ISOLATION STRUCTURE FOR A MEMORY CELL USING AI203 DIELECTRIC FIELD OF THE
INVENTION [0001]The invention relates to an improved semiconductor structure for high density
integrated circuit manufacturing and, in particular, to an improved isolation region for a memory device
and a process for its formation. BACKGROUND OF THE INVENTION [0002]There are two major
types of random-access memory cells, dynamic and static. Dynamic random-access memories

- (DRAMS) can be programmed to store a voltage which represents one of two binary values, but
requires periodic reprogramming or "refreshing” to maintain this voltage for more than very short time

periods. Static random30desE HMBTIBI AT EB R AR ASERNEOREYCRITOUSINIE@ periodic
refreshing [0003]DRAM memory circuits arslygdIEEEETRYCeplicating 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 difif).DfQBEHE INVEISTGO™NMon form, a DRAM cell consists of
two circuit components: a field effect transistor (PET) and a capacitor. [0004]FIG. 1A illustrates two

conventional DIRAM cellghoiaokigett beirolulésproapbaitolcdddntbanarensstiansistor 12. For

each cell 10;4he.canacitor 14 two connections,located on opposite sides of the capacitor 14. The
first connection ig?to agreferenL(J:Ee%\;s/Corﬁ%%Juep\r)C F, wﬁi%ﬁ%’f‘y%?é%ﬁbﬂ%ﬁ %%{H‘Bﬁ’i?é’fiﬁt’éﬂln%ql%é‘?@ﬁﬁg voltage

(the voltagefebiraspordideyies atdgicabtdsy fof thefammationy. 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 connecteddr@rITROLOF TS PRRASGHGRAbles 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 je00HTten tUlrEaae Hoie SRARIGKREHbIIGAG M&%ﬂ&ﬂ@?&gﬁ&&&?%' view of the

DRAM cell 10. .FIG, 1B shows a portion of a DRAM memaory array comprising DRAM cells 10. In FIG.
1B static. Dynamic random-access memories (DRAMSs) can be programmed to store a voltage

which represents one of two binary values, but requires periodic reprogramming or
“refreshing” to maintain this voltage for more than very short time periods, Static random-

access memories are so named because they do not require periodic refreshing,

[0003] DRAM memory circuits are manufactured by replicating miﬂiéns 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 |
coramon form, a DRAM cell consists of two circuit componcnts: a field effect transistor

(FET) and a capacitor.

[0004:] FIG. 1A illustrates two conventional DRAMi cells 10; each cell 10 includes a
capacitor 14 and an access transistor 12. For each \ccll 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 sourcc‘ of the transistor is connected to a bit line 16. This
connection enables the word line 18 to control access to the ca;pacitor 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 array comprising DRAM cells 10. In FIG. 1B,
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each cell 10 sharing a given bit line 16 does not share a common wordline 18, and each cell 10
sharing a common wordline 18 does not share a common bit line 16. [0005]DRAM manufacturing is a
highly competitive business. There is continuous pressure to decrease the size of individual cells and
to increase memory cell density to allow more memory to be squeezed onto a single memory chip.
Cell sizes of six square feature area (6F2) to four square feature area (4V) are desired (where F
represents the minimum realizable photolithographic process dimension feature size). Isolation of

devices on acDalc:flAclé/hrFSn%lor thus becomes increasingly important as the size of each cell is
decreased, thereby placii é‘éﬁi%@’ﬁ?@é’été&?ﬁ.l,éaﬁéﬁsl@bﬁw@ aBhwbeavbrdiil &) asdrepeaximity to

the active areali b0 ctheindavieasnlsolasiands T8 in ﬁ%raiﬂémf%ﬁiﬁ%%iﬁgtmcwres as well.
[0006]Shallow trench isolation (STI) is one technique that can be used to Isolate” the active areas on a

DRAM array or[@@l@g integjgtggﬁg tres from one another. As shown in FIG. 10, an isolation trench
17 formed in a subst?ate surface | #%é%?gn&&ﬁ to |§§&t%0%%‘d"f§é§ﬁf‘5ﬁﬁ\%ﬁﬁ@Fﬁ@@yl‘éeus,ueach

having a capaiGidie 40 slersrrsistbe diz2e afindissioalatelt sadeaitiaind eiens IR PG, BT

isolation strugtyre na HeReh, 1. is glched into the substrate and filled with one or morelayers of
dielectric material 15 to %?ovid% phy%clii% and e Strr?c?gf%grﬁépb&ﬁye%ﬁéaféé‘é?ﬁ%‘f@%as. Thus,

an STI strucfifd (§¥ohisetewysarertrfoatronch(4FY) theddiling (thith B diglernic SUChas.A.chemical
vapor depos#ad A erdigh, iy, . (HDPR) sjiicon oxid silicon dioxide (8102). The filled
trench is then Ianz}ﬁ:z%h by a c%grgﬁ%aqpr%%géﬂ%é%gflé %&H‘%&é&%i%%&ﬁ%& PRdcess so that
the die|ectri8?§é%ﬁ§%ﬁ*m riiteebgeqTRPs drdersitply supfacenemetinsitevet with dhatafdhe.silicon

substrate. [00RrdTpanhaRGedNeisalation filches, | e jimplanted into the silicon substrate in
the area directly beneath the trench (E(rllo Shown). JI)-%)nvﬁvlg%er, h%%&%sg a% JK BESBEEREP with ion

implantation BEASRRA et RiRthchdetisted ok dsminpranineg iNahetiatgiGompaatie-Fyaldation of
Gap-Fill Dietestgts 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-o iy, anteﬁhiglthe substrate clos the edges of the trench, current leakage can occur
at the junctlo(ral[ betvg\jjeen the active (Ca?l/lléggrtel @ P trefiique that can be used to isolate

the activc areas on a DRAM array or other integrated structures from one another. As
shown in FIG. 1C, an isplation trench 17 formed in a substrate surface 1 may be used to
isolate two adjacent DRAM memory cells, each having a capacitor 14, a transistor 12, and
associated source/drain regions 19. In a typical STT isolation structure, a trench 17 is
etched into the substrate and filled with one or more layers of diclcctric material 15 to
provide a physical and electrical barrier between adjacent active areas. Thus, an STI
structure is formed by etching a trench and then filling it 'Wlth a dicicétﬁc such as a
chemical vapor deposited (CVD) or high dcnsity plasma (HDP) éﬂiéon oxidc' or silicon
dioxide (8iO,). 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). Howcvcr, 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-(}.zs micron Technologies," JEER 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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[0008]Further, and referring to FIG. 1C, although deeper STI regions may provide better isolation,
there is a limit to how deep the STI region can be made. If the STI region is too deep, filling the trench
17 with oxide layers 15 will result in voids 11 or cracks in the trench. Thus, there is a desire and need
to isolate active areas of memory devices without relying on a deep or doped trench region.
[0009]Isolation gates have also been proposed for providing device isolation in high-density integrated
circuits. These gates typically use a thick oxide layer, like silicon dioxide, but they still rely on

conventionghimplants;ioREQYiCe 4. Sign umulation layer at the substrate surface. Thus,
conventional isolation gates st slgﬁacmtate tﬁﬁr%éJ il %?éfeggf‘él‘fhdﬁé‘éﬂnalléﬁlf%“akﬁg@%t[atyhc

