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A*SI LI CON NI TRIDE - TEOS OXI DE, SALICl DE. BLOCKI NG LAYER FOR DEEP suB-TRBHN T -4
DEVI CES BACKGROUND OF THE | NVENTION*(1) Field of the Invention The pr 6pgat
invention relates -to a process used to fabricate sem conductor devices, and
nore specifically to a process used to formsalicide, (Self-ALigned netal
siLICIDE), layers, only on specific regions of a sem conductor substrate.

(2) Description of the Prior Art Metal oxide sem conductor field effect
transi stors, (MOSFET), devices can be fabni<ated usiing | ow resi stance,

polysilicon word |ines, £ @rileN MErIDeati PEOS SKIibve, adAwrcyy®! i cations,
such as nenory devices, or electrostatic dischafge, (ESD), protection
UB

circuits, are usually fBIOCKING: LAYERNFORI DEBP/ SUB+MICRON, DEMEIGES | i con word
| ines. For cases in which both nenory and | ogi c, MOSFET devi ces, or
conplinmentary netal oxide sem conductor, (CMOS), devices, are used on a

si ngl.e sem conductor chip, |ow sheet resistance_is needed for the

pol ysilicon word |ine and for BACKGROUND:PEr 3HE FRVENREON whi | e hi gher sheet
resi stances are needed for the nenory conponents. The use of salicide

| ayers, formed only on the polysilicon and silicon regions, of devices

(1) Field of the Invention

~* THeé present invention relates to a process used to
fabricate semiconductor devices, and more specifically to a process
used to form salicide, (Self-ALigned metal siLICIDE), layers, only

on specific regions of a semiconductor substrate.

(2) Description of the Prior Art

Metal oxide séﬁiconductor field effect tranéistors,
{(MOSFET), devices can be fabricated using low resistance,
polysilicon word lines, for logic applications, while other
applications, such as memory devices, or electro-static discharge,
(ESD), prctection circuits, are usually fabricated using higher
~resistance, polysilicon word lines. For cases in which. both memory
and logic, MOSFET devices, or complimentary metal oxide
semiconductor, (CMOS), devices, are used on a single semiconductor
chip, low sheeélresistance is needed for the polysilicon word line
and for the source/drain regions, while higher sheet resistances

are needed for the memory components. The use of salicide layers,

formed only on the polysilicon and silicon regions, of devices



E -
>

:2- needing | ower sheet resistance, has been used to fabricate the higher
perform ng devices, while other regions of the sem conductor chip, not
requiring the | ower sheet resistance, have been nmasked fromthe salicide
process, thus resulting in the desired higher sheet resistance conponents.
The maski ng of the higher sheet resistance devices, during the process
sequence used to formsalicide |ayers on the devices requiring | ow sheet
resi stance regions, is usually acconplished™using a silicon oxide |ayer.
The netal hegdingstawer sheetmresistamce,hbasabeendesedyto, fabrit¢atienghee
maski ng silicon oxide |ayer, remains unreacted during an anneal cycle that

is used tohiGheE RPe¥fRrming devises) Mhile othereregians Qf §he| %S‘E‘C°WQQRJF

Shoat 1ot StiRecHSEERpTLTSY i drved sheek FebiBkARRe: sve i Hiiea
de | f th |

pol ysi || con=oRteB PRLTGHIp Sraetiie tibel sl sfe 8, Ll Bpal S5y chtex

unmasked cgﬂggerggggg afddi £%§%é desired, low resistance salicide |ayers

on the polysilicon an _source/drain reglons of hlgh perforn1ng CNCS Ioglc
devi ces.

) The masklng of the higher sheet resistance dev1ces, -

et -durxng-the precess sequence used to form sa11c1de layers ‘on the n—

devices requiring low sheet resistance regions, is usually

accomplished using a silicon oxide layer. The metal layer used as .'

a component of the salicide layer, overlying the masking silicon

oxide layer, remains unreacted during an anneai cycle that is used

to convert the same metal layer to a metel silicide layer, on the

exposad polysilicon or silicon regions, of the devices requiring

iower sheet reeistance. Removal of unreaeted-metal, from the

masking silicon oxide layer, and removal of the masking silicon

oxide layer, result in polysilicon and source/drain regions, free

of salicide layers, while unmasked counterparts, exhibit the

desired, low resistance salicide layers on the polysilicon and

source/drain regions, of high performing CMOS logic devices.

Several aspects of the use of silicon oxide layers, in
fegards to salicide blocking or masking functions, can however
result in deleterious structural or device phenomena. First, an
anisotropic reactive ion etching, (RIE), procedure used to remove

the masking silicon oxide layer, in a first region of the



>

Several aspects of the use of silicon oxide layers, in regards to salicide
bl ocki ng or maski ng functions, can however result in deleterious structural
or device phenonena. First, an anisotropic reactive ion etching, (R E)
procedure used to renove the nmasking silicon oxide layer, in a first region
of the -3- semi conduct or substrate, exposing polysilicon and silicon
regions to a subsequent salicide |ayer; can result in the formation of an
addi tional silicon oxide spacer, overlying3ah existing insulator spacer,

| ocat ed ofEPHECRAWREOH fSuhRLyANe,sexpesingPelYshekcon and sillicon regions of

the sem conduct Qr substrate., The additional silicon oxide spacer, decreases
t he desi gﬁ°s?3a%§’m Sdiirdide davetor 620 | TESHL %G%gﬁ%ﬁﬁno‘ééiag‘hs

mgéﬂkiéﬁ'%aégé‘%%%ﬁé‘ﬁiﬁﬁ?@ régf%eﬁ?si‘a%%%e'ﬂasv%%ﬁ%%”ﬁéf%#%Fiﬁﬂ‘% Sl
Sl ci oo PRYSFErSAcAd o RBCChIAR: Be, BRaBPLLEL Moen PoAd 1eR, Fp, che

sal i ci de t @83 ~th S | ' ) chesd.ga
EPFgR 5@%:);?15 O?Pﬁn;% Wa:{r%eé&%‘é‘ Qh_ﬁ%&?&&%eb FheahayfPPEnal

deposition, (LP chem cal vapor
silicon oxide spacer, decreases the design space between

polysilicon wordmlinés, and when using designs with sub-mic;pn
diﬁ;ﬁsions, éﬁé dééieased.space can result in the complete blockage
of a source/drain region, located between polysilicon word lines,
 thus not allowing the incorporation of an overlying, low resistance
salicide layer. Secondly, the silicon oxide layer, used as a mask
for salicide formation, is obtained using low pressure chemical
vapor deposition, (LPCVD}, 6r plasma enhanced chemical vapor
deposition, (PECVD), procedures, each using
tetraethylorthosilicate, (TEOS), as a source. Undensified TEOS
oxide layers have a high removal rate in dilute hydrofluoric,
(DHF), or buffered hydrofluoric, (BHF), acid solutions. Therefore
a BHF or a DHF, pre-clean procedure, performed to remove native
oxide from the surface of the polysilicon and silicon qggions
being readied for salicide formation,';esults in large, and
uncontrollable, thickness decreases, fqr the TEOS oxide mask that
is used to block salicide formation, and therefore may not protect
against salicide formation. Densification of the TEOS oxide layer,
alleviating the rapid removal rate, during pre-clean procedures,.

would however adversely influence the thermal budget used for the
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tdeposition, (PECVD), procedures, each using tetraethylorthosilicate,

(TECS), as a source. Undensified TECS oxide | ayers have a high renoval rate
in dilute hydrofluoric, (DHF), or buffered hydrofluoric, (BHF), acid
solutions. Therefore a BHF or a DEF, pre-clean procedure, performed to
renove native oxide fromthe surface of the polysilicon and silicon regions
being readied for salicide formation, results in |arge, and uncontroll abl e,
t hi ckness decreases, for the TEOCS oxi de mask 4 hat is used to block salicide
formati on, SHRT™HGEPB: BR¥LR8F- not protect against salicide formation.
Densification of the TECS oxide layer, alleviating the rapid renoval rate,

during pre-clean procedyes, .wul d. howey. dver.sely influence the thernal
budget used for the ¥§}sshﬁyﬁ?5+?ﬁl%&§¥ _crﬁ%%;% FORRPRIReWLRFULRERF | be

veri g Shapesl ebfibr 2088 5 SORRIROEEL Pioft it o8 1apEP Wi fiAdd K Enin
sen conductiBoOsS k86 Afred, VB BLSH FpERLIEQR- rlgf?ﬁé’f@%i E@m%@éﬂa@ét%r

shape is anisotropically renoved fromthe regions 0 e sem conduct or
substrate, from salicide formation. The composite insulator shape

