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Method for Forming Variable-K Gate Dielectric 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 gate
dielectric with areas having different 5 dielectric constants. 2) Description of
the Prior Art In MOS (metal on silicon) transistor technology, a gate dielectric
is formed on a 10 silicon substrate, and a gate electrode is formed over the
gate dielectric. Source and drain regions are formed adjacent the gate
electrode and thd ethes diidtarimivghéariablsitbgeate Aliplestrio the gate
electrode, electrons (NMOS) or holes (PMOS) flow across the region of the
silicon substrate under the gate dielectric, known as the channel. As the
channel length decreases, the electrons in an NMOS transistor gain
sufficient energy from the Bagkgneunibnd 1o weateme gate dielectric layer
where they become trapped, changing the gate threshold voltage (e.g. hot
carrier effect). 1 To reduce the hot carrier effect, a lightly doped drain region

LDD is formed
1) Field of the Invention

This invention relates generally to fabrication of a semiconductor device and
more particularly to a method for forming a gate dielectric with areas having different

dielectric constants.

2) Description of the Prior Art

In MOS (metal on silicon) transistor technology, a gate dielectric is formed on a
silicon substrate, and a gate electrode is formed over the gate dielectric. Source and drain
regions are formed adjacent the gate electrode and the gate dielectric. When a voltage is
applied to the gate electrode, electrons (NMOS) or holes (PMOS) flow across the region
of the silicon substrate under the gate dielectric, known as the channel. As the channel
length decreases, the electrons in an NMOS transistor gain sufficient energy from the
electric field to enter the gate dielectric layer where they become trapped, changing the

gate threshold voltage (e.g. hot carrier effect).
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between the channel and the source/drain, lowering the electric field.
However, the reduced impurity concentration in the LDD causes parasitic
resistance, reducing drive current and slowing down the transistor. 5 Another
problem with LDD structured MOS transistors is that the overlap of the gate
electrode over the LDD regions with a thin gate dielectric between them
causes capacitance, called overlap capacitance, which further slows the
transistor. 10 The importance of overcoming the various deficiencies noted
abov&igalhee Hiecptisarter exierisivbdeidy dolsgidatinavaiopmbit tifestedlto
the subject, as documented by the relevant patent and technical literature.

betwieca|disechamdl apgdberrvyieridsaial dountinadharlas disviedpnidene isiHbe
patent literature can be gleaned by considering the following patents. 15

rednepdg oY itPOUYSHH P BRBWstherBde sauss toRmARc A ars e efneing drive
dielectric on one side of the gate. U.S. 5,677,217 (Tseng) shows a gate

cupigiessl wiaraadomd dedetnssierformed 20 only on the drain side of a gate,
and a two-layer insulator is formed only at the drain side

Another problem with LDD structured MOS transistors is that the overlap of the
gate electrode over the LDD regions with a thin gate dielectric between them causes

capacitance, called overlap capacitance, which further slows the transistor.

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 developments in the patent literature can be gleaned by considering the

following patents.

U.S. 5,952,700 (Yoon) shows a process for forming a two-layer gate dielectric on

one side of the gate.

U.S. 5,677,217 (Tseng) shows a gate process where a LDD structure is formed
only on the drain side of a gate, and a two-layer insulator is formed only at the drain side

of a gate using an opening in an insulator layer or an offset mask.
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of a gate using an opening in an insulator layer or an offset mask. 2 U.S.
4,196,507 (Baptiste) shows a process for forming a transistor gate using a
lateral etch to undercut the oxide over the channel region to provide a mask
for a threshold adjust implant. 5 U.S. 5,920,103 (Fulford et al.) shows a
method to modify the gate dielectric on the drain side edge using an RTA.
Summary of the Invention 10 It is an object of the present invention to
provide a method for forming a gate dielectric having regions of varying
dielectric constant. It is another object of the present invention to provide a
method for increasing 15 drive current in a gate channel while reducing hot
carridy-&ffédi2oary éBepapuabavitahpeocdsidgicioamatar tobjaistafatie proweht
invention to provide a method for reducing channel length without causing
laigeatihdnta uadereetian neldsfeves hadhnathr spdeirneiddoommsihéeomplish

the above objectives, the present invention provides a method for
threshold adjust implant.

U.S. 5,920,103 (Fulford et al.) shows a method to modify the gate dielectric on

the drain side edge using an RTA.

Summary of the Invention

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

dielectric having regions of varying dielectric constant.

