Met hod for Form ng an Extended Metal Gate Using a Damascene Process
Background of Invention 5 1) Field of the Invention This invention rel ates
generally to fabrication of a sem conductor device and nore particularly
to a nethod for formng a self-aligned, extended netal gate using a 10
damascene process. 2) Description of the Prior Art As sem conduct or
geonetries continue to shrink, and design requirenents 15 demand faster
per formance, gate contact resistance becones increasingly inportant to
reduce the circuit delay. Metal gates are an attractive option for reducing
gate contact resistance, however, several problens prevent econom cal
commercial manufacturing of netal gates. 20 Etching the top layer of a
gate structure to expose forman opening for a netal gate |ayer can cause
erosion of the adjacent dielectric material (eg gapfill layer or STI).
This erosion | 0 fects
wherein a hi lg\g/%iel}&ﬂ?rgg?lﬁdgaﬁd %Ytgfld I'S eﬁa?g;}[ %Qg&%g\ﬁaﬁgasgéqeﬁgﬁes}:on | ayer
fills in the gap caused by the erosion, increasing the risk of poly
breakdown. 1 Anot her problem associated with form ng netal gates as gate
geonetries continue to shrink is that patterning accuracy is reduced by
perform ng photolithography on non-planar surfaces. Because prior art
processes for formng netal dedackgrowgofdsvéntipnot ol i t hography steps to be
pgrforned on non-pl anar surfaces, the necessary patterning

1) Field of the Invention

This invention relates generally to fabrication of a semiconductor device and
~ more particularly to a method for forming a setf-aligned, extended metal gate using a

10 damascene process.
2) Description of the Prior Art

As semiconductor geometries continue to shrink, and design requirements
15 demand faster performance, gate contact resistance becomes increasingly important to
reduce the circuit delay. Metal gates are an attractive option for reducing gate contact
resistance, however, several problems prevent economical commercial manufacturing of

metal gates.

20 Etching the top layer of a gate structure to expose form an opening for a metal
gate layer can cause erosion of the adjacent dielectric material (eg gapfill layer or STI).
This erosion of the gapfill layer can cause poly wrap around effects wherein a higher
electrical field is created where a polysilicon layer fills in the gap caused by the erosion,

increasing the risk of poly breakdown.




accuracy is difficult to achieve. Also, as gate geonetries continue to
shrink, it becones difficult to |land contacts on the gate structure. To
conpensate for this, dogbone structures that extend over field 10 isol ation
structures are forned to provide increase area for |anding contacts.

However these dogbone structures increase contact resistance causing
circuit delay. The inportance of overcom ng the various deficiencies noted
above is evidenced by the extensive technol ogi cal devel opnent directed to
t he subject, as docunented by the 15 relevant patent and techni cal
literature. The cl osest and apparently nore rel evant technical devel opnents
in the patent literature can be gl eaned by considering the follow ng

patents. U. S , PLer shows a pl anarjzed source and drain and
gate cont act Z‘gnéﬁ%&gﬁ?%.ag%?%%glwﬁlﬁ H(e%i g@ées 4 84° BH0BWE™S pol yci de gate
process f Qg HePid Rl : : I i i) | ayer,
ol | owed oo SEmHACs R pRRimink e e KB Pethe PRG3R, | 'S

5, 915, 183ox f@iiplaine seifacb.. BecslbopHoLart flos&ScsTBLfobinamsktal rgﬁieé‘r&lﬁﬂé act using
recessed etch of a blanket polysilicon layer. U S 5,807,779 (Liaw) shows a
priocess fphotdlshogramhystsps todbd ppnfedneberr o@-plathr dudidces, Shelfkcdsarg pattaaing and
| ocal interconnect structures.

accuracy 18 difficult to achieve.

Also, as gate geometries continue to shrink, it becomes difficult to land contacts
on the gate structure. To compensate for this, dogbone structures that extend over field
10 isolation structures are formed to provide increase area for landing contacts. However

these dogbone structures increase contact resistance causing circuit delay.

The importance of overcoming the various deficiencies noted above is evidenced
by the extensive technological development directed to the subject, as documented by the
15 relevant patent and technical literature. The closest and apparently more relevant
technical developments in the patent literature can be gleaned by considering the

following patents.

U.S. 5,422,289 (Pierce) shows a planarized source and drain and gate contact

20 structure.

U.S. 5,856,227 (Yu et al.) shows a polycide gate process formed by ion implant
through a thin residual polysilicon layer, followed by oxidation of the thin residual
polysilicon layer.

25




US 5,869, 396 (Pan et al.) shows a nethod for formng a polycide gate
contact. U S. 5,856,225 (Lee et al.) shows a process for formng an

i npl ant ed channel region by renoving a dummy gate to form an inpl ant
opening and formng a self-aligned gate in the opening. U S 5,731, 239
(Wng et al.) shows a nethod for formng self-aligned silicide gate

el ectrodes. Summary of the Invention 20 25 It is an object of the present
invention to provide a nethod for formng an self aligned, extended netal
gate using a damascene process. It is another object of the present
invention to %g? i§3 tegrated met hod for formng. a self-aligned,

ext ended net al %a X mbing ‘F%éﬂ“"i‘?ﬁta&rﬁls%ﬁﬂuﬁ‘@ a&ﬁéfaéﬁ%ﬂnﬁﬁc“é%lﬂﬁ acts with

a single nask e i s anot her object of the present
i nvention - (gs%r%@} %gacbqa O?ﬁspll’%op 1 ni nat i ng the poly wap-around effect

at the STI/source and draln junction. 3 It is yet another object of the
present invention to provide a nethod for formng an extended self-aligned

gate wi th redugsdsBOROW @RkY) Btk ahtRBssdbf foRGingRBPhAkidiiegtapWdram 10 15 20

5 contacts and local interconnect structures.
U.S. 5,869,396 (Pan et al.) shows a method for forming a polycide gate contact.

U.S. 5,856,225 (Lee et al.) shows a process for forming an implanted channel
10 region by removing a dummy gate to form an implant opening and forming a self-aligned

gate in the opening.

U.S. 5,731,239 (Wong et al.) shows a method for forming self-aligned silicide
gate electrodes.
15

Summary of the Invention

It is an object of the present invention to provide a method for forming an self-
aligned, extended metal gate using a damascene process.
20
It is another object of the present invention to provide an integrated method for
forming a self-aligned, extended metal gate and self-aligned metal source and drain

contacts with a single mask and etching step.

25 It is another object of the present invention to provide a method for eliminating

the poly wrap-around effect at the STI/source and drain junction.




25 To acconplish the above objectives, the present invention provides a
nmethod for formng an extended netal gate w thout poly wap around
effects. The nmethod begins by providing a sem conductor structure having a
gate structure thereon. The gate structure conprising a gate dielectric

| ayer, a gate silicon |ayer, a doped silicon oxide |ayer, and a disposable
gate | ayer stacked sequentially. Spacers are fornmed on the sidewalls of
the gate structure. A dielectric gapfill layer is formed over the

sem conductor structure and the gate structure and pl anarized, stopping on
t he di sposable gate layer. Afirst silicon nitride |layer is forned over

