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FLOATING GATE FIELD ISOLATION DEVICE
AND METHOD OF MAKING SAID DEVICE

The present invention relates generally . ‘to
semiconductor memory devices, and more specifically to
trench and field 1solatlon of memory cells in such dev1ces.

The groﬁing ' deﬁand for increasingly smaller
semiconductor memory devices having large memory capacities
capable of high speed operation has pushed the development
of miniaturized memory cell structures in Dynamic Random
Access Memory devices (bRAMs). DRAMs, which are capable of
inputting'and'outputting data at random, generally comprise

‘an array of memory cells for storing data and peripheral

circuits for controlling data in the memory cells. Each

memory cell in a DRAM stores one bit of data and consists

of one transistor and one capacitor. - Within the array,

~each memory cell must be  electrically isolated from

adjacent memory cells.

The degree -to Whish large numbers of memory cells can
be integrated into a single integrated circuit (IC) chip is '
effected primarily by the size of the transistors and
capacitors in and the isolating structures between memory -
cells.  The miniaturization of DRAM memory cell transistors.
and-capacitors'tb 0.35 micron and smaller field width or
active area spac1ng has created the need for corresponding
m1n1aturlzatlon of the 1solat1ng structures. It is this

W



The gromﬁng demand for i ncreasingly. smal | er 20 sem conduct or
mepory “devi ces havi ng | arge nmenory capacities capabl e of .high speed
operation has pushed the devel opnent of mniaturized nenory cel
~structures in Dynam ¢ -Random Access_Menory devi ces (DRAME). DRAMs,
~which are capable of i nputting and outputting data at random
general |y conprise 25 an array of nenory cells for storing data and
peripheral circuits for controlling data i-n the menory cells. Each
menory cell in a DRAM stores one bit of data and consists of: one

transistor andnge@ FdracCshaller Wisulattiey astauctures et nther yplc%$¢nhust
be electrlcall i SO atedﬂ%éonégo adj acent nenory cells. - . The
~degree to whic Y%? t°Ru 1S nenDry cells can - be integrated into a
single integrated circuit (IC) chip is effected primarily by the size

~of the transistors r s
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transi st oBs. OXidﬁn%llzlhpfefé‘Fﬁﬁ L% Fhe %cﬁkpﬁﬁgﬁﬁ&°§%gegoi¥?‘épd R or
active area spggi NbduEsdd eaoedst hretRods| ortanclesfeodiatjon, or field

:nlnlaturlzatlon OiaéggniSqﬁggﬂémiéédé¥naJ%%iati%%l&sthEE§ oxide region is
formed around each cell; As the size of the cell structure
is reduced, the cprresponding reduction in the size of the

10 = oxide region .creates several problems. First, for
submicron cell spacing, the oxide thinning that occurs with
miniaturization is detrimental to isolation. Second, the
oxide film regions become the smallest mask feature in the
array and, ‘therefore, ‘1imit . scaling/miniaturization.

15 Third, the field oxide regions form the largest step height
in the array.  This effects the intermediate 'BPSG
"insulation layer and increases the aspect ratio (height to
width) of the metal contact, making it more difficult to
etch the contact hole. Fourth, in the LOCOS method, an

20 oxide projection commonly referred to as a "bird’s beak"
forms at the periphery of the thick oxide region and
extends into the area in which the cell is formed. The

' bird’s beak reduces the area available for cell formation.
This problem is exaCerbated by the fact that the size of

25 the bird’s beak remains constant even as the size of the
LOCOS oxide region is reduced. For these-vafious reasons,
the LOCOS method impedeé miniaturization of the memory cell.
array particularly below about 0.35 nmicron spacing.

