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conjunction with the silicon gate electrodes typical of CGMOS constructions. For instance,

direct deposition of silicon (such as, for example, polycrystalline silicon) on high-k gate

dielectric films typically results in a reaction layer at the interface of the silicon and the

dielectric. The reaction layer can occur during the silicon deposition, and/or during subsequent

high-temperature annealing of the silicon. The reaction layer generates an interfacial film,

such as a silicate, between the silicon and the dielectric material. This interfacial layer reduces

the effective dielectric constant of the dielectric stack, and thus limits the scalability of the

dielectric. Further, the interfacial layer can be a source of charge trapping/fixed charge, due in

part to metal-atom d states and charged atom defects. The charge trapping/fixed charge can

be affected by post-gate annealing, and can result in uncontrollable shifts in a threshold

voltage of a transistor device. In addition, the threshold voltage can shift due to boron diffusion

from a p-type conductively doped silicon into a high-gate dielectric. Such threshold voltage

shifts can be particularly significant and problematic for high thermal budget processing, such

as, for example, memory cell processing. The boron diffusion through the dielectric can be a
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gate stack. Source/drain regions are then provided proximate the gate stack.

[0007] In another aspect, the invention encompasses a CMOS. The CMOS includes a
Jielectric layer over a substrate. A PMOS gate and an NMQOS gate are over the dielectric
ayer. A first metal-containing material is within the PMOS gate and over the dielectric layer,
with the first metal-containing material having a thickness of greater than 20A, and more
ypically greater than 150A. A second metal-containing material is within the NMOS gate and
»ver the dielectric layer, with the second metal-containing material having a thickness of less
han or equal to about 20A. A first layer of n-type doped silicon is within the PMOS gate and
wer the first metal-containing material, and a second layer of n-type doped silicon is within the
IMOS gate and over the second metal-containing material.

[0008] In another aspect, the invention encompasses a capacitor construction. The
:onstruction includes a first capacitor electrode which comprises conductively-doped silicon. A

lielectric layer is proximate the first capacitor electrode, and a second capacitor electrode is
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[0013] Fig.3is a view of the Fig. 2 wafer fragments shown at a processing stage

subsequent to that of Fig. 2.

[0014] Fig. 4 is a view of the Fig. 2 wafer fragments shown at a processing stage
subsequent to that of Fig. 3.

[0015] Fig. 5 is a view of the Fig. 2 wafer fragments shown at a processing stage
subsequent to that of Fig. 4.

[0016] Fig. 6 is a view of the Fig. 2 wafer fragments shown at a processing stage
subsequent to that of Fig. 5.

[0017] Fig. 7 is a diagrammatic, fragmentary, cross-sectional view of a semiconductor
wafer fragment in accordance with another embodiment of the invention, and illustrates a
DRAM cell.

[0018] Fig. 8 is a diagrammatic view of a computer illustrating an exemplary application of
the present invention.

[0019] Fig. 9 is a block diagram showing particular features of the motherboard of the Fig.
8 computer. '

[0020] Fig. 10 is a high-level block diagram of an electronic system according to an "
exemplary aspect of the present invention.



(0019] Fig. 9 is a block diagramshow ng particular features of the

not her board of the Fig. 8 conputer. [0020] Fig. 10 is a high-level block
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conprise, consist essentiall or consi st of nore of el enental
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essentially of, or consist of one or more of elemental titanium, elemental hafnium, elemental

tantalum and elemental tungsten; and/or one or more of nitrides and silicides of one or more of

titanium, tantalum, hafnium and tungsten. In some aspects, it can be desirable for the metal-

containing material to comprise, consist essentially of, or consist of one or more of tantalum

nitride, tungsten nitride, hafnium nitride and titanium nitride.

[0024] In particular applications, utilization of a metal-containing material between a

dielectric material and boron-doped polysilicon can alleviate, and even prevent, boron out-

diffusion into the dielectric material. Also, particular metal-containing materials can be chosen

such that similarity between the metal-containing materials and the p-type silicon work

functions result in a negligible shift of the threshold voltage of the PMOS devices, (with

exemplary suitable metal-comprising materials being titanium nitride and tungsten nitride).

Further, utilization of such metal-containing materials between a high-k dislectric and a

polysilicon material can alleviate, and even prevent, formation of a silicate interfacial layer,
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diffusion into the dielectric material. Al so, particular netal-containing
materials can be chosen such that simlarity between the netal -contai ning
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[0027] The thin metal-containing material barrier layer utilized in the NMOS devices can be

formed by any suitable method, including, for example; atomic layer deposition (ALD) and/or

chemical vapor deposition (CVD). Atomic layer deposition can be preferred, in that such can

enable excellent control of the thickness and uniformity of the metal-containing material, and

also can alleviate, and even prevent, damage to and interaction with a subsurface dielectric

which is in direct physical contact with the metal-containing material.

[0028] The metal-containing material is typically formed directly on the dielectric material.

The term “directly on” means that the metal-containing material is formed in physical contact

with the dielectric material if formed by CVD, or that a layer utilized in formation of the metal-

containing material is deposited in physical contact with the dielectric material if the process is

ALD. In some aspects, an interfacial layer can be formed over the bulk of the dielectric

material prior to forming the bulk of the metal-containing material, and the metal-containing

material can be formed on the interfacial layer. The interfacial layer can comprise, for
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enabl e excellent control of the thickness and uniformty of the

netal -containing material, and also can alleviate, and even prevent, danage
to and interaction with a subsurface dielectric which is in direct physical
contact with the netal -containing material. [0028] The ni ng
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possi bl e
deposﬁed tltanlum nltnde has no appreciable effect relative to utilization of the titanium nitride

on aluminum oxide. In fact, the capacitance/voltage curve of titanium nitride formed from three
cycles and titanium nitride formed from five cycles are identical to that of a polysilicon gate
formed directly on aluminum oxide without an intervening titanium nitride barrier. The
stretched out capacitance/voltage curve indicates an increase in interface states. This, along
with reduction in accumulation capacitance, supports formation of an interfacial silicate layer in
the absence of titanium nitride, or in the presence of titanium nitride formed from five or fewer
ALD cycles (with the shown ALD cycles corresponding to a growth rate of from about 0.3Ato
about 0.4A of titanium nitride per cycle).

