.11 AUG 2004 Met hod for Form ng an Extended Metal Gate Using a Danmascene
Procéss Background of Invention 510 15 1) Field of the invention This
invention relates generally to fabrication of a sem conductor devidd Alify200s
nore particularly to a nethod for formng a self aligned, extended netal =«
gate using a damascene process. 2) Description of the Prior Art As

sem conduct or geonetries continue to shrink, and design requirenents denmand
faster performance, gate contact resistance becones increasingly inportant
to reduce the circuit delay. Metal gates are an attractive option for
reduci ng gate contact resistance, however, several problens prevent

econom cal commercial manufacturing of netal gates. 1 11 AUG 2004 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 STlI). This erosion of the gapfill |ayer can cause poly
wrap around effects wherein a higher
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Method for Forming an Extended Metal Gate Using a Damascene Process

Background of Invention

5
1) Field of the Invention
This invention relates generally to fabrication of a semiconductor device and more
particularly to a method for forming a self-aligned, extended metal gate using a damascene
10 process,
2) Description of the Prior Art
As semiconductor geometries continue to shrink, and design requirements demand
15 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.



electrical field is created where a polysilicon layer fills in the gap
eaused by the erosion, 5 increasing the risk of poly breakdown. Another
probl em associated with form ng nmetal gates as gate geonetries cont11um;g ol
shrink is that patterning accuracy is reduced by performn ng -
photol i t hography on non- planar surfaces. Because prior art processes for
formng netal gates require 10 photolithography steps to be perfornmed on
non- pl anar surfaces, the necessary patterning 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 is isolation structures are forned to
provi de increase area for |anding contacts. However these dogbone
structures increase contact resistance causing circuit delay. The .

i nportance of overcom ng the various deficiencies noted above is evidenced
by the extensive technol ogi cal devel opnent directed to the subject, as

docunented by tmmhlﬁ@theebpmenomagawmam BieSdtm éﬁéﬁﬁ%%leam-gg? cl osest
and apparently nore rel evant technical 2004 nments 1n the
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electrical field 1s crea e ere a polysilicon layer fills in the gap caused by the erosion,

5 increasing the risk of poly breakdown.

Another problem associated with forming metal gates as gate geometries continue
to shrink is that patterning accuracy is reduced by performing photolithography on non-
planar surfaces. Because prior art processes for forming metal gates require

10 photolithograbhy steps to be performed on non-planar surfaces, the necessary patterning

accuracy is 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
15 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

20 relevant patent and technical literature. The closest and apparently more relevant technical



polysilicon layer. 10 U S. 5,915,183 (Ganbino et al.) shows a raised

source and drain contact using recessed etch of a blanket polysilicon

| ayer. U.S. 5,807,779 (Liaw) shows a process for formng Self’aligngﬂgAUszh
source and drain 15 20 contacts and | ocal interconnect structures. U S -
5,869,396 (Pan et al.) shows a nmethod for form ng a pol ycide gate contact.

U S 5,856,225 (Lee et al.) shows a process for formng an inplanted

channel region by renmoving a dummy gate to form an inplant opening and
formng a self-aligned gate in the opening. 3 11 AUG 2004 U.S. 5,731, 239
(Wng et al.) shows a nethod for formng self-aligned silicide gate

el ectrodes. Summary of the Invention 5 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 provide an integrated nethod for 10 formng a self-aligned,
extended netal gate and self aligned netal source and drain

developments in the patent literature can be gleaned by considering the following patents.

U.S. 5,422,289 (Pierce) shows 2 planarized source and drain and gate contact

structure.,

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

polysilicon layer.

10 U.S. 5,915,183 (Gambino et al.) shows a raised source and drain contact using

recessed etch of a blanket polysilicon layer.

U.S. 5,807,779 (Liaw) shows a process for forming self-aligned source and drain
contacts and local interconnect structures.

15

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
region by removing a dummy gate to form an implant opening and forming a self-aligned

20 gate in the opening.



contacts with a single nmask and etching step. It is another object of the
present invention to provide a nethod for elimnating the poly wap- around
effect at the STlI/source and drain junction. 15 It is yet another obj edtAUSF 2004
the present invention to provide a nethod for formng an extended .
self-aligned gate with reduced topography variation during

phot ol.i t hography. To acconplish the above objectives, the present invention
provides a nmethod for 20 form ng an extended nmetal gate w thout poly wap
around effects. The nmethod begins by 4 11 AUG 2004 providing a

sem conductor structure having a gate structure thereon. The gate structure
conprising a gate dielectric layer, a gate silicon |ayer, a doped silicon

oxi de layer, and a disposable gate |ayer stacked sequentially. Spacers are
formed on the sidewalls of the gate structure. A dielectric gapfill |ayer

is formed over the sem conductor structure and the 5 gate structure and

pl anarized, stopping on the disposable gate |ayer. A first silicon nitride

| ayer is formeds QVEVBIMGV&%%‘%%H ﬁlo%ra%étﬁ’a/ﬁorﬂ érf%ﬁtshct e b er i's
formed over the first con nitride |ayer ect &FH
patterned dQif@m a trench over the gate structure, mherern the trench has
a wdth greater than the width of the gate structure. The first silicon
nitride layer in the bottomof the trench and the di sposable gate |ayer are
10 renoved using one or nore selective etching processes. The doped silicon
oxide layer is renoved using an etch with a high selectivity of doped
silicon oxide to undoped sil i cgHnmary of the Invention

5

It is an object of the present invention to provide a method for forming an self-

aligned, extended metal gate using a damascene process.

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

contacts with a single mask and etching step.

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.

