;e3e’ ] T: &JI6TFQOf ~!'~ A METHOD TO FORM AN Al R- GAP UNDER THE EDGES OF A
GATE ELECPRCDE BY USI NG DI SPOSABLE SPACER/ LI NER FI ELD OF THE | NYENTI ON The
present invention relates generally to sem conductor devices, and
speciffically to the formation of semiconductor device gate el ectrodes. 4
| BACKGROUND OF THE | NVENTION Current gate el ectrodes suffer from
; undesirabl e parasitic overla " at the gate edge. U. S. Patent No.
5,998, 288 to Gardner et al. ﬂwmm ﬂmwﬁmﬂmqetch back of an oxi de spacer 22
t hat does not continue the etch (%§¥*to he gate dielectric layer. U S
Patent No. 5,864,160 to Buynoski ! Cribes a gate with an air gap on one
side and a sealing step. U S. Patent No. 6,015,74b to Yeh et al. describes
an air gap on the sides of a gate. U S. Patent No. 5,770,507 to Chen et al.
describes an air gap on the side of a gate. U. S. Patent No. 5,69724763 to
Chou et al. describes Formation of an air gap spacer of a netal -oxide
sem conduct or device. 2

A METHOD TO FORM AN AIR-GAP UNDER THE EDGES OF A GATE

ELECTRODE BY USING DISPOSABLE SPACER/LINER

FIELD OF THE INVENTION

The present invention relates generally to semiconductor devices, and

specifically to the formation of semiconductor device gate electrodes.

gy
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Y SUMVARY OF THE | NVENTI ON Accordingly, it is an object of the present
inventionfto provide nethod of formng an air-gap under the edges of a gate
el ectrode. Anot her object of the present invention is to provide a nethod
of reducing parasitic overlap capacitance at the gate el ectrode edge. A
further object of the present invention to provide a nethod of form ng an
ai r-gap under the edges oé @ lﬁ\llﬁ £ 9 parasitic overlap
capaci tance at the gate . e present invention
is to provide a nethod of form ng an air-gap under the edges of a gate

el ectrode to reduce parasitic overlap capacitance at the gate edge by using
conventional proces o ANOL her | £Gt t resent Jdnvention- to,provide
a nmethod of form ngéglﬁleélltrg%gtgpe I%C(rgg;ea%%t%@%eerdg§gp 0 d%%% lg r@?:%rco%\eer\l/ﬁoq hout
adversely aff i.n | tion oxide. Oher objects will appear

her ei nafté??aﬁqfatnﬁ%gt ttr}f'o%a EZ% di scovered that the above and ot her objects of
the present invention may be acconplished in the follow ng nmanner.
Specifically, a 3 sem conductor substrate having at |east a pair of STIs

defining an active fegimiedrNg PG oS Hahe: @c'a@.c(if.fic.eﬁﬁeé&&em%ék g, he

substrate within the active region. The gateel ectrode having an underlying
gate di el egddd §dcaYET thahdbbdREt QFiidlGe kidy&chibScl & G0V 8leldchee Bi/EUCT U €,
covering the sidewalls of the gate dielectric layer, the gate electrode,
and over the top surface of the gate electrode. Aliner nitride layer is
formed over the liner oxide layer. A thick oxide layer is fornmed over the
structure. The thickRJ.BxPatent Non2B64il4d fodByymosdi Hesmaibeo rigite ashears aiagep

pl anari zed |l evel with the top surface of the gate el ectrode, and exposing
the |iner @xpdesidaypad ageabng hep- si de of the gate el ectrode. The planari zed
thick oxide layer is renoved with a portion of the liner oxide |ayer and a
portion of the gate dielectric |ayer under the gate electrode to forma
cross-section inverted T-shaped opening on either side of the gate

el ectrode. A gate spadePateri te. bAYE746 © Yehr eted. deseribedhan sirrgaptar deatddseast
as thick as the gate el ectrode, wherein the gate spacer oxide |ayer
partially ofdgstet he i nverted Tshaped opening fromthe top down and wherein
air gap spacers are forned proxi mate the bottom of the inverted T-shaped
openi ng. The gate spacer oxide, liner nitride, and liner oxide |ayers are
etched to formgate spacers proxinmate the gate el ectrode. The gate spacers
havi ng an under| yi ngUé Ehwet Noaér770507 falehpmyeal. aesgribenen awxgagen tyestde 4

of a gate.

U.S. Patent No. 5,972,763 to Chou et al. describes formation of an air

gap spacer of a metal-oxide semiconductor device.



BRI EF DESCRI PTI ON OF THE DRAW NGS The features and advantages of the nethod
of the present invention will be nore clearly understood fromthe foll ow ng
description taken in conjunction with the acconmpanyi ng drawi ngs i n which

| i ke reference nunmeral s designate simlar or correspondi ng el enents,
regions and portions and in which: Figs. 1 - 10 schematically illustrates
the preferred enbodi nent of $h§ gliss&gt : Evegéiogi Q’th Figs. 6 - 10 an

enl arged view of a portion L\’ 4 ed mFigs. 1 -5. 5

i DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Unl ess ot herw se
specified, all structures, layers, etc. may be fornmed or acconplished by

conventi onal nethods kno in.the priar ar ' The present . invention, reduces
the parasitic overl C%%Aﬁbylyt dhéseagtomﬁ%t é\flée gaﬁséfgwml"(‘)'}t?ﬁrhéo &o%ide fap

proxi mate th ate edge. The process of the present invention can be
per f or med '%ugti%ﬁg chg VenEi Sl 85?88@%%3? ea#gﬁsf)ﬁ% BT et cheni cal et ch.
The process of the present invention will not adversely affect the

i sol ati on oxide due to an overlying l.ayer of protective nitride. Formation

of STls Accordingl %Ax?oﬁh@hgwfécé gf lt:ti\égiprésenﬁ)qgvéxi\tllcgrgants(gﬁrg@id(ep@%&ﬁ.bgeaf

| ayer 12 is formed over sem conductor substrate 10.. conductor substrate

10 is pr ef @uaby J:@idTREo Gk ddhetandidihdgaloan@irold dusel of Med over pad
oxi de layer 12. Nitride layer 14 may be forned of silicon oxynitride

(SION), or silicon nitride (SiN) and SiON. As shown in Fig. 2, the
structure is masked and etched to formshallow trench isolation (STI)
trenches 16 defi ni ngA durtheasibjane fadiel pesanenvdntiohhe prdwide s endthyd bef
masked by, for exanple, form ng a |ayer of patterned photoresist

forming an air-gap under the edges of a gate electrode to reduce parasitic overlap

capacitance at the gate edge.

