TWO- S| DED SURROUND ACCESS TRANSI STOR FOR A 4.5F2 DRAM CELL Background
of the Invention Field of the Invention [0001] The invention
rel ates gen®P2P¥%Y7 nenory devices, and particularly t PSSRy
nmet hods of isolating access transistor constructions for DRAM
devices. Description of the Related Art [0002] Access transistors,

such as Fi elTvetS$ED SURROEND ACCESE 'FRANS‘-!STF@@FOR AIWEF'Z’DRAM CELL
structures such as dynam c random access nenories (" Ms")

controlling access to capacitors used to store charge representlng
information contained in the é@gmﬁ_md S 1@t r ansi stors need to
be abl e to pEeRvddRe My@htibipedance when they are turned OFF and a | ow

i npedance connection when they are turned ON [ 0003] DRAMs and
other nenories U880HN abitR elpyeniiprs cietaies waenesslly atovomelrong dévdces, s and

bt 1ine o GrRye RS Ens M Bt iock 0 RbBpo BRER woffihPTonkt fEont

sel ect ed. Afnrﬁ)ﬁmssiemcamm stor that is |ocated at the intersection of
the selected wordline and the selected digit Iine is turned ON, and
that menory cell is accessed. [0004] I n DRAMs, charge | eakage effects

necessi t at eDgRtripdeh of tref Reistddgrsof the information stored in the
menory. In turn, refreshing of the DRAM | eads to_increased power

consunpti on and (8898l s '?“Fpeﬁém siper sghoas Figld dftachdransisiersi §ET's) are |
desirabl e t e'ijeqHCﬁ"i ggtﬁaﬁ@%ﬁﬁf%%t Slah&mm om accetO0MRhndAe

source of charge | eakag parasitic conddctance t the sane tiIme
t he access Daﬁ@ﬂ%ifw cph‘aollmg aboewt todcamaciidre usetddo stwrei anargs rephesenting

sel ect ed worgl | l,ect Lt Lbine i

other accesdryane SP ot Rg PuPhet o ibste BRI UeaTiE by able
the access tborpmosidst Iosgla nbmedgnc:@wmeedtlrtey bilee tiyab@ ODEHE ahidyiat lolwi mepedance
These access tra Si S ﬁ%’xhl urne%lo(gﬁ parasitic conductance as a

result of tcf?@nﬁf’ W ‘8”

[0003] DRAMs and other memories use an addressing scheme
whereby a wordline that is coupled to many transistor gates is selected, and at
the same time, a bitline or digit line that is coupled to many transistor drains is
selected. An access transistor that is located at the intersection of the selected
wordline and the selected digit line is turned ON, and that memory cell is
accessed.

[0004] In DRAMs, charge leakage effects necessitate periodic
refreshing of the information stored in the memory. In tumn, refreshing of the
DRAM leads to increased power consumption and delays in memory operation.
Accordingly, it is desirable to reduce charge leakage effects in DRAMSs.

[0005] One source of charge leakage is parasitic conductance. At the
same time the access transistor that is located at the intersection of the selected
wordline and the selected digit line is furned ON, many other access transistors
have a drain voltage due to the drains of the access transistors being coupled to
the selected digit line. These access ftransistors exhibit some parasitic
conductance as a result of the drain voltage.



WO 2007/ 002117PCT/ US2006/ 024025 [ 0006] Additionally, it is desirable
to mnimze the area required for nenories, such as DRAMs. The need
for i ncreas\vﬂg}f}vmg?ﬂéﬂ er sem conductors results in adj ac&{{Us2006/024025

transi stors pla | oser .together on the sem conductor wafer. This,
in turn, resul tj:sgw’%th %&b@f@ﬁb’oﬁ iedpdablafo tRlinizanties atges rexuieddfor

cl oser t Og%é%riefﬁédc@l &4 PFiAI\Vi@.qtﬁh'éi r%ladeﬂo?@ﬁg%&ﬁégﬁ}gﬁ?ﬁér%nﬂ{:%ndudors

various circuit elenments rom one anot her. O Crea
smal | er depestiison adigfeshraasisioriplaceth slosentogetherton the seedsendutor wafer.

substrate LN c t.] : er...hi r ing.levels
i ncrease tﬁgﬁ%’oﬁt g&nﬂ’ngér%ﬁtselbgﬁéidn %@ﬁsqu‘@o&;\%\mggﬁa%ﬁsﬁ?ﬁr placed closer
i ncr eases tthgethepkalgle still reemiringf elebidcirianiation @f.vapio09 Firknit RHHBGE from

met hod to maintai.n el ectricgal ,isolation of yarious circuit elenents
from each OQV}?G?‘}O@?FQC@P? 8?;16?%1‘?%35? gt58 S@?&ﬁ%ﬂ%@%@‘?%@@éﬁ? dgngsigtors
t he seni cori@luctmmasbiom@vamst@tee@bbingabqﬁc%ﬂh@tibﬁﬂ SHbWel Y, Qﬁ%ﬁé‘q%ﬁsﬁg

space on tZe AM or other integrated circuitry. Various techniques
have been d&VR} JpEersothecttaminget lgvehinibegsitienn, avhieh in &un, insosases dhe

structur eS-leé??ade'ddﬂn%hfafﬁ@ﬂdhsFét&ure 1, one technique for providing
electrical isolation while requiring relatively little space is to

pl ace an i sol at [&#0®r erigharkebaeateeh ta peintaionslectrichl dsatiironf various
constructi gas, L o f ., i.ntegrated circuits .
portion of Q{']ﬁlé&%gerné%@ i Péo(?réO@ﬁ&ﬁCﬁ@%g‘%ﬁﬁ%&gsotl%iogogtﬁ%qtu:@sf @E’tfjéb 'ﬁ%f?g in
are an art ithasemidondacioes.t Heweber slekarichbinolatichRiguEeses f&ﬁﬂ@]dﬁia@elbﬂ the
al so iIIusm S tcr&}ﬁ degelrgzttisgn.regi or\? 104 surr_ound'hng the gate
constructi Yo PHEFEE S LB st QI@&‘?JHCHWGFJEQ' 8 ¢ 9§PAdeYRloped to
trench 102 rd@ese thetarBa\Red fousleoHbsl iSdatiaPseldiars 68 MistrSaNBRgWRE 1,
the invention Lﬁ[%g&?)ep\ transjistor with a grounded gate or an

i sol ation 4&n i B’rc@'ﬁgldmﬂ:le&ﬂw ieEatien rwhiky requwdag reledively sitde
const  uct | apeande aoegaTad o5 aaAoh (AARKS102 SANRLHUE! bOROK & B¥hdSor

i sol ation between the access transistor constructions
devi ce. | ncansieudiicas HeRt Hawrvendnsopedepes of indegrattircuita, apottiverof the

enbodi nent , [{rg[%m{ I ' E Q@AM |n..2an odi ent
t he access pta E%ﬁ%l S oru}ézzagﬁétlgﬁgk ﬁ%ﬁcgﬁ‘fﬁée%ﬁtem- Sl gg(‘ﬁé gﬂra?t(l)%ﬁhgﬁsc'g%g%mh
t r ansi st or d$solation techniques. .
[0008] Figure 1 also illustrates the depletion regions 104 surrounding
the gate construction of each transistor construction 100. The isolation french

102 does not have a surrounding depletion region.