t he di sposable gate layer, and a dielectric layer is formed over the first
silicon nitride:l . di el.ectric layer is tterned to.forma trench
over the gat edlg%srb%g it ;chee}ggdﬁgﬂrogiﬂﬁe RRE" lpg%ngﬁnﬁ%grog%ad?%ﬁéirtt(géfoglnmgt han t he
wi dth of § i Lol Nt | ayer in the bottom
of the trlgﬁ(éﬁ@gﬁéatpﬂéﬁ g?%@%?ﬁ%ﬁg&d&ggpﬁgﬂﬁwp gh‘?rgaérir%\%gd usi ng one or nore
sel ect i veplett@lithdygaphgr ocesses. The doped silicon oxide |ayer is renoved
using an etch with a high selectivity of doped silicon oxide to undoped
sidicon oxide. A barrier layer is formed over the gate silicon |layer, and
a metal gate |layer is formed on the barrier |ayer; whereby the nmetal gate
| ayer has a gr Extespmpligh e abpy obivetivpat the presers inyeatiomprevidesssmpthod farent i on
provi des fonsi der abl 5‘6;1 n?r ovenent over the prior_art. Extended netal gates
al | ow f or FAMESRSE{ Briahgate Vishout Rakyiwigp gieted elfisisaclihe meghqdhegi#si ng  t he

he.pr escit Fordien iCHRETr QLB JRtiareters SReGr Rt HpBSi 1 on | ayer
o, e i Py 00 R VB e ol
I 0 per f or pps, M AdifoaiAE gAtO RS RRRYA sdghigntially. Spacers are formed on the

sidewalls of the gate structure. A diclectric gapfill layer is formed over the

semiconductor structure and the gate structure and planarized, stopping on the disposable

gate Iayer. A first silicon nitride layer is formed over the disposable gate layer, and a

dielectric layer is formed over the first silicon nitride layer. The dielectric layer is

15 patterned to form a trench over the gate structure; wherein the trench has a width greater

than the width of the gate structure. The first silicon nitride layer in the bottom of the

trench and the disposable gate layer are removed using one or more selective etching

processes. The doped silicon oxide layer is removed using an etch with a high selectivity

of doped silicon oxide to undoped silicon oxide. A barrier layer is formed over the gate

20 silicon layer, and a metal gate layer is formed on the barrier layer; whereby the metal

gate layer has a greater width than the gate structure.

The present invention provides considerable improvement over the prior art.
Extended metal gates allow for increased tolerance for landing gate contacts, eliminating
25 the need for dogbone structures over the field isolation structures. Because the present

invention provides high selectivity of the doped silicon layer in the gate structure to the




phot ol i t hography process error can be reduced, increasing the patterning
accuracy. 5 10 15 20 25 The present invention achieves these benefits in

t he context of known process technol ogy. However, a further understanding
of the nature and advantages of the present invention nmay be realized by
reference to the latter portions of the specification and attached

drawi ngs. Brief Description of the Drawi ngs The features and advant ages of
a sem conductor device according to the present invention and further
details of a process of fabricating such a sem conductor device in

accordance wt sen nvent on will he_nore clear]y understood from
the foll ov&%ecgﬁﬁ %tﬁ %Hl&‘ﬁnlpﬁ YCWP&WBSﬁeW ¢34 bergeoided oMsenyi ng

O g il AL Bnarb S M RN Ber Gp%n"%ggpg IS, ARG ES Ml ar of

correspon I ng e Figures 1

t hrough 68hdtdi t%ﬁ%r&%%fbﬁ' & béﬁﬁﬁdeﬁ%kre%:!el‘?’ﬂ&g Pg‘c e?mI] E&tura%gb odi ment  of

a process for formng an self-aligned exten e according to the
present invention. Figures 7A through 11A |IIustrate sequentlal top views
of a second enbodi nent of a process for formng a self aligned extended
met al gat e accBrapregnt inverttien prldsenthest berefits i the dontext of known process

technology. However, a further understanding of the nature and advantages of the
present invention may be realized by reference to the latter portions of the specification

and attached drawings.
10 Brief Description of the Drawings

The features and advantages of a semiconductor device according to the present
invention and further details of a process of fabricating such a semiconductor device in
accordance with the present invention will be more clearly understood from the

15 following description taken in conjunction with the accompanying drawings in which |
like reference numerals designate similar or corresponding elements, regions and

portions and in which:

Figures 1 through 6B illustrate sequential sectional views of a first embodiment
20 of a process for forming an self-aligned extended metal gate according to the present

invention.

Figures 7A through 11A illustrate sequential top views of a second embodiment
of a process for forming a self-aligned extended metal gate according to the present

25 invention.




5 Figures 7B through 11B and 12 through 16 illustrate sequential sectional
views of the second enbodi nent of a process for formng a self aligned
extended netal gate according to the present invention, wherein Fig. 7B is
taken along axis 7B-7B' as shown in Fig. 7A, Fig. 8B is taken along axis
8B-8B' as shown in Fig. 8A, Fig. 9B is taken along axis 9B-9B' as shown in
Fig. 9A, Fig. 10B is taken along axis 10B-10B' as shown in Fig. 10A and
Fig. 11B and Figs. 12 through 16 are taken along axis 11B-11B' as shown in
Fig. 11A. Detailed Description of the Invention 10 15 20 25 The present

[ n detail with reference to the acconmpanying

hp\é\?mn;bgn \'?whlal %‘gg@g ﬁg% flﬁk?@ﬁ} ﬁ-%wdp%m%gé 1§ istrife gequsrtial spaipr) vievsor s
et hod f o= SRR b Emedry o S5 B S5 PR Y ilead iR AR BFE L T gne
sour ce/ dr @icBrarIYo A Srescht nbbntfoneh ALE R G £7RO0 LR LIORE LGS ThOG %)sgshlé{vg' 1, the

first preferr nbodi nent the present 1 nvention begins providing a

sen conduitiag. 74, e SIB'i6 tdkdd dlonSedTk 6BIEHY&S Mowslif WGl WA CFi1dE issheyl d be
~understood to possibly conprise a wafer or substrate of sem conducting
mef eri al sdouchaxks BB acahiowalin Gzt fanFigm 0Bais Silleh along @xis i1 OBUIOBt Grshswh uct ur e
(SOT), or other like structure as is known in the art. Sem conductor

st ruct ur ein(kig)10dy eud High bl Bipibligs. d 8 dhroughp sk dken flong ks 1 1B-dABrasse one or

nor e cond%ftive and/or insulating |ayers overlying a substrate or the
shown in Fig. 11A.

Detailed Description of the Invention
10
The present invention will be described in detail with reference to the
accompanying drawings. The present invention provides a method for forming a self-
aligned extended metal gate. The present invention can also provide a method for
forming a self-aligned extended metal gate and self-aligned source/drain contacts.
15

First Preferred Embodiment

Referring to Fig. 1, the first preferred embodiment of the present invention begins
by providing a semiconductor structure (11). Semiconductor structure (11) should be
20 understood to possibly comprise a wafer or substrate of semiconducting material such as
silicon or germanium, a silicon on insulator structure (SOJ), or other like structure as is
known in the art. Semiconductor structure (11) should be understood to possibly further
comprise one or more conductive and/or insulating layers overlying a substrate or the
like, and one or more active and/or passive devices formed in or over a substrate or the

25 like.