is anisotropically removed from the regions of the semiconductor

—-=. - Substrate.being readied for salicide formation, however after <~ ° === -

removal of the masking photoresist shape, which is used to maintain
the composite insulator layer in regions not designed for salicide
formation, a DHF, BHF, or a wet HF spray is performed to remove the
~additional TEOS oxide spacer, formed during the anisétropic RIE -
procedure. The thin nitride layer, of the compésite insulator
shape, not only remains és a blocking layer during removal of the
additional TEOS oxide spacer, but also offers protection from
subsequent BHF or DHF, preclean procedures, used prior to metal
deposition, or protection from a silicon ion implantation
procedure, used for amorphization.of'source/drain regions, allowing
these source/drain regions to rehain shallow. Prior art, such as
Yoo et al, in U.S. Pat. No. 5,573,980, describe a saliciae'process,
however the use of the novel salicide blocking, composite insulator
shape, featured in the present invention, is noE describea:in that

prior art.
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Substrate being readied for salicide formation, however after renoval of

t he maski ng photoresi st shape, which is used to maintain the conposite

i nsul ator layer in regions not designed for salicide formation, a DHF, BHF,
or a wet HF spray.is perforned to renove the additional TEOS oxi de spacer,
formed during the anisotropic R E procedure. The thin nitride |ayer, of
the conposite insulator shape, not only remai ns as a bl ocking | ayer during
renoval of the additional TECS oxi de spacer,” but al so offers protection
from subsequent BHF or DHF, pr c¥MMARYQFc 38 SYVENTEANprior to netal
deposition, or protection froma silicon ion inplantation procedure, used

f hi zat | f /drain.regi .al Lowing.th .ce/ dr ai
rogi ons Lo remin shal | B L bAroPeAEe il LBEHB ST BEIERR Y Agee
5, 573, 980, Lbe. Lci , h

Sal' o) do. bEBERPrG: Comeaerf SRL MR end il dh B SellSha kel

I nvention, sbfi8ehadeest | ukdratd|ahsPhyd stilllicide 12pe> AVEBY X116 word

I NVENTION I't is an object of this invention to fabricate a first
lines, and on source/drain regions, while simultaneously
fabriéating é ééconam§r6up dfrtransfer gaﬁe ﬁransistors, in a
£i¥st region 6ffé;sem{66ﬁductdf'éﬁbstrate, without using a
salicide layer for the polysilicon word lines, or for source/drain

regions.

It is another object of this invention to use a
patterned composite insulator layer, comprised of a silicon nitride-
layef; on a silicon oxide layer, deposited using TEOS as a source,

to block the salicide formation, in-the first region of a

semiconductor substrate.

It is yet another object of this invention, toc remove
‘@ TEOS oxide spacer, from the sides of polysilicon word lines,
in a second region of a semiconductor substrate, formed during an
anisotropic RIE patterning of the composite insulator layer, using

a wet DHF, or a DHF spray, procedure.

In accordance with the present invention a method for
using a patterned composite insulator layer, to allow regions of a
semiconductor substrate to be protected from salicide formation,

has been developed. Transfer gate transistors, comprising

e e —



group of transfer gate transistors, in a second region of a sem conductor
substrate, using a salicide |ayer on polysilicon word |ines, and on
source/drain regions, while sinmultaneously fabricating a second group of
transfer gate transistors, in a first region of a sem conductor substrate,
W thout using a salicide layer for the polysilicon word lines, or for
source/drain regions. It is another object of this invention to use a

t
o L BTRREL ok LS Bl B, SR M BBl 1Ba St E I e ke,
a siiofn Extoe Py .S & SPg FECS*3Y B9sgat et VRE:
et anot her by ok nFPIAPCepiEaty | AR ik RS SHE UL TR 1 1eRh Gobe oy °

the sides gtrfetysdsi congWwwishdi i iR EJ] f Legpduct or
SUbSTT at e, for aeaTast | e Mhighely oped) BrEPHRAVIIRISShofl fotEdaranals

i nsul at or regtonsysang fommdd BiifF.a EiretDrEgen Ayand e ef Wekonkd ragsohiagge
with the present invention a nethod for using a patterned conposite

i nsul at or Ragemicondwttamvsubgitcateof A composdnduinsul stds tiaytea,t colperising

protected fromsalicide formation, has been devel oped. Transfer gate

transi st or@? e¥ABtYinggsilicon nitride layer, and an underlying TEOS"

pain e e - GEPOSA ted, - gilicon. oxide layer, is.deposited. . A -CORMPOSLIER:cmz i mn

insulator shape is then formed via removal of Ehe composite |
insulator layer from a second region of the semiconductor
substrate, using anisotropic RIE procedures, exposing a second
group of transfer gate transistors, in the second region of the
semiconductcr substrate, and créating a TEOS oxide spacer, on'the
Silicen nitride spacers, located on the sides of the polysilicon
gate structures. A first group of transfer gate transistofs,
located in a first region of the semiconductor substrate, remain
protected by the overlying composite insulator shape. A dilute
hydrofluoric wet etch, or an acid spray is used to remove the TEOS
oxide spacers, from the sides of the polysilicon gate structures,
in the second region of the semiconductor substrate, while.the
first group of transfer gate transistors remain protected by the
overlying compdsite insulator shape. A silicon ion implantation
procedure is applied to prepare the surface of source/drain
regions, located in the second region of_the semiconductor

substrate, for subsequent salicide formation. A metal is

deposited, followed by an anneal cycle converting the metal to a



16- polysilicon gate structures on an underlying gate insulator |ayer,
silicon nitride spacers on the sides of the polysilicon gate structures,

and lightly doped, and heavily doped, source/drain regions, are forned in a

first region, and in a second region, of a sem conductor substrate. A

conposite insulator |ayer, conprising an overlying silicon nitride |ayer,
and an underlying TECS deposited,silicon oxide |layer, is deposited. A
conposite ig;glator shape is then formed vial renoval of the conposite

i nsul at or

e

ani sotropi ¢_RI E.pr.ocedures, exposing.a second group, of transfer gate ,
transi stor &° Vﬁliﬁ§°§ec%‘?f§ stoé’gflp‘:&'{dﬁ J'Phﬁ‘*%?ﬁ%‘or‘?’dh@f‘@ﬁ% RGO RG the

creating a

he ! fos” SPeRoRbHEoR aRRLe el (rilddohBl Mok 1 SRREER oyt FFALEY e

gate transiegg@g§itbogﬁgeﬁaéssf asﬁd&fét iheql PP £ af@eﬁ%ﬂguggagﬂ%\géé&e,

remain pro

t by the overlying donposite insulator shape.

‘hydrof | uor isgbgeiratk’Nan@a b 2ekdLed Gy tife ¥329cba AEFPYEe tdicEESS Oxi tife

spacers,

( fromthe sides of the polysilicon gate structures, “in the second
regi on of tsidesestcenduséysilitvn gate Bbruetuhes, in the second region of

acid procedures, leaving metal silicide, or salicide layers,

located only on the polysilicon gate structures, and on the
scurce/drain regions, in the second region of the semiconductor

substrate. The composite insulator shape, overlying transfer gate

 transistors, in a first region of the semiconductor substrate, is

then removed.

BRIEF DESCRIPTION OF THE DRAWINGS

The object and other advantages of this invention are
best describhed in the preferred embecdiments with reference to the

attached drawings that include:

Figs. 1 - 7, which schematically; in cross-sectional
style, show the key stages of fabrication used to simultaneously
form devices with salicide léyers, while protecting, or blocking
other devices from salicide formation, via use of a composite

insulator shape.

Figeoha¥esechndredinns in whichs Ehecnatadt oveslaid rexrosedi ng

2= T



first group of transfer gate transistors renmamin protected by the overlying
conposite insulator shape. A silicon ion inplantation procedure is applied
to prepare the surface of source/drain regions, |ocated in the second
regi on of the sem conductor substrate, for subsequent salicide formation.

A netal is deposited, followed by an anneal cycle converting the netal to a
-7- salicide layer, in regions in which the me8at overl aid exposed

pol ysilicon, and source/ dDBSQRILPULONSOF i THE 'BRERERRED 'EMBODIMENTENE

sem conductor substrate. Unreacted netal, |ocated overlying the conposite

I nsul ator shape, in a first region of the sem conductor substrate, and al so
| ocated on the silicon @her pyecesactes, forming, sinfbasing,ha pompssiteon

gate structures, .in the second region of the sem conductor substrate, are
sel ecti vel y* §8PRE. WeP RES(ENT SaddGide, formation mn molysildices, and
salicide | guer.s,..located only on the, polysjlicon gate structures, and on

the sour ce/ag/ ﬁ'é'lcr? % & r%ﬁﬁesi' nxPﬁﬁtggcbﬁoaré’g’f%ﬁ acﬁega( [ SefeReranersEor

Cransi ot or & Ty AR ehLLErSdl T phe M APEre M SR (L RrEatd ¢
polysilicon and silicon surfaces, located in a second area of a

e - Semikeonductor substrateé, will now be descfibed“iﬁidéEﬁiIT“’ThEF“‘i§E§
transfer gate transistors, used in this description, will be N
channel, type, MOSFET devices, however this invention can be used

with P channel, MOSFET devices, or CMOS type devices.