Summary of the Invention

[0009] A transistor with a grounded gate or an isolation transistor is
constructed between a first access fransistor construction and a second access
transistor construction to provide isclation between the access transistor
constructions of a memory device. In an embodiment, the memory device is a
DRAM. In another embodiment, the memory device is a 4.5F2 DRAM cell. In an
embodiment, the access transistor constructions are two-sided surround access
{ransistors.

[0010] The isolation transistor between access transistor constructions
creates a depletion region under the gate of the isolation transistor, such that the
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[ 0010] The isol ation transistor between access transistor

constructions creates a depletion region under the gate of the

i sol ation tYWR87PA7 such that the electrons in the sUifS{¥2006/0248%%

avvayfromtgf gate eso the d lettonrelon
C

of the isol ﬁ‘n'?’r'ﬂn‘i»bi‘;’s?@tIl ?W?Weaﬂ’éﬁlgg‘?mgﬁ‘ rgﬁtfeon nNedes off and

adj acent acefsggesd HRNEEHIEAGN CEYIGH bEIHd RORitioh SRR A @t@tdé;ﬂe’non regions
subst anti al IQ%/Freduced as there is no place for the electrons in the

mer ged depl &1 Hsnadiggeraccens rappisior coRstuliPass Healadsecwrentds sgb@ggtlally
t oget her toréﬁtﬂﬁﬂcés%hér@ts'r% raealfspmadebefmnfwg@eﬁqer%d QUREHEP PAdIGh,
concentration of the silicon Ssubstrate nmay al so

[0011] One dhBodepietien grgions smiayviestitaged §|O§en’m@§tt}erd©vbawmerrprsmaﬂg

Aseoc! ated srtioTHISEET Gutfrlrdbiel KboRl, SHREATEHERT B> SR GRpstate

| i nes assochnatyslsabeluseie sem conduct or substrate a plurality of

gates el ectrical ter osed orage device and a
digit line vvheret{ﬁ]'la ﬁ%\‘a Et% B 'é‘(ﬁ? ignafR & @egnery ideyice

define a negpmprisingl a y&ﬁ&@h@&&esaﬁt@e aéepmﬁahfyeef %P]a?g% ts@er&e devices
recessed into the senmi conductor substrate such that a first dépletion

region is f@FsRIAGH t%tmtmh@@'éwmuw%ﬁa%@s@‘ﬁ@iiy ahdigd Jipps @gaeciated
when the ga i ti i

peri neter OW‘ h@eﬁg%egse Bté’f e&{%ﬂgg é/ é‘B?fét %ﬁﬁ%%?gfrécgt}%}&r ﬂtagxtsgd
t her eby al | baivestear gechaigelsjwagetdwe tand 2 htligity éins twhergin aegatee aanbarge

the corresp i LaLt.line,..an | .t ol tructures
formed so ag’{aﬂ%é%gg k’%%e%édeg’ \{/jvigﬁh’lﬂﬁ'ﬁ3 fj %ﬁHs%mhc n&&uc%e?l “&%@pr eg%tﬁa s
as to defi nbormeslesmad tde:m ricessed #do dme eetnivondubier sabsicaduchahat a first

substrate. ther odi rent of the inventjon i,s a

ronory devi GEPIBIAnTPIPN S bRt (VTS theserCendubi SEpl ndcsin that,
plurality ofvherrae ma@@hé Sctfatad) a2 donductive Patte ffopmet ot Bisd patifeter of
wherein the plurality of nmenory cells include a char ﬁ}WSt or age device

and a recesY&ireges Q@W'g'éntﬂﬁﬁ Aeicopdeator sulstiatep nareby akow charge to
substrate, WHRMRINeENhd ehs%e AGERE AR & 1Y seoﬂaﬁlb%ggmnée&wa
in the substrate and further defines a current pat

recessed pePluiditerofofisalation eﬁi@@ﬁdra%c@i@edeﬁpcésvm Hien renessadbsvithén ethe
and & PLur akLbiecliubiSPLabdife Shi UG5 GhAE BRbobNy LIBIBBILGAA Sutpftine
as to isola ura nenory ce fromeac rern
the plurali Bymmbndsctbasmﬂtrateruct ures conpri sed recessed access

devi ces that are.f d,so.as to e ten ubstrate whereji n.
the praral |ty or908]a: ABRIEF, HBPEILEN ALE PEEBRc S dite gy Selice

regi on in tbemptsiag l’aaét.fbstrate havind 8 @itsilsufiaed, @ﬁluﬁ;ﬁt}p@h Bmonpeellshfranged
i nvention IS a nenory devi ce CO risin a Su strate havi ng a a first

surface; a M RSRAURERHN, the ALpSiRE Rie: whe ¢ Siugiity ofirpemopg gl include a

storage deVbﬁ@rge%térbbéHe@i’c@'énd'd F&es@é@a&e‘eb Gelick FeMsePEShs to extend into
construction having a first recessed gate that extends into the

substrat e fHEnsubisdate, vdiereiprthececess gacess devos dluca padeplsiions teganmirmthe
wherein thegfidishe gﬁg?uﬁhétd%rﬁﬁgg gd&\‘te?lfﬂbtﬁ @ i’?g{::éutctﬁe I G{SQHH g%q[nteger of

the first source, the first ectrica
the first difw mecessseaccass demoeywdlmnsthweubstratepmam 8i p@lr:ail’t}s@Ol‘a@!atton

menory stor i con igit line:.a ) t ransi st or
Const 1 uct | onrietofesgBined b i Pl o a7 B 1BMe Tod BRERy ok WehEHLens
second_ dr Fl: fronWémfrteothaet hessin ahel pioealiy bt th&etdﬁﬁmh ree Cbg’lp(;’lsed recessed
el ectrica coup cond sour t he sec [

is electric ??Sc‘i&ﬁY &h@{;afeh L GIIAT %ieﬁte”a/ﬁ@toem‘? ?'-ﬁf@t"ﬁ% gf(h%{ﬁl& "the
second trangjupdi®y oLieotibn Strl&0fesAh8udeS 88SoRLEQRSFHENGRASIn tAS duBstrate.
grounded recessed transi stor gate construction interposed between the

first and second nenory constructions. [ 0014] Anot her



WO 2007/ 002117PCT/ US2006/ 024025 Bri ef Description of the Draw ngs
[0016] A general architecture that inplements the various features of
t he inventi 8% 72 Hdw be described with reference to t FETHSAHOHGES
The draw ngs anipt he as | ated de crl tions are provided to
illustrate embodPHEsk s ‘PO RE §M El Anthendpvandon; isi @ RNy opevies

the inventigfm rTé?ﬁg)Ltgern‘H)%tré{ée HAVRY Egﬁrstrﬁjr%(c%“% fﬁ!s'l"”‘?r‘?érﬁo@r EonRrueisd

to indicate correspondence bet ween referenced el ements. |n”addition,
the first cFprisig eafat memargraieraga mevice; adirsbeigl linge ang gufitst fransistor

whi ch the eé&%ﬁ%ﬁ'geﬂ;/vﬁé‘%mﬁren l%ceggequétg'tﬂ %ndé iln'tg{hr a%lﬁ)%trﬁ'te om the

sinplified s 1'SO on's ruc r'es and trancist
constructi dirst s |eigtirseuttd, ldnasa rfiestedram, swhqnelnfﬂ'tecflrsi dlemurxewtm‘ége

transi stor |solat o ructions a d ccess trans

conatruct SIS B rPIBSHRARTERKPIGH  tohdts e Puive: (5t o1 it diok line Is
i 'l ustrat eselgttApallyf drfbist @ethei fRw m—bmaa Rabad niERérydonkhectiBBBYMprising a
devi ce 200 of Figure 2 further conprising menory storage devices and

menory acceiRSORVINERONY [SiRaef Fyire & sesond digicling: anddt red Fansistor
Menory arr ayRe0ERMhaging a second recessed gate, a second source, and a second

drain, wherein the second memory storage device is electrically coupled to the
second source, and the second digit line is electrically coupled to the second
drain; wherein the first and second transistor constructions are recess access
devices; and a grounded recessed transistor gate construction interposed
between the first end second memory constructions.