Yet another object of the present invention is to provide a method of
forming an air-gap under the edges of a gate electrode to reduce parasitic overlap

capacitance at the gate edge by using conventional processes.
Another object of the present invention-te previde a method of

forming an air-gap under the edges of a gate electrode without adversely affecting

the isolation oxide.

Other objects will appear hereinafter.

It has now been discovered that the above and other objects of the

present invention may be accomplished in the following manner. Specifically, a



over nitride layer 14. G STl material is deposited over the structure,
filling STI trenches 16. STl nmaterial nay be a material forned by either a
HDP (hi gh density plasma)-Si O, TECS-LPCVD (| ow pressure chem cal vapor
deposi‘tion), or Oz and TEOCS (APCVD) (atnospheric pressure CVD) process. STI
material is preferably HDP-Si O-. As shown in Fig. 3, the STI material is
then planarized, preferably by chem cal nechanical polishing (CMP), to form
STIs 18 hwmigendurtessdrstias hovisigaatdeass ar paic of $91s dufimagisomdadiveaggen 1>

El ectrodes As shown in Fig. 4, nitride |layer 14 is renoved, preferably by a
hot phosphi®Videdadt gateredentinsietis sermed anple aukatate poinbyutctnsregiprpdde. Pad
oxide layer 12 is then renoved, preferably by dilute HF acid, vapor HF or
buf f er ed zé%Fd%ét‘féf%?‘?a'r\%‘émSBEE)‘!‘d%lVé“&jgé‘lee%‘ﬂqcé“q tayer. A7liner exidg lgEfeisti vel y
grown / deposited over the exposed sem conductor substrate 10 to a

t hi cknessiaMer, QYArab8 Btruchite cosaring dharbide Watlefod the Ispte diiedpedeyer~they 20A.
Gate dielectric layer 17 may be fornmed of Si0" Ta~05, SiN, SIiQN  SiQZ +

Si N, Si N 8atgjegsctrofn everz%eésm pugface ehihe ZafeeleriaRre 1alBrr DIETIAS lage s

f d bate diglectric. | 7.and STls 18 Gat trode | 20
o1 e OV BRSBTSt Wuand SHLILAS SRl sof s e, 20
Eor exampif, | '@r&mgqin%'rlrﬁ&% 2B 1Fhed A Blyefd 51%3;51% i Py lé?z%} QikOVR!

| ayer of one e aforenenti oned materi eﬂ_ S W th an overl'yrng polycrde 1ayer,
and i's preSerabh iahapdielie AMRIDUANS xBbLihE We LB Si6h BV ArlEhaN ka6t ude

metal gate ‘such as N anor phous siltcon; r exanp own in Fig

S5, patterped.fiakib-MBIK Ty Shnsfzed tHik BRide WR): i IfntoRIdER 1th AdS0 RUESF 1RO tO a
t hi ckness of “"from about 300 to 1000A. Hard sk layer 2=1 nmay be Forned of

Si, Na (Si Nher skl lapdribd SipBetign SF bhe §£te%ﬁ@é’ct’ﬁc$&1ﬂ}‘1 urdt¥d the gﬁf@@l@f@@dlé’

SiON. Gate electrode |layer 20 is then etched, usihg pattern hard mask

layer 24 a§ RrpB§krodlsdBom Faketetl ?%&g@&%ﬁlﬂ%tﬂ BitAGE MR BF §AS g]a5e A
conventional dry plasma etch is preferably uUsed To etch gate el ectrode

layer 20. JfR4®del R%’xrt@ e?%xﬁf&a%@@i@f@ﬁﬁé’& 03O0 et PriRBOR dehb Lk as ANEK AR €
preferably fromabout 1000 to 2500A thick. Gate el ectrodes 22 are

pref er abl yné AW ARQAHd 3 VhetAn3IROGa W GBcefotid 1A FBRAIANLH B AR yEfeamTabout
500 to 3500A"w de. ’ ’
shaped opening from the top down and wherein air gap spacers are formed
proximate the bottom of the inverted T-shaped opening. The gate spacer oxide,
liner nitride, and liner oxide layers are etched to form gate spacers proximate the

gate electrode. The gate spacers having an underlying etched liner nitride layer and

liner oxide layer.



Etching of gate electrode |ayer 20 also etches that portion of gate
dielectric layer 17 not under gate el ectrodes 22 | eaving etched gate
dielectric layers 1T. 8 z tt is noted that the dashed |ine box denoted as
"Figs.* 6 - 10" in Fig 5 illustrate the area that is slightly enlarged in
Figs. 6 -10. Formation of Liner Oxide and Liner Nitride Layers As shown in
Fig. 6 (a slightly enl arged portlon of dashed box "Figs. 6 10" of Fig. 5)
i ner oxide |layer 26 i sBRBHOBDES&RIPTHOL ‘ AWINGOt ure of Fig. 5to a
t hi ckness of from about 100 to 500A and rmre pref erably from about 100 to
200A. Low doped source and drain (LDD) 30 may then be formed by
conventional ion inplantation nethods. The LDD i nplant can be perfornmed
before or after theTherdertuoed aed stiepntagenef the tethied bajler p&Bentsirtvieshohor med
over liner oxide layer 26 to a thickness of fromabout 50 to 300A, and nore
pr ef er abl ywill dre aboet cBOriyo uPG@Astobidnéroroxihde o dywin@ Glesnd ptiometalint inde

| ayer 28 will be used for STI 18 edge or STl 18-oxide protection, and for
gat e el ectooogenceiRnsysibethef acampaoy ing ddé‘yé:mgsbé‘d“mfowkegeferﬁ)@fiﬁ)gﬂme@ﬂb of

t hi ck oxide |ayer and CMP As' shown in Fi 7,. thick oxide layer 32 is
deposi t ed RFFAHEMlF 9F corESRANGENG elegends, regiops ard pRFANSANT iReVRICHE r udi ng
gate electrode 22 / liner oxide layer 26 / liner nitride |layer 28 portion.
The structure is then planarized, preferably by CMP using patterned hard

maful;r 24 over gate elPECt g Od‘FO s¢ ematxcaﬁ;[r? ust?z}/tes theTgxle errad om odPx'(r)\‘re:t\t!. 8&”&(&27 of

present invention, with Figs. 6 — 10 an enlarged view of a portion of the structure

illustrated in Figs. 1 - 5.



