MEMCAPACI TORDEVI CES, FI ELDEFFECT TRANSI STOR DEVI CES, AND NON- VOLATI LE
MEMORY ARRAYS TECHNI CAL FI ELD Enbodi nents di scl osed herein
pertain to nmencapacitor devices, to field effect transistor devices,
to non-volatile nmenory arrays and to methods of progranmm ng.
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BACKGROUND

Capacitors and field effect transistors are two types of electronic
components used in integrated circuitry, for example in logic circuitry and
memory circuitry. One property of a capacitor is its capacitance which is
impacted by a number of variables such as size, construction, and materials of
manufacture. One property of a field effect transistor is its threshold voltage.
Such is a measure of the minimum gate voltage required for current to flow
between a pair of source/drain regions through a channel region. Factors that
impact threshold voltage also include size, construction and materials of
manufacture,

Capacitors and transistors upon manufacture typically have fixed
capacitance and fixed threshold voltage, respectively, as opposed to variable,

adjustable, or programmable capacitanec and threshold voltage,



BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a diagrammtic
sectional view of a nmenmeapacitor device in one programmed state, and

i n accordance with an enbodi nent of the invention. Fig. 2is a
view of the Fig. 1 nentapacitor device in another progranmed state in
accordance with an enbodi nent of the invention. Fig. 3is a

di agrammatic sectional view of a field effect transistor device in
one programmed state, and in accordance with an enbodi nent of the

i nvention. Fig. 4is aviewof the Fig. 3 field effect

transi stor device in another TE%am‘red state in accordance with an

enbodi ment BBAEFRESGRERTIQN OF BRAVWENGS 3 di agrammmatic top or

schematic viewrgf ﬁlsmqnag@hﬁﬁddcesesﬁmww&f b By miehcagtofl agGee W édr an
enbodi nent of the inventi

6 is.ada tic sectional
view of t h&FORTaP™E fipis ot %C&Prd[“f‘%g?‘?ta&r ﬂ&)&@f%‘éﬂq&?g%%@m n the
Fig. 5 nmenory aig. awlsiann@ﬂ&fph@grgannﬁdnatpaémoramdmennaﬁ@taéxdmgenmém an
enbodi nent of .the iew of the Fig. 6

field effettt®t 1P§ﬁ'§qf8§1}ﬁ9 “ng'bgmbﬁdlgﬁg ﬂéﬁhe ?ved‘}/'gﬂ‘r’red state in

accordance w t Figmn erabdisigrammiatiofsettienal micaned ofield effect transistor deviee
in one programined state, and in accordance with an embodiment of the
invention.

Fig. 4 is a view of the Fig. 3 field effeci transistor device in another
programmed state in accordance with an embodiment of the invention.

Fig. 5 is a diagrammatic top or schematic view of a non-volatile memory
array in accordance with an embodiment of the invention.

Fig. 6 is a diagrammatic sectional view of the Fig. 3 field effect transistor
device associated in the Fig. 5 memory array in one programmed state and in
accordance with an embodiment of the invention.

Fig. 7 is 2 view of the Fig. 6 field effect transistor device in another

programmed state in accordance with an embodiment of the invention.



3 DETAI LED DESCRI PTI ON OF EXAMPLE EMBODI MENTS An exanpl e
mencapaci tor device 10 in accordance with an enbodi nent of the
invention is shown in Figs. 1 and 2. Such show nentapacitor device 10
in tw different programmed states. Alfernate and/or additional
programed states nay be used. Referring to Fig. 1, menmeapacitor
device 10 conprises a pair of opposing conductive el ectrodes 12 and
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In the context of this document, a “mobile dopant” is a component (other
than a free electron) of the semiconductive material that is movable to different
Ipcations within said dielectric during normal device operation of repeatedly
programming the device between at least two different static states by
application of voltage differcntial to the pair of electrodes. Examples include
atom vacancies in an otherwise stoichiometric material, and atom interstitials.
Specific example mobile dopants include oxygen atom vacancies in amorphous
or crystalline oxides or other oxygen-containing material, nitrogen atom
vacancies in amorphous or crystalline nitrides or other nitrogen-containing
material, fluorine atom vacancies in amorphous or crystalline fluorides or other

fluorine-containing material, and interstitial metal atoms in amorphous or



crystalline oxides. Mobile dopants of naterial 16 are depicted

di agrammatically by dots/stippling in the drawi ngs. Density of the
dots/stippling in a given area/volune in the draw ngs indicates
degree of nobile dopant density, with yrore dots/stippling indicating
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One of sem conductive material 16 and barrier dielectric material 18
is closer to one of pair of electrodes 12, 14 than is the other of
scm conductive material 16 and barrier dielectric material 18.
Correspondingly, the other of the 6 gem conductive naterial 16 and
the barrier dielectric material 18 is closer to the other of pair of
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closer to one of pair of electrodes 12, 14 than is the other of semiconductive

material 16 and barrier dielectric material 18, Correspondingly, the other of the



The nobi |l e dopants nmay or may not be honobgenously distributed

t hroughout material 16 in the Fig. 2 high capacitance state. Further
and regardl ess, different sel ectable progranmmed capacitance states
beyond or in addition to a highest andsl| owest capacitance states may
be achi eved. Regardl ess, nencapaeitor device 10 is characterized at
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effectively a dielectric. Some quanl;ty of mobile dopants greater than zero may

be within region 22 as long as region 22 may function in a dislectric capacity.
Regardless, region 20 has a suitable higher average concentration of mobile
dopants than any concentration of such within region 22. Any mobile dopants
received within either of region 20 or region 22 may or may not be
homogenously distributed within the respective region 20 or 22. Regardless,
region 20 is electrically conductive, thereby effectively providing a thicker
conductive capacitor electrode by a combination of material 12 and region 20,
On the other hand, region 22 is dielectric thereby adding to the effective

dielectric thickness of mobile dopant barrier dielectric material 18.

