it [1 APR 2f,4 A METHCD TO FABRI CATE A DOUBLE- POLYSI LI CON GATE STRUCTURE FOR
A SUB- QUARTER M CRON SELF- ALI GNED- TI TANI UM SI LI Cl DE PROCESS FI EL GAPH-RI04
| NVENTI ON This invention relates to the fabrication of integrated circuit
devices and nore particularly to a nmethod for mnimzing the |localized
mechani cal stress problens that can occur when silicided pol ysilicon
gates are used to fabricate narrow channel CMOS devi ces. BACKGROUND OF THE.
| NVENTI ON AND PRIOR ART In order to neet higher and higher chip performance
(speed) and density objectives, for the subm cron era, |ncrea5|ng

HEBH}%

attention had BE rf%cF@aRmmm GOUBIE+@OL YSI€ COR0 bR sTR R BRE rcgé,gppl ies
to multilevel inter ggﬂl as to the nore Iocallzed eV|
connections and deV| ce 1N erc 8ot S AL YFNER T HANIRM, S IEIEBPE RROOESS hi S

i nvention. As device dinensions progress down into the sub-quarter- mcron
regime, the performance benefits of continued shrinkage will 1 s 1.14 APR
200# not be fully realized unless device contact resistance and | ocal
device interconnect line resistance is continually reduced. Historically.
such reductions have resulted frominnovative ways to | ower the sheet

resi stance of doped polysilicon layers, while still retaining the benefits
of polysilicon gates and | ocal polysilicon lines. Sone of the benefits of
pol ysi | i.con Falidt OF HEiEe IDammIand continue to be: (1) Well controlled FET
devi ce threshol d vol t ages,

This invention relates to the fabrication of integrated
- ©ircuit devices and more particularly to a method for minimizing the
localized mechanical stress problems that can occur when silicided

polysilicon gates are used to fabricate narrow channel CMOS dévices

BACKGROUND OF THE INVENTION AND PRIOR ART

PN

In order to meet higher and higher chip performance (speed)
and density objectives, for the submicron era, increasing attention
has been placed on interconnect technology. This concern applies to
multilevel interconnects as wéll as to the more localized device
connections and device interconnects, which are the subjact of this

invention. As device dimensions progress down into the sub-quarter-

7 micron regime, the performance benefits of coentinued shrinkage will
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1 e¢d as gate electrodes and (2) the ability to be rea
:‘Ng(ranpﬂfrposes gf el ectrical insulation. However, since the advent 'Jf éﬁg 2004

sub-mi cron era, the interconnect delays, associated wth polysilicon have
becone too large, relative to inherent device swtching tinmes.

i LN r I lLygaddressed this problemby using
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i ncl udi ng Li ghtd yoDepededy 8hik become too large, relative to inherent device

‘ switching times, Accordingly, the industry has largely addressed this
problem by using refréctory metals (sﬁch as: Titanium, Ti, and
Tungsten, W), in conjunction with polysilicon, in order to form
silicide layers with resistivities at least 20‘times lower than that
of highly doped polysilicon. Currently., such silicide layers

(polycides) are a basic building block in eveolving implementations of

the Self-Aligned Silicide (Salicide) Technolaogy.

In a typical salicide device structure, a gate oxide layer and an

overlying polysilicon layer are first patterned intc gate regions.

S

The gate regions are then covered by an overlying oxide layer and
then subsequently etched back, anisotropically, in order to form
- eXposed source-drain regions and exposed polysilicon gate regions
that are self-aligned and laterally separated by rounded oxide
spacers on both ends of the gate. Following an ion implahtation step
for doping the source-drain and polysilicon gate regions, a blanket
layer of Ti, for example, is deposited and then thermal}y'reacted in

order to form Titanium Silicide, TiSi,, on gate and source-drain




'(ILDD), tc., derivatives thereof, has been a key driving force beh.iﬂdAP F
.current manufacturing efforts for high-speed CMOS devices. To cit: jL&lzﬂ%
few reasons, it has been very successful. in terns of providing the | ow
resistivity gate and source-drain regi ons needed for high, speed signal
propagati on, relgidks.r efainh .very desirable threshold voltage control
and oxi di zabl e aspects of - ngé;gil?é?%%'ﬁ‘f PERethsr spagers.- edehndisoghenhas run

i nt o probl enshesicdé iy cemoeddrensi ons have continued to shrink into the
sub-quarter-mcron range. For exanple, TiSi2 exhibits aline width effect
due to the Kkinetic restriction inposed on the C49-to-C54 phase _
transformation By 5] Kidng. polysilicon gate lengths. This results in

i ncreased gate ~ sheet rgis(isrsg?:él%%E BEPHe JatedandibhtlycPemsieBraikhe r eason
for this is (KMt éuar..tderiChdives RRAUID B 33c) N8 A Y5 4l ain_si ze becones
comparabl e with the gate |engths, These nucl eg{)iaoﬁ?y sdirt“é’g‘gaf‘émeegg@ﬁﬁi ally
CA9-Ti Si z t r PP ERhrRRR Rt ebBortet fdrakigH-spedieemo aserosed ftpg&teas the
gate length ¢ tg%%sréaoso shr.ink, the increased |ateral stress dué to the
spacers on the narrow  gates &M PBRR ¥erY Gumessshnl f onmersis| i de | ayers on

t he gates. |provadidigt R, 10w OhdS sthAN ' served in. TiSi2 filnms formed on
highly BF2 - jnplanted pol ysisl i c%]%%ggeas@nsé%l?ed{fé”?omﬁlwmﬁ on of

factors, suF Aigh-(3peedesistadl prophgetaon) egutd irggaﬁnrigﬂﬁgt@:g,e spacer
n

effect etchjag ) t effects, (3) line width effects d (4)
Increased 3 Y lﬂab% Rﬂ%ggo daf’%{t&ﬁesci"ing’s"%l 6Rd i d rebdatapecherpr esent

invention adelpssdect hese
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However, this technology has run into problems as device

dimensions have continued to shrink into the sub-quarter-micron

range. For example, TiSi, exhibits a line width effect due to the

kinetic restriction imposed on the C49-to-C54 phase transformation by

shrinking polysilicon gate'lengths. This results in increased gate

sheet resistance as the gate length increases. The reason for this is

that for the C54 - polymorph as the C49 - grain size becomes

comparable with the gate lengths, These nucleation sites are

essentially C49-TiSi, triple grain boundaries.

e

It has alsc been observed that as the gate length continues to
shrink, the increased lateral stress due to the spacers on the narrow
gates contributes to non-uniform silicide layers on the gates. In
addition, voids have been obsefved in TiSi, films formed on highly BF,
~ implanted polysilicon, presumably due to a combination of factors,
such as: (1) Residual polymer resulting from nitride spacer effect

etching, (2) Dopant effects, (3) line width effects and (4) Increased




iti A dressed by the preseht
| ! In addition to the above problens, ad _
Pﬁsgkfrﬁn shrinking device di mensions have also resulted in a nyﬁuaApRgﬂu
ot her problens t hat have been addressed in the prior art. As deV|ce_ tancés
di nensi ons have continued to shrink, even the nuch |lower sheet resis

' ' il f or mance
i1Si2, r e ope olysilicon,. have becone a per
IOT mT!t 2!“ on agée%fha;iss %ssgn‘gncglggl Waé% Saddt PEFRANT InvRBYieni eddrkesed whédier

i i i found that the sheet
ucti ons | prskiesk.r esi stance. It has been _ _ _
:ggistance of a silicide can be further reduced by using an ion inplant

process to anorphize the polysilicon layer. prior to formng TiSi2. It

' [ ilicides can provide |ower
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) become a performance limitation and this has necessitated additiconal
¢ X i . ,
innovation for further reductions in sheet resistance. It has been

found that the sheet resistance of a silicide can be further raduced
by using an ion implant process to amorphize the polysilicon layer,
prior to forming TiSi,. It has also been found that' cobalt and nickel
silicides can provide lower sheet resistances than that of Titanium
silicide. However, such innovations have alsc been found to have

their own problems, which have been addressed in the following patent

by Wong. et, al.