30 N Trench isolation utilizes-q féench etched into the
_substrate between  memory cellé. " The trench must have
sufficient width'and_depth to create a physical barrier to
current conduction between cells. As the cell spacing is
reduced below about 0.35 microns, the aspect ratio of the
35 'trench’necesSary for isolation becomes Severe so that it is
| difficult to etch the trench to the required depth.
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N need for smaller isolating structures that the present

i aventi on addr esses. S ~Currently, nmenory cell isolation is

achi eved using an 5 oxide filmformed by the Local Oxidation Of Silicon
(LOCOS) - or recessed LOCOS net hodsz- trench isolation, or field

i sol'ation. .Using LOCCS, a relatlvely thick oxide region is f or med
“around each cell. As the size of the cell structure ~is reduced the
correspondi ng reduction in the size of the 10 oxide ' region creates
several -problens. First, for subni cron cel | spacing, the oxide

t hi nni ng t hat occh:seMtﬁhleld bsolation atibires ajshiedding eledtaneds i on.
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an S memory cells. However, because the shielding electrode

' occupies space above the substrate in the memory cell

array, it is an impe_dimenti to further miniaturization. In

addition, isolation in the memory cell array. for submicron

10 spacing is only achieved as long as a voltage is being
applied to the shieldlng electrode.:

_ A similar method used to overcome the disadvantages of
LOCOS in EPROMs and Flash EEPROMs involves replacing the
15  LOCOS regions with EPROM cells. This method of isolation
and corresponding structure is described in. an article
entitled, A Novel Isolation Scheme for Implementation in
Very High Density AMG EPROM and FLASH EEPROM Arrays,
MICROELECTRONIé ENGINEERING, VOL. 19, pp. 253-6 (1992). The
20 - EPROM isolation cells disclosed therein are floating gate
devices within the array. The programming sequence
determines whether any given cell will be a memory cell or
an isolation cell. This method. uses the high programming
" voltage already available in the flash circuit. As with
25 field shield isolation, the EPROM isolation structure
occupies space in the array above the substrate. In
addition, the isolation cell provides isolation in only one
~direction. LOCOS isolation must also be used to prov1de
" isolation in the perpendicular direction to ach:Leve two
30 dimensional isolation.

The present invention is directed to mihimizing or -
eliminating the disadvantages of the LOCOS, trench and
field shield isolation structures currently used in the art

35 for cell spacing at or below about 0.35 microns. | '



20" ?qxide proj-ection commonly referred to as a "bifdﬂs beak" forns at

t ke periphery of the thick oxide region and extends into the area in
which the cell is forned. The bird' s beak reduces the area available
for cell formation. ‘Thi.s probl em-gs exacerbated by the fact that the
size of 25 the bird' s beak remains constant even as the size of the

LOCOS oxide region is reduced. For these various reasons, t he LOCOS
met hod i npedes miniaturization of the nenmory cell array particularly
bel ow about 0. 35 nicron spacing. 30 .Trench iisolation utilizes a

trench etched intoItheis thegelforeate brineiépaikemirjectel ¢€. theThpresenth
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It is another obﬁect_to'éombine the advantages of
field isolation and trench isolation in a single-iéolation
structure to provide effective isolation between cells in

10 very small cell spacing.

Tt is another object to provide an isolation structure
that effectively isolates cells in field width or active
area spacing on the order of 0.1-0.25 microns. |
15 | |

It is another object to provide isolation in two
dimensions in the meﬁory cell array.

It is another object to provide a field isolation
20 structure that requires only periodic charglng to maintain
its isolation characteristics. '

The above objects are achieved by an isolation

structure for semiconductor memory devices comprising a

- 25 trench formed in'théusubstrate"_The trench is lined with
insulatihg matérial and filled with polysilicon. An
electrical charge is then injected into the polysilicon.

This isolation structure can be located between memory

cells in the array and, thus, provide effective isolation

30 between cells in very small épacing' by combining the
characteristic¢s of trench and field isolation. The trench

in the present invention need not be as deep or as wide as

 that required for conventional trench isolation because the
physical isolation of the trench is enhanced by the field

- 35 isolation of the charged polysilicon. Unlike conventional
field isolation wherein the shielding electrode occupies



Fi el d shleld i sol ation utlllzes a shielding el ectrode formed over the
substrate between the source and drain regi ons of -adjacent nmenory

~cel | s. Cell isolation is achi eved by applying a | ow potential to the
shielding 5 el ectrode to prevent curgent conduction between adjacent
menory cells. ~ However, because the shielding electrode . occupi es space
above the substrate in the menory cell array, is an inpedinent to
further n1n|atur|zat|on In- . addition, isolation in the nenory cell
array for submicron 10." spacing is only achieved as long as a voltage is
bei ng applspate above thieclsdbsgratectinotthe array area ofi the1deW1ueLhod

used to overco th Fl @
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Very High DenS|ty A and FLASH EEPROM Arr ays, M CROELECTRONI C
ENG NEERI N&, VOL. 19, pp 253-67(1992). The 20° EPROMisolation cells

di scl osed therein amm fanethey gspect of UeNécC@mventlibny tHwe edectyicalThe
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| : invention, the surface of the polysilicon in the trench is
10 . made substantially coplanar with the top of the trench and
~overlayed with insulating material to form a floating gate.