oxi de |l ayer 26 adjacent patterned hard mask | ayer 24. Oxi de Renoval As
shown mFig. 8) preferably using either vapor HF acid or a dilute HF acid
solution, planarized thick oxide layer 32 is renoved as is a portion of

| i ner *oxi de |layer 26 and a portion of etched gate dielectric layer 17" to
formcross-section inverted T-shaped openi ngs 34 adjacent gate el ectrode 22
and patterned hard mask | ayer 24. The renoval of exposed |iner oxide |ayer
26 is self-linihEpaided HestRepMRINE 9E PREFER RET wREBOIANMEXTE! ectric 22
| patterned hard mask Tayer 24 and Tiner nitride [ayer 28. The renoval of
exposed liner oxide layer 26 is self-limting due to the narrow gap Forned
between gate dielectric 22 / patterned hard mask |ayer 24 and liner nitride
| ayer 28. Etched gatﬁ\l@s@tﬁ@ﬁvﬁb@sglb@@éd,bﬁ dtBudt@EBS BEdra ot ShAN6E (Sendd om 10
about 50 to 300 and nore preferably from about 50 to 150A from bottom edge
50 of gat erateshpldeddA: cdnveatibes rﬂétﬁbd@ﬁdo@ﬁ&ﬂitmgriaﬂaﬂl so extend a

di stance 38 from about 100 to 300 and nore preferably about 100 to 250A
frombottomedge 52 of. liner nitride layer 2S. It is noted that by formng
a mask over one side of exposed portion 27 of liner oxide |ayer 26 so that
only one side of |idée porsere imegpeion2edaers thh @acasitieeyritafl eapasitarcesst the ched
gate dielectric layer 1T are renoved by the HF treatnment. Deposition of

Gat e Spacegatexdgheby fyrarngansiiogaP prexingte the gglaedgepibe proseseie! thaypsesend (f or
gate spacer formation) is deposited over the structure of Fig. 8 to a

t hi ckness iBveRrtionncandip pPedormed HEtk cameninral pragessephpid ftherisghefud Ws80 t o
500A. The gate spacer_oxide |ayer 40 deposition extends partiall¥ into
openi ngs 3heaticaiztghdThe prgcess Sbdhe present Inpsdmrswill mot mavgrselvatfeushe
deposition is to have thicker deposition at corners, it will becone

sel f - seal i rglatipnexids d yretormy o rlYiam laysF peprdsestiveeitrifit e di el ectric 22 /
patterned hard mask |layer 24 and liner nitride |ayer 28, gate spacer oxide
| ayer 40 deposition self seals at 44 form ng air-gap spacer 46. Air gap

spacer 46 reduces parasitic
Formation of STis

Accordingly, as shown in Fig. 1, pad silicon oxide (pad oxide) layer 12
is formed over semiconductor substrate 10. Semiconductor substrate 10 is

preferably formed of silicon.

Nitride layer 14 is formed over pad oxide layer 12. Nitride layer 14

may be formed of silicon oxynitride (S5iON), or silicon nitride (SiN) and SiON.

As shown in Fig. 2, the structure is masked and etched to form
shallow trench isolation (STI) trenches 16 defining at least one active area 15. The
structurc may be masked by, for example, forming a layer of patterned photoresist

over nitride layer 14.



overl ap capacitance at the gate edge 50 because air has the | owest
dielectrie constant. Formation of Oxide Spacers As shown Fig 10, gate
spacer oxide layer 40, liner nitride layer 28 and liner oxide |ayer 26 are
ani sotropically etched to formgate el ectrode spacers 60. Conventiona
bui | d-up processes may then be used to formtransistors / sem conduct or
devi ces. For exanple, highly doped source and drain (HDD) inplants (not
shown) may be nade outboard of gate el ectrode spacers 6U. Wile particular

enbodi ments of the present invention have been illustrated and descri bed,
it is not intended $DI hurdrial ideposnenbivenheexwenire AillidgfITegnbyed 162 STI
Follow ng clainms. .; 12 CLAIMS W claim 1. A nethod of fabricating an

air-gap spagerialofmay isenimoatedial formete bl agthee anEIDS (Nght densstyeplasoh)-SiO,,
provi ding a sem conductor substrate having at |east a pair of STls defining
an acti ve TEe-DRC VI (loiwngress gaicheli@t i poted epositiurg, suds aina & (ATr@vVBai d
active region; said gate el ectrode having an underlying gate dielectric

| ayer; fonminmgspaetit peessord Q¥ D) ayeceso\FAH nidterisltis pedfarably ENREIOgG t he
sidewal | s of said gate dielectric |ayer, said gate el ectrode, and over the
top surface of said gate electrode; |10 formng a liner nitride |ayer over
said liner oxide layer; formng a thick oxide |ayer over the structure;

pl anari zi ng sai d thiskshexyen Figy 8r thesHlampiepiat 1Sn‘i¥‘leF1iRién4fa§ﬁéﬁ prefaebdn by

i ner oxide layer level with said Rﬁ? surface of said gate elephro e, and
exposi ng <aeaufal faechari@bppashing AEMI); tetoray Es 38 haying gaesseatia t/rpg@'@,r 1 ~
renmoving said planarized thick oxide |ayer and a portion of said |iner

oxi de Iayé%“@ﬁﬁl% portion of said gate dielectric |ayer under said gate

el ectrode to forma cross-section inverted T-shaped opening on either side
of said gate electrode; formng a gate spacer oxide |ayer over the
structure at least as thick as said gate el ectrode, wherein said gate
spacer oxi@é3¥é¥§¥¥§§¥¥ﬁ%¥¥¥x¥$lIs said inverted T'' 0 shaped opening from
the top down; wherein air gap spacers are formed proxinate

As shown in Fig. 4, nitride layer 14 is removed, preferably by a hot

phosphoric acid treatment at a temperature from about 150 to 200°C.