[0032] An exemplary aspect of the invention is described with reference to Figs. 2-7.
Referring initially to Fig. 2, a semiconductor construction 10 is illustrated to comprise a first
fragment 12 and a second fragment 14. Fragments 12 and 14 correspond to an NMOS region
and a PMOS region, respectively, and can be together incorporated into a CMOS construction.

6



thinning of the titaniumnitride barrier. The data in Fig. 1 shows that five
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haf ni um Wilizaddat the entlrety of dlelectrlc layer 18. In other aspects, the entirety of the dlelectrlc
material can be something other than high k material, such as, for example, silicon dioxide.
[0035] A layer 24 of metal-containing material is formed over dielectric material 22, and in
the shown embodiment is formed physically against dielectric material 22, or in other words is
formed directly on dielectric material 22. Metal-containing layer 24 can be referred to as a
thick metal-containing layer, or a first metal-containing layer, to distinguish layer 24 from a
metal-containing layer which will be formed subsequently. Metal-containing layer 24 can be
formed by any suitable method, including, for example, chemical vapor deposition. The metal
of layer 24 can comprise, for example, titanium, tantalum, tungsten or hafnium. In particular
aspects, layer 24 can comprise, consist essentially of, or consist of elemental hafnium,
titanium, tantalum and tungsten; or can comprise, consist essentially of, or consist of nitrides

and/or silicides of one or more of titanium, tantalum, tungsten and hafnium. Layer 24 is



and in sonme applications can conprise nultilayers of different materials
(for exanple, A1203/H 2, etc.). The multilayers can be, for exanple,

nanol am nates. Although dielectric material 18 is shown conprising two
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aspects, layer 30 can comprise, consist of, or consist essentially of, one or more of elemental

titanium, tantalum, tungsten and hafnium; and can comprise, consist essentially of, or consist

of nitrides and/or silicides of one or more of titanium, tantalum, tungsten and hafnium.

[0038] Layer 32 comprises, consists essentially of, or consists of conductively-doped

silicon (such as, for example, conductively-doped amorphous silicon or conductively-doped

polycrystailine silicon). In the shown aspect of the invention, silicon-containing layer 32 is

physically against metal-containing layer 30. Also, in the shown aspect of the invention, the

same conductively-doped silicon layer extends across both the NMOS and PMOS regions.

Accordingly, if conductively-doped layer 32 is majority n-type doped, such material is utilized in

both the NMOS and PMOS regions. It is to be understood that the invention can encompass

other aspects (not shown) in which a different conductively-doped material is utilized for the

PMOS region relative to the NMOS region, or in which conductively-doped silicon material is
8



PMOS region 14. Metal -containing | ayer 30 can be formed by, for exanple,
atom c layer deposition, and can be fornmed to a thickness of |ess than or
equal to about 15A, and in particular aspects can be fornmed to a thickness

of | ess than aqr to about 1 OA; alternatively, th e formed
. 8 ﬁooéﬁ% q’(,JTﬂI}IS‘%MBe&SP

with less th to about 50 ALD cycles, or |ess an or equal to
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aspects not s ferent con (Y}
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conduct i U@Ibb!tné' ﬁﬁ?éihaﬁéé %@Féa%&t%@téﬂk 42haS il %Q%&%Q%mﬁg él@%@@ﬂé@06584

omtted fromone of PMOS regi ons. However, shown aspect of

the i nvesiwpgthe &ﬁncb@twﬁhemeﬂéd'con ﬁvew?&tanﬂtth%@ﬁ'egtr'ﬁmatqrgal %% dredditiondoi f t he
sane conghdghih HRt-cHRBRMg n$dtéria¢@ﬂaye$ spor nmed acr oss both the NMOS and PMOS
regions Qf a substrate. %00 %er 34 ¢ ag rise, for exarrﬁ nmet al
and/ or 031 o Pesjerabliidhe m PP’“@ ing mateyiay, %1‘(“93 Wrqndugtiyelyrdaped slicpydavas
[ 0040] L@Q/@ﬂid &aeaa@matymrzz.ﬁ gafe sthdkaiRnis Mtk leyioughsdd that aRorkaginctioniefyats, for
exanpl e, con It {) JgRef rring.to Fig.. 5, layer 0, 32, 34 and
36 are pIRTLIA A URIFG gL PR e ee s on R o oAt ARG FEPSne 2 and PMCS
regi on 1metal-e:snmmhg wmaleyial Withén gate tstack @0l isaeferablyl tbin @hougit sccthat alWoriahetiéh can be
referred ) I (? |ngwsh t he
mat eri al gfts\?\% C’? ?1‘0 é ﬁ(ﬁtthaquglﬁ ﬁrfé@eﬂ cgﬁttaf?\bg%%enal %%pﬂgttr?%é% ?1%"}'%8 P‘Z{hned silicon
| ayer 329@@ncttyely-doe¢c¢sm@q) of yas33. i Mewever, theooetakeantaining materist ciddyend0 isnd a
second sj ot fRkShbdh doth&ltRE fokdunction of stack 40 is not that of pure conductively-

doped silicon of layer 32 either, but is instead between the work functions of the pure metal-

containing material and the pure conductively-doped silicon. In particular aspects, a work

function of conductively-doped silicon layer 32 and the metal-containing material layer 30,

together in NMOS stack 40, is shifted relative to the work functions of the conductively-doped

silicon and metal-containing material in pure form, and is shifted from the work function of the

metal-containing material in pure form by at least 50 millivolts.