15
It is yet another object of the present invention to provide a method for forming an
extended self-aligned gate with reduced topography variation during photolithography.
To accomplish the above objectives, the present invention provides a method for
20 forming an extended metal gate without poly wrap around effects. The method begins by



oxide. A barrier layer is formed over the gate silicon |layer, and a netal _
gate [ayer is fornmed on the barrier |ayer; whereby the netal gate |gyer

has a greater width than the gate structure. 15 The present inventigﬂ AUG 2004
provi des consi derabl e i nprovenent over the prior art. Extended netal gates -
allow for increased tolerance for |anding gate contacts, elimnating the
need for dogbone structures over the field isolation structures. Because

the present invention provides high selectivity of the doped silicon |ayer
in the gate structure to the 20 undoped silicon of the gapfill layer, poly
wap around effects can be avoided. Al so, since 5 11 AUG 2004 each

phot ol i t hography step is perforned on a planar topography, the

phot ol i t hography process error can be reduced, increasing the patterning
accuracy. The present invention achieves these benefits in the context of
known process 5 technol ogy. However, a further understanding of the nature
and advantages of the present invention may be realized by reference to

t he | at t er ppeidirigonsnidontii®os®Reiutd Bkl sa0¢d L . | ef
Description of the Drawi ngs 10 The fegﬁﬂﬁes gﬁ a v&%ﬁagggggﬁgguaﬁ%

detai s of ariMEaMORORaRL et f RRSIRRPRSEL p b Rlep S e frrerndt
disposable gate layer stacked sequentially. Spacers are formed on the sidewalls of the gate
structure. A dielectric gapfill layer is formed over the semiconductor structure and the

5 gate structure and planarized, stopping on the disposable gate layer. 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 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
10 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 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,
15

The present invention provides considerable improvement over the prior art.
Extended metal gates allow for increased tolerance for landing gate contacts, eliminating
the need for dogbone structures over the field isolation structures. Because the present
invention provi-des high selectivity of the doped silicon layer in the gate structure to the

20 undoped silicon of the gapfill layer, poly wrap around effects can be avoided. Also, since



accordance with the present invention will be nore clearly understood from
tthe foll owing description taken in conjunction with the acconpanyin911 AUG 7004
drawi ngs in which Iike reference 15 nuneral s designate simlar or =
correspondi ng el ements, regions and portions and in which: Figures 1
through 6B illustrate sequential sectional views of a first enbodi nent of
a process for formng an self aligned extended netal gate according to the
present invention. 20 6 9 AUG 2004 Figures 7A through 11A illustrate
sequential top views of a second enbodi nent of a process for formng a
self-aligned extended netal gate according to the present invention. 5
Figures 7B t hrough 11B and 12 through 16 illustrate sequential sectional
views off the second enbodi nent of a process for formng a self-aligned
extended nmetal 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, Fi 10B is taken along axis 10B-10B' as shown in Fig. 10 10A, and
Fig. | IB eaﬁupw ghography istep iggpe ed en e pleaar tapegigphaxibs phawlithoBraphis shown in
Fig. 11 A Detalled Description of the Invention 15

process error can be reduced, increasing the patterning accuracy.

The present invention achieves these benefits in the context of known process
5 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.

Brief Description of the Drawings
10 |
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 following
description taken in conjunction with the accompanying drawings in which like reference

15 numerals designate similar or corresponding elements, regions and portions and in which:

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

20



The present invention will be described in detail with reference to the .
acconpanyi ng drawi ngs. The present invention provides a method for fd§mimes 2004
a self aligned extended netal gate. The present invention can al so provide
a method for formng a self-aligned extended netal gate and self-aligned
source/drain contacts. 20 First Preferred Enbodi nent 7 11 AUG 2004 2o0p
Referring to Fig. 1, the first preferred enbodi nent of the present

i nvent'i on begins by providing a sem conductor structure (11).

Sem conductor structure (11) should be understood to possibly conprise a

waf er or substrate of sem conducting material such as silicon or

germanium a silicon on insulator structure (SO), or other like structure
as is 5 known in the art. Sem conductor structure (11) should be understood
to possibly further conprise one or nore conductive and/or insulating

| ayers overlying a substrate or the like, and one or nore active and/or
passi ve devices forned in or over a substrate or the like. Still referring
to Fig. 1, a gate structure & h is formed on the sem conductor 10
structure (11) F gatheoughrld A¢illysirajersequantislitgp wigwp of & sssord embadinemiagct ri c

| ayer (22) forned on the sem conductor structure (11), a gate silicon

| ayer (24) freveseidr immmingen spiftadiguidedxeantied metal gayenccpRiN)g toahelpredt si | i con oxi de
| ayer (26) fornmed on the gate polysilicon |ayer (24), and a disposable
gat e | ayernnvefti®n. f ormred on the doped silicon oxide |layer (26). The gate
dielectric layer (22) typically conprises silicon oxide, but can be forned
using any suitable

5 Figures 7B through 11B and 12 through 16 illustrate sequential sectional views of
the second embodiment of a precess for forming a self-aligned extended metal 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,

10 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
15 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.

20 First Preferred Embodiment



15 dielectric material. The gate dielectric |layer (22) preferably has a
t hi ckhess of between about 10 Angstrons and 200 Angstrons, and a 41 AU8 ]
dielectric constant greater than 3. The gate silicon (24) |ayer can be '
anor phous silicon (ct-silicon) or polycrystalline silicon (polysilicon)
and is preferably formed to a thickness of between about 300 Angstrons and
3,00 Angstrons. The doped silicon oxide |ayer (26) preferably conprises
phosphosil ate 20 gl ass (PSG or borophosphosilicate glass (BPSG fornmed to
a thickness of between about 8 11 AUG 2004 5 to 15 20 100 Angstrons and
2,000 Angstronms using a chem cal vapor deposition (CvD) eg. PECVD or
HDP- CVD or SACVDprocess with a dopants such as trinethyl borate or
triethyl phoshate or both. The di sposable gate |ayer (28) can conprise
silicon nitride or polysilicon, and preferably has a thickness of between
about 100 Angstrons and 2,00 Angstrons for silicon nitride or a thickness
of between about 100 Angstrons and 2,000 Angstrons for polysilicon. Stil

the gate dielectric | the gate silicon |ayer

referring to Fié;ge. 1, aéer (22), ]
(24), the dopdtPfTing koheokitkitistRreterred gmbodimgntof dhepressaiianiraiop heging ayer
(28) are patterned to forma gate structure (20) having sidewalls. The
gat e st r uctvnrevidiag asemicordwstdr gisugigre (11). Semiconductor structure (11) should be
understood to possibly comprise a wafer or substrate of semiconducting material such as
silicon or germanium, a silicon on insulator structure (SOI), or other like structure as is
5 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 like.