[0014] Another embodiment of the invention is a method of isolating a
plurality of memory cells that are comprised of a charge siorage device and a
recessed access device formed so as to exiend into a substrate wherein the
recessed access device induces a first depletion region in the substrate and
further defines a current flow path about the recessed perimeter of the recessed
access device within the substrate between adjacent source drain regions, the
method comprising forming a plurality of isolation structures so as to isolate the
plurality of memory cells from each other, wherein the plurality of isolation
comprise recessed access devices and inducing the recessed access devices
forming the plurality of isolation structures to form a second depletion region in
the substrate to thereby inhibit leakage between cells.

[0015] For purposes of summarizing the invention, certain aspects,
advaniages and novel features of the invention have been described herein. Itis
to be understood that not necessarily all such advantages may be achieved in
accordance with any particular embodiment of the invention. Thus, the invention
may be embodied or carried out in a manner that achieves or optimizes one
advantage or group of advantages as taught herein without necessarily achieving
other advantages as may be taught or suggested herein.



multiple wordlines and digit |lines, where the nenory array conprises
the structures of Fi gures 2 and 3, according to an enbodi nent of the
i nvention. WO2007908,d%1] Figure 5 is a schematic di agr amBdpiReI6/4e025

comuni cati on between electronic circuitry and a nenory device, where
the menory device corrpri ses mm&@gw%lﬁfes 2 and 3,
according to an f[ﬁ @%n@?alté?@hl (f%YLﬁQtthé’k”rmplements[ W@ndﬂs%é&zr&“of

Is a top view o storage device 600, according to an
enbodi nent ibé maaetmmwhnmw e desodiBedinvih refegmoedodhe drqwmm edheg idgrwings

vi ew of an dlrrent t t | I ed i n.E

(0004 Pl o8 PEstiobd ‘(RcllPRIs) o BihBRd o WBGHAECELRIIEHE B Me
t o anot her jgvdidhraid noff tot ait ity sodpe of tf{d)mﬂémﬁhrgu?rbrol@hbst the drawings,
sinplified SI de view f an enbodldgg)nt of . the nenor

% st or e
U1 1 st r at edelaiemse,00@ber aresrdsanip Bekels FTETPorepRe Depes feferenced
Enbodi nent d008RsFah sAdIRhetefrat dighl ovBaeH rifaeftaauaiber Mliayetid fyure

reference is
in which the element first appears.

[0017] Figure 1 illustrates a simplified side view of trench isolation
structures and transistor constructions.

[0018] Figure 2 illustrates a simplified side view of transistor isolation
constructions and access transistor constructions of an embodiment of the
invention.

[0019] Figure 3 illustrates simplified side view of an embodiment of the
memory device 200 of Figure 2 further comprising memory storage devices and
memory access devices.

[0020] Figure 4 is a circuit diagram of a memory array containing
multiple wordlines and digit lines, where the memory array comprises the
structures of Figures 2 and 3, according to an embodiment of the invention.

[0021] Figure 5 is a schematic diagram depicting communication
between electronic circuitry and a memory device, where the memory device
comprises the structures of Figures 2 and 3, according to an embodiment of the
invention.

[0022] Figure BA is a top view of a memory storage device 600,
according to an embodiment of the invention.

[0023] Figure 6B is a simplified side view of an embodiment of the
memory storage illustrated in Figure 6A.

[0024] Figure 7A is a top view of a memory storage device, according
to another embodiment of the invention,

[0025] Figure 7B is a simplified side view of an embodiment of the

memory storage illustrated in Figure 7A.



first made to Figure 2. Figure 2 illustrates a sinplified side view
of a portion of a nmenory device 200 conprising transistor isolation
const ruct i oW® B3 éess transistor constructions of an EBGHWER2D1
t he invention. rises a

sem conduct or substrat @y ety of

sui tabl e mat eri ajep26]he FoR nﬁ@féd@élb%d §h¢é’§faﬁﬂﬁ1g2&%h€%¥vénﬁ8}l Utlference is
sem conduct?lr structures and/or other |ayers that have

fabricated tIFMeRHe Wy FigHie dopiavrei? ilesivetes asinoplifiedrside N@mcm‘rmpnrtwn of a
used in the t t te

conpri ses arﬁrﬁ\?rmg\l’@% %@ gbhgﬁ&:h@nﬁ%ﬁ%??al? | neH)(hts?3 P%@%%\E?vég a}nc?tsﬁgg%s
of ordi narytl‘ﬁnSlHOFlGnnstnﬂ:tians O‘f\ﬂh Iemhmie'nsmtaufdhe fventitie seni conduct or

substrate 202 |n r ran enent.s can _co rlse ot her .for

seni conduct or E/C ﬁfrzg? \Aﬂ'rh ﬁ}?mﬁsvﬁ?%@ S S@BB?CHERE"%O?‘{QSH%@
of sem Condﬂf)ﬁorwhiehl o8 comprise [#0%@e T\}wletﬁﬁn@ff YSLﬁi@Miecamg%afsurt e
conprises transistor, gate constructions 204-210, 240, 242. Transi stor

gate const r GETYEREUSIEL Sulgirate 262 may nchilessrmmigonrdigienstiates angléor other
sem conduct Riyefd Bf e Q&% fdti?ucaféat ﬁ@?empgh%edtgﬁc&tét o 6062181‘2 is

gate constructi ons 204-21 40, 242 are forned

[0029] Tr anSP@fsiyssed d@ﬁé@ i t Vghile frou llpspated4gemigandudion sulssraie 202
gate diel ec S| o,

dhonny . & coorlbuge R iringeRy Soisk HERBER LA Sl ple oo BESpsbingly
an enbodi neakill inHbegait ovilliurdecttand tRat2th21 8emRBAIUGBS subsﬂnates@(sz an other
oxi de, such X Llic IOXId d ment .. the
silicon | aygﬁgn %é?tge%mgéoﬁﬂéﬁq \o/@]e{} Qf%e%fei‘?mﬁceﬁaug?ﬁ aé{ﬁrsem%h iRgide
t he conduct bther batjver orcapepable eritoraifakendtordiudriralevieieli ci de, such as,

for exanple, copper..gold, alum num tungsten silicide, titanium
sui ci de, cobalt @ﬁ?gl de%ﬂﬁr”}ﬁml deyiee c7Qf: furthen rosmyisgsniansisiane gate

insul ative gapstrtlflofPOBIZSS 28D, LA Ul AlLRLisict anps-
silicon dioxide, or silicon nitride. [003’8] L@g%?gsgg&h e?% gqg 240,