| i ke, and one or nore active and/or passive devices forned in or over a
substrate or.the like. 5 10 15 20 25 Still referring to Fig. 1, a gate
structure (20) is forned on the sem conductor structure (11). The gate
structure preferably conprises a gate dielectric layer (22) formed on the
sem conductor structure (11), a gate silicon |layer (24) fornmed on the gate
dielectric layer (22), a doped silicon oxide |ayer (26) forned on the gate
polysilicon layer (24), and a disposable gate |ayer (28) formed on the
doped silicon oxide |ayer (26). The gate dielectric layer (22) typically

conprises sili xi.de, hut can be for .using, an sujtable dielectric
material . The %ﬁf‘@%ﬂ?‘éﬂ@ $'ilea§%?§é?“°(t¥2?§§r1% Oé‘in%??ﬁ]ﬁ%m%o’t‘ CEKkness of

bet ween str and 200 Angstrons, and.a dielectyi,c constant
oreater TastugTBR LSRN EARARERTER « B 4RSI G o con
-silicon)g I j Ik d ST ' I bly

for med toOgﬁ?ﬁgtﬁﬁS?gkg%h%g?&ggﬁ&gggﬂt4%%%Mﬁg%ggﬁﬁgﬁgq%ﬁgﬁéﬁégi%ﬁ%strons.
The dopeddislittiie R¥a dopyEdilidotitkidel8fer (BN fdtmea QR mEd fBhoskt at e

gl ass (PSé) or gg?gghgsphosiffcatelglgist?gPSGf forné%&?gmgﬂ th?%tness of
bet ween al2é)tnd O8ispoxgblergaredayen (283 f6HRd Andist dopad silisonakide lahe 2@ alThe vapor
deposition (CVD) eg. PECVD or HDP-CVD or SACVDprocess W th a dopants such
as tri net&nd deleelrie layer (22) srivlipbuosprseesibeorbutide, biltnen it Sposdbsiog gat e | ayer
(28) can conprise silicon nitride or polysilicon, and preferabl¥ has a

t hi ckness*rPlpéisisEir el Thogatadipiecisniayeaned) praferaligat  BiRKnes ol si | i con
nitride Otl)’eh%eénhalbgﬁtm%sgnggirm?gta% S(ﬂ) ggg%%)ms, and a dielectric constant greater than

3. The gate silicon (24) layer can be amorphous silicon ( -silicon) or polycrystalline

10 silicon (polysilicon) and is preferably formed to a thickness of between about 300
Angstroms and 3,00 Angstroms. The doped silicon oxide layer (26) preferably
comprises phosphosilate glass (PSG) or borophosphosilicate glass (BPSG) formed to a
thickness of between about 100 Angstroms and 2,000 Angstroms using a chemical
vapor deposition (CVD) eg. PECVD or HDP-CVD or SACVDprocess with a dopants

15 such as trimethylborate or triethylphoshate or both. The disposable gate layer (28) can
comprise silicon nitride or polysilicon, and preferably has a thickness of between about
100 Angstroms and 2,00 Angstroms for silicon nitride or a thickness of between about

100 Angstroms and 2,000 Angstroms for polysilicon.

20 Still referring to Fig. 1, the gate dielectric layer (22), the gate silicon layer (24),
the doped silicon oxide layer (26), and the disposable gate layer (28} are patterned to
form a gate structure (20) having sidewalls. The gate structure can be formed using
photolithography (eg form photoresist layer, expose photoresist layer through a reticle or
pattern, develop photoresist to form a photoresist mask, etch the underlying layers

25 through the photoresist mask, and remove the photoresist mask). Dielectric spacers (30)

are formed on the sidewalls of the gate structure (20), through blanket deposition of the




100 Angstronms and 2,000 Angstronms for polysilicon. Still referring to Fig.
1, the gate dielectric layer (22), the gate silicon layer (24), the doped
silicon oxide |ayer (26), and the disposable gate |layer (28) are patterned
to forma gate structure (20) having sidewalls. The gate structure can be
formed using photolithography (eg form photoresist |ayer, expose

phot oresi st | ayer through a reticle or pattern, develop photoresist to
forma photoresi st nmask, etch the underlying | ayers through the
phot or esi st mask, and reane t he photoresist mask). Dielectric spacers (30)
are formeg on tgg s of the gate structure (20), through bl anket
deposi t i ofici5pirie P@EP?WECF%hWEMEBe6§kﬁﬁﬁ§@ﬂh%ﬁﬁéﬁ§{%ﬂﬂﬁg The

dielectrig t he spa preferably conprised of silicon
nitride. %rﬁf b%""é‘t‘:?rgggﬁe‘é%ﬂééoﬁ ‘5“1?'0 Fig. 2, a gapfill layer (40) is forned
over the sem conductor structure (11) and planarized, stopping on the

di sposabl e gate layer (28). The gapfill layer (40) preferably conprises

undoped si | i coRefeind@s FRNG, d SapAN &fyef @) ¥ foinaaveZ@E sétichucr
chemi cal - nechani cal ~polishing process (CMP). Still referring to Fig. 2, a

figst silstoonrailily uakplhdyeed, (Ppingonfior digdssblepatt hger (A8)5 PR RpEI1 gat e | ayer
(28) and the gapfil layer (40). The first silicon nitride |ayer can be

formed uslermgy (@)M@@bIYREWDﬁeSomdmtSﬂrmefoerdabalnyl imprefREWLY phwrezsdusidhe fir st

silicon nitride |ayer (50) referabl has a thickness of between about 100
Angst r ons? chegpical- mechamcal poh ing process e/C

Still referring to Fig. 2, a first silicon nitride layer (50) is formed over the
10 disposable gate layer (28) and the gapfil layer (40). The first silicon nitride layer can be
formed using a APCVD, PECVD, or most preferably a LPCVD process. The first
silicon nitride layer (50) preferably has a thickness of between about 100 Angstroms and
2,000 Angstroms.

15 Referring to Fig. 3, a diclectric layer (60) is formed over the first silicon nitride
layer (50). The dielectric layer (60) preferably comprises silicon oxide, but can comprise
any material having the appropriate dielectric properties and etch selectivity to the first
silicon nitride layer (50). A second silicon nitride layer (52) can be formed on the

dielectric layer (60) to protect the dielectric layer {(60) during etching.

20
The dielectric layer is patterned to form a trench (65) having a width greater than
the gate structure (20), as shown in Fig. 4. The dielectric layer is preferably patterned by
forming a photoresist mask (54) as shown in Fig. 3, and etching the second silicon
nitride layer (52), the dielectric layer (60), and the first silicon nitride layer (50) through
25 the photoresist mask (54). For a disposable gate layer (28) comprising silicon nitride, the

disposable gate layer will be removed with the first silicon nitride layer (50) during




2,000 Angstroms. Referring to Fig. 3, a dielectric layer (60) is formed
over the first silicon nitride |layer (50). The dielectric |ayer (60)
preferably conprises silicon oxide, but can conprise any material having
the appropriate dielectric properties and etch selectivity to the first
silicon nitride layer (50). A second silicon nitride |ayer (52) can be
formed on the dielectric |layer (60) to protect the dielectric |ayer (60)
during etching. The dielectric layer is patterned to forma trench (65)
having a width greater than the gate structure (20), as shown in Fig. 4.
The dielectric layer is preferably patterned by formng a photoresist mask
(54) as sHERASi Form dsposablegrte kyettomprising pekysibinen, shd disopabig gats lazerl ayer (52),

the dielectric layer (60), and_the first silicon nitride |ayer (50) through
t he photoWHL?gF”Hégﬂwﬁgi%Foﬁ%Pféwg?gﬁ@@%%P@“@%@Enﬂﬁﬁg?WQE@?gébnprising
silicon nitride, the disposable gate layer will be renoved with the first
silicon nitride layer (50) during 8 etching. For a disposable gate |ayer

conpri si ng pol ¥&kdng il b,qfﬁie%ﬁﬁg%bealeega%%&r@jgﬁlg#éf'ﬁo{ggig%g if Gh! owi ng

renoval of the first silicon nit Iayer’, 5 10 15 20

25s Ref er r bagmiooedigng Hdryictchl(bepdimpasablietdales stiadRt td Rbp&Pimadopes
polysilicon, it can be renoved using a dry etch (eg plasnma assisted

et chi ng) skémoixidesantcilicno oftede e Hop@id/HesOb i. clire dox étdiehanckekictivioost nitri de
using Hor/Cl2/ He-02. The dry etch has a selectivity of polysilicon to
undoped sPAlyEiérends padopsd sidicon exide ofat lcast Xk p sdedtivity pf pélyplitopsd Hpredn t o doped
silicon oxide of at least 2:1 and a selectivity of polysilicon to silicon nitride of at least
2:1. The doped silicon oxide layer (26) is removed using an etch with a high selectivity
10 of doped silicon oxide to undoped silicon oxide. The etch is preferably a wet anhydrous

vapor HF etch with a doped silicon oxide to undoped silicon oxide of greater than 50:1.

