| SOLATI ON STRUCTURE FOR A MEMORY CELL USI NG Al 2033
DI ELECTRI C FI ELD OF THE | NVENTI ON [ 0001] The invention

WO edoaerict o an i nproved seni conduct or struct ureCT/U82005/021787
hi gh density integrated circuit manufacturing and, in
particular, to an inproved isolation region for a
menory device and a process for its formation.
BACKGROUND OF THE | NVENTI ON [ 0002] There are two mmaj or
t ypedSOLATRONSTRUYECIUREEOR de QRN2GELLaRBING
static. Dynami c randoih,@;@EELBEOTRIE@Ss (DRAMs) can be
progranmmed to store a voltage which represents one of

two binary val uesy j -edi.G reprogramm ng
or "refreshing" tglrfa’lbn{)gi nhtf?ﬁflig Evgﬁgigl\g[ for nore than
viéy s[ﬂlr&t, time periods. Static randonaccess nmenories
[009dd" s o Tharprsieadakecsithap impravwd seaycondndper stogitere for high
Jefreshing, [.0003] .DRAM nmenpr.y cirtcuits are ) . .
densify it B e Birchit B bR e TSO i PR SATofo RiRpycest isolation region
for a fi hﬁ#y' HeBtEARDL Droded iR QB@F‘A ells, on a single
Omsecm' conguctor %%r.soiga}éh ([))RA crgll i s an addressabl e
| ocation that can store one bit (binary digit) of
data. In its MASCKGROUND@RIHEEDIRAENGION onsi sts of
two circuit conmponents: a field effect transistor
000BET) aRdredy € hi; : ' rates. two.
Lo et Sha SRt el Peegt PhdbhCacse bt Fleddite and
static c Apmaiioranténaactesmanoeiss (DRAMS)SdarbelpogRAmeaAEH store a voltage
..cell 10, the capacitor 14 has two connections |ocated
whichyi¢psgspeisions ofitqediedry values dpueequires prriodiverepiogrhmming or
« conngction is to a.reference voltage Vr, which. i .
refeeES T igiiagaih S ol HEMORs LRaICTE etk PG aridba féatic random-
access hBfIo¥RS hRAGS HAHILERING gy 18 rﬁ)tlrggﬁi?@%cnc;]dl% rQeshil ‘
menory circuit. The second capacitor connection 1s<to
the drain of the transistor 12. The gate of the
[000B4nsi BRkMirBemsricdnnéstaedmaufactured by replicating millions of identical

circuit elements, known as DRAM cells, on a single semiconductor wafer. Each DRAM
cell is an addressable location that can store one bit (binary digit) of data. In its most
common form, a DRAM cell consists of two circuit components: a field effect transistor

(FET) and a capacitor.

[0004] FIG. 1A illustrates two conventional DRAM cells 10; each cell 10 includes a
capacitor 14 and an access transistor 12. For each \ce]l 10, the capacitor 14' has two
connections located on opposite sides of the capacitor 14. The first connection is to a
reference voltage Vr, which is typically one half of the internal operating voltage (the
voltage corresponding to a logical “1”) of the memory circuit. The second capacitor
connection is to the drain of the transistor 12. The gate of the transistor 12 is connected to
a word line 18, and the source of the transistor is connected to a bit line 16. This
connection enables the word line 18 to control access to the capacitor 14 by allowing or
preventing a signal (a logic “0” or a logic “1”) on the bit line 16 to be written to or read
from the capacitor 14. FIG. 1C shows a cross-sectional view of the DRAM cell 10. FIG.
1B shows a portion of a DRAM memory atray comprising DRAM cells 10. In FIG. 1B,
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a word line 18, and the source of the transistor is
connected to a bit line 16. This connection enabl es

w0 b@omore2 | i ne 18 to control access to the capRCI/US2003/d21787
by allowi ng or preventing a signal (a logic "0" or a
logic "1") on the bit line 16 to be witten to or read
fromthe capacitor 14. FIG 1C shows a cross secti onal

i : Fl G B sh f
B R ¥ b LS AR o
cell 10BhaAEH aGomaR vetafihdU8 Aogd M&”slﬁké ﬁ&%ﬂgﬁa 2 10t

share a common wordline 18, and eac ring a
common wordl i ne 18 does not share a connnn bit line

[0% [ omﬁmmufmmls arhiiglly icompekitigh byisia e¥p ttcké ié%ontlnuous

i ness. {]mre is c Aélngous pressure to decrease the
pressgxl-eztg 5% Sé‘i?aq’fle Vidhay eellsragditadneragse memorycaleddnsity to allow

morcqﬁ@ﬁl tot Qe %de%%%fgﬁ%eﬁm @2/1%%[%8%(5 squg%ﬁgf@gg glf{gﬂgarc feature

S ng

area (@ﬂ?é)ato( i@ﬁ?— V\%ﬁﬁc Qi reSALAI4ES %tdéﬁﬁcc? Wherk 41 ezel)pr&c@is the minimum

desired (where F represents the mn mum r I'za
realizpblgtphiotelitbggraphicprpros dimetiorefraings sfzept IobtkinZé)devices on a

DRA‘Mio' ation, of devices on _a DEAM nenory thus becones
Bready ﬁ'éql%/chﬁﬁﬁﬁstl%%?as%lff Hep@itat 3éfth© Sl@h ot eddh dedl is decreased,

thercgﬁ ﬁ%?%%%?g)vé 5&%559 Qe\/ "8 b %%% ll%.g%xag dévg]? )a?f Iclgn tclégéqeérmlﬂ?mty to

the a@tia¥@s A odser AevRbd) ElsoBEVh GERquire ln‘?Bﬂ%'} ih Faﬁ&!{' i_c%%a% Ttructurcs

i n ot her |ntegrated circuit structures as
as welbhal | ow trench isolation (STI) is one technique that
can be used to isolate the active areas on a DBAM
structures from one

t t
[ Oogﬁlt hesﬁajﬁa‘l’ éﬁ%@dﬂgf’ﬁ%{aﬁ ég%ibs oaf tedgiqug Bat carebe hsetlreo isolate

be us to isol
e LR R BALAGR R B BT SS
showm: a;oEI:(Et bE, ddisoRtibh arsicE 19T fodrded 30 s@532L%d alBle 1 may be used to

source/dral n regions 19. In a typical STl 1solat
isolate; pyq adjarcat QRANEHWQIY celds, eaahhipdingnd oaiakizos US4 frahgstor 12, and

fil I h I f diel
assoc1%§a éP‘IlI‘é:F %c%g%ﬁ%glxgg rﬁ%@aﬁl égf[s 0@: sg@;ecguzrggg trench 17 is
etchePBHthitRE s&&%ﬁ&?@&cﬁﬂﬂlﬁ%ﬂé { %%tdr\fﬁox%rlgyeﬁs qf dic 'ug:tmizgwg‘ggrial 15 to

structure is forne |ngatr
provideid physgal ztndmemaaldjaemaqidtwsmﬂtgﬁtc@% aéivelRC ah}d’sa&? STI

deposited (CVD) or high density plasma (HDP) ¢on
structiye; iy porgreddiy ¢teling a trench and then filling it Wlth a dlclectnc such as a
chemical vapor deposited (CVD) or high density plasma (HDP) silicon oxide or silicon
dioxide (8i0,). The filled trench is then planarized by a chemical mechanical planarization
(CMP) or etch-back process so that the dielectric remains only in the trench and its top

surface remains level with that of the silicon substrate.

[0007] To enhance the isolation further, ions may be implanted into the silicon
substrate in the area directly beneath the trench (not shown). However, there is a
drawback associated with ion implantation beneath the trench; as noted, for example, in S.
Nag et al., "Comparative Evaluation of Gap-Fill Dielectrics in Shallow Trench Isolation for
Sub-0.25 micron Technologies," IEEE IEDM, pp. 841-844 (1996), ion implantation

beneath the trench can result in high current leakage. In particular, when ions are
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dioxide (SiQ2). The filled trench is then planarized
by a chem cal nechani cal planarization (CVP) or
wet@hAaek process so that the dielectric renaP@BEUSINY021787

in the trench and its top surface remains |evel with
that of the silicon substrate. [0007] To enhance the
isolation further, ions nmay be inplanted into the

; itk d ' e acdirectly beneath the

il P MBS LTt R SREBESARh! BEhes <R A lralie® can occur atthe

junctiassbeaiete dhabddveidedict MBion Ald gk P&pgath the trench;
as noted, for exanple, Tn S. Nag et al., "Conparative