[0044] In applications in which the work function of NMOS gate stack 40 comprises a
contribution from conductively-doped silicon of layer 32, the majority dopant type of material 32
will typically be n-type.
[0045] Since the work function of PMOS gate stack 42 is effectively that of metal-
containing material 24, the conductivity-type doping of silicon layer 32 is irrelevant relative to
the work function of the gate stack. Accordingly, PMOS gate stack 42 can comprise either n-

type silicon or p-type silicon for layer 32. |t can, however, be preferred that the gate stack
9



[0042] A nofable difference between stacks 40 and 42 is that gate stack 40
has only the thin netal-containing nmaterial of |ayer 30 between
conducti vel y-doped silicon |ayer 32 and dielectric naterial 22, whereas
gate stack 42 has thick netal -containing material of er 24 between t he
conduct i velWOAWAEY | i con | ayer 32 and the dielectric ﬁa&gg{s PUH/005384 5
addition to the thin netal-containing material of |ayer 30. [0043]
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[0046] The formation e stack 40 fromlayers 30, 4 an can be
consi derfeEmedoy, s exgprie sopasitishofen %E@F'@taln?tﬁﬁl follewed %}9@? anisqfopicatchnvos
gate st agihe @htdribiar |y, the formation of gate stack 42 fromlayers 24, 30,

32, 34 and 36 ¢ be consjdered to be incorporation of materials of such
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42 can b4 tol d@n{p@té fofrhdtiah oasm)mwt@s fansisie deliby, @Al lpcmoe sathr@y/dram reglomssaan NMOS

gate r eglar% rme wakhml\é%st%?e ? 6 pro fmoart]é gartg Ss aclgaé fo co¥nplete ?on’natlon of a PMOS
transistor device. Source/drain regions 50 and 52 can be formed by any suitable method,
including, for example, various implants occurring before and/or after formation of sidewall
spacers 46 and 48,

[0051] Although the processing of Figs. 2-6 is described with reference to formation of an
NMOS transistor and a PMOS transistor (i.e., formation of a CMOS structure), it is to be
understood that various aspects of the invention can be utilized for formation of a single
transistor. For instance, an NMOS transistor of the type shown in Fig. 6 can be formed alone
for incorporation into various circuit devices. '

[0052] The processing described above for formation of the NMOS transistor device can
be utilized for formation of other devices, including, for example, a capacitor device. Such is
illustrated with reference to Fig. 7, which shows a construction 100 containing a DRAM unit
cell 102. The DRAM unit cell comprises a transistor construction 104 having source/drain

regions 107 electrically connected to a capacitor construction 106 and a bitline 130.
10



the dielectric materials 20 and 22 beneath gate stacks 40 and 42 can be
considered to be a gate dielectric layer in particular aspects of the

i nvention. [0048] The silicon of |ayer 32 which contacts netal -containing
layer 30 can react with the netal-containing material i pects of
the i nvent i%A2%%¥8Pn a conposition conprising netal, é’:&IT?i%%@%g‘srsl%sposm bl y
nitrogen, at the interface of the silicon and the rretal cont ai ni ng

mat er i al [0058Fh 'Cnarmstsi tanstiuctian 104isesshawnas kn NMQS canstructioar edordinglyf hat of a

ot al ST AR 0liord BF LA - 2LAH0 RAIGTR! $1d el eataain gl the NVOS

gate 40, 'suc uence Work
f unct i orp-type stistrgtet 198s tS@JbRtrat? 00BN Refpsise amgswteblmcgnst@ctlcm, a@wlnlg fopacers 46

and 48 i(émg%r %ﬁo&g QRSN aRsi8lor Qé\ﬁ 10%@:?&?&@8%9 2ol &ﬁ@ﬁgﬁe' vel y.

Spacers n conprise any suit terial, “I ncluding,
for ex anﬁloéepéfﬁ@ddfonb%uhﬁ"@)tﬁ 188 by écmterﬂ'@lﬁfr‘td@ e Badp dielashicdilg eraeompring can be

formed bypy sﬁ%bl@%ﬁfﬂﬁblemcﬂ@lﬂgsf& é)@i?ﬂp‘ig sfﬂébnad?@( dboérid%r?ndﬁm ﬁélb@thc fiRidraied by an

ani sotropic etch eri al 50] pe source/drain regions 50 are
for med ViFKiUALive @sia ateral 140 ﬁ?'&bﬁ‘?rﬁﬁﬂsé 9@&@E't@iedﬁk"e"ﬂmftCQ”@m%?@?fé“@t@ﬂ%t i on of

an NMOS lhrpaﬂﬁméi@i ea@vthéw,vw@srﬂarméwfmv@@uf ﬁglvdwmlcarré%h@mhé&vw@s Qelicy med