[0010] Therd Y8 $iiutBetRetahsrestim dolationgainsctndertehiglhgan be used in high density applications,
such as DRAM memory devices. There also exists a need for a simple method of fabricating such an

isolation struct06eSBRIEEGHMMARXQFEEHE HY) %'MJ%%&Q L%%f% embodiment of the

invention pr. V|des |Solatg)n gate formed over a substrate 1as R Viding

isolation be WeenI?aLO EEhEER S %@%HWMME‘M@E@W!M@MM&XWESEQ
memory celis Maia:np;rﬁmng)meereﬁl;%om @g@gﬁ@a g@thd‘g@jjadgg " rathert na cofr:ven &ﬁal gate

oxide layer, to C earleha hole- rlcha&fcumulatlon region under and near t & ren NNE
Another exemiprary eniBoditrelitdtiHs MbRersh Brisolassaivalusinafmenideyidyeirestiizgdas a liner in

- a shallow tlmhahggmiaal_dmﬁla@pgdp@c&mggge the effectiveness of the isolation region. The
embodiments may also be used together at an isolation region. BRIEF DESCRIPTION OF

THE DRAWIN6889]  Isolation gates have also been proposed for providing device isolation in
high-density integrated circuits. ‘These gates typically use a thick oxide layer, like silicon
dioxide, but they still rely on conventional implants to providc a strong accumulation layer
at the substrate surface. Thus, conventional 1solat10n gates still fac1htatc the presence of

gatc—mduccd drain leakage (GIDL).

[0010]  There is needed, therefore, an isolation structure which can be used in high

density apphcauons such as DRAM memory devices. There also exists a need for a simple

method of fabncatmg such an isolation structure,

BRIEF SUMMARY OF THE INVENTION

[0011] - Onc-cxcmplary embodiment of the invention provides an’isolafion 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 c.clL An
aluminum oxide (AL, Q,) is used as a gate dielectric, rather than a conventional gate oxide
laycr to create a hole-rich accumulation region under and near the trench isolation rcgwn
Another exemplary embodiment of the invention provides an aluminum oxide layer
utilized as a liner in a shallow trench isolation (STI) region to increase the effectiveness of

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



[0012]Additional advantages and features of the present invention will be apparent from the following
detailed description and drawings which illustrate preferred embodiments of the invention, in which:
[0013]FIG. 1A illustrates two conventional DRAM cells in schematic form; [0014]FIG. 1B illustrates a
top-down view of a portion of a conventional DRAM array having DRAM cells constructed in
accordance with FIG 1A; [0015]FIG. 1C is a cross-sectional view of the memory cells constructed as
shown in the FIG. 3A memory cell circuit [0016]FIG. 2A is a cross-sectional view of portions of two
adjacent memory cells construcje vvith a flrst exemplary embodiment of the present
invention; [0017]FIG. 233 is a pgr teitd ?ﬁw Iﬁ%‘%ﬂﬁ%lls constructed in
accordance with FIG. 2A; [0018]FIG. 3 is a cross- sectlonal view of an exemplary memory cell of the

present invention at an initial stage of fabrication;
[0012]  Additional advantages and features of the present invention will be apparent

from the followmg detailed description and drawings which illustrate prcfcrrcd

embodiments of the i mvcnnon, in which:
[0013] FIG. 1A illustrates two conventional DRAM cells in schematic form;

[0014]  FIG. 1B illustrates a top-down view of a portion of a con‘\}entional DRAM
array having DRAM cells constructed in accordance with FIG 1A;

[0015]  FIG. 1C is a cross-sectional view of the memory cells constructed as shown in

the FIG. 1A memory cell circuit;

[0016]  FIG.2Ais a cross-sectional view of portions of two adjacent memory cells
| constructed in accordance with a first exemplaty embodiment of the present invention;

/

[0017] . FIG. 2B isa portion of a memory array having memory cells constructed in
accordance with FIG. 2A;.

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

invention at an initial stage of fabnca‘aon

[0019] FIG. 4isan illustration of the memory cell of FIG. 3 at a subscqﬁcnt stage of

fabrication;

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

fabrication;

[0021] FIG. 5Aisan illustration of an exemplary memory cell ‘constructed in

accordance with the invention at 2 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;



[0019]FIG. 4 is an illustration of the memory cell of FIG. 3 at a subsequent stage of fabr!cat!oni
[0020]FIG. 5 is an illustration of the memory cell of FIG. 4 at a subseque_nt stage of fabrlc.atlon,
[0021]FIG. 5A is an illustration of an exemplar/ memory cell.constructed in ac;cordz_;lnce Wl'th the
invention at a stage of fabrication subsequent to that of FIG. 4; [0022]FI(_3. 6 is an |IIu§trat|on of the
memory cell of FIG. 5 at a subsequtht stageof fabrication; [OOZB_]FIQ. 7 is an |IIustr_at|on o_f the memory
cell of FIG, 6 at a subsequent stage of fabrication; [0024]FIG, 8 is a is a cross-sectional view of two

' [ [ [ t of the
adjacent memory cells constructed in accordance with a second exemplary embodimen
invjenti on: anIEO(yZS] FIG. 7 is an illustration of the memory cell of FIG, 6 at a subsequent stage of

fabrication;

[0024] FIG. 8 is a is a cross-sectional view of two adjacent memory cells constructed

in accordance with a second exemplary embodiment of the invention; and

[0025] FIG. 9 is a schematic diagram of a processing system employing a DRAM

memory cell constructed in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] In the following detailed description, reference is made to various specific
exemplary embodiments in which the invention may be practiced. These embodiments are
described with sufficient detail to enable those skilled in the art to practice the invention,
and it is to be understood ﬁhat other cﬁ_zquimcnts may be employed, and that structural,

ldgical, and electrical changes méy be made.