%\éﬁl uation of Gap-Fill D electrics in Shallow Trench
(00086 at iFgnthearanduistenriag toFEGohCTelthmodtodéaper STI Eegons may provide
h

| EDM. pp,, 841-844, (1996), i i mpl ant ati b th t
beteet BYeRe e’ Bl Arcsn e il RBRags bermade. Tfthe STI region
; [ r [ .ar e apl.ant i.n t he .subsirate )
is ooy Ffiniche WAE0H 19 R ATTARE £8 ol et 17 80 Gesracks in the

trenchc dlhius athekdis aj désieé hed nb&d WeRBLafH SccRE LI ' S
regi ons and the trench. [0008]a Furt her%éggggyérng rdreiwﬁas without

relyingong deeploy depadhoength wgimmer STI regi ons nay provi de
better isolation, there is alimt to how deep the STI

ion.can.be made. |f the STl region is too deep, _
[OOP?% i ng #b"“t %ﬁ%?ﬁvﬁisw Q%H&Pa%caaf%la@vmg\ﬂPVlw ssolation in
high-HEhs%9; . GIAC j . h.. Thus, there is.a ..
e ALK AR ghle Pir T S0 e S e THHSK RTS8 icon
dioxidigbiue elscyitilielytort editichigonl impteePtPprARREM I Rumulation layer
region. [0009] Isolation gatées have al so been ropose&l
at thefsgpstste spfaosg Hews, cenvesobatliisolation gawghstilbfsilitate the presence of

Linte ted circuyits, .These gates typically use a thick
~ gate-1g ?%"gfﬁ?‘é‘y’el??kﬁgicﬁg&i’ulr)rcon di oxi de, but they still rely
on conventional inplants to provide a strong

[00R0F UMUTREAQOnERNE tiftlefbRE aﬁ%{ﬁﬁ(ﬁ &Fl?ctﬂﬁllrcf\t%@iiclé -E?%u gé used in high

_conventional isolation gdtes sti acl
densitprpplintionsfsughne DRAMCedndipUovit &akBgee 4l Pakes f ARAGbr 2 simple
qme{‘% i.s needed, therefore, an isolation structure
methqgh prRabricaingssugh ag isqlatgrysirerswesi. t y appl i cations, such
as DRAM nenory devices. There also exists a need for a
sinpl e method of fabricating such an isolation
structure. BRI EF SUMVARY OF THE | NVENTI ON

BRIEF SUMMARY OF THE INVENTION

[0011] One exemplary embodiment of the invention provides an isolation gate
formed over a substrate for biasing the substrate and providing isolation between adjacent
active areas of an integrated circuit structure, for example a DRAM memory cell. An
aluminum oxide (AL O,) is used as a gate dielectric, rather than a conventional gate oxide
layer, to create a hole-rich accumulation region under and near the trench isolation region.
Another exemplary embodiment of the invention provides an aluminum oxide layer
utilized as a liner in a shallow trench isolation (STT) region to increase the effectiveness of

the isolation region. The embodiments may also be used together at an isolation region.



[0011] One exenpl ary enbodi nent of the invention

provides an isolation gate forned over a substrate for
whe@sionmy6t he substrate and providi ng isol ati onPORUSEHEN021787

adj acent active areas of an integrated circuit

structure, for exanple a DRAM nenory cell. An al um num

oxide (Al 203) is used as a gate dielectric, rather

than a conveptiep i : e a

hol e-ri ch acg%u “iﬁmwe%hg%ﬁﬁﬁm&he

trench isolation region. Another exenplary enbodi nent

of the invention provides an al um num oxi de | ayer

ti1l iz I ' h_i.solation .
(0042, ) * Fesifoft siPfia k8 BT B DR REwil be apparent

fromitsefellovdng ldeediled -deddtp rRahedi s ReicIRlIRRrRR _Pi?ﬁgr&c_l

together at an isolation region. BRIEF DESCRI PTI
emborimepRftheBijepdivg] inAdliichi onal advant ages and feat ures

of the present invention will be apparent fromthe

| ow tail ed descriptian raw ngs which_
[Odllq%]ust ng%eq(ér HHEY Fﬁ%ﬂ’tlg selisipspkeraptic form;
which: [0013] FIG IAillustrates two conventional
003ZAM CceI1GS 1RNIRGRAERY 1dp- i ¢ i
[ illTustrates a top- domdbv?%vﬂh?e[‘gg%%k??%oﬁ %¢a§onvenuonal DRAM
array baving IDRAM kelBRAMs@ ey ith asiodardRANHEBIG S Agonst r uct ed
in accordance with FIGIA;, [0015] FIG 1Cis a
0325 ss-sectional view of the menory cells constructed
[0S IshokAG: AG Re crpssseqtnabismyofahE maemenyuiells c¢0Bted as shown in
A is a eross-sectional view of portions of two
the Fgng%\éénn?mﬂgn%eﬁk/mccgftr s constructed in accordance with a
first exenplary enbodi nent of the present invention;
[001@917] FRGG2AZBa icfosd s&QUdnaPReR ofdoRBERY o @ 5{/ Ko
megory cells constructed i nca(:C)cc?Pdance W t hﬁﬁ?‘%ﬁy ; ory cells
constfgdddin Fc@rdadce with <fios exagdtiyamabodiinew: of tl@present invention;
exenplary nmenory cell of the present invention at an
LaiLtial.stage of fabrigcation; [0019] FIG 4 is an R
[001 st F&é‘r 28 in8 popio mgmasy prigy heying memerygells constructed in

accordMRISHAMEBIGSHAYe of fabrication;

[0018] FIG. 3 is a cross-sectional view of an exemplary memory cell of the present

invention at an initial stage of fabrication;

{0019] FIG. 4 is an illustration of the memory cell of FIG. 3 at a subsequent stage of

fabrication,;

[0020] FIG. 5 is an illustration of the memory cell of FIG. 4 at a subsequent stage of

fabrication;

[0021] FIG. 5A is an illustration of an exemplary memory cell constructed in

accordance with the invention at a stage of fabrication subsequent to that of FIG. 4;

[0022]  FIG. 6 is an illustration of the memory cell of FIG. 5 at a subsequent stage of

fabrication;



[0020] FIG 5 is an illustration of the nenory cell of

FIG 4 at a subsequent stage of fabrication; [0021]
WO-b@Bs/08MA62 s an il lustration of an exenplary nePor/ysmesh21787

constructed in accordance with the invention at a

stage of fabrication subsequent to that of FIG 4,

[0022] FIG 6 is an illustration of the nenory cell of

I 5 .Sub uent s e of fabrjcatjon;[0023]
loqgeg 7 FEG. 5 R REHRon oF 00k memorhirib LRI 6 hbt sifseauan stage of
fabrid%{iofi‘; subsequent stage of fabrication; [0024] FIG 8 is

a Is across-sectional view of two adjacent nenory
cells constructed in accordance with a second

[00248np! B, Bribail remss-dctibhd vidw eftweadjaadit th&B3R] cdlik Gnstructed
) 9 is a schematic diagramof a processing system
in accoughingy iwigh a sERAN axemplary eatbiodinest ofitbe éabennioacand dance
with the present invention. DETAI LED DESCRI PTI ON OF

(00381 BPoR F STerus b mgld RO U ST oaaploying a DRAM
I . . . . g b
mem TR BrRINOE Feohdadcl ol 6 B NRRHERD, Y O
sufficient detail to enable those skilled in the art

to practice the invention, and it is to be understood

t hat ot her enbodi nents nay be enpl oyed, and that
structural , PBFAIRED BXES(RIPAITON £F dhER S/ ENYION
made. [0027] The terns "wafer” or "substrate" used in

[002B% foid ey RUCHRSE HedllEPBeRYLibACHIENRNY made to various specific

sem conduct or - based structure that has a sem con
exemplaryf ackodiehes inamblich tthe otvengomusty Brepraodieds tTiade tmbodiments are

descri.bgﬁ:mlél e_@cliigl%iﬁf g !(:1%&;‘; ?Qqﬁi@ &%ﬁé@%ﬁﬁ@;&%’gm@ce the invention,
ot L SEMAEARIGS SPLIR o AYEES B R BRPEL e,

logica$ QMICAEHEN Charflds Uty b EmaddNe sem conduct or need not
be silicon-based. The sem conductor could be

silicon-germani um germanium or gallium arsenide.
[0027] The terms “wafer” or “substrate” used in the following description may

include any semiconductor-based structure that has a semiconductor surface. Wafer and
structure must be understood to include silicon, silicon-on insulator (SOT), silicon-on
sapphire (SOS), doped and undoped semiconductors, epitaxial layers of silicon supported
by a base semiconductor foundation, and other semiconductor structures. The
semiconductor need not be silicon-based. The semiconductor could be silicon-germanium,

germanium, or gallium arsenide.

[0028] Referring now to the drawings, where like elements are designated by like
reference numerals, a first exemplary embodiment of the invention is now described with
reference to FIGS. 2A and 2B. FIG. 2A represents a cross-sectional view of portions of
two exemplary DRAM memory cells 200 and FIG. 2B represents a top-down view of a
partial DRAM array 201 configured with isolation gates 110 formed in accordance with a

first embodiment of the present invention.