W thin sybstra r oX ate |lete formati on of a PMOS
transi stBPWAR 'Qe B@P?%Sr’m '&9%‘3 1é8|"‘@ﬁ%°”§15'3%1m '%@%@1 %@W@flm&’ﬂ"tﬂ?’ any

suij} abl &}spseéthlfyme 11cmdnwdhmgseéedin\@nml enstradtibeus i npl aFt S occxlr ring before
and/or a o] ITB.tIO spacers 46 a . 511, Al though the
pr ocessi rﬁ%&g; F{\agnsulﬁ \Beqag 1&3&%[%%%0 r{:?]ncﬁlgqvgrq@ﬂec@a egalpg?)n%rlq '8?1”'%?" an NMOS
t ransi stsidevaali dpacePMOS are dorgied tattmg (sidewalls d¢f dmenednidoctive igate rﬁMEIt‘alsCIapldtlmaec) it

is to beg 2 .t h v Ilzed
for fornat aﬂ%gqgﬁﬁzgﬁgorﬁrﬁ} %E aK?Eu%?ﬁésrﬁac’tBﬁeﬁ]ggr}cﬂ{dhn g:rrlggarﬁﬂ& Cﬁﬁ%(%%? r a?(r?lgl "or of

t he typedlfs*m/\@ﬂdsﬂlcpngitrlc@ can be forned alone for i ncorporatlon into various

Circuit ﬂ@é‘gfesA (a%%@&llgTr%l C&ﬁﬁfe?nhﬁﬂgde?f)eﬁw% BR& AR RSN %n%] d@n of the

NMCS tra devi ce can I ze ormation o VI ces,
i ncl udi ntP4- fivsulative matesial H 8.oap £EMPESe QNAQrdrore syjtakle; raaterials, u@‘t'lidéﬂgetpfvm th

r ef erencg;(ap,@erg,—o Rosp“m"@gtecdwspsgpnstruct | on 100 containing a DRAM uni t
cell 102. R/I i stor construction 104 having

sour ce/ d r[9;95ﬁ] r g PB?@”QLWG’@%WPS&&@PTG{/” '3 ﬁﬁ%ﬁ'?ee?f the,soyreaidraid redPne Yisth uct i on

106 and ¢onbidtive b@déswmd& Mﬁn&ﬁ@éb&ﬁﬁ@% dhéctriddfh Eihe o1t tsthe sb@n@éfd}am
Transi st or, co?gtruc an N construction. or i ngly,

sour ce/ dFPH F‘?ﬂﬁjé'(’tf’ﬁf’e ?séalﬁapﬁgr@pwpaég spitahieeRndustys r%%%ﬁ‘aé’é?‘iﬂ %h qregl ons
ext end i édamnpie, C@’idl&ﬁl&lysddpﬁﬂl’sﬂib@l trid8al, ndfas hietdl eorhpdindan corrprl se any suitable

SSC?EQUEBW& t ﬁéwcﬂgﬂ%ﬂ tngcglon ?@% Wg%%{dle@% 9 g{%ﬁg %lpleﬁirr\] in msula%ve ma erlar|SI stor
118, and electrically connects with conductive pedestal 120. Capacitor construction 106
comprises a storage node 122, a dielectric material 124, and a metal-containing material 126.

[0058] Storage node 122 can comprise any suitable conductive material, including, for
example, conductively-doped rugged silicon (such as, for example, hemispherical grain
silicon).

[0059] Dielectric material 124 can comprise any suitable material, including, for example,
high-k dielectric materials (such as, for instance, the high k materials described above for
dielectric region 18 of Fig. 2), and/or silicon dioxide, and/or a combination of silicon dioxide
and silicon nitride. In particular aspects, dielectric material 124 can comprise aluminum oxide
and silicon dioxide, with the silicon dioxide being a thin layer (not shown) between
conductively-doped silicoﬁ of storage node 122 and the aluminum oxide.

[0060] Metal-containing material 126 can comprise the same composition as described
previously for metal-containing material of layer 30, and can be formed by, for example, ALD
or CVD.

11



110 separated fromsubstrate 108 by a gate dielectric 112. Gate dielectric
112 can conprise any suitable material, including, for exanple, silicon
di oxi de and/or high-k dielectric materials. Conductive gate material 110

can conpri s‘gggg%{ogﬁb{ able material, or conbination of Wﬁ%@ooﬁg

particul ar he NMOS transistor device of Fig. correspond to
the NMOS device shown in Fig. 6, and accordingly gate 110 will conprise the
| ayers 3Q0063P aGapzBitor diectotiad28 cars@enlise, fqa&xanmlb()co:ra:fmcm@mpddpeé silicon,

convent i apal, o 045hd St P rf\&of[o%ggé h ha‘ﬁgb A3 oatAnvfdvgﬁt%g% ﬂ)f"utlh%n qﬁﬂ é&\é? r

conductive gate nmateria ula .
f or med a¢f¢mﬁjal§pd@mglr§at@nialt1ﬂé inceamininationy withyeanslugtivelyrdogied S@@QJ\ qpap@mtqr spacers

116 can QoERbBesh @@w &ku%hﬁol%&‘ﬁ{dn%bﬁtuoﬂ mhyﬂb&qun§teﬁ of X 8Pk SomHiafig0r  both

of silicon dioxide and silicon nitrid ectrically 1'nsu atlve
mat er i al Matedale 12&as128er and ar ound tran5| stor device 104. Insul ative

mat eri al dda&]canmmgnmﬁ cemammg rEREifl $26 53Rb%n BBIWAEH lofectricMrdterdl gy T or
exanpl e, boro hosphasi |l j cate &Bas igBPSG An openi ng extends through

mat er i al 2"P1sECeRd GERECIOF elerEodeslrBe k/sdr 8p H"‘%eéﬂfg%@alﬂ? metal-copRiNLMYeHedest al

120 is widuhi aretrfagvep @nd/ogadiisbnaliye 66 findiad bytween trRcdificti®mbttfalsmdrigs/ dr ai n
region. The {qonduct [ vs%ﬁsﬁiest al can conprise any suitable conductive

mat er i al SPPHE §Qra9g "° ‘exanpl e, conductivel y-doped silicon, netal, and/or
met al cormﬂﬁ:lmdsA clr@MEdevicEapmprisiog ruggetswmlodridoaoﬂmﬁteﬁhlsmrnﬁédtleactﬁ)rdhinbbi n the

openi ng | 1 r I conn 1 1.0
conduct Y aRHAFY G o BorBlnve R cafBE B bl ot SREPBIE nthber age
node 122for axaunpdﬂ eomputer systess arld otieet elea’md\lasmm cont al ning material 126.

