20 JUN 2005 Method for Forming a Transistor Gate dielectric Wth High-K
and* Low K Regi ons Background of Invention 1) Field of the Inventhgn‘mﬂﬁ
invention relates generally to fabrication of a sem conductor device and
more particularly to a nethod for formng a transistor gate dielectric
with a conbination of high dielectric constant and | ow di el ectric constant
regions. 2) Description of the Prior Art In MOS (netal on silicon)

transi stor technology, a gate dielectric is forned on a silicon substrate,
and a gate electrode is forned over the gate dielectric. Source and drain
regions are fornmed adjacent the gate el ectrode and the gate dielectric.
Wien a voltage is applied to the gate el ectrode, electrons (NMXS) or holes
(PMOs) flow across the region 1 gp Juh 20

Method for Forming a Transistor Gate dielectric With High-K and Low-K Regions

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 transistor gate dielectric with a:combination of high

dielectric constant and low dielectric constant regions.
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 chan | 2005
As the channel |ength decreases, the electrons in an NMOS transi st'e0 g@r
sufficient energy fromthe electric field to enter the gate dielectric

| ayer where they becone trapped, changing the gate threshold voltage (e.g.
hot carrier effect). To reduce the hot carrier effect, a lightly_doped
drain region LDD is forned 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 sl ow ng

down the tofaiesilieb@EubsOLRARE 1HRIARI BRI RdviDisShd YGh €8s MO dhansi stors is

that the overlap of the gate electrode over the LDD regions wth a thin

te diel ' it anc : d
Capact t anca oo AR RO EHOPROSTARAELL A S kRIS NE” 0i ol cotric

const ant, . r over |l ap. capacitance. The inportance of overcom ng
t he variOJ%Qgg%%gﬁ%%%?éggﬁ%?é%mgﬁgﬁagfgh3$ﬁE¥RS§HWtB§BW%8ﬁ@§F% i ve
technologi%%h %ggﬁ%o pen%_dhrected o the subject, as docunented by the

rel evant (ot eRr It TRER % 4Pt BIEFSitr e. The cl osest and apparently nore

rel evant technical developnents in the patent literature can be gl eaned by
considering the foll ow ng patents. :

To reduce the hot carrier effect, a lightly doped drain region LDD is formed 7
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 capacitaﬁce, which further slows the transistor. The higher the

dielectric constant, the greater the overlap capacitance.

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.



2 le Huh' U S. 5,952,700 (Yoon) shows a process flor forming a two-Ilayer g%&gz
dielectric on one side of the gate. U:.S. 5,6882/971 (Wen) shows a 4y OY

for formng a read-only nenory (ROM using spacers (43) on the sidewall of
s gate trench.” U.S. 5,734,435 (Venkatesan et al.) shows a gate in a trench

with spacers on the trench. Summary off the Invention It is an object of
the present invention to provide a nethod for form.ng 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
ate channel [ £op | o - aci tance.

?t is yet anorﬁ%§g%%jéct(g?mpﬁgmggaégﬁ%s?%@@ﬁ@%ﬁﬁqgggﬁfgéggggg%ﬁgPhod for

reduci ng qﬁ@@mgbfhgqg@h Wi t hout causing detrinmental short channel effects
and overlap capacitance. 3 ]

U.S. 5,882,971 (Wen) shows a method for forming a read-only memory (ROM)

ﬁsing spacers (43) on the sidewall of s gate trench.

U._S. 5,73 6,{}35 {Venkatesan et al.) shows a gate in a trench with spacers on the

trench.

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.



JUN' 2005 To acconplish the above objectives, the present invention ,
provides a method for formng a gate dielectric’ having regions wtfg JUszﬁ
different dielectric constants. A dummy dielectric layer is formed over a
sem conductor structure. The dummy dielectric layer is patterned to forma
gate opening. A high-K dielectric layer is forned over the dumy

dielectric and in the gate opening. AlowK dielectric layer is formed on
the high-K dielectric layer. Sidewall spacers are forned on the | owK
dielectric layer at the edges of the gate opening. The |l owK dielectric