[0028] Referring now to the draw ngs, where I|ike
el ements are designated by |like reference nunerals, a
wo poostooBEENpl ary enbodi ment of the invention i BCTHUS2005/021787
described wth reference to FIGS. 2A and 2B. FIG 2A
represents a.cross-sectional view of portions of two
exenpl ary DRAM nenory cells 200 and FIG 2B represents
a top-down view of a partial DRAM array 201 confi gured
[0G3%]h | ol discqussedgamearedetaif belawdtheniseleton gareckl Onf thedfirst
. first odi ment af th resent invention.[0029] As
illuseigrdel o BEAm G ot S TP R Svp sth hoO stk ort hgdselatiangate 110

: N il ' .. preferabl . .

h Sy 55 1 08 3L R SRR, BB ERC Yo i
layer NAg. aMlilestik atadn@brad¥RIunkibd gavelcvices ML Mink %Xﬁ{co dioxide

113, which is over an alum num oxide |layer 112. Un ke
(SiO4) ?d[gt?lcqtad il?_tyisn _mhd: p?a;omm;imhtglln proqi)_evdslcaﬁ, almﬂnimihm oaittea(A0 9 gate

. si.licon_djoxide (Si - dielectric |ayer, the present
dielegt Jayer éﬂﬁ-p d@d h%he&ﬂiﬁmamsgna@ﬁe masasy (E;ﬁ-e) compared to

o i i y . . is ahhigher-k dielectrigc .
sicoff 8L 154 2 Rfyrbh A0 123 LONELI L Ok i the
dieledtic:3 Thlis, phhding BRIAIANMOSKiIGE Bedr8e %ﬁ%ls{%btng Qf'i‘lgéd’a%? ﬁﬂ@{]f%c%f creates a

. density in the gate dielectric. aci ng alum
hole aeimlatizar laydrercgatiel prfigypef thebsbswite. iTitednfidatng layer 114 may be

creates a hole accunul ation | ayer near the surface of
of any RERLE TR, Sudhes 1 Aty S TE Ferc s tatgbe Bondretimyayer 113
. i.tab [ C ni tri de.Suikt abl e .
includy e bR TR, Rl R (B sha b PP PRl i gpoly/ Cosia
d b$il, C Dxid ) RitrldEl S oh B -
an Plggi/ﬂ\;&vﬁhx, rol y/ CoSi Zoaﬁ él h%%&%cﬁgpg%&w*d on cach side

of theviselatide gater Lldt.her i nsul ating spacers 111 are provi ded
on each side of the isolation gate 110. [0030]

OB SR 50, M8t SR RED e
wing S0 901 L 49 IR AT B i oy

101, foeired 20DforayarhplefSHONE Baclh néthyory @8l 000dHS) B¢ foitHasfany
however, and the invention is not limted to an SO

semicgadueiar swifacei kowenswrrndhie ineptioors egehpitad o porydEdssign, but is
only. 31 shown in FIG 2A an STl region 103 is
showsg ?%%t‘%%%ﬁe ﬁﬁ‘@@%%&‘@?ﬁfﬁ é’Piyloo. A
[0031] As shown in FIG. 2A, an STI region 103 is created in substrate layer 100. A
region 120 rich in positively charged holes is created along the STI sidewalls 115 and
below the STI region 103 when the gate conductive layer 113 is biased by an isolation

voltage Vygo. This region 120 is created by providing and using the isolation gate 110,

constructed in accordance with the invention, over the STI region 103.

[0032] In addition to the isolation gate 110, each memory cell 200 contains
memory cell components such as transistors 104, 105 and a capacitive structure, shown
schematically as a capacitors 108, 109. The transistors 104, 105 connect the memory cells
200 to an associated wordline, and the capacitors 108, 109 are electrically connected
through the transistors 108, 109 to an associated bit line. The invention is, however, not

limited to the embodiment of the cells 200 shown in FIG. 2A. The isolation gate 110 of
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region 120 rich in positively charged holes is created

al ong the STI sidewalls 115 and bel ow the STI region
waedembman2 t he gate conductive layer 113 is bi areriub3o0s0m1787

isolation voltage VS . This region 120 is created by

provi ding and using the isolation gate 110,

constructed in accordance wth the invention, over the

o S A B SSHEA B  Eewiti o
integEREPORENE ScAUE RudP 2 WRADELALS %g}gﬁllg% ﬂgast%éls.

capacitive structure, shown sche
capacitors 108, 109. The transistors 104, 105 connect
[0G38d nernropeeions tZOBokaoapaaSEIE sdtifdd W9raghiyifs a @Rshinded
the capacitors 108, 109 are electrically connected
potentiyl gugisligiiepatentiditettbe isoloien gro9 NoilbmtratsdaniFAGSA28idnd 2B, the

| i The invention.is, however, not limted o the
potengigh Vi Fame s HhicOSurt SPBES SRR Phiobi P fhapes solation. Tt
i Walc LByl N L OR. . for. .
S o 08 M A Bt Vo S BB e BE gt Bive depending
on theicohtinctiity éfthegait Gbrin M OS Gt g8 Che ARkl oxide is
. other menory cell configurations. [00%3} I n operation,
biasel math 3 ¢lightiyore gativeechnrge itbetsbu snticing appleyiichgacaumulation region
r pounded nti al a .slight potential to the
120 Y B iR J180h g ST b 4B & Rofepeselmoan e of 5 to about
- i r e iy i Vol t
400 PV AIchly 2ot TS Hotd B AR SR RRishfitk 2t 4 PRFOS
isolathppgaee watedtkfat a_tslightgop@ﬂﬂtﬁ\irca[bot&’h@@vtfﬁiﬂdlb@ a%tnl:i&.md the gate in the
e c

positive or negative endi ng on the conductivity of

range; ofeabgit ¢50 e rbant MBS dbfaucalghalgmt &1 0P meValRimsimgithe isolation
(de is bjased . with a.slightly negatjve charge, .
gate P08t AR, P alaraR R rrEa sfesttrcl: ohectak g ipe cel,

48485 hORolRich ht0110 ahl | BRURAL AL i
Separnea;%t he rO ange %af -50 to%gég%’ﬁdn%ﬂﬂ%gg?;}%@gﬁ%? This electrical
isolatimindsli the te@ndf tishaiehichubeaicapef él&drdrohélbﬁalgﬁﬁ Qs deKeathfth@ STI

. PMCS isolation %ate were utilized, a $Ii31tly positive
region gdgwellsl 1 wdhegbperasptingdhe owrd nggetéve dhatgrs arangchipfrea.
about +50 to about +400 nV, typically about +100 nV.

Lasin enl.solatio te 110 provides.electrjcal .
(003 P G Bl BBt R R R 56 oy e
diclect6¢ laye SEPRpRIRE DY siEichSRL AkivOPhIBE € ulati
corr Serspondjfr)ng I sol Sélt i ore1 r egglcéon 10%.% T ?{éébe?gtg?rrl% %%ﬁumulauon
" layer usddracatbithe sotationrgasestackdfl Ot sueh aharthigate 0y bé maintained at
el ectr Qarl hol es_al ong‘1 and beneath the STI
ground potential. Accordingly, the isolation gate 110 of the present invention has a high
threshold voltage so that when the gate is maintained at ground potential, a strong
accumulation layer is created close to the surface ‘of substrate layer 100 beneath the gate
110. For example, 2 typical field effect transistor in a DRAM cell, having a silicon dioxide
dielectric layer, may have a threshold voltage of about 0.5 Volts. Utilizing an aluminum
oxide layer 112 increases the threshold voltage of the isolation gate 110 to approximately
1.3 Volts. Although a higher threshold voltage is not always desired, in the illustrated
embodiment, the higher threshold voltage is beneficial, providing an effective hole

accumulation region 120.