U.S. Patent 5,731,239, to Wong, et. al., teaches an improved and
{ simplified method for lowering the sheet resistance of gate
‘ electrodes by means of a pre-amorphization ion implant, prior to
titanium silicide formaticon, as well as by the use of cobalt
silicide. A self aligned additional insulating layer is used to mask
the source-drain regions during the ion implant process for ﬁrew
amorphization of the gate electrode. A Chemical Mechanical Polishing,
CMP. process is used as part of the process to form the

aforementioned self aligned insulator mask, which saves a




" phot ol it'hography step. This invention, however, does not address the above

mentioned stress problems, associated with narrow salicide gatesjz PR 2004
conventional salicide process technol ogy, described above, is also prone
to so-called trenching problens that can becone nore severe as device

di mensions g tho?nﬁil her. ri ng the anisotropic etching that is used to
form the pol 3’& PESROITTRE HPBctdaeinvenkica . koweger i dheshoperidresd ithg t he

surroundi ng tihi . 'dgi I he source drain regions wll
~eventual ly beIBFgE; %%%@1%&% a%%ﬁltlggi,eg@&ﬁﬂ'f“??gﬂﬂ}ht BHcRBsSa ifddehod to
avoi d the aba@weees.trenching problem A T-shaped polysilicon gate is used,
whereby the outer w nged-portion of the T-shaped gate is resting on a
thi ck insul at ot FHEFAtHTEL $Hdcigrl erbsdasytetmbbey .| deoveibedpabieGt o4l

during a subssgyshi- i sot i€ etch back step which foans the gate.
During the sarrelll’et ch ba?: tcé?i;eﬁi,c_ r PSS ngﬁf&%er@aér‘é“f BPFREg Berter t he

wi nged edges seferehas Heshapatngdlions hBe Sl 841 AP tRPAEEIS PP O
prevent bri d%i%g bet ween the gate and source-drai n“regli ons At ter t he
eventual sui CFHERP orifdt 1DHsed 8. f@imtke tthbySils bapedtgat echiase Mdhere i@l at i ve

vertical and, r rface area for salicidation, it should help to
reduce str esas'.ﬁ%mﬁv@?&?ﬁ%%%éﬁ%%@ﬂ“%%zéhaF giteregde s eerorth- shaped
gates i s notsaeapaidabh erstibl S| ULIGLI98 AN o Lithes for most
sub-quarter-m cron needs. U S. Patent q%gégﬁc?mefio Boardman, et. al., also
teaches a nmethod for inproving the performance and reliability of CMOS FET
devices, using Self-Aligned Silicide (Salicide) Technology. As in the case
iof the above patent, to Liu, the concern over plasm etch danage to 5

U.5. Patent 5,688,704, to Liu, teaches a method to avoid the above
trenching problem. A T-shaped polysilicon gate is used, whereby the
outer winged-portion of the T-shaped gate is resting on a thick
insulator. Therefore, the underlying surface is well protected during
a subsequent anisotropic etch back step which forms the gate. During
the same etch back step, rectangular spacers are formed under the
winged edges of the T-shaped gate. These rectangular spacers help to
prevent bridging between the gate and source—drain regions after the
eventual silicide formation step. Since the T-shaped gate has more
relative vertical and lateral surface area for salicidation, it

{‘ - should help to reduce stress. However, the increased device area
required for T-shaped gates is not compatible with shrinking design

rules for most sub-quarter-micron needs.

U.S. Patent 5,196,357, to Boardman, et.al., also teaches a method
for improving the performance and reliability of CMOS FET devices,
using Self-Aligned Silicide (Salicide) Technology. As in the case of

the above patent, to Liu, the concern over plasma etch damage to




0,4 APR ‘M surroundi ng source-drain regions, during the conventi onal
formation of the polysilicon gate electrode, .is addressed. Al soff giAPR Z0
to the above patent, to Liu, a T-shaped gate is also used. Again, the
greater vertical and | ateral surface area of the T-shaped gate would tend
to reduce the stress problens addressed by the present patent but the
associ at ed i FUFEREEINE SPPeee-draia negilods netuirbey chemabiditeonilt Borshiinki ng

desi gn groundgeryle IMVARY THE .| NVENTI ON A principl e objective of +the
present invention cs)hf%g prolﬁv?%‘ 3re‘:té‘f3|\-l¥%'ctlﬁv‘%idé‘ﬁ%ﬁeﬁarﬁ}ﬁaetﬂimélﬁ:etmstlhod to

fabricate a dbed eat@alysd Lic0n TOMSed St €10 QLA gUb-- qugrter mcron
self aligned titanium silicide procéss, over a senicon TR or bstrate
Anot her obj eB8FfaféTrorenthealyped dateraly entfaes drat OF REOVI-GEa 2R géﬂ@&?yﬁd

nmet hod to veg&{dc%l% 'ugcrtglase t he pol YSi | con gate surface area, fo
salicidation, 1n order:tocprovraeriRlsspriiregseebhodet pressot yattie
difficulty obuth@Re Wishe{ [ o 0 rrow. silicide ol ysi licon gates.
6 14 APR 2Q04 Anot her obajmggtiiﬂ\fgé%f&dt ﬁ%ﬂ%’feeseﬁtw‘?‘pﬁe‘fﬁti g‘?’l qp°§‘Pi‘tdhb’Pd‘VitHe a
met hod for #skimndasizongrdund takeral stress of a silicided polysilicon
gate, by means of using a double polysilicon process for increasing the
vertical area of the gate electrode for silicidation. A further objective
of the invention is to decouple the source/drain inplant and gate inplant.
The need for the ultra-shallow junctions results in very | ow energy

i nplants, which may lead to

SUMMARY OF THE INVENTION

A principle objective of the present invention is to provide an

effective and manufacturable method to fabricate a double polyéilicon

gate structure, for a sub-quarter micron self aligned titanium

silicide process, over a semiconductor substrate.

et

Ancther objective of the present invention is to provide an

improved method to vertically increase the polysilcon gate surface

area, for salicidation, in order to provide an improved method to

solve the difficulty of non-uniform silicide on narrow silicided

polysilicon gates.




poly-gate depletion effects. This is especially true for the sub- quarter

m cron .generation of CMCS devices. Another objective of the presqrg APR 2004
invention is to provide a ..nethod for avoiding polysilicon gate

processi ng-i nduced nechanical.-stress problens associated with the
fabrication of narrow channel self-aligned-silicided (salicided) OCMOS FET

devi ces, conpr asdthgrt b1 eet BRSoPftheapresohitliingertibh it té Holidd A0méthvar to
protect surface of a first- polysilicon gate, forned over a sem conductor
substrate, fdardiwy mirimeitng thpiloteralhprrpsst e af otlitided pgliidéceml |
spacers; b) using said fifst_ insulat ilng Il%e{. to sel ectiveI%/ prevent | the
formation ofSekesii BFAPE PLFEINGA ERPLE PINTE 6P SHPGSTT FOF “§§F§/§’i”|9i con
gate, Wil bl bdreh OL1Taila Bef tied babh leh 6o iOat 340! sicidiilibl e sour ce-drain
regions; c) tormng a second polysilicon gate on top of sald first

pol ysilicon gate; and d) form ng a second silicide |ayer on a surface of

said second polfysi | icon gate. Yet another objective of the present

invention is td FUSERRA QRISEYYQECERY dRVERYEAD ST B dRFOREIRZ Py mechani cal
stress, in 0 a e ' L| iG] F [ - |.Si ng
the steps gg%ﬁ&g\&%@iﬂg)ﬁ&g&eﬁ%ﬁ dﬂig'flﬁllfgf%dn% gtﬁlgnlgﬁ gy%{r%rig\%&ér a
first bl ankguncyiehystdsult ihayaty, 1dwet@gyougilants.ewh tnaay tlead stbst r at e,

whereby said first insulating layer_ will tenporarily remain after the
poly-gate depletion effects. This is especially true for the sub-

guarter micron generation of CHMOS devices.
Another objective of the present invention is to provide a
- method for avoiding polysilicon gate processing-induced
mechaniéél-stress problems associated with the fabrication of
narrow channel self-aligned-silicided (salicided) CMOS FET

devices, comprising the steps of:

a) forming a first insulating layer to protect surface of a
first polysilicon gate, formed over a gemiconductor substrate,

during an anisotropic etching step for forming side wall spacers;

b) using said first insulating layer to selectively prevent
¥
the formation of a silicide layer on the surface of said first
polysilicon gate, while still forming a first silicide layer on

active source-drain regions;

¢) forming a second polysgilicon gate on top of said first

" 'polysilicon gate; and

d)} forming a second silicide layer on a surface of said

second polysilicon gate.