A key advantage of the present invention is that the high selectivity of the doped
silicon oxide etch prevents erosion of the undoped silicon oxide in the gapfill layer (40)

15 which is exposed to the etch in the bottom of the trench beyond the dielectric spacers.

Referring to Fig. 6A, a barrier layer (70) is formed over the gate polysilicon layer

(24). The barrier layer comprises one or more of the following: titanium, titanium
nitride, tungsten nitride and tantalum or tantalum nitride, formed to a thickness of

20 between about 50 Angstroms and 2,000 Angstroms. A metal gate layer (80) is then
formed on the barrier layer. The metal in metal gate layer (80) comprises tungsten or
aluminum or aluminum alloy (eg. Aluminum-copper) or copper or a combination
comprising two or more of the said metals. The metal gate layer (80) and the barrier
Layer (70) are then subjected to a chemical mechanical polishing (CMP), with the

25 second silicon nitride layer (52) acting as a polishing stop. The metal gate layer (80) has

a greater width than the gate structure (20}, where it is formed in the trench (65). This




silicon oxide of at least 2:1 and a selectivity of polysilicon to silicon
nitride of at least 2:1. The doped silicon oxide |ayer (26) is renoved
using an etch with a high selectivity of doped silicon oxide to undoped
silicon oxide. The etch is preferably a wet anhydrous vapor HF etch with a
doped silicon oxide to undoped silicon oxide of greater than 50:1. A key
advant age of the present invention is that the high selectivity of the
doped silicon oxide etch prevents erosion of the undoped silicon oxide in
the gapfill layer (40) which is exposed to the etch in the bottom of the
trench beyond the dielectric spacers. Referring to Fig. 6A, a barrier |ayer
(70) is fEhdigngdextontid melakeaipisyasicrite dand|caytasts oy they a TFmew Igates inghe | ayer
conprises _one or nore of the followng: titanium titanium nitride,
tungst en R 'de and tantal umor tantalumnitride, formed to a thickness of
bet ween about 50 Angstrons and 2,000 Angstrons. A netal gate layer (80) is
then fornmed on the barrier layer. The netal in netal gate | ayer (80)

conpri ses tungRi@Ringto FRY. UBT DYHILQT didlekti: 'T'dljﬁ%} n@@ QX?&%%-ové‘ HoLRY mefa@pp%)e or

copper or a conbination™ conprising two o e o e sald”netals

et al  gat Rytrae the(20)ndatiglidt e artid seéondldryl8dtrid 1690r RfPritiemdaspenisgcbed to a
chem cal nechanical polishing (CWP), with the second silicon nitride |ayer

(52) actiogdasr doppdkilistn orgdsdogher Bhigabiematerigiate lseypad d{eBQjricHager (®) gr eat er
wi dth than the gate structure (20), where it is formed in the trench (65).
This 9 selsipatigmerhiedorme metah getd comtecilopegrangs (P3) ardspence pwl draimcbontesit act s on t hen

a narrow gates in.th prior art. 5 10 15 20
penings (95). The source and drain contact openings are extended through the second

dielectric layer (90), the second silicon nitride layer (52), the first dielectric layer (60),

10 the first silicon nitride layer (50) and the gapfill layer (40).
Second Preferred Embodiment

Referring to Figs. 7A and 7B, a second preferred embodiment of the invention
15 begins by providing a semiconductor structure (11). As with the first preferred
embodiment, the term semiconductor structure should be understood to be descriptive
and is not intended as a limitation. Semiconductor structure (11) can be a wafer of

semiconducting material such as silicon, or a like structure as is known in the art.

20 Still referring to Figs. 7A and 7B, a gate dielectric layer (22), a gate silicon layer
(24), a doped silicon oxide layer (26), and a disposable gate layer (28) are sequentially
formed over the semiconductor structure (11). The gate dielectric layer (22) preferably
comprises silicon oxide having a thickness of between about 10 Angstroms and 200
Angstroms, but can comprise other materials having the desired dielectric constant of

25 greater than three (eg. silicon nitride, tantalum oxide). The gate silicon layer (24) can

comprise polycrystalline silicon (polysilicon) or amorphous silicon ( -silicon) preferably

10




25 Referring to Fig. 6B, a second dielectric layer (90) is forned over the
gate netal layer and the second nitride |layer. The second dielectric |ayer
conpri ses undoped silicon oxide or doped silicon oxide or other suitable
material. The second dielectric layer (90) is patterned to formnetal gate
contact openings (93) and source and drain contact openings (95). The
source and drain contact openings are extended through the second
dielectric layer (90), the second silicon nitride |layer (52), the first
dielectric layer (60), the first silicon nitride |layer (50) and the
gapfill layer (40). Second Preferred Enbodiment Referring to Figs. 7A and
7B, a secdspasifsds ethieknessmidgivrenebatt 300 dngsiverstand 3,008 dgigstsorhyusirenvi di ng a
sem cond structure As with the first preferred enbodinent, the
term sem Lﬁ%‘ﬁ\ﬁ@d{f‘éﬁ@%t?@&%? SlBWXédedéyeaﬁ%férpsttf%fa‘dywnb@sea@é%ﬁ}ﬁf| ve and is

0 sorm cape Pty bR s kST b il AR b abf 0008 o0 o ©
knom in éﬁ'fstl%fnfsusﬁ 4éheﬁﬁéa§c£ 09965(0%011@ LV le vl OXI@:@pg' ectric

| ayer (22 a gate I con yer (26),
and a di %@&@E)Whgl@?:ﬁﬁi ﬁﬁa%s {n%ﬁ')yliﬁ)'i&e S ?rﬂhaéﬂhxte ok %ﬂﬁeq“h@\e@sr oldb&
sem conduct or structure The gate dielectric |ayer (22) preferably

conpr i sesgasd layﬁqm)qxeféfabtya,\otrm@sa silivoi kitfigs 288 pReinweRasabBitknd® oANgSt r ons
and 200 Angstrons, but can conprise other materials having the desired

di el ect riketeomsibant | (0fAnggiremas and 2,0@(hAngstrems(eg. silicon nitride, tantal um
oxide). The gate silicon layer (24) can conprise polycrystalline silicon
(pol ysilicon) or anorphous silicon (-silicon) preferably 10 5 10

Still referring to Figs. 7A and 7B, the disposable gate layer (28), the doped

10 silicon oxide gate layer (26), the gate silicon layer (24), the gate dielectric layer (22) and
the semiconductor structure (11) are patterned to form an isolation trench (15). The
isolation trench preferably has a depth of between1,000 Angstroms and 5,000 Angstroms
below the top surface of the semiconductor substrate. The disposable gate layer (28), the
doped silicon oxide gate layer (26), the gate silicon layer (24), the gate dielectric layer

15 (22) and the semiconductor structure (11) can be patterned by forming an isolation etch
mask (19) over the disposable gate layer (28) using photolithography. If the disposable
gate layer (28) comprises silicon nitride, the isolation etch mask (19) can be removed
following etching of the disposable gate layer (28), and the remaining layers can be
etched through the opening etched in the disposable gate layer (28). In this context,

20 silicon nitride acts as a hardmask. Alternatively, the isolation etch mask (19) can be
removed following completion of the isolation trench (15). An advantage of the present
invention is that the topography is flat, which provides more accurate control of the

photolithography process.