that the | agé? Srafshavwn formes wibin e éemcmdmmn sustratx 2020, In4other
242 are exe@ﬂﬁb@&héqérﬂy%straﬁhqoﬁ Q&E (%%Qﬁﬂctlo?%eﬁoﬁ ??(5‘ DR, lé?:@ arjerformfe% on

addition to ternative escribed Tayers. "FG6r éxa
a WD 2007/ hexuberate 222006/ 024025 barrier layer can be incorporated

bet ween the con he si.licon |.aye 031] The
nmenory devi ce 2%6?%]\& ht&*‘%kﬁ% 52 C%Sa%t?%a?? fﬁ%‘l‘%ﬁj %690%%9090 prise a
;ource; gral gatee@etentmﬁzm-z?»@ EaﬁnEdSV\késltbleﬁtl\tﬁmﬁ @lﬁn&bhalh?eﬂ%t shown), a
ource/drain_ r th transi stor

construct i O?PFE’S% yﬁé?rép%s?lp %’“E%ﬁ@?raﬁ)@tl B@rggr@bodlment the
Sour ce/ dr ai gate edibRegic2222-2n4d, 236, 2@8%&*&&% Bk %&détgjcrgésefor example

construction_ 206 define a second transistor construction
silicon dioxide. In an embodiment, the silicon layer compnses conductlve!y

doped silicon. In an embodiment, the conductive layer comprises a metal or a
metal silicide, such as, for example, copper, gold, aluminum, tungsten silicide,
fitanium siiiéide, cobalt silicide, or nickel silicide. In an embodiment, the
insulative cap 206 comprises an insulator, such as, for example, silicon dioxide,
or silicon nitride.

[0030] It is to be understood that the layers of the transistor gate
constructions 204-210, 240, 242 are exemplary layers, and that other layers can

be used in addition to, or alternatively to, the described layers. For example, a



[0032] Source/drain region 222 is gatedly connected to source/drain
regions 220 %nd 7224 t hrough transi stor gates 212 and 214

respecti velv. BYPE/ dr ai n regi on 222 can be consi dered %%”%0%/024025
shared source/drain region, in that it is shared b tpe first .
Cransi st or bawies fayartGasnbe Soasperaiash bewasRdine: candiuctva lavgh B e gipon
234. .[0033]a§¥3fn | arly, source/drain regions 226 and 228, along with
transistor ‘date construction 208 define a third transistor

constructi on 23M03%pur dTeedmemoryededes 208 fartier2 gompsaseh glakedh diffusion

transi stor _gate constructjon 210 def, f Si
const ruct | 59988 O §83%F ﬁ'PC@?%?rgS, r‘? @g%lﬁonﬂ%%@i\ygﬁ@gt{e %ﬁl@gtrr]ar;cgcf’a 22
t o source/ doatde/defi estford? B2anshd2322 t diong ghitht transistet gatey goesirglion it

218, respectively. Source/drain regio 28 _ca be . '

:oe a shar eéeﬁ@%rﬂ:@ysért@%‘ﬁt‘é"gP@?ﬁmﬁcﬁo‘? %a# i §°P£CGZ¢{§ﬁ‘eﬁee%§/9{]%ggte 'ﬁjg&g
ransi st or Stiset rafsidf aae t fragtidn 206ngeéfirie0r a C easdricl Ciraresist
238 [ 0035 01 Ga it  Iriiistor 3 d&i‘?é ool ooty i co 512218 256! 258

?: gn\é\?;;ﬂoir nggstmiozﬂ_@?ﬁ. 256, 258, respectively. In an enbodi nent, the
ns i 0 ke et i .
[tgd‘nh?:] h egoéjﬁ%%g‘?a% r IS? hééiﬁt fs'aggfédﬁP E6 Yt e &6 Stirce/drain

transistors. In I menty Sl st'or constructli ons
232- 238 ar eegiese sz carels 224r dmsiigh oiransistor gates 121& aswbdditngaspeativgly-

transi stor constructi ons -23 . '
erbodi ment SRS I 222698 PP Qe PR s S g R Yomod e fogidrl %
devi ces. | mna if i deed eyhngiir@niansisie donstrastiino232 and theisecamstransistor

232-238 are recess access device (RAD) access transistors. [0036]In
an enbodi neeNSIEGENF3Mnsi st or constructions 232-238 are NI\/D[S ]

transistor devi ¢gpsaiSudd)fibay, (Rerdodant! @oRirk 226 ol 2228,23bng  with

conprise n-type-regions. In another enbodi ment, the transistor

const r uct i drensEEa- 2ak mosstruction 208 define a third transistor cons%ruction 236.
Source/drain regions 228 and 230, along with transistor gate construction 210
define a fourth transistor construction 238.

[0034] Source/drain region 228 is gatedly connected to source/drain
regions 226 and 230 through tra;nsistor gates 216 and 218, respectively.
Source/drain region 228 can also be considered to be a shared source/drain
region, in that it is shared by the third transistor construction 236 and the fourth
transistor construction 238.

[0035] In an embodiment, the gate dielectrics 212-218, 256, 258 are
wordlines 212-218, 256, 258, respectively. In an embodiment, the iransistor
constructions 232-238 are two-sided surround access transistors. In another
embodiment, the transistor constructions 232-238 are recess access fransistors.
in a further embodiment, the transistor constructions 232-238 are U-gate
transistors. In a further embodiment, the transistor constructions 232-238 are
recess access devices. In a further embodiment, the transistor constructions
232-238 are recess access device (RAD) access fransistors.

[0036] In an embodiment, the transistor constructions 232-238 are
NMOS transistor devices, such that the source/drain regions 220-230 comprise

n-type regions. In another embodiment, the transistor consiructions 232-238 are
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PI VI CS transi stor devices, such that the source/drain regions 220-230

conprise p-type regions. The menory device 200 can be dgped using any
sui tabl e doﬁﬁ&mﬂlf’ &ss, such as, for exanpl e, ion inpl TSP §1024G¢S

di f f usi on. The transi.stor gate nst ructions 240 4 onpri se
wor i s BBOS St iR idkse ey & B8 SobsE B ione, 225 09 e
i sol ation fghydd RS OThe ARRMidrY elelied R08antBdopdtPudiRg @h BERaRe Goping
258 of transistor gate constructions 240, 242, respectively, are

el ectrical |l EPFO@S%@(EFB@SE for sxa0e. on M?@?H?n'gﬂf@fﬂcﬁm-i ons 240, 242
havi ng grOU”dedGI‘S@BgL'Z”‘?‘ﬁe%%sia%éﬁage;}%%&!ré?idn%cﬁeﬁi' B b fi‘sémdlines

constructions 2 respectively. [0038]1n an enbodi e
substrat e 2286, 258 -rg¢spectivelfhespdeknpibdd siover at® predde irdlalitesfoariransistor

excess of hgle . DO, h p [ The. gr.o e -
vordl i nes 20uBHoRT 2eo R Mg W ARRS 286, 00T 1SRG YE Bpstructions
sur roundi ng24te 24ay didspestivahf, akdSelediricallyr edunestetingo f g@antol eFramstbtor
el ectrons in the regi surroundi ng th roupded t 256, 258, an
Chus, | reducestielods PAge s Heufo i MOTIORS iR G dpaiPERe okton
grounded wofghdistep caiructiBs 260, 262, réde3Melyhe dashed lines, shown in
Figure 2, represent the boundary of a depletion region around each