Pad oxide layer 12 is then removed, preferably by dilute HF acid,

vapor HF or buffered oxide etchants (BOE).

Gate dielectric layer 17 is then selectively grown / deposited over the
exposed semiconductor substrate 10 to a thickness of from about 10 to 75A and
more preferably from about 14 to 20A. Gate dielectric layer 17 may be formed of

Si0,, Ta,0, SiN, SiON, SiO, + SiN, SiN + SiO,, HFO,, or ZrO,.



the bottom of said inverted T-shaped opening; and etching said gate spacer
oxide layer, liner nitride layer) and |liner oxide |layer to formgate
spacers proximate said gate el ectrode; said gate spacers having an
underlying etched liner nitride |layer and |iner oxide |layer. 2. The nethod
of claim1, wherein said gate electrode is from about 1000 to 3000A thick,
gate dielectric layer is fromabout 10 to 75A thick, said |iner oxide |ayer
13 is From about GhtgoclegsraBolay e Bkis then tbriiadeovenignte dieloctrelnyersl? aroim about
50 to 300 thick; and said gate dielectric |layer is renmoved fromabout 50 to
300 fromSThads. (sate dlagirode dd e 20onay be forTied abpdlysiliobn qralyade usiweWsin sai d
gate electrode is fromabout 1000 to 2500A thick, said gate dielectric

| ayer is Tiblonvaboar Nidi,tfor 28amphi. ekorphows $ilipet, coxiddayenyssructgrefrommgbout
100 to 200A thick, said liner nitride layer is fromabout 50 to 200A thick;
and sai d y@werdaxdred One che afpsemprtionadomaterialomithiboevestying pebaide Byem under
said gate electrode. =1. The nethod of claim1, including the step of

form ng ansaistreeiseblipemad ok ameyrhoey aiticen @atg slestiode @pdaeludgieretad sai d
hard mask | ayer is ed as a stop layer in said planarization step and said
pl anar i ze¥ ¢ BPekas \Qﬁ%@Néﬁ‘&rPiPPﬁé‘Pc%‘i‘ftfp}' BEMB¥er, and Iiner oxide |ayer
are level with the top surface of said hard mask |ayer. 5. The nethod of
claiml, including the step of form ng a patterned hard nask | ayer over

id | d i id hard k.1 i i f
e e e T e PRk 18 . PO e
Si N, d SO i ON...6. Th th f i i id STI
oo - adslgttrade Bar 201t A eTEs f o AEOYE b ton oA e G,
TEOS- LPCV_D, o T . saj.d.gate diel ectric | is,
conpri sed™8¥ ggg%ltr%??aglg Sé“ﬁﬁéﬁ@gc%@éh? ‘t%ﬂlg 8@&% ég%]ﬁé’ler?f‘ﬁﬁ& oﬁégé‘% Fa~05,

SiN, SiON §iQ% +.§hm, SiN+ SiO-, HFO, and ZrQz; 14 and said gate
prferably SION. ) A

el ectrodefis conprised of a material selected fromthe group consisting of

pol ysilicon, polycide, anorphous silicon, and a bi-layer structure having a

| ower | ayer of one the aforenmentioned materials with an overlying pol ycide

| ayer. 7. The et ho@;aI eFlgL@[)a@ Jr?yéléhﬁj’ & hefAlfne ! @siﬁé g:a%fmé& g\%gcégfwask

HDP- Si Oz; said gate ectric l-ayer I's conprised o mat er i ected

L omthe uRaGeRShall RO S Pelechdndoon Bibhin A% arshfis *a phbertldiat

! P
Si 0z, HFO~"and Z sald”gate electrode I1's conprised of anorphous

silicon. gl.ry ThRRLhRg @ffg.feghé‘%%d tég(gh fte g%altrar,lg% tez\ge# e é&t@@&c%&ie{ o m ng

a pad oxi de’ l'ayer over m conduct subs ormng a nitr

| ayer, and"SEer BOGOA00 % AU Bt B RoRe R Plably A AR 1080 THRE e

| ayer, and sem conductor su ate to form apar o

defining Sflfl @aid ofEctfdis 0D h,réc?l‘g{-ialf&‘%m ngr?gi%rﬂﬁéb@ &359DIAS Wik, Q'hy%éin%rgn

trenches; renovi ng sail dnitri ayer;
preferably from about 500 to 3500A wide.

Etching of gate electrode layer 20 also etches that portion of gate
dielectric layer 17 not under gate electrodes 22 leaving etched gate dielectric layers

17



removi ng said pad oxide |ayer before formation of said gate el ectrode
within said active region. 9. A nethod of fabricating an air-gap spacer of
a sem conduct or device, conposing the steps of: providing a sem conductor
substrate having a pad oxide layer and a nitride |ayer successively forned
on said substrate; |~ formng, at |least a pair of STls through said
nitride and pad oxide layers and Into said substrate; said STls defining an
active region; re”ﬂYhﬁHoééHQaPH%ﬂ#@ﬁeaQ%@W@%V%H&§HQ§”ﬁ@sh@¥QU"%*p s15Ng
said substrate at least wwthin said active region; formng a gate el ectrode
on said eypeasd ®URSLs @heisWIkRLY cAfirfodG Five g ghon;, | U said gate el ectrode
havi ng an underlying gate dielectric’layer; Formng a |iner oxide |ayer
over the structure, covering the sidewalls of said gate dielectric |ayer,
said gate el ectrode, and over the top surface of said gate el ectrode;

Form ng afbim@iorbt LindeOkadeeindOlidier SAirtid Ly@fs oxi de layer; 1 S fornming a
thi ck oxide |layer over the structure; planarizing said thick oxide |ayer,
said liner nitride layer, and said liner oxide |ayer level with said top
surface of said gate el ectrode, and exposing said |liner oxide |ayer at

ei ther side of sai dAgaheweliefig.ede sligktipenhggehpattiphafatashedbotiigs.éx de

| ayer and a portion of said liner oxide ?0 |layer and a portion of said gate
di el ectri ¢0l @fyig. Sincrer oxadedagert 26 sldepbsitete / ignovaravea the sissctsscof Fig. 5 rver t ed
T-shaped opening on either side of said gate el ectrode; formng a gate
spacer oxiadbickagsrofduen abtet KX0rtoG00Aearxd mcrasrefambithfrokn atsowdiofl to 200A.

