DATA CELLS W TH DRI VERS AND METHCODS OF MAKI NG AND
OPERATI NG THE SAME BACKGROUND Fi el d of Invention
wQ 0@0A)s9ERbodi ments of the invention rel ate gerer/abi099/036180
to el ectronic devices and, nore specifically, in
certain enbodi nents, to electronic devices having data
cells with drivers. Description of Related Art [0002]
Many types of electronic devices have a plurality of
data cells. Typically, the data cells each include a
data el enent (e.g., a nenory elenent, an inaging
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di ode. Generally, the access device controls access to
the data el enent, and th e nt outputs signals
i ndicative of stored or =~ [0003] In sone
el ectronic devices, the signals fromthe data el enents
Farg %go Egak to be reliably sensed. Typically, the
are made relatively small to increase
the functionality of electronic devices and | ower
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IS, that sone data el enents output signals that are, .
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it can be difficult to use the signals for useful

pur poses, such as indicating a digital value (e.g., O,
Dlescr@ptior)df Related Aer an anal og value that is stored or
sensed by a data el enent. BRI EF DESCRI PTI ON OF
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danceldedsthansiutid a dma elebedi (@R ta mdmdrielepfeas emimaging element, or other
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deyife ARATTEGF 0P Py Shah &5 wAops KAt o gyPopY apdyifysgme instances, an

a1 ddiee, QLSS HMGisER o Biddd. NBerfdfdeihe abdebSddvade@@nidyls access to
FIGS. 1-29. [0006] FIGS. 30-38 jllustrate a_ process

theodats eJemicnl 2ad dher Gtalemen puipets figBrle indictive el siered g sensed data.
device and the driver of FIGS. 1-30; [0007] FIGS. 39

[gﬂgﬁ] goi inl ITH$bmdlecir¥iic @8Had ] tHB ik falOfromIthafa Blemdads are too weak to
be reliably sensed. Typically, the data elements are made relatively small to increase the
functionality of electronic devices and lower their cost. One consequence of this practice,
though, is that some data elements output signals that are relatively weak, e.g., of low
intensity. As a result, it can be difficult to use the signals for useful purposes, such as
indicating a digital value (e.g., 0, 1, 00, 01, etc.) or an analog value that is stored or sensed by

a data element.

BRIEF DESCRIPTION OF DRAWINGS

[0004] FIGS. 1-29 illustrate steps in a process for forming an access device and a

driver in accordance with an embodiment of the present technique;



accordance wi th an enbodi nent of the present
techni que; [0008] FIGS. 41-57 illustrate steps in a
W@ ewondsdsibodi ment of a process for form ng anPEDUERB9/036180
device and a driver in accd dance with an enbodi nent
of the present technique; and [0009] FIGS. 58-63 R
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wafer, a fully-processed whole wafer, a portion of a
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doped region 114. The depth of the upper doped region

112 may be generally uniformover a substantial area
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may be doped differently fromthe | ower doped region
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[00011] The substrate 110 may include an upper doped region 112 and a lower doped

region 114. The depth of the upper doped region 112 may be generally uniform over a
substantial area of the substrate 110, and the upper doped region 112 may be doped
differently from the lower doped region 114. For example, the upper-doped region 112 may

include an n+ material and the lower-doped region 114 may include a p- material or vise versa.



made of polysilicon and it may have a thickness

bet ween 500 A and 2,000 A, e.g., generally near 1000
w200/ 1h988r maski ng body 122 may be fornmed on PEEUS2009/036180

sacrificial body 120. The ldwer masking body 122 may

be made of an oxi de and it may have a thickness
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direction. These lines may be generally continuous and generally uniform in the X-direction.
In other embodiments, though, the lines formed by the column mask 126 may have other
shapes, e.g., they may undulate (e.g., up and down, left and right, or both), they may vary in

width in the X-direction, or they may be formed from a plurality of shorter segments.

[00014] After forming the column mask 126, a column hard mask 134 may be formed,
as illustrated by FIG. 4. The column hard mask 134 may be formed by generally-



[ 00015] Next, the columm mask 126 may be renoved, and

the col um spacers 136 nay be forned on the sidewalls
w@bowhesosdl urm hard mask 134, as illustrated bRCHFUR0095036180
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[00017] After forming the column isolation trenches 142, they may be filled partially or
entirely with a dielectric 146, as illustrated by FIG. 7. The dielectric 146 may be made of a
variety of materials, such as an oxide, and it may be lined with a variety of liner films (not
shown), such as an oxide liner and a nitride liner. In some embodiments, prior to forming the

dielectric 146, the bottom of the column isolation trenches 142 may be implanted or diffused



the substrate 110 may include etching the substrate
110 or polishing the substrate with
W@ b@oileabs mechani cal pl anari zati on. Pl anari zat PONUREN9/036180
i ncl ude renoving both the upper masking body 124 and
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on or in the sacrificial body 120. Additionally, an
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made of the sane material as the dielectric 146, e.g.,
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trenches 152 may be generally parallel to each other
egny) tp 40 nm, e.g., 1éss than or generally’equal to 36 nm. The spacers 150 may define a
width 154 between adjacent spacers 150 that is generally less than or equal to 1 F, 3/4 F, 1/2 F,

or 1/4 F.

[00021] After forming the second group of column spaces 150, the column-gate trench
152 may be formed, as illustrated by FIG. 11. The column-gate trench 152 may be formed by

generally anisotropically etching the exposed regions between the second group of column



colum isolation trenches 142, and they may generally

extend in the X-direction. The colum-gate trenches
wasdmspshave a depth 154 that is both | ess theem/Ukm®09/036180

depth 144 (FIG 6) of the oolum isolation trenches

142 and greater than the depth of the upper doped

region 112. [00022] Next, a colum-segnmenting mask 156
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The substrate 110 may then be etched, as illustrated

regjons| 18, angl togsthen Hig eﬁh@@% ERgian 140 and a maskeg regien @ may generally
At he Eu&m%ﬁyﬂ%& caltRinkLOm¥tnb nfs 9 B T Bel ch1AHM- §ég%é?ﬂh§ mask 156

etch that selectively renoves material fromthe
g (e dormesgli fopm phatoreist ar ikmpy beop hird asplerfopiastanemsA peRiopfof the
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per rtions um segnen i ng mask
156 may be renoved, as illustrated by FIG 14, and the
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r 5.
s R 11 iy G AT Bl b i eI 60t B
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planarized, as illustrated by FIG. 15. Planarizing the substrate 110 may include selectively
etching the second group of column spacers 150 and the vertical projections 148, or this
process may include planarizing these structures with chemical-mechanical planarization. In
other embodiments a portion or all of the second group of column spacers 150 and the vertical

projections 148 may be left on the substrate 110 and removed during subsequent steps.

[00025] Next, a column-gate dielectric 164 may be formed, as illustrated by FIG. 16.

The column-gate dielectric 164 may be deposited, grown, or otherwise formed, and it may



[ 00025] Next, a columm-gate dielectric 164 may be

formed, as illustrated by FIG 16. The col um-gate
walc@baeiosi c 164 may be deposited, grown, or otPET/MERE9/036180

formed, and it maysubstantially or entirely cover the

exposed portions of the upper doped region 112 and the
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tive eria nmet a
ERARAT pory TR Kt EmagtesBelfesi e oy cusodiodimggis,  column
e 166 MthyWei feEndm bEillhalate@byt e, $UDThE @@ e 166 Ha%/ ®B8 made of a
overburden is formed and, then, etching the conductive

feitduetivg maisriph syqhas  gletakar gened pebssilicen.raad dgwpydberfermed by depositing
R oHBRG e M&Q&l bf He Abstrace 11008 Pﬁoﬁﬁﬁ&%g'ﬁefbﬁed LA then, etching

colum gate 166 is not recessed | nto
perconduative @@tfa'fal tlt!té tieecdolimmn %@ ¢64 iseeched b&l’éﬁ/ theioppetr kaped region

I ener .conti nuo
L%, oS RLRas b3 BEPE: 968204 B0 Masgportions 162
of the |cummrggettetrexmhesr 152G8cthyt the cdlammgd eoIb6tiNgenstils cbadifious in the

%ég as IIustrated by FI 18. The col umm-gate cover
fogfgn %twge’élfj%qurcﬁorr I@SriBterial, such as an oxide,
nitride, or other appropriate material. In sone

BOD2T ment Bexd heolomliugﬁmgaéra 68%@?&16&16&;]% tlae%duafrmed 10, as

g electric material on the substrate
’Jﬁ/?étr%fE@EY Hséﬁ] Lt ﬂﬁ(ﬂP‘fFﬂg‘é%@Vsﬁ H8orty bea iglegiricanatgial such as an
A€ tritidef or@iRFapRbpriERCiaRH&1R Tn BHRY Bfbs@ e RS, thé Q&Ql%%lgate cover
After forn1n8 t he colunn 5ate cover 168, a row mask

hoRomay he famed belgposiingjaidigleatiiamateriglorrthgsubsgate THQ apdhen
PYBRdtizh, é)thgﬁyelécﬁ% Mekerif \hmhl“ﬂ'gacltéhté[r cﬂgmkéapﬁl%cﬁanﬁtdl planarization.

genera y extend in the i rection.
nbodi ments, these |lines are generally paralla
@Qﬂ%ﬁlm ly éft%fogmtng thef@lumn-getn ep ear| LG8 Lavomonssk 78 mkayi b formed, as

ﬁltl?tre?(ec‘flbf PG| l@n THe PoW? AEY 1 RITRRY 1@%‘:‘3 pb&r%g%ﬁmésr}g& generally

'ines may undul ate, vary in wd
Wdl@\&hﬁsckr@wn n*aymgenlebadhrryanmetﬁlewehmsﬂe@dnarelgy parsllel, generally

I T e I S M T T
thesegéres madlyl undelyteakary in wideh, labé sapimenked. (Tht edw Afadk 170 may generally
define masked regions 172 and exposed regions 174, which together may repeat in the X-
direction with a pitch 176. The pitch 176 may be generally equal to one-half of the pitch 161
(FIG. 12) of the column-segmenting mask 156. The mask 170 may be aligned in the X-
direction such that alternating exposed regions 172 of the row mask 170 overlap an edge 178
of the deeper portion 162 of the column-deep trench 152 (an arrangement that is more clearly

illustrated by a post-etch view in FIG. 20). The width of the masked region 172 may be



(FIG 12) of the columm-segnenting mask 156. The mask
170 may be aligned in the Xdirection such that

w@bdoenmasi ng exposed regions 172 of the row naBRT/LFH09/036180
overl ap an edge 178 of the &leeper portion 162 of 'the
col um-deep trench 152. (an arrangement that is nDre
clearly |IIustrated b post-etch view in FIG

genaaly aual @roress tlméi«éﬁ* . eyl @t 1T regymaskddh érrawbpylade of
PR 0 25 R, e g EREp Tl o
forasK. byld@ubloIpétcbiml‘g@dtmﬂmtegprrmddemtlnphdmskogtgfﬂlymnforinesub photo

itchin ryct forned w
R e iR B SRR oS ashal o o AEiSel, such as a resist-
réfﬁﬂxi o@éss 0Pk r@ifiend&uit-pphteth ivitaos BRlinfask RaMBEGMSSEHh a wet etch.
used, such as a reS|strefIOM/process or a

(Ip@gqlgrplt%%feéqﬁ t‘b the pracess of fommingsidewal} tpapgig RN p gatterned structure to
duﬁﬂ@f&%m& Bt ﬁrmf;se&e@,hcd 6;%?5@&9&& Ghichg jefers to
the process of formng sid spacers on a patterned
structure to doubl e the nunmber of structures defi ned

[00920he palNest Heesubstraie t g may by @dwadP fauaxdin rosd 80 separated by row-
tghe