Referring to Fig. 1, a P type, semiconductor
substrate 1, ccmprised of single crystalline silicon, featuring a
<100> crystallographic orientation, is used. Region 30, will be
used to illustrate this invention in which a space between |
polysilicon gate structures, or word lines, is narrow, in the sub-
. micren range of about 0.35 uM, for a 0.25 uM CMOS technology. The
‘process for forming salicide layers for higher performance, logic
devices, while masking, or not forming salicide layersi_for lower
performance memory devices, or for devices used for ESD circuits;
via use of a patterned, composite insulator layer, will be

illustrated using region 40, of semiconductor substrate 1.

Shallow trench isolation, (STI), regions 2, are formed

in region 40, and schematically shown in Fig. 1. STI regions 2,
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then renmoved. BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and ot her

advant ages of this invention are best described in the preferred

enbodi ments with reference to the attached draw ngs that include: Figs. 1-
7, which schematically, in cross-sectional style, show the key stages of
fabrication used to simultaneously formdevices with salicide layers, while
protecting, or blocking other devices fromgsalicide formation, via use of a
conposi t axienforaied byhdpétiallyScrEtSiiny R | aiaXyow HE‘G?REEEmeEHBGDDWENTS

The process for formng, and using, a conposite insulator shape, to prevent
sal i ci de ¥0SOnEDI 4000 rAngstsins dendeptihsi 1 ESNINGNCEST FUBREERAES .o VAR st

area of a sem conductor substrate, while allplde | ayer re formred on
exposed [SERyENticHals phosPlitBAgEAPRAE AN I%‘E’aﬁ%‘ﬂrc?#ca %Ieﬁgm"&ﬁé% €8t a

o Condyhe LA nd AR PSS L £ BordilfaddBabGe, 971 ¢
used as a mask for shallow trench definition, v1a.plasma oxygen

. ashing and careful wet cleans, a silicon.oxide layer is deposited,
us1ng LPCVD or PECVD procedures, at a thickness between about 6500

.-to 7500 Angstroms, usxng TEOS as a source and completely fllllng”-‘
the shallow trench. Removal of the s;llcon oxide layer from the
top surface of semiconductor substrate 1, is accomplished using a
chemical mechanical polishing procedure, or using a selective RIE
procedﬁre, using CHF, as an etchant, resulting in STI regions 2.

A gate insulator layer 3, comprising silicon dioxide, is
between about 30 to 50 Angstroms. Next a polysilicon layer 4,
is deposited, via LPCVD procedures, to a thickness between about
1800 ta 250 Angstroms. Polysilicon layer 4, can be doped in situ,
during deposition, via the addition of arsine, or phosphine, to a
silane ambient, or the polysilicon layer can be deposited
intrinsically and.ﬁheﬁ doped via ion implantation of afeenic or
phosphorous ions. éoﬁventional photolithographic and anisotropic
RIE procedures, using Cl, as an etchant, are used to create
polysilicon gate structures, Or word lines §, in region 30, while
polysilicon gate structure, or word line 7, and polysilicon gate

structure, or word line 8, are formed in region 40, of



channel , type, MOSFET devi ces, however this invention can be used with P
channel , MOSFET devices, or CMOS type devices. Referring to Fig. 1, a P
type, sem conductor substrate 1, conprised of single crystalline silicon,
featuring a <100> crystall ographic orientation, is used. Region 30, wll
be used to illustrate this invention in which a space between polysilicon
gate structures, or word lines, is narrow,iga the sub- mcron range of

about 0. 35 Miéﬁd@&ﬁiuﬁ%% S.?Ch'f‘ﬂ+ ot ordi 41 %%,L%rsehg%@rng

salicide layers for higher pe mance, | ogic devices maski ng, or

not form npaaddmiitgy lofy ¢he pblishiieén Pgiter SMBREUEEE il PenmeRed asihgr
devi ces used for ESD circuits, via use of a patterned, conposite insulator
| ayer, wi | Iplesnd laxyigent adhingngndegapafdD, wet clsarmond@eowetukienate 1.
Shal |l ow trench isolation, (STlI), regions 2, are forned in region 40, and
schenat i calPsoeadwe i @lEioy removed| regipoasol gate -insulatdlayerby, not
initially creating a shallow trench, between about 3000 to 4000 Angstrons
in depth, iFPRFRESVFhePodysitliger gatei sEEUFHATRS onAhepFesyli: REgFBEERC

and ani sotropi ¢ Rl E procedures, . C \
pé%cess s eps_%s sc%ematlcally shown in Fig. 1.

<o ==+ -- Lightly doped source/draih tégions ®, Shown -T —
schematically in Fig. 2, are next formed in regions of
semiconductor substrate 1, not covered by STI fegions 2, or by the
polysilicon gate structure, via ion implantation of arsenic or
phosphorous ions, at an energy between about 18 to 25 KeV, at a
dose between about 3E14 to 6E14 atoms/cm®. A silicon oxide layer
is next deposited, (not shown in the drawings), wvia LPCVD
'procedures, using tetraethylorthosilicate, (TEOS), as a source, at
a thickness of about 150 Angstroms, followed the deposition of a
silicon nitride layer, via LPCVD or PECVD procedures, to a
thickness between about 1000 to 1300 Angstroms. An anisotropic RIE
procedure, using SF; - HBr - 0, as an etchant, is used to create
silicon nitride spacers 10, on the sides of all polysilicon gate
structures. A f£irst narrow spadé‘between polysilicon gate
structures 6, in region 30, is between about 0.18 to 0.22 uM.
Heavily doped source/drain regions 11, shown schematically in
Fig. 2, are next formed in uncovered regions of semiconductor 1,

via an ion implantation procedure, performed at an energy between



using Cl[err] as an etchant. After renoval of the photoresist shape, used
as a mask for shallow trench definition, via plasm oxygen ashi ng and
careful wet cleans, a silicon oxide layer is deposited, using LPCVD or
PECVD procedures, at a thickness between about 6500 to 7500 Angstrons,
using TECS as a source and conpletely filling the shallow trench. Renoval
of- the silicon oxide |layer fromthe top surface of sem conductor substrate
1, is accomplished using a chem cal nechahi eal golishinqﬁgrocedure, ?r R
using a s¥PEREiN 49 Z0KeVedat 2 dpseHotHeLs, APOUL 2B13 (K HARLS AECUF{FRy in
STl regi ops. A gate insul.ator |layer .3, _conprising silicon dioxide, is
thernalIyﬂg%%%nafékﬁﬁfcﬁ@qﬁﬂ?gpqﬁﬁggﬁ sént, to a thickness between about
30 to 50 Angstrons. Next a polysilicon layer 4, is deposited, via LPCVD
procedures, to a thi ckpass,diebres foonoxi¥R010a, 259 JuppHitedbusbag rpdieon

| ayer 4, can be doped in Situ, during deposition, via the addition of
arsine, oprphREVDi pocédures) |t AHlickiHessObetheepoblsiuti £90 t&y250 can be
deposited intrinsically and then doped via ion inplantation of arsenic or
phosphor oaagstnems, Gosiient TEOS ag otswurideqg fajlibeednbyathe odepps it Rk of
procedures, using C[err] as an etchant, are used to create polysilicon -
gate struSilicon nitmidel Jayess 13, chtadgedrnvid LEFAD ©pEEFYP| proredares.,

c.structure, or -woed--kine 7,--and palysilicen gate struc&u&ewm@rnvafggkynegﬁﬁafﬁJW-

“are forne@ti & FRiFkResy bgfween about 100 to 300 Angstroms. This i
illustrated schematically in Fig. 3. The composite insulator
iayer, comprising overlying silicon nitride layer 13, and
underlyiﬁg silicon oxide.layer 12a, will be subsequently patterned
to create the desired mask, needed for salicide blocking.
Undensified silicon oxide layer, or TEOS oxide layer 12a, exhibits
a-i;rée eEch rate in HF éype solutions, and therefore overlying
;ilicon nitriae-layer 13, supplies protection for TEOS oxide
layer 12a, during subsequent HF pre-clean procedures. TEOS
oxide 12a, could be densified via anneal cycles, which would.
decrease the removal rate of the TECS oxide layer, in HF type
solutions, however the anneal cycle would result in the device sub-
micron features, such as shallow source/drain regions,-to be

compromised.

