TWO- SI DED SURROUND ACCESS TRANSI STOR FOR A 4. 5F2 DRAM CELL Background of
the Invention Field of the Invention [0001] The invention relates generally
t o nenor ywdevomesiizand particularly to systens and net heds/uskoocsedoas i ng
access transistor constructions for DRAM devi ces. Description of the

Rel ated Art [0002] Access transistors, such as Field Effect Transistors
(FET's) are used in struct ures am c random access

termor s (VDD SURROUNISACGESSERANSISTOR BUR &4 SH2daRad Chire

charge representing information contained in the menories. The access
transi stors need to be able VihEsth nce when they are turned
OFF and a | ow i npedance conn BacR I'anémﬁﬁ’wa ned ON. [0003] DRAMs
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cell is docbBddddeyioed4] In DRAMs, charge | eakage effects necessitate
periodic refreshing of the information stored in the nmenory. In turn,
refreshing of the DRAM | eads to i ncreased power consunption and delays in
menory opSEstiiban ofMEOREIAG Wt it 1S desirable to reduce charge | eakage
effects in DRAVE. [0005] One source of charge | eakage is parasitic
conduct ance. A0002k séneess rensintoracaedsas Faeldi Sifest Tr‘aaBISIG_rSI(EEéftharat t he
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t he sem condactiar wahehey are turned ON.

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

[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 turned 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 transistors exhibit some parasitic

conductance as a result of the drain voltage.



This, in turn, results in the depletion regions of the transistors placed
cl oser together, while still requiring electrical isolation of various
circuit evereemm2firom one anot her. One nethod to creat epPsmaisb@ec/oc®ps et i on
regions around transistors is to increase the substrate doping
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creates gndeplhidUe TOOpREVIMRECEIEREaBasSatibn t While SRIGRHRD rél%ﬁ{?éli:gﬁt% such

t
that theelectrons in the subsfrate nove away fromthe gate. I S”pi nches
of f and SPRERSISt ive PIRGS &N igelatiyi diench 102 bebverr en porborss sifotramsistort he

SEH EH Oi@gﬁ%@%@[&iﬁﬂog. P@o@gbgf ?r%o%%ct%gs to% il esaé%[tgcri cireli st,raugcgriti%rlr])sdf tkg akage
parasitic conductance is due to corner effects that are an artifact of using trench
isolation techniques.

[0008] Figure 1 also illustrates the depletion regions 104 surrounding
the gate construction of each transistor construction 100. The isolation trench

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 transistor construction and a second access
transistor construction to provide isolation 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
transistors.

[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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reduced, as there is no place for the electrons in the nmerged depletion
regi on. The depl etion regions nay be placed cl ose together to produce a
smal | er swoieomuentor. Further, a | ower dopi ng concent r acirars2@ikb/ob4ves si | i con
substrate may al so be used. [001 1] One enbodi nent of this invention is a
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the sem conductor substrate to thereby allow charge to w between the
char ge st Br¥gUselbeiusedand the corresponding digit line, and a plurality of
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menory device conprising a substrate having a first surface, a plurality of
nenory cef$sPcGRted Wil the semigandeiciorsbstretes b pturality of whgit ihes Bhsogiatadal ity
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current flow path about the recessed perinmeter of the recess access device
wi t hi n t heloRdss dexice, apd @ Ligt lipgl defneor masnanyi eell, svherainirtbe gatesedrsi n t he
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wherein the plurality o on structures conprised Téeceésse
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plurality pof isolation structures indyce a second depletion region in the
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nprising a first- menory storage device, a first digit I'ine; and™a Tirst
t ransi st oflow between the charge storage device and the corresponding digit line, and a
plurality of isolation structures formed so as to be recessed within the
| semiconductor substrate and so as to define a second depletion region within the
semiconductor éubstrate.
‘ [0012] Another embodiment of the invention is a memory device
comprising a substrate having a first surface, a plurality of memory cells arranged
in a pattern on the substrate, wherein the plurality of memory cells include a
charge storage device and a recessed access device formed so as to extend into
the substrate, wherein the recess access device induce a depletion region in the
substrate and further defines a current flow path about the recessed perimeter of
the recess access device within the substrate, and a plurality of isolation
structures formed in the substrate, so as to isolate the plurality of memory cells
from each other wherein the plurality of isolation structures comprised recessed
access devices that are formed so as to extend into the substrate, wherein the

plurality of isolation structures induce a second depletion region in the substrate.