transi stor constk0@88] onlrpap-eramdimant, dig subLrete 2RRd réoped. The p-doped
constructio - S n - : :
compr i S6. depTet 260 ingihaes Hhc RS B hokRS AV Snalthp Refides. The
transi st or goustiedovomdfiseR 455, 2862 pustpeose defietiolns awgy drem 2B, region
254, respectively.. .004 T. ravi de. 1 sql.at i .
source and Wréw{}/%?hez\%%mi]gg? %lgs’i %’oqo aﬁ%geqdrc%%stﬁék%g @géns\é\?'?&u%l%}%%ns n
260, I in anhﬂfﬁ)ﬁiﬁidﬁfﬁl‘s}urrobhldingaﬂﬁ gmmﬁg@ geﬁeﬁg!ﬁﬁpﬂﬁl&aaﬁdi,ytﬁwssemmes the
equal to t reshol d voltage. In this epbodinent, the is t
transi st or @@ﬁi@?‘? EE‘F?‘%H”%B%’" CR ﬁUf&%‘mC@?q %ﬁ%‘?ect W@ﬁ'}"?ﬁggﬁ&%r
embodi ment, the @aBe] volrhadfashad WHES) dHoes: ihiFagurehe rbpreeshoing b&inﬁé%eof
whi ch al so provides 1sol ation between the source and drain 224, 22

of the isol atqeMetionfegian @rosahsaachciarsistop Gonsiruations 232838 archisolatipe

I solation t LS Ok o it t4 | STdsAsidfe U td NOER -
[0042] As sﬁ%ﬁémétlar'l é?gurehgﬁgt%@]dgg et isgﬂﬁn?lggb?ogygegfogl trgroursldé2 4_210
gate 256 necgeprise t deplatond eysiginniso?4detfilontespactiveivig andf isdiation transistor

{rane st or SAIHEHG 289, ZR oo SR RYERES ST RBelRRIEST,
gates 256 are gripgadpd. Tbrpraridehieslationp betmmanathecsouaca @gdtdrain 24, t24feof
e.g., of apﬁ\reol)ég a ltog lt}/aﬁsis?c\)/r icgns%pLE;{icime %66,0 in an embodiment, the gate voltage is
approximately less or equal fo the threshold voltage. In this embodiment, the
isolation transistor construction 260 is in depletion mode.
[0041] In another embodiment, the gate voltage is much less than the
threshold voltage, which also provides isolation between the source and drain
224, 226, of the isolation transistor construction 260. In this embodiment, the
isolation transistor construction 260 is in accumulation mode.
[0042] As shown in Figure 2, the depletion region 252 of grounded gate
256 merges with the depletion regions 246, 248, of the transistor constructions
234, 236. This provides isolation between the transistor constructions 234 and
236. In one implementation, the gates 256 are grounded. In another

implementation a negative voltage, e.g., of approximately -5V is applied to
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enhance the depletion region. The depletion regions surrounding the
grounded wordlines of the isolation transistor constructions nerge
with the deplP% oY égi ons of the adjacent active transiPquCSIiJSZ“OG"094025
constructions in the nenory device %00 téﬁgrovi_de i sol ation. Leakage

d
current is uacaiheAapletioadeeln- athe AepEtipy regiont geowring flae grounded
el ectrons igoldifed! GTCHRS iSHibtidERtRkIstt ESKIRRToRM e WitROAR}] Apletion

i
menti oned above, Increasing the substrate doping concentrations Is
one net hod fegionsdidbetaiacsing actire rarsisfoprenstoistiprsyinoihesuemen devige 2A8
transistor gafe,.4th |.owi s[ga ag,i i
In an enbodtlgrré"r?\){wutgf @téﬁ@%‘r"}gg% clgh'\?\né?‘ﬁ%ugu% %P%%alf"}%ﬁsg?s@%?é% no
const r uct i oplac® &0 the & ctiand dpthegpincresko® dapletion cyiapRonitatel y 1016

atons/cnB to ap jately 1020 atons/cnB may be used. [0Q44] For ni ns

i solation tr ansﬁé%# coﬁ@t r@@?ﬁ“?ﬂ?g 2869Y9262n¥fﬁ3%iﬂg ﬁgﬁorV%éf]\"i‘Ece@%'gg
provi des i s@drzeh@Btided et ChbiRd! tRNeteéSthel sEnbs tRAJdERENT Segion
cl oser spacing of the access transistors 232-238 w thout the need tor

a hi gh dopi $ifeBREEht gt itensiston Heate.upbus apliowing. smHlisT ap3cngr between
dopi ng con -ali.onof., .t &

T i R R
const r uct i oPENSPBOLOrE6260,a26fh Bi tepite soaernttipo v ébpisximetsly 10 atoms/em

appr oxi mat eﬂoyﬁgﬁwégémbﬁg%g{cmgg@%%y 1015 at ons/ cnB, and

pref erably approxi nmay be used. [ 0045]
Figure 3 is a si[opi4] i eHosnidg Wobkionf t@nsiztdrodomstnictiofist PEO,N28Ar yn the

devi ce 200 of Figure, 2 further ,compri.sing nenory staorage devjces, and
menory acce@?W@gid@é{§e %%P@?‘F@?‘%%@@W @etp;e&nr%pttgg%%%lqﬁghp s and
material  310ervfitsl @6 SE@IsAcRTg bhdieSaltehs Aansiis 280D 3BONARG tHe need for a
i nterconnects 312, 314 and 316 extend through the insul ative materi al

310 to the Righr dapipgaicaneayratios ipotheosubstigia 202 Biysecdi lRwysf, doping
| nsul ative Lad: : ' ;

bor ophosphoat e pa o PR R BB 2 o EsBe 0 A0 rbadiep of the
314, 316 camegwnpdeviee 200y with dinpiselationdramsistarognetructiomsizal, veLya dopied
silicon, ne | &1 . 18] Ve 15
i nter connecé%fﬁ“%@érg%gc%ﬁwgéﬁ@Bgc%!ﬁnﬂg%‘é}ghow %ﬁﬁé} C&ﬁgﬁj%‘bp}rﬁ%@?g]y 10
whi ch resul aterisicrat) asldgurefarataly approxénatelynt 2 atvsesicsh arscbs osed e/ dr ai n

;?gl on 222 and t[984gj gi I’-‘igluiren E‘3 :l)’sl%' s%pﬁﬁitecrii gigtli' v(%eove no ggloé]r%bg %ne%[t]dof?’tjng
memory device 200 of Figure 2 further comprising memory storage devices and
memory access devices.

[0046] Referring to Figure 3, an insulative material 310 is formed over
the substrate 202, and conductive interconnects 312, 314 and 316 extend
through the insulative material 310 to the source/drain regions 220, 222, and
224, respectively. Insulative material 310 can comprise, for example,
borophosphosilicate glass (BPSG), and conductive interconnects 312, 314, 316
can comprise, for example, one or more of conductively-doped silicon, metal
silicide, or elemental metal.