layer ts renoveg af:éd?x{fﬁliglhﬁe Qﬁgvte%ﬁ}e&iveg hEe }%@%egt inS’e‘ﬁﬁE'd ﬂgviggtavﬁﬁﬂ%&a{%? si dewal |

spacers. The sidewal |” spacers are rernpove orma’ ‘steéeppe € openi ng.
The. step . 9 i ' h a..hi.gh- Lelectric layer and a |owK
dielectric ; a%% g%nejt% g%#%’?& énsa‘ﬁlgq %ﬁgﬁeﬁeﬁ%ﬁg&coﬁtw%eXEB‘P’?’éSm of the
gat e openif and only a.high-k dielectric |ay in the center. of the
bot t om of C{P%eést%%q@%éscfxﬂheflé’v%paeﬁ?m?ducﬁrd%‘ém@i gé? fyeray §‘§13?t8? R 1§ n t he
st epped gate ogcfnifng. The present invention provides considerable _
i npr ovemeMPHEVET OHRED f83te PPeing, AnhighrKedielpcricdlayer isdormed aver thodyredy havi ng
regions with different dielectric constants. The high-K dielectric region
al Tows t helFtReang i 1he gite epening. )A Jorv-K diptactricdignis dbrmed opéheihighrléased.

dielectric layer. ‘ Sidewall spacers are formed on the low-K diéléctric layer at the edges of
| the gate opening. ‘The low-K dielectric layer is removed from the bottom of the gate

opening betweer the sidewall spacers. The sidewall spacers are removed to form a

stepped gate opening. The.stepped gate opening has both a high-K ciielectric layer and a

low-K dielectric layer on the sidewalls and at the edges of the bottom of the gate opening

and only a high-k dielectric layer in the center of the bottom of the stepped gate opening.

A gate electrode is formed in the stepped gate opening.

The present invent.ion provides considerable improvement over the prior art.
~ A gate dielectric can be formed having regions with different dielectric constants. The
~ high-K dieles:tric region allows thé drive current'(Idm) in a gate c.:hannel to be increased.
The low-K dielectric-regions at the edges of the 'gatej:lectrode 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' L owK diel ectric regions at the edges of the gate el ectrode reduce hot
carrier effects and overlap capacitance. The gate dielectric of t ) JUNm
present invention provides a nethod for reducing channel |ength w thout
causi ng detrinmental short channel effects and overlap capacitance. 4 20
JUN 2005 The present invention achieves these benefits in the context of
known process technol ogy. However, a further understanding of the nature
and advant ages of the present invention may be realized by reference to
the latter portions of the specification and attached draw ngs. Bri ef

Descr i pt i 0N of ThbG:eRk @M BSn 1fc kML RRAN AALANIAGSS,0f pA-SEM conduct or

device according to the present 1nvention an S of a process

f fabri i ' ' [ [ d th th t
Cnvent ] on PR HsfyeE AR e AR oE ey R PRl ot Tt on
t ak i QN & ' it h th ' dr aw i n,_whjch-Lik
Fof o ence. VG| & THUERUNAFE SO B P RS PE P ORAFRECBIBER 5. regi ons
and porti % gch%&]grajwri]ng\émi ch: | - '

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 semicc;nductor device in
accordance with the present invention will be more clearly understood frorn.the following
description takeh in conjunction with thé accompanying drawings in which like reference.

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

Figures 1 through 7 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



Figures t through 7 illustrate sequential sectignal views of a process for
forming a gate dielectric having regions with different dielectri: g JUN
constants according to the present invention. Detailed Description of the
Invention The present invention will be described in detail with reference
to the 5 gp JUN acconpanying drawi ngs. The present invention provides a_
method for formng a gate dielectric having regions with different
dielectric constants. At the edges of the channel, where hot carrier
effects are nost likely to occur, the gate dielectric conprises both a

hi gh- K- andac@ohpattyig di2h0e! 'Th@{nre?éﬂi i‘ﬂ@entxbﬂ‘ pltok}ﬁem fidh8a B 306 Calhﬁ pnel, the

gate dielectric “conprises on hi gh-K"diel'ectric region a.TOMAng drive

current W giBeiRORERE OUEL Jﬂﬁlgdltgéf'gﬁ(&leie%&g J&eﬁfcse rﬁgt tﬁ'g?c%?s & t%ﬂhahne he present

i nvention begi ns by provi nglgon ruc o ol ude a
Seimi conduc r UGt e un sto ossi ncl u

waf er or %Eé%ﬁﬂfgﬁﬁfggﬁéﬁ%%ﬁ 1%8)%§? ﬂpéﬁe %%ﬂp @¥W§talllne
silicon,

a

ohlgﬁa-Ksamqn L 1SW-K dielectric region. In the middle of the channel, the gate dielectric
comprises o:nly a high-K dielectric region allowing drive current with reduced overlap

_capacitance.