A layer of polysilicon ovérlays the insulating layer above

the floating gate. The layer of polysilicon will typically
be a wordline in a memory cell array having a plurality of
15 wordlines and a plurality of bitlines arrahnged generally
perpendicular to one another over thé substrate. An
electrical charge is injeéted into the floating gate by
applying a charging voltage to the wordline, whereby
Fowler-Nordheim currents are generated in the substrate for
20 charging the floating gate. The charging voltage can then
be removed and the wordline used in the operational circuit
of the IC chip.' The charging voltage need be applied only
periodically when the charge on the floating gate falls
below a level at which effective isolation can no longer be
25 maintained. '

The isolation structure of the present invention will
typically be located between adjacent cells in the array
. beneath and overlapping multiple wordlines. . Two

- 30 dimensioﬁal isolation can be achieved by extending the
“trench to surround each pair of memory cells sharing a
common bitline contact. ' |

The foregoing and other objects, advantages and novel
35 features of the invention will become apparent to those
skilled in the art from the following detailed description,



é5 field shield isolation, the EPROMisolation structure -~ occupies

space-in the array above the substrate. I n addition, the isolation

cell provides isolation in only one direction. LOCOS isolation nust

al so be used to provide i sol at'i on.dn the perpendicular direction to
~achieve two 30 dinensional isolation. : : The present invention

is directed to minimzing or -~ = elinmnating the di"sadvantages of the

LOCOS, trench and field shield isolation structures currently used in

the art 35 for cell spacing at. or bel ow about 0.35 microns.
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saime that effectl | solates cé
the best mode . contemplated by' me of carrying out the

invention. As will be reallzed, the invention is capable
5 of other and different embodiments and use in other
' appli_.cations, and its several details are capable of

invention to puByl $ d ¥ ¥l rn't%. r%ﬁﬂﬂﬁ %dayf Ut 111usft(¥a il the

modifications in various obvious respects, all without

departing from the invention. Accordingly, the drawings

) and description are to be regarded as 1llustrat:|.ve in
10 nature, and not as restrictive. '

Fig. 1 is a 'phlan"'view'of a portion.of a DRAM memory
cell array illustrating one embodiment of the invention.

15 Fig. 2A is a cross section view taken along line A-aA
in F1g. 1 illustrating the invention in a stacked capacltor
DRAM.

Fig. 2B is a cross section view taken along line B-B
20 in Fig. 1. '

Fig. 3 is a partial cross section view taken along
line A-A in Pig. 1 illustrating the  invention in a
container cell capacitor DRAM.

25
Fig. 4 is a block diagram 'illustrating one aspect of -
the invention. '
Figs. 5A-5F are cross section views illustrating the
- 30 - steps of forming a memory cell of a DRAM :anorporatlng the

present invention.

Fig. 1 is a plan/top view of a portion of a DRAM IC
chip memory cell array.
35 - |



smal | cell spacing to aIIOM/high denéity integration of 1C ‘5  chips.

I't,is another object to conbi ne the advantages of- - field isolation and
trench isolation in a single Jsolat|on structure to provide effective

i sol ation between cells in 10 - very smpll cell spacing. It is
anot her object .to provide an isolation structure t hat - effectlvely

i sol at es cells in field wwdth or active - area spacing on the order of
0.1-0.25 microns. 15 -~ It is another object to provide isolation in
t Wo di.nmensions in the menory cell array. It is another

obj ect to provide Fiigsl @A soidarBoar20crossrsectienshef a quuiitissn ooff ythe
P Shove o Ul BN &LPay a1chiy® ch3d Py A0 A LB 160 Fig. 1,