[0027]  The terms “wafer” or “substrate” tsed in the foﬂowing dcscription may
include any semiconductor-based structure that has a semiconductor surface. Wafer and
structure must be understood to include silicon, silicon-on insulator (SO1), Siliconeon
sapphire (SOS), doped and undoped semiconductors, epitaxial layers of silicon supported

by a base semiconductor fouﬁdation, and other semiconductor structures. The
semiconductor need not be silicon-based. The sémiconductor could be silicon-germanium,

germanium, or galliumn arsenide.

[0028] Rcfcrring 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. 24 represents a cross-sectionat 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.



[0025]FIG. 9 is a schematic diagram of a processing system employing a DRAM memory cell
constructed in accordance with the present invention. DETAILED DESCRIPTION OF THE .
INVENTION [0026]In the following detailed description, reference is made to various specific .
exemplary embodiments in which the invention may be practiced. These e_mbodlm_er_lts are described
with sufficient detail to enable those skilled in the art to practice the invention, and it is to be _
understood that other embodiments may be employed, and that structural, logical, and ele_ctr_lcal
changes may be made. [0027]The terms "wafer" or "substrate" used in the following description may
include any sEddizBhductbs-tiasesestinatune thatihaslawsamicandisionsIferer Wagsand structure

must be un to include silicon, silicon;on insulator (%) , silicon-qn sapphire (SOS), doped
and undop(gg{s&e%g%)g@&&%@%&f&%@%@ 1576 §|$|88ﬁ & 6{}%&:&9‘% Qaﬂé‘é @8%6&%%&)}0
foundation, kdninerlseng daredudibostructores: cHive genitdRidugior B@@&mt?hﬁ%%g;bﬁ@ged. Thte
semicondu dicon-germani ermanium, or,galliym arsenide. [00 eferring now to
the drawing%?%%%qli%in%egr%}acr?fsa %}éﬂ%&%‘%&?@&%?ﬁ&%ﬂ ?e?gﬁﬁlé RS HeRrstigsdrplary
embodimertf#Pihdifvemiidayis rbwmesaribedwitnrefepesaeton iGH ullzﬁol %ﬂe ’(2%2(5%55&22% represent;s
a Cross-seg I tiofys 9f fwa exemplary DRAM memory cells 200 an - 213 represents
atop-dowr?{\k/iggv%%{f&g%g{tla Dlﬁg&l\%a{?r%ng r(gon |éeucrnél %}l’i’ﬁtf‘g&%ﬁﬁlﬁfa@ég @G?&?ﬁ?ﬁ?ﬁlﬁoaccordance
with a first éﬁ%dﬂ@%ﬁ%fhhé%XE%anMC creates a high negative charge density in the gate

dielectric. Thus, placing aluminum oxide near the gate/p-type substrate interface, creates a
hole ‘accumulation layer near the surface of the substrate. The insulating layer 114 may be
of any suitable material, sﬁch as a nitride. Suitable materials for the conductive layer 113
includ;:,‘ e.g., polysilicon, poly/TiSi,, poly/WSi,, poly/WN, /W, poly/WN,, poly/CoSi,
and poly/MoSi,. Oxide, nitride, or other insulating spacers 111 are provided on each side

of the isolation gate 110.

[0030] Referring to FIG. 24, the portions of the memory cells 200 are illustrated
using a-silicon on insulator (SOI) design with silicon layers 100, 102 and insulating layer
101, formed of, for example SiO,. Each memory cell 200 may be formed on any
semiconductor surface, however, :md the invention is not limited to an SOI design, but is

shown that way for exemplary purposes only.

[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 STT 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 st'ructﬁrc, shown
schematically as a capacitors 108, 109. The transistors 104, 105 connect the mcmofy 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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[0029]As discussed in more detail below, the isolation gate 110 of the first illustrated embodiment is
preferably formed as a stacked gatestack. The isolation gate 110 has an insulating layer 114 over a
conductive layer 113, which is over an aluminum oxide layer 112 Unlike the traditional grounded gate
device, which contains a silicon dioxide (Si02) dielectric layer, the present invention proposes an
aluminum oxide (Al203) gate dielectric layer 112. Al203 is a higher-k dielectric constant material
(k-9.0) compared to silicon dioxide (k-3.9). Aluminum oxide creates a high negative charge density in
the gate dielectric. Thus, %I‘aci g aluminum oxide near the gate/p-tyge substrate interface, creates a

hole accumUTAtiEH TS &V#Fe“éﬁ‘#fggé’ﬂ?‘ﬁqé‘lgdﬂgﬁ%‘?é.bm@ﬁ% AvaatIasfe Brernyashireaaf any

suitable materiegsudhcasia ritsite, Suitabipimaeraisdeioie oo gdayer 113 include, e.g.,
polysilicon, poly/TiSi2, poly/WSi2, poly/W1S/W, poly/WN" poly/C,0Si2 and poly/MoSi2. Oxide, nitride,
or other insulattm gpacesg, | e progvided on each side of the isolation gate 110. [0030]Referring to
FIG. 2A, the portiqn'ﬁ‘s’ of the ri\%lrﬂf;ﬂ%%gc% slsf?)a(?%?egﬁfﬁs%atle%ﬁ%‘fﬁi % BROGREGHEHHEES: (SOT) design
with silicon Rgfsrsiabor 2 elehngdsuialingttayieoldfdn fmmmetsdluiarexdamMEGSIOA Bachanamory cell
- 200 may be formed;apn any g@gg ugtor surface, however, and.the inveption is not limited to an SOI
design, butegfs shown that ngy for eggrﬁ%fgrc? 68?%8%&’&,’ (%arﬁ@%.r OB3ETRLER ﬁ‘?ﬁtﬁé}?%}' al§ STI region
103 is creatEPi i sratsdaist o0t regiorid Msickirbpekihrity cliavged haless dseales along the
STl sidewalis, Lie andibeionihe /I Liegi 3 the gate conductive layer 113 is biased by an
“isolation voltage V150. This region 1%20 fs%é%le y prgsf%ﬁélgﬁ%’u%ﬁg UGt date 110,
constructedHssecwitmsbahiy RAGATEettens, sherctheigMtinggibelt @R h[AQ3A I addiiends the

isolation ga@@l@,&ggﬁa&g@ afh e 20§ qRLRINS: ey, cell.¢ompanents su trapsistors 104,
105 and a capacitive structure, shown scheméq‘t%ally as a%ggﬁg%?t?ol}% ,%é.c? trdR &8s 104,