Referring to Fig. 1, the present invention begins by providing é semiconductor
structufe an. S.emicondu_ctor structure (11) should be understood t'o possibly include a’

i ; wafer or substrate of semiconducting material, such as monocrystalline silicon, or 2 similar
structure now known or later develdped, 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 layer's 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 dummy layer (20) is formed over the semiconductor
structure (11) and patterned to form a gate opening (25). The dummy layer (20) has a
thickness of at least the desired thickness of a gate electrode. The dummy layer (20) can

comprise é.ny of a variety of materials which can be conformally deposited, most



structure now known or |ater devel oped, such as ja si licon-on-insul at or
(SA) structure.  Sem conductor structure (11) should be further dewﬂaﬂﬁ
to possibly include one or nore conductive and or insulating Iayers f ormed
over the substrate or like structure, and one or nore active and/or

passi ve devices fornmed on or over the substrate or like structure. Stil
referring -to Fig. 1, a dummy layer (20) i's fornmed over the sem conduct or
structure (11) and patterned to forma gate opening (25). The dummy | ayer
(20) has a - thickness of at |east the desired thickness of a gate

el ectrode. The dumry | ayer (20) can conprise any of a variety of materials
which can be conformally deposited, nmpbst 6 ~p JUN ZOOS preferably silicon

nitride. B , 'the dummy layer (20) is patterned to forma
gate openﬁ%g§9%ggg¢ 1hﬂts‘?ernconductor structure (11) is exposed in the

bottom of the gate opening (25). The width of the gate opening (25) is
sufficient to enconpass a gate electrode wth a high K dielectric |ayer

and a | ow K dlﬁ ctric | ayer, whic £ descri bed bel ow, on each side
s shown in Fig.’l, the dummy ayer( 0) is patterned to form a gate opening

(25). The ser'nicondugtor structure (11) is exposed in the bottom of the gate opening (25).
The width of the gate opening (25) is sufficient to encompass a gate electrode with a high
K dielectric layer and a low-K dielectric layer, which.will described below, on each side

of the gate electrode.

Referring now to Fig. 2, a high-K dielectric layer (30) is formed in the gate
opening (25). The high—K dielectric layer (60) can comprise any of the presently-known
or later-developed high-K materials, including but not limited to ZrO,, Ta,Os, TiO,, and
Si3N4. The high-K dielectric layer (30) js preferably formed to a thickness of between
about 10 angstroms and 100 angstroms by sputtering. A high-K dielectric material shall
:be u‘nderstood to be a material with a dielectric constant greater than 3.9 and preferably

greater than 8.0.

Still referring to Fig. 2, a low-K dielectric layer (40) is formed on the high-K
dielectric layer (30). The low-K dielectric layer (40) will be used to form low-K regions

at the edgés of a gate dielectric. The low-K dielectric layer (40) preferably has a thickness

of between about 30 angstroms and 100 angstroms and can comprise any low-K material



R v

f the -gate el ectrode. Referring nowto Fig. 2, ja hi gh-K dielectric |ayer
?30) isgforned in the gate operlng (25). ThF Plgth d:gL:gtL:ghlaﬁennﬂ$@$b
an conprise any of the presently-known or |ater-deve

ﬁaterlng |nclﬁd|ng butpnot limted to ZrQ2, Ta205, Ti @, and Si3N4. The
hi gh- K dleleCLric | ayer (30) is preferably fornpd ta a thickness of between
about 10 angstrons and 100 angstrons by sputtering. A high-K dielectric
material shall be understood to be a material with a dielectric constant
greater than 3.9 and preferably greater than 8.0. Still referring to Fig.