[ 0058] e d é‘@% r ::a%g! terial,

I ncl udi néede%g ﬁg @lll&%?at n%FH“? d\ﬁf‘a ;y%g)cé) I% ?gggg%g%g&éh%?gﬁﬁh%s for
exanpl e, eeedBgH et @ é@mplgerasyﬁtensmq @@mﬂmg[t@@'sgqugt efi the piesentipvestigral 124 can

conpri Secérﬂp!utérbﬁyﬁt%m Lﬁ)oﬂﬁél@désad mohni&?h@’ﬂér%er%@ﬁmﬁ%ﬁ:ﬁﬁﬂrﬁ‘o J?HG\I/'ICFK dielectric
materials (such'as, for instance, the high k materials dpescrl above for

di el ect r keybparg ﬁ%oﬁ@hﬁifcom'@i“'%}'on EJHB‘/QS*V"’%|&l“ﬂ@dﬁ°‘BP'@2?r@é‘04aﬁ4ﬂ>ﬁWb%m 404

combi nat ¢gcafty asmbrofg.@aesyopxosi@r otifétdat drd)d‘e@éln@ Uﬁlf Iaﬁ@ at leBstRAE embrpleigePect s,
di el ect r| o r‘Kﬁlt eri 8? 124 can conpri se, al um num ang Si b\%ﬁ%’ di oxi de,

wi th t he?@ INIRRRY gPVsa M8 G0 G PHSe Yﬁ"ﬁ”? asREFts( e'@ ove,
conduct i melugingl dgrastample] cmomﬁon@toomgﬁnsi@tdedéb&sﬁmldosmuamum capavieti de.

0060 h
escr bt e BVINSIPyM Aol St ety Saf ic5 AR caRPire §) STAATSIBY SI5 can be
formed band fuoh agaycen ke, cobipled with aGuiessidd cikility G04Hc08SI QSN RGTUUSRODEY ED6584
[0061] GRAACAR FhS! 3%k} obP iR Gopiblo £H5AHB S 15ABEHY s v~ doped

silicon
" from the memory cells. The addressing and read circuitry can be utilized for conveying

information between memory device 408 and processor 406. Such is illustrated in the block
diagram of the motherboard 404 shown in Fig. 9. In such block diagram, the addressing
circuitry is illustrated as 410 and the read circuitry is illustrated as 412.

[0065] In particular aspects of the invention, memory device 408 can correspond to a
memory module. For example, single in-line memory modules (SIMMs) and dual in-line
memory modules (DIMMs) may be used in the implementation which utilize the teachings of
the present invention. The memory device can be incorporated into any of a variety of designs
which provide different methods of reading from and writing to memory cells of the device. One
such method is the page mode operation. Page mode operations in a DRAM are defined by
the method of accessing a row of a 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.

[0066] An aiternate type of device is the extended data output (EDO) memory which
allows data stored at a memory array address to be available as output after the addressed

12



and such can be either p-type doped or n-type doped. An advantage of
utilizing the thin layer of netal-containing material 126 in conbination
wi th conductivel y-doped silicon of capacitor plate 128 can be to enable
control and manipul ation of the work function of a stack conprisin
material s 1W8 2004482098, [0062] Al t hough netal - cont ai ni ng B Wﬂ@mfg% i s
shown between dielectric material 124 and second capacitor el ectrode 128,

it is tocdn@niResesheRded. Tis maaowaalmc%a@& abmib Bgmﬁﬁhi%éiléﬂ spe@@é‘ﬂ))dallowmg
alternati veI and/ or adﬂ_ﬁt | O for bet ween Qqe r| c
mat eri al ré?ﬁ‘& 295Ess ARl vout B‘F' %E‘%‘Hﬁ’é“!’ N MRS PURY %I%Guat"a'
Comﬁr 11 s: mgmbmmmemlmwmt&,\s macl@rceﬁlncmw BBERAMJ I:amR:SDEtam; eLDWAMh -
met hodo | nt| n _ca i n_nunmerous asse i es,
i ncl udi ngﬁx Ptdgrﬁgmmt%%ﬂ §[§t58 WM SI@I"E&OFSﬁl c systens.
[0064] Fi[00673 i Figuta nlmtmsesgemmpﬁfieldmlockyilagmyn offa Iagl&lqybleqrgduuzatmmbf Jayioway oOf
limtati dj C i t aspect
of "tho. p Qe SR B Blergel R BIIAH R b E e BEERI, Mo o1 "0r
ot her commmrrequndmo cbmrthamptdaealcomputar sMs@yfbeanr@beASJQomml eysiteam, qnanyrumecat i on
i nput de r

