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Dielectrie *@&0001* Background of Invention 1) Field of the q(r?/eJAlN' g7 This
invention relates generally to fabrication of a sem conductor device and
more particularly to a method for formng a gate dielectric with areas
having different dielectric constants. 2) Description of the Prior Art In
MOS (nmetal on silicon) transistor technology, a gate di eum,mmmmmm’mrned
on a silicon substrate, and a gate electrode is forned

dielectric. Source and drain regions are forned adjacent the;gae

el ectrode and the gate dielectric. Wien a voltage is applied to the gate

el ectrode, electrons (NMOS) or holes (PMOS) flow across the rtegronof—the

ilhlalnﬁgln substrate under the gate dielectric, known as the chan”m:ml"”"mﬁnmmmmlmm

Method for Forming Variable-K Gate Dijelectric “G000O! *

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



I ength decreases, the electrons in an NMOS transistor gain sufficient
energy fromthe electric field to enter the gate dielectric |ayer where
they become trapped, changing the gate threshold voltage (e.g. hot carrier
effect). To reduce the hot carrier effect, a lightly doped drain region LDD
is formed between the channel and the source/drain, |owering the electric
field. However, the reduced inpurity concentration in the LDD causes
parasitic resistance, reducing drive current and slow ng down the
transistor. Another. problemw th LDD structured MOS transistors is that the
over| ap of therdicogaghstreleantieratie guv erelectie, kidbvir aghocanmd!t B\s ghd dhafnegat e
dielectric between them causes capacitance, called overlap capacitance,

whi ch f uldnger dteavs, theelcttramsih ah OIMOT QNI STBOS LR OGO AMES FORIRY t he
various deficiencies noted above is evidenced by the extensive

technol ogldealo eyl ARTER Al iEGLED b8 LhGe SbluGen. ARocIRRLE] Y the

rel evant patent and technical literature. ently nore

rel evant i S in.the patent literature can be gl eaned by
SEIUER o BRY YL OBl Bl

consi deri gpatents. U 5,952,700 (Yoon) shows a process
for formng a two-layer gate dielectric on 2 one side of the gate.

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



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 insul ator

| ayer or an offset mask. U. S. 4,196,507 (Baptiste) shows a process for
formng & transistor gate using a |lateral etch to undercut the oxi de over
the channel region to provide a nask for a threshold adjust inplant. U S
5,920,103 (Fulford et al.) shows a nmethod to nodify the gate dielectric on
the drain side_edge using an RTA. Summary of the Invention It is an object
of the pr8&&fe of H¢&Atei on to provide a method for forming a gate dielectric
havi ng regi ons of varying dielectric constant. It is another object of the
present invention to provide a nethod for increasing drive current in a
gate channel while reducing hot carrier effects and overlap capacitance. 3
I't is yet anotthsrs ebj Bt (Teéng) Beowy £8R8 brdcBdeitetONLDD el fénfegt hod for
reduci ng channel |ength w thout causing detrinmental short channel effects

and overlap, &@tﬂ@aiaﬁm%g%fh%%tggrﬁa) T b Sdyel RELIABPY GoRG] ¥ B8R arhil§igRT €sent

i nvention provides a

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

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

dielectric having regions of varying dielectric constant.

It 1s 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.



formng a gate dielectric having regions with different dielectric
constants.- AlowK dielectric layer is fornmed over a sem conduct or
structure. A dumry dielectric layer is forned over the lowK dielectric

| ayer. The dummy dielectric layer and lowK dielectric |layer are patterned
to forman opening. The dummy dielectric layer is isentropically etched
selectively to the lowK dielectric layer to forma stepped gate opening. A
high-K dielectric layer is formed over the dummy dielectric and in the
stepped gate opening. A gate electrode is fornmed on the high-K dielectric
| ayer. The present invention provides considerable inprovenent over the
prior art. A gate dielectric can be formed having regions with different

di el ectric consisgataottiEhebjedtiofhhepredett i@eéntios 16 HiDh A8 aahdtRMStot RRLERE Ve
current in a gate channel to be increased. The lowK dielectric Fegions at

t he edgesghne! REstH M@0 d%ﬁﬁﬁ%’@&nh@ﬁit'épﬁohc&arﬁ@f Lebefls ofli fo@é?r {ap ¢ r@@a %rg\éer lap

capaci tance. The gate dielectric of present invention'p S a met hod
for reducing channel |ength w thout causing detrinental short channel
effects and overl ap capacitance 4 The present invention achieves these
benefits in t cont t echnol ogy. However, a further

no roce
under st andi ng aC{;ng }'?étﬂﬂﬁ' aé’oaﬁmgﬁgi)’ﬁﬁttgeg%@seﬂf inygpdiof Paayigs a method for