25 Referring to Figs. 8A and 8B, shallow trench isolation (STI) structures (12) are

formed in the isolation trench (15) by depositing and planarizing a dielectric layer such

11




15 20 25 deposited to a thickness of between about 300 Angstrons and 3, 000
Angstronms using a LPCVD process. The doped silicon oxide |ayer (26)
preferably conprises of PSG or BPSG is preferably fornmed to a thickness
of between about 100Angstrons and 2,000 Angstrons using a chem cal vapor
deposition (eg. PECVD, HDP-CVD or SACVD) process with dopants such as
triethyl borate or triethyl phosphate or both. The di sposable gate |ayer
(28) preferably conprises silicon nitride, and preferably has a thickness
of between about 100 Angstrons and 2,000 Angstrons. Still referring to
Figs. 7A and 7B, the_disposable gate |ayer (28), the doped silicon oxide
gat e | ayeds slion oxidse ThaSdlsdil 2} arpprefesghdy plepar)zed tting gshamigilemedanicel | ayer

(22) and he. sem conduct.or structure (11) are patterned to form an

i sol ati onp‘%hrsg 8 RTQCE%) SORMEE of éﬁ%ﬁpPﬁg}e{Wﬁrﬁéf erably has a depth of

bet ween 1, 000 Angstrons and 5,000 Angstrons below the top surface of the
sem conduct or substrate. The di sposable gate |layer (28), the doped silicon

oxi de gat e | ystollo Flsdo 3k 1A bh o0 Y Blnd Ayt 19.005F ol Bhept i ©

| ayer (22) and the“sem conducfor structure erned by

for ming agilidomQdxadel ke 189 26) MRS Eat_(a%ﬂi)ao@}a?ér (heast ;osRRlfcartiByd-ayer (28)
usi ng photolithography. If the disposable gate |ayer (28) conprises

si | i con nart paitheped thdomsgdtattiveturet (€0). e gite €A masB (2N ¢s foar@i/@dthe f ol | owi ng
etching of the disposable gate layer (28), and the remaining |ayers can be
et ched t hdispagble Beie dnyeni2B) aestoivadnibitgst Hib aud 8Bodhbkase gahenaska(@® (28). In
this contex{e, silicon nitride acts as a hardmask. Alternatively, the

i sol at i onPEREPlheRRPTEEORholtRsH dormed vging @ PhetoliBRR gL Bieptset ASHNTHC t he
isolation trench.(15). An_advantage of the present invention is that the
t opogr aph¥ p?%raéi]yd% %a%\%lingﬁ Pﬁ?%@ﬁha%‘g&% P‘éhagﬁlﬁ‘g G ASCraHY ‘?I}&]ile of the

10 photolithography process and the resulting gate width.

The disposable gate layer (28), the doped silicon oxide gate layer (26), the gate
silicon layer (24), and the gate dielectric layer (22) are etched through the openings in the
gate etch mask (29) to form gate structures (20) having sidewalls. The etching

15 chemistries used in the patterning of the gate structure 20 include: SFg/O2/HBR, or
CF4/02/HBR, or C2F6/02/HBR (for the etching of silicon nitride (2R), CF4/CHF3 (for
doped silicon oxide gate layer (26), HBR/CI.2/He-O2 ( for the etching of gate silicon
layer (24)) and HF vapor ( for the etching of gate dielectric layer (22)). A key advantage
of the present invention is that the doped silicon oxide .layer {26) can be etched

20 selectively to the STIs (12) using an wet anhydrous HF etch.

Referring to Figs. 11A and 11B, spacers (30) are formed on the sidewalls of the
gate structures (20) and the STIs (12). The spacers preferably comprise silicon nitride,
and are preferably formed by a blanket deposition of silicon nitride and an anisotropic

25 etch.
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phot ol i t hography process. Referring to Figs. 8A and 8B, shallow trench
isolation (STI) structures (12) are forned in the isolation trench (15) by
depositing and planarizing a dielectric |layer such 11 as silicon oxide. The
STls (12) are preferably planarized using a chem cal- nmechanical polishing
process, stopping on the disposable gate layer (28). 5 10 15 20 25
Referring to Figs. 9A 9B, 10A and 10B, the di sposable gate |ayer (28), the
doped silicon oxide gate layer (26), the gate silicon layer (24), and the
gate dielectric layer (22) are patterned to formgate structures (20). A
gate etch mask (29) is formed on the di sposable gate |ayer (28), as shown
in Figs. 9A andefomnginbiggal.a saph layas@0) BRyrmedroatrthe kinyiconsimptor ses
phot oresi st for usi.ng a photo]ithography process. Again, the topography
is flat otfficHE® gﬁg@&f W?%c&@?fgﬁmﬁmgﬁﬁélﬁrc@l?@sw%g% BypH@Y)- ofhergaptill
photolith ocess and .t he resul tin ate width.. The di sposable gate
Paver (2af b iRabaBhaGRER Adabng B0 set 3 Sl i ad bRET T con
| ayer (24mﬁmgagﬂkggmg@ﬁ?dgkgl295&%& | ayer (22) are etched through the
openings in the gate etch ng k (29) to formgate structures (20) having
sidewal I s. The etching chem stries used in the patterning of the gate
structure 20 include: SF6/ 2/ HBR, or CF4/ 2/ HBR, or C2F6/02/HBR (for the
et chi ng of sil$tdbreferiibg todéig.(128) firdCrdic@HRBidef1aver (X0 pefdrned dvepthe@xpfile gat e
| ayer (26?, HBR/ CL2/ He-02 ( for the etching of gate silicon
ayer (40) and the gate structures (20). A dielectric layer (60) is formed on the first
silicon nitride layer (50). The first silicon nitride layer (50) can be formed using a
APCVD, PACVD, or most preferably a LPCVD process, and is preferably formed to a
10 thickness of between about 100 Angstroms and 2,000 Angstroms. The dielectric layer
~(60) preferably comprises undoped sificon oxide, which can be formed using a CVD
process. The dielectric layer preferably has a thickness of between about 500 Angstroms

and 5,000Angstroms.

15 Still referring to Fig. 12, a photoresist mask (54) is formed over the dielectric
layer (60} using photolithography. The photoresist mask (54) has openings over the gate
structures (20); wherein the openings in the photoresist mask (54) have a width greater
than the width of the gate structures (20). An advantage of the present invention is that
the dielectric layer (60) has a planar topography providing for an accurate

20 photolithography process.

Referring to Fig. 13, the dielectric layer (60) is patterned to form trenches (65) by
etching the dielectric layer (60) through the openings in the photoresist mask (54),
stopping on the first nitride layer (50). The dielectric layer (60) is patterned using an
25 etch selective to silicon nitride, such as 10:1. Following formation of the trenches (65),

the photoresist mask (54) can be removed using an ashing process as is shown in Fig. 13.
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| ayer (24)) and HF vapor ( for the etching of gate dielectric |ayer (22)).
A key advantage of the present invention is that the doped silicon oxide
| ayer (26) can be etched selectively to the STls (12) using an wet
anhydrous HF etch. Referring to Figs. 11A and 11B, spacers (30) are forned
on the sidewalls of the gate structures (20) and the STIs (12). The
spacers preferably conprise silicon nitride, and are preferably forned by
a bl anket deposition of silicon nitride and an anisotropic etch. 12