Yet another objective of the present invention is to
provide a fabrication method for minimizing mechanical stress. in
narrow channel self-aligned-gilicided FET devices, comprising the

steps of:




first blanket polysilicon layer is etched to formfirst polysilicon gates;
b) form ng a second insulating |ayer over the substrate and etchiyg Rﬁ.{»%
second insulating layer to formspacers on side walls of said fi rst 004
pol ysi-licon gates, while said first insulating |ayer remains on the top
surface of said first polysilicon gates; c) formng a first silicide |ayer
on a surface of active source-drain regions, while using said first
insulating layer to prevent silicide formation on the surface of said
first polysidi depogjdtieg; a djimé¢ponsulardng basondvet ankdrspdbipsikeicon | ayer
over sallﬁﬂygmcsorp%yéfl | £ORGaRS al QeRE SRS ERbLY M Anahizag, and used

to formsecond polysilicon gates over said first polysilicon gates; e)
et chi ng 936 §&ehdnBradkiag SBY?%l‘THléo’HETPWé‘Flibrr%‘@FH ake&@oRbcpol ysil i con

gat es ang fshepr dyi 591;asﬁtieeﬂd1a%lérl ¢hdecdrveto Rikmsaigssecond pol ysilicon
gat es; d% depositin pl anarizing a third insulating |ayer to be used

as an i C&VSF%JV/{%CIH @‘gé?%ctrl c. g) etching said interlevel dielectric to form
first contact holes, down to the surface of said active source-drain
regions and ﬁal d second Sili and @V form i ng, contact st uds in

said first contact"Hol 8% eﬁ 1553\45%/%021 e SE e Bb Bt Ves Are “achi eved by

a fabri cstdhdng netilfodeford insulating layer to form spacers on side
walls of said first polysilicon gates, while said first
insulating layer remains on the top surface of sald first

polysilicoﬁ gates;

¢) forming a first silicide layer on a surface of active
source-drain regions, while using said first insulating layer to
prevent gilicide formation on the surface of said first

polysilicon gates;

d) depositing a second blanket polysilicon layer over said
first polysilicon gates, to be subsequently planarized and used
to form second polysilicon gates over said first polysilicon

gates;
e) etching the second blanket polysilicon layer for said
second polysilicon gates and then forming a second silicide layer

on said second polysilicon gates;

f) depositing and planarizing a third insulating layer to

be used as an inter-level dielectric.
g} etching said interlevel dielectric to form first contact
holes, down to the surface of said active socurce-drain regicns

and said second silicide layer; and

h) forming contact studs in said first contact holes.

TA




m ni m zi ng mechani cal stress in narrow channel self-aligned-silicided FET

devi ces, conprising the steps of: (a) depositing an insul ator on ﬂ4APR 2004

pol ysilicon gate |layer for the purpose of tenporarily protecting the

pol ysilicon surface during sone early process operations, where the

pol ysilicon surface would normally be exposed; (b) using an insulating

Jayer to protect the surface of a polysilicon gate during a dry etching

step to form sHhiser Sbisctjvass prry aghidwesubrari faprlicyEiontmethpd efeent  t he

silicidation.of-polysil gco.n gat es, during the silicidation of source-drain

regi ons; (d) Fo¥ ﬁ% &SGR TFOPF iR, dthenel eopf il igned-pilicided

pol ysi | i con rgatviéd). ebhpriBetd @RI Mps Sick i 6)daL %}e- upper

polysilicon |ayer of the doubléce pol ysF?i con&hs'?éaﬂcci(%?t%?l’dE fl)nsgg?)%oéﬁ ?ng an

interlevel @& B¢lgsiiiaen gaulel duwod Byr tha pultpbes oAncdmparirdtyiprgtedeidg down to

the source- ¢y ai rélasnﬂigate rg%i ons_. of the conpleted device. 7B 14 APR 2004

The present ‘T hvent T on pt SV RS QUHEEnSHFer BT YoPRACRES tRETHYisBE eibste

non- uni f or mesd Igotisias coRdrkaleeh@dl1 aShéns1y 38S85aL8d W thLforing narrow

silicided polysilicon gates. If the vertli;c%l g%{ilgg%ﬁ'r f(éieﬁélfl atis

relatively 3prulptings lpyert ke mratectfithe cvéatd onal psbydilatdgete dsirligi ded

pol ysilicon, qﬁ&eef%‘gndes\éi ces, . the stress gradients between juxtaposed

sui ci de and” polySTTT con Fggifoorﬁgn%lfpmris’a i BRAREpDR dacuipitias dfgrespecer

regi ons CanprdteROMheXIes taton RAT Fbﬁ}é‘i_ Idok, {;é)cfest,h& i?gsﬁe()f

sub-quarter-mcron gates. Mst dielectric filns use r spacer

appl i cat i on¥ldFddatdpoift eenmmietdragonpradons v dd ptivesing hosedthndi pulzeifidnm

del ami nati g Ther.ef or result, the spacer will always exert a

¢onpr essi ve&étfrgehsst%%n fgat ﬁirspo?@gﬂj}%% Hate. (UsPHy performing

) Silici@ation on the upper polysilicon layer of the double polysilicon
‘stack; and (f) depositing an interlevel dielectric, followed hy via
holes and contacting studs down to the source-drain and gate regions

of the completed device.
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the second poly layer, wi thout a spacer. will elimnate this spacer

it I's i ' | so provides q,fnmgﬁ%bé
' ' | stress. In addition, this invention a |
![(r;dggfa\clles![ﬂgvvalml ysilicon gate depletion effects, due to the | ow energy

' [ i on, by decoupling the
implants required for-ultra-shallow junction formati y

i [ bove
CBred b Ad i . The .Present |nvent|on.solves the a
S?E& eﬁgdbiou[)r i m?ﬁé&f‘ %”?Jr%?%%& RGPS VePethod) fayupeluieg avheapadblih e r

SI . 5 |
Dby ot o Hounl e pol o L o e e e ey Femansat ur es:
icate a double -polysilicon ga ure.
Ei?r :\Io spacega i nd%’cléﬁl‘g‘fdr Bsbridfcamhpatesp Bt hhe 0Rr§MA, 52 sfface 8 The

' ' i dyced silicide sheet resistance,
re- anor phi zgad ir@Nat ihap 1§ 0r.gr e L A
gbi lity to increase tkgﬁ\gatera s&ﬁ?aﬁ?@ e gonvestiwdal séif abigag

. oo . ¢ onl

The Top of the seoond pol el fate FEL 01 Eed MU 5l sl ipatuceiumn (6
f the secaond polysilic¢ _ 10 _

Eggoutplogong of *ERPSFuF e eiaiand | ppyeiitichi Rythe gateri QY g{r}}%ﬁag’\gg?

&0
8 14 APR
[ ilicon gate layer with thehlnt
Izggldfagf Ielngctér&?késﬁaﬁ%ac% !%e;qlggs £38ePHCoRe isgRethivas ulaatiag afBs eort Qepr Ot ect

' used to dope
Lhe gates. degener ately. B ek BescH BT CKE G THE BRAES Yavdt her
the gates degenerately. | oA e : ption there is
ey PR s o g omi et TR L1 L2

B -1 . Fi gs.

shown:  Fi g8 s indiQ 1€11ﬁ”&£1aﬁ[ i 8P 8¢ enssdivenhe Gpabde wily
in cross-sectiona? represe ?%?iBH ghgﬁgb f € d e =pa "
always exert a compressive stress onto the polysilicon gate. Using

the second poly layer, without a spacer, will-eliminate this spacer

induced sidewall stress.
In addition, this invention also provides a methed to solve the
polysilicon gate depletion effects, due to the low energy implants

required for ultra-shallow Junction formation, by decoupling the gate

and source-drain implants,

The present invention solves the ahove rroblems by, primarily,
increasing the vertical surface area of the polysilicon gate
electrode. This is accomplished by a new method to fabricate a doubls

. polysilicon gate Structure. This new methad features: (1) Mo Spacer
induced stress for the top silicon gate, (2) & Pre-amorphization
implant for reduced silicide sheet resistance, (3) The ability to

increase the lateral surface area, as well, by using an optiomal T-
shaped second polysilicon gate layer, (5) Silicidation of onlf the

top of the second polysilicon gate layer, for stress reduction, (6)
Decoupling of the Sourcesdrain implant from the gate implant and (7)

Implanting the second polysilicon gate layer with the inter-level




priocess, of the present invention. which features a relatively high stud
shaped second polysilicon gate electrode. Figs. 12b to 15b schenatitleIRyzum,
illustrate in cross-sectional representation an alternative preferred
enbodi rent of the process of the present invention, which features a
T-shaped secopd gtol.¥s%1 icon . gate el ectrode. Figs. 12c to 1l4c

schematical |y i FPOEEF at B0 A dpE s acvrlifonkigned dppekitatrach, ap peetiekt onal
alternative pihef - i rocess of the present invention,
~which features ﬁ‘fﬁ%ﬁ?ﬁ?gﬁ"%ﬁﬁ‘s giﬁﬂ%gﬁﬁtfﬁﬂg?ﬁteéa%aﬁ%e figplanse wrefli o ti on
and the sel f dgbe gihedgatsis| degedaidtedyof a rel atively short stud-shaped second
polysilicon gate electrode. 9 14 APR 2004 DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS It is noted that. the follow ng preferred enbodi nents and
associated figures will be presented in a way that can be generically
applied to the fabrication of both the N channel and the P channel devices
on a CMOS integrated circuit chip. Referring now nore particularly to Fig.
1, there is shown a portion of a partially conpleted integrated circuit.
There is shown a sem conduéRbY DESMESPTHNEOR THEt BMIENGE O represent a
conventional ion inplanted Nwell or P well region, in which an eventual
CMOS " narrow channel FET will be formed. Al so shown in the sub-surface

region of sal tkubsdccapnydng A8wife Shall ench Jsalation, STl . regions
4 that will be used to el ectri CEI% isolaar?ag%%%lg%gﬁér?t?u 1SFE‘75.CIPB#J@“H ng to

Fig. 1, an WRAEPI{# ®§o%t:ack consisting of a gate oxide layer 6, an
overlying |
{ -
Figs. 1 to 11 and Figs. 12a to 15a and 16 schematically illustrate
in cross-sectional representation a preferred embodiment of the

process of the present invention, which features a relatively high

stud shaped second polysilicon gate electrode.

