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 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 1 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).

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 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



To reduce the hot carrier effect, a lightly doped drain region LDD is formed
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. 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
of o vdiporyiths Hetunsleribeesaieriirlectsich kofygic de\vbiopielenh 8lthectbans]
the subject, as documented by the relevant patent and technical literature.
lerrgib dessensearibieappeirentlynran RYERS A sigen aitalstENeiRIp eraey iffehethe
patent literature can be gleaned by considering the following patents. U.S.
el usXphbtovess) Bhans digrstaedansy rshern ghavhesrayergareddidiaegiecohe
2 one side of the gate. U.S. 5,677,217 (Tseng) shows a gate process where
gage|tivprkeldotolieds fegnber carrier effect).

To reduce the hot carrier effect, a lightly doped drain region LDD is formed
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.

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



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. 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. 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
ongisieerichoaaiant. 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. 3 Itis yet another object of the
present invention to provide a method for reducing channel length without

causidg detimental Eimcriniel sMeqEaert blherap eRbheitasises Pdormed

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

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.



forming a gate dielectric having regions with different dielectric constants. 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 isotropically etched selectively to the low-K
dielectric layer to form a stepped gate opening. A high-K dielectric layer is
formed over the dummy dielectric and in the stepped gate opening. A gate
electrode is formed on the high-K dielectric layer. The present invention
provilids ¥&risiodetsiel aetsrotherneaseal ey endi ittt By Algyaaaihsié coricashging
be formed having regions with different dielectric constants. The high-K

chgmslelclensre gihanicwesthe drivenentebshart shgarelifenieind beciapaapaeitance.
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
detrirheaesosmpisle i eries ayrs dhe ipags coh PRERARBIA VIYRS prasdind for
invention achieves these benefits in the context of known process

forming a gate dielectric having regions with different dielectric constants. 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 isotropically etched
selectively to the low-K dielectric layer to form a stepped gate opening. A high-K
dielectric layer is formed over the dummy dielectric and in the stepped gate opening. A

gate electrode 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.



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
simildhemeeieaspoisai ardnsasshesgioriefirdptheieprteri@ikpgiehprocess
Figures 1 through 6 illustrate sequential sectional views of a process for
te¢bnelivy a Hyas wisla dithpravidgrreyions witheltfiren eaeddvantagen sfahespresent
according to the present invention. Detailed Description of the Invention The
inppagenmaydstisAl il by adseriseddnhgdedienraitenrsrenihe tpapidicgtion and
accompanying drawings. The present invention provides a method for

atiahathgrangags-

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 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



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. 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
acgiooanvng dsmvilagsstriiemE ssohikreannaprRteled evaribed faulshnang a gate
silicon-on-insulator (SOI) structure. Semiconductor structure (11) should be
diglgetiae hndaestediansd poksibigrient disdedrie smyiants coridbetdacarsd te channel,
insulating layers formed over the substrate or like structure, and one or more
whemh o bertroi sakssive gavie d ikl Erosausr Bosath dislfsstageoprikes both a
structure. Still referring to Fig. 1, a low-K dielectric layer (20) layer is formed
highyds tid aslawidodiplecsistpgeenrelpithy middle alifashanaricthe s dideytrsc
formed over the low-K dielectric layer (20). The low-K dielectric layer (20) will
COpRPTISe o) ¥ar i gbuic }dipé@.‘,gﬁsregion allowing drive current with reduced overlap

capacitance.

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
similar structure now known or later developed, 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
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at the edges of a gate dielectric. The low-K dielectric layer (20) preferably has
a thickness 6 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 silicon dioxide low-K

of dietlweicakgrs 3R o) estio s andy iclasstionyand 400 camposapsdositiBonaterial
nitride. The dummy dielectric layer should have a sufficient thickness for an

thipemdesofgans Giacirele. sl laseer Ardes Higlaokatad sikopdidddic ¢ayem
(40) and the low-K dielectric layer (20) are patterned to form a first gate

dopge nihiga Siarideecd arimyle b | dyev (Konaggith bsbeslshiee gadesieadrig be a
(25) in the low-K dielectric layer (20). The first gate opening (45) and the

maieeehbayte dgehesiosnarenhifrolan thin the desired width of the intended
gate electrode. The second gate opening (25) preferably has a width of
between about

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
silicon dioxide low-K dielectric layer (20), the dummy dielectric layer (40) can comprise
silicon nitride. The dummy dielectric layer should have a sufficient thickness for an

intended gate electrode.