Referring to Fig. 12, a gapfill layer (40) is forned over the sem conductor
structure (11) and planarized, stopping on the disposable gate |ayer (28).
The gapfill layer preferably conprises undoped silicon oxide, and is

preferably plan%rized using a _chem cal - nechani cal polishing process. 5
Still referrin{eiepngitgyFies 4, the first siticopnitride fayes P} exwosedhin theogymiof  or ned
over the gapfill e 0) and t ate structures.(20). A dielectric
| ayer (60 e?rgn?hSF Fﬁéﬁx%#h%ﬁ‘b%’?ﬁasgtga@?%ri A THOYE ¢S Bf%’dﬁ”%‘ ¥he first
silicon ni:tfi : {: - : i . PACVD, or nost
prefer abrﬂy%gbdli%&b%ygﬁ%ggﬁﬁl&@%p%&g{g&%ﬁSQ/Q?@F?red%égWgﬁfo t hi ckness of

bes ween alBRICIHO, AHAHFIONG2 2R ETHRFAGH cHRE S QBnot PG pHMLE! £ &kic Agyer  (60)

preferably conprises undoped silicon oxide,” which can be formed using a CvD
process. dii@tdpelptainictchliaperlerpddbanabi willdavea bhiick 6£ms sploceRtv)een about
500Angstrons and 5, 000Angstronms. 15 Still referring to Fig. 12, a

phot or esi wideriping a ceepr pishé gapddldayy €40)1 Whicklimell balp ta prevénhyretal (BiFiouif ng

phot ol i t hography. The photoresist nask (54) has openi ngs over the gate

st r uct ur € pPByqueie fasmed metal p€ni ngs i n the photoresist mask (54) have a
wi dth greater

10 Still referring to Fig. 14, the doped silicon oxide layer (26) is removed using a
wet anhydrous HF etch having a selectivity of doped silicon oxide to undoped silicon
oxide of greater than 50:1. A key advantage of the present invention is that the wet
anhydrous HF etch does not significantly etch the exposed portions of the gapfill layer
(40) at the edges of the trenches (65), avoiding poly wrap around effects.

15

Referring to Fig. 15, a barrier layer (70) is formed on the exposed areas of the
gate silicon layer (24), the spacers (30), and the gapfill layer (40). The barrier layer (70)
comprises one or more of the following: titanium, titanium nitride, tantalum or tantalum
nitride and preferably has a thickness of between about 50 Angstroms and 2,000

20 Angstroms. A metal gate layer (80) is formed on the barrier layer (70). The metal gate
layer (80) can comprise one of a variety of conductive metals such as tungsten or

alominum (elemental or alloyed) or copper.

Still referring to Fig. 15, the metal gate layer (80) and the barrier layer (70) are
25 planarized using a chemical-mechanical polishing process, stopping on the dielectric

layer (60). The resulting metal gate layer (80) extends beyond the original gate structure

14




than the width of the gate structures (20). An advantage of the present
invention is that the dielectric |ayer (60) has a planar topography
providing for an accurate 20 photolithography process. Referring to Fig.
13, the dielectric layer (60) is patterned to formtrenches (65) by
etching the dielectric |ayer (60) through the openings in the photoresist
mask (54), stopping on the first nitride |ayer (50). The dielectric |ayer
(60) is patterned using an 25 etch selective to silicon nitride, such as
10: 1. Following formation of the trenches (65), the photoresist mask (54)
can be renpved using an ashing process as is showmn in Fig. 13. 13 5 10 15
20 25 Ref@ t%f@n“ﬂ én ﬁtgndeﬂzmet@lrgeterhamg agpp nehwitith gicalter thay the g@60) exposed in
t he botton1of nches 65 and the disposabl e gate I égi) are

r enoved BIT%W@E cft Kgy phvag agﬁPB‘il?ei?EqS@Et"il‘(FP{) 190 i§fthad e AL o

OB 0 ﬁ’gﬁﬁs Y EaPorty R AT ShET o], G B gt to ofosRE S of msi
etch i s pgRlaREEH tH@ﬁgM 1M nh} ; él?@?i‘l%v@s tggg‘éd V0 regi]ﬁ%lb%ﬁ)?ﬁ%% s (30)

underlying a corner of the gapfi ayer to prevent

nes al  di f§lusr ORede, cbRNSLSE GUEHH dr¥a/biG ea%wémaa{sﬁy Still referring to
Fig. 14, the doped silicon oxide |ayer (26) is renoved using a wet

anhydrous HF etch having a selectivity of doped silicon oxide to undoped
silicon oxide of greater than 50:1. A key advantage of the present
i nvention is theferrmado Fgt 16, a second dielectric layer (90) is formed over the gate metal
layer (80) and said first dielectric layer (60). The second dielectric layer comprises
undoped silicon oxide or doped silicon oxide or other suitable material. The second
10 dielectric layer is patterned to form gate contact openings (93) and source and drain
contact openings (95). The source and drain contact openings are extended through the
dielectric layer (60), the first silicon nitride layer (50) and the gapfill layer (40). The
source and drain contact openings can be self aligned by the silicon nitride spacers (30)
formed on the STIs (12).
15
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.

20
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anhydrous HF etch does not significantly etch the exposed portions of the
gapfill layer (40) at the edges of the trenches (65), avoiding poly wap
around effects. Referring to Fig. 15, a barrier layer (70) is forned on the
exposed areas of the gate silicon layer (24), the spacers (30), and the
gapfill layer (40). The barrier layer (70) conprises one or nore of the
followng: titanium titaniumnitride, tantalumor tantalum nitride and
preferably has a thickness of between about 50 Angstrons and 2, 000
Angstrons. A netal gate layer (80) is forned on the barrier layer (70). The
nmetal gate layer (80) can conprise one of a variety of conductive netals
sdch as tungsten or alumnum (elenental or alloyed) or copper. Still
rgferring to Fig. 15, the netal gatgﬂLa er (80) and the barrier layer (70)
afe planarized using a chenical - mech@iPcal polishing process, stopping on
the dielectric layer (60). The resulting netal gate layer (80) extends
beyond the original gate structure 14 5 10 15 20 (20) to form an extended
mgt al gatie haw mgthad ttforih@hn Wheldd Sialak, éo%?ﬁ}is{n%%egﬁéﬁ ofStructure width.
A key advantage of the presént invention'is that the extended netal gate
psovi des a greater area for |landing gate contacts, elimnating the need for
"dogbone" structures on the field dielectric. This also allows the two
aétive areas topbeidpigacethiconiodersirutercdeyingfaf datd smttutstberobn Bavingcon ar ea/ or

i nproved pattern density. Referring to Fl%. 16, a second dielectric |ayer
(80) is ruleHals: syideaicrBugHeeompraing ajgaipdiclgay lagensaidgemiconductiitel ectri ¢
I%yer (GQEUdThe seco d dfelectrjc |

j ayer conprises e _
ayer on said gate d\{eﬁectnc {gg)rer, a Soped silicon oxide layer on

ure, a gate silicon
9 said gate silicon layer, and a disposable gate layer on said doped silicon oxide layer; said
10 gate having spacers on said sidewalls of said gate structure;
11
12 b. forming a dielectric spacers on said sidewalls of said gate structure:
13
14 c. forming a dielectric gapfill layer over said semiconductor structure and said
15 gate structure, and planarizing said gapfill layer stopping on said disposable gate layer;
16
17 d. forming a first silicon nitride layer over said disposable gate layer;
18
19 ¢. forming a dielectric layer over said first silicon nitride layer;
20
21 f. forming a second silicon nitride layer over said dielectric layer:
22
23 g. patterning said dielectric layer to form a trench over said gate structure; said
24 trench having a width greater than the width of said gate structure;
25

16




undoped silicon oxide or doped silicon oxide or other suitable material.