¥ st that) l{)\ﬁ F%&%@ocngfg&% &ﬁlgeé’t%ﬁ& %@@rrgfab;t She menory

M cropr ocessor 4 ata rocessLTé
devi ce ﬂoﬁlonﬁt&\@'ﬁ@tﬁml@@%lgo%ﬁﬁ%@rﬁﬂﬁ chegic uniid Ak h 2R, & camtral BBt i nvent i on

descri begyARNGnory HEVidUHit VD6 oh8lanMRIBUEut (FDFIRAceMBE CRhefallf ddcBPsit St or
devi ces, CMOS structures, capacitor structures and DRAM unit cells. Menory

devi ce 4@@%3%‘@%?%@%%%3?% ehyngdpuctinnsdiay seedify gperations 18 ke ReHPTMed oBan be
tCﬁUpl ed Mtﬁgy&{écﬂrmsdiqozlahﬁbtﬁef Mtefr&rtuoa@wﬁéém%elpmegwweh the memosncel |'s Itn
e arfra ur r rra can e Cou rea Ci r cui
o B eviderint 106 o (RS RSk 756 The ool M 730 <G e eips Al e Pt A itk 1y
can be upnobe;ssemdzomemmwuagce mﬁfjmcrmt Komeheéymymmhw.?@\czamgms aBd |
processo C, 1 S,.| rate n.the r.am o 1 I poar
D09 enoulritoha Bt Siprefabid At GRAE helsubfiberfined i 1 ol WeulR 76" P
illust raalm:ble)@sutéd,OInanadomsrmnbcwaderns rtioeimempryi devick 706 inchides, tm$|s41b2hmn[e@l(16,5] I n

ticul dt
Par U AaRRGRS o AR BRI e BAP el SR SR R BRRANS o
i n-1ine demgessychasalleppy diskidkeg anhg corapast digk CR- IB%M drivel Oneof andlr@rv skifliich

utilize ﬁw@%ﬂtvﬁ@GMeP@aﬁwoODpoﬁ J&Sdﬂ%%ﬁ@%mbr@ﬂ&ﬁﬁdéﬁﬂis dE'B%s%”iHéVar@?Y e can be

|nc0rporated Into an a vari eS|gn rovid erent
met hods Hestiaéasriegtion Qﬂmp@nantwarq ?%b'ﬁ@f h@ns)faprl@éw@mluqer@mme@ém One such

met hod Iaccbru%neamwamas Qﬁ%fc@stdf% prB@eg@mva%nOper ations in a DRAM are
defi ned e nmethod o a menory cell arrays and

random y [éﬁq,séssfﬁwHisfaf%’?"@’med%&?f‘ﬁ’l?ﬁ?“b?fac"l’i%h -levelgrgarizatign et &igeS at the row
and col usmboditents ecdn e@npiity Beclaricisydieh 800 Pitle sysvaim 8DotiRatides@l méory S

?E(E)(e))sssrg%‘li 00@2],{ ol ag la;[\ glrrg)? })femérxgry ceﬁ Eﬂ) gde esssdewger%%er%\cliveaccesastcﬁ'cﬁtun; put
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 whether a memory cell is in a low-
threshold conducting state or in a high-threshold non-conducting state. The illustrated power
circuitry 816 includes power supply circuitry 880, circuitry 882 for providing a reference
voltage, circuitry 884 for providing the first wordline with pulses, circuitry 886 for providing the
second wordline with pulses, and circuitry 888 for providing the bitline with pulses. The system
800 also includes a processor 822, or memory controller for memory accessing.

[0069] The memory device 802 receives control signals 824 from the processor 822 over
wiring or metallization lines. The memory device 802 is used to store data which is accessed
via /O lines. It will be appreciated by those skilled in the art that additional circuitry and control

signals can be provided, and that the memory device 802 has been simplified to help focus on
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allows data stored at a nenory array address to be avail able as output after
the addressed 12 WO 2004/ 082005 PCTI US2004/ 006584 col unmm has been cl osed.
This menory can i ncrease some conmuni cation speeds by allowi ng shorter
access signals without reducing the time in which nenory output data is

avai | abl e OWO200498398Fy bus. Qther alternative types of RS ERVHPSPde
SDRAM DDR SDRAM SLDRAM VRAM and Direct RDRAM as well as others such as
SRAM or %mﬂ%mﬁt 165t orlo 1 prbbdbsorlédolo Sifoebol AR d B th BRRGK

di agram o or gani zatl on vari ous i ments of an exenplary
el ect r onfedh @Mgseﬁﬁpﬁ@@f(ﬂf tfﬁh%Stﬁerjé%WP? fAeasribechirevigysly iy digclogyA. cor r espond

to, for 6{6@@]" eThévaRIB LSk atsy Sjstihs & thS 6868Suré artihehd&yRiRMidePs géitYalot her
systemthat enploys a processqr and associ ated nenory. Electroni c system 700

has fu n'é‘iqeb‘?ﬁ%ﬂd"@l o wRiigus appicafions fAgthg C&S?%B’e%‘é’oﬁ“uﬁtf‘reérqf therRse3eat invgTtionuni t

(ALU) 702nd &e@otihicAbedtdisbrve 484 co%ﬁl@@ﬂésbnﬁl@hldi@ll thai dlenféis andlfeaturéd¢iah/ out put
(I/O) devi ce 708. ner al | ave a hative set

1
st e fionkeysni isoane oy Splin Rt dancs Wih SRR s AP RO NEaIY | e
pr ocessoond 6Pordinaryakill @ thie Rtavibohdepstandidatire variohe elerods systendOan Bdhe nmenory

device u 06 _and t The co roI nit. 7 ardi pat es
a1 oper Rpesfer g Bt RS 3o Br e R n G P B ARl B h 8
devi ces w(8dupe thcanmmuricadiby tioyedletwagen thmpmc@soeanddhe Ufenmnede\er(Bjs t hat cause
instructi to

vari ous éﬁgﬁ& Aﬁﬁlcgﬁérﬁg%rre%?@ 5*&5"%@ | nc'J|Dﬁl 89‘6‘3?& q’ssgno &I ted to,
r andom ageeges, gevies QrI\@mwwerevw&es ceramtnieation mmlﬁmSyprpmspr mewesagnd and