Referring to Fig. 2, the mobile dopants are shown to be sufficiently received
throughout all of material 16 such that the entire thickness thereof is essentially
electrically conductive. Accordingly, one of the conductive capacitor electrodes
effectively constitutes the combination of materials 12 and 16. Further, in such
state, only mobile dopant barrier dielectric material 18 constitutes all of the
dielectric thickness between conductive capacitor electrodes 12 and 14. Thereby,
the programmed state of Fig. 2 has higher capacitance than that depicted in Fig. 1.
Further considered or in other words, the capacitance in the Fig. 1 programmed
state is lower than the capacitance in the Fig. 2 programmed state regardless of an
amount of charge actually held by memecapacitor device 10 at any given moment in
time. Whether memcapacitor device 10 is not charged, partially charged, or fully
charged determines the charge state of memcapacitor device 10, but does not affect
the capacitance of memcapacitor device 10. Thus, charge state, as used herein,
refers to the amount of charge actually held by a capacitor at a given moment in
time. Capacitance, as used herein, refers to a number of coulombs per volt that a
capacitor is capable of holding regardless of the charge state of the capacitor.



8 Cis the device capacitance Ais the area of electrode 14 exposed
to material 18. st is the permttivity of material 16. characterized
by region 22. .s2 is the permttivity of material 18. ti is the

t hi ckness of region 22. t2 is the thickness of material 18. The
different progranmed states may be attained by application of
respective suitable differential voltages relative to conductive
capacitor electrodes 12 and 14, such as described in Strukov et al.
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mat eri al 183 be considered as TiOa.4 having an overall average oxygen vacancy em] ¥

sufficicntly greater than § x 10'? vacancies/cm® which is sufficient to render all
of region 16 to be conductive. QOverall average oxygen vacancy density in
region 20 in Fig. 1 is greater than that in region 16 in Fig. 2.

The respective capacilances in connection with the Figs. 1 and 2 model

may be characterized as:




9 Regardl ess, in one enbodi ment a nenctapacitor device conprises
a pair of opposing conductive el ectrodes, for exanple conductive

el ectrodes 12 and 14. At least two nmaterials are received between the
opposi ng conductive el ectrodes. One ofgthe materials conprises a
crystalline sem conductive netal -containing nmass that is overal

stoi chionetrically cation deficient to formnobile cation vacancies
in a space IatéL ﬁedéﬂmﬂm a(}c;traﬂ:)odlment the crystalline sem conductive
nmet al - contalnlng mas R ystalllne sem conductive netal oxide
mass. The othe$lmﬁﬁewpade@N@CBéﬁﬁméﬂi@H@ﬁ@@ﬂﬂﬁc material that is in

physi cal touchi, ﬁg:hGQEEﬁﬁivlt%t Ratchgl O hatedieibdienys@pbeonduct i ve
nmet al -contai nin ervious to novenent of mobile

cation vacancﬂ"égl ?’FBF‘ﬁ“’égﬁ"&yﬁg@?ef'ﬁtg&[}t he barrier dielectric material.
The ser ai conductsi thetmdkssessaficksidne2barri er dielectric material are of

di fferent comp9sihi aichdsarinMe@ng another which is at | east
characterized by at |east one different atomc elenent. One of the
sem conductive mass and the barrier dielectric material is closer to
one of the paiThecfiffgbeqiregpaescd ftams insy bhettaptdddry applidabien s conducti ve
nmass and trgk%cgf’orc sh%bl@&n%ex%ﬁ&él'&lt%% ehh@le to I&ﬁiu@ﬁﬁecfap& toI he

sem conductive mass and barrier dielectric material is closer to
the ot her cieirpdra 15an¢ lﬁvfs“@} BAP B n RigHkoy &1 Ph el M5 assdne pepyistor

sem condugtinde, Wmes PabldshinyeGroag,rii May 2ie (8] ot #b%; pprate83. afar Exarrpl e
materials Lon, L %ﬁ%{dﬁ%&ﬂ:{ﬂh wﬂegémlgg@ﬁﬂ&éabms Bhidie GO R Jsh}ag mass in

this enbocil ment hose descr ove for materl al .
Exanpl e nd€&tiveMeltaest copld)as sRpdpd 1y ondeatiye glepfrgder i 3 pnd W ‘Pﬁi‘“é“

enbodi menthd mebilkdipimoseheteserddiedr edpeN®i ffon olasiidosductivel ectri c
materi al Jeﬁectrgﬁeﬂ% ﬁoy'\ﬁmt‘ﬁédé&cz%‘h&nﬁa@&g rﬁﬁﬂﬁng”ﬁ%eé §Ghide any one

or conbi nati on of e describ above wt I es to the exarrpl e
enbodi nent?8d d&eig Fﬁ@aewfffﬁ thegfragranping (o lepgditferen zHds removed. An
enbodi nent of N&ecapmientedee BNGEIPASsesheschetdioa lohodtagrsani ng a
capaci tor betweem didLaLErk) §c§]rﬁ1t3ét9d B/ QONAMMRRL &R bAL RS aERLACt eri zed

by di fferent caE)am tance enconpass. usi ng capacitors as

descri bed Girb 18 eﬁfﬂwrlwfﬁfﬁt@wr&%&em%%ns PRy aroilededesal? enbodi ment
of such nendod eafpricsesiapgkyiing neywohdwge vety el end inaignifietmeen t wo
conduct | ve.63R3614uRlecRh LT QST R1 SIS ARAL LaidioRARLS, Lo move from

a sem conductive nmass recel ved conduct i ve capaC| tor
el ect r ode$S*PHHAT B! &PREBRT EreddprsienasHf feareartrderaterioe 490 Hathe Figal

recei ved beignaefned fae bindrepanchicthe venmbiapheiphdtaned efahdtat® 36 kad | Ncr ease
capaci t ange. 0f ok e fARAGHA 3. MBhcliOMRLiEIR3ERLA0GEy ABsglate to a
hi gher capacitance e semconductive mas nobi | e
dopant barphegrtieniyrerdetar@s Ageraciten Charng retistan R4 é‘f‘@ﬁ‘t‘e‘bﬁr?ﬁb’%liﬂtl on
relative ares@nab Ia@rn,s\ehtbm msgzat“cdnemkag@hafraﬁtoemeihed)abyoraiewlceast one
different .gto el erre r