The second dielectric |ayer

is patterned to form gate contact openings

(93) and source and drain contact openings (95). The source and drain

cont act
silicon

(30) forned on the STIs (12).
shown and described with reference to

it wll

f8r m and det ail ¥megipgsaidfustesiligon nitde Wagrdn therhgttomeisaif erenghy; mherebnd

gﬁ the i
28
29
30
31
32
33
34

35

openi ngs are extended through the dielectric |layer (60),

the first

nitride layer (50) and the gapfill layer (40). The source and
drai n contact openings can be self aligned by the silicon nitride spacers

Wil e the invention has been particularly
the preferred enbodi nents thereof,

be understood by those skilled in the art that various changes in

nv.ration 151. 23456 789 10 11 12 13
said disposable gate layer is exposed

i. removing said disposable gate layer, and removing said doped silicon oxide

layer; whereby said gate silicon layer is exposed;
J. forming a barrier layer over said gate silicon layer; and
k. forming a metal gate layer on said barrier layer, and in said trench; whereby

said metal gate layer has a greater width than said gate structure.

2. The method of claim 1 wherein said gate dielectric layer comprises any material

having dielectric constant of greater than 3.

3. The method of claim 1 wherein said gate silicon layer comprises polycrystalline

silicon (polysilicon).

4. The method of claim 1 wherein said gate silicon layer comprises amorphous

silicon.

5. The method of claim 1 wherein said gapfill layer comprises undoped silicon

oxide.

17
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14 15 16 17 18 19 20 21 22 23 24 25 Clains 1. A nethod for form ng an
extended netal gate, conprising the steps of a. providing a sem conduct or
structure having a gate structure thereon having sidewalls; said gate
structure conprising a gate dielectric |layer on said sem conductor
structure, a gate silicon layer on said gate dielectric |ayer, a doped
silicon oxide layer on said gate silicon |layer, and a di sposable gate

| ayer on said doped silicon oxide |layer; said gate having spacers on said
sidewal I s of said gate structure; b. formng a dielectric spacers on said
sidewal | s of said gate structure: c. formng a dielectric gapfill |ayer
over said sem conductor structure and said gate structure, and pl anari zing
sai d gapf,ill er stoppjng.on said disposable gate layer; d. formng a
first si ﬁcoanﬁ%ﬂeﬂt&’équabﬁ 1 el%a&}lgdafeéﬁ%aap@daéwfrOélgP&S,eS e. forming a
dieIectrﬁﬁmﬁﬁMsﬁngggﬁ%ggg)first silicon nitride |ayer;

7. ‘The method of claim 1 wherein said dielectric layer comprises

borophosphosilicate glass (BPSG).

8. The method of claim 1 wherein said dielectric layer comprises silicon oxide.
9. The method of claim 1 wherein said disposable gate layer comprises silicon
nitride.

10. The method of claim 1 wherein said disposable gate layer comprises

polycrystalline silicon (polysilicon).

11.  The method of claim 1 whereby said doped silicon oxide layer is removed using

anhydrous HF vapor etch.

12, The method of claim 11 whereby the dry etch has a selectivity of doped silicon

oxide to undoped silicon oxide layer of greater than 50:1.

13




f. formng a second silicon nitride |ayer over said dielectric |ayer: g.
patterning said dielectric layer to forma trench over said gate structure;
said trench having a width greater than the width of said gate structure;
16 26 h. renoving said first silicon nitride layer in the bottom of said
trench; whereby 27 said disposable gate |ayer is exposed 28 29 i.
renovi ng sai d di sposable gate |ayer, and renoving said doped silicon oxide
30 | ayer; whereby said gate silicon |ayer is exposed; 31 32 j. formng a
barrier layer over said gate silicon layer; and 33 34 k. formng a netal
gate layer on said barrier layer, and in said trench; whereby 35 said
nmetal gate |ayer has a greater width than said gate structure. 2. The
nmet hod of cIa&, I ﬁ@ﬁf in said gate _dielectric |l ayer conprises_any nateri al
havi ng dilél ecttPf & of glaim dwhsreimpald dispesablg gatg layeneomprisioRplptliconai m 1

Cholysi 1 ERbfi @ sPoshls BT nsEiame e St B 30 Pl sPlerbi | ayer

. : Vet : ‘ o] i .
Cayor conol SARAfHS sal e Btcod el 6L ARAES Ve ATk pISHETET § Dner el n
sai d dopedp&l dilicoarbxQiel ot ledy or1, ERMPEI&EBSity of polysilicon to silicon nitride of at

least 2:1.

14.  The method of claim 1 wherein said disposable gate layer comprises silicon

nitride, and is removed with the first silicon nitride layer.

15 The method of claim 1 which further includes, subsequent forming a metal gate

layer, the steps of :

L. planarizing said metal gate layer and said barrier layer using a
chemical mechanical polishing process, stopping on said second silicon

nitride layer;

m. forming a second dielectric layer over said metal gate layer, said

barrier metal and second silicon nitride layer; and

n. patterning said second dielectric layer to form contact openings for
said gate structure and patterning said second dielectric layer, second
silicon nitride layer, first dielectric layer and said gapfill layer to form

source and drain contact openings.
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phosphosilicate glass (PSG. 7. The nethod of claim1 wherein said
dielectric |layer conprises borophosphosilicate glass (BPSG. 8. The nethod
of claim1l wherein said dielectric |layer conprises silicon oxide. 9. The
met hod of claiml wherein said disposable gate |ayer conprises silicon
nitride. 10. The method of claim1l wherein said disposable gate |ayer
conprises polycrystalline silicon (polysilicon). 11. The nethod of claim!l
wher eby said doped silicon oxide |ayer is renoved using anhydrous HF vapor
etch. 12. The nethod of claim 11 whereby the dry etch has a selectivity of
doped silicon oxide to undoped silicon oxide |ayer of greater than 50:1.
18 13. The nmethod of claim 1l wherein said disposable gate |ayer conprises

pol ysi li ¢con, nd sai.d.dj s abl e te layer .is.removed ysing.a plasna

host st ed 16t ch ThF A IRIOLFlaRR 33?‘?@%%316&8%@%@1@% R SABIBRE WEH9REon oxi de
of at 'eﬁﬁﬁoﬁ'}mé selectivity of polysilicon to doped silicon oxide of at

| east 2: 1, 8 a selectivity of polysilicon to silicon nitride of at |east
2:1. 14. The method of claim 1l wherein said disposable gate | ayer conprises
silicon nitride, and is renoved with the first silicon nitride layer. 15
The met hod of claim1 which further includes, subsequent form ng a netal
gate layer, the steps of : 1. planarizing said netal gate | ayer and said
barri er lldyer Thsimethod of chgmnil § atherby Hersicomld ddédtddiang cpmpasssiopst oppi ng on

sai d second silicon
silicon oxide.

1 18. A method for forming an extended metal gate and a self-aligned contact
2 comprising the steps of:
3
4 a. providing a semiconductor structure (11); said semiconductor structure having a
5 gate diclectric layer thereon; said gate dielectric layer having a gate silicon layer thereon;
6 said gate silicon layer having a doped silicon oxide layer thereon; said doped silicon
7 oxide layer having a disposable gate layer thereon;
8
9 b. patterning said disposable gate layer; said doped silicon oxide layer, said gate
10 silicon layer and said gate diclectric layer to form trenches for shallow trench isolation;
11
12 ¢ .forming shallow trench isolation (STT) structures by depositing and planarizing
13 a dielectric layer;
14
15 d. patterning said disposable gate layer, said doped silicon oxide layer, said gate
16 silicon layer and said gate dielectric layer to form gate structure having sidewalls;
17
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nitride layer; in. formng a second dielectric |ayer over said netal gate
| ayer, said barrier netal and second silicon nitride |ayer; and n.
patterning said second dielectric layer to formcontact openings for said
gate structure and patterning said second dielectric |ayer, second silicon
nitride layer, first dielectric layer and said gapfill layer to form
source and drain contact openings. 19 16, The nethod of claim 15 whereby
the second dielectric layer conprises undoped silicon oxide. 17. The met hod
of claim 15 whereby the second dielectric |ayer conprises doped silicon
oxide. 1 18. A nethod for form ng an extended netal gate and a self-aligned
déntact 2 compripyning didestrict sppesrodn sadd sideveallspi said datagiriactgei conduct or
structure (11); said sem conductor structure having a 5 gate dielectric
Byer thereon said gate dielectric | ayer having a gate silicon |ayer