regi on sidewal ls 115, thereby preventing the flow of
negati ve charges across this area. [0034] In the first
wee@booTerl enbodi nent of the invention, the alPOi/Hs2m05/021787
oxi de dielectric layer 112 produces a sufficient
negati ve charge to keep a strong accumnul ati on | ayer
underneath the isolation gatestack 110 such that the
e e mi ntai ned round potent.ial. .
[0, P eSrmPica b Bty oP R BendobaRtiohec e d0fmay be reduced
: i AViSHIL i [ t.a ¢ hat . .
e L L PO R A oS Gy, solacion
trenchssdiave hateptnof ayare 359041 eHoedvel, dseudeftdngssinidRgaea10 in
substrate | ayer 100 beneath the gate 110. For exanple,
accordancgyighy the ingerficst alkaws theans iof o erench 1830RMMecetépth D of less than

oo R LS 6. G 0 T e
Dk T i Eeotdtion 01G B old, .
el Vol t agergggwtlﬁg Cllc?oé? ation nlglgéii{ég ﬁ(gﬁ%%$§%%p 3 S’ istﬁrr%fsé’ }335105.1. ggte

formedaditetly Alnt the g bsteatbis@ifale 10l eshol d vol tage i s not
al ways desired, in the illustrated enbodi nent, the
' hi?her threshold voltage is beneficial, providing an
[0086] ect Retermeg sogciouii¢isadio nrexginptary fpricadds method performed in
Furthe re. the,depth D.of the trench isolation,K .
accorqase S B Tl B0 Becd 0 i eaticn Sareay Aot gate Asfliron
bstlafe MP&A G0 NAE i b €RL |t ' i
substta |§ _ s?ﬁ@ﬁ&g@ R@n‘(@n%ogggtﬁhb% & hﬁ@ng@% g%( B Wed with an

i solation trenches have a of about

SOI ddsigay & shotmeinUIG. A drowesof, dbi thie sgid of sk litify, the remaining figures
accordance with the invention allows the use of a

and descgpepn voB dessribsq sliceapubsmtgsemésadunton debignt 2000 A;
alternatively, in some cases, the use of an isolation

nch » t er.elimnated.with.sufficient .
‘[00825 ic e%ua Sltg%e g%ﬁ%[ﬁgca&oélvlf ek Cieéfré??ff ?ﬂfgtr rence to FIG. 3. Itis
desirabRahat #1215 TRdegidR 1B & ks 8fdd v 88 s&l’)‘k@ra.%éégéb ??i%)? to formation of

surface 100. [0036] Referring nowto F
the transistqrs d0¢t, 106y drehaacordingly hiods draived tiveche tsobtionr a0 is formed
b W th tEE I"i rst. errbgai rregt of the invention is now
subseqient to g formagion; ot ghe ypdeing soysgddramoegiansgisy il @8 dhat are

' Y b Nyention. can b dwth an
locarcAREER BRSCIARG fondl Fory LHeHMchvaR. 1757 b g by any
suitabf methHl, k&dH ¥ byt AEhin@MdreH Rty 4 BHY BisASHiES 6Pt Bhg process.

wi || describe a silicon substrate sem conductor
After ¢fghingnthe trench is then filled with a dielectric, for example, by a chemical vapor
deposited (CVD) or high density plasma (HDP) deposition of silicon oxide or silicon
dioxide. Next, the filled trench 103 is planarized by a chemical mechanical polishing
(CMP) or etch-back process so that the dielectric remains only in the trench and its top
surface remains level with that of the silicon substrate 100. Source drain regions 106, 107
may be implanted regions using conventional implantation processes. Next, a very thin

gate oxide layer 130 is grown everywhere over the surface of the substrate 100 to act as a

buffer layer.

[0038] FIG. 4 illustrates a subsequent step in fabricating the memory cell 200, A
layer of aluminum oxide 112 is deposited to a desired thickness over the buffer layer 130.

The deposition of the aluminum oxide layer 112 can be performed by any suitable method

8



[0037] An initial stage of fabrication is now
described with reference to FIG 3. It is desirable

WO b@b/0vtae2 STI regi ons 103 are forned in the subST/U810085/021787
100 prior to formation of the transistors 104, 105; -
and accordingly, it is desired that the isolation gate
110 is forned subsequent to the formati on of the

inclu b b RRLETS, Ly B Eihor it CR0R). Fvana vapor deposition,
or atbSH l&%ér%pbﬁiﬁﬁﬁh B3ueau e bR ip%l)}fggﬁéa%uringtac%tlethan

met hod, such as by etching a trench ry .
convemtiaai patpicxides, otiiekerdilmhayg maobesslizeff§ togsrofidethfame effective

..the trench is then filled with a dielectric, for
oxidey #, 253y the eprvengignahiRBoM ¢elboThisdslad@ubgeons bingh depositing a

- |t | asma_( HDP) de ition of sjlican oxide or
thick R Aorfh Bl o RS AL BY e Rt vitspct 1 ickness across a
large Y32 THEh S 'aﬁﬁ4,~ L Gth iPQLI N 0%
e St Che back ﬁgﬁgggs sg]t QFH?ﬁgﬁgke eéfg%%§$gﬁg¥%§¥§hpfbout150
Angstrontshprefarebly 1 (b1 5 Asigs@pmsur f ace remains | evel with

that of the silicon substrate 100. Source drain .

ion 06, 107 may be inplanted regi ons using
[OO{?%S ven i: ié‘n gIShPWEJ r&pPdurde layesddSabet is Nelgetively deropittdoer the

' r 0 i I.OWNn, ever ywhere ov t he
alum@hFoft Kel BLTC AP palis™igh 16 GadiGee Jobua osyier over the
isolat{R0B&1chFI (03, Fhi gpﬁ{f Lo :
P abr | cat ng ?ﬂgkggén%{tskggcflgggﬁ A %b’e%gg) Fspndistoppsed in
convegyiodel gat@ sirsctiieoand cprtfergblyfgivedbtche 64NE $$2100¥8 s HCother

buffer ig}iei %30. The deposition of the al um num oxi de
transistop gateg 19%¢ L3S 9é thremeararsaelby0@ny sui t abl e

et hodi ncludi ng, but not limted to, chem cal vapor

0Si S i r_depositi .or atom. .
[00%25 er Ie%%& { | gﬁpdgggoé)%ag@gcﬁpﬁtﬁ%?yo)%P&gg'ft?n&l ﬁi‘tﬁﬁéﬁi‘?‘?@m 117

may beedeposidd dinhe alvgiRtihPHaHe 83EL1 PXbeRse 11 ¢ cﬁlléﬁ{fc fa%lﬂiIS is

| ayer may be utilized to provide the sanme effective
deposgzflcas shaivokindig. B4. it dklicoml ditlécnialayORAN afly|be ahkHisGitable

i. dvant ageous since depositing a _thicker filmallows
gate 4@? 5 Fb‘ilé‘gl&gcgwi ] h'B&ﬁCﬁ? picsilirgnvdiexideilayer.i hikeitheconductive

' . : r...The .thickness qf the

e e A R a0 17 Sr LR 86700 e grerib aven

where/thg $fateolH) ispbefcefoied. 100 445 MG QTR sitiRAouly Fitt? the
shows_ a conductive layer. 113 that is selectively
dcposmgyo@ﬁ the dirgpdieleetinis layer for the gates of other transistors 104, 105 on the

array. If so, the dielectric material 117 would also be selectively deposited where the

gatestacks for the transistors 104, 105 are to be formed.

[0041] FIG. 6 shows the next step in forming the isolation gate 110, with reference
back to the memory cell 200 after completion of the steps shown in FIG. 5. A dielectric
layer 114 is selectively deposited over the conductive layer 113. The dielectric layer 114
can be any suitable gate insulating layer compatible with the other layers of the gatestack,
and may be for example, a nitride or an oxide. The dielectric layer is pattern-deposited over

the electrode layer 113.



al um num oxi de layer 112. After patterning, the
conductive layer 113 is |l ocated over the isolation

wo e@aob746D3. The conductive |ayer 113 may be aPgT/U§me5/021787
of conductor used in conventional gate structures, and
is preferably formed of the sane material as the other
transi stor gates 104, 105 of the nenory cell 200.
@%840] It shgul d be understood that alternatively, an

[00&3d; 1 i dAG 7 ghrws dhatithe plunginunyoxdy 138 isjetshed math vyeguitable

| um num ide.layer 1 ef ore t,he ,conducti
etchahf by AR R G e S ek 3105 i BRCIS RIS ke 112
o i ol . 5 | tahl .
crery 38 OBl R RS Lo TR 8805 S, Rpecavely

This sbthpleess the ioladionl giyestaclk L ke. Thelabnciddwalk 11ay@ay bd formed on
.. this additional dielectric layer 117 is patterned for
cithegjapepshisiderpfithe solationegase stackildP e Sidrwaliafld 1 18y bs farmedeof oxide,

.. formed. This.s . coul.d be done simultaneously with
nitridey, o s AMbeE f%ﬁ%gt‘;)mﬁ“lgnpggga(texaqqm ectric layer for the
gates of other transistors 104, 105 on the array. If

0033] t heiveh@sial | 6 | HQY :
[ seﬂectivehy deg%gﬁ?ggkﬁag?gsgﬁ' gatggfg%%gcggfofﬁgqﬂaf
formaticanst tht enandf4elld0Foaimstinae peith ocfortice f& Oeldxem &ells 200 of
\%B;)WS t.he next step in formng the isolation gate 110,
FIG. ¢ rapgsterseHle 195c5antkys formedwsipgyanystitablomethpdand using

| etion of .the steps. shown.in.FI.G 5. A dielectric
conver{{PRa GG Seile JyEE o Sy U SSHT &ty S eterthSe ohfeasieor
gatesta@dldre 13 tedTdMRvE laBHRE ki &l @B RAeckdd t&ﬁ‘gz sl?)%r@éq%r in regions 106
suitable gate insulating |ayer conpatible wt Yhe ’
107. dichere dxagrarfeasiifle,tithe cgatestwecind sanshdvaiyldogid layere AR @testacks of
a nitride or _an oxide. The dielectric |ayer iIs '
the transistars. Ode B 83 imaiibo {rsmeding the samne Hens dsae formeaidnoetadt isolation
I 7S at .t he alum.num oxide 112.is etched .
gate SR 1S R RalBRL ol BrE MM B R sty G560t iscussed
with @&r&SdeabkFTEL Y hsS3EH i Red ol I UThOX| &%d&&%ve fayer 113 and
ever ywhere except under the conductive and dielectric
diclecdtay byer, 1 1, 3ambe stledtivaled gumited éoryeach hianisis@illodt @05 tdagestack and

I sol at.ion gate stack 110, Insulating sidewalls 111 nay
also ap, B G HikisQlation gRFa6K. SRS 08¢ 19 arc forag usinggay suitable

3 5 R TG0 G By s 20

(FIG. 2B) through the transistors 104, 105.