105 connectih® MEntorcaln brovs 1d Q0P ethantd dovmliiescathd theevapacktaPMBS 109 are
electrically sonnesiadbiquauiiediansisiars J08uIORdRARASSEHAPRING e lventon s

however, not limited to the embodiment of the cells 200 shown in FIG. e |so?§%%ngla € 110 of
this inventi6AFaS P 0LbaT0 £ ASE MomYo Pt atiddhmit ibasnetbmitlmany integrated
circuit devigarsiaio asomtieihermenssyise/beanfiguations J9R33110. ehelation, the jsolation gate 110

is biased bg ag;lyiﬁ]%a roungded potential or a slight potential to the isolation gate. As illustrated in
PIGS. 2A and 2B th& pote AR 5 eht dausarssheartiad plticn vesiand #6r sBhiredimysalficient

isolation. Itishlatilchbie tepesalatedithatdne notentist Misadnas e SHAR% POSHiME.QL Deg]tive

depending on.thesrlcgglﬂg‘ St'ﬂtg 0 th%gate. For an N.MOS jsolation a?aé{e, the aluminum oxide is biased

with a slightiy negatve charge, HarRby iR HERg DhbRvRincstTnthatess regmsthisaremder the gate

110 in the STI region 103. A potential near the range of-SO to about -400 mV, typically about -100mV,
should be apkfiéfib thelgahesfasiemferrdiobaditmionihtenvensiotiited ansighilyfdsitive potential

\év%lili(rjq ;fhi%%enmgﬁg E}éB@c@Qgﬁfﬁ&@gpﬂég"é%gctgh%pg%u&: Eé%oa@%&%%iccc%'x}{':ﬁg’t?éﬁ +100 mv.
" layer underneath the isolation gatestack 110 such that the gaté may be maintaixicd at
ground potential. Accordingly, the isolation gate 110 of the present invcnﬁon 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, a 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 1 10 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 éffccd&c hole

accumulation region 120,



gate 110 provides electrical isolation between adjacent cells, or active areas in a cell, separated by the
isolation gate 110 and corresponding isolation region 103. This electrical isolation is the result of the
accutmiladon of electron holes along and beneath the STI region sidewalls 115, thereby preventing the
flow of negative charges across this area. [0034]In the first preferred embodiment of the invention, the
aluminum oxide dielectric layer 112 produces a sufficient negative charge to keep a strong
accumulation layer underneath the isolation gatestack 110 such that the gate may be maintained at
ground potential. Accordingly, the isolation gate 110 of the present invention has a high threshold
voltage so that{AiAgh thggééemr@ﬁ%t%m porshtisd]=ai strorgjcactidnuistionriayeeds created
close to thewheiaee iQfisuhskatellayer 100 heneaihiibe gﬁﬁ?&%%@%ﬁeé@“@ﬁleﬁ%&%?g' field effect

transistor in a DRAM cell, haling a silicon dioxide dielectric layer, may have a 8\5’6’I’i‘age of

about 0.5 VEIESHHifTR snthurfirber 3888 Aaydo veremshease v fhe ihnksholdaroltagerf the isolation
gate 110 to apprakimaiels 3 Malis:atonahia hioharitreshold valiads isqiobalyas. desired. in the
, ectlv

N . . ! d de

illustrated %grnli)bodlmen the higher threshold voltage is beneficia provuﬁng She €

accumulatidPPEG R P09 BT Elirincnmsesesctie Bt o ot irdatiendhdsdiationtregiogd6& may be
reduced whelmanaisalatorsemiechi AdsiusedinaAcsamancrwith e nyention, Generally, isolation
trenches hayve a ?{trg %81‘ ab%‘#t 2500A. However, the use of ansisolgtllj\fn g%%[sé) lﬁgllr%aatgcordance with

the inventio ans 4S8 easﬂlé%‘icls(%f%ﬁ\;iﬁ@‘a depth D of less than about 2000A; alternatively,
in some cases, the use of an isolation trench may be altogether eliminated with sufficient device

isolation beinfi§fslided Beftutjnigytiie is FEGors Jatenfarmeslaireaiiconcinmstidatiaigssuiagg 100.

[0036]Refeying, AoV d9.HlGs. 3:b ANSxemplary fabrication method performed in  accordance with the
first embodiment of the inver?t%ntiga}n?]%%v ecglér?ge T RSTHESR S s HPet- 160 BRovided. As

mentioned &EtEHemIts proaitbd Usenaithrad S0k deasigneashov Rmkad 2Anhgwever, for

the sake of sismipiicity, thesmeainipgdioue escription will.describe a silicon sybstrate
semiconductor desl%ﬁn. [0037]AnN i%%%%égg%&‘gfgbﬁga{ﬁgﬁ%cﬁg@“&Cé&’r%é&%ﬁﬂ‘?&?&%ﬁ&érfé FIG. 3. It

is desirabldASCHRERS PP %Y daecibs ardidormEytinthesidstdatedt Ol qdgiar to formation of the
transistors 104, 105; and accordingly, it is desired that the isolation gate 110 is formed subsequent to

the formatior 00878 undéslyii, eugea/ifainepipns bl dRAnbatame logated adipgent the jsolation
trench 103%[4}&&9 QP&QE&%“ 103 cap. pe f?rmed by any suitable. method, such as.'by" etching a
trench by a dry anisoffopic or otrar Being BrorBse AR MRMHIE: 409 pEREkciSmestinficef with a

dielectric, fEreetcamsiptersh04, diinicd acapaiimitnasitatt (R arhighdiansityplasroa:(BREdeposition
of silicon oy ijic ioxide. Next. the filled, trench 103 is planarized_by a chemical mechanical
polishing (éﬁl\%%%g?%lgté%r}%c rglr%%%%g%o ?ﬁ&%ﬁ%ﬁfggﬁ%/r ifeERy I end Aehenasnd its top
surface reruisdedidagit thhasadtihe sitioinl§3b<TiatésaBoH otecd dEEN 18 HORS-106 HY0ghmay be

implanted (ggi [ i implantation processes. Net, a very thin gate oxide layer 130 is
R B o S RO b1 B process