Still referring to Fig. 1, the dummy dielectric layer (40) and the low-K dielectric
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
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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 7 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)
selschEawise o atcd. S eroiesRedR WO AIBDD) REfarA Ay dicleigrig, layer
high-K dielectric layer (60) is formed over the dummy dielectric layer (40)
(48herimnhisirgeplheen gatadspaind (BoY. dREHIghlk diékbiermaysin@ Oy atrted
comprise any of a the presently-known or later-developed high-K materials,
siligeludiagidsuthscclieniteel teo7epI0 ctrh208, briozfEBrwIHS o4 plpsrhong acid.
and most preferably ZrSiO4. The high-K dielectric layer (60) is preferably

The sisencd W enieR{833 pebsahbBesaBoENIP A RgStias ¥ itk (POD rigsireensbyut

sguttering. High-K material should be
0.08 microns and 0.50 microns with a step width (51) of between about 0.01 microns and

0.02 microns.

Referring now to Fig. 3, a high-K dielectric layer (60) is formed over the dummy
dielectric layer (40) and in the stepped gate opening (55). The high-K dielectric layer (60)
can comprise any of a the presently-known or later-developed high-K materials, including
but not limited to: ZrO,, Ta;0s, TiO,, Si3N4,ZrSi04, or Al,O3, and most preferably
Z1Si04. The high-K dielectric layer (60) is preferably formed to a thickness of 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).
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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). 8 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 planbsvatiorFis-fodrpgefeetasiyqsisriarad 80 sing thechighBadiphectia hiogr
polishing (CMP) process as is known in the art. The dummy dielectric layer
(6l Eyeplararisy seppa ICNPdspyRBIeHg How (Y Ditp Brine daiprigetrode
dielectric layer (40) together with the low-K dielectric layer (20) beneath it
(30 shsmirazesionveaoptefefarll visitidoam st elinhiceherded Snpehanisihy
dielectric selectively to the high-K dielectric layer (60). For example, a
podishngy(dMBLRiedR IS dB MBS St niiriidusam beidasiae lasradiiely to
a high-K
prefergbly acts as a CMP stop.

Referring now to Fig. 6, the dummy dielectric layer (40) together with the low-K
dielectric layer (20) beneath it (not shown) are removed, preferably using an etch which
etches the dummy dielectric selectively to the high-K dielectric layer (60). For example, a
dummy dielectric layer comprising silicon nitride can be etched selectively to a high-K

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
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dielectric layer comprising ZrO2 (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

lergihirebthad ghidindengidaeuoeafedabRitiegions 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 9 length of the lightly doped source and drain regions. The key
advahbEgey ariatapss o thouaatiin dremianagdlnictatdicisforerie dormed
having regions with different dielectric constants. The gate dielectric of the

hagragapgionyeritib Al Jrocid dicleeHigronTonincretsgae dickedlierehthn presam
channel while reducing hot carrier effects and overlap capacitance.

invention provides a method for increasing drive current in a gate channel while reducing

hot carrier effects and overlap capacitance.

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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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. 10 What is claimed is: 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) a low-K dielectric region underlying the gate electrode at each edge of the

Whates elatnied &high-K dielectric region overlying the low-K dielectric regions
and contacting the bottom and sides of said gate electrode. 2. The

1. semidosriticwirdyster afagsdiny mgvhentdriishgtineitiiiepenid ryes difsprides

fluorinated silicon dioxide.
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) a low-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
ZrSiOy.
4. The semiconductor gate of claim 1 wherein said high-K dielectric comprises

ZI‘OQ, T3205, TiOZ, Si3N4, or A1203.
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3. The semiconductor gate of claim 1 wherein said high-K dielectric
comprises 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

5. electiduestratcanduielor ghiserhvelamabsicccosspiclowKadiglocsicrireohgswith
a step width of between about 0.01 microns and 0.02 microns. 7. The

thigkpmisoptlbritvedaab i Sirn 2B et adrifer assipsse endanlig hisBhds seelectric
source and drain regions adjacent said gate electrode; (e) spacers adjacent

hag#jghigitecaterthstiueenab@isHupag divandraid 1egisngstibjasent said spacers.
8. The semiconductor gate of claim 1 wherein said low-K dielectric layer
extends

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.
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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 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

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.
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