[0044] The isolation gate 110 as just described may be implemented in memory cell
arrays using a wide variety of transistor and capacitor configurations. In addition, the
invention may be utilized to provide isolation for very high density memory cells, such as in
6F or 4F” cells as discussed above. This invention is in no way limited to a specific design

of the memory cell.

[0045] FIG. 8 illustrates a second embodiment of the invention. Here, the active
regions of two memory cells 300 are separated by a trench isolation region 303 that utilizes
aluminum oxide as a thin lining 304 within an isolation trench. The trench may be formed
by anisotropic etching, or any other suitable method, to a depth of about 1,000 to about
4,000 Angstroms. The aluminum oxide layer 304 is deposited to line the trench. The

10



[ 0043] Conventional processing steps nmay then be

carried out to conplete formation of die nenory cells.
wao-enosioomsance, W di reference to di e exenpl ar yPCERUS®05/021787

200 of FIG 2A, transistors 104, 105 can be forned

usi ng any suitable nmethod and using conventional gate

oxi de layer, e.g., silicon dioxide, in the gatestacks.

stum iyl b R Bt AR TR AV e Gl Ao WaaemdoL to nsure

that HeGidelRll Xirqh LAl | Ndsiti
a sec:)nd dise%lgicl%ér?%ﬁl ay e% gf e%?ﬁ? %e&ag%gg? %%E%gg‘%ap t\‘l’ﬁé‘% P gsmon,
plasndaraipsi siepositidf)dor ab§otieysuableaediqed mafi®eSAB® tb HEBod@Sthe
die formation of the isolation gate 110. |If so, this
aluminaigu okisls layea30tte aathicknnssmfakite 30 so sboect 0¥ Angstroms, preferably
wth refere

et.ched,..as di scuss ce.to FIL.G 7, as soon
abouf 56185 100 RgEies o tematv el gr e loyuel kyiricartis ragtanial. Such as

j L C all14, . I ivel eposi ted ,f or
alumiloiy BEHUL r USRS il By pEERER IR ine
alumihiuen bsweleat i on gat est ack. Capacitors 108, 109 are

formed using any suitable nethod and are electrically
connected to an associated bit line on the nenory

[0046]ay Swbsqameatly ppylictastrisughterinb3 @y srspositrdsintihe trebidh region 303.
00 .The isol at.i t | ust i bed b
PR R N R S
silicoﬁfdidé)ﬁ&é‘,ssﬂ&bﬁrniﬁ'ﬂﬁ bRRRGli e, 6P Bﬁdg%&fdggggd%lr 2‘\1/1|f: gatire substrate

addition, die invéntion may’ be utilrze
301 i phhatizal) rémovingrexcess glicletenis hfayeriit BO6 Yis &RlllaS anf dRimiRSm oxide
i.n 6F3 or 4F2 cells as di scussed above. This invention
304, frem thepirfags of the substrats 39 1s feenviengodagirgeessihg tsteps are then used to
[ ell..[0045] FI 8 il]lustrates a second
compl R RipwifRE G HERRR AT Birtodill B alRn e ogy 7 he30 and
transi.(}’l.forI 300 BIDLY] 681ek $n30vALE efb%’é{téﬁse?esméd.a trench

isolation region 303 that utilizes alum num oxi de as a

diin lining 304 within an isolation trench. The trench
[00dY be Shoilared thy namneytaelp2 @0 disctiisad above withl réfeh@ice to FIG. 24,
sui t abl thod, to a depth of about 1,000 to about
the mgmysp C%!ibg&? ieasolated by ahighivfssiivreisplatien ragan 393. Utilizing

. i. ' anch.. Theal um i d .
o GBBLHES: L0 AP TOE L RIS B B o

303, fRrébisbittertifMtdg R vt deca¥l i RBMORPLAIPIAE®S the trench
are coated. Chem cal vapor disposition,

[0048] Like the grounded gate 110 (shown in FIG. 2A), the trench isolation region
303 of the second embodiment is in no way limited to the design or configurations of the
memory cell 300. The trench isolation region 303 constructed in accordance with the
present invention may be utilized to isolate active areas between any adjacent memory cells

b]

without being limited to a specific configuration.

[0049] It should be appreciated that the isolation region provided by the first and
second embodiments of the invention may also be used in conjunction with eachother and
with other isolation structures and techniques. For example, the isolation gatestack 110

may be constructed, as described above, over an isolation trench region 303 having an
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pl asma vapor deposition, or any other suitable
techni que may be used to deposit the al um num oxi de

wo aye/00362 to a thickness of about 30 to. aboutP&D0S2005/021787
Angstrons, preferably about 50 to 100 Angstrons.
Alternatively, a suitable high-k dielectric material,

such as alumnumnitride or other silicon-rich
i nstead. of die al um num

| um num oxi d .may be use |
alurnfyrg SR4E e e ioRdnmian gap alsp b eqBbineH cvitinpther dnopgsolation

b ' ' Lon. 303.. .Sui tabl e
o R POyl BRI E AN et A | Do

trench can be filled with silicon dioxide, silicon

[0605Q] i dEIGo iHestrates mﬁi_excr@;]ﬂaﬁﬂﬁt_@@cs@iintgrs&QEm%(ﬁ&at TBfizes a memory
.entire substrate 301 is planarized, renoving excess
devicg; 84i0cantripingsareatirat 280 5f BRAM| themoracmlls A00n 00 Bxiaekel as

304, from¢the surface of the supstrate 301.
descr CMI%VFS# ¢ BIPEceRgishic£isingudes g of srafe processors 901 coupled

f i r | . kncludin
0 2 GBITHAR 04 O W O BfE IBHEN §6 oy BT 903 e o
coupBaithaetabbheP 04e Mbie\proedshing lsAABAIH (Bsiaf B u[t%%fﬁiemory
ove

Simlar to the nmenory cells 200 discussed a
contrpflers FRcand/or pp@tipkypridaey brsrwidges 80Bs T3emamery controller 902 and

I.sol ated, by a.hiLghly effective isolation region 303.
the Pf‘}?‘}aﬂ %P%B“é%%arbﬁg’m%& lalécgégtCé g A SHle feves 9%D4 wi | |
mnimze the current | eakage across -the regi on 303,
ogsher eb | ' 2t f _the nenor
LT “300 s SEI AL P03 LNE SBA88S £ ont OF elbuhemary buses
907. FHach 2énorit bies daceprs tdrsery aloinfPorets 208, I {n A at least one

second enbodinment is in no way limt ed to'the desi gn
memegy i cantypngothe impronsddsglatien regd@0in Adrerdaneastith the
: Lol ad Il on 303 structed in accordance w th
A T U W —
and tREHHARRLEADREANRER APYoRSlE 43

W thout” bar R aitct odbleqty dpe OF Biek prdtcaiins 201, The
mem@yE4giponensHif tahdcappemorgied orAahehbey MpabRl PR memory

r eg(i1 o& gr ovided by the first and second ‘enbodi ments ot
comppRents P08 o<y aneser perapsisitional dovices99.oFoméstample, the

s | er -W.th other i-solation stryuctures and

DB e SR e 02
also be coupled to a cache memory 905. The cache memory 905 may be the only cache
memory in the processing system. Alternatively, other devices, for example, processors 901
may also include cache memories, which may form a cache hierarchy with cache memory
905. If the processing system 900 include peripherals or controllers which are bus masters
or which support direct memory access (DMA), the memory controller 902 may
implement a cache coherency protocol. If the memory controller 902 is coupled to a
plurality of memory buses 907, each memory bus 907 may be operated in parallel, or

different address ranges may be mapped to different memory buses 907,

[0052] The primary bus bridge 903 is coupled to at least one peripheral bus 910.
Various devices, such as peripherals or additional bus bridges may be coupled to the
peripheral bus 910. These devices may include a storage controller 911, an miscellaneous

I/O device 914, a secondary bus bridge 915, a multimedia processor 918, and an legacy
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may be constructed, as described above, over an
i solation trench regi on 303 havi ng anal um num oxi de
wOo 2evet0746he i nvention can al so be combi ned w t PCDURE®N5/021787
known i sol ation techni ques for nmenory cells that are
not described in detail herein. [0050] FIG 9
illustrates an exenplary processing system 900 that