materi al i ﬁhepqéi%:fzf Zpr :,mg[’d%ld w%'(')cﬂéln %m !”el wgr t% %E %he

mobi | e dopéntl: ts‘amqﬂer Cawr@eﬁwi@ qmcetﬁm&lofwmawwwr@vw 19 ke vol t age.
Exanpl e makyj #ig, ﬂﬁ@@ﬂmcdmm zﬁﬂﬂdﬂﬂﬂs\lzﬂgﬁ&ﬁ&/m{ﬂﬁkaﬂ @nd nobi | e
dopant diel ectri G mat ﬁ %/ as, dels1 ri Q%gl ab Qv F tF| gs. 1 and 2
depi ct an "EXERPE &G "T"m Cfﬁ'agg ﬁ‘ﬁ{ﬁlé PR G RG F MR st at e of Fig.
1 to that noferfdl 8- 2. Such nay be acconpl i shed by appl ying suitable
positive and/or negative voltages to capacitor el ectrodes 12 and 14
whi ch cause the nobile dopants to mgrate toward el ectrode 14 or away
fromelectrode 12 thereby transformng the programmed Fig. 1 state to
that of Fig. 2. I n one enbodi nent, a different voltage
differential is subsequently applied between the two conductive
capacitor electrodes to cause the nobile dopants to nove away from
the nobil e dopant barrier dielectric material to reduce capacitance



An enbodi nent of the invention enconpasses a field effect transistor
device which is capable of being repeatedly programmed to at | east
two different static threshold voltage states. Such is shown by way
of exanple only in Figs. 3 and 4 with gespect to a field effect
transi stor device 30. Fig. 3 diagrammatically shows an exanple
hi ghest static threshold voltage state and Fig. 4 diagrannatically
e A e XAk G50l Sk Gl U eS oL YAl B0
Transi stor device 30 Ses™a pal rof Tsour ce/ di s 32, 34,
a channel qafe@mﬁn%@nlﬂe@éw@d%@ﬁ éﬁ*mwpéfa@qndwwselawe@/ea#gm Fegi ons
32 34, ang: Ra@ake na @FSslabCick @FedRnth GRe dppoaReEctbhfive kRsirbdE e
channel re8|o Senmgnaﬁce/dtain re annel. regi on 36

|
are shown as %el n or neampﬂTs\?\gicf)ﬁ%rlll"ﬁa Sgﬁfctog% Ctew%rélﬁt]a{(j%al’?cﬁucl?% ve
mat eri al 38assftbyt lmmél woipbnoeirigslbatation defigignt ¢oferm pwbe ketlon38 woul d
be suit abl «yacbmésgﬁ Qupde dapad bnt &ﬂﬁ&dxm&ttﬁﬂ@cﬁy&ﬂllﬂasﬁﬁxc&m&n@ 36

with at | east rst or seconduconductl% % %tgg ‘? ant g‘?{Ch that a
current pa?"ﬁahﬁvtad’@ngg’la% CE ATEIRS PP S PEG DS We R s BT R Er 4% regi ons
32, 34 by stbértrageridppd badet deletige gateeial GeUs depigsiatinoycayizonste@2, 34
are shown agn BRiPGARNAEIdoYBuctive fnléﬁﬂl QbnihiRGk Ass Waieh ihave been

suitably doped . with at | eas onducti vi t, nhan dopant of
Sppoait o COMIATINT POV PSRot BOTROEURT EHATIEFom Ui B8 Pal o Lop,

or ot her riegiignkslcahemhwriakxiletsimigonductiet mhs@«&b«éth@lévveicopsbbctr'may be
used with ﬁm@{,arar.@éfcpﬁartemojan{p@gh&n&:a?ezc oaéanoa{ér whicARSdr3tRr device 30

is diagrammmati cal | hor.izontal transistor.
Any ot her %W]eﬁﬁ?%?y ﬁﬁeals'sm?éﬁj?"érﬁﬁlaé‘irgl f“hecl2 *&%i'%ting or

yet - t 0- be- devaindpdide ey ardthnipdrdendieie¢tdamaterialcie sped to amdoffhn Pet

whet her f ahid Gai@dobdd vl 15th&>@1¥@r%@ﬂfil&€ﬁ&5n&8n+eﬂﬁws @hdthe bQ{ant her

substrates et.her ex in
Sonat 1 act BheGHe Bie - b En o e e G B Bart Badaat aat o
const r uct i &rle@8c alagwiat srepsesie sheowhér of tecmirgdktPacedey thanat dejcat 42

conpri si ngoffmé)selnﬁc&aaaﬁ&&a&@m t!'!@garWEzlt chl:l@ctﬂc gia&h@ptﬁﬂaﬁlp&nd a nobile
dopant barrler di mat er. IS received

o amen oS T e uui et e s R inti s PRRSSe . Noi | e
dopant barm@ﬂtrmhneinebldp Ff@smsemlpfdlabnw fog malepiglekd. tEyxamhlgrmadérialegi on 36

than to comduehidLdigRt@icdLdital ﬁﬁlﬂzs‘k@nbo%@i@@l@&@iﬁh%&ie%ﬁﬁ&i al 42 is
closer to %Ond}é(%lijl ve e tra?qg églera{? o C anneb dre ion 36.

a
Seni conduct™™Ve At ert a }eﬁrﬁlc Barti er el ecetsrl chET et ‘44 are of

di fferent oot poreneer a@mb«eatmevfalmt ﬁ@qcanwtbovm\yﬂloresmytmot be at
| east Charﬁekﬁmp@@éinmnﬁémd &astbeanandicftacentrig exhe2c! ement .

