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sem colrbducfdryﬁné:gggg bk efglt desfdct devices include at |east one
conductive gate region and at |east one gate dielectric region interposed
bet ween the conductive gate region and the sem conductive channel region. A
comon andgRR KSEEGNbaRf | Y used gate dielectric material has been Si02.
Yet, contimmued Tr1crease in circuit density and reduction in size of field
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memories (i.e., PROMs, EPROMs and EEPROMs). In a gated field effect

device, a conductive gate is received proximate a channel region typically

formed in lightly doped semiconductive material. Source/drain regions are

20 received on opposing sides of the channel region. Upon application of a

suitable threshold voltage to the gate, an electric field is created in the

channel region, enabling or causing current to flow through the channel

region from the source region to the drain region. Alternately by way of

example only, field effect devices have also been utilized to establish fields

, 25 beneath conductive gates for creating isolation between circuitry
components within a semiconductive substrate. -

Field effect devices include at least one conductive gate region and at
least one gate dielectric region interposed between the conductive gate
region and the semiconductive channe! region. A common and

30 predominantly used gate dielectric material has been SiO,. Yet, continued
increase in circuit density and reduction in size of field effect device gate
constructions have reached the point where the thickness of silicon dioxide
gate dielectric layers has become so small that leakage currents, reliability
and defects have become problematic. Accordingly, alternate materials

35 have been utilized, for example insulative metal oxides.

Regardless, the substrates after gate fabrication are typically

subjected to a reoxidation step which oxidizes a portion of the gate
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SUMMARY
The invention includes gated field effect devices, and methods of
20 forming gated field effect devices. In one implementation, a gated field
effect device includes a pair of source/drain regions having a channel region
therebetween. A gate is received proximate the channel region between the
source/drain regions. The gate has a gate width between the source/drain
regions. A gate dielectric is received intermediate the channel region and
25 the gate. The gate dielectric has at least two different regions along the
width of the gate. The different regions are characterized by different
materials which are effective to define the two different regions to have
different dielectric constants k.
In one implementation, a method of forming a gated device includes
30 depositing a first metal containing gate dielectric over one of a gate region
or a channel region. The gate region or channel region has a width over
which the first metal containing gate dielectric is deposited. A width portion
of the metal containing gate dielectric overlying the one of the gate region or
the channel region is doped with a second metal different from the first

35 metal effective to form at least two different gate dielectric regions along the
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In one implementation, a method of forming a gated device includes
20 providing a substrate comprising one of a gate region or a channel region.
The gate region or channel region comprises a width. A first portion of the
width of the one of the gate region or the channel region is masked while
depositing a first gate dielectric material over a second portion of the width
j of the one of the gate region or the channel region. The second portion of
25 the width of the one of the gate region or the channel region is masked whiie
depositing a second gate dielectric material different from the first gate
dielectric material over the first portion of the width of the one of the gate
region or the channel region. The first and second gate dielectric materials
are characterized by different dielectric constants k. The other of the gate
30 region or the channel region is provided over the first and second gate
dielectric materials. A pair of source/drain regions is provided proximate the
channel region.

Other aspects and implementations are contemplated.



dielectric materials. A pair of source/drain regions is provided proxinmte
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foll owi ng acconpanyi ng draw ngs. Fig. is a diagrammatic sectional view of
a device in accordance with 5 an aspect of the invention. Fig. 2 is a
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in accordance Rieférrethembpdiotents oftthe invantiont areesdrtb e lplowd wiith refederagrtaitheat i c
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i nvention. ‘6 8¢ |% "SRR ¢ sectional view of a substrate f ragnent
in process in RAgcor dancdiagrdmeaticaspetidnalfvieweol avdeic®mn adcordéndes wathvi ew

of the Fig. 5 subgt;ge.fra ment at a processing 15 subsequent to that
depi ct &d bH"BSGECECT B INVETUCT, view of the Fig. 6 substrate fragment at a