Still referring to Fig. 1, a gate structure (20) is formed on the semiconductor

10 structure (11). The gate structure preferably comprises a gate dielectric layer (22) formed
on the semiconductor structure (11), a gate silicon layer (24) formed on the gate dielectric
layer (22), a doped silicon oxide layer (26) formed on the gate polysilicon layer (24), and a
disposable gate layer t28) formed on the doped silicon oxide layer (26). The gate
dielectric layer (22) typically comprises silicon oxide, but can be formed using any suitable

15 dielectric material. The gate dielectric layer (22) preferably has a thickness of between
about 10 Angstroms and 200 Angstroms, and a dielectric constant greater than 3. The
gate silicon (24) layer can be amorphous silicon (¢-silicon) or polycrystalline 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

20 glass (PSG) or borophosphosilicate glass (BPSG) formed to a thickness of between about



phot ol i t hography (eg form photoresist | ayer, expose photoresist |ayer
through a reticle or pattern, devel op photoresist to forma photorqftib@
mask, etch the underlying layers through the photoresist mask, and- 2004
t he photoresist mask). Dielectric spacers (30) are formed on the sidewalls
of the gate structure (20), through bl anket deposition of the dielectric
foll owed by anisotropic etching. The dielectric for the spacers (30) is
preferably conprised of silicon nitride. Referring to Fig. 2, a gapfil

| ayer (40) is formed over the sem conductor structure (11) and planari zed,
stoppi ng on the disposable gate |layer (28). The gapfill |ayer (40)
preferably conprises undoped silicon oxide, and is preferably planarized
using a chemcal 9 11 AUG 2004 nechani cal. polishing process (CW). Stil
referring to Fig. 2, a first silicon nitride layer (50) is forned over the
di sposabl e gate layer (28) and the gapfil layer (40). The first silicon
nitride |ayer can be 5 fornmed using a APCVD, PECVD, or nost preferably a
LPCVD process. The first silicon nitride |layer (50) preferably has a

t hi ckness 184 Abgttvopwand BAGO Angetroinsysstingo ashemidal 2a0Qlepduiipst(Cd¥).egRef erring to
Fig. 3, a dielectric layer (60) is fornmed over the first silicon nitride

10 | ayer PEQVD JHEDHIGVD ok SACVIRatest Gth apiopiits afeh s aangliilisestedr| i con

oxi de, but can conprise any material having the appropriate dielectric
proper ti egjefyibidkiale SRt T HibpdsabledBitelthyes [28) Shd biRRsBklibddBurla@¥er (50). A
second silicon nitride layer (55) can be fornmeéd on the

polysilicon, and preferably has a thickness of between about 100 Angstroms and 2,00

5 Angstroms for silicon nitride or a thickness of between about 100 Angstroms and 2,000

Angstroms for polysilicon.

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
10 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
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
15 ~ dielectric followed by anisotropic etching. The dielectric for the spacers (30) is preferably

comprised of silicon nitride.

Referring to Fig. 2, a gapfill layer (40} is formed over the semiconductor structure
(11) and planarized, stopping on the disposable gate layer (28). The gapfill layer (40)

20 preferably comprises undoped silicon oxide, and is preferably planarized using a chemical-



dielectric layer (60) to protect the dielectric layer (60) during etching.
15 The dielectric layer is patterned to forma trench (65) having a1$HQRp2m4
greater than the gate structure (20), as shown in Fig. 4. The dielectric
| ayer is preferably patterned by form ng a photoresist mask (54) as shown
in Fig. 3, and etching the second silicon nitride |I|ayer (52), the
dielectric layer (60), and the first silicon nitride |layer (50) through the
phot oresi st mask (54). For a disposable gate |layer (28) conprising silicon
nitride, the 20 di sposable gate |layer will be renoved with the first
silicon nitride layer (50) during 10 11 AUG 2004 etching. For a disposable
gate |l ayer conprising polysilicon, the disposable gate layer will remain
following renoval of the first silicon nitride |ayer, as shown in Fig. 4.
Referring to Fig. 5, if the disposable gate |ayer (28) conprises
polysilicon, it can be 5 renoved using a dry etch (eg plasnma assi sted
etching) selective to undoped and doped silicon oxide and silicon nitride
usi ng Hbr/ Cl2/ He-02. The dry etch has a selectivity of polysilicon to
undoped sirhdchanicabpblithingpravesd (€a8). 2: 1 a sel ectivity of polysilicon to doped
silicon oxide of at least 2:1 and a selectivity of polysilicon to silicon
nitride of at least 2:1. The doped silicon oxide |ayer (26) is renoved
using an etch with a high selectivity of 10 doped silicon oxide to undoped
silicon oxide. ¢f: L §:.0 . an r-OHS apor, HF etch with a
doped silicon §§P§2@%§93%§'péﬁg@%ﬁ?%%ﬂ%gﬁﬁégy%ﬂggkgﬁ¥g$ggﬁgﬁh%o;1_ A key
advant age of t sent,.J.nvention.is t e_.hi sel.ectivit f the
doped si Idfsgg%ggﬁ%egajéefg%é)ﬁp‘i%rﬁagﬁlé%% E%h B‘F'e ﬁf?&g‘[;‘??@dbf@&e lﬁyFﬁ %S%eoxi de in
t he gapfill Igyer g%&) ' -

5 formed using CVD, 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.