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

drive current in a gate channel while reducing hot carrier effects and overlap capacitance.

It is yet another object of the present invention to provide a method for reducing

channel length without causing detrimental short channel effects and overlap capacitance.

To accomplish the above objectives, the present invention provides a method for

forming a gate dielectric having regions with different dielectric constants. A low-K
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forming a gate dielectric having regions with different dielectric constants. A
low-K 3 dielectric layer is formed over a semiconductor structure. A dummy
dielectric layer is formed over the low-K dielectric layer. The dummy
dielectric layer and low-K dielectric layer are patterned to form an opening.
The dummy dielectric layer is isotropically etched selectively to the low-K
dielectric layer to form a stepped gate opening. A high 5 K dielectric layer is
formed over the dummy dielectric and in the stepped gate opening. A gate
diglecittodeyes fofaTardr tbieatfignipotibieten finegiare. Thedpreserdimeenigdayer is
provides considerable improvement over the prior art. A gate dielectric can
fopaedarediralanglabirdesinigilnygiferbaddinmatdicleshitdaysr Thélow Kigkeketric
dielectric region allows the drive current in a gate channel to be increased.
layeareawpticrars detie regioisintheldgghunonyHEdeabie Bagodd setauteaHst
carrier effects and overlap capacitance. The gate dielectric of the present
ctehod nelsstpralvide da methodiactrsdarmdc Harnal Jenges gas sumeasisiny high-
detrimental short channel effects and overlap capacitance. 15 The present
K idhipdashion lareiayéarmed e vse Heritsmnyed ederbig kb ieppedgate opening.

technology. However, a further understandin? of the nature and advantages
A gptpgelectrode is formed on the high-K dielectric layer.

The present invention provides considerable improvement over the prior art.
A gate dielectric can be formed having regions with different dielectric constants. The
high-K dielectric region allows the drive current in a gate channel to be increased. The
low-K dielectric regions at the edges of the gate electrode reduce hot carrier effects and
overlap capacitance. The gate dielectric of the present invention provides a method for
reducing channel length without causing detrimental short channel effects and overlap
capacitance.

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.
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present invention may be realized by reference to the latter portions of the
specification and attached drawings. 20 4 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 5 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 correspondinBré¢éPessriptéenorstheDywrings and in which:
Figures 1 through 6 illustrate sequential sectional views of a process for
forming a 10 gate dielectric having regions with different dielectric constants
according to the present invention. Detailed Description of the Invention 15

The PresEatincretibadNantagcd edcritrai¢andbiipiden iesfageprcbng tthihe present
accompanying drawings. The present invention provides a method for
infeptifgradarsherdriathconanrmy segmnabirptidigisrehpdetienid egas gamtse A
the edges of the channel,
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 6 illustrate sequential sectional views of a process for forming a
gate dielectric having regions with different dielectric constants according to the present

invention.

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 gate
dielectric having regions with different dielectric constants. At the edges of the channel,
where hot carrier effects are most likely to occur, the gate dielectric comprises both a
high-K and a low-K dielectric region. In the middle of the channel, the gate dielectric
comprises only a high-K dielectric region allowing drive current with reduced overlap

capacitance.
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where hot carrier effects are most likely to occur, the gate dielectric
comprises both a high-K and a low-K dielectric region. In the middle of the
channel, the gate dielectric 20 comprises only a high-K dielectric region
allowing drive current with reduced overlap capacitance. 5 Referring to Fig.
1, the present invention begins by providing a semiconductor structure (11).
Semiconductor structure (11) should be understood to possibly include a
wafer or substrate of semiconducting material, such as monocrystalline
silicon, or a 5 similar structure now known or later developed, such as a
silicon-on-insulator (SOI) structure. Semiconductor structure (11) should be
furth&elprdasto ddgol pBssippintintentsnebseitops penddicm /e entaenductor
insulating layers formed over the substrate or like structure, and one or more
strtivie ehid/opPatssivaugeiclgdarinell bphoplsv/es trdassiost aeepessiig include a
structure. 10 Still referring to Fig. 1, a low-K dielectric layer (20) layer is
wishasduvaiathef semieuitigets Brisstakeych psanangdypriineislcancoayer
(40) is formed over the low-K dielectric layer (20). The low-K dielectric layer
si@bng@rgggﬁvtgrf@wﬂ m@pqqrr@@{gmed, such as a silicon-on-insulator (SOI)

structure. Semiconductor structure (11) should be further understood to possibly include
one or more conductive and or insulating layers formed over the substrate or like
structure, and one or more active and/or passive devices formed on or over the substrate

or like structure.