SRR $6508 AR (A0SR, Ryl SOOIy vy formed by

gﬁw@lll)Q@usoﬁbplcakby\kfgatcmntgreapcné$eg1t88 lr?ﬂ}deﬁmedb}rthecb“bmask 170. The

ner [ 1y ani,sotro |c L1y the, et
3735 Bt 5y Sl e St B BARRR b e R D decper
pdi%idn MBY o ttle@dtlirgfte tBA:he DY, 1Tk 6mad Ebb@nRnEe@E Fow-Bak trenches
overl|l aps the deeper paortion 162 of the col umm

at
187 doy eweegterézo the PGPt b drgPrartion 16deleaying @aeglon of the column

ghtk 86 BREndiRE beky BRtin W Egh. t 0 the bottom of the deeper
portion 162, leaving a portion of the columm gate 166

extendi ng between fin rows 180. [00030] After formn
[Q0Q80) o\ gAfler forBIREEE rovgBate Sepehis ik @ TaVesaicdiplpeiriq é&g may be
fd?ﬁﬁéd% 1fll§’§tt’£€é§1 byalSIG b h Uk ﬁﬁﬁgat@ﬁlcl:ek@ic &Y. szEJ"B% gr, Rp&ited, or

dielectric may grown, “deposi ted, or "ot herw se
othgrwiggiformad, qn|_d 1h@9y mqhng dee @thrgorgrof ﬁm@elgqsm@ haterials described above

i ' above with reference to
“m%qggg%g%g,ﬁgkg&, gg@?@é&€gg4 [ 00031] After formng

t he row gate dlelectrlc 184, row gates 186, 187, 188,
[09d1h.89 nﬁ)fteb’é)rmmtéelrovasafpldimmat&‘éldrwga:ti:-‘d862287 188, and 189

mtﬁgg'?ﬁb@“%or gtrat%chlgy F@’Vzﬂaﬁ iskiboatiidnt, A8fw %ﬂ?sl ]8%9187, 188,

Si dema -Spacer process.
af 189 wey beitdrimed wrthtzemdtawka,ll -spacdn paEc§l§| M. fibh ba conductive material, such

asg’gg\g gﬂ'{eé gﬁgrﬁgﬁét% rr?e’t Fg?&%ff Sllé%)glk lrlflé.:]yotﬁd depoéﬁteg on the substrate 110
aed) itlsen| ﬁtﬁmtﬁ@ldaylyetdhh@d) legvel acdv@uative Qiddwell kpaeerSisdenals on elther
i o e E G o 1805 o2 o eatac 186, 187, 188, and 189 may overlap the upper doped
region 112. In some embodiments, row gates 186 and 187 may be coupled to one another and
at generally the same voltage, or in other einbodiments, they may be controlled independently.
Similarly, row gates 188 and 189 may be coupled to on another or they may be controlled

independently.



side of each fin row 180. The row gates 186, 187, 188,
and 189 may overl ap the upper doped region 112. In
WG o0me/16398Ddi ments, row gates 186 and 187 nmay beRCT/OSIO®M6180
to one another and at gener@ally the sanme voltage, or
in other enbodi ments, they may be controll ed
nden S]qilarly, row gates 188 and 189 may be
WIEREG o Mok arilerune mierteo Ry Pedoramsdanhy el 110, a
OPR3B , I
o on Ehaehie Rl P RELED & (REhifl, 3 e
P?PRIOPQGC mpiasiabiaad éanayl igvlmagates 436, 187 188yandd 84 nssoxinttd, w1th adjacent
ﬁhﬁrh §80.0" ot her appropriate nmaterial, and it may _
I'sol’ate gates 186, 187, 188, and 189 aSSOC|ated Wi th
adj acent fin rows 180. [00033] After formng the
OO38Et ri c Afet ﬁ]‘r'maig thOdiclettnie rsasdrtul 190, ehelsliBstrary1 10emay be planarized,

gﬁgpuﬁ%é;z(ggy Eﬁgr#a gfﬁlrﬂ%%rgt% 13ﬁ o piqihrizeqewushuakt)lsettghaor chemical-
fleeharGadl ﬁﬁﬁﬁ%ﬁ@ﬂ' In@o&@%fﬂbé@fhhéﬁ& laRar 521%h SPFERM] 'tﬁ@t@b $ortion of the
pl anari zati on exposes the top glon of the uppe

HPRE dlopedyieaion 1112 Tergstaplishing ql%qsrlwgcmt@é Mthéalpsewtlmf@rmcd data lines
WMWd BasERggANent ly-formed data |ines and data el enents,

[00034] This process may produce an array of cells 192

each with three transistors: one transistor controlled

K034k romﬁb@@@%ﬁﬁﬁ®ahmﬁd%89naoﬁEOfﬁﬂﬁ§9%tmwlwﬁhtmfeuanﬁmomz

W@&ﬁﬂ‘sk&%oﬂ%li%ﬁ% quge%%gl% Ahd qg‘%gmg %8%?1 stor o%églled by the

transi stor cont l'ed b e row
dHess- St:gramii@teo%lsﬂ an@nd@t&omtbecbnh'ellm/\by thheow gamd t86nand 187. These

t%équs"fl rlag I e,écr‘,l51 Ieogvr b%ﬁtrf:wbtpn\gl gﬁst ib:l\éfetfa\t/ql V¥ tgé pceI:rLI%ctive view of
FIG .22t st zeﬁe)damplfd 653n iRfvidlal cI & memaeesaru;}tmt;grzﬂo%.t TR
of eag@ cell in this enbodinent is illustrated

§eieon Stoéﬁﬂrtlfg of g 05111 Hbtihlsafg‘bt@étrgenéfs 13p,stqap¢§|b\y|Fa§§} 25 and 26, and

&8kt aspe@s bt dnisbifvaduglednVard I Rrated/by3RIGd, 99985] As
depicted by FIGS. 25 and 26, each cell 192 may |nclude

4 and 196 that are partitioned by a

o851, "I oett AR cied PERIES pstang ah sercet 12 mpingge Buphin 194 and
id®ethhi die pA4itioRed lb)n@&diﬂﬁoﬂ ml lfng§ 120 Ox B beleeh t}ﬁtﬁrﬁaﬁém and 196.

be di sposed on either sid he cavity 198, and
Fherfin 48+ pay inchede fve legiad0p égcé Z%Watam@w lzeo@anaed omg;heaslslg of the

&%ltg'lfjﬁe%nlt@gh@ﬂﬂgbg 21\% m%hflilg é\9 nggi Y i(%ﬁhtillé% \k}eaﬁsos?eﬂﬁsposed on
dithgs sidoaf thndavint19% heome amb@dlwaas,etde pmmquSl cR@et eatth between
tRE ‘%B 262 LYES0s {ohﬁ)rrh %Q%evg d pOI%O 988 that spans between the legs 204 and 206.
The legs 200, 202, 204, and 206 may include a distal portion that is formed from the upper
doped region 112 and a lower portion that is formed from the lower doped region 114. As
explained below, fin 194 may form an AND gate with a pair of stacked transistors, and the fin

196 may form a single transistor.

[00036] FIG. 27 is an exploded view of portions of the example of a single cell 192.
The cell 192 may include the semiconductor portion described with reference to FIGS. 25 and

26, a column-gate segment 210, and the row gates 186, 187, 188, and 189. The column-gate



The [ egs 200, 202, 204, and 206 may include a distal

portion that is forned fromthe upper doped region 112
wa@ap@oasioesmer portion that is formed fromthe |P@EUS2009/036180

doped region 114. As expl aithed below, fin 194 may form

an AND gate with a pair of stacked transistors, and

the fin 196 may forma single transistor. [00036] FIG

segmiest Zi) ey be teaned; fragy thy cogwn EBn 0GPy pHéitiexiagpicecobmngate 166

I I
B B F e sl AR B2 LS 1S 0. The cotumn-gac
dep@8nt 219 mayl bQﬁe,paatedoé gineleqadadly Sexdmed) fro2d Othedeudurtift@ate segments

HGRRCfoBdBh e cobe S Wi it 6y s 66 Py olumn-gue

s@ginentlPI®) fyy PrMide b beiddtderh b 269 hsty DideBs LB dW16NBhe risers 214
formation of the rowgate trenches 182, as illustrated

a5¢ 2P anayxextenpgenemily vt gply and sepieealy pRumndwylapy from the buried
Cgrﬁaérafﬁdanc?thg burx&f lﬁ&glg_éé‘é?or 8&? ri%h%?%orfne%g P&H‘?{J %rlrzll and 216 to

umm gate segnent s rom e Sane Co
egalt ethe66Thadsawhe may olcludn a dipt26 8 thb@6xteﬁi¥cgmnemllgam-pgah®larly from

FrORF o 20 1T phet S oot Bpiatoros o sRpe afpbiipents he top

cgemﬁ@dré Y4 eid zmageh@ramnab R 0esrdipl e BSepEpsHACEidh Y2, The column-
omthe buried nenber 212, and the urled menber 212

%%&Fyseérf@em%lgw he sparlly complementayie theicpvild 9816 t o
each other. The riser 216 may include a Hp 218 that

[ea03Mmds gengjugh n¥t BEWR GNEICE 0 ahd Yelf T9MANRIsS irkfide %ﬁnsulanng
and is shaged to overlap the el evat ed portion 208.

TagHkere ABGHPRR ARQYE: ttlh@wkeetpwdf‘6,tth%ccrlm§mg@tezwe@tﬁa 1Q4L@he row-gate

sapariahky, £ tn@&lera&ﬁgha&ntahﬁ)oupper doped region 212,
The col umgate segnent 210 may be generally

conplementary to the cavity 198. [00037] Though not
in ATGES. 2%, 29 e 30dllpstragonguge o she Stveiunebedesdiibed above. FIG.

zgnwpeltsbag]asaﬁ@%fspoqmg rtﬁeb:%ﬂ 195’%1@8&&1“%8% G W%t LhiSh the cell 192

the columm-gate dielectric
rmayelvee@qnifug@reﬁsa foramddathesllg ansl HEY 29 & mpxtreprectye \119® nf conductive

N T R T —

afen spaoplevod avdagveet thaponay be fismet evithehd ce:lBEQZ or other cells.
illustrating one way in which the cell 192 may be

[66’6?939 ur edA§ ﬁlugt%t c on§ grld 30 ﬂ‘g: cel:I tn%agltﬂeﬁcé)nn%:éed to a data

perspective Vi em1 |ve nnels
efenane @19 ur valgge barrepércai danliod DLhErdadlcbntl:tﬂﬂmelﬂLG{EBD and a write

[ i i i : f a dat
chgyglk}g{egcg]:f b@%wg{q%{ﬁrﬂggrg i r%)i(gtgp hg d%? Illlgp may| egetlerreé to as a digit line,
ah8 G3Qntrd8 lihdsl sy beabReedio ﬁ'v@d 1iA&s. andheRl fighks, @Rhdctions to the cell
192 may be connected to a data
192 are represented in schematic form to emphasize that the cell 192 may be connected to
other devices with a variety of techniques. One example of a process for forming these

connections is illustrated by subsequent figures.