Referring to Fig. 3, a dielectric layer (60) is formed over the first silicon nitride
10 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.

15 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 the
photoresist mask (54). For a disposable gate layer (28) comprising silicon nitride, the

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

10,



15 which is exposed to the etch in the bottomof the trench beyond the
dieléctric spacers. Referring to Fig. 6A, a barrier layer (70) is forned
over the gate polysilicon layer (24). The barrier |ayer conprises onk?dUG 200¢
nore of the following: titanium titaniumnitride, tungsten nitride and
tantalumor tantalumnitride, formed to a thickness of between about 20 50
Angstrons and 2,000 Angstrons. A netal gate |layer (80) is then fornmed on
the barrier 11 11 AUG 2004 | ayer. The metal in netal gate |ayer (80)
conprises tungsten or alum numor alum num alloy (eg.. Al um num copper) or
copper or a conbination conprising two or nore of the said netals. The
netal gate layer (80) and the barrier Layer (70) are then subjected to-a
chemi cal nechanical polishing (CMP), with the second silicon nitride |ayer
(52) acting as 5 a polishing stop. The netal gate |layer (80) has a greater
width than the gate structure (20), where it is formed in the trench (65).
This self aligned, extended netal gate is easier to |and contacts on then
a narrow gates in the prior art. Referring to Fig. GB a second dielectric

layer (90)etisng 5&"5%15 Us%ﬁle %&‘i‘goﬁgﬁﬂrﬁ pdl e@%gn %ﬁ'é’ SFI?Qig %%c@ﬁjeiym § r# de or

| ayer. The secon ec rlc | 'ayer c undop e

doped sili de or | e mmat. e sec nd dielectric | ayer
(90) is pa @QP%@?W%’PW@ f}}ﬂ% @(’EBHT‘ ye&paéﬁp‘i’fﬁ%m( 8)%and source and
drai n contact openings (95). The source and drain contact openings are
extended t hrough the second dielectric layer (90), the second silicon

nitride layer (52), the first dielectric layer (60), the first silicon
nitride |ayer %T@ K&, fahg disposhidy gate {av8) (28) comprises polysilicon, it can be

5 removed using a dry etch (eg plasma assisted etching) selective to undoped and doped
silicon oxide and silicon nitride using Hbr/Cl,/He-O, The dry etch has a selectivity of
polysilicon to undoped silicon oxide of at least 2:1 a selectivity of polysilicon to 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 of

10 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 prévents 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 between about

20 50 Angstroms and 2,000 Angstroms. A metal gate layer (80) is then formed on the barrier

11



15 second preferred enbodi nent Referring to Figs. 7A and 7B, a second
preferred embodi nent of the invention begins by providing a seni condbdtAUG 2nps
structure (11). As with the first preferred 20 enbodi nent, the term

sem conductor structure should be understood to be descriptive and 12 11
AUG 2004 is not intended as a |limtation, Sem conductor structure (11) can
be a wafer of sem conducting material such as silicon, or a like structure
as is known in the art. Still referring to Figs. 7A and 7B, a gate
dielectric layer (22), a gate silicon layer 5 (24), a doped silicon oxide
| ayer (26), and a disposable gate |ayer (28) are sequentially formed over
the sem conductor structure (11). The gate dielectric layer (22) preferably
conprises silicon oxide having a thickness of between about 10 Angstrons
and 200 Angstrons, but can conprise other materials having the desired
dielectric constant of greater than three (eg. silicon nitride, tantalum
oxide). The gate silicon layer (24) can 10 conprise polycrystalline silicon
(pol ysilicon) or anorphous silicon (a-silicon) preferably deposited to a

t hi ckness b rons .and 3, 000 stroms using a LPCVD
process. Tﬁiéerd gﬁﬁgﬁﬁgl ?’lb@géﬁl %‘ge?lgﬁg?lqgé)ecr “’@?%SSC{B?%%B%%&‘WQI%QU PSG or
BPSG is Qﬁﬁf ra?% forned t? a thickness of between about | 0OQAngstrons
and 2, 000 “RN{E FOHETHEIRIPY) SHEARPELTT acomdinagian sarRsH tpe@r nppeyithe HDP- CVD
or SACVD) 15 process with dopants such as triethyl borate. or

triethyl ph eipls dhe pstah gaty erf(88hansithe barrier Layer (70) are then subjected to a

chemical mechanical polishing (CMP), with the second silicon nitride layer (52) acting as
5 a polishing stop. The metai gate layer (80) has a greater width than the gate structure
(20), where it is formed in the trench (65). This self-aligned, extended metal gate is easier
to land contacts on then a narrow gates in the prior art.
Referring to Fig. 6B, a second dielectric layer (90) is formed over the gate metal
layer and the second nitride layer. The second dielectric layer comprises undoped silicon
10 oxide or doped silicon oxide or other suitable material. The second dielectric layer (90) is
patterned to form metal gate contact openings (93) and source and drain contact openings
(95). The source and drain contact openings are extended through the second (iielectric
layer (90), the second silicon nitride layer (52), the first dielectric layer (60), the first

silicon nitride layer (50) and the gapfill layer (40).