A photoresist shape 14, schematically shown in Fig. 4,
is formed and used as mask, to remove the composite insulator layer

from region 30, exposing the top surface of polysilicon gate

Structures 6, and the top surface of heavily doped source/drain



" 10 - sem conductor substrate 1. The photoresist shape, used for
patterning of the polysilicon gate structures, is renoved using plasm
oxygen ashing and careful wet cleans. The wet clean procedure, also renoved
regions of gate insulator |ayer 3, not covered by the polysilicon gate
structures. The result of these process steps is schematically shown in
Fig. 1. Lightly doped source/drain regions;$,. shown schematically in Fig.
2, are next formed in regions of sem conductor substrate 1, not covered by
STl regi o&egionoitlbylobated| ystvearn pajyedldoon gate, scracicaresnplant at'i on
of arsenic_or phosphorous ions, at an ener bet ween about 18 to 25 KeV, at
a dose bePhOEAraBdat shanmet b4 RSt remoxadi lofc sSheogpmposiber is
next depositeﬂ, gnoi shown in the drawi n s%, via LPCVD procedures, using

t et r aet hy FOSEREEPF LAYRT RIS Aresdsof TE31eR, 40 xRofiagdhe sPPaBBELacso

e ol .the d LLi f il i.tride | BAYZ
PEOVD pr oS8aBrad instas s aceihite d ansl Ehebcom SorsabeansobRaRATY An
ani sot 1 0P igopRuF 581268 YESin et 8o 1£) ocatdd vetWedld bolys3118b"ghte ' S

used to cre S o
structure 7, and STI regions 2. The removal of the composite

= meseiEedknSulator layer,—preparing specific -&Zeg-ions--'*pdlys;iﬁecnzand 88136
for subsequent salicide formation, is accomplished using RIE
procedures. First, silicon nitride layer 13, is removed using an
anisotropic RIE, using SF; - HBr - O, as an etchant, this is
followed by the removal of exposed TEQS oxide layer 12a,
accomplished via an anisotfapic RIE procedure, again using SF, -
HBr - O, as an etchant. The use of anisctropic RIE procedures, for
removal of TEOS oxide layer LZa,.remcves all of the remaining
silicon nitride layer 13, and results in the formation of TEOCS -

cxide spacer 12b, formed on the sides of polysilicon gate

structures 6, in region 30, and on the sides of polysilicon gate
structure 7, in region 40. Referring to region 30, the first
narrow space.between polysilicon gate structures 6, is reduced to

a second narrow space, between about 0.14 to 0.18 uM, as a result

of the additional TEOS oxide spacers 1l2b. This reduction in.the

area between polysilicon gate structures, reducés the exposed area
of the heavily doped source/drain region 11, located between
polysilicon gate structures 6, and thus if not subsequently

removed, will be blocked from a subsequent salicide formation, used

[
It



'silicon nitride spacers 10, on the sides of all polysilicon gate
structures. A first narrow space between polysilicon gate structures 6, in
region 30, is between about 0.18 to 0.22 [err]M Heavily doped source/drain
regions 11, shown schematically in Fig. 2, are next fornmed in uncovered
regi ons of sem conductor 1, via an ion inplantation procedure, perforned at
an energy between - 11 - about 50 to 70 KeV, at a dose between about
2E15 to 4E15 atons/cnferr], using arsenic_of3 ghosphorous ions. A |ayer of

silicon o 12a S S E 4

t hi ckness etwe SuFe%%SE%ggﬁgsé gstflyjdggﬁsﬁ %X *%&E%&%e%o%& %_1

f ol | owed CToTeRY! | NiRI de4layer 13, obtained via LPCVD
or PECVD g?g%gﬁfges ag#é¥§ﬁilgiﬁgggabé?mgg% about 100 to 300 Angstrons.

This is illustrated schematically in Fig. 3. The conposite insul ator |ayer,
conpri sing overlying siTHe dentiviali @€ rRYSI oitBde amplacwekeriah, ng ssinelkton oxi de
| ayer 12a, will be subsequently patterned to create the desired nmask,

needed foraddtesselt, [Hmtlshoyn Sohematicadlyi incBigox§ de WJ@B}ErthF-lOI'PE@St

oxi de | ayer 12a, exhibits

shape 14, in place, a dilute hydrofluorzc, (DHF), solutlon, between
'“about 10 to goage:ts water,_to one part HF _is used to- N

selectively remove TEOS oxide spacers 12b, from the sides of
polysilicon gate structures. Silicon nitride spacers 10, are not
attacked by the DHF procedure, resulting in the area between
polyeilicon gate structures 6, being restored to the dimensions of
the first narrow space, that existed prior to the TEOS oxide
patterning procedure. A DHF, HF, or buffered HF spray, can also be
used for selective removal of the undensified, TEOS bxide spacers.
In add@tion the removal of TEOS oxide spacers 12b, was shown with
photoresist shape 14, in place, however if desired photoresist
shape 14, had been previously removed, silicon nitride layer 13, of
the composite insulator shape, would have protected underlying TEOS
oxide layer 12a, from the DHF procedure. Also shown schematically_
ih Fig. 5, is the isotropic component of the DHF procedure,

resulting in an undercut of underlying TEOS oxide layer 12a,

component, of the composite insulator shape, in region 40.

After removal of photoresist shape 14, via plasma
oxygen ashing and careful wet cleans, a silicon, ion implantation

procedure, is used to prepare, or damage, the surfaces of exposed

T A Tk



a large etch rate in HF type solutions, and therefore overlying silicon
nitride |layer 13, supplies protection for TECS oxide |ayer 12a, during
subsequent HF pre-cl ean procedures. TEGCS oxide 12a, could be densified via
anneal cycles,.which would decrease the renmoval rate of the TECS oxide
| ayer, in HF type solutions, however the anneal cycle would result in the
devi ¢ce sub- mcron features, such as shallow source/drain regions, to be
conproni sed. A photoresist shape 14, schemet4 cally shown in Fig. 4, is
f or med andhﬁé\éﬂflésdm,sqlbf¢ ARALD F@gieRfodile candsthet surfages ¢f om

ce of i con,gate structures 6, and

' 30, i t he t f lysi |
the top suPPRLEILICHR GAYS RITRAFURRS Sofitn TSSuLYing inRhaAndemens Ak
bet L LI . Si . P i Sis 14 | so. al |
Phe  enovariopeaRei St cldd' ol thn, "AGKOLRR' ke F 0RO LS pa iR iR
1 t : i i . ] g t [
CXPES 19, B £ IS ol LoD okt Sl pEBLpbn B
pol ysi | i coingatDHE loxUGhUAECBHF SoXhtibn,’ 8@l G584 2o Hendviutival okh8e from

corrpf)_sf e._._..~,exposed surfaces of .polysilicon or source/drain regions, followed
w e - mpemmeeDY-Lhe . depositica-0f-a metal -layer -16a; - sn-clr as-titanium,cobatr; e

nickel, or nickel alloy, shown schematically in. Fig. 6, using R.F.
sputtering procedures, to a thickness between about 100 to 400
Angstroms. Typically the metal layers are capped with a titanium
nitride laye;', between about 150 to 250 Angstroms in thickness.
Silicon nitride layer 13, preserved the integrity of the blocking,
composite insulator shape, during the metal pre-clean procec_iﬁre, .as
well as offering additional tziasking during the sil'icon ion
implantation procedure. If silicon nitride layer 13, were not a
component of the blocking composite insulator shape, TEOS oxide
layer 12a, may have been removed during pre-clean procedures,

resulting in the deleteriocus formation of a subsequent salicide

layer on polysilicon gate structure 8. _ -

An anneal cycle, performed using a rapid thermal
anneal, (RTA), procedure, or a conventional furnace procedure, is
emﬁ:loyed, at a temperature between about 700 to 750°C, in a
nitrogen ambient, and is used to convert titanium layer 1l6a, to

titanium silicide layer 16b, in regions where the metal layer 16a,



insulator |layer, preparing.specific regions polysilicon and silicon for
subsequent salicide formation, is acconplished using RIE procedures. First,
silicon nitride layer 13, is renoved using an anisotropic RIE, using