Figs. 12b to 15b schematically illustrate in cross-sectional
Tepresentation an alternative preferred embodiment of the process of

the present invention, which features a T-shaped second polysilicon

gate electrode.

Figs. 12¢ to 14c schematically illustrate in cross-sectional

A

Tepresentation an additional alternative preferred embodiment of the
process of the present invention, which features a simplified CMP
endpoint-related means for the definition and the self-aligned

gilicidation of a relatively short stud-shaped second polysilicon

gate electrode.




[ il | [ lying silicon nitride
- fr lysilicon layer 8, and a still further over _ _
f:aﬁ 5)8 iys’then for?/red. Said gate oxide 6 is a thin thermal oxi (bie4 Apg;@?#a
typical t hi ckness range of about .25 to 30 angstrons, that is subsequ rovle
nitrided. A preferred gate oxide thickness. of about 40 angstrons is g

i I i . typi cal tenperature range
inadry followed by a ~anbient. at a
of abou%/ 800 to 1000 d%%'r%g%@o@\é\% ¥ SEE FRREDAEMEOPBENGE of about 1 to 3

. : itridation process can be performed at a
m it es. oai d_subsequent nlggb to 1008 degrees centigrade, in a nitrous
t enperature range of about oY . . : 1. said first
oxi de ( N20) e gt noterksithay. he RBALowiSli ﬂ:}l‘efgﬁff{ um;ﬁ&aotf%' fhd S Ur e
U . ited, by neans :
ol ysilicon r 8.s preferably deposite h ess
gh'em' cal Vapgosrgx%c?tfﬁ %15 4L bdisorTasested iIPQVBayY thatacdny pi GRhetitiat ki

okt i, ferred thi ckness of about
of abagbiidAQ0 {H 2309 @E&%ﬁtét‘”ﬂét Wit a, or e i cxness
rlg(r)lgeangst rol!rr,g Cont i Ui ng to rerer toFi g.ehhl,c gﬁ’?ﬁ'} B g i Fhghannelcon

1 i i i - i 450 to 550
itri Vid® pe & P0S dhbygrateaiteud bhifkRessof, aboyl. 450 50
glnzgglt (rjgmsl a\)/?n'erp ref Séqrﬁ"jr ed t hi ckness of about 500 anggst rons. Said nitride

S ' i el yi i lysilicon
isP m@ég? ERcrFal Ty theramis ovhowmi a pantten! yf ROpafiiksty pol y
: ?y/g éoblysﬁgﬁéyp&gteé izf@eéﬁ@éﬁ) &&Qg&ss Ref erring now nore pa}crtl culjarl y ;iod
Fig. 2, conventional masking and pl gg?‘i? é?c”ﬂ‘f’%ﬁ_ | §e‘. FFG’\ﬂﬂt ‘ﬂ)‘é’lrm)ir rrpcoﬁnl Zyer 5
stack, consPetdtmgtef2 satchdedid slareba¥ela dbhveiR|dhahi /S i r@i#?%‘%#"&%]tle yer

i i i formfirst po
and said gate oxide layer 6, in order to
S8 eEf o

The gate ox' 85°Tan L tbch ropeveattiel (WDS chirsok cBaiidnOFSE 6P S used

i R i de. [ i . A Brom ne based
to renove Ed&okRaRi mél;gsgg,)mdqnf{h%mséhh_esua tive regions

( riace region of said substrate 2

{(HBr) are the Shallow Trench Isolation, STI, regions 4 that will be used to
electrically isolate said eventual FET. Referring to Fig. 1, an
overlying stack consisting of a gate oxide layer 6, an overlying
first polysilicon layer 8, and a still further overlying silicon
nitride layer 10 is then formed. Said gate oxide 6 is a thin thermal
oxide, with a typical thickness range of about 25 to 30 angstroms,
that is subsequently nitrided. A preferred gate oxide thickness of
about 40 angstroms is grown in a dry followed by a partial wet
ambient, at a typical temperature range of about 806 to 1000 degrees
centigrade for a duration of about 1 to 3 minutes. Said subsequent

¢ nitridation process can be performed at a temperature range of about

e

900 to 1000 degrees centigrade, in a nitrous oxide (N,0) ambient,

using an RIA.

Still referring to Fig. 1, said first polysilicon layer B is

preferably deposited, by means of Low Pressure Chemical'Vapor




“pl'asma et ching -chenmistry is typically used to formsaid first ponS|I|con
gate 12. An overlying thin TEAS. Sine liner 14 is then blanket dep Aﬁa

to a thickness of about 150 angstrons- to reduce overlap capaci tan@g R 2004
this stage Low Doped Drain, LDD, regions 16 are fornmed, by neans of
conventional masking and ion inplantation processing. Referring now nore

parti cul ar o .Fig an overl | i.can n|tr|d l.ayer osited
Po & typ, dgbe ?H’rlé’ﬁ‘ners‘gc@r s%mvfiﬁ% Ehiioes Snge, 75 A RNEL 10,58 TR0g

Si,, layery ?@an@e 1%\:' ? :lﬁuﬁl!mké&%c%% ék%@&?éﬁ“ a3gs¥iirs.as for a
protective Capping | ayer prevent eventual silicidation of said
first polysilicon gate 12. F@ferrlng now nore particularly to Fig. 4,

plasma etching is used to formthe aforenentioned nitride spacers, 20 as
wel | as the @qnﬁlmlwﬁwveﬁe%ﬁer%ntlkoﬁféd ﬁW?ﬁ%éSc@ﬂlzenthtréﬁeof sai d

f t I I t t 1 aj .d. f bly f d,
usi ng 61 tHEVS oa%a?fplsaif %ﬁﬁmf Reb GHBre(PtpRaRHn TG Shch pr ocoss
or a Conzéﬁgétt e, W B' ﬁf‘ef‘ cfn% oft N tt-.r 886 GngSLARINIsRIPCESS. 1t

is noted ness sal resul t ant SI i con Nitride cap |ayer 22

i's typi cahliyride ‘Llhﬁei‘ alrmg €s qupzz@l 10 +B8AnANGSHFMNIE ol dd1daundeiraheng ed

t hi ckness of about 350 angstrons. It is also noted, that said resultant
spacer s 20iwst [pobestidicani Yaster Snipyt mear$ ndean hPCVDhpxdasess of said first
polysilicon gate 12 is relatively thin. This is purposely done in order to
increase the active area of the eventual source-drain regions for-

sal i ci dati ang, @s0e6] AlbVnlol pALEARIMPTS FIE. PO! YohuRobta PRACKIG TS very

small, i.e. 1T€ess
and plasma etching is now performed on said stack, consisting of said

nitride layer 10, said first polysilicon layer 8 and said gate oxide
layer 6, in order to form first polysilicon gate 12. The gate oxide
acts as an egtch stop, after which é cleaning step is used to remove
the remaining oxide from the active regions. A Bromine based (HBr)
plasma etching chemistry is'ﬁypically used to form said first
pelysilicon gate 12. An overlying thin TEOS., Si0, liner 14 is then
blanket deposited to a thickness of about 150 angstroms. to reduce
overlap capacitance. At this stage Low Doped Dfain, LPD. régions 16
are formed, by means of conventional masking and ion implantation

processing.

Referring now more particularly to Fig. 3. an overlying silicon
nitride layer 18 is deposited to a typical thickness of about 1200 to
1500 angstroms. Said overlying SiN, layer will be used for eventual
spacer formation as well as for a protective capping layer that will
prevent eventual silicidation of said first polysilicon gate 12.