[00040] As illustrated by FIG. 28, the data line DL may connect to the legs 202 and
206. The voltage source may connect to the leg 200, and the data elements 219 may connect

to both the leg 204 and the column-gate segment 210 (viewable in FIG. 27). The data element



el ement 219, a voltage source Vcc, a data |ine DLla

read control line CL READ, and a wite control line CL
WORIOIESS9EH some enbodi ments, the data |ine mayP@EUS2009/036180
referred to as a digit lindgl and the control |ines nay

be referred to as word lines. In these figures,
connections to the cell 192 are represented in
SbhBivaeanRcstse Hercsluemmpe semnak 10 viadheaesel 2109ad Hiplinl 8. The read

SHRBEGILHay QOIM:&% oflE (?’ fo‘fﬁ?d ‘ﬁ‘omhgré(iag%t 1339 hd 187 and the write

techni ques. One exanpl e rocess orm ng
cwtnaklind roascangedt|th osbe fémrmdd ﬁpmsthbma g 89 Ty bores embodiments the

00 040 i]lust d FIG 28, t data |
OSSO heB S S L B e e 19,

1$ﬂia5/@6nﬁmytoctﬁ)d’1w&€dcdn€toltlh% |l eg 200, and the data
el emrents 219 nay connect to both the | eg 204 and the

{) qn gat ment g (viewable in FIG 27)
GRATE] 2R bSvE e Coknb bolais aiesdomitibgshold sl lessthan
tRd %ré’s‘h@ldtﬂ)ﬁagé %@ﬁenaﬂr\% oANfe b8King bpthg %&)er dbiga E(fﬁ?&jrﬁ 112 and the lower

control. line nay connect to or difr
@9@@5681(8161 I4his apglicd trilie ravegate |18Qa thﬁmﬂlrl@E may Iﬁ@mrmyonductlve channel

232@”5}?&&1 P S wtﬁ@h fsqw&rqurb?é@é[@ 59" Ao %ter%bé(ﬁwen S tgc clllmnnel 220

enbodi nme ts e row ga e unuse
mghwclode algbnemzill}t mm@td)bdnmm 292 apxba gtnemlﬂs hofizdnkat pogioh 224, e.g., these

192 connec the wiite

i 202 G P A, By A6 LA abt G she ppysians are
rt:ia&edi by sxholetivaloapm 200 a|r18$l& KdiBnthRriidir2a] h@hl@h is not to suggest
vol ta dependi ng on the dopjng of the upper doped
”Paéd'i‘f‘égfﬂaﬂ%ﬁ A YIHeTy BRoFceaiAsRyC asHy &@fthaiztyon?@ltdpm qrghggonal).
THe veRRar QOMiGRDE2 3P inchfi® aGRhbrally goﬁﬂdtfc@{?é"ﬂcﬁch 226 in the upper part of

conductive channel” 220, an exanple of which is
th?Y%@@ﬂﬁ?@@"BﬂzFlG. 29. In sone enbodi nents, the
channel 220 may include a generally vertical portion

[682¢nd a [gspeh@dd Mxemﬁﬁﬁr?ép QQ@Lna?QBﬁdu@ﬁu%% beﬁv&n’thc leg 204 and the

these portions 222 and my genera forma
leg 200a gb someiembpaiafentsy thctdlfﬁé@ @Opmntqf @hﬂsleﬂri’ém raed é@& wdy boreferred to

agg Z{)J}%%{ﬁe{ &h‘éﬂl ﬂ%%h@ﬁ‘t I‘?e%\%(t*eﬂﬂﬁ te@%ﬁh‘ %cl %u? ﬂ:t a206 k¢ Iretprecs)ented both

_ 'S not to sugges ese ures
barayrogs Bé8,scomegpandngss awnirént floxdurg inyo the chianad 220 from the leg 204, and

hor.j z Qr orth ona he vertic ti 22
oY abof s G sor@indiabad RO TG et eh oA LrossB heleg pes. tn other
etrpéimenay br @:fhlext d}ﬁra‘lﬁhi Itlgegdgr@ﬁbh bﬂdfhéﬂ“ﬁtzma)[ 6&@4&};%& rWhen a sub-
operatiqn, the conduct current betwe
RgoRL i1Bae R ER R e 8ae 1F% (Bor RGO oFaplsk fig channel
ZQO Sdn&cuﬁ@ﬂiﬂrha@”gdh@raﬂ?@ioi l%g\ﬁfr&g‘lhéiﬁ}fi)eg@cﬁ)cﬁf?égl&x@ Zﬁ@t)?{h'é‘ﬁ%s 204 and

as a source and drain. The current hetween
29@&“2‘@&2 taﬁwqﬁéiop@brewe 214. Taps, du eomeemisdiments, current flowing

between the legs 204 and 206 may be controlled by the voltage of the row gate 189. (As used
herein, a sub-threshold voltage is a voltage that allows current to flow and may be a voltage
less than the threshold voltage or a voltage greater than the threshold voltage, depending on

the configuration of the cell, e.g., a PMOS-type cell or an NMOS-type cell).



by arrows 228, corresponding to current flowng into
the channel 220 fromthe | eg 204, and by arrows 230,
wa@oeowasiehdi ng to current exiting the channel PCDUS2009/036180

t hrough the leg 206. In other enbodi nents, or other
operations, the direction of current may be reversed.

a sub,threshold voltage is he r.ow
@g‘f‘@]wg G Dorngds sy Thleee i Bi B ine b Bl pr substantialy
ARy edtirotlel gy oltRiferBiR B 1Adek yth@%lta%&&s\f thé B8ALtON ?eaHﬂﬂ%E CL READ
doped regions 212 of the |egs 204 and 206 throq?
ﬂnémvcﬂi@se@f theglobinmp gate segmest 2 0{FKo78). efvbididbtrased by FIGS 29, upper

cggﬁefg§rt1%bpggﬂ%g%§§$§mgieﬁg?Ayet%eesgigcvsh@g gy égggfg?@gg @manating from

ruwgdtekléﬁé iand 187 s Bhehtditiesé opptr viednhelgertioas 232/ QB4 2256, hltbt38 may

t to. f | th
R B a5 BB AN Gl SSgH0ia B ot > may
gefr@SRd v dfm-tsﬂﬁﬁ: THe RERFIcREhneINdrfiéhs Q@@Eﬁ(ﬂﬁﬂ%h)oﬁe Rfrmed in the leg

the cell, e.g PMOS-type cell or an NMOS-t ?
2084 anyd, t{leemzps]cheme} RoTEHONY 2Ri ang 2he mak baformed metgg ez0®2and
202 may be partially or substantially entirely

[660A4Y ol | edrrRyppPedhd EBI%BBS 2’3%' 988 maSl e cUrQJeE@. %0 EHce Jpper

the control read |ines and t vol t age of
chginghprrgane2Xe it ?i8 bzlaolowrﬂl @amE?)MO A2§h6| Ipwersthenmed d4@yﬂay be

gg‘!}éﬁ n“e&%b gﬁﬂgft‘a’fgb lﬂ'ﬁﬁ@ gerbepﬁfé/ltﬂop (?nlt%l?ﬁﬁd tt]%%gnerﬁaygv%rﬂcg portions of the

Lrbpe:rrchalmnl gattems 238 23|4,d232685nd Baclin afmd dneRdinmgipe the lower channel 240
channel port.i ons 2,.234, 236 nd I ncl ude

eRALr P ARE RS H Rl 8 A SePgY FGFY SEBitn, The lower

ch@rintl DD mey Ge fortnh@byrobt rieiedsainlayiafigMeon? thelcof P @ate Téinent 210
ﬁger channel portions 232 and 234 nmay be forned in

(ﬁ 759 200, and t he upper channel portions 236 and

238 may be forned in the | eg 202. [00044] The upper

[OIHHB]T el pah bpemation, 3arraﬂdnagf3ﬂ)\ﬂ7&31w% tﬁ@l@@@@@(ﬁﬂld@@)ﬂ%ﬂ both the
per channe|l portions 236 and 238 a | ower channel

upb chartie! PERHORS e 23at0dve 2pd tf@éﬁ‘éffrzf#lﬂwb?‘&%@éﬁwed Thus,

theXiP P34 mb H €or9e BE WD Yatb Gith 29k AF uﬁfég trEﬂ?st&? FHaF &e! C)Sntrolled by the
vertical portions of the upper channel portions 232,

rpg gatep 386 apch 48D amd a lojves prsistaritrd israontrelledibiydhe¢ eelemn-gate segment
2@6‘.6‘%%}(?1%6% &%ﬁ@ﬂdi %ﬂgéd b a&t;v%s MAF@%W ggebl&fh% current flow
ape

genera as a Cross section
ingh dm@peﬂdl@nnalypd:emﬁ(%%dd B34. eThest crirenfsi28R dsd @damay iffogy through

erISWC{ &%nﬁgl iﬁmn%athgn o%?{'g \r/]ﬁ)%er Cae é‘ﬁ Rqﬁtéozr‘zéag [d%% ]ﬁla l11‘1ustrated by

current nd
a&G@s M@and)msh Th@um@pé’h‘anﬁdﬂ oridhns pm drd@38 n&3dbe sdidkko be connected in

se%?’,{ﬁ% go axredup%grs cl?a%gleltp%?tlclns%g cp fﬂﬂ)y thé2 lA{)c\)zveijl (r:hean];lgern%(.j In other

embodiments or other operations, the direction of current may be reversed.

[00046] FIG. 30 illustrates the cell 192 (and other cells in accordance with the present
technique) in circuit schematic form. The illustrated cell 192 may include the data element
219, a transistor 250, and a driver 252. The data element 219 may include a variety of

different types of data elements. For example, the data element 219 may include a sensor,



the fin 194 may forman AND gate with a pair of upper

transistors that are controlled by the row gates 186
war@A&ssand a | ower transistor that is controPtEUSIN9 036180

the col um-gate segnent 2103 An exanple of current

fI owis illustrated by arrows 242 and 244, depicting

rrent, flowinto the ug(ge %ﬁ neI ortlcf«f 232 and -
slyis Bpymage S PTe fids A SABEGARPEA £CRES of Phaipdin % Qgh MeRary element.
AIﬁ(W%r th€ RATAR! tyFed Of &Msmrteﬁ%mdi’y%lehﬁﬁts WRORYatdOARARLY elements, such
portions 236 and 238, as illustrated by arrows 246 and

apdgnanmpp éarxsieﬁ)eaccwarmmy ok AMorend 2epvalatile z@momaylements such as

RO ER ). SRR SR s,

fotdebactrenedbryesitiscioy, nagheoredpereahdmns elehteatsgd ade@iri@nductor-
of, curr.ent r 00046 FIG 30
oR e Dl iSO g Mspnet clemebs

accordance with the present technique) in circuit

[G0OHEMat i c The tramsisie2 S0lillussateabe ¢1G €30 m4>95’e wecﬂ By Hiécfﬁn 196 of FIG.
nt 219, a_transistor 250,

he d t
b o dves 22C g DR Al dS forar L B FBIg o FIC. 28. Tn
s&h@ Eﬁb@d]hchbépﬁﬁ dBiherdsh %a@llmtt% aEQss %ﬁ@?&r@ 254 B84 256 and an

dat a el enent may i nclude a sensor,such as an 1 nmage
aplifdrg transgptor 258c Rhe apscesduapsietarséd iané 256 mph be betinsd &y legs 200 and

288 ofathg‘?lqol n@gﬁ&& tﬁ;ﬂg&gﬁ qu ', hﬁ)ﬂfylﬁ%ggr?ms%r 258 may be formed

enV|S|one Ts Hre vol'a
by treerpentian ofsthe fmd§4 dgjaaeni the nahudmrga&ncxegmntrm@pamll(@%@dﬁbhy FIG. 27.

nd nonvol ati | el n such phase
TSR Wil 25 TS Gy Re e PUads s POR R rG Sy e
trﬂWdSMS@l rRAEbd ferfedns aed @dierdcCess@nuity, @he@bsiiments may include
netoresi stive nenory el enents, and
OBERIEEHRATERBAEEF LI It A5CHE B Iab Seamisciotssct or
(SONOS) nenory el enents. [00047] The transistor 250

[000U8t r at THe batl BXGlusfediy 6. 3@maRdubit dateirbnihd 88a ebment 219.
FIG 28, and the driver 252 illustrated by FIG 30 nay

Iwer%m@e@tatql@n?qt Al aay apply-p woltagg to the ga the amplifying transistor
2591had tmﬁlfﬁﬁg%&g{létyﬁlﬁﬁ Aplir) 0d UERIt WRe RAAERS My transistor 258

transistors and 256 an anplifying transistor
mag e capfeguned Wsaperateindis stiedegegion, anf i mSEIrHey dyerehbbatween its source

aftird &Y% R daﬁ@ﬂa&%ug to tiREy didafe A m@c?atézgg&%ﬁmbegg%e

FI G 28, e anp y| ng transistor
athplifysg tb%nStSlm 258 may sandict 4 brereint thatll@@cmligilacmnpombeal to the voltage

S | | }.us

ol BT BELSBENTR b s TR g Bhe RGP 208 B iy grnsisors
zmaﬁdezﬂﬁ-rﬁmels& al path bﬁs/eeraﬂhel Vblltlfgetsbl&’ﬁé Vat axid (A2 Qata@ine ME.. When a

referred to as a wite- acq O her ,
e R e AtsE g PROPGR G EE Ly HE Boferadeiys Hewinar Zigand 256
m@y eht@r 26ERFRt Gkedthe 8lowdipCdirdft tdifRUSSetween the data line DL and the
voltage source Vcc, through the amplifying transistor 258. The magnitude of the current to or
from the data line DL may be controlled, in part or substantially entirely, by a voltage that the
data element 219 applies to the gate of the amplifying transistor 258. Thus, in some

embodiments, current flowing between the data line DL and the voltage source Vcc may be