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 isentropically
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.



invention may be realized by reference to the latter portions of the
specification and attached drawi ngs. Brief Description of the Draw ngs The
features and advantages of a sem conductor device according to the present
invention and further details of a process of fabricating such a

sem conductor. device in accordance with the present invention will be nore
clearly understood fromthe followi ng description taken in conjunction

wi th the acconpanying drawings in which |like reference nunerals designate
simlar or corresponding el enents, regions and portions and in which:

Fi gures 1 t hroligtpré&ent ihvstipatechises thest bakfits écthe ooakxt\if @nswobrogegsr ocess f or
formng a gate dielectric having regions with different dielectric

const ant gecmoyedi Bigweoert lsn@rpfeesmstandrhgedﬂth@mur@ah@ad@dtaD@s&ﬁrthdogsrleswt of the
I nventi on The present invention will be described in detail with reference

to the GnaGEeRRAPLE AGIMAN :@a@encﬂ@thenﬁ?e?g&mbﬂéf&%é ﬁm}/dndaga a met hod

for formng a gate dielectric having regions wt dlf erent dielectric
constantsttﬁgedt(ngW ges of the channel, where hot carrier effects are nost
likely to occur, e gate dielectric conprises both a

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



high-K and a lowK dielectric region. In the mddle of the channel, the
gate dielectric conprises only a high-K dielectric region allow ng drive
current with reduced overlap capacitance. Referring to Fig. 1, the present
i nvention begins by providing a sem conductor structure (11).

Sem conductor structure (11) should be understood to possibly include a
waf er or substrate of sem conducting material, such as nonocrystalline
silicon, or a simlar structure now knowmn or |ater devel oped, such as a
silicon-on-insulator (SO) structure. Sem conductor structure (11) shoul d
be furt héccmpraysedoings. posgireseyt inyrntignerayitiss emethpdrfer Dondgetgatee and or
i.nsul ating layers formed over the substrate or |ike structure, and one or
nor e act idrdeandhoingragienywithdiffecas diclcmiedtoonaras. Aver etds ofulesshamice or | i ke
structure. Still referring to Fig. 1, a lowK dielectric Iayer (20) I ayer

i s formedvievehottdagrier SHEIE BRGHSRE @Kel}stordt‘é&ﬂlﬂfé daldldicle@Nd camplevamyoifliael ectric
| ayer (40) is fornmed over the lowK dielectric layer (20). The | owK

di el ect ripgoH RY:GH a(l )§Wefel:tn Ge §r€dlntﬁe a(fdre’%&q &aﬁﬁg'tﬂgg%tr:% feidcfle €dges of a

gate dielectri c ow K ect ric refer as a thickness

$"of et yegp gy, 78, RROSLLAI 2 400, ALARL OB, A SALF AL

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) éhould be further understood to possibly include one or
more conductive and or insulating layefs 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



that ,can be fornmed in such a thin layer, preferably fluorinated silicon

di oxi de, carbon doped silicon dioxide, or a lowK polyner. LowK materi al
shoul d be understood to be a material having a dielectric constant |ess
than 3.9. The dummy dielectric layer (40) can conprise any dielectric
material that can be etched selectively to the owK dielectric |ayer
(20). For exanple, over a flourinated silicon dioxide |lowK dielectric

| ayer (20), the dummy dielectric |ayer (40) can conprise silicon nitride.
The dummy dielectric Tayer should have a sufficient thickness for an

i nt ended YdeeveshatoutddengStdnd anda0@rngsugntsandicgn capriséenydlo iy nehit@laBCt ri c

| ayer (40) and the low K dielectric layer (20) are patterned to forma

first gatthaoqeneigmed) sich atthia |E)enTpyereiably @GbRhded AYRh di&&@% c#Ahsh a second
gate opening (25) in the lowK dielectric layer (20). The first gate

openi ng (ddpkd aMdort Ni6xi88 R Ndo WK Bol0REN My (23 g desired
w dt h of fﬁ% in?endgd gateoeleg??ode. The sgggﬂ hggﬁéggﬁgﬁ%ﬁgﬂffgﬁ

preferablMa@gﬁ}QV@%ggﬂgggFﬁg%gﬁﬁgﬁﬁggiq§90.06 m crons and 0.48 microns.