Referring now more particularly to Fig. 4, plasma etching is used

to form the aforementioned nitride spacers, 20 as well as the

11




Referrimrg now nore parti cul arl y'to Fig. 5, conventional blanket |(1;)n

i npl ant.ati on processing, including thermal activation by neans of « RHAPR 200%
then used to formthe highly doped source-drain regions 24. A typical
arseni ¢ dose of about 3E15 at/cnR is used for the N channel devices and a
typical boron dose of about 3.5E15 at/cn2 is used for the P channel

devi ces. d#fdremeseidiesOnitreddr&ip) 20N abpsonavedbeeRt paneal et gatanket
pre-anor phi zation inplant step (not shown) is perforned, ikn order to
pronot e afdagwes Fhe8bid epastencd) boe weafdraldgufcerddl anmingegitinse 34, after
subsequent silicidation. Typically, either a 14 KeV silicon dose of about
6E14 at/ cFrvepkigpaiolragaforyer eupind dégempf(TEBdRLCHERIOWERCHR 2 | s used for
said pre-_anorphization .step. Referyj now nore particularly to .Fig. 6,
a bl anketORYPREHT S FPREHT Bl INFEFR GULEY, 7R oRP QR RSB % PRI SdeBosi | ed
In -prepafabiefs (bt fif; eXeBEHAl: SAdGHIALdARLRE diNGcafidiei§OWge-drain 12
114 APR z% regi ons 28. The respective thickness ranges of said Ti/TiN
stack 26 lagee ¥ piscaypicadbguin 280 +angdb0f BRPSte0IBD hoagsthesTwitdnd about

200. to 250 angstrons for the TiN, with a preferred thickness of about 300
angst r omPTREPITHE Ui caesapb pbonb03dh gsesiomsst oft tilsealipaynoted £hadt ed t hat
the preferred thickness of sajd Ti/TiN stfack 26 is _optimzed for the ultra:
shal | ow (f@ﬁ?h’;‘e%‘flt%&ﬁpaﬁ?{s ?ﬁlacf"'b%jgefﬁ? %%iv&%%o‘ﬂ‘?a&g-'o‘?’éﬁcﬁ t8%gi ons 24.
Referrin parid Gt I - a.st SUHGI de o p SS IS
t hen car %hggﬂ%%%y.% o?élidhgy%%%lp\ré&&flc}rc%t dcd)trlzla cl)? %S%E%%glgl ﬂlﬁcﬁ'dgﬂf Ti Si z)
regions 3@ parfodR1st @@ Rapbiethes BlcrBisCeans adtilR) area of the

: eventual source-drain regions for salicidation, especially for areas

where the poly-to-pely spacing is very small, i.e. less than 0.34 um.

Referring now more particularly to Fig. 5., conventional blanket
ion implantation processing, including thermal activation by means of
RTA, is then‘ used to form the highly doped source-drain regions 24. A
typical arsenic dose of about 3EL15 at/cm®is used for the N channel
devices and a typical boron dose of ébout 3.5E15 ats/cm® is used fqr
the P channel devices. After saild source-drain implants have been

annealed a blanket pre-amorphizaticn implant step (not shown) is-

e,

performed, in order to promote a lower sheet resistance for said
source-drain regions 24, after subsequent silicidation. Typically,
either a 14 KeV silicon dose of about 6E14 at/cm® or a 20 Kev
germanium dose of about 3E14 ats/cm® is used for said pre-

amorphization step.
Referring now more particularly to Fig. 6, a blanket

Titanium-Titanium Nitride (Ti/TiN) stack 26 is then deposited, in

preparation for the eventual salicidation of the active source-drain

12



anneal is used. The first RIP anneal step is carried out at a tenperature
of about 720-750 degrees centigrade and for a tinme of about 20 tg 60
- seconds. After a selective chemcal etch back of the remaining u%réé?ﬂénm
portion of said Ti/TiN l|layer 26, the second RTP anneal step.is then
carried out at tenperature of about 850 degrees centigrade and for a tine
of -about 10 to 30 seconds. Said chem cal etch back between the two

f tioned RTP _steps, i formed with a1 1:5.mixt i
sl doregion BR e rBsieravE o ek Tebles hrt aaid Adrihy etk 20T %0
ti f about 250 ds. i QUi i Qnq7anddt bBg @04 N,
ot ed t hATSHREITeL L APRHF 2ARh bt BloetimEChEr 8 11 Gnalandir OO @02 T

first pol%sidifQpomdtirf Cal UiR, with SipidFed€ed hiokied of dwmts@dd ace of .
said polysilicon gate feature 12. Referring now nore particularly to Fig.
8, a thi angstkamed fonwel Vi rgddietuc 260 cargaferng for Srodal- i &t dRepoted

deposited. for the purpose of acting as.,a buffer r._bet ween i d
exposed, thetidiedereferzed thickpese &FdFatth Tﬁé&%r%aglsa%‘ﬁdsa" E}B’ééaﬁgftﬁr t hi ck,
undoped LPCVD 13 14 APR 2004 TEAS, or - At her.] r hgsid.j cate

d ass. SABP t&‘iae%‘é cgeﬁ'tiye?, WVE%&W%%%& ;gbfosfalggv\g&}%t%i ??Hrdef erring

to Fig. $&ld 24t hi ck doped dielectric |layer-32 is now deposited to a
typi cal - thi cknéss of about 8,000 to 12,000 angstrons-preferably to a
t hi ckness of about 10.000 angstrons, and then thermally densifi ed.
Referring now nore particularly to Fig. 9, said thick doped _insulating
layer 32, iRefidreninglramampredabyicanty dio Eignitak sWrEaRi TlicPEPI shing
( ) A];:t;‘géess is’tﬁesrl Ic:[ar'l.[‘]ioje:[degu%.h %Iort 1}:11'?9 tt%‘e%‘éar&esf%mation of Titanium
Silicide (TiSi,) regions 30. a two stage Rapid Thermal Process (RIP)
anneal is used. The first RIP anneal step is carried out at a
temperature of about 720-750 degrees centigrade and for a time of
about 20 to 60 seconds. After a selective chemical etch back of the
remaining unreacted portion of said Ti/TiN layer 26, the second RIP
anneal step is then carried out at temperature of about 850 degrees
centigrade and for a time of about 10 to 30 seconds. Said chemical
etch back between the two aforementioned RIP steps. is performed with

a 1:1:5 mixture of ammonia peroxide., at a bath temperature of about

i

55 degrees centigrade and for a time of about 250 seconds. Continuing
to refer to Fig. 7, it is., again, noted that because of said silicon
nitride cap 22 on the surface of said first polysilicon gate fegture,

no silicide is formed on the surface of said pelysilicon gate feature

12.

Referring now more particularly to Fig. 8. a thin undoped
overlying dielectric layer (not shown) is then deposited, for the
purpose of acting as a buffer layer between said exposed, silicided,

active source-drain regions 30 and a subsequent thick, undoped LPCVD

13



of remaining doped oxide in region' 34, inmediately above the surface' of
said first polysilicon gate 12, is typically about 400 to 600 ang$ty APR 204
and nore preferably about 500 angstronms. Referring now nore particularly to
Fig. 10, conventional nasking and conventional plasma etching is then used
to define a contact hole 36, in doped oxide region 34, down to the top
surface. Ofﬁﬁéé ﬁglys icon gate 12. The renmi nder of -the protective
nitride ca Q%EHQ§HCSB¢FQﬁhGEh¢ﬁidlﬁﬁtﬁ|Gﬁ§$513@ﬁ§8$3|daehegﬁﬂae 12, is

parti cul arl I G 1 oG drpious
silicon Iamcﬁgobgd q§g9§dgﬁg éy%r gﬁe]fq__@ % &)%] %g{ea’-} endl}f,ﬂg \;e verti cal

surface area of said first |con ilicon or.
anor phous sliidkaess Ganabeut @QDQ@Iﬁ&dzf 000 LRSS PARROSE-2E P11 RY, Sai d | ayer
38. he deposition thickness range for said-secon ponS|I|con or anor phous
silicon |&hieknessiof ahpitcdllJ0hleogtt2RB0 and JB6H wiRgREI DAReAsFidare 14 14
APR 2004 preferably about 2500 angstrons. The deposition tenperature range
for said polysilicon or anorphous silicon |ayer 36 is, respectively,

about 625 degrees centigrade and 560 to 590 degrees centigrade. Said
polysilicon process is preferred over said anorphous silicon process, for
hi gher procegsfréfriayohd@H mord Wd g ng of. $ai g4y
Therefore, for the gur poses, Lhf)f df:g{%sﬂsy?gﬁq; Tgoo?n tsﬁﬁg 1L'é]ollr%tgt&(’)rv\/ard sai d
| ayer 38 vmnlslllﬁemgeﬂew:ednouaﬂ:hs&cp]mixapﬂigcslblyl B&nsl 8y ahed®cal Next, a CWP
process SKé? %?ot shown) is used to planarize said second ponS|I|con

{ ayer 38 pricHi BRliskipgs{@Fe HHEroFMRi 95 ityoted atiad the thickness

of remaining doped oxide in region 34, immediately above the surface

of said first polysilicon gate 12, is typically about 400 to 600

angstroms and more preferably about 500 angstroms.

Referring now more particularly to Fig. 10, conventional masking
and conventional plasma etching is then used to define a contact hole
36, in doped oxide region 34, down to the top surface of first
polysilicon gate 12. The remainder of the protective nitride cap,
which prevented silicidation of first polysilicon gate 12, is also

- Temoved, by plasma etching, as shown in Fig 10.

e,

Referring now more particularly to Fig. 11, a blanket confofmal
polysilicon or amorphous silicmn layer 38 is depﬁsited, in
preparation for extending the vertical surface area of said first
silicon gate 12. Either LPCVD polysilicon or amorphous silicon can be
deposited for the purpose of forming said layer 38. The deposition
thickness range for said. second polysilicon or amorphous silicon

layer 38 is typically about ZDGU.to 3000 angstroms and more
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"not shown) is deposited in preparation for defining a second polysilicon
gate, as a vertical extension of said first polysilicon gate 12. TifEQH#?zm
is, typically, used to control the endpoint of the above CW 4
pl anari zation process for said second polysilicon |ayer 36, .where the

t hi ckness of polysilicon material renoved is about 1800 to 2100 angstrons.