processing subprguentist cat Baigrdaithatiedskytibhgl BGewri §f Snodther \detieef i he
Fig. 7 substrate fravg,rrent at gﬁtgr o%es,si n?‘, subsequent to that depicted by
Fig. 7. 2028¢dagcpVilh AngpRaret ©esBYENIRAl view of another substrate
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is aviewof the Fig. 9 substrate fragnent at a processing subsequent to
that depi cReePrepnergvith anFagpeatiof thesinyesioBf the Fig. 10 substrate fragnent
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di agrammati ¢ sect’ional view of” another substrate fragnent 1n process in
accoy danceaogardaaseasipe@n aspeeleof Meeimviedtonrig. 13 is a view of the Fig. 12
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process in accordance with an aspect of the invention.
Fig. 6 is a view of the Fig. 5 substrate fragment at a processing
15 subsequent to that depicted by Fig. 5.
Fig. 7 is a view of the Fig. 6 substrate fragment at a processing
subsequent to that depicted by Fig. 6.
Fig. 8 is a view of the Fig. 7 substrate fragment at a processing
subsequent to that depicted by Fig. 7. |
20 Fig. 9 is a diagrammatic sectional view of another substrate fragment
in process in accordance with an aspect of the invention.
Fig. 10 is a view of the Fig. 9 substrate fragment at a processing
subsequent to that depicted by Fig. 9.
Fig. 11 is a view of the Fig. 10 substrate fragment at a processing
25 subsequent to that depicted by Fig. 10.
Fig. 12 is a diagrammatic sectional view of another substrate fragment
in process in accordance with an aspect of the invention.
Fig. 13 is a view of the Fig. 12 substrate fragment at a processing
subsequent to that depicted by Fig. 12.
30 Fig. 14 is a view of the Fig. 13 substrate fragment at a processing
subsequent to that depicted by Fig. 13.
Fig. 15 is a view of the Fig. 14 substrate fragment at a processing
subsequent to that depicted by Fig. 14.
Fig. 16 is a view of the Fig. 15 substrate fragment at a processing
35 subsequent to that depicted by Fig. 15.



30 Fig. 14 is a view of the Fig. 13 substrate fragnent at a processing
subsequent to that depicted by Fig. 13. Fig. 15 is a view of the Fig. 14
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A first embodiment gated field effect device is indicated generally in

Fig. 1 with reference numeral 10. Such is depicted as being formed reiative
to a base substrate 12, for example bulk monocrystalline silicon. Alternate
20 substrates are contemplated, including semiconductor substrates, for
example semiconductor-on-insulator substrates or other substrates, and
whether existing or yet-to-be developed. In the context of this document,
the term "semiconductor substrate” or "semiconductive substrate” is defined
to mean any construction comprising semiconductive material, including, but
25 not limited to, bulk semiconductive materials such as a semiconductive
wafer (either alone or in assemblies comprising other materials thereon),
and semiconductive material layers (either alone or in assemblies
comprising other materials). The term "substrate" refers to any supporting
structure, including, but not limited to, the semiconductive substrates

30 described above. ’
A pair of source/drain regions 14, 16 is formed within substrate 12,
and a channel region 18 is received therebetween. Source/drain regions 14,
16 comprise highest conductivity doped regions 20 and 22, respectively, and
lightly doped drain regions 24 and 26, respectively. Additional regions, for

35 example halo implant regions, could of course be utilized, as well as any
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substrate 12, and a channel region 18 is received therebetween.
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of course §o§;ﬁgglqied. Gated field effective device 10 conprises a gate 28
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bemg but two examples. Gate 28 comprises or defines a gate width 35

between source drain regions 14, 16. Exemplary optional and preferred

insulative sidewall spacers 32 and 34 have been formed by anisotropic

20 etching about sidewalls of gate 28. By way of example only, preferred
materials include silicon dioxide and silicon nitride.

- Gate dielectric 30 comprises at least two different regions along
width 35 of gate 28. The different regions are characterized by different
materials effective to define such two different regions to have different

25 dielectric constants k. In the depicted exemplary and preferred embodiment,
gate dielectric 30 comprises at least three, and only three, different
regions 42, 44 and 46. Further in one preferred embodiment, region 44
comprises a central region which is laterally centered along width 35 of
gate 28, with regions 42 and 46 comprising a pair of regions received

30 adjacent to and straddling central region 44. In one preferred embodiment,
central region 44 is of a different material than either of straddling
regions 42 and 46 effective to define central region 44 to have a different
dielectric constant k than that of either of straddling regions 42 and 46. In
one preferred embodiment, straddling regions 42 and 46 comprise from 10%

35 to 25% of width 35 of gate 28.
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extend to source/drain regions 14, 16, respectively. In one preferred
embodiment, straddling regions 42 and 46 are of different composition
20 material and dielectric constant k.

In one preferred embodiment, at least one of the different gate
dielectric regions is characterized by a uniform dielectric constant k
thereacross in a direction along the width of the gate which spans at
least 50% of the width of the gate. In the illustrated exemplary Fig. 1

25 embodiment, central region 44 constitutes but one such exemplary region.

As described in the “Background” section above, source/drain
reoxidation tends to thicken the gate dielectric by forming gate oxide regions
at the source/drain edges of the gate, leaving the central portion of the gate
dielectric over the channel region at the as-grown thickness. In the current

30 state of the art, an advantageous effect of such results in lowering the
electric field at the source/drain regions, thereby reducing hot carrier effects
and increasing device lifetimes. An alternative, or addition thereto, would be
to lower the dielectric constant of the gate dielectric at the source/drain
edges by varying gate dielectric composition to provide an effectively thicker

35 gate dielectric at the gate edges even though the physical thickness of the



In one preferred enbodi nent, at |east one of the different gate dielectric
regions is characterized by a uniformdielectric constant k thereacross in
a direction along the width of the gate which spans at L:?RJ% 00 }3{909; t he

wi dth of MMM In the illustrated exenplary Fig. 15 n% gl ment

central region 44 constitutes but one such exenplary reg| on. As descrl bed
I n the "Background" section above, source/drain reoxidation tends to
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20 desire and modification of the effective dielectric constant.