R R R T -
pp 948,102 505528 185 AT A DS 8 LT s

port migtitrtel therAcRelRracd Grapliit Pty (AGP)biidedds BUBIcA] Eil%ﬂgao%gformance

.. coupled the |local bus 904. The processing Syste
video tntheurtecessing sybterm®ddry control | ers 902 and/ or
multiple primary bus bridges 903. The nenory

troller 902 and the prinmry bus bridge 903 may be
(0083 . e roree, QN T A BIG8e Ones stames Retiors?13, via a
j: qgupl ne .pr _nore nenor
Stora% us esg%id ‘9}6 tgggﬁh}?r%%ohf@usb us - a%%e%&grsn%rlr% rrtt%? f/to&gf:p%ﬂ%r 911 may

be a STH, confitoller hid btodfrcadeviRa 9l 3 R BESTSY dHEY i TRe A8 device 914 may
contai ning the inproved isol ation region in accordance

be anypers of peripheraht Femexapiplethaly Qedepice Sl damay iyplanfloed area network

. stem th nmory centroller 90 y. be omtted and

interfRke Sl RAHUEAG BT SOy QuBOssE Gnasee Brechoristerfice
" . onen 998 may he

additiBhAGIR IS %&%Qﬂathcl: s T6 'm%apﬁc?égﬂ‘lgrﬁrgéeﬁlé ng(rn;/ C’E%'?ngh@ﬁ sgeondary

menory C_ar or a nenory A
bus bA8ge may benal wdeered8cBil poRf W@Eﬂtdﬂtﬂﬂﬁﬂr ud&y &@(%Lg)%) YSB devices
a

£
For exanple, the additional device 909 m ght
917 visgwithg pracassng sesionyP 00T hEherewitime die proadstcar9 180Rayrby a sound card,
..also be coupled tg a cach oI 05. The cache
a videR 8P 555 B g bt i e et eRo Y e also be coupled to
BABGRIA RS ¥ L i IRV ESR 92005
one aexanp! e, pr ocﬁfﬁ?%%ﬂ% gﬁégcga%f:ﬁ%écee %g%:r ACC92071s used to
coupleriengacy deviceshforlexamyld, ofder stybeaicleybbirds ahe ¥ tohe REH&ssing
menory 905. If the processing system 900 include

systep@PPpheral s or controllers which are bus nasters or
whi ch support direct nenory access (DVA), the nenory

2. i, mpl h
(0088 oot nrp BB bR FE ke ErF i 84508 Slineacmelan
proce®ing §hdchywith WRER e PHF%%I? By HRAGBLTRRIYERY S ARETRY 4

be operated in parallel,
processing architecture especially suitable for a general purpose computer, such as a

personal computer or a workstation, it should be recognized that well known modifications
can be made to configure the processing system 900 to become more suitable for use in a
variety of applications. For example, many electronic devices which require processing may
be implemented using a simpler architecture which relies on a CPU 901 coupled to
memory components 908 and/or memory elements 200. The modifications may include,
for example, elimination of unnecessary components, addition of specialized devices or

circuits, and /or integration of a plurality of devices.

[0055] The description and drawings presented above illustrate only a few of the
many embodiments which achieve the features and advantages of the present invention.

Modification and substitutions to specific process conditions and structures can be made

i
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di fferent address ranges may be mapped to different
menory buses 907. [0052] The primary bus bridge 903 is
weoewpledel o at | east one peripheral bus 910. VeCT/U8®05/021787
devi ces, such as peripherals or additional bus bridges
may be coupled to the peripheral bus 910. These
devices may include a storage controller 911, an

. scel | anegus |/ O device 914, a secondary bus bridge
Wi %‘1 1CPATRE rp%g}eépﬂit&é@s%@m of the m@tnameagauy dexbedingly, the

T ripary bus e 903 .may, al so
inverl s 5 ?% %g %8n86?gre 28 bg 1}(5.}&:(% by %@rﬁg@ﬁggg@@tptmn and

drawiig lSut9132)nl Iim#e QERH xanmpl e, the

speélal puRLose(ggyﬁﬁﬁ?%) Eﬁépﬁécel ?%?ed G aphi cs
Port (AGP), used to couple a high performance video
card to the processing system 900. [0053] The storage
controller 911 couples one or nore storage devices
913, via a storage bus 912, to the peripheral bus 910.
For exanple, the storage controller 911 may be a SCSI
controll er and storage devices 913 may be SCSI di scs.
The 1/ 0O device 914 may be any sort of peripheral. For
exanple, the I/0O device 914 may be an | ocal area
network interface, such as an Ethernet card. The
secondary bus bridge may be used to interface
addi ti onal devices via another bus to the processing
system For exanple, the secondary bus bridge may be
an universal serial port (USB) controller used to
coupl e USB devices 917 via to the processing system
900. The multi nedi a processor 918 nay be a sound card,
a video capture card, or any other type of nedia
interface, which may al so be coupled to one additiona
devi ces such as speakers 919. The | egacy device
interface 920 is used to coupl e | egacy devices, for
exanpl e, ol der styled keyboards and mce, to the
processi ng system 900. [0054] The processi ng system
900 illustrated in FIG 9 is only an exenpl ary
processi ng systemw th which the invention may be
used. Wiile FIG 9 illustrates a processing
architecture especially suitable for a general purpose
conputer, such as a personal conputer or a
wor kstation, it should be recognized that well known
nodi fi cations
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can be nmade to configure the processing system 900 to
becone nore suitable for use in a variety of

wappbioeab: ons. For exanpl e, many el ectroni c deRCT/ES2005/021787
whi ch require processing may be inplenented using a
sinmpler architecture which relies on a CPU 901 coupl ed
to nmenory conponents 908 and/or nenory el enents 200.
The nodifications may include, for exanple,
el imnation of unnecessar yCLAljSnents, addition of
speci al i zed devices or circuits, and/or integration of
a pl l.ity of devices. [0055] The description and
dr awi"hB ip Fledaed avners aned desiregstorba rogested Ey fLettersi Patemat of the

odi ments whi ch achi eve the features and
Ihnﬂ%gvaﬁ%gges of the present invention. Mdification and

substitutions to specific process conditions and
Struct W afetlhdd obfor Yotrh Lé!rra JeRad hidigod rom the
spirit and scope of e pres i hventi on.
Accor dicoglprisirtghe |nvent|on 'S not to be considered as
being imted by t he foregoi ng description and
drawi ngs, but nly limted by the scope of the

appended g 311%1 By REmepory cellsqvst psabsitpaach gell
d L P f th
%8?g%ﬁ§%g¥qampggg?3£%gwg¥h tters Patent of the

of formng a nenory
array, said nethod conprising: formng a plurality of

Menor y feehing @Viesla@ors Hpsén adjfcen® 6 An8 Yetw&NRId sicdhg at
| east one active area; and form ng an isolation region

adieas ohtwe edianentaemenncells) didisolation acgias cofnptrising a
g#gcegt menory ¢ I s, said isolation region
HPAUPRAYC0f  al umi num oxi de. 2 . The net hod
of claim1, wherein the step of form ng an isolation
region conprises formng a trench in said substrate

and l ' Thré%g‘tﬂog. tf*c?au%h_l %terfcn%%g sé o%rfor%gmal um num

0oX
1solat10n region comprises forming a trench in said substrate

and lining said trench with said layer of aluminum oxide.

3. The method of claim 1, wherein the step of forming an
isolation region comprises forming a trench in said substrate
and forming a gate above the trench, said gate comprising said

layer of aluminum oxide.
4. A method of forming a memory cell comprising:
forming a plurality of active areas in a substrate;

forming a trench region in said substrate and located between

adjacent active areas;
filling said trench region with an insulating material; and

providing a layer of aluminum oxide over said trench region to

form an isolation region.
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3. The method of claim1, wherein the step of form ng

an isolation region conprises formng a trench in said
waeumsoate and form ng a gate above the trenchPCHESI0S/021787

gate conprising said |layer of alum numoxide. 4 . A

met hod of formng a nmenory cell conprising: formng a

plurality of active areas in a substrate; formng a

trench regl on in said substrate and | ocated between

adj dcentharctied of daim 4 whtxengtlmtep of providing gilomer of t h
an insulatin ma rial,; agg%ovldln a |l ayer of

al umi nAvHB Cosné?réscf HingeYt n%laumiﬁsi%ﬁlm

i sol at '(Ri@r H?fgé Pacé of :ﬁ& sﬁﬁsttt&?éj of claim4, wherein the
step of provi ayer of al um num oxi de conpri ses
deposi ting an aI um num oxi de filmover the surface of

sai . sUlist matheod 6f cldines whbeth &fid sluaiifug, oMBEFRh hasai d
al um num oxide filmhas a thickness of about 80 to

about Pbikngsstofnbeout 80 whbonel 2@ dngstreinai m 5, furt her
conpri sSi ng the step of et chi ng said al um num oxi de

filme e e t r.,a selected area over sai d
trenen TSSFCLSHSRE 5 Riuf: SPmranaBe SRar w&hm
conpri %hﬂgalﬁx'ﬂﬁnﬁh%‘% &fﬁlﬂﬁg%

over said al um num (l)XI de fi mﬂ%g C%%eretﬁ)%y g1)éa| m
8, f ur tdver sidmenckirégjohhe step of depositing an

insul ating |ayer conprising a nitride over said

conductive |layer. 10. The nethod of claimb5, wherein
t he Sst Colfpeg@@ogﬁ ql4ify7 gigrther comprising the step of

depositing a conductive layer over said aluminum oxide film.