grown evex/\/here over the su
frer etching, the trench is then filled with a diclectric, 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 plénariicd by a chemical mechanical polishing
(CMP) or etch-back process so that thc dielectric remains-only in the trench and its top
surface remains level with that of the silicon substrate 100, Source drain rcgions‘ 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 asa
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
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[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 including, but not limited to,
chemical vapor deposition (CVD), plasma vapor deposition, or atomic layer deposition. Because
aluminum oxide is a higher-k material than conventional gate oxides, a thicker film layer may be
utilized to provide the same effective oidde thickness as in the conventional DRAM cell. This 4
advantageous singe depositing a thicker film allows more process control by reducing variation in film
thickness ac%(s'ié1 ‘grrérggﬂlx‘%;““r?? fRicireasbrIRerdanstian 6O il plismeremigepbsitivO to

about 150 Angstiams lapeeitspdiid R0 BdaAnasiomsn (00391 Ggnshewys.a.songugtive layer 113 that
is selectively deposited.over the alu%]f?il% oxide layer 112. After patterning, the conductive layer 113

is located overt R WS biBnavctimeydrertlizsdriaypteviieytiypenst cindivetor used

in conventiowaidyatisicitatus &5 fancoisvareteiathrionned ofthe same matesial gs.the.other transistor
gates 104, 1815_'{ %f t%?mmagmor cell 200. [0040]It should be understood that al%e%?%{%[igg?ﬁs’an Saditional

gate dielectric 117 may be depoiRPEvaF ane el tinfsdrcingivipsins inifmatsebute aonsuctive layer
113 is depoditet, wefshailln ihitkiges A Fhisadsliionabdielantic|ayer1i7 may. Bg anysy '@%‘ﬁ gate
dielectric inc%g%&gc thJt Q_Qf Iir’gjtefio%?liggj%l dioxide layer. Like the conductive layer 11 , this
additional diele tnc%f/@r 19 |§rpa er tiﬁ%‘b‘tsysit only over the area where the gate 110 is to be
formed. This step could be done simultaneously with the deposition of the first dielectric layer for the
gates of other[ﬁ)é)lzlgﬂstorsF_IL@4§S $hevsrh trradncsiye lago; 18 dietsstibemiatyiatAdsd:mase also be

selectively dgppsied whese.the ppiesiad ransistors 104, 105 to pe formed. [0041]FIG. 6
shows the next step in form?r% the isolatig%iggék%%&ﬂv%i?ﬁr}g%%gél@%gé% t E@ W&F}IE%II 200

after compl tt?f“cﬁré’r%ft}éﬁg ShdWh SATEIGS: Rydicldétrivtdyerdyidiis séleatiiehsdapasited over the
the other Iayers ol he-cRinck el s B S R B layer s
pattern-dep Sﬁrtagxat%/g?, es 104, 105 of the memory cell 200. '
[ 0640] It should be und;tstocd. that alternatively, an additional gate diclectric 117

may be deposited oyér the aluminum oxide layer 112 before the conductive layer 113 is

dcposit;d, as sho‘wn in Fig. 5A. This additional dielectric layer 117 may be any suitable

gate dielectric including, but not limited to, a silicon dioxide layer. Like the conductive

layer 113, this additional dielectric layer 117 is patterned for deposit only over the area |

where the gate 110 is to be formed. This step could be done simultaneously with the

deposition of the first dielectric laycr qu the gates of other transistors 104, 105 on the

array. If so, the dielectric matcrial 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 diclcétric
layer 114 is sclcct;vely deposii:cd over the conductiyc 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.



the electrode layer 113. [0012]FIG. 7 shows that the aluminum oxide 112 is etched with any suitable
etchant, by using a ,mask over the gatestack 110 to etch the aluminum oxide 112 everywhere except
under the conductive and dielectric layers, 113 and 114, respectively. This completes the isolation
gate stack 110. Insulating sidewalls 111 may be formed on either or each side of the isolation gate
stack 110. Sidewalls 111 may be formed of oxide, nitride, or any other suitable insulating material.
[0043]Conventional processing steps may then be carried out to complete formation of the memory
cells. For instance, with reference to the exemplary cells 200 of FIG 2A, transistors 104, 105 can be
formed using &8#¢8UitablElGethdwanthasing comvientionaldgatdoiide layesi®. gnysiligapiglioxide, in the

gatestacics. [ hg {aRsistgy e e located .a and. electrjcally connected to the source drain
regions 106, 107. To ?he e te'nt%ga%ﬁ%%?lﬁ%%%% 502%%%35 Cgetggnaj BE 45drk%of the gatestacks
of the transiST6FEMIDAC 86 phapdse formendacthve sadndidimeiadatiees fartaatienl 0kthesislation gate 110.

If so, this regti i axide is selectively etched, .as dijscussed with reference to FIG. 7,
as soon as %ﬁ%&%%g%?éﬁgéﬂggéo%gﬁa gﬁﬁrglilgl g%%%éll%lsel% F?anllg yffﬂ%&rf%@%%%%tively
deposited foiBsERTeabisEY albhe ivhgatestecktardlaBo Sidqvailtsaf Thersp bditsngatestagld.Capacitors

108, 109 argifprmed.-usi Qtﬁﬁysﬁﬂﬁtﬁglﬁxm%%?éj 2nd are electrically coimected to an associated bit line
on. the memory array 201 (FIG. 2B) through tHe transistors 104, 105. [0044]The isolation gate 110 as

just describe e implemented in memory cell arrays using a wide variety of transistor and
‘capacitor corﬁi@%%féf onsrTHfD ATGRRRIKL BrRSHYBHERAP HRY fBontie s¥ s hryvide deatation for very high

density merfiryateitspfehramioficet. 4Fe: caflansdisrsead above dhisdayantion s ihpomay
limited to akfféc'%"ig déasigntof tpéa r'r}oe?rgory ell, [0045]FIG. 8 illustrates a second embodiment of the
invention. Here, fhe active regions 5@6@ HERR R Riseha maeshash aadraies isolation region

~ 303 that utikipesealtionid prromidéedsyershig. s 3Qhomtinamisgiationtienth. Thesftgnch may be

formed by ani ic etehing,,or any other suitahle method, to a depth of about 1,000 to about 4,000
Angstroms. Iﬁegég%mﬁcufr%cég%&é %?e%%%%ﬁ%‘ﬁ% S?Péjdl?ﬁtﬁﬁéc’[l%’:ﬁ@ﬁﬁf SMRin mERRmdRfoxide may be

deposited W& tieoahtirexemtfoeioif thbesubsinatiraaidednsureitiei e side valls aadeeionr of the

trench are gpated, &hemigal yarar disi osition,, plasma vapor depasition, or.any other suitable
technique may be Used o dépo%iﬁ eﬁ%ltt?)rﬁ%%dma%xﬁesafgy?gﬁﬁﬂgt%}% TR Bt 56l80%0 about