In accordance with one implementation, the different gate dielectric
materials for the different material regions comprise oxides. [n one
implementation, the different oxides comprise HfAl,O,, where "z" is greater
than zero, and "x" and "y" range from O to 1 with at least one of "x" and "y"

25 being greater than zero. In one exemplary implementation, the different

oxides comprise TayNb,O,, where "z" is greater than zero, and "x" and "y"

range from 0 to 1 with at least one of "x" and "y" being greater than zero. In

one implementation, the different oxides comprise Hf,Si;O,, where "z" is

greater than zero, and "x" and "y" range from O to 1 with at least one of "x"

30 and "y" being greater than zero. In one implementation, the different oxides

comprise Ba,Sr,Ti;O3, where "x", "y" and "z" range from 0 to 1 with at least

one of "x", "y" and "z" being greater than zero. In one implementation, the
different oxides comprise ZrO,, where x ranges from 1 to 2.

Fig. 1 depicts an example wherein one different material region 44 is

35 centered laterally between a pair of different composition regions 42 and 46



| ower k than that over pure bariumstrontiumtitanate. O course, any dopant
m ght be isoval ent, acceptor type or donor-type, and depending on the 20
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gates. By way of example only, a preferred thickness range for gate

20 dielectrics 30, 30a, and 30b is from 20 Angstroms to 80 Angstroms. Further
by way of example only, Fig. 4 depicts an alternate embodiment gated field
effect device 10c wherein the gate dielectric is of variable thickness along
the width of the gate. Like numerals from the first-described embodiment
are utilized where appropriate, with differences being indicated with the

25 suffix “c”. Here, gate dielectric 30c depicts different material regions 42c¢
and 44c having been subjected to source/drain re-oxidation such that a
conventional thickened region thereof results at the gate edges/sidewalls.
Of course, only one of the edges might be thickened or any different variable
thickness might be provided along the width of the gate for gate

30 dielectric 30c.

The above-described e_mbodiments depict substantially planar or
horizontally-oriented gated field effect devices. Of course, vertical, annular,
or any other configuration is contemplated, whether existing or yet-to-be-

developed, with the above merely being exemplary preferred embodiments.



15 and 47 as being of the same width along w dth di nension 35 off gate 28,
al though such regions could of course be of different widths. The

above- depiyef :ﬁ]g-,% eppl ary enbodinments illustrate the respg{f%}uﬁgoo @i‘%ﬁ
ctive

dielectrics being of constant thicknegg along the width
gates. By way of exanple only, a preferred thickness range for gate 20
dielectrics 30, 30a, and Sob is from 20 Angstrons to 80 Angstrons. Further
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lateral or length boundaries at this point in the process. Regardless, the

ul ti mate dH&APERABgIIRIS4 can be considered as conprising
Referring to Fig. 6, some width portion 58 of metal containing gate

dielectric 56 overlying channel region 54 has been doped with a second
20 metal different from the first metal effective to form at least two different
gate dielectric regions 58 and 59, 60 along width 55. Such at least two
different gate dielectric regions are characterized by different materials
effective to define at least two different of gate dielectric regions 58 and 59,
60 to have different dielectric constants k. Again, any of the above
25 exemplary described materials are preferred. For example and by way of
example only, a single metal oxide might initially be deposited, such as
hafnium oxide. Any one or more of the depicted width portions 59, 58
and 60 could thereafter be doped with another metal, for example aluminum,
such that at least two gate dielectric regions characterized as described are
30 formed. Alternately by way of example only, layer 56 might be deposited to
comprise multiple metals beyond a first metal, with some width portion of the
metal containing gate dielectric 56 overlying channel region 54 being doped
with one of the existing or additional metals of a muiltiple metal containing
dielectric layer. Accordingly, the "second” metal might also be incorporated

35 in the gate dielectric as initially deposited. Further of course, more than two



a wdth 55 which will ultimately be defined for the gated device. A first
nmetal containing gate dielectric 56 is deposited over channel region 54. An

15 exenpl wiyobdrizekiness for layer 56 is from 20 Angstro rons.
Any of the above-described netal and/ ¢r silicon oxi desnzl;ééﬂggg)rqgﬁ%@{?