SF[err] - HBr - Jerr] as an etchant, this is followed by the renoval of
exposed TECS oxide | ayer 12a, acconplished via an anisotropic R E
procedure, again using SF[err] - HBr - Jerr] as an etchant. The use of

ani sotropi ¢ R E procedures, for renoval of- TEGS oxide | ayer 12a, renoves
all of theoverkiid rexmided sunfiacesdef]! ppdysiBicamdor esonreerfdraine degioms.on
of TEGCS oxi de spacer 12b, formed on the sides of polysilicon gate

struct ur esF@X qobaldyi aid@l,a0x sicked aldey bavyesn| Jyéﬂ i Ay structure
7, in region 40. Referring to region 30, the first narrow,space, between

pol ysi | i coFERARALYT, hakweens about, §00cEQ ?8°$'séﬁﬁé%r FB\AFSB%EE?QB& ween
S0t 0: Lok 8 Mo 2 bl Ladhois, “gekkeapnal JECR 05 spager s
e orEe A TR Shh YRR e o L
removed, VbbérDpidd Aeietdd W19 SpAeRE 28! | 8h81 HCAPEL | B s 14SIRGn

e oo weme - Ritride layer 13, remains unreacted,nand-ié selectively removed
using a 1:1:5 solution of NHOH - K,0, - H,O. A 1:1:5 solution of
HCl1l - H,0, - H,0, would be used to remove unreacted cobalt, nickel,
or nickel alloy. A second anneal cycle-is used to lower the
resistance of the silicide layers. For the case of titanium
silicide a second anneal, is performed at a temperature of about
850°C, for about 10 to 30 sec., while a second anneal, at a
temperature of about 750°C,.for about 10 to 30 sec., is used to
reduce the resistance of cobalt silicide, nickel silicide, or
nickel, (alloy), silicide layers. The result of this procedure,
schematically shown in Fig. 7, is the selective salicide, or metal
silicide formation, in areas not blocked with the composite
insulator shape, comprised of silicon nitride layer 13,-overlying
TEOS oxide layer 12a. The result of these procedures, again shown
schematically in Fig. 7, are that pélysilicon gate structure 8, and
heavily doped source/drain region 11, located between polysilicon
gaﬁe structure 8, and STI regions 2, do not exhibit salicide
layer 16b, while counterpart polysilicon gate structures 6,

polysilicon gate structure 7, as well as the adjacent source/drain



“ 13 - to lower the resistance of heavily doped source/drain region 11.
This is schematically shown in Fig. 4. The renoval of TECS oxi de spacers
12b, is next addressed, and shown schematically in Fig. 5. Wth photoresi st
shape 14, in place, a dilute hydrofluoric, (DEF), solution, between about
10 to 20 parts water, to one part HF, is used to selectively renmove TECS
oxi de spacers 12b, fromthe sides of polygklicon gate structures. Silicon
nitride sp s 0, ierd h r e :lLag i n_the
area bet \Aegﬁgggf)%/éi ?%%n%r%e str%??u?)é(gh&enge_:f%‘g rest%agrﬁe{'ogtghébgge"oé
di rensi onsmetatthgili&s8e NBayew sgpce, that existed prior to the TECS oxide
patterning procedure. A DHF, HF, or buffered HF spray, can-also be used for
sel ective renoval of the undensified, TECS oxide spacers. In addition the
removal of TEOS oxi de spacers 12b, was shown with photoresi st shape 14, -in
pl ace, however if desir®¥dipddthisdinyventiopehas béenl gearhiqulerilyushpwn and
removed, silicon nitrjde |ayer 13, of the conposite insulator shape, would

have prot eSPEGTERES YIS nGe Be: | e Preferredoambodimeit 5 tdexedfe. it
Al h tically i i 5 i j Sot I t .of the DHF
RS0 o SRR LA, B9t Aced 10 LR Sctmment ol e BE,
Corrpon(?nt . i9f ebB& Qﬂgp&)e?ﬂéﬂérﬁﬁlﬂ) BeChadl P eendldt rc?éﬂa%ﬁm% from the spirit

and scope of this invention.
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‘Af';jr renoval of‘_-—photc')resi st shape 14, via plasnma oxygen ashing and careful
t

we : , ton inplantation procedure, is used to prepare, or
da mﬂ’ﬂg'ﬂlﬁ"’lumrof exposed - 14 _ heavily doped source/drain
regions 11, and Y hé surfaces of polysilicon gate structures 6 and 7,

resulting in enhancenent of subsequent salicide formation, and the ability

to maintain the. &‘ZE&Q of the sub-mcron sqyrce/drain regions. A pre-netal
clean, in a DHF or in a_BHF sol ytjo from

exposed sur f adesAdRepBPYsPf iRIAF %r]@&eigi%g%gf;?‘rgpreégvo%g‘}e. aqt%?/q%% 't he
i kel alToy, oG cenekapead syTEE0R Pl td &R Bn BBE<b, PRE1SH 0f"
P ool | aydr SepceraRet RIS 200, wilfbel 1 £ AR0RAE WBrnall A D | Y

150 to 250 Anﬁa%gﬁ%giep_négﬁ%gagslflggy Caﬁaﬁéﬁﬁ‘g & BV EEod JuPF£ees ved the

Integrity of Conposi I hsu pe, during the netal

pre-cl ean proggly Gedind'Gldgith Of o IduhRidics d@siAgalring the

silicon ion inplantation pr ure. If silicon nitride layer 13, were not
a comprising the steps of:

Lt et - forming shallow trench isolation regions,-in said’ -.. -
| semiconductor substrate;
forming a gate insulator layer on said
semiconductor substrate;
forming a first polysilicon gate structure, and a
second polysilicon structure, on said gate insula;or'
layer, in a second region of said semiconductor
substrate; '

" forming a third polysilicon gate structure, on
said gate insulator layer, in said second region of said
semiconductor substrate, with said third polysilicon gate
structure located between a first shallow trench
isolation region, and a second shallow trench isclation

region;



conponent—of—the-blocking conposite insulator shape, TECS oxide |layer 12a,
may have ﬁgﬁ'memved during pre-clean procedures, resulting in the

del eterio ”Hwﬂﬂm subsequent salicide |ayer on polysilicon gate
structure Aol | e, performed using a rapid thermal anneal,

(RTA), procedure, or & cbnventional furnace procedure, is enployed, at a

t enper ature between about 700 to 750[err]C, in a nitrogen anbient, and is

used to convert titaniumlayer 16a, to titantddsilicide layer 16b, in

regi ons where the netformipgr alfourth poliysildgon gate guamtune,f aoes of

polysilicon or squrce/drain regions. For cobalt, nickel, or nickel alloy

| ayer 16a, an SAAEagatenpBpularernéayesn aBosaidobirstcvegion|af saidised,

in a nitrogen anbi.ent, to formcobalt sil,icide, nickel silicide, or nickel,

(al loy), silicPERLCRPERCERy sphbshirats, it s3igh Artdy #AlMsig-i8a8 con.

nitride spacerg_1Q, - t n silicon nitride |ayer 13 _rermnains

unr eact ed, andaﬁggs%?g'gf#gggyﬁg%%sﬁé(#%fsvf%edi £ .sgcgéﬁuﬁa%}'l%v%neqq]m -

Herr]Qerr] - : 1.5 ' . - _ ers] - Herr]o,

woul d be used tlgbfié%‘gg éﬁé&é&'eéqﬁ)gaﬁ#l% dlgiqealljldﬂ %ge]n%h IJOlatl[O%- _
region; | :

— forming lightly doped_sourde/arain regions in - -
areas of said semiconductor substrate, not covered by
polysilicon gate structures, and not covered by said
shallow trench isolation regions;
forming a first insulator spacer on the sides of.
said polysilicon gate structures, resulting iﬁ a first
narrow space between said first polysiliCon gate
structure, and said second polysilicon gaﬁé structure;
forming heavily doped source/drain regions in an
area of said semiconductor substrate, not covered by said
polysilicon gate structures, not covered by said shallow
trench isolation regions, and not covered by said first
insulator spacers; )
depositing an underlying masking insulator layer;
depositing an overlying masking insulator layer;
patterning of said overlying masking insulatox
layer, and of said underlying masking insulatbr layer, to

create a composite insulator shape, overlying said first

region of said semiconductor substrate, with the



‘or ni ckel—alHey—A-—secoend anneal cycle is used to |lower the resistance of .. -.

the silicj the case of titaniumsilicide a second anneal, is
perforn'jal | ﬂjﬁﬂ mLe of about 850C, for about 10 to 30 sec., while a
second - L rature of about 750[err]C, for about 10 to 30

sec., is used to reduce the resistance of cobalt silicide, nickel silicide,
or nickel, (alloy), silicide layers. The, fesult of this procedure,
schematically shown in Fig. 7, is the §g}e6tive salicide, or nmetal silicide
formation, in patierndingbprokceduret formingoapsecondi instdaborsspaecer,
conprised of silicon nitride |ayer 13, -overlying TECS oxide layer 12a. The
result of thesecpnprisingssaidaundenying chasiningaingulatérglayerarent hat
polysilicon gate structure 8, and.heavily doped source/drain region 11,
| ocat ed bet weerSdil \EiTste dnsydiason spacere docakadsm thejisides ofdbhaot -
exhibit salicide Jayer, 16b, while countergart pol ysilicon _gate structures
6, polysilicon BRY¥ESklIiceR gate shruckiress iReSaddaserond oregienrafn -
16 - regions, have been,ovqélaid with the | ow resistance, _salicide, or
metal silicide $33@rseBiconductor substrate, and with said secon
insulator épacer reducing said first narrow space between
e said first polysilicon gate structure, and said second
polysilicon gate structure, to a second narrow space;
removing said second insulator spacer, from said
first insulator spacer, located on the sides of the
polysilicon gate structures, in said second region of
said semiconductor substrate, resultinglin
reestablishment of said first narrow space, between said
first polysilicon gate SCructure} and said second
polysilicon gate structure;
performing a pre-clean procedure, to the exposed
surfaces of the polysilicon gate structures, and exposed
surfaces of the heavily doped source/drain region,
located in said second region of said semiconductor
substrate;
depositing a metal layer;
performing a first anneal procedure to form said
metal silicide layer on the polysilicon gate structures,

and on said heavily doped source drain regions, located

in said second region of said semiconductor substrate,



’V%iIé_?ﬁrg—rﬁVEHFTBH‘ﬁas been particularly shown and described with
referemmm]’"m; rred enbodi nents thereof, it will be understood by
t hose SR ”ﬂl”? t that various--changes in formand details my be
made wi t hout ‘deparsing fromthe spirit and scope of this invention