The above objects |eve ation . structure
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cell array comprises wordlines 20a, 20b, 20c and 20d
1ocated-aboVe substrate 22 extending in the row direction
and bitlines 24a, 24b and 24c located above and extending
_ in the column direction generally perpendicular to.
10 wdrdlines-ZOa,'ZOb, ch and 20d. Memory cells 10. and 12
comprise access transistors 26 and capacitors 28.  An
isolation structure 30 surrounds memory cells 12 and their
common bitline contact 18. '

15 7 Impurity diffused regions 32 and 34 are formed on the
surface of substrate 22 on both sides of gate electrodes 36
(wordlines 20a and 20d) of access transistors 26. Gate
insulating layers 38, typically made of silicoh'dioxide,
are interposed between gate electrodes 36 and substrate 22.

20 Gate electrodes 36, gate insulating layers 38 and impurity

' diffused regions 32 and 34 constitute access transistors
26. Bottom electrodes 40 are formed on one side over gate
electrodes 36 with first insuléting'layers 42 interposed
therebetween. A center portion of bottom electrodes 40

25 contadts‘impurity regions 32. The other side of bottom
electrodes 40 is formed over wordlines 20b and 20c with
second insulating 1layers 44 interposed therebetween.
Dielectric layers 46 are formed over bottom electrodes 40.
Top electrodes 48 are formed over dielectric layers 46.

30 Bottom electrodes 40, dielectric 1layers 46 and top

o electrodes 48 conStitute-capacitofs 28. Capacitbrs'zs as
illustrated in Fig.lz are commonly referred to as "stacked"
 capacitors. '

35 In an alternative embodiment illustrated in Fig. 3, a
container cell capacitor 28a is used. Container cell



ThiseLsoIation structure can be |ocated between menory cells in the
array and, thus, provide effective isolation 30 between cells in very

smal | spaci ng by conbi ni ng the characteristics of trench and field

i sol ation. The trench ~ in the presgat invention need not be as deep or
as wide as that required for conventional trench isolation because the .
physi cal isolation of the trench is enhanced by the field 35 - isolation of

t he charged polysilicon. Unlike conventional field isolation wherein.
the shielding el ectrode occupies space above the

substrate in chpagitay aﬁeaommHNmsaﬁahqﬂ;om electrodes €Pai ngiedestrisde

conponent 'Sla%&.e ?énantd"etoP efé@éfé&é@ ddi's eBMidi 1 aa‘ﬂeectshma
“isolation in very s spaci ng I n_anot her ingt
of the i nvent ,].eﬁatg.ﬁgse|a§ct‘l;l}e;aq:orrespon 1ng components of the stac

_ capacitors previously described. C_:onta:.ner cell capacitors
5 . 28a differ from stacked capacitors 28 in that the sides of _
'~ bottom electrodes .,40a' of container cell capacitors 28a
project upward above and generally perpendicular to gate
electrodes 36 and wordlines 20b and 20c, whereas the sides
of bottonm eiectrodes 40 of stacked capacitors 28 are
10 generally parallel to gate electrodes 36 and wordlines 20b
and 20c. '

Referring again to Figs. 2A and 2B, trench 50 - is
formed in the surface of substrate 22 beneath and
15 overlapping wordlines 20b and 20c in the column direction
.and surrounding memory cells 12 and their common bitline
contact 18. Trench 50 is lined with trench lining 52 and
then filled with polysilicon to form floaﬁing gate 54.
. Trench lining 52 is a thin layer of insulating material
20 typically made of silicon dioxide. The surface of floating
gate 54 is substantially coplanar with the surface of
substrate 22. Third - insulating layer 56 is interposed
between floating gate"54 and wordlines 20b and 20c. Trench
50, trench 1lining 52- and floating gate 54 constitute

25 isolation structure 30.

In operation, and referring to Fig. 23, an electrical
' charge is injected into floating gates 54 by applying a
charging voltage to one or both wordlines 20b and 20c ,

30 thereby creating Fowler-Nordheim currents 58 that inject
electrical charges into floating gate 54 from substrate 22.