As an alter na?_i vqﬂvari ation of said OCM planarization process, it is
noted that PEEF FHHYCROHteRal? ngsteams: e daposhivin FempeFngurd Fengartdye
used as th r for_-sai CVP_pl anari zation process. By stopping
on the sur f% gggcﬁobfl%g?]g&dﬁ 8Fea(§‘fofpg°'fsafé}£)%°21, ?Q}ﬁ'ﬂ B L8r FREPYELIONDY - process
woul d not lLeave esbiagkrlt L&siduabe l-a%e ' ond _pol ysilicon |ayer.
Consequently, said positive 6 ofa%? ggiﬁs%@l&gy%ﬁd %ﬁ%g&é gﬁﬁglgflrgfledé%lﬁi ng.

sai d secongopwsiisicbn qEmcegaties pegidaienOsled BoLd baopgrdedsi Reler gi-%}%s@?""
e

nore particularly to Figs. 12a. 12b. and 12c, these figures ar
begi nni ng &PT thHgBeT SEpEeRs | Wiroyshertef diriggr e5e tivatatidn obesaisiedayér 38.

i1l ustrate. referred enmbodiments for said second polysilicon gate
that will #é&ltfgfg’é‘gas 2 i‘ig‘?tH“&‘EPS%%Péné’rwsafm-sémmffrbrl§t PRty Sptwandn gat e

12. Fig. 12ai$ :af hye ' 5_14_APR 2094 stud-shaped second
pol ysi [i con ggtgg@ﬁ(?%ﬁ 9%:ih\gé. %E%I%Eoé% 2 ??%‘ﬁlébgaly%lé&‘é’f’l’d FYs?44 con gate
42. Fig. lSexshovevm prebedd eeby Ghershdidic Shanes $GARFA0LY P deghq 92t ©
43, resulting fromsaid alternative cMP planarization step I C

proceeded BHYSEhtcsiny aver cifghadtdniwhseicondppmiltise| pleanrbayar 180k qQhiEh 0.

11) until Ip i nﬁ stopgegJ by . the surface of said thick dialectic |ayer 32.

| SHRIRY APnderTsiget o BEeRcAier fgnt AeHngng1@semeddsubscri pt ed

ﬂ'he series o
with the |§Hﬂ§§iliéhn gate, as a vertical extension of said first polysilicon

_gate 12. Timing is, typically, used to control the endpoint of the
above CMP planarization process for said second polysilicon layer 38,
where the thickness of polysilicon material removed is about 1800 to
2100 angstroms. As an alternative variation of said CMP planarization
process, it is noted that said thick dielectric layer 32 (as showm in
Fig. 11} can be used as the etch Stopper for said CMP planarization
process. By stopping on the surface of said dielectric 1ayér 32, said
alternative CMP process would not leave a blanket residual layer of

said second polysilicon layer. Consequently. said positive

g

photoresist layer (not shown) for defining said second polysilicon

gate region would not be needed.

Referring now more particularly to Figs. 12a, 12b, and 12¢, these
figures are the beginning of three sequential sets of figures that
will be used to illustrate three preferred embodiments for said
second polysilicon gate that will be used as a vertical extension of

said first polysilicon gate 12, Fig. 12a shows a relatively high
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"wi'll be used to illustrate the stud-shaped second polysilicon gate .
preferred enbodi nent. Likewi se, Fig. 12b and the renaining series 3f4 APR 20m3
figures that are subscripted with the letter, b, will be used to ,
illustrate the T-shaped second polysilicon gate preferred enbodi nent. The
series of subsequent figures associated with Fig. 12c will be discussed

after said,sybsequent series of _figure sociated, wth Fi es 1 and
12b have BHBH-THREGe e oray WAL HEP BRES T 850 0 38 042 $997a i T9B 0% second
pol ysi licqq o%ﬁlkéiﬂ%h”f Py phator ??%%hn@%'rﬁﬂaiﬁ%ﬁyr&h 4 'chﬁcP-m a
conventi onal _nmaski g operation, and“a subsequent convent onal plasma .

et chi ng sts@Bped@ecdd igdi1ng: 1ft@nSHart aBAPAGUI LN rER| 965kl Bafn@diw: 40, the
sanme reticle is used, that was used to define first polysilicon gate 12.

For the T-(3Hapkcagiezonidnpoterswhiclhoprgateied? alhntheaday ttihonayh rsatidcl e wil | be

needed. Said T-shaped second polysilicon gate has the advantage_ of both
i ncr eased SPEPHY PRI YRHG-RBr 1w 8P (ofr Edg- 1ldp WNilnPRIt t HEPBBEysiVi con

| i newi dth f urd ng. .siJl.ici dat.i an.  Ref erring..now nor rticularly to
i ge 190 B8 Eaget 8t GhiantsR AR Pie RVEE IR SRS B TS
convent i oraurRARSseRihtad kfitvh ABR 20845 ResatSiiteg GiM@NEhONRIL LB anket gate
ion inplant process-is perfornmed into said second polysilicon gates, 40 and’
42, in or ¥éiltle grsdirte iihewtrehe ol ptud-chapgdtssond @odypeticaggnts at el y

and to prevent doping . depletion into_under|ying first polysilicon gates

12. Ref er PFREPTIGH paRti COREFISP 1 Bid g<b Ak TARITSTRNIEE SETTRI OITi /1 i N
or Cobal th{I{AN Wiy o/ JsscriB¥E] wilh' S QW SRO8! LRd1 b 418 <o

N

illustrate the T-shaped second polysilicon gate preferred embodiment.
The series of subsequent figuress associated with Fig. 12c will be
discussed after said subsequent series of figures, associated with

Figures 12a and 12b have been discussed.

Referrihg once more to Figs. 1Z2a and 12b, a second polysilicon
gate is defined 5y phntoresist masking feature 44, from a
conventional masking operation, and a subseguent conventional plasma
etching step. For defining the stu&—shaped second polysilicon gate

40, the same reticle is used, that was used to define first

—

polysilicon gate 12. For the T-shaped second polysilicon gate 42, an
additional reticle will be needed. Said T-shaped second polysilicon
gate has the advantage of both increased vertical and horizontal
area, for minimizing the polysilicon linewidth effect  during

gilicidation.

Referring now more particularly to Figs. 13a and 13b, said

photoresist features 44 are stripped off by conventicnal means and a
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same manner as the aforementioned first Ti/TiN layer 26, in preparation
for the very first tinme that silicidation will take place on any .5"4APR2004
pol ysil'i con gate surface. Referring now nore particularly to Figs. 15a and
15b, a layer of titaniumor cobalt silicide. 48 is fornmed by thermally
reacting said second Ti/TiN of CoSix layer 46 with the surfaces of said

second paqlysilicon gates, 4 d 42, in a manner simlar to that used for
t he afore%é%g Tonet ?%?‘Wé‘t%?%qoﬁ??l‘f%ﬁﬁﬁ? 1o LR lgeti pragsgpots dreafermedegi ons

28. Said GMR.re&lat dve preferred enbodj ment of said figure 12c
will now be gesclr%ll Egﬁﬂtﬁ)%ﬁg&s}éﬁggﬁa&g&sﬁag&tgjqelﬁsmfdﬁgt tofensyBe 4 Fi gur es
15a and 15hatRefeebbiyu 1086 kydi@sSahdl dbped Hreh§ adfcd! at sald
thick dielectric |ayer 32 was used asbt he&%%/rlée,. stgp?)er oéle%ee%ip'ni ng said
second poKgping sepletive fzed umdedBriagdfitdrapolydiaiesO@tesNiLoNtrast to
said preferred enbodi nents of said figures 12a and 12b, said positive

phot oresi st inmages 44 of said figures 12a and 12b were not needed. 17 [14
APR 2004 Referring now nore particularly to Fig. 13c: the structure of Fig.
12c is shown with a second Ti/fiN or Co/Ti |ayer 46 which is deposited in
the same marmSerasngeea’ hded pboEi dA%ely 48 fiyqyr a and 14p) in the
previ ously descri be% pr ef errgd elnbodi rr%nt s.ﬁ) ef é?#laﬁrgd r%gxf r?oﬁ’gc%ré ticularly

to Fig. 13/Tiherstatadtulitantwl] Co Ti3qaveramaal sl idepE H8k 1 On f1gm a
| ayer of titaniumor cobalt silicide in the same manner as described for

layer 48 §F¥te fpgeeR$s1bhe afptedsSi)iched tliesprBwviTaNslayedessy idned preferred

I
i

kN

enbodi nent s. . . . )
pPreparation for the very first time that silicidation will take place

cn any pelysilicon gate surface.