500 Angstr8ai3,pitidfablylaibounsotehrothanlystions, Aitbriatileliydyseitably Highsiglectric
material, sugfas AldmIo WFE@F‘?‘?&E&&Q% ?EIES%g@ré%Rc%.u%'%%tncgﬁ( | uec%\fgllg;{c?ifgs grclldfnStead of the
‘ diclectric layer 114, can be selectively deposited for each transist;br 104, 105 gatestack and

also as part of the isolation gatestack. Capécitors 108, 109 are forfncd using any suitable

method and are clcctric;ally connected to an associated bit line on the memory array 201

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

[0044] The isclation gate 110 as just described may be implcmcntéd in memory cell
arrays using a wide variety of transistor and capacitor configurations. In addition, the
invention may be utilized tc 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
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aluminum oxide [0046]Subsequently, a dielectric material 305 is deposited in the trench region 303.
Any suitable dielectric material may be used; for example, the trench can be filled with silicon dioxide,
silicon nitride, oxide-nitride, or oxide-nitride-oxide. The entire substrate 301 is planarized, removing
excess dielectric material 305 as well as any aluminum oxide 304, from the surface of the substrate
301. Conventional processing steps are then used to complete formation of the memory cell, including
formation of capacitors 308, 309 and transistors 310, 311 and other memory cell elements as desired.
[0047]Similar to the memory cells 200 discussed above with reference to FIG. 2A, the memory cells

300 are isol AEPRPEIGAS B R RSitahry e s 308, Urfigmef shermaberrmmddd as iasnench liner

304 will minithizatibeiceiien iaakage.ackrsadhrfeginn 303.therely psiter isolating active areas of the
memory cell iOO, 0048]Tjke the grounde%;%ate 110 (shownein FIG. 2&%%8%@?1%%%%3ﬁ0n region

303 of the sELHRY SAREDSFREFHIRTHPR AN AR TEE oS thrsRniatsr sy dunifispdr atidnp sttt memory cell
300. The tresoimisealationdeging 303 eonstibeied kF asserdance.with %ﬁ‘o%?@?@&i”"emci 0 ey be
ithout breing Timted t

utilized to isolate %ﬁive ﬁéﬁ S between any adjacent memory cells, w eing 0 aYspecific

* configuratiof f8t48)1t% LHPfe i aiiing Sairbio hisdgkotigeotidedabyidhestichtaand second

embodimentswhibeninention:oekaise-be ysedincaniaglian wity sachoiher.ans wigh other isolation
structures agp-techni ues. For example, the isolation gateStack 110 may be constructed, as described

above, over an ISOlation trénch region 303 having an aluminum oxide liner. The invention can also be
combined with other known isolation techniques for memory cells that are not described in detail

herein. [0050]HI& @ illustieheesaandyempldeytyrouessinpepsiede; 200 dhak il 205 ehmamargo3.

Any suitable dielectric material may be used; for example, the trench can be filled with.
silicon dioxide, silicon nitride, oxide-nitride, or oxide-nitride-oxide. Thc'cnt'n:c substrate
301 is planarized, removing excess dielectric material 305 as well as any aluminum oxide
304, from the surface of the substrate 301. Conventional processing steps are then used to
complete formation of the r'n‘cmory cell, including formation of capacitors 308, 309 and

transistors 310, 311 and other memory cell elements as desired.

[0047] Similar to the memory cells 200 discussed above with reference to FIG. 2A,
the memory cells 300 are isolatcd by a highly effective isolation region 303, Utlizing
aluminum oxide as a trench liner 304 will minimize the current ‘leakagc across the region

303, thereby better isolating active areas of the memory cell 300,

[0048]  Like the grom;dcd gate 110 (shown in FIG. 2A), the trench isolation r’cgibn
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 utilizcd to isolate active areas between any adjacent memory cells

?

without being limited to a specific configuration.

[0049] It should be appreciated that the isolation re gion 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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device 840 containing an array 201 of DRAM memory cells 200 or 300 isolated as described above.
The processing system 900 includes one or more processors 901 coupled to a local bus 904. A
memory controller 902 and a primary bus bridge 903 are also coupled the local bus 904. The
processing system 900 may include multiple memory controllers 902 and/or multiple primary bus
bridges 903. The memory controller 902 and the primary bus bridge 903 may be integrated as a single
device 906. [0051]The memory controller 902 is also coupled to one or more memory buses 907.
Each memorxlu%acc%%tg emory components 908, which include at least one memory device 840
containing the Improved 1s6tatigh redfidAvrnEeacitnnee brtpmbirdentibrotiidteinativalylatioa simplified

system, the mmy@dbﬂm&ﬁ@%maﬂlﬁﬁﬁﬁgﬁﬁé%%ﬁgﬁh‘g Y, Sgmponents directly coupled to
one or more processors 901. The memory components 908 may be a méemory card or a memory

module. The megayy cormpangmis 08 may include one or more additional devices 909. For example,
the additionalngevice}/909 mig'hgtr’l})ﬁg1 %%gﬁﬁg;e %#Wemﬁ??s%ﬁ%@mmﬁ@ﬂ&@@mmso be

coupled to adAfeSArBLSL008 Tiverapoiod BRIDTUSORGMAY E@M%@QL}/MQ&J&?@QW in the

processing system.LHlisspatively er devices, far example, processors 901 may also include cache
memories, which may form a ca&%ﬁ?ﬁéﬁcﬁ%‘%m G RBR 8 B0 Rrecetee 98ihgasyztdm 900

include peripRérisabpenRiblidrememioty armivaliamastesds pHeA-SBRPBHPIeFMEMQLY access

(DMA), the maipRY entalier,2884may, Implement a cach coherency protocol. lithe memory
controller 902 is coupled to a plurality o crﬁe?ﬁ%sf% & ,Oeﬁjéﬁ H H%?B@@W%QWbe operated

in parallel, o UfrafisHt 2Rirasy vaRgeSpHaprisearmapp ity eifoRnTmemans Buses 907 489521 he
primary bustag@%gg,%@sqg@@gég B;aggggth?tggx%%r'ptgeral l%g 8910. Varjous devices, such as