[00048] The cell 192 illustrated by FIG 30 may out put
data fromthe data elenent 219. In operation, the data
web@oamos219 nay apply a voltage to the gate oPCT/N82009/036180
anplifying transistor 258, 1&nd t-he anplifying
transistor 258 may anplify this-signal. The anplifying
nsi st 258 rra .be caonfigured to operate in . its
"ci‘&ée P%;gorgenafﬁ Y PEOPOREONA) FQ)\Redlatn aliyer beie QwupEram the data element
§gyrce and its drain that varies according to the
voltage fromthe data el enment 219, e.g., the
anpl i fying transistor 258 may conduct a current that
10904%her al Bympempedimeainaf the drivere 59 ora bajievest toiincsoagrathe speed and

%(%gf:a%? %&t witith El%rgatatemgn%ﬂglglsd Lg)gxgﬂpdé aztél'é)n %a{hﬂ%r’itsdlh%‘é PL. Because

he access transi st ose a
thatchrrbmtflusdng the thc@ilataaxye D asswpplivd by amadvdlth@ gbaica Vict ﬁ&her than the

. \Wien r n. S, assert.ed the re d contro
%ﬁé‘eﬂfnh@/& Sﬁsedq*é@w@ b g g L2 shanecs gt %%W'iwcadmg data
@AY BE aBlefd lpdxtﬂﬁtly ‘d@coaplea fromahd 61¥4 SIS Whth 8RchCorfiks @inal. Thus,
bet ween the data |ine and the vol tage source Vcc,

ettyakys et agmglemenss %1@ thatanenly redati vebgsmathuriepig Fiay gl rapidly
&fan%pg]ewglggﬁg])t%% oJfromthe data line DL may be

con In part or substantially entirely, by a

vol tage that the data el ement 219 applies to the gate
[9008¢e anp]nu soyrierrgnbodigiegissthe data sBmenh k) mancgumemultiple bits, e.g., 2,

%nmpg%h 1’ts Gt £ Hro ghvmﬂ% nﬁ)@ﬁﬁégfeﬁg&n%&em %t\% tL%e a%g%d to the gate

e vo tage sourc AVE Of
cgfethe amphﬁylrpg tozpmrsmr @h% | Theod redatioraltyas madl dnﬁexbmemm mmhpmmay be

haT GebeLE,E TR Rl i 08 e Tle (S Goat dorer e das

eaemememy n\myuh: inbrieastd bl empliatly hgalighaBniit2hg deiossys dat a
through the data |ine DL. Because the current flow ng

' t he s suppl i,ed by the voltag
0BhS "o B pmen B BURR: S5 Bt fevican e pag e writen
toithdrd wh blethehhZ! od @l cawiite A@ta Rl si gl RGO e ek ta@ Bn W& ite control line CL
' be at | east partially decoupled from

VARG ey iy
| ond B Sigmal ray ot frangifion 0. < Beraihe trapsipgor 250 is turned on,

duitedt i@ ki wSdh khetatAiR ITHMRNLS dad %leh{&ﬁi 213}I me tlrhs current may change
relatively small currents may still rapid %et e

- aprgperty pifbe pptaglameat 2l ¢.60as0yed thatgsms degm@@lﬁ qrestalintity. The change
ih i S8 e, PhERE Bhia 2RI 9GR l?eyusg&l‘hcutﬁje% Rits, eq.,

or nore bits of data rough rel atlvely

smal | changes in the voltage applied to the gate of
[PAQSY npl i f%ﬁ% 338 bustrete en puanplTREs proceysden apahaetingrthielcell 192 of

feitf hehen eg}ﬁggg avf,ielg&? follBY fuﬂ@i&& bgﬁxcpléltdg@ 16Heb %86 may be

52 and o
fpmgcrl on thersubftrateh bl 0d dtha digit lmcs 260 may generally extend in the X-direction, and

they may connect to the legs 206 and 202 of the cells 192. The data lines 260 may be
generally straight, but in other embodiments they may have other shapes, e.g., they may
undulate, vary in width, or be segmented. In some embodiments, the data lines 260 may be
spaced above the legs 202 and 206, ;'md they may be connected to the legs 202 and 206

through a via, a contact, or other structure.



el ement 219 may be increased by anplifying signals

wWth the driver 252. [00051] In sone enbodi nents, such
w@somwhe®es i n nenory devices, data may be wittROT/US20091@36180

data el ement 219. To witelfata, a signal may be

asserted on the wite control line CL WRITE, and this

(ﬁﬁ turn on the transi stor 250. When the
(0904 st oNext@ qiglegtije hedy ¥ maihefammedanthe defylingsodfly #ellustrated

B NG PhasB4ldf o | cur HIG.
y change aSpr06m§%yq%?m?ﬁg%ggﬁgg%%gﬁgﬂfm%géﬁ2€#dﬁﬁﬁgwdby 1G
38t dihevias Ré# geyaxpdeghekgo20inesthadfithm ¢eily 19Zh?€h¢:ﬁam@fel may be

ropert ta eIe t 21 be use
oS R Sl AR L0 B o P B R et
affsoRoftQBASchiAOtheGABHALE 11000 tdhtve ekposdPgorbnddfGhe d8lettfic body
a _capacitor nenory elenent. As illustrated by FIG 31
?glt lines 260 may be forned on the substrate 110.
The digit lines 260 may generally extend in the
[ofogbiq) ect i Qﬁter% éimh 8% VIR Y66 LARREE 26@ %e k&%a%@ﬁle&\zw 264 and
202 of the cel s 2. The data lines 2 é
vgEpEe- Wurag C@tm%ﬁt@m%%? Bay be foraehens ilkusiaigd hﬁﬂ ¥hdy somy
y .
AP 0ER 26 o BT XUAIN fo lole macri
sh¢asson2 ©0 moay obélespmavcam@tmals Hesctilegisabd0& oanbe SB6rate 1 10 and

dt be connec to the |legs.202 and 206
oo A BT heisPrdPfis mapy  SFmRES phBguyinside the vias
28X 1n somaingbiiments, thepywG3ui@yolectbRrIEe thbe! iandidy@lepositing a

lines 260, as jllustrated by FIG 32, and vias 264 nay
gﬁ@r@%?@g“fthwgﬁﬁharldf@“ﬁ“& gé)@fi eiching Wozglzctnvggllm The illustrated

vblihgésichateednMeidib @68 &&end-ré?:ﬁel’éllﬁ‘ﬁl B4 - c‘ﬂﬁ-)éu@% pﬁﬁﬁhérréﬁlbodlments

| egs 200 in each of the cel . The vias 264 may be
theyrpptexisndoaothar diragfionhe. s, ub% chhteethm or they may be formed from a

R L4 pRor aphy and then general |y anisotropically
Cégﬁﬁ?ngﬁtﬁé substrate 110 to renobve exposed portions

of the dielectric body 262. [00054] After opening the
[QQ028] 264, Neshraether digectriapodye2 M0onayvert formechen thie gabspraig 110, as

Iy U e d.ar i
IR 39 R CRIPEELEY SRR, IO i, sunon
dizbertraa; os o6 Gappagpiinge moterield. by depositing a generally
conductive material, such as one or nore of the

geayCt V%g{g?gg@ﬁgeﬁle%%&qm%y%was hiErSRRL B Bigh he

nd et nductive’mat’eri al "un
diztevthicchadye 70aind rthaadheheemalbnd;y 2ﬁ’21 awilluftyatédisy BIG. 3he The aias 272 may
LR.S9 sour nnec

b% g%nhm})ykg)gﬂemml%t?} %L%es %tﬁ (} 4{) %mtﬁ é)%v‘t%{lthograpﬁy and geneéra ]ily anisotropically

etching the substrate 110. In some embodiments, the vias 272 may overlap both the leg 204
and the riser 216 of the column-gate segment 210. In some embodiments, the etch that opens
the vias 272 may selectively remove a portion of the column-gate cover 168 to expose part of
the column-gate segments 210. In certain embodiments, this etch méy not remove a
substantial portion of the protective dielectric 190 that covers the row gates 186, 187, 188,
and 190, such that these structures remained generally isolated frorﬁ the column-gate segment

210.



general ly conductive filmand patterning and etching
the conductive film The illustrated vol tage-source
W@ eomaeies s 268 extend generally in the Y-dirertT/082009/086180
ot her enbodi nents, they may6extend i n other
directions, e.g., the X-direction, or they may be
formed froma conductive pl ate. [00055] Next, anot her
H095&E+ r i ¢ Nssbiganepiiorplifessd 4omyrhecfouned drethe sbstratad &0, as illustrated

%%gicr;ma? ibﬂ BE@}I f1ap% 274 gl‘ay fr1udlh§ g & c%%ts'h ed é)%dt}/on 276 and a

an oxi a nitri
tivadr eotétc2780 rThotCh}e}Bh@pcppcﬂpom a’lﬁema’pbefdrrabc$ by Bcﬁﬂ@iﬁﬁi a sacrificial

frer f Iectrlc body 270, vias, 272
figt &%PD%H“% Fehfa aé%f?f?@@fﬂaﬁwé?Bﬂeéﬁaaqtﬂreplates 5185 the
§hcﬁ|ﬁefal Taly6r. bOfr f3fring @B holek l»tﬁ%erné‘xtaﬁ?i cOMolthdPfilrd %aym%eliosned on the

vias 272 may be forned by patterning the substrate

factificishbyen 4@%@%}5@ e&nigehenigel-yeehanisal ploprisetionyto remove the
Eérﬁbh '89 thteQ%nﬁ)mﬁf i1t &’lgﬂu}% LLQdfF 38(5(9 3 &%%ﬁé&ﬂ@&rﬁe cup-shaped

vias 272 may over
QQYGOOQW h'@h@cﬂnamm@rgmt@ Kémrﬂe rﬁ’all@ of h nosinEve material, e.g., a metal,

as 272
- %5%8% [EEH SRR roé m)ve agprﬁ%rﬂ ?‘? ’6’38’8?18“[ EE @&eﬁﬁ?f’tbcélzz?%‘% gpnnect to both
theéSegd mmasenpamé of tht helusml g vegb R 2309 MefibSeqddt-stdpl, a
certain nments, this etch mayy not renove a

?QB%‘f‘HﬁE?%‘]“‘%Wle depgpiteden the 6%péent9r\péat%ﬁ ¥etdrd gompgen capacitor
PIRRIM PN P mEd By UONWSHRL 8 o Brivelfifn orl&% ’sul?sﬂg 196, Jh?[@ﬁﬂqformmg

that these structures remai ned generally |so ate
YaRecitds-um- gat e segment 210. [ 00057] Next, capacitor
pl ates 274 may be formed on the substrat e 110, as

fobbskyt r at e dp¥rdilof the Zapaa_ e gﬁ%%’h%y swééhﬁg bgzié"cu%ycltmg a charge.
i ncl ude an upper, cup-shaped portion~2
Bsrtizecel thy ghargnmay gprreshensiid ppvictliandat Yéussay.gbe sfoll meatge may

L}B}_)‘ﬁ gﬁcﬂﬂscb ta'z@lg) aﬂldsaaiﬁ{g'c; éh%g%lmzl}ﬁ%%re%pgﬂ to I\ hen Inesérl%glf:ren%odlments, the

es that are conplenentary to t capacit
1202 ofrstarhé charge imfay (br: dlv:dedyxan smAfi¢réncréroems agraspendhgd @ Snultiple bit

eraIIy conf or be deposited on the
%é\%ﬁﬁ%f & ‘P’a’)r}érrcc‘g%ar o] Igﬁrgr‘%e e.g., Wth
chem cal - mechani cal planarlzatlon to renove the

[p6059]on ofFIﬂﬁéSlem'hmesmi en‘aiﬂpﬂn ofi ssyiiggie cbliolM2sotgecadd tb it capacitor
I reb aV|n the up-sh d portiqn 276 e

8200 L L B D3PS S A4 it o
aneicedss dbyice c@ltrolhd Ihi?tl&l rowcg@tbel(wpaﬂd}/tﬁé fih Q%for@nl’s a@kiR&T controlled by
X gﬂ opriate ggh zkf TES | ower cont act ¥

OYhECo™ &gt JEh aph I87 ing oP i et e 216 GBCOR ), it the row
ARk URB 288187 aRMIRRzed bByoniR (BABRAEYEIHze SRS m&) flow from the
voltage-source connector 268 to the data line 260 depending on the magnitude of the voltage
asserted by the capacitor plate 274 on the column-gate segment 210 (FIG. 27). The
magnitude of this current from the voltage source may indicate the value of data stored by the
capacitor plate 274 by changing the voltage of the data line 260. For example, a rise in the
voltage of the digit line 260 may correspond to a stored data value of 1, and a decrease in the

voltage of the digit line 260 may correspond to a stored data value of 0.