CLAI M5 - 17 - 1. A nethod of blocking the formation of a
netal silicide |ayer, on exposed silicon surfaces, in a first region of a
sem conductor substrate, while allowng 4f2e formation of a netal silicide
| ayer, on exjlobbs kédving said asstsal ilayersecnueacgdn af saidefiestduct or
substrate, conprising the steps of: form ng shallow trench isolation

regi ons, i n saimssbatoonspacer, sabsthet gidesr afnghe polysiAdgrnt GARtPayer on
sai d sem conductor substrate; formng a first polysilicon gate structure,

and a second gttycturesn locatedrin saidapecgrderegionaddr SRager, in a -

second regi on of said sem conductor ) .
semiconductor substrate, and leaving said wetal layer,

unreacted, on the top surface of said composite insulator

shape, in said first region of said semiconductor

- ———d e - e R i C———_ Oy R
e % . e T TR

CRETEE T -;Qubstrate} o : CEEL L
removing unreacted, said metal layer; and
performing a second anneal procedure to form a

lower sheet resistance, metal silicide layer.



substrate; form ng a ird polysilicon gate structure, on said gate

I nsul 'MMHM” ' I d second region of said sem conductor substrate,
with mﬂmﬂlm icon gate structure |ocated between a first .shallow

trench isbl dtidn segkon, and a second shal low trench isolation region;
18 - formng a fourth polysilicon gate structure, on said gate insulator
| ayer, in said first region of said sem conductor substrate, with said

{Fanch Fool at P orfBe JRefnshoF 1S SRR e TSl Mann.
substrate, noftERSBHEaS oY TECFF R tesi s 2ok &l PRV ERad e B cover ed by
sald shall ow bheashels@s2hilptfl' fESeed ot dh Bt 4 difaldiill Blwaltpcer On
about 1800 to 2500 Angstroms,. and.with the polysilicon
;;yer doped in situ, during deposition, via the ‘addition

of arsine, or phosphine, tc a silane ambient, or with the

T v e o= e ~polysilicon layer deposited- :'.-nt-r;insicaily-f and-doped via - ~ -z,

an ion implantation procedure, using arsenic or.

phosphorous ions.

3. The method of claim 1, wherein said first insulator
spacer, gpmprisiné a silicbn nitridé layer, obtained
via depositioﬂ.of a éilipon.nitride layer, using an LPCVD
or a PECVD pfogedufé, to a':hickness between about 1000
to 1300 Angstroms, with said first insulator spacer
formed via an anisotropic RIE procedure, applied to a
said silicon nitride layer, using SF; - HBr - 0, as an

etchant.

4. The method of claim 1, wherein said first narrow
space, located between said first polysilicon gate
structure, and said second polysilicon gate structure,
both coated with said fi;st insulator spacers, is between

about 0.18 to 0.22 uM.



"sai d pol ysi s, resulting in a first narrow space between
said first poI Si | | con gate structure, and said second polysilicon gate
structure; f ﬁl (uﬂlted source/drain regions in an area of said
sem conduct or overed by said polysilicon gate structures,
not covered by sai d “shal | ow trench isol ation regi ons, and not covered by
said first insulator spacers deposi ti ng an under | yi ng maski ng i nsul at or

%)%ﬂ;yi o rasRinuRuRtaRg) SRICTRIALAY WECEEN aald F Sl et o
of sai d sem §%%§5%F29@§3§s%§ak§ﬁgm?%% Fﬁm‘? vE{lonl bRt s ar o
L 09,7 Focaideptalel dosneRig  UD R Uik fotiler MhagrBg g0

insul ator layer, "on sal nsul at or space GCat e

the polysilicep gaie akt’ UChERS pethedd ALREODEIEHL UEs atoms/cm’

6. The method of claim 1, wherein said underlying masking
layer is a silicon oxide layer, obtair'i_ed using LPCVD or
PECVD procedures, at a thickness between about 150 to

250 Angstroms, using TEQOS as a source.

7. The method of claim 1, wherein said overlying masking
layer is a silicon nitride layer, obtained using LPCVD or
PECVD procedures, at a thickness between about 100 to 300

Angstroms.

8. The method of claim 1, wherein said composite
insulator shape is formed via an anisotropic RIE
procedure, applied to said overlying masking layer, using
SF, - HBr - 0, as an etchant, and via an anisotropic RIE
procedure, applied to said underlying maéking layer,

using SF, - HBr ~ O, as an etchant.



sai d sem conductor substrate, and with said second insul ator spacer

reduci ng sﬁ“m "Mi“luﬂlzuﬂﬂ space between said first polysilicon gate
structure polysilicon gate structure, to a second narrow
space; renoVing ¢ai 8 sécond i nsul at or spacer, fromsaid first insulator

spacer, l|located on the sides of the polysilicon gate structures, in said
second region of said sem conductor substra Z resultlng I n reestabllshnent
b‘ér

zfnds‘;‘é?df seodn T REPRES oE HLEER BE FREEET PRI heedhd datFad, ‘”ed
Eiﬁéigﬁr Surf & ei@%fex?ﬂéf‘ﬁ%%b*?%@“ﬁope%a%#éﬁF%%#%f%ﬁﬁ%b?%ﬁ $%é§523: ' said
or form g & T e S e M PeoShaThO T EL fean pt dls el e YO
the polysili aes®tsosh dptsiyéfflcaﬁdgaee Sgt fubeares yaPQpégaéé’&r‘gftﬂr ain

regions, |ocated in sai cond regi on of said sem conductor su strate
- said first insulator spacer, and with said second
" insulator spacer, is between about 0.14 to 0.18 uM.

e e e P e

10. The method of clalm 1, wherein said second 1nsulator
spacer is removed using either a wet DHF solution,
comprised between about-lo to 20 parts water, to one
part HF, or removed via use of a DHF, HF or BHF, spray

procedure.

l..Tﬁe method of élaim 1, wherein said metal layer is a
titanium layer, or-a cobalt layer, or a nickel layer, or
a nickel alloy layer, deposited using R.F. sputtering
procedures, to a thickness between about 100 to 400

Angstroms.



20 - whlle Ieawn sald ‘net al | ayer, unreacted, on said first insulator

spacer, E mlﬂ HI he polysilicon gate structures, located in said
second r i conduct or substrate, and | eavi ng said netal

| ayer, unreact ed on the top surface of said conposite insulator shape, in
said first region of said sem conductor substrate; renoving unreacted, said
netal | ayer; and performng a second anre24 -procedure to form a Iovver sheet

resi st ance, ilicide 2 { C wher ei n
said polysili L‘Eﬁ e&l‘?%ﬁa#ég% ]Uo#plfelx:se f%%f# Lg%]jlsél r'con ?ayer
obt ai ned usi pL.o, o 2500
Angst r ons, ﬂ%y\lﬁ 5 gb?%éﬁl con a%/%ércl ped’ ?813228%%9 %gp%m tion,
via the addi tIl.'a.?(rez:, or a nickel silicide layer, or a nickel alloy .
silicide layer, with the titanium silicide layer formed

using ‘an-RTA ‘procedure, or a conventional furnace

procedure, at a temperature between about 700 to 750°C,

St = z=WRile the. coball sn.l:.c:.de-r nickel. s111c:.de= -and-nickek= - Srimases -

alloy silicide layers, are formed at a temperature

between about 600 to 70Q°C.

13. The method of claim 1, wherein said metal layer, if
titanium is removed using a 1:1:5 soluﬁ'ion of NH,CH - H’O.‘
- H,0, or if said metal layer is cobalt, nickel, or |
nickel ‘alloy, is removed using a 1:1:5 solutibﬁ of I-iCl -

Hzoz - H,0.

14. The method of claim 1, wherein said second anneal
procedure, used to reduce the resistance of said metal
gsilicide layer, is performed at a temperature between -

about 750 to 850°C.