[0047] Conductive interconnect 314 is electrically connected with a digit
line 318, which resuits in an electrical connection between shared source/drain
region 222 and the digit line 318. Electrical connections 312 and 316 are

incorporated into capacitor constructions 320 and 322, respectively. In an
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i ncorporated into capacitor constructions 320 and 322, respectively.
In an enbodinent, a dielectric material 324 is forrred over
electrical YOHYHdhs 312 and 316, and a capaci tor pl at'&T856006424025

subsequent I%/ Lor med over the dielectric material 324. Accordi ngl Y,
conduct i ve $HPe{IENNheR diclaattic majerdaledst s oped syenelestricat e eng 82

constructi ofsd 348, ahd agggp&ﬁt&tﬁt@@@%d%seghgﬁtﬁp?rh\%dn&}e?rthéldlééé‘tﬂc

can conpri se, for' exanple, one or nore of sil | oXI de
nitride, ormakrighl 24 hi Arcaditight econdustivat értewosnectacB12s andntidburare

pent oxi de. %@?Bhﬁ 4 Rkt Slﬁ r %%Hsﬁ&@ﬁ%sgmgérﬁ%l ICISa%raSe nodes.

nDre of con |ve y- dope I'con
[ 0048] Tr ansﬁJ@iao;tria:mamrramm@aa cﬁBﬁar@@Bfodekamelamem mwranﬁlsﬂt:@n Sidxate,

the nmenory vice.2Q0. Transi ti,ans 2 nd 234 are

utilized toéj@ %ngtcoés@'t?@ﬁ@\gewgﬁhg 6#%??!‘”% rafdeh e tantalum
capaci t or ouartbdNite! | 0ASacHdP Aaes 3B cmﬁldo%ﬁrrsén%ﬁé%mﬁlén%hé%ﬁ hRS of
236 and 238 are utlllzed to provi de access between the d|g|t line 318

and capaci t8" dustivaly-deped slicamanetal ogmetal silicide. [ 0049] Figure 4 is a
circuit diagramahagy TeRINKisHr @hsHP @%”E%%%Bﬂgd&nﬁl ﬁ%@é&btt}(alﬁst?rs for

wor dl i nes, dlglt i nes, and menory ce I'n an e
menory arrdfp GMQWMBVIQSSZQGE Tsansigioucesstofctibng A38sard] @84 Be utilized to

[0050] The yeomLY, Z

ons R | R PRl DRl i, AR 3 b R bR R disig ot 320

address si garal $2208viile trdiemsﬂo'i'ycmlsﬂfucltdnsrmamraﬂ(issowé?lbltméedt ke provide
s are commonl &jcgnown as wordlines

t ed
and the. r ovtkre BEmete Rt Hhaad GrRadion eatuclpey Sagend 352
[0051] The exenpbeds] meFgi 4& b HR3it %@@ém&% Hﬁnéryad?%y&i(m c&%ansmg

t he capaC|tor 320 coupled to the source S, 220 of thé transistor
the wordl i rfeP Eiﬂil%eh\ﬁp@&ﬂ% qigit linps, @nd regmphecalis 492 dngn emlzo@m@nt dhe

ot her gate ABER 18 coupled to

the drain %ﬂéggﬁxé}ﬁéythe {)?ﬁgﬁ%&%ﬁgﬁﬂ%&ﬁr@@gﬁ!@h %12 ah r%al ns in other

menory cells. | §0@501enbths maiooryt ¢elisgii a® ofganizatsink eol@®®s Cq-Cy and

conpri ses t, rgalin C he wordl.i ne

the bitli negﬁi\éﬁ ﬁ te fé@g{o‘é&é@%ﬁpg%@ % dl?cc’&ﬁa 4%«3”83%‘?%@ c?ress

stored in tslmadsaﬁaﬁltbadelﬁﬁsb thamohenmﬁsam@doWd?pdef ﬂﬁerrta‘rgeffehemd&towrbeli
[ 02. Alternativel sel t|n

urni ng ON‘ORe TRRRPETSars $om Bl PGl s whihes o8 doe Fws it pically
capaci t or ka0wnta® digit liseodigitinest herein, and the tran5| st or 232 can
be turned OFF t ?ﬂosst'ﬁr © %h%eeggr%girgryir rr]rnatntt]c?ryrrc?erirtoﬁrlaé %glnlpriggg the transistor 232,
the capacitor 320 coupled to the source S, 220 of the transistor 232, the wordline
212 coupled to the gate G of the transistor 232 and to other gatés in other
memory cells, and the digit line 318 coupled to the drain D, 222, of the transistor
232 and to other drains in other memory cells. In an embodiment, the gate G of
transistor 232 comprises the wordline 212.
[0052] By selecting the wordline 212 and the bitline 318, the transistor
232 is turned ON, and the charge stored in the capacitor 320 can be measured
to determine the datum stored in the memory cell 402. Alternatively, by selecting
and turning ON the transistor 232, a charge can be injected into the capacitor
320, to write a datum therein, and the transistor 232 can be turned OFF to store

the datum in the memory cell 402.
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WO 2007/ 002117PCMJS2006/ 024025 [0053] Figure 5 illustrates the nenory

array 400 interfaci ng with electronic circuitry 500 via conventi onal
addr ess si gWRIZVM8B1And data signals 502. The address siffiayeIU{EHI02s

sel ect one or nore nenory cells 402 in the menory arrgi/ 400. The data
si gnal s 502, on [0683]ot hElgurearfd, illesdiratss dag amer@ry | arax ot interfaging  with

retrieved f s 4 [ ) ! .
G054y T n CHECHIE ATRURY5F yieh cditfentilnal MdfERP Sibnald, Mg K data signals
access neanzzd( DFWV_)addta?os]?ﬁlesmﬁ&édé!getnbae tdremoer moeiyopy calls 40D indhe
conprise a wide variety o dev su as, stati ¢ meno .
oo o afp{ont ey o yEhe BBt sBlsrr2. 2 ifa dtaSt Aol o Ala that is
random accessreiBART Yeirieled RBAMhe rB¥M6HT cBlle Us2 &y isTiienicH) derdly A00eS s
menory (SDRAM), double data rate synchronous dynam ¢ random access

menory (DDR SDRAMS4ky nbrermembodinmgntdia aneraonyaiemnt &2 s dynagpigrgndom
SLDRAM) , Vi r RO imehai TS j
gccessMnenoéré%%?ﬁ[ﬂ%%}BW z?g{?\;i@'ran gﬁr%rgccesslmr?énory Pgﬁw g?%gg;ﬁ@mnay
menori es, ocorapiseoaheidareanety dfympemonowavicas tshehaag static memdrpodg)amic
The nenory array 400 interfaces w dj f \ ronj
cirout try’ S0mehy S BB iR ooty e et At Bl REbRLaoess
i ncl :Jple. anémdﬁ?dr@@iDW’lDRh_N@p@ﬁ&ﬁd ﬁmolmus kciyeiaimsraudonﬁamassimh@huwi (SPRANM},
not limted to, conputers, and t i ke. 0056] The

conpri se, b@otﬁs&@dag@iﬁﬁwebmamgg%ﬁ@,*’HB??Ja@&ﬁLF%&? 10%(%%@,
substrate C%Mohﬁ}ﬁo@%i RIS dUREMRS RitidoRY adedst Alehdr) SCILIDRADINSvidedirahdom
operate as described herein. In other enbodi nents, the process rDSRA:[@i?