capacitor dielectric my be deposited on the capacitor

pl ates 274, and a common capacitor plate may be forned
whyoodapesiti ng a conductive filmon the substretBU$H09/036180

thereby form ng capacitors.17[ 00058] I n operation, the

capacitor plates 274 may store data by accunul ating a

(ARG arigRed Tyiyetsnegrinete o arsy SRIRGES i 152 he

199§tfa@(§pé?ﬁ3/ 280 rﬁ‘ayzlﬁélﬁ’dead}ﬂuﬁh!yaffg@l'ls Bhak 8RdBYirol driver 282, a write-
correspond to a one. |In some enbodi rrentS t he range Of

osmtrole@tn@h 3B dntaseheor 336y iaded drinen2&Sneand evolfage ﬁ@mi‘@ As

- Lorr n g
FRAZIABE B ey TULPYEn ool tod B3t 1t cbilfip e
sapmextaP| endothe degs 20262, 204 | andl 206 cOhalegt 0L el 20%eof the cells 192 may
capac r plate 274. In this enb th acitor
G R SRR A
RHEES Soutl@I 908y i £ BRtvbRAde BBurkY cdi8ctbPysgnat e 189, and the
fin 194 forns a driver controlled by both the row

ates 186 and 187 and the colum-gate segnent 210
EW@] 27) . In\aperstioh éherdsi cga'pre%%ilggy giputagveligge or current through the

Cﬁi&lelti 15 ZZ%@ & @M@é"&iat@tottmsr GPRRIApMRL DAgGnd G &a@z{‘geng@rym% IO read, e.g.
from the vol tage-source connector 268 to the data |iné

cag@odepiatlilisgrewreatcperichragmispordingoto digital valuen gurrems el toligges output
he, c itor 7 I te
b PRSP b laRliRis s oAl R F Ul A8 iy e fhured o
selebt afie 192 oraeadimyby aetiriteg @vdlhage vathseovfgadatld6 shd i &Hof a selected
aci t I at 274 by ch he volt

Bl ORI e e Bltfe it e s HOY 87 R o fras read
ohirbNénediogkdadlvidie liRGO TRRWriEdEdneDPaivkr 84 St HRr@efi gatdto select a
value of 1, and a decrease in the voltage of the_ di

It
FlIHE2 Dy assraingcoyolugpohde o gated 8 awosiaied Wi hat o 192 The row

ggtésqté%% y e &en%a id fnlsHSE Eﬂb@cﬁn{éﬂﬁ a8 %R E R 1188 @ WrY word lines.
O of the cells 192. The illustrated array 280 may

include a plurality of cells 192, a read-control
[09062d; 287! hf‘d"wtrﬂfeé@éhlﬁ 1931in ghei sy 28@ maydewrensesin agenerally

ré&Bngiiardatite AL & Vﬁl@)hl%gy?’hav@%gnéalﬂoilhﬁgﬁomt%s 28PmafBe arranged in

descri bed above e cel 92 'may each include a
geagrally othogsingl ovagd cqlwenﬁollrumherg%m@dsrémﬁhemgx hayg@ther

gk, R0, 80609 0B RGOSR0 2 v
latide tdrehaleela 192 msay be Zﬁ&gea mithtdhféerbmg)rlzomtmwm@dnnemrows as
@lgsrﬁ:?gegq l?\/;?lrt?a N ?93 E%‘ % B1 hl?odhn%ritagle S&HS 5 bc oriented in a
fASedirayion Uind e el 092’ &g&ijaaemcrum &y beloriengh i liieOpposne direction and
offset by approximately one-half of a cell 192.

[00063] ~ FIGS. 41-63 illustrate another example of a process for forming a data cell
with a driver. In the present example, the process begins with obtaining a substrate 294 in the
state illustrated by FIG. 41. The substrate 294 may be obtained by executing (or contracting
with others to execute) the steps illustrated by FIGS. 1-10 and déscribed above. Accordingly,
the substrate 294 may include the previously-described upper doped region 112, lower doped



data lines 260 to wite data to the capacitor plates

274, and the data sensor 286 may read, e.g. categorize
WO 209/1459sTr et e cat egori es correspondi ng to di gPCEIS2009/036180

val ues, currents or voltagd8 output by the cells 192

on the data |lines 260. The read-control driver 282 may

be configured to select cells 192 for reading b

degiap tl i%golanmdﬁql%@@ t@ﬁch%é“?o@wlg‘étﬂésl“@8’6ﬂ1ﬁﬂ@rqlg¥loe$ 148, and second
; n sone enbodi nents, these row

3§ %ﬁJ a&%§1%¥y be referred to as read contro

Ilnes or read word lines. The wite-control driver 284

88064¢ confii gpmeeeinttodiseitadhe substeatt 2996f HG. 4dlsseay bd ﬁ@emnt from the
| 189 d
G0 R (OB PR BR L S e Lot

epmfkl mermee/ tswider ther he Ighp30154| (FI®S109r THY wider g/aﬁg 995 may be made
a ﬁﬁ 00062% The illustrated cells 192 int
erhyyPapsting thg Serctng of the epdwap ask 1?@:@%‘1@6‘? @FTGP% t@? é@tance
(b@tv@:en phifkedf (RBYolRaY BoB8BR tRhénes i | ar orientations
may be arranged in generally orthogonal rows and
colunns) In other enbodi nents, they may have ot her

490088 b e e niNext, EgHrdsekm) epacerRY6aB B foggednepyillprated by FIG. 42. The
@Hlfc%lﬂ@rgn E;Qlc&f 19%%;%/' B ot ALY 5‘%% ﬁﬁg Q?l?{é' 3h tﬂe%ﬁl’is‘ttﬁ& 293 and then

the cel e arranged
@pm@aﬂmm&mtrspucmllsamlacgmat ﬁbn\,g:; reg®ve tﬁelfsmrfmrelmbrizymahsurfaces The

2 of ' nbodj , L
Iéfﬁé/olun%% epagﬁr:rlFig%né enerall Hletil%ee%{ga?pdﬂgg.e[g%e v&d eg g%ﬁgébs In some

e&ibbémihﬁ@ the @a@ﬂ?iﬁmeﬁbe gmll’;&ylubl&o @tiel g2ptl M(HIG AN The third column
set r oxi mat e

o e d| ect
gy bRl afggeremﬁefsgfl e $4epng 0P of gqlpmpgpacers 150

aﬂ@trﬁ%rmm}e@u&ﬁ 138 By faeRitste bQEctive kdhdVal & thkdthRd €6lulnn spacer 296,
wth a driver. In the present exanple, the process

bepsranplg. the sseang sipelsolimstnagets 159 ang the yericad prgjestions 148 may be
bh bk bAd 8 thYd Eifn §phcer W% RUPEE pAAlGli@R4 MY be

obt ai ned by executing (or contrac%lng W th others to
execute) the steps illustrated by FIGS. 1-10 and
{U96p] bed ABYErMAgAet Birdgolimn space 2884 mesking gapteray 300 may be

kdieledda tﬁmbmzﬁef hougd mug@aea bp £ uap %e dope ﬁx@@h@lﬂsoo may be

112, | ower doped reglon 114, columm isolation tren
formed githy MVPT®T®4 02 yeplanaride the pjbetrate 89 11 4@ne emblodiments, the

gﬁglg gg ﬁregget?{éPS 13 %gt ! %?aq r%BZT }ﬁ? 81{5 l&odocé?ﬁ@n mgace%%gg to facﬂltatc

s¢ledtive egrhoat ofnhbteanamhzm r Boreexhiple) theFrh4sking GhaltemahBOO may be an oxide.
| east one regard. The gaps 295 betmeen adj acent col umm

s 15 t han t
AR 3. SelE bt Ml OB LR
Phmatizigg ofay tiivdudeakching thasbst2e QQEI\@h aiii)etdhohat icgenastty nonselcctive
tarrr]l?)né:l Ithse raaterials being etched (such as an etch referred to in the art as an “alligator etch’’)

or polishing the substrate 294 with chemical-mechanical planarization.

[00068] After planarizing the substrate 294, a column-notch mask 302 may be formed,
as illustrated by FIG. 45. The column-notch mask 302 may be a hard mask (e.g., an oxide

hard mask), or it may be made of photoresist. The column-notch mask 302 may generally



bet ween pairs of the colum isolation trenches 142.

[ 00065] Next, a third colum spacer 296 may be forned,
wa@gowhikwsirated by FIG 42. The third col um spares2089636180

may be formed by depositing%a filmon the substrate

294 and then generally anisotropically etching that

filmto renove the filmfromhorizontal surfaces. The

qolierrtie gdistiaie Sav i thegsception efehesrard gbodepnmef the gud cphann spacers
ir?'éybtegrgeew %g% é)lg @8: éﬁﬁmr 1s§lg§(?ﬁ?engﬂg§q?%2ﬁﬂb\§ &utsgﬁe(g?]ﬁb&%ﬁlent an
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and 80\ ediarert|the e Bicd Fonn smgendPp nivey fipctioniagie harddneske

third colum spacer 296 may be polysilicon. [00066]

[666@'] for r‘N@,& b Bglultnn'nﬁféh @@JB Hﬁ?bé Ritned lrlztgésutﬁtrﬁ@%bh % illustrated by
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c&pbmﬁm@a dieRbriovrtateribly enchas embxxdﬂnhkﬁ tetrinethgparci-sikicate (TEOS), in the

of t col.um s S irs

SR esiirop SpEwS ST aARR GG BaSoanbahBiRy MRebfustmpodiments,
tﬁabadmnammh aidleR ¥ RAI O thayafdiafk 030 4r Mbrd INr ArtedaTy; RPhER an oxide and
nask 302 may b%g%enerally aligned with the | eft thlrg
adyirl "@béé&%z e uppsedeed sesen Hegindiheslowengspedesiar él4-
wi der than the left third col unm spacer 296 to
[00ETIgase tNextald @RERRtbol@ie@tsNa sddotd@IMMAINbRE MR 3128ay be formed

- the structures 150
on the substrate 294, as illustrated by FIG. 48. The second column-notch mask 312 may be a
hard mask (e.g., an oxide hard mask) or it may be made of photoresist, and it may define a
plurality of exposed regions 314. In this embodiment, the exposed regions 314 may be
arranged in a generally rectangular lattice, but in other embodiments, they may be arranged
differently, e.g., in a generally hexagonal lattice. The illustratéd exposed regions 314 may

define a generally cuboid volume, but in other embodiments, they may have other shapes, e.g.,



and 300 adjacent the left third col unm spacer 296 may

function as a hard mask. [00069] Next, a columm notch
wa@mspshe fornmed in the substrate 294, as il POUBUSEDSBB6180

by FIG 46. In sonme enbodi neénts, the colum notch 306

may be formed by selectively etching the third col um

spacer 296 di sposed under the exposed region 304 and,
tltelyemay gesendy ﬂhﬁnesadgiﬂ@ll@tioal@yﬁfldrmal vwrhims pag gglst-dfsdlagagindrical

300 a t the
Vi R S R s 3e0nsR e f e Sttt Bl e
rdniMikhidlg @At d\eBtuB R 8sREr BBGink ircf%ﬂ@raﬂ’}f alpley Wldhltﬁl@ Rirudtik®. To increase
third col um spacer 296 nm e renoved with

a
ali e EARgi NI Y LT ety 8}@1 eeséoieq*mlgnsétlé mayRane ¢ #igth 316 that is
4 @rma gap 308
Waﬁgt nay@%@%%%%ﬁ%&?ﬁﬂ?ﬂu;?ﬁ §m§%%p%%¥%?e col um
notch 306. In sone enbodi nents, the gap 308 may be
[M0972bwer Nealn abﬂlugeaﬁ@rw K. 48y welumrptranch se@nents 3 1may poformed in
ter
théa osluEerT%aQn%%élcﬁt hr%acso nQ:g 35%12 nﬁsgi%\iﬂg d}r' fgn'(\%cp % tw%tlr?reﬁs In some
eﬂnbbmmeﬁﬁﬁa payiobef ;hartthnﬂiollmnmmaeesrtﬂ%elhsposfddl undet the txpoaed regions