peri pher i i

i vo. - o iafREsgRseGay e ot o il lkialol, WA Bod o e e g and
conpr ehe?itﬂ fﬁghetrmee wpmmm atwaﬁtv&ﬁy'e@fowwstem& suahrastaselod adalevisian,
conponeng %elﬂ;ﬁtﬁan@@ﬁé}b&)a%orh&!té}gaﬁ atomBBileS Bin Industha | cAPol GPSTBANANAiforaft) and
accordanc% vari ous aspects of the present invention. [0068] Fig. 11 is
a si npl i PPEG: bIock di agram of a high-1evel organization of various

enbodi nents of an exenplary el ectronic system 800. The system 800 i ncludes a
menory device 802 that has an array of nenory cells 804, address decoder
806, row access circuitry 808, colunmm access circuitry 810, read/wite
control circuitry 812 for controlling operations, and i nput/output
circuitry 814. The nenory device 802 further includes power circuitry 816,
and sensors 820, such as current sensors for determ ning whether a nenory
cell isin alow threshold conducting state or in a high-threshold
non-conducting state. The illustrated power - circuitry 816 includes power
supply circuitry 880, circuitry 882 for providing a reference voltage,
circuitry 884 for providing the first wordline with pulses, circuitry 886
for providing the second wordline with pulses, and circuitry 888 for
providing the bitline with pul ses. The system 800 al so includes a processor
822, or nenory controller for nmenory accessing.
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[ 0069] The nenory device 802 receives control signals 824 fromthe processor
822 over wring or netallization |[ines. The nenory device 802 is used to
store data which is accessed via l/Olines. It will be appreciated by those
skilled in the art that additional circuitry and control signals can be
provi ded, and that the nenory device 802 has been sinplified to help focus
on 13 WD 2004/ 082005 PCT/ US2004/ 006584 the invention. At |east one of the
processor 822 or menory device 802 can include a DRAM cell, CMOS, capacitor
or transistor of the type described previously in this disclosure. [0070]
The vari ous“4M%st rat ed systens of this disclosure are intended to provide a
general understandi ng of various applications for the circuitry and

structures of the present. in i,on, n re nat intended to serve as a
conpl ete des&r%ﬂ?ﬁ§$oéﬁ"ﬁfqa%ﬁ@g8F%ﬁ§ﬁ€§9§ﬁ%g#%§f%F%Emgﬁ@an el ectronic
system usi ng nmaaBlidingabittel comatty 2RNI0S gt febioaspiemNMOS githegphesent

invention. One.of ordinary.skill in t rt .\ under.st a t hat the

vari ous eIectr33?%“%@%?%ﬁ%&@§ﬁmﬁﬁow?gﬁ?ﬁggvgaﬁ%hg%?%%?%Pﬁﬁgkeﬁ@”%?%cessing
units, or even fomisg sthivg netab-emiaironciuatroi todhioger therPMO$lgate region areldivcevet he
comuni cat j o fidTe, Defueen L&, BLASSSRAL AN LDG, FRIDT ¥ dEu) 68(P)rad 007 1]
Appl i cations for FEngry cel'ls can I nelude e ectiom ¢ systens Toruse in
menory noded 28; device drivers, power nodul es, conmunicati on nodens,

brocessor modul g5, AR, ARRLLSALLONRARES {J e/ RIMBS an FRBIOTEN S Ahude

mul tilayer, multichtp nodules circurtry can a )conponent
of a vari ethythof mehl@ottriome magyisitbeing forwertta agigckaess lobleks, than or efualiogban20A a cel |

phone, a pgﬁﬁgﬂgbnﬁmﬂtﬁé H@%ﬁ%ﬂ%@@ﬁﬁ%@m r?a'i‘ovie?ﬁu;é%/fd ateg-g .ol system an

aircraft, thers. / Tret od 0 ormn devi ce and
an NMOS devi ce, fouongt lagdr econguctivéletidongd siligntexiandingasrss ths PM@SandMIOJat e

regi on andia@‘,’r}e n@ L e BEY Qﬁba&&ﬁﬁ%&%&%mgate dielectric |ayer over the

PMOS and ate regions of the substrate;, formng a thick
met al - cont ai ni nigeomeraing gie thigk heal ppetpining eapNBShgarasal ceytiong anigrivierd over the
NMOS gat e [ Lglally-idhRd %iﬂgoﬁlirétgg?ﬂ()sq{%ﬂ&%r%@ talVBSRF !hlébM*%' AR LHTR to a

9
t hi ckness of greater ) ;, formng a thin netal -containing material to
be over the PMIScoapfptivgds thiametal-eogiabyng matgrigland gpnsuptvelyrdopesiiligPmintinmat er i al

bei ng for MRACSArafsidibhi 6 BBSSovRf tht RRMOY fadftedn. €qual to about 20A and being
formed over the thick netal-containing material over the PMOS gate region;

formng a |l ayer of conductivel y-doped silicon extending across the PMOS and

NMOS gat e regi THSneaidd ooV W Rrdiiihd cdmbicilvelG-ABSedisMNcotdis Rfofifyl Adyps doped.
incorporating the thick nmetal -containing material, thin nmetal-containing
material and

3. The method of claim 1 wherein the gate dielectric layer comprises one or more of

tantalum, hafnium and aluminum,

4. The method of claim 1 wherein the gate dielectric layer comprises aluminum oxide over

silicon dioxide.

5. The method of claim 1 wherein the thin metal-containing material comprises one or more

of titanium nitride, tantalum nitride, hafnium nitride and tungsten nitride.

6. The method of claim 1 wherein the thin metal-containing material comprises one or more

of titanium silicide, tantalum silicide, hafthium silicide and tungsten silicide.