conpri se codRaess|repmery EURAM), rnBeesBAMISG FROGPEY PCCR IRV S|
general PUTRARE rShdtih SRR ém pgsmﬂg,pﬁéghch%m&re%?%@raﬁw g btdmory

si gnal processors, enbedded mcr ocessors, mcrocontrol I'ers, an
the |ike. typeknowh00®% attn sonme enbodi nents, the nenory array 400

and the el ectroni frcuptr are | e at

ambodi ment o, ndCRERbr v Py 10" afay e el bR O dfent MBSt
are int egr agledirdmigatifeaitry 500t hBy nwae of @xample, ¢hdi elacyorsiki ditcuity $0@ can
art will recognize that the nenory array,400 can be .inpl.enepted.in.
wi de vari et JCHFCFERY] é‘fe'Mﬁ‘f‘:ﬁgs%W é{’g? gidnemory m%ﬁﬁ’@t'agfte'ﬁté'm%d
6Ais a toptoybgmpg{e,@,na.fm@@qjk@pnt of a nmenory storage device or
menory array 600. The nenory array 600 conprises a plurality of

wor dl i nes 602, d0@PBlal iThg epmarisre JamRIEes0w, k| Ur SrEMpIeyf processors,
| sol ation t%r%@?érﬁ.t Wgic N2 OGRELOL I kiBLeT/ &%ﬁ@@ti@%_&o%p&%ﬁﬁ%%é@nSand
Carali 130 04T 4

606, and a of active areas 6C e active areas 604 are
tilted w thinstsgirs, twhichemirafiet as idessribgd herei.helrk otharsgmbpdingits, the

enbodi nent, | ayout t i S, r .~k sat h
Croo e BB, i DL R R Se R, oI "Blcppeore
X-axi s, whegendrbe pungbeci siripéd-ekipn omp prdtcchipt ehigraprocesgops,oxdigital ebignal
1800. In an enbodi nent tge Pr{'t ch of the nenor tcgl | s..LQ rﬁ)hﬁiiernermry
array 600 iBrOSESYYP: Smkedded MigropoLessqsr, THIEITeSRtrolns: 3pd 11 ™o cel 1 s
inthe X directi@ps7l Insome embodiments, the memory array 400 and the electronic
circuitry 500 are implemented separately. In other embodiments, the memory
array 400 and the electronic circuitry 500 are integrated together. Furthermore,
one of ordinary skill in the art will recognize that the memory array 400 can be
implemented in a wide variety of devices, products, and systems.
[0058] Figure 6A is a top view of an embodiment of a memory storage
device or memory array 600. The memory array 800 comprises a plurality of

wordlines 602, a plurality of digit lines 608, a plurality of isolation itransistor
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[0059] Figure 6B is a sinplified side view of an enbodi nent of t he
nmenory arr 600 i||lustrated in Figure 6A. Figure 6B furth
I 1lustrat es% eIl ty of wor dl i nes 602, the plurali tPfT&fszwﬁ'B?"tms

| i nes 608, the |solat|on transi stor constructions 606,
and the pl uPQF?tF%PLfLBFS §b§a ged & RIyElintof adtive aieas0¢4-glibe ashive areas 604 are

[0060] Fi gutiBed fith FeshdcPRo M‘ieem?ﬁfllné@qwethe‘?{—‘%@ﬁ' rfﬁ%f} ,g?ﬁ[ﬁ]d%faayo onts of

array 600. In the enbodi nent lustrated in ure
the active HieasthaoareasebQd age afHd’ acini atbenradodtoents, thebattve a‘eds 604

covered by cdizg) tanble”%hhf’%s SHORLIRL 9YL, %h?rleagré%"%)r}é[e;: SSP%WF&H

view of an e odlrrent rmr storaelrlus
Fi gure 7B i Bpprokinately Ohéo papmrax;m;elpﬁ Se&t i Meamreeﬂa)oﬁﬂént and fitkentdtethe

illustrates of wordli he Iur Jity of digit

i nes. 608, TEHQRHE I e BierdFh a0 or iiods 6T b Y girerth and
606 shown i 8FForwoecelld.in the X dire@fi®z] Wi le certain enbodinents of the
i nventi ons have n . descri bed, these enbodi nents have been presented
by way of exanpl @% Al y, Figie B inct simplifpdedde giew of @nt ﬁ@bgdmmﬂtcﬁf the
the inventi ng%%;i h nd s e

herei n may mor%odl edﬁlog gu%‘?ﬂ?gtﬁe ggg%tsr?gr f Q&E é% ﬁ ﬁg'r r#g'g‘gates the
various omi Blsralits of wordines 802 tiss phmalit lofdigitsliries @08 thie pharaltty bhisolation

' om the splPrical oRetrura: Pafks Sndh B HEMREAS A< Al SR sbidn in

equi val ent sF@ute 6At ended to cover such forms or rmdlfications as
i nventi ons.

LR CRIRIR ¥ g I T SNE AR -

conpri si ng: afay BOS! NAttRe kanbatiment HILSkated"ih #dkire 7A, the layouts of the active
areas 604 are at 0°. The active areas 604 are below and covered by the digit
lines 608.

[0061] Figure 7B is a simplified side view of an embodiment of the
memory storage illustrated in Figure 7A. Figure 7B illustrates the plurality of
active areas 604, and further illustrates the plurality of wordlines 602, the plurality
of digit lines 608, and the plurality of isolation transistor constructions 606 shown
in Figure 7A.

[0062] While certain embodiments of the inventions have been
described, these embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions. Indeed, the novel
methods and systems described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions, and changes in the form of
the methods and systems described herein may be made without departing from
the spirit of the inventions. The accompanying claims and their equivalents are
intended to cover such forms or modifications as would fall within the scope and
spirit of the inventions.
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a plurality of menory cells arranged in a pattern on the substrate,
wherein the Bl uralitz of menory cells include a charge storage device

and a reces¥@d'yoeEd TYS2006/024025

device forned so as to extend intd&4
substrat e, MM&SM access device induces a depletion
region int further defines a current flow path about
the recessed periimet ep RémbReidRiessRsHdsgess device within the

substrat e; a plurality of isolation structures formed in the
substrate, so as to isol at@Supgrgle hpdng@yfirsfsur@esry cel l's from each

other wherein the plurality @li§obfh %@t LRt lergﬁ%&d)gvpire{n?%ﬂgweon the

recessed access devices that are"fornme as to exten
substrate, wherein theulpstatel wheredt thes pluaslitpof shemotyuces inolddeea aharge

second depl etion regi in the substrate. 2. The nenpry device of
Claim1, wherein the %qaﬂé% id?)\e;‘c%farr’i@oﬁfeégﬁ SR Lﬁi&g%ﬁ %Hgﬁgéso as 1o
storage device formedexenthiatd ithe tsubsirhias avitdreinhihes itisb8d &cB85s Yevice
digit line wherein theg recessgd access .device conprises a recessed

access transistor havifi§CeS GafeP'eiRMHERAIQY i dhe gulsitain pndnfusthengefines a
substrate. 3. The nendiiyeteNd\¢ St dbodt thel redMIRERI PGl ©F 8RS §dcessed

access transistor further includes a pair of source/drain regions
formed adj acent the fR¢essssigvicaadthin thenaubslietsr ate and wherein the

naard from the first surraporif SF RIABNIAUbLiE! idd Ry REREe: o0

of the gate results ias thisofate i phumalty oﬁnwmymdlsé’onhaadeggwg\gﬁgéfin

cyryent f1ous betneenlh ey il g S RAME "y SR RS pleed o e

as to define the secodevickepihet BEnforegt eo.asdto lendipig tR ijlst??faﬁ' Pi;hiareci?