Exanpl e materi onductive gate el ectrode, 4 c the.sane as
Thatdescr | bec BEBUEPER LPE T SyEE “esmatit i et el auct | ve

materi al s @EaCIilonbtttwdffrirrgffpﬂt@tpﬁéirttclFesgramdablmstat%ah@@mrm@' bbhe the sane as

t hat descralh@ldmaéagy&amr ﬁ@}%ﬁﬁ)@%mphmsmatc%aba&m 164Qtsmncapaci t or
devi ce 10. Exa

il e dopant bar i er di ctri ter S 44,
ol o ma AT bTiEh SR BT D Reae ek B R S e e or | bed
above for swiprise agolyamta trdesd difcensildetwdes thateditaive t&aoftor

mencapaci t QL. da¥d 16 @ak@ mobile doﬁgg% q{omg frlz,ﬁ.s.os%g,taomchm pkaesses,
sem conductivc material 42 dopant barrier di eI ectric

material 4%°HEY BEYGE “l"Hé’Ds“&WE“’B‘r‘G %ﬁpf“f‘@r" éﬁf’t“{dﬁf toRiAR L mobdile

dopant barrier diclectric material received between the two conductive capacitor

rl:,eq i3 paa

clectrodes to increase capacitance of the capacitor [rom a lower capacitance



12 I n one enbodi ment, nobile dopant barrier dielectric material 44 is
no thicker than material 42. In one enbodi nent and as shown, materi al
42 is thicker than nobile dopant barrier dielectric material 44. In
one exanple, material 42 has a thicknggs from4 nanoneters to 100
nanoneters, and in one enbodi ment has a thickness no greater than 20
nanoneters. |In one enbodi nent, nobile dopant barrier dielectric

materi al 44 hag, aamgﬁ&wayﬁ,@me NS d?hé&&rﬁmgﬁamferm ind'@BarmBlier to 12
a thickness no %r eat er

nanoneters, and i n one enbodi nent

than 7 nanditRi barrieadi %ﬁcéfb‘é*&F‘F’f%‘ %&aﬁﬁ?@rw SHERSHHSP refat YT

conduct i ve agather ®hieb s adeasdbhacansized By esieenbhalifierat aixeh@cndamadt. _
platinum h%e@.ﬂabﬁe a@h%‘i%?ﬁ% 8% eﬁtrm{%ﬁg}?&ﬁ ng%le? s &o@i@tdoﬁ%ﬁi I er

dielectric materi nanonet ers.
Seni conductfmrfenm'tnérliﬂtalih%@f’blée @Pé@}riﬁrfmﬁtql?iwm nrfecpl Bngprtiapoel and has

aﬁ aE overaiflé Edlﬂgskeﬁéﬁplafmo@uaammg wnﬁcoﬂdmﬁﬁegnas@ma&@m@ﬁuA|8blh=,as ﬁ

thi ckness o oneters a as ess t han
R AR ML e R A SRR Ll LR T ety
Regi on 46 hasmpicolisodbressanmink npooreefen sheatde aﬁFmvétcaihht ef\iag.aye
oxygen VaC%SNm%%%'aE% sk daCiveblyn fg{u%%x@ oli tl@élarﬁua& nJeQa:m

vacanci es/ cn8 wh renders reglon conducti ve. 4, reglon
42 may be aeﬁgscaé? é@a%@ﬁﬁl@wesmnﬁdwwmwaq 1h°§wé?flad%vaa%en
vacancy densigtaye suhfd abanidk )4 gr easefromhdartubdx 1 A hitrebpeandbesagid whi ch

I's suffici ent e 42 to be conductive. Overall
average ox g ‘I’nqmg‘gﬁ lcigaum%atloﬁ%?ggal on 46 in Fig. 3 is greater than

that in region In2ng gmpgiment, a dlfﬁefem VOH%?edlffB@é‘Palrlé@B’é%ﬂuF t hr eshol d
vol tages i Qpﬁ%”ﬂ%ée@ﬂhﬂﬁ&h&b@ctﬁbgﬁpagitaﬂdeéroﬂ'%j@'caﬁﬁ)ﬁh@@noblle

character| Zdedan?'ssta ngove away frl‘otngle mv-gxle dopam %grr:er a-ie'[ectrlc material to
reduce capacitance of the capacitor and thereby program the capacitor to one of
said different static programmable states. Such may, for example, occur by
programming the Fig. 2 state back to Fig. 1 by polarity reversal from that which
produced Fig. 2 from Fig. 1, or by application of some other sunitable differential
voltage to achieve the stated reduced capacitance effect. Further, such
subsequently applied voltage differential may or may not program the capacitor
back to the immediately preceding capacitive state. Accordingly, programming
to mote than two capacitive states may selectively occur.

An embodiment of the invention encompasses a field effect transistor
device which is capable of being repeatedly programmed to at least two
different static threshold voliage states. Such is shown by way of example only
in Figs. 3 and 4 with respect to a field effect transistor device 30. Fig. 3
diagrammatically shows an example highest static threshold veltage state and
Fig. 4 diagrammatically shows an example lowest static threshold voltage state.

Transistor device 30 comprises a pair of source/drain regions 32, 34, a
channel region 36 received between a pair of source/drain regions 32, 34, and a
gale construction 38 which is operably proximate channel region 36.

Sourcefdrain regions 32, 34 and channel region 36 are shown as being formed



Cs gate area as where: VT is device threshold voltage VIB is fl at
band voltage pa is potential difference of the channel ferm |evel
and the intrinsic Ferm |evel divided by the elenentary charge q is
el enentary charge Cs is permttivity @f Silicon

within a suilable semiconductive material 38, for example monoerystalline
silicon. Material 38 would be suitably background doped at least in the region
of channel 36 with at least a first or seccond conductivity type dopant such that a
current path may be selectively created between source/drain regions 32, 34 by
vaoltage applied to the gate. Source/drain regions 32, 34 are shown as being
conductive diffusion regions which have been suitably doped with at Jeast a
conductivity enhancing dopant of opposite conductivity type to that of channel
region 36. Halo, Lop, or other regions, whether existing or yet-to-be developed,
may be used with and/or as part of regions 32, 36, 34. Transistor device 30 is
diagrammatically shown as being a planar or horizontal transistor. . Any other
configuration is contemplated whether existing or yet-to-be-developed, for
example vertical, recessed, and FinFet whether fabricated in bulk,
semiconductor-on-insnlator, or other substrates whether existing or yet-10-be-
developed.

Gate construction 38 comprises a conductive gate electrode 40. Gate
construction 38 also comprises both a semiconductive material 42 comprising
mobile dopants received within a dieleotric and a mobile dopant barrier
dielectric material 44, each of which is received between conductive gate
electrode 40 and chanmel region 36. Mobile dopant barrier diclectric material 44
is ¢closcr to channel region 36 than to conductive gate electrode 4{.
Semiconductive material 42 is closer to conductive gate electrode 40 than to
channel region 36. Semiconductive material 42 and barrier dielectric material
44 are of different composition relative one another that may or may not be at
least characterized by at least one different atomic element.