Referring now to Irel'ectric layer (40) is isotropically
etched selectively to the lowK dielectric |layer (20) to open the first
gate opening (45). The 7

The dummy dielectric layer (40) can comprise any dielectn'; material that can be
etched selectively to the low-K dielectric layer (20). For example, over a flourinated
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



selective, isotropic etch forns a stepped gate opening (55). For a dummy
dielectric layer (40) conprising silicon nitride and a lowK dielectric

| ayer (20) conprising fluorinated silicon dioxide, the selective,

i sotropic etch can be perfornmed with hot phosphoric acid. The stepped
openi ng (55). preferably has an stepped opening width (59) of between about
0.08 mcrons and 0.50 mcrons with a step wdth (51) of between about 0.01
mcrons and 0.02 microns. Referring nowto Fig. 3, a high-K dielectric

| ayer (60) is fornmed over the dummy dielectric layer (40) and in the

st epped gw#lestiopeseinagic(eBB)forrTivesthpgh gitedipehieg { ¥5) C Fbey @imh$QlklecG@NayeONpPr i se
any of a the presently-known or | ater-devel oped high-K materials, including

but not |40) tedprisig lfcoh nitdde £3d,a [BWR dieRicBNayer @ik?%omeﬁsiﬁglﬂ@ivnal% d nost
preferably ZrSIO4 . The high-K dielectric layer (60) is preferably forned

to a thi Cﬁlm%i&dﬁdepﬁie%@&i@pgwro%@ eRR9S b OPRrANe 1AR Bgﬁ&%@%ﬁ% a

sputtering. H gh-K material should be understood to erlagxhaving a

dielectri 2 h . f I t t han 8. 0.
Referri no. oW Tae TG A P eRr LR o Renef AT 6D oY R bl ¢ e
hi gh- K di tric | 60). T te. el el de | [
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known in the art. The gate el ectrode | ayer has a
0.02 mucrons.

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,0;, TiO,, Si;N,,ZrSiO,, or Al,O,, and most preferably ZrSiO,.
The high-K dielectric layer (60) is preferably formed to a thickness of between about 10
angstroms and 100 angstromé 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).



sufficient thickness to overfill the stepped opening (55). 8 As shown in
Fig. 5, the gate electrode |ayer (80) and the high-K dielectric |layer (60)
are planarized stopping on the dummy dielectric laver (40) to forma gate
el ectrode (80A). The planarization is nost preferably perfornmed using a
chem cal - nechani cal polishing (CMP) process as is known in the art. The
dummy dielectric layer (40) preferably acts as a CMP stop. Referring now
to Fig. 6, the dummy dielectric layer (not shown) is renoved, preferably
using an etch which etches the dummy dielectric selectively to the high-K
di el ectric | ay@$ shogo)in Figy S, theapatsl edectradel layen/(86) @idebe high-K diylectricaypr i si ng
silicon nitride can be etched selectively to a high-K dielectric |ayer

conpr i si ngp0ZaM, plfratizaicnoppinglbosi dehmy didletid MydiQ{D(?doi’E@rw £ara Bl Rl N
regions (LDDs) (91) can be fornmed in the sem conductor structure (11)

adj acent {30&)gahe pRh&GLfiOUR rdi0Mefdd¥o1RPertdiRidd LtiXg b OfkmidR) ARt ani@nd di ffusion
anneal as is known in the art. Spacers (92) can %e formed adjacent the gate

el ect r odepBfk ESP) BraRQR i frdvifindhd are LA utedons can Lhen

be formed in he sém conductor structure (11) adj acent acers (92).

