5in Hhe S@IN@A10Ecklarlas 10, wherein said conformal
thick | ayer of boro phosphosilicate glass (BPSG deposited on the said non
conformal silicon nthys gelfraidgngdr elegadphbstantagte (FASEsaxeBPSG), is has a
Lhi ckness 19 of eliGRaCen B0U.2)a00 A 4rd0s 00 ABIBS AfBuer) SupallialE! MO0 Of
electrodes, using one non-conformal insulating layer,

thereby campleting said field effect transistors, more

suitable for standard logid salicided processing.

[ 10 11. The method of claim 10, wherein said

-

_polysilicon layer is between about 2,000 and 5,000
Angstroms thick.

12. The method of ¢laim 10, wherein said
15 polysilicon layer is conductively doped have a doping
concentration of between about 1.0 E 19 and 1.0 E 21

atoms/cm®.

13. The method of claim 10, wherein said
20 non-conformal insulating layer silicon nitride is
(-: deposited by a special gon-conformal chemical vapor
deposition (CVD), using reactant gas mixtures of silane,

ammonia and nitrogen.

25 14. The method of claim 10, wherein said

non-conformal silicon nitride insulating layer is
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boro phosphosilicate glass (BPSG and said non-conformal silicon ni bg %V 2003
are etched by a two etch process, 15 ‘wherein the etch selectively of

one to etch boro phosphosilcate glass (BPSG selectively nore than

silicon nitride is achieved by RTE, reactive ion etch. 17. A nethod of
fabricating self-aligned contacts ti' 20 (SAC) to source/drain of field

effect transistors (FET's) on a sem conductor substrate, for <closely spaced
gates and wi dely spaced gates, the inproved nmethod conprising the

foll owi ng steps: providing a sem conductor single crystal doped 25

substrate having device areas; -34 03164 a)3 k formng a gate silicon

di oxi de on said device are PEShbd NhgstRemgsthicoren &peér on said
devi ce ar easb9§h'ﬁeél seV\herf’egg% ‘£h g gu%st rat% the polysili cQ 8b8yer 5 being

doped and acti r NG a2RE" aaauaéene;mtterhqqqa étthi and
deposi ti ons tp<5’ gr%cgn %e g

d gate electrode po'?@h e‘?
consi sting ofmgﬁttgoggl d@er pgﬂmel/m‘emngal-’%asa SFesY 17°ci ,e;
providing fornmation of gate insulating si devval | spacers; formng by ion
i mpl ant ation dda.l y doped

5
15. The method of claim 10, wherein said conformal

thick layer of boro phosph05111cate glass (BPSG)

[ deposited on the said non-conformal silicon pnitride, the

boro phosphosilicate glass (BPSG), is has a thlckness

10 of between about 3,000 and 30,000 Angstroms.

16 The method of c¢laim 10, wherein said conformal

boro phosphosilicate glass (BPSG) and said non-conformal

silicon nitride are etched by a two etch process,

15 wherein the etch selectiyély'of step one to etch boré

phosphosilcate glass (BPSG) selectively more than

silicon nitride is achieyed by RIE, reactive ion etch.

17. A method of fabricating self-aligned contacts
x 20 (SAC) to source/drain of field effect;t,ransistorsi
(FET’s} on a sem:.conductor substrate, for closely .spaced

gates and widely spaced gates, the improved method

comprising the following steps
providing a semlconductor single crystal doped
25 substrate having device. areas:

- -3a-



source/drain areas; providing a salicidation process for source/draiqﬁg ﬂﬁv 2003
and pol ysilicon gates; depositing sinultaneously a non-conformal sili*bn
nitride insulating |ayer over said stacked gate el ectrode structures,

that are closely spaced, and confornal: silicon nitride over said stacked
gate el ectrode 20 structures, that are w dely spaced;  depositing a
conformal thick [ayer of bore phosphosilicate glass (BPSG insulating

| ayer on said |ayer .Si i nitnide, 4.9 It Be rf.ace; patterning
the wi dely spaced ga?gg;'éﬁ asé??'?a%llléﬁgg dlZO%lg%ﬁ%}ggtaéB(%%)JQWth a uni que
phot ol i t hogr aphy ap@sd; used for this purpose; -35 opening the w dely: spaced
self-aligned contacts (SAC) to source/drain and gates by a two step etch;
etching in step one t4RPophEEIg aopebyisial cPMAYEE| PRy Sardyeevise BB
phosphosilicate glgs BPSQ) , ] e i C I silicon
nitride insulati %Bg ?Slas}(/egrﬁgrgeto@h%% ?%%%%gat m%eoﬁglb}r%glg% grag%lf etch -
chem stry, the cosing Wpedidddabtivitddade i nsulating |ayer over the widely
spaced source/drain areas, as well 10 as, renoving said silicon nitride

i nsul ator over the \REPVEgingappacRiatesPakiernpadt &%FAB9« A@9c| osel y spaced

gates and Close|¥mmmsitions to form a stacked gate electrode polycide
structure, consisting of gate cxide, polysilicon gate
and metal silicide;

10 providing formation of gate insulating sidewall

o

spacers;
forming by ion implantation lightly doped
source/drain areas;
providing‘a saliciaation process for source/dfains
15 and polysilicon gates; ; ; L e
depositing simultaneously a non-conformal silicpﬁ nitride
ingulating layer over said stacked gate electrode
structures, that are clésely spaced, and conformal .
silicon nitride over said stacked gate electrode
20 structures, that are wi&ely spaced;
depositing a confo%mal thick layer of bora
phosphosilicate glass (BPSG) insulating layer on said
layers of silicon nitriﬁe, to planar the surface;
patterning the widely spaced gates and self-aiigﬁed
25 contacts (SAC) with a uﬁique photolithography mask:ﬁsed
for this purpeose;
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15 spaced §e|f¢aligned contacts (SAC) with a special photolithography mask

for this purpose; opening the closely spaced self-aligned contacts (ﬂ%@)ﬂﬂ% 2003
source/drain and gates by a two step etch; etching in step one the thick
conformal insulating |ayer of boro phosphosilicate glass (BPSG, while

st oppi ng on the non-conformal silicon nitride insulating 20 layer; etching

in step two, using different etch chemstry, the non-conformal silicon

nitride insulating |ayer over the cl.osely spaced source/drain areas, while

| eaving sufficient silicon nitride insulator over the 25 closely spaced

gate stack for i80|%%gﬁqh - 3fe PhQYd 1} RPaRal! S&DE AgL BTRceicohitAgts0 open
contacts to the closely gpaced gate el ectrodes; depositing by preferenti al
or selective chegi®alto tapetedepain tareh ga€W¥B) by umgeie s el &Chf or mi ng net al
5 plugs, in the open silicon areas; thus self-aligpgd elec%ggiﬁkiﬁgntacts
(SAC) are forned tetdiéngouncetel A1¢ dMeadhafk FOEHTHar 85 efsct P odes,

for closely spaced and w del y. spaced. .gat es, r s®O0MRhAlleng said field
ef fect transisttp¥er oF FPa%ngg%ﬁsﬁﬁgﬁgg?g}%ggiggza“icided;processing.

1B. The net hod ai 7 LEESmsal GilpebysShh tende |imserlaitd niget ween -
about 2,0009andQ{:'i"?I%‘;%)lg'ldnc'q.l cndhe ' :

layer;
etching in step two, using different etch
chemistry, the conformal silicon nitride insulat%ng
layer over the widely spaced source/drain areas, as wvell
10 as, removing said silicon nitride insulator over:the
widely spaced gate stack;
patterning the cloéely spaced gates and closely
spaced self-aligned coﬁtacts (5AC) with a special
photolithography mask for this purpose;
15 opening the closel& spaced self-aligned contacts
(SAC) to source/drain énd gates by a two step etéh;
etching in step one the thick conformal insulating
layer of boro phosphos;licate glass (BPSG), whilé

stopping on the non—coﬁformal silicon nitride insulating

o

20 layer;