-not ch d electric |IIu trat b
3 e RE FEBT i R ST B TV YE IR G P pprion ofthe
tHHRRQRirhh Eithedr ToahSBe b@oVet Wit &l etclS thahis 3encil1yoelddive to the third
like tetra-ethyl-ortho-silicate (TEQGS), in the colum

colomatspaws 20 end natfeeidist tenesnd caluswepRest 4 dhet tha Mmagking material
3(5(5 ! {%? gresbﬂ 0 se@e!m@iw %Mc erﬂltb%uﬁ&lty muﬁ‘s‘?&rﬁﬁl portion of these

ectric 310 may include one or nore |iner
rrnmrr@tsl 1@0sind §Q@ Imag seragin oR ittt ubsichtea 3, theiethe fhnatiening as a hard mask
adjacent t. . d [ 8Q] e
o0} U 8RB R PR AT S om0 e
faatgnth gehingthrogic thenttiskcadidn BWCI’OEﬁf the medaiodertofi éhe column-trench

SRS A e 5t H B i B PEERR T 2 nd e
10Wer d8pdiPregiofBIg K )mag beigkndr@Yy dfsoffegiRalyf evptival @d’lﬁ@th&tﬁeco&ﬂ dolumn-
it may define a plurality of exposed regions 314

netsh sagh beloriehine Teapuesdn M Elineeliinging befifhesgropd gFoup o column

s;?arcér@rlgﬁ dnd ﬂ]e@n&ﬁn@rrﬁdtéryal BEE toARaHL %atdr&llh'tH@Y d?l‘éEtlérf‘ The column-
ot her enbodi ments, they may be arranged different

trengly seginanty 34 ﬁ@yé]pyeya w@gta@ghwgemq@l{y eaqual tppilee width 30§/of the column
nb& §§6rated exposed regi ons 314 nmay define a generally
d vol une, but i n other enbodi ments, they may have

other ShaBY they may generally defi ne
(07 Fht - el lptq I@ashoc\w thﬁdpptt@talof 00¢ eimwtipgides of the column-trench

D Lt

parhsitic demccm rF@r bimrmpjle choed niginy sslp d2kof m%olamxh tggneh segment 319 may be
&g ner gpg mfth this structure. To increase
1mplante w1 an angled implant.

[00074] After forming the column-trench segments 319, the second column-notch mask
312 may be removed, and a column-gate dielectric 322 may be formed, as illustrated by FIG.
50. The column-gate dielectric 322 may include any of the materials described above with

reference to the column-gate dielectric 164 illustrated by FIG. 21.



alignment margins in the Y-direction, the exposed

regi ons 314 may have a width 316 that is wder than a
wor@bh4®iB of the remaining third col um spacePCR982009/036180

[00072] Next, as illustrated by FIG 49, colum-trench

segnents 319 may be forned in the substrate 294. The

colum-trench segnments 319 nay be formed in two steps.

[DO07SH e emlfmhgtheaomﬂnt—gmdlelﬁscmh 822 fmhnhmgﬂteumgments 324 may

B0 Bp PSS BYEICDPY: T FHVG FRACHBE oL B DorogRy by
cfeb@@tmg-r@'gs WA éﬂeﬁﬂca@fva%d?%eﬁcﬁitfoq of 911%1 $§1ﬁ)§ @Epodién MBOnductive

erem)ve wth an etc IS genera yselectlveto
méterial iuehl ag s meted os gened pobsibicem- som mtologed pdpsili¢pa), on the substrate

R e
mnswn'se antdral impotieicolnof tramesqmtﬁlpalme ﬂ:&lﬁmargdte&@@nents 324

in on.th str.ate t her eby .f unct i oni
8 s SRS It A Rt AR N b SRl GO ol column-
gaé’efdfegff@ﬁtsBMBt thiiestabe @ thePt&etf the exposed regions
14 After form ng an opening through the thlrd col um

acer 296, the renmai nder of the colum-trenc

fent s Nextiiag subeirste Xbmay brplenszed s itk by FiG2
H%ﬁ&lﬂ%%ﬂdﬁgg tebvinkZofedr Eﬁlﬁtanﬁw alﬂ&ﬁﬁ@mﬁ@glﬂ@ Hlsﬁés@d above

may be generally anisotropically etched, usi gtg
theapnsd d@mdumnmlé% Foestubgate 294 way beplanasized Chﬁmpﬁemechamcal

| I
iR EY ARGaphiIIREERTL A S SRR,
features in the Y-direction. The columtrench segments
(8007 7dny hdipdlowing martrrizstion, § Hvgmagk 36 maykpigrmedorn the substrate 294,

as ﬁlgl\ll\sgr’a?ég%gqlet ?%m oéf %%&%t?&g 6‘?3%%&& Cfgg%gagﬂ( t ﬁ\g hgrﬁ erlglg, and it may

bot one or
geatrahy déftrenclusdignefithasBdPregins B8 hrrttﬂx@nseeldegmrtsma oty bf which

Vit h ant N-channel fornmati

B BSOSO 0 0 Y BreeLR ) RO Degecaf dgpmesked
refienE< PRy bé 8staled SQGNRBIphIbAthTRIMphie tmmlqaen;t asthwak Hbubddipitching or
angl ed inplant. [00074] After formng

el 2Pk A “é{gWé‘hE@ phqiglithpgrapiy CBW@EF%W%?%%W be

%ﬁ&%ﬂ?’ ﬁgraﬂ@lYto RecH &RAVAE Ferﬂ:?éily%trﬁ HRPrORh&E edibBli@hisl ey may
nay be forned, as illustrate by FI G 50. The

ket Qivat YHpes. @ise|thRt PR uBiRRtGRide forsideythey a1y befiscepsinuous, or they
rﬂ%{ @l{rk?rl §11cﬁﬁ F*ﬂ?edY QPQV b rlfé%rﬁtﬁfd% sC Et;/et \91d¥m the masked region

gate ectric 1 lustrate
P38.i} po0Tdly cqmlep of pesrihay Ft Wé Foot UaW- Jae ewdthéiB@ otayibe larger than the
\%%?H 3&0 Ie lémlln 9&%&? et %Qﬁti the wufm ¥30 may be generally equal to F. The
masked regions 328 may be generally aligned with, and partially or substantially entirely

disposed over, opposite ends of the column-gate segments 324.

[00078] Next, row-gate trenches 332 may be formed, as illustrated by FIG. 54. The
row-gate trenches 332 may be formed by generally anisotropically etching the substrate 294
between the masked regions 328. The row-gate trenches 332 may define fin rows 334. The

row-gate trenches 332 may have a depth 336 that is greater than a depth 338 of the column



be fornmed, as illustrated by FIG 51. The col um-gate
segnments 324 may be forned by depositing, e.g., with
W@ b@oilebs vapor deposition or physical -vapor PCT/US2009/036180
deposition, a conductive material, such as a netal or
doped polysilicon (e.g., an n+ doped polysilicon), on
the substrate 294. |In sone enbodi nents, the conductive
notgh 806,dlut masomenbdsémertts metlastiarge ecedeptht 30 of dinclend tinu-drench
Snangk#ﬂl into the colum-trench segnents 319. The
gate segnents 324 may generally extend in the
X-direction and nmay be generally isolated from ot her -
[@079mgat afeepremmisthd %w—ghtetlhh&e§3ﬂg the@bw tiRk RO @[ﬁ@S)e removed,
&$0076£ hbxt th ubs te 294 may be pl anarj zed
aedirl wr"r: gy be ey %]Fﬁbbs%tﬁ 20 ilhistrated by FIG. 55

ThEFBW-LANE dSIEEiOB4 BHRS trRNde 3hy ¥F B }na@ﬁalﬁ B@scﬁﬁ&@%cﬁfle%vlth reference
di sposed above the upper doped region .

tosthb selpamegapodiclegiricol@4pn EarZlzed wit h
chem cal - mechani cal planarization or a generally

[(@g??]s el eCN‘e?l@ r&b Ghes S4C 54@%46‘%&"3%&%%@& %)E{I/l%@,'eas[' @?s?rré%h by FIG.

oW ng panarlzatlon a row
SonThdwvs gdist 342, é‘%%ﬁ ag 34B Imagtbe fdrewd pythFl sidlewsB-spatee process, e.g.,

k d dit
of QPP RE Ay BT B PSRt AT ¥ i P ay aRGOusmenty
etahidg eheppedetieghaagal 33mdvette cohdushivChaeEy! fBeN@6AEdNYal surfaces,
“ﬁﬁﬁfnd in the Y-direction, | n sone enbodlnentgl t he

HVige SPRE cARAIHYC FatsTalaciasons enngiallyevetiael satrcgs -t hhe row gates

381 B4 Batcohid mﬂhapbé ﬁaa@gmllm a VaH&h oﬁ&mm@matenals such as
|tC|n lowing a mask formed with t

mﬁW@ﬁ ©lg ,gwg praé@@ﬁd PPH@“W&% ke 1ﬂléxjraéﬂd§ovgzsteﬁa§12 (34, 346, and 348
gcgl%ﬂﬁl 3! Léﬁdg??@ k%lre&%neﬁﬁ t?ncf\?ltbté%tggéﬁg'lﬁsﬂﬂﬁi%hhy to the c%lumn gate

Mrmgt I'n ot her enbo ave ot
seghwpesi24e. g., they may undul ate side to side, they may
be di scontinuous, or they may vary in width along the

[ofodyy s- | 131(§ %‘Eﬁuﬁm@éi'aﬂ‘%%i ﬁéeh?ﬁﬂ 9{. pS(QBOIlﬁ] aﬁ’%ﬁ@f@ual cell 350

- region 328 is generall al toor le , -

alﬁ,ilhwra&:,dzn Ereaﬂ'dneiewldwlﬂgsﬂ rﬁp;mbeal]yaF@h 67t111u£|trateh @n exploded view
' nent t he

ofVYlhg ¥ étg% %?%%44 ﬁe%ug cpf48 E;b umn gek %m?rg\%Zgh%n%gzmlconductwc

pdimyn BES gkthercall |3y70,a)l/h1§tnmdy e fd‘ﬂmedihydthb appdrallobgd mglon 112 and the

subst |aIIy ver os t.e end
lopifp S on IS SaTrarly S18B3 tepe 5yt RERSIIefiBe.bapa’or e cel
330 88 abeshosddnFAE. BE demgia,smay tdngsrhé @h&GzdaYal khifacefoa of
The rowgate trenches 332 may be,formed by generally

selsradlyeaABH; te &F 1555 SPBRPKG 251 FUBH r at e 294

[00082] ‘The column-gate segment 324 may be generally symmetric and may include
risers 352 and 354 joined by a buried member 356. In some embodiments, the risers 352 and
354 may be disposed at or near opposite distal portions of the buried member 356. The risers
352 and 354 may be generally perpendicular to the buried member 356, which may extend
generally horizontally in the X-direction. In some embodiments, the column-gate segment
324 may be characterized as generally having a U-shape. The column-gate segment 324 may

be generally electrically isolated from other column-gate segments in other cells 350, with the



bet ween the masked regi ons 328. The row gate trenches

332 may define fin rows 334. The row gate trenches 332
worayohawes a depth 336 that is greater than a de@I/bSB88036180

of the col umnotch 306, but23in some enbodi ments, not

as large as a depth 340 of the colum-trench segnents

'319. [00079] After formng the rowgate trenches 332,

ek baptioowf m@cq@@ﬁlyrfayn@e:onmﬁmsd Fughet, o soowegwbéiments the column-

di el ectr] 42 be fornme tra 294, a

fer et D 05y AP0 Gete B e BRal B Rt iV et 342, 344, 346,
aflBB48 rwgauﬂ@uame eeprion oﬂ?dn%du@beﬁ]] ubl5ClotRedcaaRei@nyv t h
reference to the colum-gate dielectric 164 in FIG

00080] Next, row gates 344, 346, 348
[%%0&3 r med, *gsserr}l?q&@wtg(ﬁ@aruﬁy%%@aywiud?ﬁaorﬁaﬁ,g@%@@& and a

c§6‘1 3R RAT theffs FshBinaBY2 PRy [RIUTRE thidk {eBs 966, 368, 370, 372, 374, and
ewal | -spacer process, e.g., by depositing a blanket’