15
second preferred embodiment
Referring to Figs. 7A and 7B, a second preferred embodiment of the invention
begins by providing a semiconductor structure (11). As with the first preferred
20 embodiment, the term semiconductor structure should be understood to be descriptive and
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gate layer (28) preferably conprises silicon nitride, and preferably has a
ti ckrtess of between about 100 Angstrons and 2,000 Angstronms. Still UG 2004
referring to Figs. 7A and 713, the disposable gate |ayer (28), the dopeé
silicon 20 oxide gate |ayer (26), the gate silicon layer (24), the gate
dielectric layer (22) and the 13 11 AUG 2004 sem conductor structure (11)
are patterned to forman isolation trench (15). The isolation trench
preferably has a depth of between 1,000 Angstrons and 5,000 Angstrons bel ow
the top surface of the sem conductor substrate. The di sposable gate |ayer
(28), the doped silicon oxide gate |ayer (26), the gate silicon |ayer
(24), the gate dielectric layer (22) and 5 the sem conductor structure (11)
can be patterned by formng an isolation etch mask (19) over the
di sposabl e gate | ayer (28) using photolithography. If the disposable gate
| ayer (28) conprises silicon nitride, the isolation etch mask (19) can be
renoved following etching of the disposable gate |ayer (28), and the
remaining |ayers can be etched through the opening etched in the

silicon nitride acts as 10 a

di sposabl e; I (28 this nt ext,
har dnask. ls%:? t @Feﬁlg | :%/se I l%“ﬁa §§f81°a?<f%FPféffeﬁ%(% k @28F acwerie r enoved
foll ow ng quetlon of he i sol ation trench (15). An advantage of the
present i n§F§H ndhicting “i'aﬁ%ﬁa Bush as silipRiy PR Hie staicturaes is khowhinghewitdes nor e
accurate control of the photolithography process. 15 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 |ayer such
as silicon oxiStdl refemngSolFigs( 18)and B, ppat diehiry 1plen ) ZeMle sbdddayer
chem cal - nmechani ca
5 (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 compnse other materials having the desired dielectric constant of
greater than three (eg. srhcon nitride, tantalum oxide). The gate silicon layer (24) can
10 comprise polyerystalline silicon (polysilicon) or amorphous silicon (ee-silicon) preferably
deposited to a thickness of between about 300 Angstroms and 3,000 Angstroms using a
LPCVD process. The doped silicon oxide layer (26) preferably comprises of PSG or
BPSG, is preferably formed to a thickness of between about 100Angstroms and 2,000
Angstroms using a chemical vapor deposition (eg. PECVD, HDP-CVD or SACVD)
15 process with dopants such as triethylborate or triethylphosphate or both. The disposable
gate layer (28) preferably comprises silicon nitride, and preferably has a thickness of

between about 100 Angstroms and 2,000 Angstroms.

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

20 - oxide gate layer (26), the gate silicon layer (24), the gate dielectric layer (22) and the

13



poli shing process, stopping on the disposable gate |ayer (28). 20 Referring
to Fi‘gs. 9A, 9B, 10A and 10B, the di sposable gate |ayer (28), the dofddAUg 2604
11 AUG 2004 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 forned on the disposable gate |ayer (28), as
shown in Figs. 9A and 9B. The gate etch nmask (29) preferably conprises
phot oresi st formed using a photolithography process. Again, the 5
topography is flat during photolithography, enhancing the accuracy of the
phot ol i t hogr aphy process and the resulting gate width. The di sposabl e gate
| ayer (28), the doped silicon oxide gate |ayer (26), the gate silicon

| ayer (24), and the gate dielectric layer (22) are etched through the
openings in the 10 gate etch mask (29) to formgate structures (20) having
sidewal I s. The etching chem stries used in the patterning of the gate
structure 20 include: SF6102/HBR, or CF4/ @2/ HBR, or C2F6/02/HBR (for the
etching of silicon nitride (28), CF4/CHF3 (for doped silicon oxide gate

I 26 - j f t ili . (24

et 20) R e 1] 8 bR Yo a8 oAb b 50 i)
dvant f the.l t i ti is .that the doped sili i de |

(26) can tigh BRETREREHTR o SEbveeR OO paromemna SiTRG Anasiaees totmy dhoous LF

etch. Referring to Figs. | |A and | IB, spacers (30) are formed on the

si dewal | s '8P Syrfpee ofjthe sengicppductor substraty) Thedisphsable Bete 1ayep (28)Tihe depaker s

preferably _conprise silicon nitride,
silicon oxide gate layer (26), the gate silicon layer (24), the gate dielectric layer (22) and

5 the semiconductor étructure (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 tayer (28), and the remaining layers can be etched through‘
the opening etched in the disposable gate layer (28). In this context, silicon nitride acts as
10 a hardmask. Alternatively, the isolation etch mask (19) can be removed following
completion of the isolation. trench (15). An advantage of the present invention ié that the

topography is flat, which provides more accurate control of the photolithography process.

15 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 as
silicon oxide. The STs (12) are preferably planarized using a chemical- mechanical

polishing process, stopping on the disposable gate layer (28).

20 Referring to Figs. 9A, 9B, 10A and 10B, the disposable gate layer (28), the doped

14



20 and are preferably forned by a bl anket deposition of silicon nitride and
an anmi sotropic 15 a etch, .11 AUG 2004 Referring to Fig. 12, a gapfifii AUG 2004
| ayer (40) is formed over the sem conductor structure (11) and pl anari zed,
stoppi ng on the disposable gate |ayer (28). The gapfill l|ayer 5 preferably
conpri ses undoped silicon oxide, and is preferably planarized using a

chem cal - nmechani cal polishing process. Still referring to Fig. 12, a first
si.licon nitride layer (50) is formed over the gapfill layer (40) and the
gate structures (20). A dielectric layer (60) is forned on the first
silicon 10 nitride layer (50). The first silicon nitride layer (50) can be
formed using a APCVD, PACVD, or nost preferably a LPCVD process, and is
preferably formed to a thickness of between about 100 Angstrons and 2, 000
Angstronms. The dielectric layer (60) preferably conprises undoped silicon
oxi de, which can be forned using a CVD process. The dielectric |ayer
preferably has a thickness of between about 500Angstrons and
5,000Angstrons. Still referring to Fig. 12, a photoresist nask (54) is

formed ov %ilidoh%xﬂie?aﬁ;qﬁfeir €26) A%€ bate 6fi0n an%]rggfgg%gf tﬂé FL’[Q (a?eﬁe%myl?}ée ;@2) wher ei n

phot oresi st mask (54) has openi hgs over ructures

the openin hiferh i (34)..have a.w.dth_greater, 20 than the
wi dth of tﬂgpgatre&gttoﬁg@{i gtrrltggin?c%) : ?2@. go%?é%%%‘b@a%(fvbgilé f%?@gé’ﬁtth‘? nvention is
that disposable gate layer (28), as shown in Figs. 9A and 9B. The gate etch mask (29)
preferably comprises photoresist formed using a photolithography process. Again, the