Still referring to Fig. 1, a low-K dielectric layer (20) layer is formed over the
semiconductor structure (11), and a dummy dielectric layer (40) is formed over the low-K
dielectric layer (20). The low-K dielectric layer (20) will be used to form low-K regions
at the edges of a gate dielectric. The low-K dielectric layer (20) preferably has a
thickness of between about 30 angstroms and 100 angstroms and can comprise any low-
K material that can be formed in such a thin layer, preferably fluorinated silicon dioxide,
carbon doped silicon dioxide, or a low-K polymer. Low-K material should be understood

to be a material having a dielectric constant less than 3.9.

The dummy dielectric layer (40) can comprise any dielectric material that can be

etched selectively to the low-K dielectric layer (20). For example, over a fluorinated
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at the edges of a gate dielectric. The low-K dielectric layer (20) preferably has
a 15 thickness of between about 30 angstroms and 100 angstroms and can
comprise any low- K material that can be formed in such a thin layer,
preferably fluorinated silicon dioxide, carbon doped silicon dioxide, or a
low-K polymer. Low-K material should be understood to be a material having
a dielectric constant less than 3.9. 20 The dummy dielectric layer (40) can
comprise any dielectric material that can be etched selectively to the low-K

silgeredineitylem 0yl Heptagdmpld 20udha diupnradedestsitidaretidQdeuawerrprise
dielectric layer (20), the dummy dielectric layer (40) can comprise silicon

siligaioeitidee dinn dwdielditetagdrsnobinldehay e seiffidioentiHiktmess fior an
intended gate electrode. 5 Still referring to Fig. 1, the dummy dielectric layer

infroled i ttheldetiededielectric layer (20) are patterned to form a first gate
opening (45) in the dummy dielectric layer (40) and a second gate opening
(25) in the low-K dielectric layer (20). The first gate opening (45) and the
second Hgate opening (25) are narrower than the desired width of the

intend&l fraearmecorbiR. ITHE sbisony delecopetiner (28) preéfdialsy Hadiglectric

width of between 10 about 0.06 microns and 0.48 microns.
layer (20) are patterned to form a first gate opening (45) in the dummy dielectric layer

(40) and a second gate opening (25) in the low-K dielectric layer (20). The first gate
opening (45) and the second gate opening (25) are narrower than the desired width of the
intended gate electrode. The second gate opening (25) preferably has a width of between

about 0.06 microns and 0.48 microns.

Referring now to Fig. 2, the dummy dielectric layer (40) is isotropically etched
selectively to the low-K dielectric layer (20) to open the first gate opening (45). The
selective, isotropic etch forms a stepped gate opening (55). For a dummy dielectric layer
(40) comprising silicon nitride and a low-K dielectric layer (20) comprising fluorinated
silicon dioxide, the selective, isotropic etch can be performed with hot phosphoric acid.
The stepped opening (55) preferably has an stepped opening width (59) of between about
0.08 microns and 0.50 microns with a step width (51) of between about 0.01 microns and

0.02 microns.
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Referring now to Fig. 2, the dummy dielectric layer (40) is isotropically etched
selectively to the low-K dielectric layer (20) to open the first gate opening
(45). The selective, isotropic etch forms a stepped gate opening (55). For a
dummy dielectric layer 15 (40) comprising silicon nitride and a low-K
dielectric layer (20) comprising fluorinated silicon dioxide, the selective,
isotropic etch can be performed with hot phosphoric acid. The stepped
opening (55) preferably has an stepped opening width (59) of between about
0.08 Riitaanzaew 050 gnibrahsclvith ddespiwiane(599)0s bennednvapdig duoimy
microns and 0.02 microns. 20 7 Referring now to Fig. 3, a high-K dielectric
dighgriricdayes firmad vErherRRahsAjC didBigiciay el (ady ethil idichesie hpsd
gate opening (55). The high-K dielectric layer (60) can comprise any of a the
(6Pega eMRRASAN B Oltchel BirsIpbokmighkOrateridts climed High-Bumatsrials,
limited to: ZrO2, Ta205, TiO2, Si3N4,ZrSiO4, or A1203, and most 5
inglutia by zestoutetine: HighKlditlechio 1a§eNw0) S prefetdiiiy fottheeto a
thickness of between about 10 angstroms and 100 angstroms by sputtering.

prefRyRbky atEdial Shehighpe distrstsioby o B8 ritareaiarabyitagracdittecthickness of

constant of greater than 3.9, and
between about 10 angstroms and 100 angstroms by sputtering. High-K material should

be understood to be material having a dielectric constant of greater than 3.9, and

preferably greater than 8.0.