3f761 in othenermbedimenisyibe fins 260 2kl 36Amay tihdnde geRer ﬁway legs within a
e t I
SRS BRL HelaSt it ie) B GP ST 4B TRURILE scbfured rom one
afothtabe aotcids 178 dnd380NThesoneiciea3dBand 980 nmy be d@lper than the upper
ad' cent rall ver surfac Th
i e P BN Cin s B beion Toh BeckB oo h Frikfl 12T % fins 360 and
36ar rm:y)trw‘r 16201388 Ghd Y70 4FA3TE aidd $76 BbE Be pareidatom b églother by the
or doped polysilicon. The illustrated row

csugy) 3@644~h1§u@ay shignsheyope Hehaieht S 82.afdhriling60rad 982.%ne shape of

C
O T AR ORU AL e 24

an array of cells 350, and portions of an individua
[0Q0841350 dFIES; FB-G3tilustratd oppway bawkieh dhetcsl! 356 ynag jpgcomrpcted to a

§%e érf'\érﬁaédc){ 'as gﬂe%apgc}r%% bl%HSZtm AL BRI RIE 1d e &WS@@‘) may be

row gates 348, the co
copupvegt t0312ﬂ9apanmoraila;e A4 thedligit hll\ﬁ@ 2§©,ratnd aime %@g@ﬁowwsmnnector 268

vs.(':lﬁll a|1 mo%%&eﬁl versdm% (pc%ssfﬁg %Qd glyo Q&?t enc%j.P S. 3 38 In this

region omer o ed reg ear
editﬁ)riiracyntl ﬂhe@esmem Qfﬁb@contabe266rmdltl&t llowgr mltatc[ Mmmjf bd d‘lﬁfted
g % own FI G g g
rSBice e SHG D i e Podon e 286 apd g2 Bich BB bns of the cel

350. Gpedifisaly, Radaddline226028aybe cofiected the 1&@%8&@ 3M® and the contact
col umm-gate segnent 324 may be:%gnerally nnetrlc and

2RAyMAeanER the Lelfage sapoxsranetor J08ith dit g%, 39 phlijeil@yer contact 278 may

cHﬁﬁ'&@ EheX-shhpPe SR MBS hERb foitot Phate 17396 BoBRe REI374 and 376
may be di sposed at or near_ opposite dist

al
apé rtlnq %65 384 of the aolnmentereagpent 3996 Altheugh netshewn in FIGS. 58-63, the
cell 350 may also include the dielectric bodies 262 and 270 and other insulators illustrated by

FIG. 37.

[00085] In operation, the cell 350 may behave similar or identically to the circuit
illustrated by FIG. 30. The row gates 342 and 344 may function as read control lines CL
READ, and the row gates 346 and 348 méy function as a write control lines CL WRITE. The
fin 360 may function as the driver 252, and the fin 362 may function as the transistor 250.



352 and 354 may be general ly perpendicular to the
buri ed nenber 356, which may extend generally
wheomwaessal |y in the X-direction. In sone enmboRPCTERL089/036180
the col um-gate segnent 3224nay be characterized as
general ly having a U shape. The col um-gate segnent
324 may be generally electrically isolated from ot her
[@@ﬂ)&ﬁ}n gateseepyspationglryiew s F1GE! §ls6 BBDstraé turrent through the cell 350.

R R e—

pad 2W&ma§ilb8 ehfiged anﬁstoahﬂgyd ak anistrite@by ¥IG.91l ahe @hirg@m the
t he FOMI% ates 342, 344, 346, and 348, again with t
CARAGHST Pl 2Jf ramnke adinsied by @rrrrgntrhsiweed %%ﬁé%tqr at@&e 2Fa and the data

1&@%@333 J&l@até@B’%%'&PrHt?«%‘éMeTHQE&&é%@3&5%%%5 fﬂs;t ;t%gbmoped

fins 360 and a cavity 364. Ea
weirrald @6 lvay 72 rfetoughea thaned ih 8gdo8EBGiop8bEortidT 0]4,37 the upper

other enbodi nents, the fins 360 and
C%B%j(nggn%?$0fﬁw%ﬁ%ﬁgor fewer legs wthin a single

cel | 350 The I egs 366 and 368 and the | egs 372 and
[B0087day b&hsepamat edhd loger doped pnoiondn 4 myayrbetfommes! 3 &8ectric fields

and 380. These notc 3 be de er th
ofieehiteom B0 PaGi AR o2 2o TE b Comlimee dfe con 350
i fotfi tel6,af2naslla phellgRhanh8R cath idjeehi die of &2 raacgg% 346 and 348 on
The other | egs 368 and 370 and 374 and 376 _nma
elhederd dhg % AP onEheshehanBels BiRy greerellK havy aééahawsewlcated by the

a%)h 08 TG bed aRd thteﬂ fhab) @brad c&%gctw‘c ﬂan?arghrﬁfsthg @Qluﬁlrﬂdnotch

. The shape of e Cavity 36 be generally
d&t@qﬁ%hﬁhmmgﬂbﬁ frper @tpacéegmnsﬂﬁ% 06 @1|6Lh¢§$-3@ataed §&giment
324. [00084] FIGS. 58-63 illustrate one way in which

bduzssel | 350 cUﬁé’ntQSO @m@ngﬁ)trﬁ% f1Qw Bo Rl SoEIva tht%%glpacitor plate

as the capacitor plate . I'n sone enbodi nents, t
2d¢| depgBingray thseendodineot, ¢ datn vihes bedpmeiittor toghacapagitog plate 274,

abfighelsl Suudd R55eA00uuAN BDEAAIL BAE FOMTG 0GR INERH Rens,

versi on ocess escr b
pabimneof\thib hurlr@ft éﬁ@ mag akso chdrS.or Bﬂselﬁﬁge kire dohirsn-gate segment 324,

nbodi the posit s qf th nt act . 266 .and .t he .
Al Taent iy 2 BE° affr bl PP 48E Gufpfeipggen. e
rd)\jv Rate? 896 hial 340 zgﬁna%yh)e ﬁe&nériglt‘zhg 5%&6[18@1151 c&?c&ctil\:}'d éhamrt]el between the

r tions t he ce ecifica the .
@iﬁﬁmtg%efeﬁo dige tecshieee CB ARG ¢ropHior plags Moo shenging
372, and the contact 266 may connect the

[00089RJe- S A SRMPIIYTAGELQN opéfalioh &ill REwIRGlestiBed With rbf@t»bﬂée to FIGS.
cont t 278 q&&}connect t he cup-shaped portion 276 of

6 18d pze ireask Ak, acarreny heingen Hiety of tgs-§ouEs cgmmeci P68 ard the data line
2@0 ot @ahiSBIvokade pbadcbe lc)gﬁhM%&@trﬁaﬁmré%ﬂaégﬁnespondm gto

Al though not shown in FI t He cel |
aglatiovalyes P-8d O, {1 agndii-déitdigital bue.e Ehomagniwde of thisgwarent may be

afEOES bi' s s Q By ik L:Mﬁcirtcﬂ'tp?ﬂe 9’)’4. The voltage of the capacitor plate 274 may
correspond to (e.g., be generally the same as) the voltage of the column-gate segment 324, as
this voltage may propagate through the lower contact portion 278 of the capacitor plate 274,
through the riser 354 of the column-gate segment 324, across the buried member 356, and into

the riser 352. This path is illustrated by the cross-sectional view of FIG. 63.



FIG 37. [00085] In operation, the cell 350 may behave

simlar or identically to the circuit illustrated by
Wo-@@9/18055 The row gates 342 and 344 may funct i BOT/ES2009/036180

read control lines CL READ25and the row gates 346 and

348 may function as a wite control lines CL WRI TE.

The fin 360 may function as the driver 252, and the

00A9U62 nedn elgpieicitish eraneting fremitkd ealenn-z8io SEDBOBEM, THEmore

%r Qfﬂ%alﬂe o rdap35Y Iﬂr]rga%ét%hsggd% qﬁs Vg??dé‘“%‘;tﬁ% e?ttgﬁ%shbgtween the upper

rrent roug
doplet r@tﬁh 112hmf th@lﬁggm e (B4 GppardopetBrepivy 102 ofthetegi3B.dAs illustrated

a apaci.t or ate 274 may be charged or

i Sk 87 SRR e By e eeBbe oD (el gge-ppree connector
Zdﬂi@an@&ﬁ@}’éEBQS Alirdieatelitdy iy 5. adj usted by a current

bet ween the capacitor plate 274 and the data |ine 260,

36 di cated by the arrow 360. The current 360 nay

! %é/\}nf r om YRHEN (58f88 él%ﬁ%lf%g%t%}f‘zﬂ‘ﬂ 34 mapde F@fgglsczdz and electric

AdMOHER (Re ERINBEY ghiBs Irnliave Ifma %@ﬁghﬁo&{él{a% a—%flcan?é% a current
t he upper doped portlon 112 of 374.

betiecantian legl 368 and bhe 1630y aajldipetohteg;bb)t HH'?IW 3.6.44h1lmymbgnbod1ments
f t
eélglgé?%ﬁ% B‘% A{givegé e&Sg%gt;a% g%ga%iel 00 c:,?g\mlctw% F%aél\[l]v%lg PP elsfher side of

tBSEin3ag, a‘ndrthnase mudugevnedhahﬂeys jnay adrinett tﬁaamj&etl@ee&sgtbns 112 of the

d ent of the FOMI tes 346 a 348 o i ther

B RGP RSy eehdSe e G N i geR DG T dhaguets from
tAe kérvB Eﬂ@ﬁ%?ﬁﬁ]dlmlaﬁ@ﬂﬁ@h%et f8mahd &th%ﬁ%ate@e{rﬁéﬁ{ 384 hay both
and t é forma conductive path around t

EeBFaHN hﬁ‘ﬁ’t"c -SHpRs, ard the ghagmels fljom e e BAEs 3pand 346 pay be generally
Jr@B O tolthe cQ{:nlntehf?o&ng:Scoﬁlmn W t%’%ﬁ ent B9H088] The

current 360 rds or away from
t he capaC|tor pl at e 274 dependi ng on the enbodi nent,
[P99Aat a VHriNE %F%@pwmt%ﬁrepbm@h Bowdstiden dre yoltageesource

c%Zﬁ’cct&%Stahg tkg:q{a@a IYrﬁl 2‘6@ db ¥ Ji n‘@ Oﬁgﬁﬂ bh B2 chret Qlethc caﬁ)ac#tor plate

capaci tor plate I'n sone ments, a-port
X8 df e P?[@nttoﬁﬁaeﬂﬂﬂflsaihsr@ed;hm gﬂumOfgam Ssgihart Qé4 mtlh also be charged,

a?lglaH 'Hl:c%t ﬁgﬂﬁﬂé cglérfie ég{écsggélgrﬁ 39.4 Z?r%a%efoxgré § con%u?tlve channel for

capaci t I's adju ect
tb@cmm\ﬁﬂ tlénhe dalpecitooplage/d ds Bet@hangdd,3Udh, at soma\enibediments, the

ene |zed sing the nduct, ve chann bet wee
R 3mSR e SRR e es 68 ane
W&pﬂﬁil duﬂi‘enlnhﬁl}t fotA1Av batwEBnah@ngiapg-sohiRe @&Qﬂectﬁmmmﬂ{@dam line
ration will npow be described wt

d
21691‘ ComeR IO p s Toa8 OBgTIGRIaY 9} eRenhn gart, é’“élEFr trapgistors formed
@th@@ 369/ PI0, 80P AHY ERaBRAMRCS R of 288 HABcvE SafleBveen the

i ne
voltage-source connector 268 and the data line 260 that carries the current 364,
[00093] The structure illustrated by FIGS. 58-63 may be one example of the circuit
illustrated by FIG. 30. The column-gate segment 324 may drive the current 362 (FIG. 62)
based on the voltage of the capacitor plate 274, functioning as the amplifying transistor 258 in

the driver 215 illustrated by FIG. 30. Similarly, transistors formed by the legs 366 and 368