5 topography is flat during photolithography, enhancing the accuracy of the

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
10 | gate etch mask (29) to form gate structures (20) having sidewalls. The etching
chemistries used in the patterning of the gate structure 20 include: SF/O,/HBR, or
CF/O,/HBR, or C2F,/O,/HBR (for the etching of silicon nitride (28), CF,/CHF, (for
doped silicon oxide gate layer (26), I-II-Z’.R/CLJH&O2 ( for the etching of gate silicon layer
(24)) and HF vapor ( for the etching of éate dielectric layer (22)). A key advantage of the
15 present invention is that the doped silicon oxide layer (26) can be etched 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,

20 and are preferably formed by a blanket deposition of silicon nitride and an anisotropic

15



16 11 AUG 2004 the dielectric layer (60) has a planar topography providing
f.or ah accurate photolithography process. Referring to Fig. 13, the
dielectric layer (60) is patterned to formtrenches (65) by 5 et chihly AUGe2004
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 etch selective to silicon nitride, such as > 10: |
Foll owi ng formation of the trenches (65), the photoresist nmask (54) can be
removed using an ashing process as is shown in Fig. 13. 10 Referring to
Fig. 14, the first silicon nitride |ayer (50) exposed in the bottom of the
trenches (65) and the di sposable gate |ayer (28) are renoved using an etch
with a high selectivity of silicon nitride to silicon oxide such as a
pl asma etch with a HBR/ CL2/02, or CH2F2/02, or CH3F/ 02 chem stry or a hot
phosphoric acid etch. An anisotropic plasma etch is preferred because it
will |leave a portion of the spacers (30) underlying a corner of 15 the
gapfill layer (40), which will help to prevent netal diffusion of the
subsequent | formed netal gate. Still referring to Fig. 14, the doped
silicon oxﬁ%@ | ayer (26) is renoved using a wet anhydrous HF etch having a
selectivity of doped silicon oxide to undoped silicon oxide of 20 greater
than 50: 1. A key advantage of the present invention is that the wet
anhydrous HF 17 11 AUG 2004

Referring to Fig. 12, a gapfill layer (40) is formed over the semiconductor

structure (11) and planarized, stopping on the disposable gate layer (28). The gapfill layer
5 preferably comprises undoped silicon oxide, and is preferably planarized using a chemical-

mechanical polishing procéss.

Still referring to Fig. 12, a first silicon nitride layer (50) is formed over the gapfill
layer (40) and the gate structures (20). A dieleétric layer (60) is formed on the first silicon
10 nitride layer (50). The first silicon nitride layer (50) can be formed using é. APCVD,
PACVD, or most preferably a LPCVD process, and is preferably formed to a thickness of
between about 100 Angstroms and 2,000 Angstroms. The dielectric layer (60) preferably
comprises undoped silicon oxide, which can be formed using a CVD process. The
dielectric layer preferably has a thickness of between about 500 Angstroms and

15 5,000Angstroms.

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 Opehings in the photoresist mask (54) have a width greater

20 than the width of the gate structures (20). An advantage of the present invention is that
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etch does not significantly etch the exposed portions of the gapfill |ayer
(40) at the edges of the trenches (65), avoiding poly wap around e feﬁﬂ§;mm
Referring to Fig. 15, a barrier layer (70) is formed on the exposed rea

of the gate silicon |ayer (24), the spacers (30), and the gapfill [|ayer
(40). The barrier layer (70) s conprises one or nore of the follow ng:
titanium titaniumnitride, tantalumor tantalum nitride and preferably
has a thi ckness of between about 50 Angstronms and 2,000 Angstrons. A netal
gate layer (80) is formed on the barrier layer (70). The netal gate |ayer
(80) can conprise one of a variety of conductive netals such as tungsten or
al um num (el enental or alloyed) or copper. 10 Still referring to Fig. 15,
the netal gate layer (80) and the barrier layer (70) are planarized using
a chem cal - mechani cal polishing process, stopping on the dielectric |ayer
(60). The resulting netal gate layer (80) extends beyond the original gate
structure (20) to forman extended netal gate having a top netal wi dth

great er t hahe diblectgaiayestco)idsuarmanhbtopogiabhy fro gqugﬂg&g@atgf t he present
invention is that the extended netal gate provides a greater area for

| andi ng gatphotitiogtiphy pkésdi Nati ng the need for "dogbone" structures on
the field dielectric. This also allows the two active areas to be pl aced

cl oser. Hence, efficient use of silicon areal/or inproved pattern density.
20 Referring to Fig. 16, a second dlelectrlc | ayer (90) is. fornmed over the

gate nmetal 18 1keé%g2t%q*4g 13, the dielectric layer (60) is patterned to form trenches (65) by
5 etching the dielectric layer (60) through the openings in the photoresist mask (54),
stopping on the first nitride layer (50). Ther dielectric layer (60) is patterned using an 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,

10 7 Referring to Fig. 14, the first silicon nitride layer (50) exposed in the bottom of the
trenches (65) and the disposﬁble gate layer (28) are removed using an etch with a high
selectivity of silicon nitride to silicon oxide such as a plasma etch with a HBR/CLJOb or
CH,F,/0,, or CH,F/O, chemistry or a hot phosphoric acid_ etch. An anisotropic plasma
etch is preferred because it will leave a portion of the spacers (30) underlying a corner of

15 the gapfill layer (40), which will help to prevent metal diffusion of the subsequently

formed metal gate.