‘é\gfge's?r LE? uFr)lagr ? lhiat ytgg];oh}l%ﬁ{ﬁ%li % atgtg{% ﬁ}clflurrgg ir?d%régre: geeco%dpdepletion région
in the substrate.

2. The memory device of Claim 1, wherein the plurality of memory
cells include a charge storage device formed on the first surface of
the substrate and.a digit line wherein the recessed access device
comprises a recessed access transistor having a gate formed so as
o extend into the subsirate.

3. The memory device of Claim 2, wherein the recessed access
transistor further includes a pair of source/drain regions formed
adjacent the first surface of the substrate and wherein the recessed
access transistor includes a gate structure that extends inward from
the first surface into the substrate such that activation of the gate
resuits in the formation of a conductive channel so that current
flows between the two source/drain regions.

4, The device of Claim 1, wherein the plurality of isolation structures
are biased so as to define the second depletion region.

5. The device of Claim 1, wherein the plurality of isolation $tructures

comprise a plurality of gate structures that are formed so as to
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extend into the substrate fromthe first surface and wherein the
plurality of gate structures are grounded. 6. The device of Caiml,
wherein the first depletion region induced by a recessed access
device adjacent to an isolation cell nmerges with the second depl etion
formed by the adjacent isolation cell such that the doping | evel of

t he sem conductor substrate can be reduced w thout increasing the

| eakage curr emxtdred vieen thenmsulysteatiel frony .th@hradesirfaceofard avmerejn the

wherei n each qf | | jse a first and a second
plurality of %é%@g'eg% géfeegttr%%tglfr%§§}% éf&% second charge storage
devi ce arl whdited deei@ehofoClgime1 pivneatintthedirst diepietioncragien én@uﬂﬁﬁ)gy
source/drain re f.l es
and is electr &%Cf%}’steg ?(':egsst ggg%sgl n@%}é@ﬁ?g %%I Eslﬁieabéfe%?%%%c@ﬂ%f
Claim7, furttee seawopdi depigtlanﬁbunedubwthﬁ admnard/isolationrasyi such thadt
are electrica e e e
of daim1, e, EoRpieel o e gae(r:ngeoﬁaem kaﬁgdcéﬂb%??gggﬁgﬁd
wherein the pl\nutl'aduttnycmsmrﬁ‘rqia%lags mmtlwwe@@e@@mramé@s

devi ces. -10. i

that is u%ed to ac?%&%ﬁg Iﬁgnaé %Herfe'ﬁléépﬁrglqﬁ lur%'hgg?f‘s an%iOIln El%e
line that is a §icstebedta |S@@Dny! pbmaletat dreaessesl gatgs epdod fyst l@daad
wherein the eC a t
acti ve aroa oreoaif ERFoeStrale aite B GHICH AL e MInE BRI T
respect to thedstintiude asammed Sloluﬁ@e/dﬂaﬂ W@@rdﬁlﬂtd% cemrapaibatyveen
further conpri I t a
plurality of tﬁ{aﬁgsg%r‘é‘@ s%cbbaeq%]tgét rioslsluzg%g il I ecxﬁéi (H&;s@ ﬁg@}gted
to a pluralitying cells and wherein the gate of each cell defines an

active arga ar@%@bﬁ}e of ﬁ‘i‘arlﬁw Ymﬁéﬁé%ﬁfpgéﬁ@acgﬂhramg d?@cﬁii‘é@/@lré‘ih

an angle of O rees wt espé
isolating a plfagmﬂ&ﬂﬁ%ﬁr@(@lﬁﬁtycé@( pauplegitodhe Wﬁ?l%@f@g@f d%V'Eﬁar ge

st orage gﬁw Cerr?é‘gﬁélcree&e@%ﬂ] qoohne daﬁ\théesdaytﬂmé EnplisdP agxldened

into a substrate erein the reces access device induces a first
depl et i on regissipstigate handubiargine Hed mwiliker oMY a celis r eAMATISEW

pat h about thq.eﬁgggééggcgg ¢ [j@Btls. of the recessed access device
wi thin the substra ween a acent source_drain regl ons,, .the

met hod cotfri sthgydevice of Eiaim ?19 flartbqamgl]n.p[r@r& Wt inS Halt e wsedri9s
so as to Isol &gy ltaf@ tﬁbuéé‘tle' bY z?gl@?% f GllsS ahf o %ﬁ@CHHeOEHHMs also

wherein the plura I sol ri se. recessed access. devices;

and i ndtﬁieﬂ'@lcﬁ cmf@m tacc Bigaliyolcerlls anRi WoSEHR tHFgaiF of
of i solation %} % &I @éﬂﬁ@sfa‘?f Q&ﬁ\/é@%ﬁ“gng%@ﬁén@%é Q@08 dreatdieach

substrate to thereby inh | eakage between c

cell is onented at an anglé of 45 degrees Wltﬁ respect to the bit line
and word line.

11.  The device of Claim 1, further comprising a word line that is used to
activate the gate of a plurality of cells and a bit line that is also
electrically connected to a plurality of cells and wherein the gate of
each cell defines an active area and wherein the active area of each
cell is oriented at an angle of 0 degrees with respect to the bit line.
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13. The method of Claim 12, wherein the isolation structures are

bi ased so as to define the second depletion region. 14. The nethod of
Claim 12, wherein the isolation structures are fornmed so as to extend
into the substrate and wherein the isolation structures are grounded.
15. The method of Caim 12, wherein formng the plurality of

I sol ation structures conprises formng the structures so as to be

i nt er posel®. betAverzthad) afcieotatingca demlibic ot sserdeny cells & artheomprised

ol ural ity of 138 Shftel SoPaes RVt aft e Rl e B it i aed 5o
depl eti on regiasntd ecteredl iblp &heubdedssedeindhe meessedadcadss devibs
S e+ e (AR5l P lio Bt bR BRI AL Oy OSSRl fGPlefifes

reduced wi t hout 1 ncreasin age curren ween acent
menory cells. current flow path about the recessed perimeter of the recessed

access device within the substrate between adjacent source drain
regions, the method comprising:

forming a plurality of isolation structures so as to isolate the
plurality of memory celis from each other, wherein the plurality of
isolation comprise recessed access devices; and

inducing the recessed access devices forming the plurality of
isolation structures to form a second depletion region in the
substrate to thereby inhibit leakage between cells.

13.  The method of Claim 12, wherein the isolation structures are biased
so as to define the second depletion region.

14.  The method of Claim 12, wherein the isolation structures are formed
so as to extend into the substrate and wherein the isolation
structures are grounded.

15. The method of Claim 12, wherein forming the plurality of isolation
structures comprises forming the structures so as to be interposed
between adjacent recessed access devices.

16. The method of Claim 12, wherein the second depletion region
formed by the plurality of isolation structures merges with the
corresponding first depletion region induced by the recessed access
device of the cells such that the doping level of the semiconductor
substrate can be reduced without increasing the leakage current
between adjacent memory cells.
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