construction having a first recessed gate that extends into the substrate
fromthe first surface, a first source, and a first drain, wherein the
first nermwoyostoerage device is electrically coupled to trhe/usees2zeeur ce,
and the first digit line is electrically coupled to the first drain; a
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For purposes of summarizing the invention, certain aspects, advantages and
novel feadavieas;oandha grunsiedonepesseddeansiiet raaiedcorstaiaion| integpasgdbe

under st oqd . NE rily ages may be achieved in
accor dangoeet\%lggh tﬁ%tyr%gqﬁ%lssze&ogp @%@ﬁ%ﬁ?tﬂ%ﬁ%{ﬁ%é i nvention. Thus, the
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optim zes one advantage or group of advantages as taught herein w thout
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r ef er enceaetosddit adtass nigvicel reludeava rfiyst 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,
advantages and novel features of the invention have been described herein. It is
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.



and the associ ated descriptions are provided to illustrate enbodi nents of
the invention and not to limt the scope of the invention. Throughout the
dr awi ngs,woebeveeene nunbers are re-used to indicate correspseaene2bet ween
referenced elenents. In addition, the first digit of each reference nunber
indicates the figure in whiggef DeecAbBow ot tHd DEdwiageears. [0017] Figure 1
illustrates a sinplified side view of trench isolation structures and
transi stor corf@@taict i Argengrabashiteriyie dhat implgaiands dee yvasionp| fepiuses $fde

view of transist.or i.solatio t [ e : | :
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i 11 ustrateg e Bbiddig@dsdescriptions cdreaprovideediontinistrate tdebadimenys déthee 200
of Figure 2 further conprising nmenory storage devices and nenory access
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[0021] Figgsthents. ila aiditidres e fiestdigitobeademfetdntg rombemnindicatenthediguzen
electronic circuitry and _a nenory device, where the nenory device conprises

the strué’ﬂw[’f’g‘shtﬁ‘ﬁi%mnéﬁmia@ﬁ&afﬁ- according to an enbodi ment of the

i nventi on. ig is i gggérq ki 1 600,
according to gﬁ&leﬁbod!é@ﬁ?%of'mfﬁreétgﬁvée/ns'?lﬂ gﬁ’ffecf 6 3] I%?’S%‘?Eer%g%hﬁgag%n

IS:! npl i fg?mg%gzwhdmaﬁsismr eoviEidiotiens. of the nmenory storage illustrated in
rcaor ding to. dA618r Eiguemitmieates ARG Sk, VEBbOL|oPRg dSTBIRY o
sinplifi ide. view of j o f ; t i d i
i gure 7ACBelrFls” Bl aRCoRT RHSTRRE sk IURTI o RGB! HRbe] "
E_Dre detzah\llf:egrdioundgr_sltandi ng of the invention, reference is first nade to
igure 2. Figure il]lustrates a sinplifi sid i f ti f
menory devi ce [Q@ﬂ)glcon%?gug? %g‘ﬁ%@%?gﬁpﬁﬁ‘%g?@l?i\gﬁv\(’l Véf?@%?ﬁgﬁ%ﬁtgﬁéggcgess

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 6A 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.



transistor constructions of an enbodiment of the invention. [0027] The
menory device 200 conprises a sem conductor substrate 202, which may
conpri se wownewoxari ety of suitable materials. The sem ecmaseisn2enbst rat e
202 may include seniconductor structures and/or other |ayers that have been
fabricated thereon orDetajled Qesdripiion obmaﬁﬁfé@édlblarﬁwédimée(ryﬁéomm y used in
the art. VWiile the illustrated senm conductor substrate 2 conprises an
intrinsically W8 ndid@ aradetaiiedsindarsianaiioe! theniyeniion, getireacy l?kl I
in the arfm d & ] ' : ' rate 202 in er
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The mam)r%ﬁdevi ce 200 further corTBri ses transi stor gate constructions

204-210, %ABSISW)soNFruchonsiQfanyemBodisrntQldbe divention. 210, 240, 242 are

h f d wogp-n t ] : b . r i ment,
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such as, for exanple silicon dioxide. In an e _ e srlicon layer
conpr i sescyBmMONE uged yindbpeart.si Whilenthel ilusinatedbsetnioenductdnesubsticite tdose
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i nsul ator, such as, for exanple, silicon dioxide, or silicon nitri
[ 0030] | taFangeineris caneeampyse aiber tohes| efygemicondutier fayers whimh igatuele

constructgi : r lary | ayers, and that other |ayers
can be us(gﬁefﬁg@%d%?%enr%ﬁ%p (ﬁﬁgré?p&%ﬁq%g?uqurfeﬁ%@ described | ayers. For
exanpl e, abar rfj0oees] ay ghec aferben) W@rmmduhﬂbMB&Tn?H%§%§th¢gé@ er
and the silicon |ayer. [0031] The nenory device 200 further conpriSes doped

di f f usi orPAEYUEHND 04ttt 24t 2242 - r dgPBsistor apte Imristiuctionsi204i- 211 @,h240,
substrat ©4202%yre shown formed within the semiconductor substrate 202. In another

embodiment, the transistor gate constructions 204-210, 240, 242 are formed on
the substrate 202.