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

20 greater than 50:1. A key advantage of the present invention is that the wet anhydrous HF
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| ayer (80) and said first dielectric |layer (60). The second dielectric
layer conprises wundoped silicon oxide or doped silicon oxide or other
suitable material. The second dielectric layer is patterned to for gate2004
contact openings (93) and source and drain contact openings (95). The -
source and drain contact openings are extended through the 5 dielectric
l.ayer (60), the first silicon nitride |layer (50) and the gapfill |ayer

(40). The source and drain contact openings can be self aligned by the
silicon nitride spacers (30) formed on the STls (12). Wiile the invention
has been particularly shown and described with reference to 10 the
preferred enbodi nents thereof, it wll be understood by those skilled in
the art that various changes in formand details nmay be nade without
departing fromthe spirit and scope of the invention. 19 11 AUG 2004
Clains 1. A nmethod for form ng an extended netal gate, conprising the

steps of 5 a. providing a sem conductor structure having a gate structure

e con hayiedholSAl i b3 a8 BUELH G FOIRFNRPE) 0AE sl oot

| ayer on said sem conductor structure, ate's Fd gate

dre'eCtri%fh%”ﬁémﬁgéﬁﬂfgﬁgﬁa%h&g§§w§é%g%g§§éer on said gate silicon |ayer,

and a di sposab gate i con oxi de | ayer; said gate

structure havi spacers on said sjdewalls
%%fen?ng to Fsig. 15, a %arner 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)

5 comprises one or more of the following;: titanium, titanium nitride, tantalum or tantalum
nitride and preferably has a thickness of between about 50 Angstroms aﬁd 2,000
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
aluminum (elemental or alloyed) or copper.

10

Still referring to Fig. 15, the metal gate layer (80) and the barrier layer (70) are

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 (20)
to form an extended metal gate having a top metal width greater thaﬁ the gate structure

15 width. A key advantage of the present invention is that the extended metal gate provides a
greater area for Iandiﬁg gate contacts, eliminating the nee.d for "dogbone" structures on
the field dielectric. This also allows the two active areas to be placed closer. Hence,

efficient use of silicon area/or improved pattern density.

20 Referring to Fig. 16, a second dielectric layer {90) is formed over the gate metal
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10 of said gate structure; b. formng dielectric spacers on said sidewalls

of sdid gate structure; 15 c. formng a dielectric gapfill |ayer over said
sem conductor structure and said gate structure, and planari zi ng saH AUG
dielectric gapfill layer stopping on said disposable gate |ayer; d. 1 200h

foaming a first silicon nitride |ayer over said disposable gate Iayer, 20
e: formng a first dielectric layer over said first silicon nitride |ayer,
f. formng a second silicon nitride |ayer over said first dielectric

| ayer: 25 g. 30 patterning said first dielectric |ayer and said second
silicon nitride layer to forma trench over said gate structure; said
trench having a wdth greater than a width of said gate structure; h.
removing said first silicon nitride layer in the bottomof said trench;
wher eby said di sposable gate |layer is exposed 20 11 AUG 2004 i. renoving
sai d di sposabl e gate | ayer, and renoving said doped silicon oxide |ayer;
whereby said gate silicon layer is exposed;

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
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
5 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).

While the invention has been particularly shown and described with reference to
10 . ~ the preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details may be made without departing from the spirit and

scope of the invention.
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formng a barrier |layer over said gate silicon layer; and 5 k. formng a

netal gate |layer on said barrier layer, and in said trench; whereby said
metal gate |layer has a greater width than said gate structure, 10 1543 AUG 2004
The nethod of claim1 wherein said gate dielectric |ayer conprises a

material having dielectric constant of greater than 3. 3. The nethod of
claim1 wherein said gate silicon |ayer conprises polycrystalline silicon
(polysilicon). 4. The nmethod of claim1l wherein said gate silicon |ayer
conprises 20 anorphous silicon, 5-c$ﬂ%s”9th0d of claim1l wherein said
dielectric gapfill layer conprises undoped silicon oxide. 25 30 6. The

nmet hod of claim 1 wherein said doped silicon oxide |ayer conprises

phosphosilicate gl gss (K%(@thodz f:l(')r }ojﬁnﬁl%%,nze%)e%ded metal gate, comprising the

steps of:

5 a. providing a semiconductor structure having a gate structure
thereon having sidewalls; said gate structure comprising a gate dielectric layer on
said semiconductor structure, a gate silicon layer on said gate dielectric layer, a
doped silicon oxide layer on said gate silicon layer, and a disposable gate layer on

said doped silicon oxide layer; said gate structure having spacers on said sidewalls

10 of said gate structure;
b. forming dielectric spacers on said sidewalls of said gate structure;
c. forming a dielectric gapfill layer over said semiconductor structure
15 and said gate structure, and planarizing said dielectric gapfill layer

stopping on said disposable gate layer;

d. forming a first silicon nitride layer over said disposable gate layer;
20 e. forming a first dielec-tric layer over said first silicon nitride layer,
f£. forming a second silicon nitride layer over said first dielectric
layer:
25 g. patterning said first dielectric layer and said second silicon nitride

layer to form a trench over said gate structure; said trench having a

width greater than a width of said gate structure;

h. removing said first silicon nitride layer in the bottom of said

30 trench; whereby said disposable gate layer is exposed

20



7. The nethod of claiml1 wherein said first dielectric |ayer conprises
bor ophosphosilicate glass (BPSG. 8. The nethod of claim1l wherein saHdA & 200
first dielectric layer conprises silicon oxide. 9. The nethod of thin1H
wherein said disposable gate layer 10 conprises silicon nitride. 10. The
met hod of claim|l wherein said disposable gate |layer conprises
polycrystalline silicon (polysilicon). 15 11. The nethod of claim1l whereby
sai d doped silicon oxide |ayer is renoved using anhydrous HF vapor etch.
20 12. The nethod of claim1ll m@gfebgb hetaph dr%Ps HF. vqggﬁ %gch has a
sel ectivity of doped silTCONESH &S eng‘h%&éﬁ%fe%}‘ SPIPEBR SBL A ayer of
greater than 50:1. 25 dBconldxtdeTeidnoshaébyClatl ditelsilduareyen issiipesed] sposabl e
gate layer conprises polysilicon, and said di sposable gate |ayer is
renoved using a plasma assisted etch with a selectivity of polysilicon to
an undoped si | i con; oxi d@rQfneatbarli@asfer gére]f,saiég%@sﬁfcbhl’a‘yh}f afd polysilicon to
doped silicon OXId% of at least 2:1,” and a 30 selectivity of polysilicon to
a silbcon nitride of at |east 2:1.