Low doped source and drain (LDD) 30 may then be formed by
conventional ion implantation methods. The LDD implant can be performed before

or after the liner oxide step.

Liner nitride layer 28 is then formed over liner oxide layer 26 to a

thickness of from about 50 to 300A, and more preferably from about 50 to 200A.

Liner oxide layer 26 and liner nitride layer 28 will be used for STI 18
edge or STI 18 oxide protection, and for gate electrode 22 spacer formation as

described below.



gate el ectrode, wherein said gate spacer oxide |layer partially fills said
inverted.T shaped opening fromthe top down; wherein air gap spacers are
Formed proxi mate ?s the bottom of said inverted T-shaped opening; and
etchi'ng said gate spacer oxide layer, liner nitride layer, and |iner oxide
| ayer to formgate spacers proximate said gate el ectrode; said gate spacers

havi ng an_underlying etched Iiner nitride |ayer and liner oxide layer. 16 s
10. The ng?H%%ﬁ%ﬂﬂéﬂﬁgﬁ9§9§ﬁﬁﬁiéﬂﬁ£§$£d; said gate el ectrode is from about
1000 to 3000A thick, gate dielectric layer is fromabout 10 to 75A thick,
said liner oxide layer is fromabout 100 to 500A thick, said liner nitride

| ayer is from about 50 to 30QA thick;, and said.gate dielectric |ayer is
ohoved from about 8bROVERFE-1 Bmhn%@ﬁ 1@%@2@%@%%%1@@@8&&8 SAUCtyF
met hod of gkai 9, wherei.n sajid gate el ectr%ge i s, from.about, 1000 500A
thick) saPtt@Pésdsass aeiifiea dipatrofdiding grigisiertrops DX PHARKRYSZPd | ner
oxi de layer is, f.rogﬁbgéﬂ 100 to 200 thick, said liner nitride layer is
f r om about!N8pRitHA1aYet 28 RPEICN and said gate diel ectric layer is renoved
fromabout 50 to 150A fromunder said gate electrode. 12. The nethod of
claim9, including the step of form ng a patterned hard mask Uycr over said

ate el ectrode, wherein said hard sk |.ayer i e stop layer in
gai d pl anarization iﬁ%ﬁtr&ﬁﬂlr%éﬁ they ﬁﬁ?‘i‘ﬁ%ﬁ W?@Eﬁﬁ%gp'@@ayéﬂn% ??t}(f"é?ed

nitride |ayer, and |iner oxide |layer are |level w.th the top.surface.of said
nar d sk N sakes pF g it s atep Wi i AP PR i ng o
patterned hard sk | aver .aover sai,d gate,egl ecty,ode, wherein said hard nmask
| ayer is cod(ﬁpﬁllaggﬁﬁo?gjéceﬁéipgrle%e she rgé?aes&elf—')f‘i)rni{% he group consisting of
Si2N4, Si02, SION, SiQO + SiN, and SiQ + SiON 17 1~. The net hod of
claim9, wherein said nitride layer is conprised of a material selected
fromthe GHQUR sl gting of SION, and SIN + SiON, said STls arc conprised
of a materTal selfected fromthe group consisting of HDP-Si O, TCOSLPCVD,
and O, and TECS (APCVD); said gate dielectric layer is conprised of a
material selected fromthe group consisting of SiO-, Ta~05, SIN, SiON, SiQ
+ SIN, SIN + S0 H'?Q‘s}?d?«@'n%{@i‘g. 8§g%f§@b§jy A &lk%?tvfaPQPHISa&QYH}H %ﬂ&'teOf a

materi al selected fromthe group consisting of polysilicon, polycide,

anpr phous Birl dcePolu@bf, FlaRhrizy Bliciobkide sy ay irdllloded QYR a baMesn 6f livdte the
aforenentioned materials with zn overlying polycide |ayer. 15. The method
of claim 9@xi‘d’@¢é{ﬁz‘rr26%%!dda ﬁbxttfdn_d@f de&f gAte diél@&!ii'c%@ﬁhr(lﬁ' B MRireElods-s&elonct ed
fromthe group consisting of SiON, and”SiN + SiON;” said STls are conprised
of HDP-Si Qrive%t@'ddr-ﬂ?ehﬁ_ddd}ﬁlnﬁ?%sf&lcadjQdé?trt hfe QeTRIdeSEYarR] pattemeaHaal regllect ed
fromthe group consisting of SiO-, Ta~0f§, SIN, SION) Si %~ + SIN, SiN+ Si0"
HPO_ and Zrf)er 2antthsakhodal 6f 8kSsdeiOler SxigeMRY4SES iDEel ATHIRRGUSUSE tieON.
16. A nethod of fabricating an air-gap spacer of a sem conductor devi ce,
conpri si ngnhhewss@pforafed putarverlighte aiek@bii€ 2ndyusdt@insdhatd alogkNaydrma adpad
oxide layer and a nitride s |ayer successively fornmed on said substrate;
form ng at liheasitride pdiet 2&f STlIs through said nitride and pad oxide |ayers
and into said substrate; said STls defining an active region; renoving said
nitride |ayer and pad oxide | ayer exposing said substrate at |east within
said active region;

The removal of exposed liner oxide layer 26 is self-limiting due to the

narrow gap formed between gate dielectric 22 / patterned hard mask layer 24 and

liner nitride layer 28. Etched gate dielectric layer 17" is recessed a distance 36 from