preferred materials. Referring to Fig. 6, some width portion 58 of netal
containing gate dielectric 56 overlying channel region 54 has been doped
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above-described attributes in the fabrication of the exemplary Figs. 1-4
embodiments.
| 20 Figs. 5-8 depict an exemplary embodiment wherein the first metal
containing gate dielectric is deposited over the channel region. By way of
example only, Figs. 9-11 depict an exemplary alternate embodiment
substrate fragment 50d. Like numerals from the first-described embodiment
are utilized where appropriate, with differences being indicated with the
25 suffix “d", or with different numerals. Substrate fragment 50d is comprised
of a base substrate 52d made up of one or more conductive, semiconductive
and/or insulating materials. An insulating layer 61 has been formed
thereover. An opening or trough 62 has been provided therein and filled with
some suitable conductive gate material 64. In this exemplary embodiment,
30 conductive gate material 64 defines or comprises a suitable gate region
having an exemplary width 55. A first metal containing gate dielectric 56d is
deposited over gate region 64.
Referring to Fig. 10, at least one of width portions 59d, 58d and 60d

of metal containing gate dielectric 56d overlying gate region 64 has been



10 deposited over gate dielectric 56, with preferred attributes being as
descri bed above in connection with the first described enbodi nent having
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produci ng the exenplary Fig. 1 enbodi nmént gated field effect device 10. O
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Figs. 12- 16e ppgsid@gequeqﬁ q@omprising opposing sides 78 and 80 defining a gate
width 55 therebetween. In the depicted exemplary preferred embodiment, -
first gate dielectric material 74 is patterned commensurate with the
20 patterning of conductive gate material 75 effective to form first gate
material 74 to comprise opposing sides 82 and 84 which are laterally
coincident with gate sides 78 and 80, respectively. However, the invention
also contemplates leaving some or all of material 74 over the source/drain
regions at this point in the process. In one preferred embodiment, Fig. 13
25 also depicts the formation of lightly doped drain regions 24 and 26.

Referring to Fig. 14, the first gate dielectric material has been
isotropically etched from at least one side of the gate effective to recess the
gate dielectric material on the at least one side to under the gate. In the
depicted preferred embodiment, isotropic etching of first gate dielectric

30 material 74 has been conducted from both sides 78 and 80 of gate 76
effective to recess first gate d.ielectric material 74 on both such sides to be
received beneath gate 76 within the lateral confines of gate sides 78 and 80.
Exemplary preferred isotropic etching includes wet etching. For example,
and by way of example only, where gate dielectric material 74 comprises

35 hafnium oxide, layer 38 comprises tungsten or tungsten silicide, and



substrate fragnent 70 conprising, for exanple, a bulk sem conductor
substrate 72. Substrate 72 conprises a channel region 54, for exanple as 10

descri bedyghgyse b sy connection with substrate fragnent i ' X i rst
gate dielect rS?lc rrglt erial 74 has been;deposited over char}rgﬁléﬁsngﬁ?lé?ﬁgm of

sem conductor substrate 72. Conductive gate material 75 has been forned
over first gate dielectric material 74, with exenplary |ayers 36 and 38 as

descri bed labey@ebetdrgpFbeyn dopednqmipsisisosonduclexeengate ismitaipial etéhihy
Referring to Fi g. &3, conducti ve gate mat ?él al 75 has been Bfltter ned
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at el evat egtdienpegatanbes4 Uined bd88AGormed proximate channel region 54. In the
exemplary depicted embodiment, such encompass lightly doped drain
20 regions 24 and 26, respectively, and highest dopant concentration
regions 96 and 98, respectively. In the depicted and described exemplary
embodiment, the formation of highest dopant co'ncentration regions 96
and 98 of source/drain regions 92 and 94, respectively, is conducted after
both of the described isotropic etching of dielectric material 74 and the
25 depositing of second gate dielectric material 86. Processing is, of course,
contemplated where the providing of the highest dopant concentration
regions of the source/drain regions is provided before one or both of the
isotropic etching and depositing of the second gate dielectric material. By
way of example only, other attributes are preferably as described above in
30 conjunction with the Figs. 1-4 embodiments.
Yet another exemplary preferred method of forming a gated device in
accordance with aspects of the invention is described with reference to
Figs. 17-19 in conjunction with a semiconductor substrate fragment 100. By
way of example only, such comprises a bulk semiconductor substrate, for

35 example monocrystalline silicon. Such comprises one of a gate region or a



5 Referring to Fig. 15, after the isotropic etching, a second gate
dielectric material 86 different fromfirst gate dielectric material 74 has
been deposite within the recesses previously fornmedd-hareaishigpbe 76.
Second g %Z%r/@ﬁzéiﬂ[rl c material 86 isg,characterized as %aw ng a different
dielectric constant k than that of first gate dielectric material 74. Again,
and 10 by way of exanple only, any of the above-described exenplary
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silicon. Such conprises one of a gate region or a WD 2005/122270
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bei ng shovwgifaa¥hiN@idectric constants k. Again, exemplary preferred materials are
those described above in connection with the Fig. 1 embodiment.