2, a | ow Kiteli @heetetohsd deh@lely(B e Kish- f(Qﬁéq%ﬁlcq%eI‘ @%&*}}go%l‘?rgﬁe%ﬂ el ectric |ayer

(30) The lowK dielectric layer (20) Yow K regi ons

ctri
g:eEQfagﬁsﬁﬁggégaﬁﬁg%ﬁﬁggégqgk%hng%%ﬁma fﬁlgﬁugﬁﬁéT?%ﬂg ‘ﬁ&e%oo angst r ons

t hat can be etched selectively"
fo tha POHBk ﬁﬂ%thgmgﬁgyer%Pg%fﬂzﬁgé

to the high-K ric preferably fluorinated silicon
di.oxi de. A Iome dielectric material should be understood to be a

_ Referring now to Fig. 3, spacers (50) are formed on the sidewalls of the gate
opening (25). The spacers (50) can, for example, be formed by depositing a conformal
spacer lgyer and dr@sotropidally etching back the spacler layer. The spacers (50) preferably
'comprise a material which can be etched selectivély to the low-K dielectric layer (40). For .
cx.amp'le, when the low-K dieIectrié layer comprises fluorinated silicon dioxide, the spacer

layer can comprise silicon nitride or polysilicon.

Referring now to Fig. 4, the low-K dielectric layer {40) is etched back at the
b;)ttom of the gate opening (25). The low-K dielectric layer (40} at the edges of the gate
opening (25) are pfotected from the etch by the spacers (50). The high-K dielectric 30)
preferably acts as an etch stop for the low-K dielectric (40) etch-back
For example for the high-K dlelectnc layer may comprise Ta()s, Zr0,, TiO,, ZrSi0,, or
| AlLLO,. Thelow-K dzelectnc layer may comprising ﬂup;‘igated silicon dioxide, carbor;
doped silicon dioxide, or a low-K organic polymer. The low-K dielectric layer can be

etched selectively to the high-K dielectric layer using processes known in the art for the

materials used.



mat erjal having a dielectric constant |less than3.9. Referri ng now to Fi ﬁ@f'
3, .spacers (50) are forned on the sidewalls of the gate opening (QQ)JUNI'
spacers (50) can, for exanple, be formed by depositing a conformal spacer
| ayer and dni sotropically etching back the spacer |ayer. The spacers (50)
preferably conprise a material which can be etched selectively to the

| ow-K dielectric layer (40). For exanple, when the |lowK dielectric |ayer
conprises fluorinated silicon dioxide, the spacer .layer can conprise
silicon nitride or polysilicon. Referring nowto Fig. 4, the |owK

) e o R SRl R R SRR

(25). The lowK dielectric opening
(50 ""L?ﬁé?"%?i@%%%@ﬂ”% Bl il &ﬂﬁsc?r‘?%ﬁie@?%q&f’%ﬂm St (o)
et ch- back f.or e hi h K di ¢ layer. may canprise Ta0O6,
Zroe, Ti Ozreﬁ,%(@eé%mg S OPeRft E%B] SPHE ?doW}P@‘gY &Fi‘lﬁhl’l‘f élel%/gg,\g}ay%w theonmpri si ng
quorlnat t|I|f(% d|0X|de carbon doped silicon dioxide, or a |lowK
organi ¢ pol yirer® %@?%&ﬂ%&gm%ﬁ@&eﬁ F%F‘Wlél}/@? lgyerK. diglectrinlayes gvesdhedtghi-vel vy t o

the hi gh- %g | ectric |layer using processes known in the art for the
nat eri aI S gegectnc layer on.the bottom of the gate opening at its edges and on the sidewalls of

the gate opening.

| Still referring to Fig. 5, a gate electrode layer (60) is formed over the high-K
dielectric layer (30) and the low-K dielectric léyer (40) in the gate o;;ening (25). The gate
'electrode layer (60) can comprise a metal, polysilicon, or a stack of metal and/or
polysilicon ﬁlmé, as ié known in the art. The gate electrode layer (60) has a sufficient
thickness to overfill the gate opening (25). The low-K dielectric layer (40) extends under
the gate electrode (60A) a distance of b_etween about 50 angstroms and 200 angstroms at
each edge of the gate electrode. This is about the same distance that the lightly doped

| drain (LDD) extends under the gate.