S
peripherals or additional bus bridges may be cotple {6 thegeriBRara9%s 910. These devices may.
include a storg@ﬁis?ontro rcgll, an miscellaneous 1/0 device 914, a secondary bus bridge 915, a
multimedia processor 918- afti AR TEEAOler 102 il cewiol ‘hensrimanyrbus-ggbRA3 may also
coupled to S oFrbre:specdhpunese ighsaeeskRake 92208 3 RRrSANAl Somputer, for example,
the special Mgﬁg&g{&r@i tcggtéggnAc elerated Graphics Port (AGP), Used to coup(fe a high
performance vided card to the processm %VE@W@%@%@%FB@%@&@@W@M%& couples one
or more storAEdRvicel 18w, drstoragsibers HI2riohe-NSHBRA S HHE-940) ﬁ?@ez?éafﬁng%‘?ec{he

C

storage congxalier 2d.1B SCSI gontroller and. storage devices 913 may be ISCS. The I/O
device 914 may be any SPgrct 0 %%%Fp%?éﬁ?ﬁ%rcé)% rrtﬁﬁléo, e PO YAFiPEYI8sRPbe Bhelocal area

network intEHEReTiAPRS R mey barduEhmsecotdary biesbHIGR MAY Iq@lyﬁggngq?jnterface

additional deyigRnMasattRer LS rocessing, system. Far example, the secondary bus bridge
may be an upjversal serial gg?’t (_QS%c);%%(ng)t?B e(r)rﬁsae ooggggfglﬁégOge\ﬁeé§WlﬂaWthe processing
system 906‘.&!&9%&%@6 preXsksbr 9 tenfigyriion seunckpaThanidee-FamuWsIcAsd gL ANy other

type of medi&)ibtﬁ&a%d\ﬂamm@%ﬁgg &s4pled to one additiong| devices such as speaKers 919.
The legacy device |nterface 920 is used t coublle?%g%g})}cd[g\clf@é’g _%%%‘éﬁﬁﬂé?%ﬂé? stghed keyboards

and mice, %?ﬁ?’ﬁr&g&mﬁmm'[wﬁm%midmtm S0hlesiRied . 9 is only

an exemplafyypios esding: systemuihwhighihe invention may b .used. Whijle FIG. 9 illustrates a
processinggzarsc\t\l%e ture especially suitable for a ge%ergﬂqﬁuﬁ%cogegé%ﬁ% t@ﬂ%ﬁ&ﬁﬁé"&lﬁ%onal

computer 6r a RS HEhdan & Ydagide tatiphwal anownroibelifidations: ¢an baspade to
configure tbévﬁmxbﬁﬁgipgrgmm@&ggg,gg&gmm &l{_{itl%télr% C1§or s ]ftri a ﬁ\éaé%itety of applications. For
. ) 1

example, many electroni¢ devjces which require processing ma)l?’be |m8 édflising a simpler

architecturé Which Teli&&8h %W@O%%&Bleéﬁ&lﬁmmmmﬁenmm@&aﬁ@wﬁgmory elements

200. _The mhdﬁ]@wmﬁemawm@&ggg@ﬁ%gg@m%&lmg*%pgn gé grg\)%%?gg ry ggr €i)nOernts, addition of
SpGCI&hZG%l.gewcesdQerI’CUI'[S, and/ar integration of a plurality of dewvices. ’
erent 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/0O device 914, a secondary bus bridge 915, a multimedia processor 918, and an legacy
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[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 ? without departing from the spirit and scope
of the present invendon. Accordingly, the invention is not to be considered as being limited by the
foregoing description and drawings, but is only limited by the scope of the appended claims, MCSLLP
CLAIMS 1.A method of forming a memory array, said method comprising: forming a plurality of
memory cells qver a substrate; forming a trench isolation region in a portion of said substrate between

two adjacetTHENBIHRERS 2 hid o RitBR B PEdaw g illed tsplation trenchmore fpeating an
solation gajeghaveigndguasianisihoalona sRiddfileddsplalionensihsRidisolation gats comerising 2
gate electrode andggn underjlgllngi gate dielectric

port might be the Accelerated Graphics Port (AGP), used to couple a high performance

video card to the processing sysfcm 900.

[0053] The storage controller 911 couples one or more storage devices 913, via a
storage bus 912, to the peripheral bus 910. For example, the storage controller 911 may
be a SCSI controller and storage devices 913 may be SCSI discs. The I/0 device 914 may
be any sort of peripheral. For example, the I/O device 914 may be an local area network
interface, such as an Ethernet card. ‘The secondary bus bridge may be used to interface
additional devices via another bus to the processing system. For example, the secondary
bus bridge may be an universal serial port (USB) controller used to couple USB devices
917 via to the processing syétcm‘ 900. The multimedia proceséor 918 may be a sound card,
avideo capture card, or any other type of media interface, which may also be coupled to

one additional devices such as speakers 919. The legacy device interface 920 is used to

couple legacy devices, for example, older styled keyboards and mice, to the processing

systemn 900.

[0054] The procéssing system 900 illustrated in FIG. 9 is only an exemplary
processing system with which the invention may be used. While FIG. 9 lustrates a
processing architecture especially suitable for a general purpose computcr, suchasa
personal computer or a workstation, it should be rccogrﬁzcd that well known modifications
can be made to configure the processing system 900 tb 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 mcxﬁory 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

\
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layer of aluminum oxide, said gate electrode for receiving and applying a voltage 10potential to said
aluminum oxide layer such that charge accumulation is increased in said portion of said substrate
under said tilled isolation trench; and forming an isolation gate electrode above and substantially
along said isolation gate dielectric layer. 152.A method of forming a memory cell comprising: forming a
plurality of active areas in a substrate; forming a trench region in a portion of said substrate between
adjacent active areas; filling said trench region with an insulating material; and 20providing a
conductive layer and a layer of aluminum oxide over said filled trench region and between said two
adjacent aciie rE SSRar s TiRmishrarititegibisipsaidhpartisene bisait s sials, . §@id trench
region, saidsasaiastive, syey kel otentl | to said a uminum oxide
layer such that charge accumulaﬁ%gﬁ%ga%g% in saléij1 D r#lon YrEsiBEHESHRRRBABEr said filled
25trench recé{as\nngs ut is only limited by the scope of the appended claims,
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NICSLLP 3. The method of claim 2, wherein the step of providing a layer of aluminum oxide
comprises depositing an aluminum oxide film over the surface of said substrate. 4. The method of
claim 3, wherein said aluminum oxide film has a thickness of about 80 to ab&ﬂ@i?é%ngstroms. 5.
The method of claim 3, further comprising the step of etching said aluminum oxide film everywhere
except for a selected area over said trench region. 106.The method of claim 5, further comprising the
step or depositing an insulating layer comprising a nitride over said conductive layer. 7. The method
of claim 3, wherein the step of depositing an aluminum oxide film comprises: depositing a thin buffer
layer over a top surface of said substrate; and 15d 'ﬁi Ms*g said aluminum oxide film over said thin
buffer layer. 8. The method of claim 7, wherein the step or depositing an aluminum oxide film
comprises performing a chemical vapor deposition process (CVD) to fonn said aluminum oxide film. 20
9. The method of claim&hlsutbefozamprisingnbe siepyotsidpasiting esmipssiaging layer over said
conductive layer to form an isolation gatestack, wherein said insulating layer comprises one or a nitride
and aluminum oxid€oPBIE THaUTGY BTa@im GLRIPTREAcBIPFRg the step of removing said