Example materials for conductive gate electrode 40 arc the same as that
described above for electrodes 12 and 14. Example semiconductive
materials 42, including propertics and attributes, may be the same as that
described above for semiconductive material 16 of memcapacitor device 10.
Example mobile dopant barrier dielectric materials 44, including properites and
attributes, are the same as those described above for mobile dopant barrier
dielectric material 18 of memcapacitor device 10.

Regarding respeciive thicknesses, semiconductive material 42 and mobile

depant barrier dielectric material 44 may be of the same or different thickness.



Na is channel acceptor concentration Cis gate capacitance per unit
area in F/n2 Fis farads 2 Mis square neters Field effect
transi stor device 30 may be programmed into at | east one of two
different static threshold voltage states as shown in Figs. 3 and 4
anal ogous to the progranmng with respect to the capacitance states
of capacitor device 10 in Figs. 1 and 2, respectively. For exanple in
Fig. 3, a region 46 of sem conductive material 42 is anal ogous to the

Fig. 1 regnoonbnbédithedt, nRHidARNObarSi@NIRARENIE nlaVeRialBh & h@thidider] S

anal ogous to the Fig Li kew s the pro o state
depi ct ed fH‘r“ﬂt%@e’flf‘le‘?ﬂdl@f?‘g:c‘iln?‘?"éﬁ%i‘*s"’tf@rasd greemst ’-"iag‘*iﬂsgﬂ“ ef ghan
anal ogous i:ﬂbtlbﬂop&rﬁgfa&%ﬁd‘l@lestrii’lxﬁai@ftaiifatpam éweﬂmﬁlé;enalenalmﬂ@.a 2,
and whi ch ¥k Chl geved f%r ex | e _as yescr%bed bel g . An
embodi rrentﬂ’g f’t"ﬁse °H’v AT BRC e I8 YA SERAME e ARG I 8P° BPBYHEGH W &
field effetiiclicanss gicaterdban 2@ nafometexaliploac debodendd, mobisodaepaat. her

tield eff e'ga;[.rriml éiclcmric material 44 has an equivalent oxide thickness from 1
nanometer to 12 nanometers, and in one embodiment has such a thickness no

greater than 7 nanometers.

As a specific example transistor device 30, conductive gate electrode 40 consists
essentially of elemental platinum having a thickness of 5 nanometers. Mobile
dopant barrier dielectric material 44 is ZrO, having a thickness of 3 nanometers.
Semiconductive material 42 is a combination of TiO, and TiOQ;,, and has as an
overall thickness of 4 nanometers. In Fig. 3, region 48 has a thickness of 2
nanometers and is TiO, that has sufficiently less than 5 x 10'® oxygen
vacancies/cm’® which renders region 48 non-conductive. Region 46 has a thickness
of 2 nanometers and an overall average oxygen vacancy density sufficiently greater
than 5 x 10'® vacancies/cm® which renders region 46 conductive. In Fig. 4, region
42 may be considered as TiO,., having an overall average oxygen vacancy density
sufficiently greater than 5 x 10'® vacancies/cm® which is sufficient to render all of
region 42 to be conductive, Overall average oxygen vacancy density in region 46
in Fig. 3 is greater than that in region 42 in Fig. 2.



transi stor device. Regardl ess, such a nethod conprises applying a
voltage differential between a channel region and a gate electrode to
cause nobile dopants within a material received between the gate

el ectrode and the channel region to ngye toward one of the gate

el ectrode or the channel region to change a static threshold voltage
of the field effect transistor device that is retained after said
applied voltage differential is renoved. In one enbodi nent, the

appl yi ng of a Vel Ratfdrapetiss Brshalf vRRARESINCARICREM Yith U6 523227 owar d

t he gate e ectslace barbarhaigizedses the threshol d voltage of the

transi stor device. Such is shown or+ay—be—coensi dered, for exanple,
in programming the field effect tr @2&;%2{@@ ce of Fig. 4to

achi eve the st¥#ye=of VFggt 32§0‘gl+0n'e—€rrb'gg1—rrem-, t he applying of a

vol tage differential noves the nobile dépants toward the channel

regi on and decreases the threshold voltage of the field effect

transi stor. For exanpl e WF}h respect to device 30, such is
exenplified by¢praigt4fiffhg % om t he device state of Fig. 3 to that of
Fig. 4. PrRg.amm ng of field effect transistor device 30 to
either of the states of Fig. 3 and 4 may be perfornmed in an anal ogous
manner to that achieved with respect to Figs. 1 and 2 for capacitor
devi ce 10. For Vekalrpice tirgshpidoghageni ng transi stor devi ce 30,
conductive gateﬂeiggg;];aqgeom@crray be used anal ogously to use of
conducti ve electrode 1 |to ce 10 i 1 and 2.
Further, chann® lsrpgﬁf’g‘ﬁ dffg‘ Qeéﬁ@P%fjgr&“%ﬂ&mgﬁget 'g‘ﬁ'{ns’rcunct i ons

anal ogousl@ﬂrlﬂb use of conductive electrode 14 in capacitor device 10
in Figs. 1 and 2;cvﬁqrv,@@aajmheﬂe,g&aﬂgahdrg@gi on 36 may be provided to a
suitable volta eotgepatr &art he result of suitable selected current

fl ow between s urcé?él ions 32, 34, or by direct application of
a voltage to s@d?%ﬁ‘é?‘é‘ﬂh"frsé %n 36 by sui tabl e vol tage application
to material 33nputctamitel Rtept@@beRnBGionFurt her, mnul ti pl e programed
threshold vol t age, 5t al.851.REYRP it ¥R, mee errpl oyed. Enbodi ment s
of the invention &l o enconpass non-volatile menory arrays. Referring
to Fig. 5 an BXdAPFe non-volatile menory array is indicated

general Iy withmt sfseneaaetersuner al 50. Such conprises a plurality of
word lines W. and a pl urality of bit lines BL. Such are shown as

bei ng straight n whi ch ort hogaonal cross rel ative one another.
Gher shapes aHARGFUGgrol bR oD oy ok e n ot e Age of

yet -t 0- be veviligpgdiatiptlyetheldyolitke sBitgs ak sl iBEigantandot ehalogmes WL ar e

di agr ammat j,Gad pr¥g@Rhi .@chma;seeﬁbhwe @andc@t Fd'sgr capa@for dded @UChi ng
one anot her }5"9 not be