‘of arsine, —BT‘phUsphfﬁe—_LLLjLS|Iane anbient, or with the polysilicon |ayer

deposi ted | and doped via an ion inplantation procedure, using
arsenic or },ﬂ m‘ 3. The nmethod of claiml1l, wherein said first

I nsul at or space a silicon nitride |ayer, obtained via
deposition of a SI|ICOﬂ nltrlde | ayer, using an LPCVD or a PECVD procedure,
to a thickness between about 1000 to 1300 Angstronms, with said first

i nsul ator spacer forned via an anisotropic R E procedure, applied to a said
silicon nitride Iayer using SF[err] - HBr25.02 as an etchant. 4. The

Pﬁ Q?dpgryg: I"i"con gat e r"si*ruc u(r:bégi aﬁ sal econ +f§$§fg%lg§% on sad
R R
doped underlying silicon oxide layer, tormask the formation of
a self-aligned, metal silicide layer, on polysilicon and
silicon surfaces, located in a first region of a.
rrrmarrrmanaer oo . = SEMiCODGUCLOT substrate,“while forming:aameta1~s££ieiéem$$a%nra?ﬂbﬁ
layer, on polysilicon and silicon surfaces, exposed in a
second region of said semiconductor substrate, comprising
the steps of:
forming silicon oxide filled, shallow trench
regions, in said semiconductor substrate;
growing-a silicon_dioxide,.gateﬁinsulator layer,
on said semiconductoﬁ substraée;
forming a first polysilicon gate structure, and
forming a second polysilicon gate structure, in said
second regién, of said semiconductor substrate;
forming a third polysilicon gate structure, in
said second region{ of said semiconductor substrafé;
located betweén a first silicon oxide filled shallow
trench region,'and a second silicon oxide filled shallow

trench region;-



e - ey e e et « et e b

‘source/dra+ﬁ—+{5y4y¥9—aLe_ierned via ion inplantation of .arsenic or

phosphoro at an ener bet ween about 50 to 70 KeV, at a dose between
about 2E1 ﬁ mMerr]. 6. The method of claim1l1, wherein said
underlyin s a silicon oxide |ayer, obtained using LPCVD or

PECVD procedures at a thickness between about 150 to 250 Angstrons, using
TECS as a source. 7. The nethod of claim 1, wherein said overlying masking
| ayer is a silicon nitride |ayer, obtained using LPCVD or PECVD procedures,
at a thickness between about 100 to 30Q fngstrons. 8. The nethod of claim

1, wherein said COMDEYringha!/ERudiys IS il f¥dRihid SR AR 1api ¢ RIE

procedure applied to said overlying masking | ayer, using S err] HBr -
O[err] as an gaddaFirstndeyidnidfodaad seMicdidudier aflifsbraaip 1 ed to said
under | yi ng masking layer, using SF[err] - HBr - O[err] as an et chant .

23 - 9. The nmitkatedf betweenlsaidayerond aid isrpctider F90led shallow
trench region, and a third silicon oxide filled shallow
trench region;
forming lightly doped source/drain regions, in e e
regions of said semiconductor substrate, not covered by |
said polysilicon gate structures, and not covered by said
silicon oxide filled shallow trench regions;
forming silicon nitride spacers on the sides of
said'oolyeilicon gate structures, creating a first narrow
space between said first polysilicon gate structure and
said second poly5111con gate structure,
forming heavily doped source/drain regions in
regions of said semiconductor substrate not covered by
said polysilicon gate structure, not covered by said
silicon nitride spacers, and not covered by said silicon
oxide filled, shallow trench regions; -
depositing said underlying silicon oxide layer, of
said composite insulator shape;
depositing said overlying silicon nitride layer,

of said composite insulator shape;



space, locatedbetween said first polysilicon gate structure, and said
second pol ructure, where both polysilicon gate structures
are coat M\m ﬁ M‘m i nsul ator spacer, and with said second insul ator
spacer, i wabeout+*0.14 to 0.18 uM 10. The nethod of claim1,
wherein said second insul ator spacer is renoved using either a wet DHF
solution, conprised between about 10 to 20 parts water, to one part HF, or

renoved via use of a DHF, HF or BHF, spray procedure. 11. The net hod -of
claiml, wherein said netal layer is a<t2¥aniumlayer, or a cobalt |ayer,

or a nickel layer, O0pagtRirnlifly ¥ %lldaweﬂ%[}@(éq}n &b MW Rifae sputterl ng

procedures, to a thickness between about 100 gstrons.

12. The met hollagbr! and bf \Wadkehdaer 19 TR} aélls;ddrpld!ﬁdé%es[ e t'fbt'tan' um
suicide layer, or a cobalt silicide |ayer, or a nickel sil Q’J% | ayer, or a
ni c_kel all oy form sa:.d composite insulator shape, overlying said first
region of said semiconductor substrate, and forming
silicon oxide spacers, on. underlying, said silicon |
rnltrlde spacers, located on the sides of the polysilicod -~= ™ B
gate structures, in sa1d second region of said
semiconductor substrate, and creating a second narrow
space, between said first polysilicén.gate structufe, énd
said second polysilicon Qate stxructure;
selectively removing said silicon oxide spacer
from underlying, said si;it:on"nit;ride spacers, re-forming
said first narrovw space, located between said first
polysilicon gate structure and said second polysilicon
gate structure;
performing a silicon ion implantation procedure;

performing a wet pre-clean procedure;

"depositing a metal layer;



‘siIicidé_rayg?T_ﬁTTﬁ*the—%$taniun1siIicide | ayer fornmed using an RTA
procedurg,lm' tignal furnace procedure, at a tenperature between
about 70 Hmm’mnl”ﬂhe cobalt silicide, nickel silicide and nickel
alloy siliide kayer Ss formed at a tenperature between about 600 to
700[err]C. 13. The nethod of claim1l, wherein said netal layer, if titanium
Is renoved using a 1:1:5 solution of NHerr]OH - Herr](err] - Herr]0, or
if said metal layer is cobalt, nickel, or nickel alloy, is renpved using a
1:1:5 solution of HJ - Herr]O - HerrlpD28L4. The nmethod of claim1l,
wherein said second anngal procedure.. used t.0 reduce the resistance of said
nmetal silicide | ayer?eF °H§$’? r?re%l“?ﬁt aa%?ﬁaerpﬁe%eéﬁiﬁ %@e%&ﬂbﬁ?l 0Oto
850[err] C =125 13 T :Qfs 41S C L te ] r .ghape,
s$Erelidied, el ML 10002, 0HNENG cop At edcl o

conprising an overly i"con

oxide layer, Lo1yBSK;&8R SQEAPLEPAcLhres, and on the top surface of

heavily doped source/drain regions, exposed in said

second region of said semiconductor substrate, while said-

-2~ . metal layer remains unreacted on said silicon niteide-~ © ... - -

spacer, located on the sides of the polysilicoh gate
structures, in said second region of said semiconductor
substrate, and with said metal also remaining.unreacted
on said composite insulator shape, in said first region
of said semiconductor substrate;
removing unreacted, said metal layer; and
performing a second anneal procedure, to form a

lower sheet resistance, metal silicide layer.

16. The method of claim 15, wherein said polysilicon gate
structures are formed from a polysilicon layer, deposited
using LPCVD procedures, at a thickness between abouyt 1800
to 2500 Angstroms, and with said polysilicon gate
structures formed via use of an anisotropic RIE
procedure, applied to the polysilicon layer, using Cl, as

an etchant.



- a self aligned, nmetal silicide layer, on polysilicon and silicon surfaces,

Iocated_+4pépi+4si_ﬁeg+gn—of a sem conductor substrate, while formng a
silicide Iaﬁer on polysilicon and silicon surfaces, exposed in a

second rB Imj Hll IH conduct or substrate, conprising the steps of:
form ng |l e

shal l ow trench regions, in said sem conductor
substrat e; gromﬁng a sil |con di oxi de, gate insulator |layer, on said

sem conductor substrate; forming a first polysilicon gate structure, and
form ng a second ponS|I|con gate structup @ |n sai d second region, of said

S Onduet Ora Y HetnoF A8 dnt 05! dpbGtaeh L or bt ek, 1
flrst S!|ICOQ§ﬁ¥¢§¥%f%£%nc% IfybﬁrgngflﬁggéoHitggge 1g§89pd S|I|con’

oxide filled region;
deposited using LPCVD or PECVD procedures, to a thickness

between about 1000 to 1300 Angstroms, and patterned via
an anisotropic RIE procedure, applied to the silicon n

nitridgklayer, using SF; - HBr - O, as an etchant. * - ~-&

18. The method of claim 15, wherein said first narrow
space, located between said first polysilicon gate
structure, and said second polysilicon gate structure, is

between about 0.18 to 0.22 uM.

19. The method of claim 15, -wherein said heavily doped
source/drain regions, are formed'via an ion implantation
procedure, using arsenic or phosphorous ions, at an

energy between abhout 50 to 70 KeV, and at a dose between

about 2E15 to 4E15 atoms/cn?.