20 Ultimately, the other of the gate region or the channel region is
provided over the first and second gate dielectric materials, and a pair of
source/drain regions is provided proximate the channel region. By way of
example only, Fig. 19 depicts the fabrication of gated field effect device 10
of the exemplary first described embodiment. Other exemplary preferred

25 attributes are as described above with respect to the Figs. 1-4 embodiments.

Figs. 17-19 depict that the described maskings of the first and second
portions occur over the channel region. Of course, this aspect of the
invention also contemplates maskings of the first and second portions
occurring over a gate region, for example analogous processing to that

30 depicted and described in conjunction with Figs. 9-11.

Fig. 20 illustrates generally, by way of example but not by way of
fimitation, an embodiment of a computer system 400 according to an aspect
of the present invention. Computer system 400 includes a monitor 401 or
other communication output device, a keyboard 402 or other communication

35 input device, and a motherboard 404. Motherboard 404 can carry a



wi dth 55, for exanple as described above in connection with Fig. 5. For
purposes of the continuing discussion, substrate fragment 100 can be

consi der%gﬁ)&ﬁ%(gl sing a first portion 104 and a secompgTn®i0sMeddS. In 5
t he depic 17 enbodi nent, firsk portion 104 conprises a portion of

wi dt h 55 of channel regi on 54. Such portion thereof has been masked while
depositing a first gate dielectric material 110 over second portion 105 of
channel regiiorofrécesxenpbaryr pttefratatadproetesirg anér @anangt tn‘asttrm&emedﬁsryri bed
above in c unctl h the Fig. | odrret An exenpl ar ferred
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descri bed a ove wth respect to 1-4 enbodi nents Figs. 17-19
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Mot her boar die4(ce.cE@measusgh amethod is the page mode operation. Page mode
operations in a DRAM are defined by the method of accessing a row of a
20 memory cell arrays and randomly accessing different columns of the array.
Data stored at the row and column intersection can be read and output while
that column is accessed.

An alternate type of device is the extended data output (EDO) memory
that allows data stored at a memory array address to be available as output

25 after the addressed column has been closed. This memory can increase
some communication speeds by allowing shorter access signals without
reducing the time in which memory output data is available on a memory
bus. Other alternative types of devices include SDRAM, DDR SDRAM,
SLDRAM, VRAM and Direct RDRAM, as well as others such as SRAM or

30 Flash memories.

Fig. 22 ililustrates a simplified block diagram of a high-level
organization of various embodiments of an exemplary electronic system 700
which, by way of example only, can be incorporated with aspects of the
present invention. System 700 can correspond to, for example, a computer

35 system, a process control system, or any other system that employs a



WO 2005/ 122270 PCT/ US200S1019009 1S m croprocessor 406 or other data
processing unit, and at |east one menory device 408. Menory device 408 can

conpri se u pects of the invention described aboy annr devi ce
408 can c%?ripir :aslz gﬁ’ array of nmenory Il's, and such arr5§T/&I§r’10‘)B/é? @B%pl ed
W th addressing circuitry for 5 accessing individual nmenory cells in the

array. Further, the nenory cell array can be coupled to a read circuit for
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memory cells in accordance with various aspects of the present invention.
Fig. 23 is a simplified block diagram of a high-level organization of
various embodiments of an exemplary electronic system 800. The
20 system 800 includes a memory device 802 that has an array of memory
cells 804, address decoder 806, row access circuitry 808, column access
circuitry 810, read/write control circuitry 812 for controlling operations, and
input/output circuitry 814. The memory device 802 further includes power
circuitry 816, and sensors 820, such as current sensors for determining
25 whether a memory cell is in a low-threshold conducting state or in a high-
threshold non-conducting state. The iliustrated power circuitry 816 includes
power supply circuitry 880, circuitry 882 for providing a reference voltage,
circuitry 884 for providing a first wordline with puises, circuitry 886 for
providing a second wordline with pulses, and circuitry 888 for providing a
30 Dbitline with pulses. The system 800 also includes a processor 822, or
memory controller for memory accessing.
The memory device 802 receives control signals from the
processor 822 over wiring or metallization lines. The memory device 802 is
used to store data that is accessed via /O lines. It will be appreciated by

35 those skilled in the art that additional circuitry and control signals can be



whi ch, by way of exanple only, can be incorporated with aspects of the
present invention. System 700 can correspond to, for. exanple, a conputer 35
system awy a88ss2a0ntrol system or any other systemthﬁ&T@@pdo%goggV\O
2005/ 122270 PCT/ US2005/ 019009 16 progessor and associ ated nenory.