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

sfructure,
10
2. The method of claim 1 wherein said gate dielectric layer comprises
a material having dielectric constant of greater than 3.
15 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
20 amorphous silicon,
5. The method of claim 1 wherein said dielectric gapfill layer
comprises undoped silicon oxide.
25
6. The method of claim 1 wherein said doped silicon oxide layer
comprises phosphosilicate glass (PSG).
30
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22 11 AUG 2004 14, The nethod of claim1 wherein said disposable gate |ayer
conprises silicon nitride, and is renoved with the first siliconrﬂtnfpiuszmé
| ayer. 5 15. The method of claim 1l which further includes, subsequent

formng a netal gate layer, the steps of 1. planarizing said netal gate

| ayer and said barrier layer using a chem cal nechani cal polishing

process, stopping on said second silicon nitride 10 layer; in. formng a
second dielectric |ayer over said netal gate |ayer, said barrier |ayer and

second silicon nitpl de Ry EkioaQtkidf, 1i0RL SOk AMiBRL. 8EPTMILE ectriC

| ayer to form contact openings rsai ate structure a patterning said
second di el ecbpiophsphesilicatregansdBESG).con nitride layer, first dielectric

| ayer, first silicon nitride |layer and said dielectric gapfill layer to
form source and drain contact openings. 20 16. The nethod of claim 15
whereby the second dielectric |ayer conprises undoped silicon oxide. 25
17. The nmethod of c¢laim15 whereby the second dielectric |ayer conprises
doped’si | i con oxi dé&. 18 hermsthpdohdlaingt wopmimsaidhiisghdplertrc SPHComnTses sili con
nitride |ayer ¢@Qh oxide.

9. The method of claim 1 wherein said disposable gate layer

10 comprises silicon nitride.

10.  The method of claim 1 wherein said disposable gate layer
comprises polycrystalline silicon (polysilicon).
15

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

removed using anhydrous HF vapor etch.

20
12. The method of claim 11 whereby the anhydrous HF vapor etch has

a selectivity of doped silicon oxide to an undoped silicon oxide layer of greater

than 50:1.

25
13.  The method of claim 1 wherein said disposable gate layer
comprises polysilicon, and said disposable gate layer is removed using a plasma
assisted etch with a selectivity of polysilicon to an undoped silicon oxide of at
least 2:1, a selectivity of polysilicon to doped silicon oxide of at least 2:1, and a

30 selectivity of polysilicon to a silicon nitride of at least 2:1.
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30 said disposable gate |ayer are etched using HBR CL2102, or CH2F2 /02, or
CH3F/ 02 with a selectivity of first silicon nitride to doped silicon oxide
of 23 11 AUG 2004 between about 10:1 and 30:1 and a selectivity of f 5% 200
silicon nitride to an undoped silicon oxide of between about 10: 1 an 4
30:1. 5 19. The nethod of claim6 which further includes subsequent of
formng netal gate |layer, the steps of: o. planarizing said netal gate

| ayer and said barrier layer using a chem cal-nmechanical polishing

process, stopping on saigk $EGEAEf Shint P%eﬁintsraidj(ﬁs poskblé BMElayeP. formng a
second d| electric layer over said netal gate Iayer and™ sali d first

di el ectric | ayenprisgngiligon pigidg, anskis removed gvitdhel isbebenh wire daver.i ¢ | ayer to
form contact openings for said gate structure and patterning said second
dielectric layer, said first dielectric |layer, said first and second
silicon nitride layers, and said dielectric gapfill layer to form

sel f-aligned sour ce and rai t.act openi ngs. .20. The nmethod of claim18
vvheregy t he second i el ngflin?@‘ ﬁ&g‘é‘?‘m Mifg&erwgﬁﬁ FURTATLE BRI e

a metal gate layer, the steps of

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

10 layer;

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

barrier layer and second silicon nitride layer; and

15 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, first silicon nitride layer and said dielectric

gapfill layer to form source and drain contact openings.

20
16.  The method of claim 15 whereby the second dielectric layer
comprises undoped silicon oxide.
25 17.  The method of claim 15 whereby the second dielectric layer
comprises doped silicon oxide.
18. The method of claim 10 wherein said first silicon nitride Iayer and
30 said disposable gate layer are etched using HBR/CL; /O, or CH;F»/0,, or

CH;F/Q, with a selectivity of first silicon nitride to doped silicon oxide of
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25 21. The method of claim 18 whereby the second dielectric |ayer
conpri ses doped silicon oxide. 24

10

15

20

25

between about 10:1 and 30:1 and a selectivity of first silicon nitride to an undoped

silicon oxide of between about 10:1 and 30:1.

19.  The method of claim 6 which further includes subsequent of

forming metal gate layer, the steps of:

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

layer.

p- forming a second dielectric layer over said metal gate layer and

said first dielectric layer; and

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

to form self-aligned source and drain contact openings.

20.  The method of claim 18 whereby the second dielectric layer

comprises undoped silicon oxide.

21.  The method of claim 18 whereby the second dielectric layer

comprises doped silicon oxide.

24
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