t er eon; ate Si havi n do silicon oxide |ayer

2Iﬂer eon; sai d?cfggg'&g&gﬁ’@) y%r 06’ ?eéty‘é?n%ﬁ%i c'alr%?r%dpsﬂ’élaﬂﬁfeemb‘ﬁtﬂlée I>layer
ther eon; | sai d doped silicon
Oz)r:l de | a;?g? pﬁg&z@gﬁ%ﬁﬁ?@q?ﬁeﬁ@%ﬂ@ 89%?}9%% gs%éiﬁ(?a@{?yet’di electric layer to
frarm trenches for shallow trench isolation, 11 12 ¢ formng shallow trench

isolation (STI) structures by depositing and pl anari zi ng

23 g. forming a silicon nitride layer on said disposable gate layer and said gapfill
24 layer;

25

26 h. forming a dielectric layer over said silicon nitride layer;

27

28 1. patterning said dielectric layer to form a trench over said gate structure; said
29 trench having a width greater than the width of said gate structure;

30

31 j- removing said silicon nitride layer in the bottom of said trench;

32

33 k. removing said disposable gate layer; whereby said doped silicon oxide layer is
34 exposed;

35

36 ‘ 1. removing said doped silicon oxide layer using an etch selective to undoped
37 silicon oxide; whereby said gate silicon layer is exposed;

38

39 m. forming a barrier layer over said gate polysilicon layer; and

40

41 n. forming a metal gate layer on said barrier layer.
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13 a dielectric layer; 14 15 d. patterning said di sposable gate |ayer,
sai d doped silicon oxide |ayer, said gate 16 silicon |layer and said gate
dielectric layer to formgate structure having sidewalls; 17 20 1 8 e.
formng dielectric spacers on said sidewalls of said gate structure; 19 20
f. formng a gapfill layer over said sem conductor structure and said gate
structure 21 and planarizing said gapfill |ayer stopping on said

di sposabl e gate layer; 22 23 g. formng a silicon nitride |layer on said

di sposabl e gate | ayer and said gapfill 24 layer; 25 26 h. formng a
dielectric layer over said silicon nitride layer; 27 28 i. patterning said
di el ectrilé: | aé@? methodd agm il B eviieteimseed gaailiglegimicdayst eampriseeanysadterial 29 trench
having a width greater than the width of said gate structure; 30 31 j.
reaningEQEP&a§%@%ﬁﬁf@ﬁ?¢ﬁ%ﬁ?¢%?gpﬂﬁﬂ the bottom of said trench; 32 33 k.
renmovi ng sai d di sposable gate |ayer; whereby said doped silicon oxide |ayer
is 34 exposed; 35

20.  The method of claim 18 wherein said gate silicon layer comprises polycrystalline

silicon (polysilicon).

21.  The method of claim 18 wherein said gate silicon layer comprises amorphous
silicon.
22.  The method of claim 18 wherein said doped silicon oxide layer comprises

phosphosilicate glass (PSG).

23.  The method of claim 18 wherein said doped silicon oxide layer comprises

borophosphosilicate glass (BPSG).

24.  The method of claim 18 wherein said disposable gate layer comprises silicon

nitride.

25. = The method of claim 18 wherein said gapfill layer comprises undoped silicon

oxide.
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36 1. renoving said doped silicon oxide |layer using an etch selective to
undoped 37 silicon oxide; whereby said gate silicon |layer is exposed; 38
39 in. formng a barrier |ayer over said gate polysilicon |ayer; and 40 41
n, formng a netal gate |layer on said barrier layer. 21 19. The nethod of
claim 18 wherein said gate dielectric |ayer conprises any material having
a dielectric constant of greater than 3. 20. The nmethod of claim 18 wherein
said gate silicon |ayer conprises polycrystalline silicon (polysilicon).
21. The nmethod of claim 18 wherein said gate silicon |ayer conprises

anor phous silicon. 22. The nethod of claim 18 wherein said doped silicon

oxi de | ayer conprises phosphosilicate glass (PSG. 23. The nethod of claim

18 wherei,n sajid dope ilic xi de | ayer conprises _borophosphosilicate
gl ass (BB%G) . 'Tgﬁmeawg Oﬁéita%gg &i%el@rrh%a%ﬁ iglegie larcosmrigeyngdgpakBicongat e | ayer
conpriseg gilicon nitride. 25. The nmethod of claim18 wherein said gapfil

| ayer conprises undoped silicon oxide. 22 26. The nethod of claim18
wherein said dielectric |ayer conprises undoped silicon oxide.

27.  The method of claim 18 whereby said doped silicon oxide layer is removed using

anhydrous HF vapor.

28.  The method of claim 27 whereby the dry etching has a selectivity of doped silicon

oxide to undoped silicon oxide of greater than 50:1.

29.  The method of claim 10 wherein said silicon nitride layer and said disposable gate
layer are etched using HBR/CL,/02, or CH2E2/02, or CH3F/O2 with a selectivity of
silicon nitride to doped silicon oxide of between about 10:1 and 30:1 and a selectivity of

silicon nitride to undoped silicon oxide of between about 10:1 and 30:1.

30.  The method of claim 6 which further includes subsequent of forming metal gate

layer , the steps of

o. planarizing said metal gate layer and said barrier layer using a chemical-

mechanical polishing process, stopping on said dielectric layer.
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27. The nethod of claim 18 whereby said doped silicon oxide |ayer is
renmoved using anhydrous HF vapor. 28. The nethod of claim 27 whereby the
dry etching has a selectivity of doped silicon oxide to undoped silicon
oxi de of greater than 50:1. 29. The nethod of claim 10 wherein said silicon
nitride |layer and sai d di sposable gate |ayer are etched using HBR/ CL2/02,
or CH2F2/02, or CH3F/ 02 with a selectivity of silicon nitride to doped
silicon oxide of between about 10:1 and 30:1 and a selectivity of silicon
nitride to undoped silicon oxide of between about 10:1 and 30:1. 30. The
met hod of claim 6 which further includes subsequent of form ng netal gate

| ayer, the st8plorsms:a sseond|diglentric Jaye ovar widvaetal eajmlencriang axid ﬁﬁf‘d said barrier
| ayer u5|n hem cal - mechani cal polishing process, stopping on said

di el ect r {98 é%;?”@ﬁf? . formng a second dielectric |ayer over said netal
gate layer and said first dielectric layer; and q. patterning said second
dielectric layer to formcontact openings for said gate structure and

patt er ni ng sajdpHefmpkath s%k&fadlaecthaya% to%afngccgﬁa%k §dnirloS bR gateSal d first
silicon nitride layer, and said gapfill layer to form-self- allgned source
and dr ai sreo@neant papeiing gad s@bdnd Eﬂ&&cﬁﬁtlﬂ,&ﬂ seid didledtiid BPer\hed BRYsitikd second
dielectric |layer conprises undoped silicon oxide. 32. The nethod of claim
29 wher ebytridhbygeavididigapfil dayer © fory self-gligned ssese aidpkan sohthcoperongsde. 24

31.  The method of claim 29 whereby the second diclectric layer comprises undoped

silicon oxide.

32.  The method of claim 29 whereby the second dielectric layer comprises doped

silicon oxide.
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