9. The method of claim 8, further comprising the step of
depositing an insulating layer comprising a nitride over said

conductive layer.

10. 'The method of claim 5, wherein the step of depositing an

aluminum oxide film comprises:

depositing a thin buffer layer over a top surface of said

substrate; and
depositing said aluminum oxide film over said thin buffer layer.

11. The method of claim 10, wherein the step of depositing an
aluminum oxide film comprises performing a chemical vapor

deposition process (CVD) to form said aluminum oxide film.

12. The method of claim 11, further comprising the step of

providing a conductive layer over said aluminum oxide film.

13.  The method of claim 12, further comprising the step of

depositing an insulating layer over said conductive layer to
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al um num oxi de filmconprises: depositing a thin

buffer |ayer over a top surface of said substrate; and
walewedi4sng sai d al um num oxi de fil mover sai dPehiUs2005/021787

buffer layer. 11. The nethod of claim 10, wherein the

step of depositing an al um num oxi de film conprises

perform ng a chem cal vapor deposition process (CVD)

to formsaid alumnumoxide film 12. The method of

cl ai m farm ag isolpsioncgatpstack, mierdie said pulsitingrlaydardi ng a

conductive | asyer over, sai |.um.,num oxide film 13.

d
The mefREEVSTS WP Tﬁr}g‘?ﬁ? AUIRERANAS ng the step of

depositing an insulating | ayer over said conductive

| ayar . aty %]?@J&%Aﬁ&r aid

i nggl a??l%gﬁf%égrdf?gln%rilggg&géi ofPa trlﬁggﬁg?}d

al um nuerohing shéd alltninkheottgé A6 coéry@haicraxtept dnddriBe
conprising the step of etching said al um num oxi de

fil m eesayyitnse said isadasion gatestackhie fennessl. wher e sai d

i sol ation gatestack is fornmed. 15. The nmethod of claim

13, -wh ' id d ' [ I. f
polfsi FIEGREIQF S 1 Wiksrit g COSTHT Rty W

ly/ alel ' : Si . A net hod
219 %/s\é\lég%lpﬁlg& a%&{ciq\%@oé%é]géggbp Qigy/}re%h)f?yéel : “hrr 25 °
conpr i polyg WL 4w, golyy VENggsaly YCo8i, kndpoly/ Mesigh nmenory

cell of said array conprising at |east one active area
and an i sol atjon (gat.e conmprising a layer of alum num

oxilfe, HAsarehagheidselaiing agivesusay ofr Memery elleareast i ve

ar ea; .
comprising;:

providing a memory cell array, each memory cell of said array
comprising at least one active area and an isolation gate
comprising a layer of aluminum oxide, said gate adjacent said at

least one active area;

connecting said isolation gate to a términal for receiving a

voltage potential; and

applying the potential to said isolation gate through said

terminal.

17.  The method of claim 16, wherein said applied potential is

negative.

18. The method of claim 17, wherein said applied potential is in
the range of about -50 to about -400 mV.

19. The method of claim 16, wherein said applied potential drives

said gate to ground.
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connecting said isolation gate to a termnal for
receiving a voltage potential; and applying the
w@odoebidset to said isolation gate through sai dPCT/US2005/021787
termnal. 17. The nmethod of claim 16, wherein said
applied potential is negative. 18. The nethod of claim
17, wherein said applied potential is in the range of
abggt -50 to about -400 nV. 19. The nethod of claim
1620whérBethosbelidorping amspbtienrraionderves acaivd agsase t o
ground, 20. A neth of form n isolation region
betmeeﬁnﬁﬂPFWQqéﬁgg@I%hS%dﬁgﬁﬂpaC8§HF“5¥?ay, sai d
nmet hod conprising: providing a nenory cell array

havi ngpaoviddiHE @l théMosf ccﬁpir'ké&%aﬁ.rg;% Rfu?%lff? Qi@ arcas

substrate; etching a shallow he substrate
bfrmwedron asubstjaacent active areas of said array; and
lining said trench with an al um num oxi de | ayer. 21.
The met hod of claim20, wherein said trench is etched
to a deStHEs Sl&h@?ﬁftmﬁﬂv@wﬁt ¢ sWate betyean gworashasenn 2.

T%ﬁ%g%g%g%@%w wherein the step of |ining

sai ses depositing al um num oxi de over
the sidewalls and bottom of the trench and over the

subst r ihiagsuidf @@rth Wish ad htuRAOdxAk 1§lal M 22, wherein

the step of lining said trench conprises a masking

st e{) to selectively deposit said al um num oxi de | ayer.
21. The method of claim 20, wherein said trench is etched to a

depth of about 1000 to about 4000 Angstroms.

22. The method of claim 20, wherein the step of lining said trench
comprises depositing aluminum oxide over the sidewalls and

bottom of the trench and over the substrate surface.

23. 'The method of claim 22, wherein the step of lining said trench
comprises a masking step to selectively deposit said aluminum

oxide layer.

24. The method of claim 22, further comprising the step of
planarizing the substrate surface to remove excess aluminum
oxide from the substrate surface while leaving the aluminum

oxide in said trench.

25. The method of claim 22, wherein said aluminum oxide layer

has a thickness of about 30 to about 500 Angstroms.

26. The method of claim 25, wherein said aluminum oxide layer

has a thickness of about 50 to about 100 Angstroms.

27. 'The method of claim 22, further comprising the step of filling

said lined trench with a dielectric material.

18



24. The nedi od of claim 22, further conprising the

step of planarizing the substrate surface to renove
we@zx@ess74et um num oxi de from the substrate surfRCEUSIWS/E1787

| eavi ng the al uminum oxide in said trench. 25. The

met hod of claim 22, wherein said alum num oxi de | ayer

has a thickness of about 30 to about 500 Angstrons.

26.  The net hod of claim25, wherein said alum num

oxiZfe Khipemerisel army ermpsisingf about 50 to about 100

Angstronms. 27. The nethod of claim 22, further

conpri si he step of fjlling,said lLined trench with
2 el SalFrFofioERePy gl tainidh SR wbpiratg anipene
CQRRhESE Mo rBwlhHi 8biu¥nef nMermory cells formed on a
substFate and being arranged into rows and colums; a
plurality of wordlines electrically connected to the
rows; a piluatiah of wonflinb$ tlettrivally edratictddoml dhy re@gnect ed
to the colums; wherein each nmenory cell conprises: at
| east one access transistaor for connecting said cell
to ar é@j%@fl%%fs bib Haes dectrigally| coagectsd do chp selunurs;

el ectrically connected though said at | east one access

transi %{H%Eeih%a@h [é‘%%PO tckﬂgo%phtsésl, ne; and an i so! ation
region | ocated ad)acent sardtat [east one capacitor,
said isolation region conprising a |ayer of alum num

oxi de. 29.atThst SRR ssCeddsisedr fBY cOhnédtiicBakBocliWREr €i N
said isolation region is a trench in sard substrate

and irsspespabiverdinet or ni ng a

at least one capacitor electrically connected though said at

least one access transistor to a respective bit line; and

an isolation region located adjacent said at least one
capacitor, said isolation region comprising a layer of aluminum

oxide.

29. The memory cell array of claim 28, wherein said isolation
region is a trench in said substrate and is capable of forming a

hole accumulation region surrounding said trench.

30. The memory cell array of claim 29, wherein said aluminum

layer comprises a liner of said trench formed in said substrate.

31. The memory cell array of claim 28, wherein said isolation

region comprises:
a trench formed in said substrate; and

a gatestack located over said trench, wherein said gatestack

comprises said layer of aluminum oxide.
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hol e accunul ati on regi on surrounding said trench. 30.