Referring now more particularly to Figs. 15a and 15b, a layer of
titanium or cobalt silicide 48 is formed by thermally reacting said
second Ti/TiN of CoSi, layer 46 with the surfaces of said second
polysilicon gates, 40 and 42, in a manner similar to that used for

the aforementioned formation of titanium silicide in source-drain

regions 28.

AT

Said CMP related alternative preferred embodiment of said figure
12¢ will now be described up the same processing stage as that of
said Figures 15a and 15b. Referring back to said Fig. 12¢. it is
regalled that said thick dielectric layer 32 was used as the CMP
- stopper  for defining said second polysilicon gate feature 43 and
that, therefore, in contrast to said preferred embodiments of said
figures 12a and 12b, said positive photoresist images 44 of said

figures 1Z2a and 12b were not needed.
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‘Said figures -15a.. -15b and 14c illustrate the three preferred enbodinents
of the present invention, where all three preferred enbodinments aff, ap Hﬂﬁ
sane stage of processing and ready for subsequent processing. The ﬁ% P
stages of the invention have now . been described. For the sake of

conpl etion an exanple of the subsequent processing that would be needed to
formany of the aforenentioned three preferred enbodi nents into usable
devices will now be briefly discussed for the case of the +higher

stud-shaped 0abeerPinghy 8 pBHIRHILPG, V(P! §aRANLCHL AIIEAL O ey, 16

for conpletion of a“usab I ce, I'S own t he ‘subsequent

deposi tion vic ag éNtwe whev @l s@eMleqt i layes [0 18yanasWiitnt bg addi tional
conventional processing needed to formcontacting studs 52.. down to the
si li ci dat edlerwgited dmathe rregeonmd® as deskcrilas] Sardlaysirl 46 (@4t Efuyate

regi ons 44. 4? tﬂgqu not illustrated for the case of the relatively |arger
T-shaped gat®® 2RdrEdeld ddeaPEaVingaly dnschiberh @refepredhankgdifents f or mat i on

of contacting studs. By the sane argunent, the relatively |arger T-shaped
gates would require a greater spacing between nei ghboring devices.

Consequent |y, Ratéﬂ%ghn&vh%mhisﬁt??@eugﬁt& %§_Q‘§;.AE’!R:,|2QQQ Qﬂ%%t@fé’\@fdgig.

additional lateral area for s idation, ai} d a slight associate
reduction i¥dcsis enmpeaidkria osdamn texfem ahipyar ef pietaaltny.or Theslef ore, the
smal | er stud-shaped polysilicon gate is preferred. For the case of the
shorter of Fihacidf 18t Lk Saupatrrgareiemesaried Sor (lAyso #dt{ofhbigvrest e

reduced areadfgﬁysLligidation U|$ teng éo result in greater stress, in
‘conpari son 8 Y F8) 58T PERVI HHSgHeTesTRhaY Rl e Th £ED #Fent that was

just discussed. However, the

Said figures 15a, 15b and 1l4c illustrate the three preferred
embodiments of the present invention, where all three pfeferred
embod iments are at the same stage of processing and ready for
subsequent processing. The novel stages of the invention have now
been described. For the sake of completion an ezxample of the
subsequént processing that would be needed to form any of the
aforementioned three preferred embodiments into usable devices will
now be briefly discussed for the case of the higher stud-shaped gate
of Fig. l15a. Referring now more particularly to Fig. 16 for
completion of a usable device, there is shown the subsequent
deposition of an inter-level dielectric layer 50 along with the
additional conventicnal processing needed to form contacting studs
52, down to the silicidated source-drain regions 30 as well as said
silicidated gate regions 44. Although not illustrated for the case of
the relatively larger T-shaped gate, more device area would be needed
for the similar formation of contacting studs. By the same argument,
the relatively larger T-shaped gates would require a greater spacing

between neighboring devices. Consequently, although the T-shaped gate
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processing sinplifications associated with the shorter stud-shaped gate_ . ..

el ectrode could still be quite beneficial froma manufacturing stygp | nt.
The objectives of the present invention have now been acconplished# &R 2004
substantially increasing the vertical polysilicon gate area available for
silicidatian,.- the problemof high silicidation induced |ateral stress has

been drastically reduced, allowing for the fabrication of uniformtitanium

silicide on very narrow polysilicon gates. By only form ng the titanium
silici de upesnpraidesadbitdopnl yeiteirzbargatfor shEicdsbiimt egd st =3sgkels have
been safely |ocated away fromthe active device. Consequently, the ‘
af or enent | FEL YA FeiuEiion in |StRess- (BeFe i5r avartted ehid £E°1 engb®ence of
fluorine from Ee.ge BEZ. 4.} ant 1;agg | at gral ‘stéess frgm.t he s# .devvgl | :
spacers. Uurth rzfﬁj'rg, by usﬁ}gsg nﬁ [ ep%lg * hcc{noga T TheTFIFEEe-

pol ysili congghe Ui 58 ikt éﬁcqec&p@@%eeéwstﬁ&%@é?g& JIQMLPHHIBAts
stuffing of the, otherw se, exposed polysilicon surface grain oundari es
have al so (@@en mwoistieweh ) .Thee asdiuted redeachort B bikidanidt evsuld hesmdieeoupl i ng of
the gate and the source/drain inplants is likely to prevent the voids

i ssue fromes8ttri ggeatsar FLERASar 1Yy Fparinone 48 cthepreBRE VY eighgs| ysil i con

tes. Th ' ' . ' ily 19 "'a .. U 4 APR 2004 d t
oo TR, oo o Bt St T R BRS 3 o:
1 OF MoboPBdial! B ALY S H0"e IS e B M, oRoi0B Lo | ot ead

of BFZ for the.second polysilicon gate, this volds Issue Is tota
avoi ded. Mateoykictrbye tdubg dtielpsef@bit€d beneficial from a manufacturing
(8

standpoint.

The objectives of the present invention have now been
accomplished. By substantially increasing the vertical polysilicon
gate area available for silicidation, the proklem of high
silicidation induced lateral stress has been drastically reduced,
allowing for the fabrication of uniform titanium silicide on very
narrow polysilicon gates. By only forming the titanium silicide up on

the second polysilicon gate, the assoriated stresses have been safely

by

located away from the active device. Consequently, the aforementioned
voids issue is likely to be prevented due to the absence of
fluorine from the BF, implant and lateral stress from the sidewall
spacers. Furthermore, by using a nitride cap on top of the first
pelysilicon gate during nitride spacer etch, stresses from polymer
stuffing of the, ctherwise, exposed polysilicon surface grain
‘boundaries have also been avoided. The additional contribution from
the decoupling of the gate and the source-drain implants is likely to
prevent the voids issue from occurring, particularly for the case

of BF,doped polysilicon gates. The voids issue occurs primarily
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stud- shaped second polysilicon gate, high conpatibility with shrinking
design rules is achieved, along with additional savings-—f{+rembeing able-te-—-—
use the sane reticle for defining both the first and second polysi|f§dogpR 2004
gate features. Wiile the invention has been particularly shown and

described with: reference to the preferred enbodi nents thereof, it will be
understood by those skilled in the art that various changes in form and
details may be nade wi thout departing fromthe spirit and scope of the

i nventi odue2fs @ &haEmaotqiSreg! 8 I, Spipmeghes thod. £ or .avoi di ng

pol ysilicon gate pr oces?i %%ﬁe?ngtﬁgz—gnbn:%%ﬁ ?%1 'sggr%fsffsecﬁr%b]lcé’rrs associ at ed
Wi th t he digzbptisc abé oFiSaf mamrmn@baémeiar&@ab-fpoa%ismh%&ﬂé&dﬁﬁ us(iﬁg' i ci ded)
- CMOS FET, devices, conprising the steps of: a) formng a first 1nSulating
| ayer toap}’%’f‘ﬁ’ct‘mﬂﬁnf"aé@s‘éﬁﬂdaﬂf B, sforp shy sdciopd npajatsé ] idor getk OtRis a

i d t j i sot i tchi t f f
ot de vl | Sser SRR f el APl T Hetrer ng Bths thosaederrebly
prevent sthe-hapRtideBndf Eicid yer on the surface of said first
pol ysi | i con gatg, whil e s‘i@?’ﬁﬂf%@r‘ﬁ ﬁ%ieg' R bowerringaty on active

sour ce- drbirimkiegi disign CYulfe@r 6 NEhAeSOLORUoRP i Th! 4&BR 1081 € s80iipp of said
first polysil i_cogaé,gate; and d) formng a second silicide layer  on a
surf ace bFoms Frdng Bnte pekythe isoma rattiele for defining both the first

and second polysilicon gate features.