Fol | owi ngglle'reg%géy:’ Xc(tg%g)aeg%l’ss? rce and drain region formation, the | owK

di el ectri enas over at | east a

Referring now to Fig. 6, the dummy dielectric layer (not shown) is 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



portion of the lightly doped source and drain regions. Preferably the | owK
dielectric- layer (20) extends a distance of wthin 10% of the | ength of
the lightly doped source and drain regions. Mst preferably, the | owK
dielectric layer (20) extends a distance of about 9 the |length of the

|l ightly doped source and drain regions. The key advantages of the present
invention are that a gate dielectric is fornmed having regions with
different dielectric constants. The gate dielectric of the present
invention provides a nmethod for increasing drive current in a gate channel
whi | e redgilangth efche bghtlyidopedsduses andainan oagarisap capaci t ance. Wile the

i nvention has been particularly shown and described with reference to the
preferred enbodi nents thereof, it will be understood by those skilled in
the art that various changes in formand details nay be made w t hout

departing fronThdieeysdivariiiged 08the PQPR iRfentiBRareMNR Alda Hiclt @i mica ¢! ai med
is: 1. Anmethod for formng a gate dielectric, conprising the steps of. a.

form ng andvaw Keidh&WRE bltfefent BXRERBhstatS ETALLRAREL A BEIHGHULS:

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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b. formng a dummy dielectric |layer over said lowK dielectric |layer; c.
patterni ng- said dummy dielectric layer and lowK dielectric layer to forma
first gate opening in said dunmy dielectric |ayer and a second gate
opening in said lowK dielectric layer; d. isotropically etching said
dummy dielectric layer selectively to said lowK dielectric |layer to open
said first gate opening, formng a stepped gate opening; e. formng a

hi gh- K di elyggt icGihaygr over said dumy dielectric and in said stepped

gate opening; and ff, formng a gate electrode on said high-K dielectric

| ayer. 2.1.The setehrod fof forinaigra datevhieleetiin, @aipdisingvheltaps efectri c | ayer
conprises fluorinated silicon dioxide. 11 3. The nethod of claim|l wherein
said high-K dielectric conprises ZrSiO4. 4. The nmethod of claim 1l wherein
said high-K dielectric conprises ZrQ2, Ta,(, TiQ2, Si3MN, or Al,03 5. The

met hod of cl ai medrmhies %imKldia!;@thwa?&pﬁer§9éhﬁi9&daaer drahpier egi ons are formed
adj acent said gate electrode such that said high-K dielectric |aver extends

a di stance of

b. forming a dummy dielectric layer over said low-K dielectric layer;

c. patterning said dummy dielectric layer and low-K dielectric layer to form a first
gate opening in said dummy dielectric layer and a second gate opening in said low-K

dielectric layer;

d. isotropically etching said dummy dielectric layer selectively to said low-K

dielectric layer to open said first gate opening, forming a stepped gate opening;

e. forming a high-K dielectric layer over said dummy dielectric and in said stepped

gate opening; and
f. forming a gate electrode on said high-K dielectric layer.

2. The method of claim 1 wherein said low-K dielectric layer comprises fluorinated

silicon dioxide.

11



wi thin 10% of the length of said lightly doped source and drain regions. 6.
The nethod:- of claim1l wherein lightly doped source and drain regions are
formed adjacent said gate el ectrode such that said high-K dielectric |ayer
extends a distance of about the length of the conprises Si3N4. 7. The

met hod of claim| wherein said lowK dielectric |layer has a thickness of
bet ween about 30 angstrons and 100 angstrons and said high-K dielectric has
a thickness of between about 10 angstrons and 100 angstrons. 8. The net hod
of claim 1l wherein said stepped opening has a wi dth of between about 0.08
m crons and 0.B® miteedbeisclaint hwhersihspid gt K diefectret asepnisatdo6tO0,0. 01 ni crons
and 0.02 mcrons. 12 9. The nethod of claim1 which further conprise the
steps of: (g) renoving the dumry dielectric layer; (h) formng lightly
doped source and drain regions in said sem conductor structure adjacent

sai d gat e el ectieqfi@hod b cldi@r N Adeif RAE B ch-R iR coipridesaabe €l gct rode; and
(j) formng source and drain regions in said sem conductor “structure

adj acent 5@, &iN, or Al,O,.