aluminur? oxide film everYWh re xceorft under the area where §aid iso{)agon %a¥estac is formed.
formn ga rench 1solation regionin a pOI‘ on o sa1d substirate vetween two

adjacent memory cells, said isolation region comprising a filled isolation trench;
forming an isolation gate above and substantially along said filled isolation
trench, said isolation gate comprising a gate electrode and an underlying gate dielectric
layer of aluminum oxide, said gate electrode for receiving and applying a voltage
10 potential to said aluminum oxide layer such that charge accumulation is increased in
said portion of said substrate under said filled isolation trench; and
forming an isolation gate electrode above and substantially along said isolation

gate dielectric layer.

15 2. A method of forming a memory cell comprising:
forming a plurality of active areas in a substrate;
forming a trench region in a portion of said substrate between adjacent active
areas;
filling said trench region with an insulating material; and
20 providing a conductive layer and a layer of aluminum oxide over said filled
trench region and between said two adjacent active areas to form an isolation region in
said portion of said substrate under said trench region, said conductive layer for
receiving and applying a voltage potential to said aluminum oxide layer such that
charge accumulation is increased in said portion of said substrate under said filled

25  trench region.
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SLLP 11. The method of claim 9, wherein said conductive layer comprises one of polysili.con,
poly/TiSi2, poly/WSi2, poly/W1\.1,/W, poly/WN, x, poly/CoSi2 and pon/MoSi@}(SéﬁipA method of
forming a memory array, said method comprising: forming a plurality of mema@ty cells over a substrate;
and forming an isolation region in portion of said substrate between two adjacent memory cells;
10wherein said step of forming an isolation region comprises forming a gate structure over a filled
trench, said gate structure comprising a gate electrode and an underlying layer of aluminum oxide,

said gate electrode for recejving and.applying a voltage potential to said aluminum oxide layer such
that chrge abcumulon T8 A SU 5 Il PR LIPsa (G SRR 15 13

The method ef g4 dufierell saidsHRsiFAsaaRES-Afiak SaRduelyly v salg filed isolation
trench has a depth of less than 2000 Angstroms; and said trench isolation region and isolation gate
are formed such that applying said

4, The method of claim 3, wherein said aluminum oxide film has a thickness of

5  about 80 to about 120 Angstroms.

5. The method of claim 3, further comprising the step of etching said aluminum

oxide film everywhere except for a selected area over said trench region.

10 6. The method of claim 5, further comprising the step of depositing an insulating

layer comprising a nitride over said conductive layer.

7. The method of claim 3, wherein the step of depositing an aluminum oxide film
comprises: depositing a thin buffer layer over a top surface of said substrate; and

15 depositing said aluminum oxide film over said thin buffer layer.

8. The method of claim 7, wherein the step of depositing an aluminum oxide film
comprises performing a chemical vapor deposition process (CVD) to form said
aluminum oxide film.

20
9. The method of claim 8, further comprising the step of depositing an insulating
layer over said conductive layer to form an isolation gatestack, wherein said insulating

layer comprises one of a nitride and aluminum oxide.

25 10.  The method of claim 9, further comprising the step of removing said aluminum

oxide film everywhere except under the area where said isolation gatestack is formed.
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20 voltage potential within one of ranges -400mV to OV and OV to 400mV is capable of increasing
charge accumulation of said first conductivity type in said portion of said substrate. 14. The method of
claim 2, wherein: 25said substrate is doped a first conductivity type; sai?\&llecﬁgench region has a
depth of less than 2000 Angstroms; and MCSLLP said memory celF fired such that applying
said voltage potential within one of ranges -400mV to CV and CV to 400mV is capable of increasing
charge accumulation ofsaid first conductivity type in said portion of said substrate. 515.The method of
claim 12, wherein: said substrate is doped a first conductivity type; said filled trench has a depth of
less than 2000 Angstroms; and said isolation region is formed such that applying said voltage

potential withipy one ¢f,anggs 490M¥19 G¥\aRth G AR IS LRPABIR SldncERasipg charge
10accumulation of said first conductivity fype in said portion of said substrate.
polysilicon, poly/TiSi,, poly/WSiy, poly/ WN,/W, poly/WNy, poly/CoSi; and

poly/MoSi,.

12. A method of forming a memory array, said method comprising:

forming a plurality of memory cells over a substrate; and

forming an isolation region in portion of said substrate between two adjacent
memory cells;

10 wherein said step of forming an isolation region comprises forming a gate
structure over a filled trench, said gate structure comprising a gate electrode and an
underlying layer of aluminum oxide, said gate electrode for receiving and applying a
voltage potential to said aluminum oxide layer such that charge accumulation is
increased in said portion of said substrate under said filled trench.
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13. The method of claim 1, wherein:

said substrate is doped a first conductivity type;
said filled isolation trench has a depth of less than 2000 Angstroms; and
said trench isolation region and isolation gate are formed such that applying said

20 voltage potential within one of ranges -400mV to 0V and 0V to 400mV is capable of

increasing charge accumulation of said first conductivity type in said portion of said

substrate.

14. The method of claim 2, wherein:
25 said substrate is doped a first conductivity type;

said filled trench region has a depth of less than 2000 Angstroms; and

17
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said memory cell is formed such that applying said voltage potential within one
of ranges -400mV to 0V and 0V to 400mV is capable of increasing charge

accumulation of said first conductivity type in said portion of said substrate.

15. The method of claim 12, wherein:

said substrate is doped a first conductivity type;

said filled trench has a depth of less than 2000 Angstroms; and

said 1solation region is formed such that applying said voltage potential within
one of ranges -400mV to 0V and 0V to 400mV is capable of increasing charge

accumulation of said first conductivity type in said portion of said substrate.
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