18 10 formng a gate electrode from about 10U0 to 3UOCOA thick on said
exposed substrate within said active region; said gate el ectrode having an
underlying gate dielectric |layer; said gate dielectric |ayer being from
about 10 to 75f1 thick; Formng a |liner oxide |ayer from about 100 to 500A
thick over the structure, covering the sidewalls of said gate dielectric

| ayer, [ ur.t .

el ectroda\bg}“lg?ém?ongjogﬁfcl{ﬁ\g)?e H?tt[}ﬁgef rgbgsbéﬁgsr(rﬁ } 8 B%mt oa‘l@%%ah? 2% bver
said Iiner,ox.de d@ r; formng a thick oxide Iayer over the structure;

pl anari zi’ g sai dO Itk oxide | ayer, said |liner ni tri de | ayer, and sai d

l'iner 3U oxide | ayflvejr?e‘éef }ﬁ%ﬁ?d %gleglqggel tl’fch 5\&3 i%ia(;xc éeF{iAwZ 8&1 rode

and exposing said ner oxi sal

renovi ng [ ' d 1 i ner
oxi de | ay@? tgnsgiogﬂﬁfoﬁoﬁg rg*‘qubl? q}t 1%§|E.tg%@ ri cgf%{etsrm\‘ grig%%out B0 to
300A undey,sal d,9ad¢ el ectrode to form a cross-section inverted T-shaped
openi ng on at lIgast one ?5 side of said gate electrode; formng a gate
spacer oxide |layer over the structure at lest as thick as said gate

el ectrode, wherein said gate spacer oxide |layer partially fills said

For med proxi mat e ﬁ@ﬁwﬁ?%‘ﬂa‘??s‘ytfﬁﬁa‘ﬁ’aﬁver ! eaw%a%é RS g ke
Pt ot "9, e APRERE A LHSnhRYRy dlelflle bt RGP ol BETayedh BhiaSheoX | ¢
| ayer to <?fjormgate sp ers pr oxi mateysal d gate e{"ectro e, Y$hi e sepacers

having an.4indesvif\g s&ie BeddHdaefa aféléi%nkqx;%r 0 ol AR P % h%yﬁrp- 19

treatment.

Deposition of Gate Spacer Oxide Lavyer

As shown in Fig. 9, gate spacer oxide layer 40 (for gate spacer
formation) 1s deposited over the structure of Fig. 8 to a thickness of from about 300
to 10004, and more preferably from about 300 to 500A. The gate spacer oxide layer
40 deposition extends partially into openings 34 at 42 and forms a seal at 44.
Because the nature of CVD deposition is to have thicker deposition at corners, it

will become self-sealing.
Due to the narrow gap formed between gate dielectric 22 / patterned

hard mask layer 24 and liner nitride layer 28, gate spacer oxide layer 40 deposition

self seals at 44 forming air-gap spacer 46. Air gap spacer 46 reduces parasitic

11



17. The method of claim 16, wherein said gate electrode is from about 10U0
to 2500A thick, said gate dielectric layer is fromabout 14 to 20A thick,
said liner oxide layer is fromabout 100 to 200A thick, said Liner nitride

| ayer “i s fromabout 50 to 200A thick; and said gate dielectric layer is
removed from about 50 to 150A From under said gate el ectrode. 18. The

met hod of claim 16, including the step of formng a patterned hard mask

| ayer ovebveddisl cgph@ticecdtr adegawhed gé sosaéd ubarge Maskht aperest shivisegh@s a
stop layer in said planarization step and said planarized thick oxide

| ayer, |ioetstaittride |ayer, and liner oxide |ayer are level with the top
surface of said hard mask |l ayer. 19. The nethod of claim 16, including the
step of formng a patterned hard mask | ayer over said gate el ectrode,
wherein said hard mask |layer is conprised of a material selected fromthe -
group cong&bsghhtien of OSide¥pac&kO,, SION, SiO + SiN, and SiQ + SiON. 20. -The
nmet hod of claim 16, wherein said nitride |ayer is conprised of a materi al
selected fromthe group consisting of SION, and SiN +. SiON;, said STls are
conprised of a material selected fromthe group consisting of HDP-Si O,
TECSLPCVD, and O3 aAd sh&@8 iaARgVD), gasmbphagabriddi leyect(, ilinet ajteidei lsyeroifpr i sed
of a material selected fromthe group consisting of SiO-, Ta~05, SiN, SiON,
Si O + Si MpdSingr exiGieGryer 26 laFOpniangogically etohdd Safainygite ebdcomdesgacdrs 60.
conprised of a material selected fromthe group consisting of polysilicon,
pol yci de, anorphous silicon, and 20 a bi-layer structure having a Lower

| ayer of one the aforenentioned materials with on overlying polycide | ayer.
21. The met hod of clanweritfnahberildiup penadsses nrdydidneh dpersed so comptiageidiars a
material Selected fromthe group consisting of SION, and SIN + SiON; said
STls arc corpmicedugforHBPASsOForsaiadngiat biglily|dapted sourayemd draonfiiDBed of
a material selected fromthe group consisting of SiO-, TaZ05, SiN, SiON,

Si 02 + Si NMpSuNs n@istewniHRey naade Ortband of ghte elentrodelspecarsde i s conpri sed
of anorphous silicon. .. . ~ .. . vweL.:~ ~ . 21 . AU A@. AY . AA2

.Aly. Af . A&, . AU. AAf. A2 . AU . AU3. A . A . A2 . Af. AY. AL . As2

While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.
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planarizing said thick oxide layer, said liner nitride layer, and said liner
oxide layer level with said top surface of said gate clectrode, and exposing said
liner oxide layer at either side of said gate electrode;
13 removing said planarized thick oxide layer and a portion of said liner oxide
layer and a portion of said gate dielectric layer under said gate electrode to form a
cross-section inverted T-shaped opening on either side of said gate electrode;
forming a gate spacer oxide layer over the structure at least as thick as said
gate electrode, wherein said gate spacer oxide layer partially fills said inverted T-
20  shaped opening from the top down; wherein air gap spacers are formed proximate
the bottom of said inverted T-shaped opening; and
etching said gate spacer oxide layer, liner nitride layer, and liner oxide layer
to form gate spacers proximate said gate electrode; said gate spacers having an

underlying etched liner nitride layer and liner oxide layer.