[0029] Transistor gate constructions 204-210, 240, 242 comprise a
gate dielectric 212-218, 256, 258, respectively, a silicon layer (not shown), a
conductive layer (not shown), and an insulative cap 206. In an embodiment, the
gate dielectric 212-218, 256, 258 comprises an oxide, such as, for example
silicon dioxide. In an embodiment, the silicon layer comprises conductively
doped silicon. In an embodiment, the conductive layer comprises a metal or a
metal silicide, such as, for example, copper, gold, aluminum, tungsten silicide,
titanium silibide, 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



Source/drain regions 220 and 222, along with transistor gate construction
204 define a first transistor construction 232. Source/drain regions 222
and 224, wbang/metih transi stor gate construction 206 defCmasaisseons
transi stor construction 234. [0032] Source/drain region 222 is gatedly

connect g, Har 3 Irgd:cfrgbéié'ﬂcé 988 BAReRRdhR2dokductiveayemasd thersilgaires 212

and 214, Tespe \ Source/drain region 222 can be considered to be a
shared slayece/drain region, in that it is shared by the first transistor

t ti 232 d_th [ i
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fourth tBaosieddrain cegiens 20 end 2322, dlousayittetransisialrgate snsitsictiona2q

gatedly connected to soyrce/drain.reghLans : o yst or
gat es Zl‘gefréhﬁj azfigs,t tfmi%ef R ‘.J&@Jh%lg’g/ drsé%gcé}g%'%ﬁr%@@%c%%f;fr{sdgagg’

consi der gnb0 \th arBRSERE RS CebHSRiICione 2@/, definé hat sedcond dremsistoby t he
third transistor construction 236 and the fourth transistor construction

238. [ 00G&}sttuctian 23#bodi nent, the gate dielectrics 212-218, 256, 258 are

wordlines 212,218, 256, 295 fesnget i) & oLl SEHSHELY sobft/dfaeSi Stor

constructions urrou access transistors. In another

enbodi Meplgiohd 240 2id ARS8 updrisiisr ApRe@3812r and e2 b s respsdively.
transistors. In a further enbodinent, the transistor constructions 232-238
are U gaSeutceddrsirs regien 228 canfhg cpRyideiasd8; t?ﬁaﬁtshafeff{es?‘r'rﬁﬁ raipgegion, in

const r uchl g, 232: 245 AFe  8FESS:ia6E SRsHANIGPsD dhcAnbUddyRy teathagioren

the tran I'ons _ are recess access device (RAD) access
transi st gpastridiidpolz4.n an enbodi ment, the transistor constructions 232-238

are NMOS transi stor devices, such that the, sour dr ai i 220-
conprise n-tyRO3Hgi onignilarky, aﬁ%m@@r@%d&g% ,fféeagﬁljgr%rggg!t g{};sng Witff >

construc&rigﬁgi%F&B%-a 8%@%%@@%@&@ S ir8 e ransidedt Ebﬁétrﬁuﬂﬁm 236.

source/d egrons conpri se p-type regions. The nenory device 200
can be depeece/diaiy ragipnsuk2gibing 28pi algngrwite dsnsisiohgats, copstrustioMPEd i on
i npl antatign, or diffusion. .

define a fourth transistor construction 238.

[0034] Source/drain region 228 is gatedly connected to source/drain
regions 226 and 230 through trénsistor 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 transistor
constructions 232-238 are two-sided surround access transistors. In another
embodiment, the transistor constructions 232-238 are recess access transistors.
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 transistors.

[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 constructions 232-238 are
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[ 0037] The transistor gate constructions 240, 242, conprise wordlines 256,
258, respectively, as described above. To provide isolation for transistor
constructwornso72®2t1238, the wordl i nes 256, 258 of transi PCONSY@IM24025

constructions 240, 242, respectively, are electrically connected to ground.

Tr ansi st oPMQB stansidioodevieds, sue? tiatvthagsourea/dritd regiotsi 23236 Godmise
conprise isolatign transistor cgns_t ructions 260, 262, respecti ve{d?é. .[ 0038]
In an enbR&YRfEFRYIONTHe 88 FBeMaNEdeYe 2005k dOPgH dishiciapy guikalie doRing 202

i ncl udes &?gggggsg%hogs ho} @falﬂg@ﬁéﬁﬁﬁﬁﬁt\étiSH%%ﬁugﬁw i cl es. The grounded

wor dl i nes push sone es .away fromthe region surrounding
t he wordl i nes [PB87] 258 heltransistetg=ts donestriictinshies242dcahprise oveadiimed he

regi on surroundi ng the grounde at 56, 258 d, thus,. th
01 o SULEUEL A Lle unded B2k s oge. 1o e o Ron RS 25
[ 0039] Thg,(agiedns 'Z%zsé,hﬂ%?wo?dlﬁie%ué%ﬁzsé %‘?rt‘?éﬁéiétggg;_%gg%gﬁgmfti&is a