;tching in step tﬁo, using different etch
chemistry, the non-conformal silicon nitride insplating
layer over the closely;spaced source/drain areas, while
leaving sufficient sil#con nitride insulator over the

closely spaced gate stack for isolation;:



A:h‘g'istrorr_s thick. 15 19. The nethod of claim 17, wherein said p‘6| ysilicon

| ayer is donductively doped have a daoping concentration of between aﬂoﬁthw 2003
1.0 E-19 and 1.0:E 21 atoms/ cnB8 . 20 20. The nethod of claim 17, wherein

said non-conformal over closely spaced gates is insulating |layer silicon
nitride is deposited by a special non-conformal chem cal vapor deposition
(CVD), using 25 reactant gas mi xtures of silane, amonia, and nitrogen. -37
03NOV2003 21. The nethod of claim 17, wherein said non-conformal silicon
nitride insulating |ayer is between 5,000 and 8,000 Angstrons thick on the

pol ysilicon closely spacetdipg dafttarkingnandet v@ERd5 L, OBBRAMPEARIF

Angstrons over source/drain areas, for closely spaced gates. 22. The
met hod of clai m P, thReftriekhi PassH §7ha Ef?%%/rcqg%sayer of boro

phosphosi | i cate gl ass4(BRS); Qeiebednpint he: Sadcth b CORemiddl de, the
born phosphosilicate gPass l(rgé:g’)erﬁ’i S hav?ng a thi ckngss of ‘between about
3,000 and: 30, 00@apogsBepssitish (Ove)ymethgsited mdtalm férmihgreeimlsai d

conformal - 15 boro phosphosilicate glass (BPSG and silicon nitride
5 plugs, in the open silicon areas; :

thus self-aligned electrical contacts (SAC) are
formed to the source/drain areas and to the gaté
electrodes, for close;y gpaced and widely spaced gates,
thereby completing said field effect transistors,

10 suitable for standard:logic salicided p:ocessing.

18. The method of claim 17, wherein said
polysilicon layer is between about 2,000 and 5,000

Angstroms thick.

15
13. The method of claim 17, wherein said
pelysilicon layer is conductively doped have a doping
concentration of between about 1.0 E 19 and 1.0 E 21
atoms/cm?®,
¢ 20
20. The method éf claim 17, wherein said

non-conformal over closely spaced gates is insuiating
layer silicon nitride is deposited by a special
non-conformal chemicél vapor deposition (CVD), using

25 reactant gas mixtures of silane, ammonia, and nitrogen.



10

15

are etched by a two sets of etch processes, using two -different photo 03
masks, wherein the etch selectively of step one to etch boro phosphog BBy 20

gl ass (BPSQ
reactive ion etch. -38

sel ectively nore than silicon nitride is achieved by 20 .RIE,

21. The method of claim 17, wherein said
non-conformal silicon nitride insulating layer ié
between 5,000 andEB,OOO Angstroms thick on Fhe
polysilicon closely spaced gate stacks and betweeﬁ
1,000and 3,000 Angstroms over source/drain areas, for

closely spaced gates.

22. The method of claim 17, wherein said conformal
thick layer of boro phosphosilicate glass (BPSG)
deposited on the said silicon nitride, the boro
phosphosilicate glass (BPSG) is having a thicknes% of
between about 3,000 and: 30,000 Angstroms.

23. The method of claim 17, wher;in said co%formal
boro phosphosilicate glass {BPSG) and silicon nitride
are etched by a two sets of etch processes, using:two
different photo masks, wherein the etch selectlvely of
step one to etch boro phosphosilcate glass (BPSG)

selectively more than silicon nitride is achieved by

RIE, reactive ion etch.
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