2. The method of claim 1, wherein said gate electrode is from about 1000 to

30004 thick, gate dielectric layer is from about 10 to 75A thick, said liner oxide layer

-

13
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3. The method of claim 1, wherein said gate electrode is from about 1000 to
2500A thick, said gate dielectric layer is from about 14 to 20A thick, said liner oxide
layer i1s from about 100 to 200A thick, said liner nitride layer is from about 50 to

200A thick; and said gate dielectric layer is removed from about 50 to 150A from

under said gate electrode.
4. The method of claim 1, including the step of forming a patterned hard mask
layer over said gate electrode, wherein said hard mask layer is used as a stop layer
in said planarization step and said planarized thick oxide layer, liner nitride layer,
and liner oxide layer are level with the top surface of said hard mask layer.
ES

5. The method of claim 1, including the step of forming a patterned hard mask
layer over said gate electrode, wherein said hard mask layer is comprised of a

material selected from the group consisting of Si,N,, 5i0,, SiON, SiO, + SiN, and
SiO, + SiON.

6. The method of claim 1, wherein said STIs are comprised of a material
selected from the group consisting of HDP-SiO,, TEOS-LPCVD, and O, and TEOS
(APCVD); said gate dielectric layer is comprised of a material selected from the

group consisting of Si0,, Ta,O;, SiN, SiON, SiO, + SiN, SiN + Si0,, HFO, and ZrO,;
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polysilicon, polycide, amorphous silicon, and a bi-layer structure

having a lower layer of one the aforementioned materials with an overlying

polycide layer.

7. The method of claim 1, wherein said STIs are comprised of HDP-SiO,; said

gate dielectric layer is comprised of a material selected from the group consisting of
Si0,, Ta,0,, SiN, SiON, SiO, + SiN, SiN + Si0O,, HFO, and ZrO,; and said gate

electrode is comprised of amorphous silicon.

8. The method of claim 1, further including the steps of:

forming a pad oxide layer over said semiconductor substrate;

forming a nitride layer over said pad oxide layer;

etching said nitride layer, pad oxide layer, and semiconductor substrate to
form at least a pair of STI trenches defining said active region; and

forming planarized STIs within said STI trenches;

removing said nitride layer; and

removing said pad oxide layer before formation of said gate electrode within

said active region.

9. A method of fabricating an air-gap spacer of a semiconductor device,

comprising the steps of:
providing a semiconductor substrate having a pad oxide layer and a nitride

layer successively formed on said substrate;
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109 109 nt0 said substrate; said STls defining an active region;

removing said nitride layer and pad oxide layer exposing said substrate at
least within said active region;
forming a gate electrode on said exposed substrate within said active region;
t0  said gate electrode having an underlying gate dielectric layer;
forming a liner oxide layer over the structure, covering the sidewalls of said

gate dielectric layer, said gate electrode, and over the top surface of said gate

electrode;
forming a liner nitride layer over said liner oxide layer;
15 forming a thick oxide layer over the structure;
planarizing said thick oxide layer, said liner nitride layer, and said liner
oxide layer level with said top surface of said gate electrode, and exposing said
liner oxide layer at either side of said gate electrode;
removing said planarized thick oxide layer and a portion of said liner oxide
20 layer and a portion of said gate dielectric layer under said gate electrode to form a
cross-section inverted T-shaped opening on either side of said géte clectrode;
forming a gate spacer oxide layer over the structure at least as thick as said
gate electrode, wherein said gate spacer oxide layer partially fills said inverted T-

shaped opening from the top down; wherein air gap spacers are formed proximate

{9
wn

the bottom of said inverted T-shaped opening; and

etching said gate spacer oxide layer, liner nitride layer, and liner oxide layer
to form gate spacers proximate said gate electrode; said gate spacers having an

underlying etched liner nitride layer and liner oxide layer.

16



10gF 1! 10%& ()-F@! 10%g& () - -Z10%& ()----@. ./ dEbC

10bF10%& () - Fl 109& () - mL0%& ()- | 10%& () - Z10%& () -

109%& ()-/W///////dYNC 10b 10b 10b

10bsF7109%& ()-!/s10%& () - MYY" 109%& () -1y

| 10%8& () - YL0%& ()-///CO000_=YNC 10b! ", f #10%JU& ()-S , f#10% ()-S) 10%
U& ()-!1y@10% UyU& ()-10% U& ()-10% U& ()-0' 11A2345zX6YNC 10! : $10% U

U& ()-! @S$109UMIE ()-!(: $109BUSU& ()-! 109AJU& ()-f! @10% U U& ()-, @ 10%

X& () -, 5; 5&]?6661%%6&1 %dl(g)(! clgr&)n '9’, %%e%i%%a%ggi%(@a%le(e)cfroé!e]fg%)om about 1000

to 3000A thick, gate dielectric layer is from about 10 to 75A thick, said liner oxide
layer is from about 100 to 500A thick, said liner nitride layer is from about 50 to

300A thick; and said gate dielectric layer is removed from about 50 to 300A from

under said gate electrode.

11. The method of claim 9, wherein said gate electrode is from about 1000 to
25004 thick, said gate dielectric layer is from about 14 to 20A thick, said liner oxide
layer is from about 100 to 200A thick, said liner nitride layer is from about 50 to

200A thick; and said gate dielectric layer is removed from about 50 to 150A from

under said gate electrode.
12.  The method of claim 9, including the step of forming a patterned hard mask
layer over said gate electrode, wherein said hard mask layer is used as a stop layer
in said planarization step and said planarized thick oxide layer, liner nitride layer,

and liner oxide layer are level with the top surface of said hard mask layer.