depl eti on regi on around eac ransi stor constructi on I sol ati on
t ransi st 024@, o2, uoespeeivelg), a6 2lediriesllyi staomegiace fworgroundt | ohgardisteR10

conprise depletion reqi 44- 250, respecti vel nd_i sol ati.on.transistor
conbt r uctORRyOstigfs 78, 2% 6 dad oot Hordles 2655558 Semblig Ry
[0040] Torpr&i¥iof eohsPli@ldriateDaeefeddertivqyr ce and drain 224, 226 of the
i sol ation transistor construction 260, In an enbodi ment, the gate voltage

i s appr oxi mat e]0@38¢ss Inrarcgondodinenthéhe buksthaie20d st pglopedn The p-doped

o) " ke A0 Bhlhe o kgt o SO DGR Bed bRgE, A
t hr eshol dgpehtiagewoidlined 2660288 QisteSomBObRhO MBS REAY fifden IRET egicnd

drain 224, 226, of the isolation transistor construction 260. In this
enbodi mentyrreuisling thexnosdinasa?ig, 258 Dunsedurss the frspholesiandaeleaanain on

Gate 256 et ador; iRy, e corbhndl, G ZA SAE UL FRS Foaiofee
const r uct ie@Rag@ 3drredBi. th&hegiopr WrfaleRlingleddroondbd twaaind256 12881 st or

constructions 234 and _236. In one inplenentation, the gates 256 are
grounded. I n ai9938%r iThe dashadilinesm showegatfigure, 3, fepgesent the bagindary of

SOl OxL e P BT, LR PR RSl i D R et 1

const r uct framsistoer genstriadtionse 2éepl 262.on Transistor gate constructions 204-210
comprise depletion regions 244-250, respectively, and isolation transistor
constructions 240, 242 comprise depletion regions 252, 254, respectively.

[0040] To providé isolation between the source and drain 224, 226 of
the isolation transistor construction 260, in an embodiment, the gate voltage is
approximately less or equal to 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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regions of the adjacent active transistor constructions in the nmenory
device 200 to provide isolation. Leakage current is substantially reduced
as there we 2w/qpbkace for the electrons in the pinched ofCTaspéeewns regi ons
244-254. [0043] As nentioned above, increasing the substrate doping

concent r gdrjHaRgeithe UEHIERSM eshidbR. rMBuaeplehion segienefsurRindaly gid gburRmidon

surrounding the transistor gate, thus allowi ng smaller spaci ng between
transi st overdiines of dbdgokation Bansisipsneenstesivee Wergeuwith sieadepketion

1016 at onGPOr P HS i ey ensROL PO ERBAET) ik el BRGSO wi v
i sol ati Oﬂotpﬁr@ﬂfﬂleﬂsﬁﬂaﬁmﬂsﬂ_réakbg@nwrﬁéﬁ 1325@33‘[9nﬁahl§/ l‘wm;éxa Qe\théﬂa Do
prow des isol ati on between active transi stor el ementi ?}n Per mts closer

spaci ng dflageor éﬁ@@é%Ct[WriﬁltB@@#@h?gzofﬁé,gpl\ﬁi'@'hé‘%ﬂ'oﬂﬁ for a high
d
concent rat on I0fshe &Y | BbrtHBY! Mifeye o ndiSig® YR SpB00ART, doping.

t he menorgpndemirago?d0is vhehnidikod st atedacetnhenslzet@f thensigplstidronregideo,
262, a doping concentration of between approxjimtely 1016 atons/cnB8 to

appr oxi musopndngs Heonarsistor agater dhes a9|"9/"\"5.‘§pr§5‘$@|f?dt SRACNS SPAWSREY cnB
my be useqd, |4t9|%45£r664r9§ﬁﬁ)0%hﬁ1§n§0fUFHL'n%d HSEE withD ‘?sf.ol%r?%ﬂg t of

t he nenory qevr ce I gure onpr|5|ng nenory storage eV|ces
and menoropratraetiensi280c 262, 4 Aophlg eeicantiationtal dfpgoximaielyatO 'f mtorh
material 310 is forrred Q(yer the gubstrate 202, and conductive mterconnects

312, 314 'QAPPEEMBE¥HP ¢ RIVDYAM KBAY REWS5fli ve material 310 to the
sour ce/ drai n r[@@h& S Fofini r.rfﬂ?%so%ﬂénZ nsisBHP@ehbeENons! Y a@g;z iRy i al

310 can conprise, or exa or ophosphosi I'i cate gl ass ( BPS and
conduct i veemone devitee 208 ;:Maﬂu,de%llsplaﬁmﬁ etweeonpetiveetrahsistasxelaplents eme or
nore of cond tlvel - doped