El ectroni c system 700 has functional elenments, including a processor or
arithnetic/logic unit (ALU) 702, a control unit 704, a nenory device unit
706 and anpfowidéd ouhpuha( tHOmetavie elevd® 80%drey bbby, siriptifiedota beEpysdc&m 700
will have a qgt ve instructl o] sht hat 5 sBeraiZI%/ operation %ﬁ
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30 bitline wth pulses. The system 800 al so i ncludes a processor 822, or
menory controller for nmenory accessing. The nenory device 802 receives
control signals fromthe processor 822 over wiring or netallization |ines.
The nenory device 802 is used to store data that is accessed via I/O lines.
It will be appreciated by 35 those skilled in the art that additional
circuitry and control signals can be W® 20051122270 PCT/ US20051019009 17
provi ded, and that the nenory device 802 has been sinplified to help focus
on the invention. At |east one of the processor 822 or nmenory device 802

can i ncl uggatiseaaed isor construction in a nmenory device of the type

descri bed previously herein. 5 The various illustrated systens of this

di sclosure are intended to provide a general understanding of various
applicatigns fR,a&ﬁ?hﬁi&ﬁ%i&é%xﬁﬁqlr?%F“Ct“res of the present invention, and
are not intended'to Serve as a coﬁb efe description of all the elenents and
features of anapdiecfsoortesirais yepi@mhasingg chmmahyagbeltlherebeﬂwmcordance W th
aspects of the gresent 10 .in ent inary skill in the art wll
inderstand t hat ERREPAG e Thamsh fbismenuh ¢ outaraB oeions Dl T
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20 controf, &Yk B8 ceRital24i6H & Have ﬁ'afffé?éd% QlefectriconWfik then HapbfB@ei st 1. A
gated field effect device cogPr|S|n a pair of source/drain regions having

a channel thesjadshing iegiertsethasts <ﬂmgg%m@wﬂnmxwﬁﬂﬁﬁn@ﬁeomnahM@ima@gﬂcmdbetmeen

the sourc inr NSpalde Jate . SOmRr. mndth bet yveen t he
sour ce/ dr §ie%c 1¢ g?ogﬁgnt% ﬁl&tlve to ¢ another, {{1@ ddn gg reggons eing respectlveYVe
individually characterized by a variable dielectric constant k thereacross in a direction

along the width of the gate.

2. The device of claim 1 wherein at least one of the straddling regions is
characterized by an outermost lateral edge that is thicker than where said at least one

straddling region joins with the intermediate region.

3. The device of claim 1 wherein both straddling regions are characterized by an
outermost lateral edge that is thicker than where said respective straddling regions

individually join with the intermediate region.

4, The device of claim 1 wherein only one of the straddling regions is characterized
by an outermost lateral edge that is thicker than where said straddling region joins with

the intermediate region.

5. A gated field effect device comprising:
a pair of source/drain regions having a channel region therebetween;
a gate proximate the channel region between the source/drain regions, the gate

comprising a gate width between the source/drain regions; and



a gate dielectric received internedi ate the channel region and the gate, the
gate dielectric conprising a central region laterally centered along the
width of the gate and a pair of straddling regions adjacent to and

| aterally straddling the central region, the <central region being of a
different material than either of the straddling regions effective to
define the central region to have a diff&ent dielectric constant k than
that of either of the straddling regions, the straddling regions being of
different conposition material and dielectric constant k relative to one
anot her, the sjgagdicledfticre@iiasntethdiliaté ﬁ}%&ﬁ@ﬂdeVﬁEhbn anB ehevdatd) ald pate
characterlzed by a variable dielectric constant thereacross in a direction
al ong t he dislestiic emprisenggensform thigknessigalg diglegtricdavsr havingyn egndiahregion| east one
of the St .8 I edge
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regions are characteriz by an term)st er al e th i s thicker than
where sai Hlapeg'aféef r*\?étrgfﬁ%aﬁslﬂ'@s gire efi éwem “otPﬁi“aV\‘H‘h t he

i nter medi affRrdnieRBtrictonstitR KARM Bt d?feltﬁér"l‘)‘f MRelsala gy r@%lgﬂsl Yh&ﬁﬁ”el@ﬁt the
straddling regions is characterized by an outernost Tateral edge that is

t hi cker tmawrmh@f élesmfdrrsthldﬁms gate ¢‘lelg¢tun l4yet gigcoily chntaethng thavelmnneldi at e

region. ris ource/drain

regions h \ff’uon %9 m ﬁleelun?ffémﬁgﬁﬁc‘gﬁ g]t%ie Weengr%gqgnastb%"{|?“i"ra})01{<dllﬁnatf”gt t he channel
regi on betmmlttohena&mm aed dlre&bmcroegstmsk relatie 19dhe an@herpthe stradiiliaggat e wi dt h
bet ween the source/drain regions; a gate dielectric received

i nt er medi KEONS Reing ﬁ%ﬁﬁ?réavekyé@‘illeU§lHachar?étegla%<bby % hariagla delgeter serstant kconpri si ng
a unifor mlﬁya&léﬁ‘seﬁ% @%Etﬁ)ﬂl@ﬁ%%%@thlo? 1 a{éaw ng a central region laterally
e