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 without departing from the spirit and scope of the

invention.
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2. The nethod of claiml1 wherein the thickness of said first insulating

| ayer i s between about 450 to 550 angstrons. 3. The nethod of claim1l
wherein the thickness of said first polysilicon gate is between about 1400
to 2500 angstrons. 4. The nethod of claim1 wherein the thickness of said
second polysilicon gate is between about 2000 to 3000 angstrons before a
step of CVMP and about 1000 to 1500 angstrons after a step of CWP. 21 5.
The nethod of claim 1, wherein said anisotropic etching step for formng
sidewal | spacers i's perfornmed withaadihy plasma process, such as RIE
Reactive lon Etching. 6. The nethod of claim1, wherein said second
silicide layer is conprised of titaniumsilicide. 7. A fabrication nethod
for m ni Whzt ng pbehead dak stress in narrow channel self-aligned-silicided
PET devices, conprising the steps of: a) depositing a first insulating

| ayer over a first blanket polysilicon |ayer, formed over a sem conduct or
substrate, whereby* “@&PﬁdffqrstaVPh%mgaPPh@Sﬂ&F@F R4S PEERAPHT@Sly remin

after thenadddashebhanlkat potaLs bk@@lrbrrlsaﬁﬁéoél%t%ﬁc‘k?% t@ef ormfirst
polysilicon gates; b) formng a second |nsulat|ng+ ayer over the substrate

and et chR S o e SRETPHIPRRP hP ety e L omedr 61t f€abifidede walls of
sai d firstopdEEysiéyicm, gabms:iswhy| thesakdpéidsst 1 nsul ating | ayer renmains on
the top surface of said first polysilicon gates;

a) forming a first insulating layer to protect surface of a

first polysilicon gate, formed over a semiconductor substrate,

during an anisotropic etching step for forming side wall spacers;

b) using said first insulating layer to selectively prevent
the formation of a silicide layver on the surface of said first
polysilicon gate, while still forming a first silicide layer on

active source-dralin regions;

¢) forming a second polysilicon gate on top of said first

polysilicon gate; and

d) forming a second gilicide layer on a surface of said

- second polysilicon gate.

2. The method of claim 1 wherein the thickness of said

first insulating layer is between about 450 to 550 angstroms.

3. The method of claim 1 wherein the thickness of =aid

first polysilicon gate is between about 1400 to 2500 angstroms.

4, The method of claim 1 wherein the thickness of said
second peolysilicon gate is between about 2000 to 3000 angstroms
before a step of CMP and about 1000 to 1500 angstroms after a
step of CMP.
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c) formng a first silicide layer on a surface of active source-drain
regions, while using said first insulating |layer to prevent silicide
formation on the surface of said first polysilicon gates; d) depositing a
second bl anket polysilicon |ayer over said first polysilicon gates, to be
subsequent |y planarized and used to form second polysilicon gates over
said first polysilicon gates; 22 e) etching the second bl anket polysilicon
| ayer for said second polysilicon gates and then form ng a second silicide
| ayer on sai®l secordmpohytsidii eDaingat, eshefdindepdsidrningrangipl anari zing a
third ingul.ating |ayer to be used an_inter-level dielegtric ) etching
o i nSPTEvE St e PRt FERRR, BPecdie he P e ed B ot e
surface piammi drectdsvessourgeRdEai Bracggivonson @hdhsag.d second silicide

| ayer; and h) formng contact studs in said first contact holes. 8. The

met hod of claim?7, wherein said first insulating |ayer and said spacers
are conprisedt of SiHe aekhef fi @éaim 1, THeerRirhsdi@fsadcaing L 1okHer ei n

refract of 3 dvet 8l Sordfr@ selS& di@kni @k ¥ingcs@d d first and second silicide
| ayers are conprised of materials selected from group consisting of

--Titanium Ml ybdenum Tantal um and Tungsten. 10. The method of claim?7,
wherein said third irasul éddiRg méayRy fbs @irdepedngniddaahdyer steesed by

DO C S 40840 aePEY .o IEQR: e PATERR a At FBSRNE! | Somprsaing
the steps of:

a) depositing a first insulating layer over a first blanket
polysilicon laver, formed over a semiconductor substrate, whereby
- sald first insulating layer will temporarily remain after the
first blanket polysilicon layer is etched to form first

polysilicon gates;

b) forming a second insulating layer over the substrate and
etching said second insulating layer to form spacers on side
walls of said first polysilicon gates, while zaid first
ingulating layer remains on the top surface of said first

polysilicon gates;

¢) forming a first silicide layer on a surface of active
source-drain regions, while using said first insulating layer to
prevent silicide formation on the surface of said first

polysilicon gates;

d) depositing a second blanket polysilicon layer over said
first polysilicon gates, to be subsequently planarized and used
to form second peolysilicon gates over said first polysilicon

gates;
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11. The method of claim7, wherein said second polysilicon gate is forned
fromeither polysilicon or anorphous silicon. 12. The nethod of claim?7,
wherein said inter-level dielectric is an oxide layer fornmed by a typical
process such as LPCVD. 13. The nethod of claim 7, wherein planarizing said
third insulating |ayer uses Chem cal Mechanical Polishing, CW. 23 14.
The nmethod of claim7, wherein the thickness of said first polysilicon
gates are controlled at a relatively thin value of about 1400 to 2500
angstrons. 1%) Erenimi hod eéc@icabmaﬂkemngbmmhdlsp@orfdrp@du;&i licon

gates arg either.in.a shape of a,r atlvel hlgh S a. tively
shal | ow $%9 éldoP %P’sll e%asets 8nd1 enTFu hod On%ldz%%% dewﬁ]l Bin the

first anek seddnsecsid pgimlllayergataarse forrred by a two stage RTP anneal wth
an - intervening selective chem cal etch back. 17. The nethod of claim 15,

wherein said relatively shallow stud shape is formed by using a

pr e- patternedf)uﬁﬁéia?f%lﬁ@ 2gf et lgepr i einayerhasd angsleeinsstapperte during the

pl anari zgd h@Ra0fs dhenassochatedi sreendc:bl anket polysilicon layer, by neans
of ~ Chemi cal - Mechani cal - Pol i shing, CWP. 18. The method of claim 15, wherein

said relatively high stud shape is forned by using tinme as a relatively
early polishg) Sfeﬁbﬁﬂﬁg GUEl Ngdhevpl anianiezati®rtofotheriassochaded second

%2?2?}1 IggieySI lﬁl)‘%‘gt gﬁg éur%cgegp sa?.]::'l %v& %gurce rg?.ztl hé)edglo.r | Cl al m 16

and said second silicide layer; and
h) forming contact studs in said first contact holes.

8. The method of claim 7, wherein said first insulating

layer and said spacers are comprised of silicon nitride.

9, The method of claim 7, wherein refractory metals are
used for forming said first and second silicide layers are
comprised of materials selected from group consisting of

_ Titanium, Molybdenum, Tantalum and Tungsten.

10. The method of claim 7, wherein said third insulating
laver is a doped oxide layer formed by processes such as: LPCVD

TEOS or SABPSG, Sub-Atmospheric BoroPhophosilicate Glass.

11. The method of ¢laim 7, wherein said second peolysilicon

gate is formed from either polysilicon or amorphous silicon.
12. The method of ¢laim 7, wherein said inter-level
dielectric is an oxide layer formed by a typical process such as

LPCVD.

13. The method of claim 7, wherein planarizing said third

insulating layer uses Chemical Mechanical Polishing, CMP.
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chem cal- etch back is conprised of a chem cal m xture, such as: (1:1:5)
ammoni a peroxi de, peroxide and DI water. 20. The nmethod of claim 16,
wherein a first RTP anneal Step is perforned using a tenperature range of
about 720 to 750 degrees centigrade and for a tine of about 30 to 60
seconds. 21. The nethod of claim 16, wherein a second RTP anneal is
performed using a tenperature range of about 820 to 850 degrees centigrade
and for a tinme of about 10 to 30 seconds. 24

14. The method of claim 7, wherein the thickness of said

first polysilicon gates are contrcolled at a relatively thin value

of about 1400 to 2500 angstroms.

15. The method of claim 7, wherein =aid second peolysilicon
gates are either in a shape of a relatively high stud, a

relatively shallow stud or a T-shaped stud.

16. The method of claim 7, wherein the first and second
silicide layers are formed by a two stage RTP anneal with an

“-intervening selective chemical etch back.

17. The method of claim 15, wherein said relatively
shallow stud shape is formed by using a pre-patterned underlying
dielectric layer as a polish stopper, during the planarization of
the associated second blanket polysilicon layer, by means of

Chemical-Mechanical-Polishing, CMP.

18. The method of claim 15, wherein said relatively high
stud shape is formed by using time as a relatively early polish
stopper, during the planarization of the associated second

blanket polysilicon layer, by means of CMP.

19. The method of claim 16, wherein said selective
chemical etch back is comprised of a chemical mixture, such as:

"' (1:1:5) ammonia peroxide, peroxide and DI water.

20. The method of claim 16, wherein a first RTP anneal
Step is performed using a temperature range of about 720 to 750

degrees centigrade and for a time of about 30 to 60 seconds.
21. The method of claim 16, wherein a second RTP anneal is

performed using a temperature range of about 820 to 850 degrees

centigrade and for a time of about 10 to 30 seconds.
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