10047) CHRITUSI JESe T pRAon sbine SPRes Tensistarp a3 et BiF el 27 d gi

l'ine 318,hjyhi @Gpih@Ss @oh%ehﬂa@dh eheghé i sabstPRBNSODI ONThasweenowRr 88ping
source/drain region 222 and the digit [ine 318. Electrical connections 312

and 316 aomcentralipookthaisiieon subgisaiet22 weydier uead. olisarzgmbagdimepbof the
respecti Vee%&@hggﬁggﬁﬂg f\gﬁntthe lgolglﬂgJ“l ‘?r%”sls?o%n%&rju%{xoﬁgﬁ%,SZéQ,rénagpméer

el ectricdl
concentration of between approximately 10"® atoms/cm® to approximately 10"

atoms/cm?®, and preferably approximately 10" atoms/cm® may be used.

[0045] Figure 3 is a simplified side view of an embodiment of the
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 results 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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and 316, and a capacitor plate 326 is subsequently fornmed over the
dielectric material 324. Accordingly, conductive interconnects 312 and 316
are i ncorwonrat@d2iint o capacitor constructions 320 and 3P2TAM2@k024QE nodes.
Dielectric material 324 can conprise, for exanple, one or nore of silicon

di oxi de, &rhbbéigferiti brdidRctrRy maferfa! 322pishfodimeld @\k#'é?éétﬁbél é’@{r%rch@f@’B@UCh as
t ant al um pent oxi de. Capaci t or 'pl ates 326 can conprise, for exa one or

nmore of cIKHGdbi wedya cnap@edlt@r plate B26nist atubsaﬂuemiv efbrrnad civige th@ Gﬁala]:trlc

Y S L o B I L

access bdhy@@oritae §htei bapadiior3E8nahdotidmng @Qpa@nuorszgora%t rstts-‘rb?@nﬁoaég. and
322, while transistor constructions 236 and 238 are utilized rovi de

access be?ipas e materiaii24 q:anacgmnéﬂdf%&p;amnl@rort%ﬂsmoU@tof siisor3iioxickel 332.
[0049] F'sﬂlH{o mrlfél?ﬂea G bél ‘?1 eHﬁ%"%t@ %%y 4§‘lgc% lqﬂs”ﬁ%h?él&% a

plurality hes, nennry ce

enmbodi nerpentdmeenemapmomrf ﬁwté@@mwmlaﬁﬁpmm for raxeinplesoné dr poresof2 and
3. [0050] cells 402 are organjzed into colums Cl-CN and rows
R -RN A Hﬁﬂv%lﬁ‘@%’(ﬂ@ﬂ slisonametal, PéWQt@E%B‘@¢9406 process address signals

408 to identifrgg hﬁﬁmz}‘é&%}st& %ﬂsfrﬁ%tﬁlln\&% Oh N B?fﬂgtaec%eggqpe{riélsqg rcﬁoz

The col umms are co nown as wor nes ‘and rows are typrca
known as tbeghenmdrpesevice BDO! | Temsigtop sdhsifinetiosse?de any B4y tﬂﬁllzbd%2

conprises the transistor 232 ca or 320 coupled to the source S,
220 of tt%OY'SEn%‘?Cﬁsérb%ﬁ’?e”tfﬂi‘@ Q\Eftdlf\p%é1él@%%?éﬂa@'@rtw%&ﬁﬁo@8’2 Ot he

”ans'StOéndzééza%h%é)t%ﬁteﬂ%%ﬁ&g?&gﬁ@%%”ﬁﬁ@r2’3833%;% util gjw Bwat line

318 coupled to f rain D , e transistor o ot rains
i n ot her aesess Pebwedersihd dalgamnerﬁi@damrénapamitm cgaseuGimfs $30aaad 88ar 232

bi t1i no. 315, MHB48} anEidtie 538 Srtuf AT SdREmeR SERAALD SBPEANGN | he
capaci t org gRPalRRBf %ramﬁa%uam |trfésd%herrﬂb%r§/ Béll&@@ymﬁéﬁre?ﬁbdmn@h% nory
cell 402. Al'ternatively, by selecfing and turning ON the transi stor 32, a
char ge cdnemery afray e comprisasdhegiastiures oc%f([gurea 2Amnd 8. a datum t herein,
and the tranS|[66§6] Zs%hgarrr]lepneor{/ TE 4(9: are orgamzed into columns C4-Cy and

rows Ri-Rn. A column decoder 404 and a row decoder 406 process address

signals 408 to identify the column Cy and row Ry of the targeted memory cell

402. The columns are commonly known as wordlines and the rows are typically

known as digit lines or bitlines. .