1 i (ﬁy respe qvcf’ 1% amp 'l!'%h SUC lDl‘l
ohmcallyé‘ﬁzﬁ'e fRUEPET Ve 8 P (fe At8ré8tti ons. A
plurality omipadistiye peterisl 42vvh91@ﬂpgaptt°r¥@tFlsfﬂe@Blf°Féﬁlﬂn9 adesi¢igtfat ed in
Fig. 5, V\Dw&mnend@ﬁbmﬂ&,41mztmarb@muswehr@tméa rBEBPLY Bikéw@iye,of Fi Q.

i? al Bld![ V: ?\ﬁgrugfr}?xpnr gstate de}actlrgg}[orl?l{ﬁ_faﬁirt?écﬁral{sm}% dvaea‘Edqml nt %I’ section

f* ‘exanple, a
si ngl e bi tislapHezomaip %99@55’6@11&3 defe W eAmagiier ﬁ?"p)‘}eemriﬁ s %‘él s with
each havi ngpick ﬁxaﬁwacﬁl&'i@d?foatzﬁﬂnﬁl@isdiclsdrmed bd18F. exarrpl e correspondi ng
I n deSI gn to NAND I)DCP eiit oﬁﬁgarv%lnt%snséncorln nagseVI (in'égl 0 Mx Cel l > Of the
non-vol atil e rrenor arra I'TVee onpri e BCt Lransi stor
devi ce capf®i effestt TTBEﬁiNﬁ@f é’\?%rig’i %P?Pﬁsﬂsgﬁﬂafﬁﬁdwwﬁff ilﬁ‘ésife“ﬁv\o
different static threshold voltage states. Such field effect
transi stor devices may conprise devices as descri bed above in
connection with Figs. 3 and 4. Specifically in an exanple, Figs.
6 and 7 depict incorporation of field effect transistor device 30 in
a non-vol atile nmenory array such as that of Fig. 5, and correspond to
the programm ng states of Fig. 3 and 4, respectively. In an



16 depicted block 75 which is associated with one or nore nenory
cells in addition to the one nenory cell depicted in Figs. 6 and 7.
For exanple, indirect connection to a bit |line may occur anal ogous to
a single bit line being connected to g4string of non-volatile
charge-storage transistors in a NAND array of nenory cells for
exanple as shown in U S. Patent No. 7,476, 588. Regardl ess, in

one exanpl G, FHORNYQ! ddeh EudlE MY 3hdeR¥a g@rgpzﬁs% ?ﬂ?%‘ﬁ%aﬁi&gpy usi ng

field effect transistor devices as descri erein“the gates
are essent figfersntigt bywapmashannsbregignaindameate glseisodedo gapieaspbite ansi st or

of a menory, el wenRhahskhe r@cé‘xhﬁﬁlﬁkt%éﬂﬁb%&&%]e&&ﬁe XA @anb|
floating body flash cell reversjb and statical retajns data by

shifting tiFEESHEIRP PP aATIFi%4 ‘%&?“géle§i"8?%§ethe\ﬁh@r“§l KeipmigmiryEcel |
i ncor por at 4 pgtia threHdsd 6610ipc S thteSaa icbRe: halsBidt desice apald ﬁetﬁﬁedst oring

Lhe gate comecrEpraled st it aaucgr -SA0%5. af Pof ~Shefiia Bhnnol
regi on t heampivieg cék eottagedéiffofentinemoagpabs tmwbile Tppohits foonmal thelgagh
transistor aeég{e%d i Qm.di ﬁ%e%geshaﬁ%ﬁa fathE ﬁ%HJIEtopécééeor%h‘%Dar ge

in the formo ree el 6ctrons el ng cap easy ejection fromthe
floating gdioes drmayhiecdpnsiderrdafas expopledin womeﬂw@gtr ¢fisetat e.

Fi el d effeﬂnsmm&te%rfr@w ©ehR0E nRonvel.atid e, TRIERE KB 4ided, he
I ncor porat | devi ces _as described herein I | mune

such
to any di s%nﬁsﬁng sEpasltage differentip) meveadbamo@llmﬁw)(mm%th < ?'@E&h |y
cj ectable, rcgfon&Indaﬂehreaffd’sQli’ﬁ {hbahb Idansiagt of thagicdsifbyl tagsitfoee Fet ect rons

are so ejectable in f as Fur t i.nce s i nduced .l e kage
curront -w PEORIC BB RERS 1 dEVise 0Lt iR Frer B BB ER P SRS o
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correspondlng tu ectric Is ricated in flash.
Fig. 3 and 4 may be pcrformcd in an analogous manner to that achleved with

respect to Figs. 1 and 2 for capacitor device 10, For example in programming
transistor device 30, conductive gate electrode 40 may be used analogously to
use of conductive ¢lecirade 12 in capacitor device 10 in Figs. 1 and 2. . Further,
channel region 36 may be operated such that it functions analogously to use of
conductive electrode 14 in capzcitor device 10 in Figs. 1 and 2. For example,
channel region 36 may be provided to a suitable voltage potential the resuit of
suitable selected current flow between source/drain regions 32, 34, or by direct
application of a voltage to source/drain region 36 by suitable voltage application
to materiz]l 38 cutside of region 36. Further, multiple programmed threshold
voltage states beyond twe may be employed.