As shown in Fig. 6, the gate electrode layer (60), the low-K dielectric layer (40),
and the high-K dielectric layer (30) are planarized stopping on the dummy dielectric layer
(40) to form a gate electrode (60A). The planarization is most preferably performed using

a chemical-mechanical polishing (CMP) process as is known in the art. The dummy



8 1p JUh Referring nowto Fig. 5 the spacers gre removed using an etch ,
selective to the lowK dielectric layer (40) and the high-K di el ecﬂu&ﬂhm
| ayer (30). After spacers (50) are renoved, the gate opening (25)

step-ped with only the high-K dielectric Iayer at the bottom of the gate
opening-in its center and wwth the | ow!'K dielectric |layer over the high- K
dielectric layer on the bottomof the gate opening at its edges and on the
sidewal I s of the gate opening. Still referring to Fig. 5, a gate el ectrode
| ayer (60) is formed over the high-K dielectric layer (30) and the | owK

diel ectri th@%ﬁém&é‘%}r& ngljg %?gte oggﬁjs?cg)r(%) The gate -electrode |ayer

(60) can conprise &% a stack of netal and/or
polysilicon. films, as is knovvn in the art. The gate el ectrode | ayer (60)
has a sufficient thi ckness to overfill the gate opening (25). The lowK

dielectric | ay nder e el ect rode (60A) a distance of
bet ween about &??%ﬁ??%?dqf gjg‘t??cgﬁ:sla?@f (nog ghommg ggemefedt he gat e

el ectrode. i s. about ttP]"@ same distance that the lightly doped drain
(LDD) - ext s er%},}(dléltngtaﬁ 8&53’ h etches the dummy dielectric selectively to the high-K

dtelec_t_nc layer (30), the low-K dielectric layer (40) and the gate electrode (60A). A
dummy dielectz:ic laytf.r comprising silicon nitride can be etche'd'lselectively to a high-K
dielectric_; layer comprising ZrQ, (zirconium dioxide), ti low-K dielectric layer comprising
ﬂut)rinated silicon dioxide, and a gate electrode comprising polyéilicon;

Lightly doped source and drain regions (LDDs) (91) can Be formed in the
semiconductor étrtlcture (11) adjacent the gate electrode (60A) by an impurity ion implant
attd diffusion anneal as is known in the art. Spacers (92) can be formed adjacent the gate
electrode (604) as is known in the art. ‘Source and drain regions can then be formed in

the semiconductor structure (11) adjacent the spacers (92).

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

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

hot carrier effects and overlap capacitance,

10



As shown in Fig. 6, the gate electrode layer (60Q), the |owK dielectric

| ayer  (40), and the high-K dielectric |ayer (30) are planarized ngpbﬂhamﬁr

on the dummy dielectric layer (40) to forma gate el ectrode (60A). The

pl anari zation is nost preferably perfornmed using a chenical-nechani cal
polishing (CMP) process as is known inithe art. The dummy 9 JUnh - dielectric
| ayer (40) preferably acts as a CVP stop. Referring nowto Fig. 7, the
dummy dielectric layer (not shown) is renoved, preferably using an etch
whi ch etches the dummy dielectric selectively to -the high-K dielectric

I 30) th i | 0 d .electrod 60A). A
dﬁ%ﬁ; éie?ectfic m%%%gh§g§%&%i$ﬁés%ﬁﬁﬁ%§ﬁ%ﬂﬁg?W%%gggﬁﬁgg%@%%ﬁ%gtgefect%veIy

t hi gh-. dielactric | ayer i sing, Zr o2 (zi j um di oxide), a | owK
o oh oot ri o P By SR kb e B R R g B pr b aRIG0n S g 0

el‘ectrode compri.sing.pplysilican. Lightly doped source and drain regions ‘
(LDDs) (91 m@g g’%lggegé‘?% a%‘#?‘“ﬂg maé’i??rﬁ@é%&’ﬂh‘?%ﬁe&aﬁr%&%@e (Sl?élif)ﬁ!ﬂédj aglent t he

gate el ectrode { 0@% b% an inpurity ion inplant and diffusion anneal as is
known in t¥EPEPYC B¥HERs (92) can be fornmed adjacent the gate