[0051] The exemplary memo;’y cell 402 comprises 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 gates 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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the datumin the nenory cell 402.[0053] Figure 5 illustrates the nenory
array 400 interfacing with electronic circuitry 500 via conventi onal

addr ess sw@nrad7200408 and data signals 502. The address sipgmalss00608403&| ect
one or nore nenory cells 402 in the nenory array 400. The data signals 502,

on the other 11083) Carigrda5 hbidsS 158 ki) Sfrel/SUDDSHABEERT Wik

menory cells nmenory array 400. In“one e |rrent
menory aralestrati® olmumdﬁﬁanwa amvdnmmicm{;tea@rﬂgr}alé ER@Viend| datat $|gnals

enbodi ne t arra 4 may, conprise a wd I et

devi ces E{Q?h hﬁ’%@gigf%s %‘g%ﬁ‘%meﬁt aﬁﬁ;ésrymoéémt 'E}%H\ﬁgl :jci‘?lé %@% 'ﬂe%ry,
ext ended fHafdrp dragyAeon Q'Heaﬂéi@&%%ﬁsﬁ)w éth eﬂraﬁewharrzwartﬁamss
dynam ¢ random accéss menor doubl e data rate synchronous dynam c

random actersd ImmeVIG(VBDFﬁr@Dmmemqwmlsﬂ@anIthaknemnanaﬂay 488om access
menor SLDRA| d d , b d
nocesy torory DREy T BRGBGSERT R CRbohemony bR MV e TR RebE | oo
or any otfieessBABMOIY YBRANMOWIN atﬁéﬁeerab@dm{é?@é%eTmP«mgvéryaﬁmoeyn%@D

interfaces with different types of electronic circuit By way of
exanpl e, qoeprisieeét widg vadehc af thhgmeno deviges rigichdas aﬁgutl@le'oem@ry mwra:amlc

the 11 ke bBs STatilRaR Sl Mebitil Guerihe talr bt Ui RipldaniBituedsy,
program lragmery (EDCE DRANY RyhEloRo0s nrgngmw@tan@@m BepeSs Alindy (SBRA RN
I nstructions, which operate as described herein. In other enbodinents, the

pr ocessordouble datsteseynebranass| SMamie Fandem agsesed9saIon: (PRIR BRRAM ),
processorg,, f‘d%%ru%'lr% %.élraggsmcab@es%r miBthdH O@'L[BRWI\W WIGETARAD

digital si gna pr ocesso ed m croproces m cr’dco ers
the 1ike. ac{c@@éﬁhemrquwpqdumt&m dynariz rerdony aoceay Memhoan (RORAM),

electronic circuitry 500 are inpl t ed separat el I n other enbodi nents,
the menorSjat FaR0OD0RGRRPS MEMMBISIIYIE 997 TIAGreboPARY ﬁb@gmreaw

t oget her 4 Egkhg@hﬁ Be gpne of ordinary skill in the art will recognize that
t he rrermr array (S can be inplenented in a wde variety of devices,

products, and [89§5Fns ThieO0B&inoF gamray 6400 sinderfagesyi with oﬂlﬁla)nerﬁnﬁmﬂsmi& of a
ferory Ste%&?oenic circuitry 500. By way of example, the electronic circuitry 500 can
include any device, which accesses or relies on memory including, but not limited
to, computers, and the like.

[0056] The computers comprise, by way of example, processors,
program logic, or other substrate configurations representing data and
instructions, which operate as described herein. In other embodiments, the
processors can comprise controller circuitry, processor circuitry, processors,
general purpose single-chip or multi-chip microprocessors, digital signal
processors, embedded microprocessors, microcontrollers, and the like.

[0057] In some 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 600 comprises a plurality of

wordlines 602, a plurality of digit lines 608, a plurality of isolation transistor
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device or nenory array 600. The nenory array 600 conprises a plurality of
wordlines 602, a plurality of digit lines 608, a plurality of isolation
transi st owoanstoenti ons 606, and a plurality of active aceas2@04240The
active areas 604 are tilted with respect to the digit lines, (i.e. the

X-axi s) . tonstruciche®omEnd 4 PHali§ SFadtie Aehé 6@4@1@?&@@{‘? Qfe%saéqf?[)e { i

ot her enbodi nents, the active areas 604 nake an angle w respec

x-axi s, wHisdWthaespegtdoithe sigitlings, {pprtbginaxis). yintan embpplimantytdyeluys 80. | n
nbodi ; i t lls ,in,.th J 600 is 3F
For Cone. o aetiid Budds §acarel 86 487 AYoBE ShpiglitaBRie Ihs doie:drtips did on
[0059] Fimake GB ishghe sivith! rdspeit Sicdehyi iy, AheRTpdi HRRle Qb b@ﬁ\%@ﬂmfy
e

array 600_illustrated in Figure 6A Figure 6B further illUstrates t
pl ur al i t y2RRrogBRatelnOs tgoapprioxemately d80Fy Bf agi gmbodiment, ¢e8 pitcheofpther al ity