centered ong the gate anda pair of straddling regions
adjacent to and laterally straddling the central region, the central region

bei ng of di f teri than either of .the straddlin

bel 19, O 8, 0 L Gkl B DS ng S AL KR SR,

const ant ko%haps%ldtheokide éthee gné. t he straddling regions, the different
materials of the uniformthickness gate dielectric layer directly contacting
t he channel region and having the uniformthickness, the straddling regions
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t o one anot her e stra ing reglons elng r ctively 1 ndividually
char act er dizkedtrisyconstard ki thinl thatthfehectralaegiomst ant k t hereacross in a
direction along the width of the gate.

8. The device of claim 5 wherein each of the straddling regions is of lower dielectric

constant k than that of the central region.

9. The device of claim 5 wherein the gate dielectric is of constant thickness along

the width of the gate.

10.  The device of claim 5 wherein at least one of the straddling regions is
characterized by an outermost lateral edge that is thicker than where said at least one

straddling region joins with the central region.

11.  The device of claim 5 wherein both straddling regions are characterized by an
outermost lateral edge that is thicker than where said respective straddling regions

individually join with the central region.



6. The device of claim5 wherein the straddling regions respectively
conprise from 10%to 25% of the wdth of the gate. 7. The device of claim5b
wherein each of the straddling regions is of higher dielectric constant k
than that of the central region. 8 The device of claim5 wherein each of
the straddling regions is of lower dielectric constant k than that of the
central region. 9. The device of clai®05 wherein the gate dielectric is of
constant thickness along the width of the gate. 10. The device of claimb5
wherein at | east one of the straddling regions is characterized by an

out er nost |2.at eTid deilg®fthah Sivehekdih 6KI§ont bAthe $higddting adgioritis LiRasdter2bg
straddling region joins with the central region. 11. The device of claim5
wher ei n bBY # Qiteraingt fatepl edes BaGs driekes Hap abee pirstragdlingegisnidpsaih | at er al
edge that ye3efthil fdefdn. t han where said respective straddling regions
individuafly Jjoinwth the central region. 20 12. The device of claim5
wherein only one of the straddling regions is characterized by an outernopst
| ateral edge that i icker than where said straddling region joins with

t he centrg? r egi W.d%fyqetﬁcggﬁvé‘ifqompamﬁffect devi ce conprising: a pair of
source/ drai n rgpgipeSsobReididn Pegidhdmathg b @BArMBI fepidh eeébMpesen; @ gat e proxi mate
t he channel region between the source/drain regions, the gate conprising a
gate wi dt h bet e piopinale thecharehregiandgtvsa thexsegres/dgin eegions) @egriec r ecei ved
intermedi ate t e ' - 1 dielectric
conprising an ?ﬁ?@?ﬁ@ﬁ%‘?ﬁ&gggﬁ%%@ d%ggﬁﬁﬁiﬁ?g€gg8gggg ong the width of the
gate and a pa2 gatefliekctradeaddiveg integnaiige thadjcharewt regmnand theagate, e gatest r addl i ng

the internedi ate region,.the internediate,regi.on, bhei ng of. i fferent
ter el BREHREComBRcng B O T bl ing el B ASad Feiod Gutd S The

i nter nedi gldea pA0s RBaddingd¥Eoms 4djdcb@rteBhd RtePdIBClrali@lifzans IdHneliate han that of
either of the straddling regions, the straddling regions being of different

conposi t i msioratherntermegiate wigindeing of adolfesentmaterial Hapeither of heotiaddling: her, t he
straddl i ng . reqj ej r LY i-ndj vj I racteri a
var i bl o SRS HeRe pPudthe b BRI B X AR ¢ Rl e AR LRl o,
of the gathan thadof dither ofxtie steaddting teions, tBe yheidBhniregloas geing ofldigfeemt ri c i s of
constant thickness al on éh wj dth of the gate. 15. Thgﬁde%;?e of claim 13
wher ei n tﬁ‘é“@étt@"d?aé?r@&g?‘? iefegtrigronsipnt kielatiyafp opf antheyy (g gtraddling

regions being respectively individually characterized by a variable dielectric constant k

thereacross in a direction alone the width of the gate.

14.  The device of claim 13 wherein the gate dielectric is of constant thickness along

the width of the gate.

15.  The device of claim 13 wherein the gate dielectric is of variable thickness along

the width of the gate.

16.  The device of claim 13 wherein the different materials of the straddling regions

comprise oxides.