5. The method of claim 1 wherein lightly doped source and drain regions are formed
adjacent said gate electrode such that said high-K dielectric layer extends a distance of

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

6. The method of claim 1 wherein lightly doped source and drain regions are formed
adjacent said gate electrode such that said high-K dielectric layer extends a distance of

about the length of the comprises Si;N,.

7. The method 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.

8. The method of claim 1 wherein said stepped opening 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.



spacers. 10. The nethod of claim9 wherein said lowK dielectric |ayer
extends over at least a portion of said |lightly doped source and drain
regions. 11. A sem conductor gate having a gate dielectric with regions
having different dielectric constants, conprising: (a) a stepped gate

el ectrode having a co-planer top surface with a greater thickness inits
center than at its edges; 13 (b) a low K dielectric region underlying the
gate el ectrode at each edge of the gate; and (c) a high-K dielectric
region overlying the lowK dielectric regions and contacting the bottom
and si des9of s@heimgaive ofkiai 1 adech fhRher tompHSIThe olRgIsH or gate of claim 11
wherein said lowK dielectric |ayer conprises fluorinated silicon dioxide.
13. The sem conductor gate of claim 11 wherein said high-K dielectric
conprises ZrSio4 .

g) removing the dummy dielectric layer;

(h) forming lightly doped source and drain regions in said semiconductor structure

adjacent said gate electrode,
(1) forming spacers adjacent said gate electrode; and

(j) forming source and drain regions in said semiconductor structure adjacent said

spacers.

10. The method of claim 9 wherein said low-K dielectric layer extends over at least a

portion of said lightly doped source and drain regions.

11. 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;



14. "The sem conductor gate of claim 11l wherein said high-K dielectric
conpri-ses -ZrQ, Ta,05i TiQ, Si3N4, or Al,03. 15. The sem conductor gate
of .claim 11 wherein said lowK dielectric |ayer has a thickness of between
about 30 angstrons and 100 angstrons and said high-K dielectric has a

t hi ckness of “bet ween about 10 angstrons and 100 angstroms. 16. The

sem conduct or gate of claim 1l wherein said stepped gate el ectrode has a

14 width of between about 0.08 mcrons and 0.50 microns with a step width
of between about 0.01 microns and 0.02 mcrons. 17. The sem conductor gate
of ‘claimi1 1 wighowdk dietactrconpion sederly(ng)thd gabtleytraiepedach@dgeef tand dr ai n
regi ons adjacent said gate el ectrode; (e) spacers adjacent said gate

el ect rodegatanghd(f) source and drain regions adjacent said spacers. 18. The
sem conductor gate of claim 11 wherein said |lowK dielectric |ayer extends
over at l|least a portion of said |lightly doped source and drain regions. 19.
The sem conductor gate of claim 17 wherein said high-K dielectric |ayer
extends a di SkﬂQﬁgggr?féndé\éléé?ﬁé‘re&%%o%rl}iklfth'e%Lg-tﬁ‘di%‘éct%@'réjgiéds%ﬂé e SIARE

source and dr ai

the bottom and sides of said gate electrode.

12. The semiconductor gate of claim 11 wherein said low-K dielectric layer comprises

fluorinated silicon dioxide.

13. The semiconductor gate of claim 11 wherein said high-K dielectric comprises
ZrSi0,.
14. The semiconductor gate of claim 11 wherein said high-K dielectric comprises

Zr0,, Ta,0,, Ti0,, Si;N,, or Al,O,.

15. The semiconductor gate of claim 11 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.

~

16. The semiconductor gate of claim 11 wherein said stepped gate electrode has a

14



20. 'The sem conductor gate of claim 17 wherein said high-K dielectric |ayer
extends a -distance of about the length of said lightly doped source and
drain regions. 15

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.
17. The semiconductor gate of claim 11 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.

18. The semiconductor gate of claim 11 wherein said low-K dielectric layer extends

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

19. The semiconductor gate of claim 17 wherein said high-K dielectric layer extends a

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

20. The semiconductor gate of claim 17 wherein said high-K dielectric layer extends a

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