) cns oo ARt SR SRR o 005 el W f UrBlp St
enbodi men8F ébr neceatisrinitiie & disgct®®0. | n the enbodinent . illustrated in Figure

7A, the | ayout f the active areas 604 are at 0. The active areas 604 are
bel ow and coveﬁ)@ My thigurg BBt is pnemnditied sideeigw mfgan emBodisent sofirie £ i ed
side vie gﬁrg@ ] t or i LLu ated in Figure 7A.
Fi gure 7‘é¥n|%hdjgt rat e?ﬁ@‘“ﬁ%ﬁﬁ?? gp F%g?i'veﬁggréaagbGMheJnﬂu?tﬂ?tFﬁeﬁ‘e

i | ['ust r atpleralite op wardlings/602, ther pluralitg ob@Rgit ks SO8Ir ki diMragity 6f @otatidnnes
608, and tt he .pl urali Hj' Pf i sol at%%g transi stor constructions 606 shown in
Fi gure 7ATA1Ip/851CoRUEtiens 06, dbe nriHrality of (ardivenatessi 894, ReWNbiBen
descri bedrighfegg. enbodi nents have been presented by way of exanple only,
and are not intended to limt the scope of the inventions. |Indeed, the
novel nethods 0803y s igwreddAds isbkg Wiemeohansihebentdaidieatiof theamembgt y of

he. for m 1% RO RS SR Ay S S 1 B Rer i IeriayoBs e agtbRout
(RER qmressoatarsl L e SO Breet SR o Ao AR i oy
woul d falline®i&d8-n the scope and spirit of the inventions. WHAT |'S CLAI MED
IS [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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1. A nenory device conprising: a substrate having a first surface; a
plurality of nmenory cells arranged in a pattern on the substrate, wherein
t he pl ur avotzgorf2zrenory cells include a charge storage ®eviuseooanegtoas
recessed access device formed so as to extend into the substrate, wherein
t he reces®ddARdEeBISAIEDAS: i nduces a depletion region in the substrate and
further defines a current flow path about the recessed perineter of the
recessed acces -dev?‘{‘c'@emqr)ﬁﬂﬁvlcﬁéoénlw&"ﬂ%ite; a plurality of isolation
structures forned in theasé{ﬁ)%&rlﬁ?é ﬁaviﬁg aaﬁ’rsf ijf%p%ate the plurality of
menory cells from each other erern the plurality of isolation structures

conprised recessed access pgkvalitgsoft haeemarye céils rechrgedain topaueendni tHe t he
substrate, wherein th i splation structures i nduce a second

I lity,
depl etion region i nsf‘ﬁégéf?trag’i’ll?%\t%@?hé p @“Wé?foW%Vi(@é'Sdﬂ_C'@ﬁaianCm,afgmer ein
the plurality of rrerggrggge(ljé\ﬁcé %{ygea%gﬁgg?ggccg\ﬁ%;g%ﬁ%g?ﬁhﬁgdfsoor ggdtoon t he

first surface of the su strate an i ne € recesseéd access
devi ce conprises a extarskdfoathee sebstrates i wheneirhdhé ngcassgd eicbessaibvise as to

extend into the substrate. 3 e nenory .device of Claimg2, wherein the
r)écesse:j access flrjah({%eéra%pﬁlw f‘?gi?%d'égwﬁ Shbstraty algglifl“gbﬁﬂldﬁf'ﬂ% @i ons
fornmed adjacent thechiredt flow hage aBbut se SUBS %@(%)t g)e(afigﬁaé&hﬁf tHhe J[agggsge%cessed

access transistor includes a gate structure t S I nwar romthe
first surface into epreestgevicansthiuthe substradet i vati on of the gate results

inthe formation of a co ive channel so that current flo et ween the
two source/drain regi OnS8dpjﬁ}aﬁlﬁeoﬁg\grag@nﬁtrﬁt%% '%’,m\%ﬁépéf‘ﬁ %v’??égﬁt%rsé’l ity
of isolation structusds isslateirssidraily 8§ riémepf EAR fbH SEIPBthe SR EEIRON
region. 5. The device of Caim1, wherein the plurality of i1solation

structures conprisele RiwEdh ©f isplajaneskuetutasicomprisel secessednadcess as
toextend into the SyBGLbakfat 48 TolMEd Wb’ & to*8kERAGTnB e YBSR AL, Wierein

the plurality of isolation structures induce a second depletion region

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
to extend into the substrate.