Referring now to Fig. 4, a gate electrode layer (80) is formed over the high-K
dielectric layer (60). The gate electrode layer can comprise a metal, polysilicon, or a
stack of metal and/or polysilicon films, as is known in the art. The gate electrode layer

has a sufficient thickness to overfill the stepped opening (55).

As shown in Fig. 5, the gate electrode layer (80) and the high-K dielectric layer
(60) are planarized stopping on the dummy dielectric layer (40) to form a gate electrode
(80A). The planarization is most preferably performed using a chemical-mechanical
polishing (CMP) process as is known in the art. The dummy dielectric layer (40)

preferably acts as a CMP stop.
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preferably greater than 8.0. 10 Referring now to Fig. 4, a gate electrode layer
(80) is formed over the high-K dielectric layer (60). The gate electrode layer
can comprise a metal, polysilicon, or a stack of metal and/or polysilicon films,
as is known in the art. The gate electrode layer has a sufficient thickness to
overfill the stepped opening (55). 15 As shown in Fig. 5, the gate electrode
layer (80) and the high-K dielectric layer (60) are planarized stopping on the
dummy dielectric layer (40) to form a gate electrode (80A). The planarization
is md3efsrafegann peHerhebadingrayatieleitad- nphdRicsgbisming (v K
process as is known in the art. The dummy dielectric layer (40) preferably

diglegirislayeNitd shspeath 4 Retshingnen tonmycd, préaiaiphmipidiz et afeeh
(40) together with the low K dielectric layer (20) beneath 4 (not shown) are

cteben dhe dupvatefiiReiisinglediizetn iwHieh shcked elestagnaxsy (heledhee example,
selectively to the high-K dielectric layer (60). For example, a dummy

a ¢arserrsialegeiclayisrsimgaies sihppiielbade sandbetréehed rdeicierpltota ik
5 dielectric layer comprising ZrO2 (zirconium dioxide).

dielectric layer comprising ZrO; (zirconium dioxide).

Lightly doped source and drain regions (LDDs) (91) can be formed in the
semiconductor structure (11) adjacent the gate electrode (80A) by an impurity ion
implant and diffusion anneal as is known in the art. Spacers (92) can be formed adjacent
the gate electrode (80A) as is known in the art. Source and drain regions can then be
formed in the semiconductor structure (11) adjacent the spacers (92). Following lightly
doped source and drain region formation, the low-K dielectric layer (20) extends over at
least a portion of the lightly doped source and drain regions. Preferably the low-K
dielectric layer (20) extends a distance of within 10% of the length of the lightly doped
source and drain regions. Most preferably, the low-K dielectric layer (20) extends a

distance of about the length of the lightly doped source and drain regions.

The key advantages of the present invention are that a gate dielectric is formed
having regions with different dielectric constants. The gate dielectric of the present
invention provides a method for increasing drive current in a gate channel while reducing

hot carrier effects and overlap capacitance.



Lightly doped source and drain regions (LDDs) (91) can be formed in the
semiconductor structure (11) adjacent the gate electrode (80A) by an impurity
ion implant and diffusion anneal as is known in the art. Spacers (92) can be
formed adjacent 10 the gate electrode (80A) as is known in the art. Source
and drain regions can then be formed in the semiconductor structure (11)
adjacent the spacers (92). Following lightly doped source and drain region
formation, the low-K dielectric layer (20) extends over at least a portion of
the lightly doped source and drain regions. Preferably the low-K dielectric
layer (20) extends a distance of within 10% of the length of the lightly doped
15 source and drain regions. Most preferably, the low-K dielectric layer (20)
extends a distance of about the length of the lightly doped source and drain
regioNdifrak ey erheinbag &sor preiprtabnshaventieshdsretihad avghteference to
dielectric is formed having regions with different dielectric constants. The
theyarefenetd eme stithenpr&xspe 20 Wbt ondnoiegd u threshod Hed indheaingat
drive current in a gate channel while reducing hot carrier effects and overlap
vagiachanges O VorRlefsedriodh ity hasnsdevphnid deriitsrblenade spirit and
described with reference to the preferred embodiments thereof, it will be
scopRiefdhsda s ieBse skilled in the art that