260 (or a change in voltage produced by this current)

may be categorized as corresponding to a data val ue,
wWe2@9/,140¥55 1, or a multi-bit digital val ue. TheCT/US2009/036180

magni tude of this current nay be affected by data

stored by the capacitor plate 274. The voltage of the

capacitor plate 274 may correspond to (e.g.,

agyd e @M gatctsrfe%andé4é$1)aytfh@tlom b thg eccoss ttamelst@oi zﬁﬁﬂngéﬁé in the

FEREFLunrdee B bl o0 SohARF FRL-L AR AN BILRL %57

through the riser 354 of the colum-gate segnent 324,
[6@0%Is t heAdnoteddbaventssry a3bbver dredit kontranstoliten g1 grebind8afve of a data

Thi s th is jllustrated he. cr 0Ss- sec i onal . vie . .
vafuet Belegad Fotogutie JE 6 it B 4 e e 3 Bhetecion of
siggﬁlsquﬂ i G&rferte NE N lovdRf fin@ ek oMb of R8RS fr@ﬁl da¥a elements

e riser 352, may establish a conductive channel that

seoringrioa tigit dese Halupie 1nporae crabpsbmenis ghegradiis nopfdesthieiyeeg; 8., the
ke300 o RGN LR AP R . o

cmhndymmt&:may eperabaeax wepred singlav al 3&@1‘6— dthe raddedcogmaé strrmgth may also

P oo hetier PR neBar i rRE Pty Yo bt o33 ng emglfers ona hip

a8 Yedie @iy, ZadomaBthbedifehs ultiple bids mhy 68%fohel disesifgle memory
rOM/gates 342 and 344 may est ab] i sh a channel that
cleapo e s g v TrERRL T e diflegpnagsan signals perresagndipg o the
d@Ferehd digd v ALAd I‘bd/t aBleh®BHiRR s Will pRRTR 18I AlsEBEeFits, and some
energizing the ro gates 342 and 344 may establ i sh two
egtheduneritymay bampefkioppther ressens yiddeayafrovide nenapf3ame bageits.
t hese conducti ve channel s may connect the upper doped
[068ysens 1kg hﬁg tH¥RvdnBOF m%? @c ANREepdBR (DY arftlseReHifiGhtions and
around the columm-notch dielectric 310. The channels .
aitmmwmé)rme,\mpgawtf@@mmmna hgyebegn ghaveb e wanpksxafmpbmin the drawings
E\ﬁ% \%’ﬂ)é-éﬂ‘?:re %d%r?ﬁ&? i rgﬁ%‘llfmv% of Eho%?d"l% lﬂldegsﬁ(%‘fi‘lvtﬁaéﬁhe invention
ﬁ annel's fromthe row gat es 2 an
iSriait m‘aydd:ﬁemgﬁﬁ enidd ty tlerpaitogbn Mrrris dlstllosscdc Hatime| thé iromention is to

n 324. O Dur |.
B i AR SRR il selas Ty B g 58 mascope or e
ifeEntion ko defA(d WBNte fd’l}bwﬁi’égt@pbnda& cRffk. dependi ng, in
part, on the charge of the capacitor plate 274. If the
capacitor plate 274 is charged, the colum-gate
segnent 324 may al so be charged, and an electric field
fromthe colum-gate segnent 324 may form a conductive
channel for the current 362. |If the capacitor plate
274 is not charged, then, in sone enbodi nents, the
col um-gat e segnment 324 may not establish a conductive
channel between the | egs 368 and



370, and current may not flow between the
vol t age- source connector 268 and the data |ine 260.

w@omwanosi | ow during a read operati on may al soPAEPSId9/036180

in part, on the transistorg7forned by the | egs 368 and
370, as they may establish the part of the conductive
pat h between the vol tage-source connector 268 and the
data |ine 260 that carries the current 364. [00093]
The structure illustrated byCEAXNIS 58-63 nmay be one
exanple of the circuit illustrated by FIG 30. The
c‘%l ]g segnment 324 may drive the current 362

158 meéjdg‘,ed on the voltage of the capacitor plate
2174 fAm@am@e@rﬁglsaﬁg the anplifying transistor 258 in
the driver 215 1llustrated by FIG 30. Simlarly,
t r ansiairelssmicondpprip h@M’é‘E@e‘é@@% and 368and the row

gat es
O ansi ot oy SRR (U Al BRiGEGERR, fn and hayipe a second
lggtehi@ 30. Toget her they may forman AND gate
[00094] ot ed Ve rive
transii’ ﬁ?gé}? ﬁﬁtz?\?(?ngnob gBS? S%{“‘a%‘%cﬁi‘c Fﬁémg the Second
bahlcevéstidrdin, abkleint thé ﬂ'm’d tgateus Rotflectidallly @onridaded to the first gate or the
eI emceints allow for faster detection of signals from

&fnents, and allow for finer resolution of
SI gnal s fromdata el enents stori ng nulti-bit data
values. In sonme enbodi ments, the read is
Aon- ddde davics ef claimgl, whergin (b Srigbgashex tersks nadgy dredlingggate, the second
g Irledml ns on the capacitor even after reading.

some enbodi ments may operate at a speed

Si m I ar to SRAM The added SI gnal strength nay al so be

fumbert oAE0en 6Tl PRl s Wi o o S oo miicor in
sihee thahnhesinesearitmdia@isandit técph@ sdmitenduegsr he, st or ed

on a single nmenory elenment, and the driver may anplify
smaller differences in signals corresponding to the

di ff ermaBidewad af A@mUE SuhedRt (halfirst QBRI IR Finx lehids generally parallel
Eéhow de all of these benefits, and sonme enbodi rren%

(hepecqpdsemicordiciiifer reasons and nay provi de none
of these benefits. [00095] Wiile the invention may be
susceptible to various nodifications and alternative
por s The devire plcclaintlo tihprht e fizst serbisendusku i doypriess thiee legs.
exanpl e in the drawi ngs and have been described in
detail herein. However, it should be understood that
bhe i Ahedevionof daimdt, wiharteanitie thrtolegeedchrbingrsd adiktakportion that is

art dIS ed. Rather, the invention is
cdoqc)gjfreg {m Fite h’i equi val ents, and

aI ternatives falling W|th| ﬁ+he~ep1+ﬁ—and scope of

fhe invention as, defined by the foll ow ng appended
& ai mé* BIR|HgOMPrising:

a plurality of data cells each comprising:
a data element; and

a driver connected to the data element.



What is clained is: 1. A device, conprising: a first

sem conductor fin having a first gate; a second
waeomaersuict or fin adjacent the first sem condect/os2009/086180

and having a second gate; aBd a third gate extending

between the first sem conductor fin and the second

sem conductor fin, wherein the third gate i s not

8el ectlihp catyiyoldaimettvdtrdin theldatafelansant gran@ises a triemosedemeht or an
ixggtie, lZme'l'.pe device of claim1l, wherein the third gate

{E'BRGS SRder the first gate, the second gate, or

both. 3 . The device of claim1, wherein the third

gat e _does not_ extend to sem conductor fins other than

% he flihe sircwedf doimuiliathsrein the dap¢lansat eupsisgs 2 capacitor.

sem conductor fin. 4 . The device of claim1l, wherein

the first sem conductor fin extends geneially maiallel

100 t Rée sieoohef dam tonupdtiog: fin. 5. The device of

claim1,, wherein. the first sem conductar fin conprises

Chr ed dteh eict hpldd Bun SRR FGRHENR o o 01 he

t hr ee dhadisic@anpied @NRE read-aaceds 8dvade. portion that is

doped different fromthe rest of the leg. 7. A

circuit, conprising: a plurality of data cells each
1@_0n'pl'["h§hi@@jit@}‘dﬁﬁhﬁl(ﬁk&ﬂﬁ%ﬁg:and a driver connected to

the data element.8. The circuit of claim7, wherein

t he d#tad-conbpkline @opntddsteshedriveriong el enent or an

' maggWitce-lc mtl'megonn-@éd%g&Hﬁsﬁstoqf a{éloz?'t r%ad-%gsrsedcoice.

the data elenent conprises a capacitor. 10. e

circuit of claim7, conprising: a read-access device
lg.gutp:ggg (I;lté(g.ltf %ﬁ céaglgan; 7a axlg{(;%grg{k]l‘:e’dri%]rdco%p%gésg line coupl ed

a write-access device; and

an amplifying transistor.

13. The circuit of claim 12, wherein a gate of the amplifying transistor is connected to the

data element.

14.-  The circuit of claim 13, wherein the write-access device comprises two transistors

connected to each other by the amplifying transistor.

15. A method, comprising:
storing data by changing a voltage of a capacitor;
applying the voltage of the capacitor to a first gate of a first fin field-effect transistor;
controlling a current through the first fin ﬁeld-effect transistor at least in part
according to the voltage of the first gate; and
reading the stored data by measuring the current or a change in voltage produced by

the current.



11. The circuit of claim10, conprising: a
read-control |line connected to the driver; and a
wowimwa4soent rol [ ine connected to a transi stor Per/@Smng/036180
the read-access device. 1229The circuit of claim?7,
wherein the driver conprises: a wite-access device;
and an anplifying transistor. 13. The circuit of claim
16, wibe giethod of atagm bf, cotnprisimp lapflyinp g réad ankagsttor sesond gate of the
gqpne%tggeﬁ%:&he.gata elenent. 14. The circuit of
PN P AP Y he wri t e- access device conpri ses
two transistors connected to each other by the

anplifying transistor. 15. A method, conprising:
dfori Wée B&EhQd 19§ ClaH heyihsran storinmda eempriseneeaeneting a second current

gggh%nngc&neﬁygkmqg@mgéPgggrcapa0|tor to a first gate

of afirst fin ect transistor; controlling a
current through the first fin field- effect transistor

' h f th
T, 5k PRl T 0 MIE B Pl e e

ofithe €intfiedd-c e h‘aﬁgﬁoﬂ damkésqgepargnm%uﬁe@blﬁge thlaeu gh a conductor that
current 16.

GG iy Bl Bt HlgsTie BBt BareRotsk i Heldk ¢ffest transistor,

hihder tHeaklsRf JaRCHT thd BREHS O-efé: trahi€iof Bt hod of claim
, Wherein storing data conprises conducting a second

current through a second fin field-effect transistor.

TRe, &pggmggmg%arnrl7 wher ei n applying the
voltage of the Capatitor to the first gate of the fin

fi el dioghingct pltlrahnsofsmautatiog rtrpndhse‘m qmubpamt ing t he
voltage thro ctor t etmee
R T R g R et e
f i el dfoethfngat pltufalinsif$ine wheiélfl @ic ttdheh SepaRnE cgRhe befwdePairs of
rst é field-effect transistor. 19. A nethod,
‘Fﬂﬁ“nPbW%Wﬁﬁrﬂxﬁmﬁw P¥fipSof i nsul ating trenches

|n a substrate

20. The method of claim 19, wherein the trench segments do not extend between more

than two adjacent fins.

21, The method of claim 19, comprising forming gates in the trench segments before

forming the plurality of fins.
22. The method of claim 21, comprising forming a notch between the insulating trenches.

23. The method of claim 19, comprising forming gates adjacent sides of the plurality of

fins with side-wall spacers.

24, A memory device, comprising:
an array of memory cells, each memory cell comprising:

a capacitor plate; and



formng a plurality of trench segnents between the
insulating trenches; formng a plurality of fins,
wob@oaisysi he trench segnments extend between paP€BHUSI009/036180
adj acent fins but not betwsen nore than four fins. 20.
The nethod of claim 19, wherein the trench segnents do
not extend between nore than two adjacent fins. 2 1.
The met hoda &stéragsistpriigving@rasiciconprgtadde iaeppegciton glaien
the trench segnents before formng the plurality of
fins. 22. The nmethod of claim2 1, conprising formng
asnot The hetoee devidesofictedu 24) wirgeih eedhcdeticompdises Byecond transistor
nmet hod. of claim 19, conprijsing fqrmi gat es adAa%ent
§PIH’§§te%f“ §eRieS Bt rtgq fi”[SS/tr 1sfof, yeheygin H}egr"?ratetganﬁﬁpr and the second
SRRGRESare At fichl-SREPrinsthe)tt.ce, conprising: an array of
menory cells, each nenory cell conprising: a capacitor
plate; anda first transistor having a gate connected
to the capacitor plate. 25. The nmenory device of claim
24, wherein each cell conprises a second transistor
connected in series with the first transistor, wherein
the first transistor and the second transistor are fin
field-effect transistors. '