11



el ectrode (60A) as is known in the art. Source and drain regions can the
be formed in the sem conductor structure (11) adjacent the spacerfﬁin(M.
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 nethod for increasing drive
current in a gate channel while reducing hot carrier effects and overl ap
capacitance. 10 p JUh 2005 While the invention has been particularly shown
and described with reference to the preferred enbodi nents thereof, it wll
be understood by those skilled in the art that wvarious changes in form and
details may be nmade wi thout departing fromthe spirit and scope of the
invention. 1lydUhi g af;sis clained is: I. A nethod for formng a

transi stor gate dielectric, conprising the steps of:

I. A method for forming a transistor gate dielectric, comprising the steps of;

a. forming a dummy layer over a semiconductor structure, and patterning
said dummy layer to form a gate opening; wherein the bottom of said gate

opening is the top surface of said semiconductor structure;

b. forming a high-K dielectric layer on the bottom and sidewalls of said
dummy dielectric layer, and forming a low-K dielectric layer on said high-K

dielectric layer;

c. forming spacers on the sidewall of said gate opening;

d. etching said low-K dielectric layer where it is not covered by said
spacers;

e. removing said spacers; and

f. forming a gate electrode on and/or over said high-K dielectric layer and

said low-K dielectric layer in said gate opening.

12



a. formng a dummy | ayer over a sem conductor structure, and patternin 7005
said dummy layer to forma gate opening; wherein the bottom of sai‘g0
opening is the top surface of said sem conductor structure; b. formng a
high-K dielectric layer on the bottomand sidewalls of said dunmmy
dielectric layer, and formng a lowK dielectric |layer on said high-K
dielectric layer; c. form ng spacers on the sidewall of said gate opening;
d. etching said lowK dielectric |ayer where it is not covered by said
spacers; e. renoving said spacers; and f. formng a gate el ectrode on

and/ or over said high-K dielectric layer and said |lowK dielectric |ayer
in said gate opening. 12 p JUts 2005 2. The nethod of claim1l wherein said

low- K dielectrjc | apmQmsautcies i wieeih Rk e dibefic Myextdifprises

fluorinated silicon dioxide.

3. The method of claim 1 wherein said high-K dielectric comprises ZrO;.

4. The method of claim 1 wherein said high-K dielectric comprises Ta;0s,

5. The method of claim 1 wherein said high-K dielectric comprises TiOs.

6. The method of claim 1 wherein said high-K dielectric comprises SizNa.

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 low-K dielectric layer extends under
the gate electrode a distance of between about 50 angstroms and 200

angstroms at each edge of the gate electrode.

13



3. The method of claim| wherein said high-K dielectric conprises Zr Q2. 2&15

The met hod of claim 1l wherein said high-K dielectric conprises TaZgl. JU%
The nethod of claim1 wherein said high-K dielectric conprises Ti02. 6.
The method of claim| wherein said high-K dielectric conprises Si3N4. 7.
The nethod of claim1 wherein said lowK dielectric |ayer has a thickness
of between about 30 angstrons and 100 angstrons and said high-K dielectric
has a thi ckness of between about 10 angstrons and 100 angstrons. 8. The
met hod of claiml wherein said lowK dielectric |ayer extends under the
gate el ectrode a distance of between about 50 angstrons and 200 angstrons
at each edge of the gate electrode. 13 JUN 9. The method of claim|l which
further conpri®es tHee wetbpdobilaim hyhishdwrther somprissaihe stpas efiel ectrode, said

| ow-K dielectric layer, and said high-K dielectric |ayer stopping on said
dummy | ayer; (g) planarizing said gate electrode, said low-K dielectric layer, and said

high-X dielectric layer stopping on said dummy layer;

(h) removing said dummy layer;

(1) forming a lightly doped source and drain regions in said

semiconductor structure adjacent said gate electrode;

(j) forming spacers adjacent said gate electrode; and

(k) forming source and drain regions in said semiconductor structure

adjacent said spacers.