Embodiments of the invention also encompass non-volatile memory
arrays. Referring to Fig. 5, an example non-volatile memory array is indicated
generally with reference numeral 50. Such comprises a plurality of word lines
WL and a plurality of bit lines BL. Such are shown as being straight lines
which orthogonally cross relative one another. Other shapes and angles of
intersection, whether existing or yet-to-be developed, may be used. Bit lines BL

and word lines WL are diagrammatically and schematically shown in Fig. 5 as



Cl ai s 1. A nenctapacitor device, conprising: a pair of
opposi ng conductive el ectrodes; and a sem conductive materi al
conprising nultiple different types of nobile dopants within a
dielectric and a nobil e dopant barriensdielectric material received
bet ween the pair of opposing conductive el ectrodes, the

sem conductive material and the barrier dielectric material being of

di fferent 669&1’-?9@ bid %tﬁc?hﬁ&ﬂe‘é@ch‘iﬂérﬁ@@hﬁﬁfuo%\k&hﬂdﬁd #dt eeast
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mat eri al bBFRAFYCEHE By Py 2yAdaiEe Hath cash wirasspat ofgt bikliec Bk 488 than is
the one Ofwhﬁ&m&&’m,cmﬂﬁ{cilw@W&Féxﬁiﬂp&ﬂd sinBlR Helideidy Wi el ectric
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conpri ses B om vacancy devi ce of
claim1 whigreeiay %WEPWB?PF@OMMC‘%PW yANG ﬂi"é‘etﬁfe%fd#ﬁ%erl al is no

t hi cker t hagivide ﬁ@lﬁb@%dﬂ@ilﬂ:b’ﬁo%i@ﬂeaﬁexﬁdﬂﬁhnﬁ?}@wr éo%ﬁﬁlsgﬁbklce :
dopants wt m 3 wherein

the sem cd g’ﬁ&?ﬂf ?(iff{%&gf’ Straplegf b?(?ﬁﬁ?“%‘%gy %WW 0‘855? &WPhin a
di el ect ri cdiffsrephitetiethrasheld voharesoitisl Sudo faldteloal traneistod dedies trdyc
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greater than 1BPHHHBmELEFEexample, Fig P P
effect transistor device 30 in a non-volatile memory array such as that of Fig. 5,
and correspond to the programming stales of Fig, 3 and 4, respectively. In an
individual memory cell composed of device 30, conductive gate elecirode 40
would connect with one of word lines WL from Fig. 5. One of the pair of
source/drain regions 32 or 34 would connect with one of the bit lines BL, with
source/drain region 34 in Figs. 6 and 7 being shown as being so connected. A
voltage potential may be applied to the opposing source/drain region (i.e.,
region 32) that is not connected with the one bit line for programming the
individual memory cell, for example into either of the at least two respective
programming states depicted by Fig. 6 and 7. Suitable CIRCUITRY would be
provided for reading the proprammed state of each memory cell by sensing the
programmed static threshold voltage state of the field cffect transistor device of
cach memory cell.

In one embodiment and as shown in Figs. 6 and 7, CIRCUITRY may be
provided that is configured to enable a current to flow through the pair of
source/drain regions 32, 34, the channel region 36, and the one of the bit lines
BL to which source/drain region 34 conncets when a voltage is applied to one of
the word tines WL. In one embodiment, source/drain region 34 may indirectly
connect with the one example bit Jine via onc or more of the other memory cells.

Such is diagrammatically shown in Figs. 6 and 7 with respect to phantom



18 6. A nencapacitor device, conprising: a pair of opposing conductive
el ectrodes; and a sem conductive material conprising nobile
dopants within a dielectric and a nobile dopant barrier dielectric
mat eri al received between the pair of 1@pposi ng conducti ve el ectrodes,
the dielectric within which are the nobil e dopants being

non- honogenous i ndependent of consideration of the nobile dopants,

the sem COBQMG&&%%cH&BQGH:@l isabdclala WRt edr lmrelnﬁ%wselmaerl al being
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barrier dielectric materi al
volatile memory arrays 1ncorporat1n;, such devices as described herein may be

Jargely immune to any disturb issues as the mobile dopants would not be as
readily ejectable, if at all, from the transistor as easily as free electrons are so
ejeclable in flash. Further, since stress-induced leakage current will accordingly
not be as significant a concern for data retention in a memory cell as herein
described, the example dielectric material 44 may be fabricated much thinner

than the corresponding tunnel dielectric is fabricated in flash.



8. Afield effect transistor device capabl e of being repeatedly
programmed to at least two different static threshold voltage states,

conpri si ng: a pair of source/drain regions, a channel region
between the pair of source/drain regiqgps, and a gate construction
operably proxi mate the channel region; the gate construction

conprising a conductive gate el ectrode and conprising a

sem corGlaétmsve material conprising nobile dopants within a dielectric
and conprising a nobile dopant barrier dielectric material received
bet ween the conductive gate el ectrode and the channel region, the
nobi | e dopant barrier dielectric materi al being cl oser to the channel

region thanqt o t ﬂenfeqﬁgé' \(fr d (,ﬁ:eel ﬁ1 t he sem conductive
mat eri al tht Cgﬁ % |electr|c belng
closer to tlge &9:18 Y& rsrﬁ%

| on;
and at S l\'}'i) %rara yples of
conpr i ﬁ?@ (??P 'F'?'Qr @ntd ‘Ekgﬁ iC anq“ro%l rlné’ 806{2}99 hert ﬁi electric
GO gtral fadived &f GPPRSI e pleGiepes ne
dopant SEHCA dH&H"ﬁoW@é%HBU@”idn ﬁHé%’i dyleetiis mpteatal qieiag @fh@lfferent
nobi | eca’@b%%%wnafrﬁjafwe HAe rﬁ’tﬁth&lfé’b"é@ﬁ‘r iscahdeash ahargtggzed by at least
non- ho@dgersifirent atomie elqmendepinge obithel apmisondiedve meerial and the
seni co@ioer vielaatde miaterial being closer to one of the pair of electrodes than

is the other of the semiconductive material and the barrier dielectric
material, the other of the semiconductive material and the barrier dielectric
material being closer to the other of the pair of electrodes than is the one of
the semiconductive material and the barrier dielectric material.

2. The device of claim 1 wherein the different types comprises
atom vacancy and atom interstitial.

3. The device of claim 1 wherein the mobile dopant barrier
dielectric material is no thicker than the semiconductive material that
comprises mobile dopants within a dielectric.

4. The device of claim 3 wherein the semiconductive material that
comprises mobile dopants within a dielectric is thicker than the mobile
dopant barrier dielectric material.