10
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5 various changes in form and details may be made without departing from
the spirit and scope of the invention. 10 What is claimed is: 1 1. A
semiconductor gate having a gate dielectric with regions having different 2
dielectric constants, comprising: 3 4 (a) a stepped gate electrode having a
co-planer top surface with a greater 5 thickness in its center than at its
edges; 6 (b) a low-K dielectric region underlying the gate electrode at each
edge of the 7 gate; and 8 9 (c) a high-K dielectric region overlying the low-K
dielectric regions and 10 contacting the bottom and sides of said gate
electrode. 2. The semiconductor gate of claim 1 wherein said low-K dielectric
Wieaiap ebmpaesiss fluorinated silicon dioxide. 3. The semiconductor gate of

claim 1 wherein said high-K dielectric comprises
1. A semiconductor gate having a gate dielectric with regions having different

dielectric constants, comprising:

(a) a stepped gate electrode having a co-planer top surface with a greater
thickness in its center than at its edges;
(b) alow-K dielectric region underlying the gate electrode at each edge of the

gate; and

(c) a high-K dielectric region overlying the low-K dielectric regions and

contacting the bottom and sides of said gate electrode.

2. The semiconductor gate of claim 1 wherein said low-K dielectric layer comprises

fluorinated silicon dioxide.

3. The semiconductor gate of claim 1 wherein said high-K dielectric comprises
Zr SIO4
4. The semiconductor gate of claim 1 wherein said high-K dielectric comprises

ZI'OQ, Ta205, TiOz, Si3N4, or A1203.

11



ZrSi04. 4. The semiconductor gate of claim 1 wherein said high-K dielectric
comprises Zr02, Ta205, Ti02, Si3N4, or A1203. 11 5. The semiconductor
gate of claim 1 wherein said low-K dielectric layer has a thickness of
between about 30 angstroms and 100 angstroms and said high-K dielectric
has a thickness of between about 10 angstroms and 100 angstroms. 6. The
semiconductor gate of claim 1 wherein said stepped gate electrode has a
width of between about 0.08 microns and 0.50 microns with a step width of

5. betwdén samiganootongaierns eladnologheieronraiddovhk dwlsiiosdaxtoheate of
claim 1 which further comprises: (d) lightly doped source and drain regions

thighijase of Yaioy epitakost H9 dogs{pnepare fda dpgstionzynin g saed diebrBdhelgadic
(f) source and drain regions adjacent said spacers. 8. The semiconductor

hagarehiskarsnribeheeennbeaiy [Ovingdierasaind I4)@ pestsads. over at least a

portion of said lightly doped source and drain regions. 9. The semiconductor
gate of claim 7 wherein said high-K dielectric layer extends a

6. The semiconductor gate of claim 1 wherein said stepped gate electrode has a

width of between about 0.08 microns and 0.50 microns with a step width of between

about 0.01 microns and 0.02 microns.

7. The semiconductor gate of claim 1 which further comprises:

(d) lightly doped source and drain regions adjacent said gate electrode;

(e) spacers adjacent said gate electrode; and

(f) source and drain regions adjacent said spacers.

8. The semiconductor gate of claim 1 wherein said low-K dielectric layer extends

over at least a portion of said lightly doped source and drain regions.

9. The semiconductor gate of claim 7 wherein said high-K dielectric layer extends a

distance of within 10% of the length of said lightly doped source and drain regions.

12



distance of within 10% of the length of said lightly doped source and drain
regions. 12 10. The semiconductor gate of claim 7 wherein said high-K
dielectric layer extends a distance of about the length of said lightly doped
source and drain regions. 13 Method for Forming Variable-K Gate Dielectric
Abstract A gate dielectric having regions with different dielectric constants is
achieved. A low-K dielectric layer is formed over a semiconductor structure.
A dummy dielectric layer is formed over the low-K dielectric layer. The
dummy dielectric layer and low-K dielectric layer are patterned to form an
opening. The dummy dielectric layer is isontropically etched selectively to
1Ghe |olhgceiudiectayate Fbptaimstapreeigand bisningicheefian IRyeiaieiemils a
layer is formed over the dummy dielectric and in the stepped gate opening. A

digfansetd abodkths fepgibdbentA di ghgh-fodrs setied apddimiy B gigns.
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