7. The method of claim 1 wherein the metal of the thin metal-containing material

predominately comprises one or more of titanium, tantalum, tungsten and hafnium.
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conducti vel y-doped silicon into a PMOS transistor gate stack over the PMOS
gate region; and incorporating the thin netal-containing material and
conductivel y-doped silicon into an NMOS transistor gate stack over the NMOS
gate region. 2. The method of claim| wherein the conductivel y-doped silicon
is mpjority n-type doped. 3. The nethod of claiml wherein the gate
dielectric |layer conprises one or nore of tantalum hafniumand alum num

4. The method of claiml wherein the gate dielectric |ayer conprises

al um num oxi de over silicon dioxide. 5. The nethod of claiml wherein the
thin netal -containing material conprises one or nore of titaniumnitride,

t ant al um ni t 8iThe methdll bf dlatmni wheteiethamitkhddngfstieahinmictall ddetainfng meeian®tehod of
claiml relntp hi Aﬂretal contai ning material conprises one or nore of
titani um sl ErHd) of 2? tm silicide, hafniumsilicide and tungsten
silicide. 7. The rrethod of claiml wherein the netal of the thin

nmet al - cont ai Qi t Predo G i ses,one or nore. titani um
tantal um tug ﬂlgé“rr:ﬁ‘é’ﬁak% Wherel n%%e‘é&n% f‘%}@{l it mcf§a(l)fcor(1: mmﬁ]"fatemﬂfe)l? tehla?l t he

t hi ckness @feqttaheabdmtrhoéiret aI cont aining material is less than or equal to
about 15A 9. The nethod of claim|l wherein the thickness of the thin netal-
containing material is than or equal to about 10A. 10, A CMOS, conpri sing:
a diel ectric19.gyeMOSvempasisgibst rate; a PMOS gate and an NMOS gate over the
dielectric |lg t L, gate
and over the g%re tggt fin o@?r;sg?sttéﬁe ﬁ\??%{{é Q%élt g tt%élNril ﬁk leer%ptg?!j%phavi ng a
t hi ckness of a@rSéaltfekcomhmmgmtwal Wlahiséeﬁh@sr%teahd @\@nthadmentglc teaerethe dFst wi t hi n
the NMOS g second net al - cont ai ni ng
mat eri al hlgétf%ncg&gmgﬁﬁ%ﬁﬁgg?%?g %g%éésgﬁéag?l%%gthg%%@& to about 20 A ; a first

| ayer of n-tppEotopeal- cgntplun@émam@lrwwhlrtth@NMma@aﬂ@m@n@edw@ﬁtr@H?efert the st

met al - cont @k By R tal B A h EhateriD Haven e S8FIO0Ess A& th B or BqulaY BELARBEA ;S | | con
within the NMOS gate and over the second netal - contalning material. 11. The
CMOS of cl ai mitlapief epe dered giliernerithin e PMOS eate athiviestbs fisheetalrcorsingiof

tantal um ghadapidg and al um num 12, The CIVDS of claim 10 wherein the
dielectric layer conprises alum num oxide. he CMOS of claim 12 wherein
the first and>&abAYT ABETHPe depse all?ﬁ“ﬁ‘@thWé‘Eeé}‘MQ%ataP@ ovghie pecatd ety ai nst t he
al um num oegng@,mg%wghe CMOS of claim 10 wherein the first and second

nmet al -contai ning materi als have the

11. The CMOS of claim 10 wherein the dielectric layer comprises one or more of tantalum,

hafnium and aluminum.
12. The CMOS of claim 10 wherein the dielectric layer comprises aluminum oxide.

13. The CMOS of claim 12 wherein the first and second metal-containing materials are

physically against the aluminum oxide.

14. The CMOS of claim 10 wherein the first and second metal-containing materials have the

same composition as one another.
15. The CMOS of claim 14 wherein the first and second metal-containing materials

predominately comprise one or more of titanium nitride, tantalum nitride, tungsten nitride and

hafnium nitride.
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same conposition as one another. 15. The CMOS of claim 14 wherein the first
and second netal -containing materials predom nately conprise one or nore of
titaniumnitride, tantalumnitride, tungsten nitride and hafniumnitride.

16 16. The CMOS of claim 14 wherein the first and second netal - cont ai ni ng
materials predom nately conprise one or nore of titaniumsilicide, tantalum
silicide, tungsten silicide and hafniumsilicide. 17. The CMOS of claim 10
wherein the thickness of the second nmetal- containing material is |ess than
or equal to about 15 A_ 18. The clvgs of claim10 wherein the thickness of

t he gecond ibQCfggﬁtOgFlmﬂhb‘* ‘?’E‘feé‘fti &firsp and 5?08!51“‘ AHEMBP G o about 10 A
19. The CMomfnaelyabiprld onh@rmiroftthanidnhsibddeemstalom stikeie ftingdten siEtiad andont ai ni ng
mat eri al isf .L%Irelatg than or equal to about 100 A. 20. The CMOS of claim 10
wher ei n t H8™{4 W Ess of the first metal-containing material is greater
than or equal to about 150 A 21. The CMOS of claim 10 wherein the thickness
of the first al.- cont.ai ni material . is eat er, than or. equal .t.o about
150 A and ver b GVERST PRt ke BRI S i e e S RE gt St R ar el i s
| ess t han les thequoradqudl @ aoowits AL5 A 22. An el ectronic system conprising the
CMOS of claim 10, 17

18. The CMOS of claim 10 wherein the thickness of the second metal- containing material is

less than or equal to about 10 A.

19. The CMOS of claim 10 wherein the thickness of the first metal-containing material is

greater than or equal to about 100 A.

20. The CMOS of claim 10 wherein the thickness of the first metal-containing material is
greater than or equal to about 150 A.

21. The CMOS of claim 10 wherein the thickness of the first metal-containing material is
greater than or equal to about 150 A, and wherein the thickness of the second metal-containing

material is less than or equal to about 15 A.

22. An electronic system comprising the CMOS of claim 10.
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