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

a portion of said lightly doped source/drain regions.

11. A method for forming a transistor gate dielectric, comprising the steps of®

a. forming a dummy layer over a semiconductor structure, and

14



(h) renoving said dummy layer; (i) forming a lightly doped source and &Kﬁ@@

regions in said sem conductor structure adjacent said gate el ectrgfed
form ng spacers adjacent said gate el ectrode; and (k) form ng source and
drain regions in said sem conductor structure adjacent said spacers. 10.
The met hod of claim9 wherein said |lowK dielectric extends over at |east
a portion of said lightly doped source/drain regions. 11. A nethod for
forming a transistor gate dielectric, conprising the steps of. a. formng
a dumy | ayer over a sem conductor structure, and 14 Q joi A 2005
patterning said dunmy layer to forma gate opening; wherein the bottom of
said gate opening is the top surface of said sem conductor structure; b.

form ng a hi ghyalfehir® ARt duinfind RY&Tto Bknt 4 8atb 6pdrp; dMerefi HeBalkds opfaidai d _
dummy layer, and formng a lowK dielectric layer on said high-K dielectric

gate opening is the top surface of said semiconductor structure;

b. forming a high-K dielectric layer on the bottom and sidewalls of said
dummy layer, and forming a low-K dielectric layer on said high-K dielectric

layer;
c. forming spacers on the sidewalls of said gate opening;

d. etching said low-K dielectric layer where it is not covered by said

spacers;
¢. removing said spacers;

f. forming a gate electrode on over said high-K dielectric layer and said
low-K dielectric layer in said gate opening; wherein said low-K dielectric layer
extends under the gate electrode a distance of between about 50 angstroms and

200 angstroms at each edge of the gate electrode;

(g) planarizing said gate electrode, said low-K dielectric layer, and said

high-K dielectric layer stopping on said dummy layer;
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| ayer; c. formng spacers on the sidewalls of said gate opening; d. etchh&g
said lowK dielectric layer where it is not covered by said spaceﬁs Jgt
renovi ng said spacers; f. formng a gate el ectrode on over said high-K
dielectric layer and said |lowK dielectric layer in said gate opening;
wherein said lowK dielectric |ayer extends under the gate el ectrode a

di stance of between about 50 angstroms and 200 angstrons at each edge of
the gate el ectrode; (Q) pI anarizing said gate electrode, said |owK
dielectric layer, and said high-K dielectric layer stopping on said dummy
| ayer; 15 Juhr (h) renoving said dumy layer; (i) formng lightly doped
source and drain regions in said sem conductor structure adjacent said
gate el ectrode;  (h)removing said dummy layer;

(i) forming lightly doped source and drain regions in said

semiconductor structure adjacent said gate electrode;
(j) forming spacers adjacent said gate electrode; and

(k) forming source and drain regions in said semiconductor structure

adjacent said spacers.

12.  The method of claim 11 wherein said low-K dielectric layer comprises
fluorinated silicon dioxide.

13. The method of claim 11 wherein said high-K dielectric comprises ZrO,,
14.  The method of claim 11 wherein said high-K dielectric comprises Ta;Os.
15. The method of claim 11 wherein said high-K dielectric comprises TiOs.

16.  The method of claim 11 wherein said high-K dielectric comprises SisNa.
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(j) form ng spacers adjacent said gate el ectrode; and (k) formng sourcezmﬁ
and drain regions in said sem conductor structure adjacent said 3ﬂ§bd9§.
12. The method of claim 11 wherein said |lowK dielectric |ayer conprises
fluorinated silicon dioxide. 13. The nmethod of claim 11 wherein said high-K
dielectric conprises Zr02. 14. The nethod of claim 11 wherein said high-K
dielectric conprises Ta20s. 15. The nmethod of claiml 1 wherein said

hi gh-K dielectric conprises Ti02. 16. The method of claim 11 wherein said
hi gh-K dielectric conprises Si3N4. 16 JUN 20 17. The nethod of claim 11l
wherein said lowK dielectric |ayer has a thickness of between about 30
angstrons and 100 angstrons and said high-K dielectric has a thickness of
bet ween about 10 angstronms and 100 angstrons. 17

17.  The method 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.
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