17. The device of claim 13 wherein the different oxides comprise Hf;Al,O,, where

(1))

“z” is greater than zero, and “x” and “y” range from O to 1 with at least one of “x” and

(17953

y” being greater than zero.



the width of the gate. 16. The device of claim 13 wherein the different
materials of the straddling regions conprise oxides. 17. The device of
claim 13 wherein the different oxides conprise H A yQ,, where "z" is
greater than zero, and "x" and "y" range fromO to 1 with at |east one of
“x" and "y" being greater than zero. 21 18. The device of claim13 wherein
t he dlfferent oxi des conprise TaNoyQ, ,where "z" is greater than zero, and
"x" and "y" range fromO to 1 with at least one of "x" and "y" being
greater than zero. 19. The device of claim 13 wherein the different oxides

conpri se fSiyQ , where ' z" at t han. zero "y" range
From 0 roh i 1 dp R LS 3 vipreH B2 gifpré BRich S frpripdant Frierd er o 20
The devi cez”q§ grehtdt fhad Zerd/\@iden abd18y b deSF RN D tOX indiSat GBI HE “Baand y Ti

where "x", "y" and "z" range fromO to | with at |east one of "x", "y" and

"z" being sgrt@mg@e%tﬁéhan@é@o 21. The device of claim 13 wherein the
different oxides conprise Zrx, where x ranges from1l to 2. 22. The device
of claim 13 wherein the internediate and straddling regions conprise at

| east twol%i ffHneeddviomiocﬂt:laiméBQngrdirhﬁae\difﬁzlréntof(idbhmlmaise Hf24,0,Thvbedéw? ce of

claim13 co ris npry, devi ce. The.dev|ce of Ja,;m23 wherein
Che. meror > BBUPCEM Etedh Xoatd BT TEL0 1 | S ahISE el o PInS oo y
devi ce i s pbidpigh@ter eieiosed by a conputer systemthat includes a

m croprocessor. 26. The device of claim 13 wherein the straddling regions

respectively conmprise from 10%to 25% of the width of the gate. 27. The

devi ce of ,¢l ali s f her
dielectri c&con eé(ﬁetv Yé‘%%rfﬁiaﬂn? %g{}le%}n %Eelt?eé%rﬁ(rggde?%”ﬁ%%e(ﬁ}éy 1gl"ﬁa H\W\ v%ce of
claim 13 titergidndeatangé fromed ot Ir @idld hi 1843t 6:00fORS, “iy3 and 2 Obhtirig grelited that ri c
constant k than that of the central region. 22 29. The device of claim13
wherei n tHé&%straddling regions extend to the source/drain regions. 30. The

device of claim 13 wherein the pair of straddling regions conprise two

21. The device of claim 13 wherein the different oxides comprise ZrOy, where x

ranges from 1 to 2.

22.  The device of claim 13 wherein the intermediate and straddling regions comprise

at least two different widths along the width of the gate.
23.  The device of claim 13 comprised by a memory device.
24,  The device of claim 23 wherein the memory device is DRAM.

25.  The device of claim 23 wherein the memory device is further comprised by a

computer system that includes a microprocessor.

26.  The device of claim 13 wherein the straddling regions respectively comprise from

10% to 25% of the width of the gate.

27.  The device of claim 13 wherein each of the straddling regions is of higher

dielectric constant k than that of the central region.

28.  The device of claim 13 wherein each of the straddling regions is of lower

dielectric constant k than that of the central region.



different widths along the width of the gate. 31. The device of claim13
wherein the straddling regions are of higher dielectric constant k than
that of the internediate region. 32. The device of claim 13 wherein the
straddling regions are of lower dielectric constant k than that of the
intermedi ate region. 33. The device of claim 13 wherein at |east one of the
straddling regions is characterized by an outernost |ateral edge that is

t hi cker than where said at | east one straddling region joins with the

i nternedi ate region 34. The device of claim 13 wherein both straddling
regi ons racteri zed. | at eral ed thlcker t han
wher o sa 7 r eseder geof i Py Riby S hns BeGhanuEo 8 &F P dihe

i nt er medi @gi@ng.€gi on. 35. The device of claim 13 wherein only one of the
straddling regions is characterized by an outernost |ateral edge that is

t hi cker than where said straddling region joins with the internedi ate

reégion. 30, The device of claim 13 wherein the pair of straddling regions comprise two

different widths along the width of the gate.

31.  The device of claim 13 wherein the straddling regions are of higher dielectric

constant k than that of the intermediate region.

32.  The device of claim 13 wherein the straddling regions are of lower dielectric

constant k than that of the intermediate region.

33. The device of claim 13 wherein at least one of the straddling regions is
characterized by an outermost lateral edge that is thicker than where said at least one

straddling region joins with the intermediate region.

34.  The device of claim 13 wherein both straddling regions are characterized by an
outermost lateral edge that is thicker than where said respective straddling regions

individually join with the intermediate region.

35.  The device of claim 13 wherein only one of the straddling regions is characterized
by an outermost lateral edge that is thicker than where said straddling region joins with

the intermediate region.