13.  The method of claim 9, including the step of forming a patterned hard mask

layer over said gate electrode, wherein said hard mask layer is comprised of a

material selected from the group consisting of Si,N,, SiO,, SiON, SiO, + SiN, and
SO, + SiON.
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sclected trom the group conslbtmg of SiION, and SiN + SiON; said STIs are
comprised of a material selected from the group consisting of HDP-SiO,, TEOS-
LPCVD, and O, and TEOS (APCVD); said gate dielectric layer 1s comprised of a
material selected from the group consisting of SiO,, Ta,O,, SiN, SiON, SiO, + SiN,
SiN + SiO,, HFO, and ZrO,; and said gate electrode is comprised of a material
selected from the group consisting of polysilicon, polycide, amorphous silicon, and

a bi-layer structure having a lower layer of one the aforementioned materials with

an overlying polycide layer.

15. The method of claim 9, wherein said nitride layer is comprised of a material
selected from the group consisting of SiION, and SiN + SiON; said STIs are
comprised of HDP-SiO,; said gate dielectric layer is comprised of a material selected
from the group consisting of SiO,, Ta,O,, SiN, SiON, SiO, + SiN, 5iN + SiO,, HFO,
and ZrO,; and said gate electrode is comprised of amorphous silicon.

16. A method of fabricating an air-gap spacer of a semiconductor device,

comprising the steps of:

providing a semiconductor substrate having a pad oxide layer and a nitride

174

layer successively formed on said substrate;

forming at least a pair of STIs through said nitride and pad oxide layers and

into said substrate; said STIs defining an active region;

removing said nitride layer and pad oxide layer exposing said substrate at

least within said active region;
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10 forming a gate electrode from about 1000 to 3000A thick on said exposed
substrate within said active region; said gate electrode having an underlying gate
dielectric layer; said gate dielectric layer being from about 10 to 75A thick;

forming a liner oxide layer from about 100 to 500A thick over the structure,
covering the sidewalls of said gate dielectric layer, said gate electrode, and over the

15 top surface of said gate electrode;

‘ forming a liner nitride layer from about 50 to 300A thick over said liner oxide

layer;

forming a thick oxide layer over the structure;

planarizing said thick oxide layer, said liner nitride layer, and said liner
oxide layer level with said top surface of said gate electrode, and exposing said
liner oxide layer at either side of said gate electrodc;

removing said planarized thick oxide layer and a portion of said liner oxide
layer and a portion of said gate dielectric layer from about 50 to 300A under said
gate electrode to form a cross-section inverted T-shaped opening on at least one

25  side of said gate electrode;

forming a gate spacer oxide layer over the structure at least as thick as said

gate electrode, wherein said gate spacer oxide layer partially fills said inverted T-

shaped opening from the top down; wherein air gap spacers are formed proximate

the bottom of said inverted T-shaped opening; and
etching said gate spacer oxide layer, liner nitride layer, and liner oxide layer
to form gate spacers proximate said gatc electrode; said gate spacers having an

underlying etched liner nitride layer and liner oxide layer.

10
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! 1Y10%g? e|122' ()A_F‘E‘? g‘%)%/bg?g.o?)c_am\( l%%i el said gate elec(t)rode is from about 1000 to
2500A thick, said gate dielectric layer is from about 14 to 20A thick, said liner oxide
layer is from about 100 to 2004 thick, said liner nitride layer is from about 50 to

200A thick; and said gate dielectric layer is removed from about 50 to 150A from

under said gate electrode.
18.  The method of claim 16, including the step of forming a patterned hard mask
layer over said gate electrode, wherein said hard mask layer is used as a stop layer
in said planarization step and said planarized thick oxide layer, liner nitride layer,
and liner oxide layer are level with the top surface of said hard mask layer.

19.  The method of claim 16, including the step of forming a patterned hard mask
layer over said gate electrode, wherein said hard mask layer 1s comprised of a

material selected from the group consisting of Si,N,, SiO,, SiON, SiO, + SiN, and
SiO, + SiON.

20.  The method of claim 16, wherein said nitride layer is comprised of a material
selected from the group consisting of SiON, and SiN + SiON; said STIs are
comprised of a material selected from the group consisting of HDP-SiO,, TEOS-
LPCVD, and O, and TEOS (APCVD); said gate dielectric layer is comprised of a
maternal selected from the group consisting of 5i0,, Ta,O;, SiN, SION, SiO, + SiN,

SIN + Si0,, HFO, and ZrO,; and said gate electrode is comprised of a material

selected from the group consisting of polysilicon, polycide, amorphous silicon, and



10%4] & ()-4! 10%4| & () - s#10%4| & () - STTTUXUUUJEYNC 10!

IY10%4| & () -$10%t| & () - 10%4 & () s10%| & ()- @al0%l| & ()-& 10%4| & () -
USVWVWVEWMEYNC 10! !'110%t| & ()-3 %

10%4 & () -, #10%4| & ()-11110%4| & ()-Y' 10%| & ()- 410%4| & () - WAKpXXXYYYdE: /
104 104|s610%1|& ()-Y1S10%4| & ()- S/!110%| & () -

Ss-9%$10%!t 0%}| & ( % & i Z[\ R\

104| Y! - 10!’} %Xerlbl fﬂ?ﬂ*}éﬁ t%"‘g% 18 ‘yer? PBSHRE e%m%@?&b%% PRty ) -
104| \ ANANAN: ﬁ bC 10%& 00 & () l10%3& ()-9:109B& ()-M 100 100
1009 Y7 10%0% TFTV v

104| - 10%3& (O)-"1109B& () 9 10%3& () M 610%3& O)-! FlO%& O)- "'109B& () -
Nor mal " "Headi ng 13]c" Headl ng 23] c" "Headi ng 33] c" "Heading 43]c"

Detault Pt aor S et of Slriie SAURAR Y Firar DAL kol e SFARAR9PST €A

) o) Foore ey ﬁtﬁgﬁﬂa&%@&wwf&%TWﬂw R Oabed i imopar

t T L
st %%yg Lc}grr@pl)gg?-;o?)glg%glgg@a@m SrEatidktic Myer b ool rided 6%\’}%%%@ yérsated

<=>? @BODRESH K MNP IRSTIANZET, T2, B1osied HONS STOPREINS BiwYSH, } FFO,

and ZrO,, and said gate electrode is comprised of amorphous silicon.