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 structures

comprise a plurality of gate structures that are formed so as to
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plurality of gate structures are grounded. 6. The device of daim1l,
wherein the second depletion region formed by the plurality of isolation
struct ur esorzesTyes1ihi t h the corresponding first depleti orCragead/ocsduced by
t he recessed access device of the cell such that the doping |evel of the

seni conduct or subst exteadcito ther auhstete dhake fird€ eRgicBdatdSyh&alAd%
current between neno cells. 7. The device of Claim6, wherein each of the
plurality of cells e@%ﬂfw&gater plrugtueascarg gredeAedpl ural ity of recessed

t and a figst r e d..wher ei n_each, of
?ﬁee; urality gf cel ﬁs | ncE @pcghﬁomﬁérggﬁ?%e%gﬁ%ﬁ de?pga SUhredid fTed mon
bet ween the first aby stbeonpiuagaiityes oandfsmlatlﬁhecgtfumbby Wsﬁdﬁéﬁ ?J;/}ﬁgopgl e
digit | 8. The devi ce of im7Y, further conprising a ur
sloglrce/ IdPgl n regi Ongortreﬁ%ﬁor};{u%g eﬁ@&t‘x‘?@ﬁw@ i e'ﬂdtf'éf@ hGYCE@r g@Cg?ﬁthggpe(j

n
device. 9. The devig&ds ©edic® Jef weereiin LR giég Hé*'do n@&’\ggé eggee

substrate and wherein the plurality of recesse at 65 Tt

access devices. 10.sehigotiducios sibshiadé mah bburédWedcqmmbusllmeasMgrﬂ]d i ne

that is used to actlv te the ﬁgée of a Iurallh%/ of cells and a bit line
-t

that is also el ect rF@ ?Q?CHHﬁ ‘f"%et“d“ MaArvcsl'$ty of ceI |'s and wher ei n t he
gate of each cpll dphéngsvied @@Ul&%%%h@?@ln“@%ﬁ' paEiHn o#r&!?i
each cell is oriented at an angle of 45 degrees W|t ec

line and word | i ne.comprisgea fdét/a@@acﬁeochdlpmm,hmufrndmess@d)gp‘lfﬁmmgga‘lrs@grfl
cells and a bi

line that is used t CI ate of a pluralit f

line that is also € e(gt 3?)59 @?ﬂﬁgc%@&aqeo Vﬁﬁ%ta&ﬂl ?196‘?'”c%@(l*b Anitpe
wherein the gate Ofplamﬂty ot belielindlgge a0 @hing® @b@ﬁ:e%%;ﬂw‘r §%h“tﬁehe gactive
area of each cell is oriented at an angle of 0O degrees wth respect to the

bit line. 12. A net¥¥58mMen bsbregn e dirpt @ndl sesorst gatemrandc i letedtticdllyar e
conpri sed coupled to a single digit line.

8. The device of Claim 7, further comprising a plurality of source/drain
regions that are electrically coupled to the charge storage device.

9. The device of Claim 1, wherein the substrate comprises a p-doped
substrate and wherein the plurality of recessed gates comprise
recessed access devices.

10.  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 45 degrees with 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.

12. A method of isolating a plurality of memory cells that are comprised
of a charge storage device and a recessed access device formed

1
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of a charge storage device and a recessed access device fornedso as to
extend into a substrate wherein the recessed access device induces a first
depl et i orwpegi7on2iin t he substrate and further defines aPcumusess/otdoosv pat h
about the recessed perineter of the recessed access device within the

substrate between agh aend GRBREEINES &l BubSTFhRIWherbif R HEFo&RIPLLEEEY: |
formng a plurality of isolation structures so as to isolate the plurality

of menory cells fro#¢\deR indHaas a fiisledepiatiomsegiparialthesubstratsobadiforther

[ d [ , d. Lndyci h d. [
Forming the. ptural |15 ar Foanaen 100 byl Hpbdo FegdheBO BRARRECS B on "

region in the substregeesed adwrssbdeviobi Bithin eekagbshetevasiineeh! sdjatdnt The
met hod of Claim 12, wherein the isolation structures are biased so as to

define the second d¥reeidbANTegiong. theamethed GRMRESINGE O ai m 12, wherein the

i solation structures are : X : Ol h t. d
wherein the isolation stﬁoﬁgﬁrﬁgsag{'@%bgﬁ)ﬁ?ﬁ Tgl%t%eés’ ﬁ%?ﬁgé '%(?5% g.l[ém 12,
wherei n form ng thephiralityl oft meofory seilatfram edchucther.ewhersinths esuratitynbhg t he
structures so as to, b? i nt er posed bet vvegn adj acent recessed access devices.

16. The method of d%ﬁﬂoi‘z?o BFR[FPESREC €6 ?@%‘513%?@"&91 region formed by
the plurality of Tsolalipaushiofb ESsIB SeSestiddyiddiGoRAINPRRUELM bf ' St

depl etion region induced by the recessed access device 0 such
that the dopi ng | evisiolaiiont rsérusturies oted fotror as sbsomdht deplatioeregaudedtha t hout

Increasing the | eakgggst(r:a%{artg ﬁer% &%Bit?ggk%%%rgeh%gﬁrcéllg.el s

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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