5. The device of claim 1 wherein the mobile dopant barrier
dielectric material has an equivalent oxide thickness no greater than 10
nanometers.



conprises nultiple different types of nobile dopants within the
dielectric. 10. The device of claim8 wherein the dielectric
within which are the nobile dopants is non-honbgenous i ndependent of
consi deration of the nobile dopants. g 11. The device of claim8
wherein the barrier dielectric is non- honbgenous. 12. The
device of claim8 wherein the nobile dopant barrier dielectric

mat eri &. i s Avmdrmicakacitbhaevide sempetigicti ve material that

conpri ses nebphie sfopspdsing ¢dnduetivk ellectkodes; and 13. The device
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semiconductive materlal and the barrier dielectric material being closer to
one of the pair of electrodes than is the other of the semiconductive material
and the barrier dielectric material, the other of the semiconductive material
and the barrier dielectric material being closer to the other of the pair of
electrodes than is the one of the semiconductive material and the barrier
dielectric material.

7. A memcapacitor device, comprising:

a pair of opposing conductive electrodes; and

a semiconductive material comprising mobile dopants within a
dielectric and a mobile dopant barrier dielectric material received between
the pair of opposing conductive electrodes, the barrier dielectric material
being non-homogenous, the semiconductive material and the barrier
dielectric material being of different composition relative one another which
is at least characterized by at least one different atomic element, one of the
semiconductive material and the barrier dielectric material being closer to
one of the pair of electrodes than is the other of the semiconductive material
and the barrier dielectric material, the other of the semiconductive material
and the barrier dielectric material being closer to the other of the pair of
electrodes than is the one of the semiconductive material and the barrier
dielectric material.



20 16. A non-volatile nmenory array conprising: a plurality of
word lines; a plurality of bit |ines; a plurality of nenory
cells, individual of the nenory cells conprising a field effect

transi stor device capable of being repgatedly progranmed to at |east
two different static threshold voltage states, the field effect

transi stor device conpri sing: a pair of source/drain regions, a
channel regiSn bét wield tdffeqtaitrardisRourdesich atapabigi afs beingd fegasedly
const r ygbhigeamoped altd y apr txdsratievd heifkiranpektdtRyl OntesBBl  voltagkh&tates,
gate c@whpusingen conprising a conductive gate el ectrode and
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t he word®hRd egarrler dielectric matenal bemg closer to the channel region than to
the conductive gate electrode, the semiconductive material that comprises
mobile dopants within a dielectric being closer to the conductive gate
electrode than to the channel region; and

at least one of:
the semiconductive material comprising multiple different types
of mobile dopants within the dielectric;
the dielectric within which are the mobile dopants being non-
homogenous independent of consideration of the mobile dopants; and
the barrier dielectric material being non-homogenous.

9. The device of claim 8 wherein the semiconductive material
comprises multiple different types of mobile dopants within the dielectric.

10. The device of claim 8 wherein the dielectric within which are the
mobile dopants is non-homogenous independent of consideration of the
mobile dopants.

11. The device of claim 8 wherein the barrier dielectric is non-
homogenous.

12. The device of claim 8 wherein the mobile dopant barrier
dielectric material is no thicker than the semiconductive material that
comprises mobile dopants within a dielectric.

13. The device of claim 12 wherein the semiconductive material that
comprises mobile dopants within a dielectric is thicker than the mobile
dopant barrier dielectric material.

14. The device of claim 8 wherein the mobile dopant barrier
dielectric material has an equivalent oxide thickness from 1 nanometer to 12
nanometers.

15. The device of claim 14 wherein the mobile dopant barrier
dielectric material has an equivalent oxide thickness no greater than 7
nanometers.



one of the pair of source/drain regions connecting with one of the

bit lines; and at |east one of: the sem conductive
material conprising nultiple different types of nobile dopants within
the dielectric; the dielectribg within which are the nobile

dopant s bei ng non- honogenous i ndependent of consideration of the
nobi | e dopants; and the barrier dielectric material being
non- honbgenous. 17. The array of claim 16 wherein the
sen conduct i mﬁtﬁbna\bo[gqmm@a@rmlrtapb@nfbrf§|ﬁgent types of nobile
dopants wit i plurBRtybemeftrifes; . The array of claim 16
wherein theadbﬁjrggwbpbw i &) whi ch are the nobi | e dopants is
non- hormgen%ugmrlaﬁ S7d8RMm EQI@'E%{U%” ! ¥ tHD émBhL %eﬂ%p@@ﬁwﬁrlsmg
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of the palr 0 esoourrcg%r%|r(1)freE;PoensOtzE]%'iwannnII) rgglon Letween the pair
of source/drain regions, and a gate construction operably proximate
the channel region; and
the gate construction comprising a conductive gate electrode
and comprising a semiconductive material comprising mobile dopants
within a dielectric and comprising a mobile dopant barrier dielectric
material received between the conductive gate electrode and the
channel region, the mobile dopant barrier dielectric material being
closer to the channel region than to the conductive gate electrode, the
semiconductive material that comprises mobile dopants within a
dielectric being closer to the conductive gate electrode than to the
channel region;
the conductive gate electrode connecting to one of the word
lines;
one of the pair of source/drain regions connecting with one of
the bit lines; and
at least one of:
the semiconductive material comprising multiple different
types of mobile dopants within the dielectric;
the dielectric within which are the mobile dopants being
non-homogenous independent of consideration of the mobile dopants; and
the barrier dielectric material being non-homogenous.

17. The array of claim 16 wherein the semiconductive material
comprises multiple different types of mobile dopants within the dielectric.

18. The array of claim 16 wherein the dielectric within which are the
mobile dopants is non-homogenous independent of consideration of the
mobile dopants.

19. The array of claim 16 wherein the barrier dielectric is non-
homogenous.

20. The array of claim 16 wherein the one of the pair of source/drain
regions is indirectly connected with the one of the bit lines via one or more
of the other memory cells.



21 21. The array of claim 16 further conprising circuitry

configured to enable a current to flow through the pair of

source/drain regions, the channel region, and the one of the bit

lines when a voltage is applied to thgjone of the word |ines.

22. The array of claim 21 wherein the one of the pair of source/drain

regions is indirectly connected with the one of the bit lines via one

or nore of tXe offtey amepiy ¢lelrhs16 further comprising circuitry configured to
enable a current to flow through the pair of source/drain regions, the
channel region, and the one of the bit lines when a voltage is applied to the
one of the word lines.

22. The array of claim 21 wherein the one of the pair of source/drain
regions is indirectly connected with the one of the bit lines via one or more
of the other memory cells.