20. The méthod_of claim 15, wherein said unde:;ying
siiicon oxide layer, of said.composite insulator shape,
is a TEOS oxide layer, deposited using LPCVD or PECVD
procedures, to a thickness between about 100 to 300

Angstroms, using TEOS as a source.



afoFﬁTﬁg‘a*fourth-pa%ysiIicon gate structure, in said first region of said

sem te, located between said second silicon oxide filled
shalmnmnwmmgayf and a third silicon oxide filled shallow trench
regi on, c Ol | | y doped source/drain regions in regions of said
sem conductor substrate, not covered by said polysilicon gate structures,
and not covered by said silicon oxide filled shallow trench regions;
formng silicon nitride spacers on the sides of said polysilicon gate.

structures, creating a first narrow space hegyeen said first polysilicon

gate struct ur e andrsdinh SRSPNSE R‘-ia/ﬁh'i§PWE@f€iﬁFéé‘f&“&€éxigﬁzg%”9 heavi l'y

doped source/drain regions in regions of said sem conductor trate not

covered by saighlpiors iniicedleldbges! rdEtsdiRl dtRiposdtel edsliYatardsBapegon
nitride spacers, and not covered by said silicon oxide filled, shallow"

trench regi onsis digposited wsing WREVD yon PECVD cprocaduees ayeo, aof said
conposi te insul ator shape; depositing said overlying silicon nitride |ayer,
of said conposihicknass etwedmmhout 100 to 300 Angstroms.
22. The method of claim 15, wherein said silicon oxide
. spacers, are formed via an anisotropic RIE procedure,

applied to said underlying silicon oxide layer, using

SF; - HBr - O, as an etchant.

23. The method of claim 15, wherein said second narrow
space, between said first polysilicon gate structure, and
said second polysilicon gate structure, is between about

0.14 to 0.18 uM.

24. The method of claim 15, wherein said silicoﬁ oxide
spacers are selectively removed using a DHF.solution,

comprised of between about 10 to 20 parts water, to one
part HF, or said silicon oxide spacers are selectively

removed using a HF containing spray.

25. The method of claim 15, wherein said metal layer is
a titanium layer, cobalt layer, a nickel layer, or a
nickel alloy layer, obtained via R.F. sputtering
procedures, to a thickness between about 100 to 400

Angstroms.



- 27 -—patterning of said overlying silicon nitride layer, and of said
under | y| | ayer, to formsaid conposite insulator shape,
overI yi .mgmlllm ﬂ["ﬂ'l on of sal d semiconductor substrate, and form ng

| i con oxI de spaterss, *on underlying, said silicon nitride spacers, |ocated
on the sides of the polysilicon gate structures, in said second region of
sai d sem conductor substrate, and creating a second narrow space, between

said first polysilicon gate structure, and said second polysilicon gate
structure; selectively renoving said silH &b oxi de spacer from underlying,

sai d silicon g ! Me FPHEd Sof 'EIADMM Y whéfeih §4i8256 PP §PEgRed! OCat ed
bet ween said first polysilicon gate structure and said second polysilicon

gate struct umgstdlerdiigite d/dn,ca8 awltmimtﬁlqumreorparfor m ng
a wet pre-clean procedure; dep03|t| ng a netal |ayer;
cobalt silicide layer, or a nickel silicide layer, or a
nickel alloy silicide layer, obtained from reaction of
said metal layer on exposed‘polysilicon, or -on-exposed
silicon surfaces, -using an: RTA prdcedur'e, or conventional

furnace annealing, at a température between about 500 to

750°C.

27. The method of claim 15, wherein said metal layer, if
titanium is removed using 1:1:5.solution' of NH,OH - H,0, -
H,0, and if said me_tai layer is cobalt, nickel, or nickel
alloy, is rérﬁoved using a'1:1:5 'SOluEion of HCl1 - H,0, -

H,0.



+- 28 - performng a first anneal procedure to formsaid self-aligned, netal
silicide layer, on the top surface of polysilicon gate structures, and on
the top surface of heavily doped source/drain regions, exposed in said
second region of said sem conductor substrate, while said netal |ayer
remai ns unreacted on said silicon nitride spacer, |ocated on the sides of
the polysilicon gate structures, in said33econd region of said

"sem conductor substrate, and with sai dpgiiagy al so remai ni ng unreacted on
said conposite insulator shape, in said first region of said sem conduct or

substrat & STETCONNITRIDEC -edEOSI OXxTDE;| SAIIOIDEBLOTKING NAYERA FORCONd
anneal procedure, to forma DEEM SUBMICRON LEVICES netal silicide |ayer.
16. The method of claim 15, wherein said polysilicon gate structures are

thi ckness. between’ abort EEB0% 65500 TRAGS: Fort. hag ey husted siticiess |

gate (salicide), layers, on polysilicon gate structures, and
on source/drain regions, located in a first region of a
semiconductor substrate, while avoiding the salicide formation, on
polysilicon gate structures, and on source/drain regions, located
in a second region of a semiconductor substrate, has been
developed. A composite insulator shape, comprising an overlying
silicon nitride layer, and an underlying TEOS deposited, silicon
oxide layer, is used to block polysilicon, as well as silicon .
regions, in the second region of the semiconductor substrate, from
salicide formation. Unwanted_silicon oxide spacers, created on the
sides of polysilicon gate structures, during the pattgrning of the
composite insulator shape, is selectively removed using dilute

hydrofluoric acid solutionms.

(FIGURE 1 IS SUGGESTED FOR PUBLICATION)



——

structures fornmed via use of an anisotropic R E procedure, applied to the
polysilicon layer, using Cl[err] as an etchant. -29- 17. The nethod of
claim15, wherein said silicon nitride spacers are fornmed froma silicon
nitride |ayer, deposited using LPCVD or PECVD procedures, to a thickness
bet ween about 1000 to 1300 Angstrons, and patterned via an anisotropic R E
procedure, applied to the silicon n nitride, layer, using SF[err] - HBr -
O[err] as an etchant. 18. The nethod of claim 15, wherein said first -narrow
space, |ocated between said first polysilicon gate structure, and said
second polysilicon gate structure, is between about 0.18 to 0.22 uM 19.
The method of claim 15, wherein said'heavﬂV9 doped source/drain regions,
are formed via an ion inplantation- procedure, using arsenic or phosphorous
ions, at an energy between about 50 to 70 KeV, and at a dose between about
2E15 to 4E15 atons/cnierr].

g

9
8
{

7

2\9 ~ TN 2 — e g B
~ %F"’/.\ - ~~—\|
S T~ ™ & 2 _/-~ N
W pah
—_——
N | - S
R~ [S— —g
] ™
© g%&/"\ < © \9% =
& "\-/J\n ~ \\ (.\2

FIG.
FIG.



20. The nethod of claim 15, wherein said underlying silicon oxide |layer, of
said conposite insulator shape, is a TECS oxi de | ayer, deposited using
LPCVD or PECVD procedures, to a thickness between about 100 to 300
Angstrons, using TECS as a source. - 30 - 21. The nethod of claim 15,
wherein said overlying silicon nitride |layer, of said conposite insul ator
shape, is deposited using LPCVD or PECVD procedures, to a thickness between
about 100 to 300 Angstrons. 22. The nethod of claim 15, wherein said.
silicon oxide spacers, are forned via an 2ffi sotropic R E procedure, applied
to said underlying silicon oxide layer, using SF[err] - HBr - O[err] as an
etchant. 23. The nethod of claim 15, wherein said second narrow space,

bet ween said first polysilicon gate structure, and said second polysilicon
gate structure, is between about 0.14 to 0.18 uM 24. The nmethod of claim
15, wherein said silicon oxide _
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‘spacers are selectively renoved using a DHF sol ution, conprised of between
about 10 to 20 parts water, to one part HF, or said silicon oxide spacers
are selectively renoved using a HF containing spray. 25. The net hod of
claim15, wherein said netal layer is a titaniumlayer, cobalt |ayer, a

ni ckel |ayer, or a nickel alloy layer, obtained via R F. sputtering
procedures, to a thickness between about 100 to 400 Angstronmns. -31- 26.
The net hod of -claim 15, wherein said self-aligned netal silicide |ayer, is
atitaniumsilicide |ayer, or. a cobalt silicide |ayer, or a nickel silicide
| ayer, or a nickel alloy silicide Iayebléﬂnajned fromreaction of said
nmetal | ayer on exposed polysilicon, or onexposed silicon surfaces, using
an RTA procedure, or conventional furnace annealing, at a tenperature

bet ween about 500 to 750C. 27. The nethod of claim 15, wherein said netal
| ayer, if
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‘titaniumis renoved using 1:1:5 solution of NH err]OH - Herr]O[err]- -
Herr]0, and if said netal |ayer is cobalt, nickel, or nickel alloy, is
renoved using a 1:1:5 solution of HO - Herr]O[err] - Herr]O.
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