The nmenory cell array of claim?29, wherein said
wa@bkwaaioosn2 | ayer conprises a liner of said trenetr/sron®a1787

in said substrate. 31. The nenory cell array of claim

28, wherein.-said isolation region conprises: a trench

formed in said substrate; and a gatestack | ocated over

said trench, wherejn saig%:ates ack conprises said

|ay’§r SINGRoEY Relbxiraeonzell 3inwhereHpsald iselatiog regipnof

cell 3 [ i.d isplation region_ i.s capabl e. of
For mi nd> SRRBRES B8iha BPE P lphBRoR e Rngndink
trench.gid3rendne nmenory cell array of claim 28, wherein
said array is a high density dynam c access nenory
(DRAM) array. 34. A nenory cell conprising: a

sulEst r dihe; mamoapedl diraeofstlainc? 8rehdroimnmit avsyr is adiigh
substrzate;, an access transistor _formed at | east

par t i al951Bh E%W@C§85§iHﬁ?é”ﬁz@BéﬂﬂggﬁﬁbalIy connect ed
to said capacitive structure; and an isolation gate

congr i %H%ngog#,gxﬁrcggﬁjrﬂgj{ngm num oxi de forned over a top

surface o su “and adj acent at .| east one
active area of said substrate. 35. The nenory cell of
cl ai m 34pbyeeei n the cell is a DBAMcell. 36. The
menory cell of claim35, wherein the cell is a 6F2
DRAM cel I . 37. The nmenory cell of claim 34, wherein
sai d i $CPRRGIBYE Fesuteformed over said substrate;

an access transistor formed at least partially on said substrate

and electrically connected to said capacitive structure; and

an isolation gate comprising a layer of aluminum oxide formed
over a top surface of said substrate and adjacent at least one active

area of said substrate.
35. The memory cell of claim 34, wherein the cell is a DRAM cell.

36. The memory cell of claim 35, wherein the cell is a 6F* DRAM

cell.

37. The memory cell of claim 34, wherein said isolation gate is

located over a trench region formed in said substrate.

38. The memory cell of claim 34, wherein said isolation gate
further comprises a conductive layer deposited over said

aluminum oxide layer.
39. A memory cell comprising:

a substrate;
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| ocated over a trench region fornmed in said substrate.
38. The nenory cell of claim 34, wherein said

w0 s@bavidsen gate further conprises a conducti vePCHYS2005/021787
deposi ted over said al umi num oxide [ayer. 39. A nenory
cell conprising: a substrate;an active area in said
substrate; a capacitive structure fornmed over said
substrate and electrically connected to the active
ar ea; amaciiyeases inrsaidsudseates| ectrical ly connected to
said capacitive structure; and a trench isol ation

region forned in said.substrate .gdjacent the,actiye
o on. REYe SEPERE BN of SHACLBRERL b fRIREF,
| ayer B peMcext R 40. The menory cell of claim
39, \%ﬁg[frmei ndjgaa% efccess transistor is an NMOS
transistor. 41. The nenory cell of claim 39, wherein
t he tranadtcssspdmistarcleagiadly donnttred to caidrdapadtive
dielectric insulating material. 42. The nmenory cell of

cl ai srBguUreiadei n sai d al uni num oxi de layer is in
contact with the sidewal k of the isolation trench. 43.

The nmenpry cel | .of [ 9 I el [ I

a0l act BeteE GolsBhaeeBtorne i S aRGadhiaR s
.. Strugtirerredt4vhebini saide@E e ofdr 6 Winkd RBIDA Yhib Ghyer of

conprising: a substrate; a capacitor forned over an

act i ylmnainem doxideai d substr at e;

40. The memory cell of claim 39, wherein said access transistor is

an NMOS transistor.

41. The memory cell of claim 39, wherein the trench isolation

region further comprises a dielectric insulating material.

42. The memory cell of claim 39, wherein said aluminum oxide

layer is in contact with the sidewalls of the isolation trench.

43. The memory cell of claim 39, wherein said trench isolation

region is located adjacent said capacitive structure.
44. An integrated circuit memory cell comprising:
a substrate;
a capacitor formed over an active area in said substrate;
an access transistor electrically connected to said capacitor; and

an isolation region comprising a layer of aluminum oxide and a

trench region, said isolation region formed adjacent the active area.
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an access transistor electrically connected to said

capacitor; and an isolation region conprising a |ayer
w@booaloemsnum oxi de and a trench region, said iBOI/EE1005021787

regi on formed adj acent the active area.4 5. The

integrated circuit menory cell of claim44, wherein

said isolation region further conprises a gatestack

conyr i g j | ' I 4 The .

[ n{méggr g:}ggngti%rrgtﬁiatc nenolﬁlri%ylﬂc I %ué)?)égaflgi%?wer%ﬂéﬁéji n

sai d gaobatatiegion AdARY ednipie00REALIO L Pridn 1 N

for receiving a voltage potential. 47. The integrated

ci rcui talwmrryowllam. claim46, wherein said

gatestack is forned above said trench region. 48. The
of, claim 47, further

i d_circuit. |
corf1 QTR EEH ELF T S FoPag oY ObeRiBdm vaisrein sudl | ow

trenchghgehat i i ~ integrated circuit
nmenory &eell ofso{:qagﬁ% %g ,tm\%zeec e glﬁﬁtosf’lgtlcﬂ%g’&& foéerfﬁfi“gflﬁ 2
r egi onsolkeaggypatsaddl i ghtly negativel y- doped regions.
50. The integrated circuit nmenory cell of claim.d44,

V\,hgﬁei [f said al um num oxide layer is |located in said
t r &hchThedptsarated cirquip memaycell oficlaim d6i, wherdimsaidcel |

of claim50 rei aid a] um num oxi de | ayer |ines
the si %%ﬁ%tﬁ?gﬂgﬁgnﬁ%?ﬁ%ﬁ%ﬁgﬁ?%‘ieg&%h. 52. A menory
cell array conprising: a plurality of nenory cells

f 0ngedThHE idegrEd iRt mefRIELON Br ALME 3% FaQf the

cells of the array conprise
comprising source/drain regions adjacent said shallow trench

isolation region.

49. The integrated circuit memory cell of claim 48, wherein said
source/drain regions comprise slightly negatively- doped

regions.

50. The integrated circuit memory cell of claim 44, wherein said

aluminum oxide layer is located in said trench region.

51. The integrated circuit memory cell of claim 50, wherein said
aluminum oxide layer lines the sidewalls and bottom of said

trench.
52. A memory cell array comprising:

a plurality of memory cells formed in a substrate, wherein a

plurality of the cells of the array comprise:
at least one active area in the substrate;

an access transistor formed over the substrate surface and

electrically connected to a capacitive structure; and
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at |least one active area in the substrate; an access

transistor fornmed over the substrate surface and
web@oinisenl | y connected to a capacitive structPCBUS2005/021787

andan isol ation gate for reducing charge | eakage in

the substrate between active areas in the array,

wherein said gate conprises a |ayer of alum num oxi de.

53. The ar el al s in said nenory cells
are dynam Wgﬁgg&%ﬁi‘%’ﬁé%ﬁ%ﬂ%ﬁ@?@%@m € 54. The
ar r aysubbtratedicivBeh acMiafdad irS BT WG ki 6F2
DRAM cel I s. 55. The DRAMaarray of "¢l al Fnagg%ﬂv%é‘?ei n

sai d qoseprises amygapbalusnihomatsde.over an i sol ation
trench formed in said substrate. 56. A conputer

syst,e conpri si ng: processor; and a dynam c random
20 88cs THETRY X SRR 52 PrEgein 36 mamer erlsare dynamic
serm CopRRPLoGHl RATIIALERL] Mgy th the processor,

said DRAM array conprising: a rality of DRAM menory
cells, each cell having at |east one active area; and
i s6tat Tho adiey iof ekim 53, wWieadiakhidnsabs, &dksia o eas and
being forned in said chip, wherein sdid isolation

devi cePRMorallse a gat estack having an al um num oxi de
| ayer. 57. A conputer system conprising: a processor;

i d :
fagg?iacg‘ g W grr}a}(r) oF glgl(r:negg, Qﬁg'r%{x%’ sa(1 iso'l\gﬁo%rgra%z is

located over an isolation trench formed in said substrate.
56. A computer system, comprising:

a processor; and

a dynamic random access memory (DRAM) array fabricated on
a semiconductor chip communicating with the processor, said

DRAM array comprising;

a plurality of DRAM memory cells, each cell having at

least one active area; and

isolation devices, for isolating said active areas and being
formed in said chip, wherein said isolation devices comprise a

gatestack having an aluminum oxide layer.
57. A computer system, comprising;

a processor; and

a dynamic random access memory (DRAM) array fabricated in
a semiconductor substrate commum'céting with the processor and

comprising:
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a sem conductor substrate conmunicating with the

processor and conprising:a plurality of DRAM nenory
wa@edlb®p746nch cell having at | east one active aPERUSBENH021787

isolation regions, for isolating said at |east one

active area fromother areas of the nenory cell,

wherein said isolation regions each conprise a trench

regi on etched ipn sai strate and lined with an
al gm num o&pl@éal{]tgygh)Wmemory cells, each cell having at

least one active area; and

isolation regions, for isolating said at least one active area
from other areas of the memory cell, wherein said isolation
regions each comprise a trench region etched in said substrate

and lined with an aluminum oxide layer.
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