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Method for Forming an Extended Metal Gate Using a Damascene Process

Background of Invention

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

process.
2) Description of the Prior Art

As semiconductor geometries continue to shrink, and design requirements 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.
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Etching the top layer of a gate structure to expose form an opening for a met_al
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.

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
photolithography 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
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

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

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.

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 a2 dummy gate to form an implant opening and forming a self-aligned

20 gate in the opening.
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U.S. 5,731,239 (Wohg et al.) shows a method for forming self-aligned silicide gate

electrodes.

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.

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.

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.

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

forming an extended metal gate without poly wrap around effects. The method begins by
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providing a semiconductor structure having a gate structure thereon. The gate structure
comprising a gafe dielectric layer, a gate silicon layer, a doped silicon oxide layer, and a
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

. 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
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.

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

undoped silicon of the gapfill layer, poly wrap around effects can be avoided. Also, since
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each photolithography step is performed on a planar topography, the photolithography

process error can be reduced, increasing the patterning accuracy.

The present invention achieves these benefits in the context 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.
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 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 of
a process for forming an self-aligned extended metal gate according to the present

invention.
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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

invention.

Figures 7B through 11B and 12 through 16 illustrate sequential sectional views of
the second embodiment of a précess for forming a self-aligned extended metal éate
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-1 1B' as shown in

Fig. 11A.

" Detailed Description of the Invention

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.

First Preferred Enibodiment
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Referring to Fig. 1, the first preferred embodiment of the present invention begins
by providing a semiconductor structure (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
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
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 (28) formed on the doped silicon oxide layer (26). The gate
dielectric layer (22) typically comprises silicon oxide, but can be formed using any suitable
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. Thé
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

glass (PSG) or borophosphosilicate glass (BPSG) formed to a thickness of between about
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100 Angstroms and 2,000 Angstroms using a chemical vapor deposition (CVD) eg.
PECVD or HDP-CVD or SACVDprocess with a dopants such as trimethylborate or
triethylphoshate or both. The disposable gate layer (28) can comprise silicon nitride or
polysiiicon, 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.

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
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
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)

preferably comprises undoped silicon oxide, and is preferably planarized using a chemical-
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mechanical polishing process (CMP).

Still referring to Fig. 2, a first silicon nitride layer (50) is formed over the
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.

Referring to Fig. 3, a dielectric 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.

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

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

10.
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etching. For a disposable gate layer comprising polysilicon, the disposable gate layer will

remain following removal of the first silicon nitride layer, as shown in Fig. 4.

Referring to Fig. 5, if the disposable gate layer (28) comprises polysilicon, it can be
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
doped silicon oxide to undoped silicon oxide. The etch is preferably a wet anhydrous

vapor HF etch witha dbped 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)

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

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

11
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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) aﬁd the barrier Léyer (70) are then subjected to a
chemical mechanical polishing (CMP), with the second silicon nitride layer (52) acting as
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 sil.icon
oxide or doped silicon oxide or other suitable material. The second dielectric layer (90) is
patterned to form metal gate cont;act 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 gapfilt layer (40).
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

embodiment, the term semiconductor structure should be understood to be descriptive and

12
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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.

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 serﬂiconductor 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
greater than three (eg. silicdn nitride, tantalum oxide). The gate silicon layer (24) can
comprise polycrystalline silicon (polysilicon) or amorphous silicon (oc-silicon) preferably
deposited to a fhickness of between about 300 Angstroms and 3,000 Angstroms using a
LPCVD process. The doped silicon oxide ]ayer (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)
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

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

13
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semiconductor structure (11) are patterned to form an isolation trench (15). The isolation
trench preferably has a depth of betweenl,OOO_ 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 (22) and
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) comoprises 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, 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.

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 STIs (12) are preferably planarized using a chemical- mechanical

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

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

14
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silicon oxide gate layer (26), the gate silicon layer (24), and the gate dielectric layer (22)
are patterned to form gate structures (20). A gate etch mask (29) is formed on the
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
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 (225 are etched through the openings in the
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-I'BR/C].,ZII-Ie-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
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,

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

15
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etch.

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
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 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 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 500Angstroms and

S,OOOAhgstroms.

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

than the width of the gate structures (20). An advantage of the present invention is that

16
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the dielectric layer (60) has a planar topography providing for an accurate

photolithography process.

‘Referring to Fig. 13, the dielectric laiyer (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 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.

Referring to Fig. 14, the first silicon nitride layer (50) exposed in the bottom of the
trenches (65) and the disposéble 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/(.ZLZ/OZ, 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
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

greater than 50:1. A key advantage of the present invention is that the wet anhydrous HF

17
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etch does not significantly etch the exposed portions of the gapfill layer (40) at the edges
of the frenches (65), avoiding poly wrap around effects.

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
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.

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 th@the gate structure
width. A key advantage of the present invention is that the extended metal gate provides a
greater area for landing gate contacts, eliminating the neéd 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.

Referring to Fig. 16, a second dielectric layer (90) is formed over the gate metal

18
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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
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
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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CLAIMS

1. A method for forming an extended metal gate, comprising the steps of:

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 having spacers on said sidewalls of said gate structure;

b. forming a dielectric spacers on said sidewalls of said gate structure:

c. forming a dielectric gapfill layer over said semiconductor structure and said gate

structure, and planarizing said gapfill layer stopping on said disposable gate layer;
d. forming a first silicon nitride layer over said disposable gate layef;
e. forming a dielectric layer over said first silicon nitride layer;
f. forming a second silicon nitride layer over said dielectric layer:

g. patterning said dielectric layer to form a trench over said gate structure; said

20
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trench having a width greater than the width of said gate structure;

1

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

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

21
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silicon.
The method of claim 1 wherein said gapfill layer comprises undoped silicon oxide.

The method of claim 1 wherein said doped silicon oxide layer comprises

phosphosilicate glass (PSG).

The method of claim 1 wherein said dielectric layer comprises borophosphosilicate

glass (BPSG).
The method of claim 1 wherein said dielectric layer comprises silicon oxide.
The method of claim 1 wherein said disposable gate layer comprises silicon nitride.

The method of claim 1 wherein said disposable gate layer comprises polycrystalline

silicon (polysilicon).

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

anhydrous HF vapor etch.

22
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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.  The method of claim 1 wherein said dispoéable gate layer comprises polysilicon,
and said disposable gate layer is removed using a plasma assisted etch with 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.

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

23
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n. patterning said second dielectric layer to form contact openings for said
gate structure and patterning said second dielectri¢ layer, second silicon
nitride layer, first dielectric layer and said gapfill layer to form source and

drain contact openings.

16.  The method of claim 15 whereby the second dielectric layer comprises undoped

silicon oxide.

17.  The method of claim 15 whereby the second dielectric layer comprises doped

silicon oxide.

18. A method for forming an extended metal gate and a self-aligned contact

comprising the steps of.

a. providing a semiconductor structure (11); said semiconductor structure having a
gate dielectric layer thereon; said gate dielectric layer having a gate silicon layer thereon;
said gate silicon layer having a doped silicon oxide layer thereon; said doped silicon oxide

layer having a disposable gate layer thereon;

b. patterning said disposable gate layer; said doped silicon oxide layer, said gate

24
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silicon layer and said gate dielectric layer to form trenches for shallow trench isolation;

¢ .forming shallow trench isolation (STI) structures by depositing and planarizing a

dielectric layer;

d. patterning said dispbsable gate layer, said doped silicon oxide layer, said gate

“silicon layer and.said gate dielectric layer to form gate structure having sidewalls;

e. foming dielectric spacers on said sidewalls of said gate structure;

f. forming a gapfill layer over said semiconductor structure and said gate structure

and planarizing said gapfill layer stopping on said disposable gate layer;
g. forming a silicon nitride layer on said disposable gate layer and said gapfill layer;

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

i. patterning said dielectric layer to form a trench over said gate structure; said

trench having a width greater than the width of said gate structure;

25
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j. removing said silicon nitride layer in the bottom of said trench;

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

exposed;

19.

20.

21.

1. removing said doped silicon oxide layer using an etch selective to undoped

- silicon oxide; whereby said gate silicon layer is exposed;

m. forming a barrier layer over said gate polysilicon layer; and
n. forming a metal gate layer on said barrier layer.

The method of claim 18 wherein said gate dielectric layer comprises any material

having a dielectric constant of greater than 3.

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

silicon (polysilicon).

The method of claim 18 wherein said gate silicon layer comprises amorphous

silicon.

26
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The method of claim 18 wherein said doped silicon oxide layer comprises

phosphosilicate glass (PSG).

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

borophosphosilicate glass (BPSG).

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

nitride.

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

oxide.

The method of claim 18 wherein said dielectric layer comprises undoped silicon

oxide.

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

anhydrous HF vapor.

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

27
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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,/O,, or CH,F,/0,, or CH;F/O, with a .se'lectivity 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.

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 dielectric layer, said first silicon

nitride layer, and said gapfill layer to form self-aligned source and drain contact openings.
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The method of claim 29 whereby the second dielectric layer comprises undoped

silicon oxide.

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

silicon oxide.

29