The charges that are injected into floating gate 54 will be
either positive or. negative depending on “the doping of
"silicon substrate 22 and polysilicon floatihg gate 54. The
35  Fowler- Nordheim current is created as electrons (or holes)



éhargé is injected into t he pol ysilicon by means of the wor dl i nes of

the menory cell. array. In this aspect of the I nvention, the surface of

the polysilicon in the.trench is 100 nmade substantially coplanar with the
~top of the trench and overl ayed wigh insulating material to forma
~floating gate: _ A [ ayer of polysilicon over|ays the insulating |layer
above - .. the floating gate. The layer of polysilicon will typically.

be a wordline in a menmory cell array having a pIurallty of 15 . wordlines
and ‘a plurality of bitlines arranged generally - perpendi cul ar to one
anot her over ttunmeibsthmeegh the relatiévetyrthah thengh 14 niinjge S2e ximten
the floating gﬁ%fe applying a charging voltage to the wordline,

. wher eby - er-Nordheimcurrents are generated in the substrate for 20
charging the floating gate.  The charging voltage can then - . be renoved

aﬂd t he worldl i ne usag tt:)ﬂetbeleﬁegtéal @m:lodqwe@w t dand lf&f‘ rhelaﬁwci'ath okhe
- C arglng olta nhee e a | & ony | Ca n .t C [ eon .
the Tl oatPng GATE Yo 3kea SBAGHI%,P 54 gically when the ohar ge on
no | onger be %—tymlmmrmﬂ having a dop:tﬁge liesxa 1a tafo rakstutu G104 @ftdnize
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surround each falra OfnTBRREEsCOE BEAId Whndstrons CARIORNE! 113 ARRIARS -
10 layer 56 has a thickness of 200-500 angstroms. A charging
- voltage of 9-13 volts is sufficient to create the desired
- Fowler-Nordheim currents to inject electrical chargeéﬂiﬁto

floating gate 54. The currents thus created are'Very low

- and may be maintained as long as necessary (up to 10
15 seconds) to inject sufficient charges into floating gate 54
to provide the requisite isolation. The specific charging
.voltage, corresponding currents, and the length of time the
-charging voltage is applied will vary depending on the
depth of trench 50, the thicknesses of trench lining 52 and

20 gate oxide layer 56, and the cell spacing.

The electrically-charged floating gate 54 provides two
‘dimensional isolation between access transistors 26 by
impeding current flow betWeen_impurity diffused regions 32.
- 25°  Floating gate 54 also isolates bitline contacts 18 from one
another by impeding current flow between impurity diffused
regions 34. Trench 50 forms a physical barrier to current

flow between impurity diffused regions 32 to further

_ isolate  transistors 26 and bitline contacts 18.
30 - Utilization of electrically charged floating gate 54
-réduces'the'depth of trench 50 that is necessary'to achieve
adequate isolation. Thus, the aspect ratio of trench 50

can -be. reduced as'necessary to accommodate reduced cell
, spacing while still maintainihg_adequate isolation.
35 '



The feregoing and ot her. objects, advantages and novel 35 features of the

I nvention will becone apparent to those - skilled in the art fromthe
foll owing detailed description, . o -6-
wherei-n | have shown and descri bed. onlyléhe preferred enbodi nent s .of
the invention sinply by way of illustrating =~ = the best node

contenpl ated by ne of carrylng out the invention.” As will be
-realized, the invention is capable 5 of other and different
enbodrnents and use in other applications, and its several

details are capabIRefeJ:fring' nowrdeh fE it | Hnshecause ithes atangsus midsipddlys,
al | w thout jea?éﬁ”% £8 E‘ﬁ.ggltgplgs' %téf%llf‘cﬁgéggﬁgkg ovae q{l ngs

and descrlptlon are to be regar strative nature,
as - restrlcnl\m¥he present 1nvent10n 1nc1udeS° a sen51ng circuit . 60 for

_ -sen51ng the charge on the floating gate; a booting circuit
5 62 for applylng a charglng' voltage ‘to wordline(s) 20b
and/or. 20c; and a switching circuit 64 for connecting
wordline(s) 20b and/or 20c to the booting circuit when the
charge on floating gate 54 falls below a level necessary to
maintain adequate isolation, and_connecting“wordline(s) 20b
10 ° and/or 20c back to an operatiné circuit when the charge on
floating gate 54 is greater than the predetermined level.
'In the preferred,émbodimenf, sensing circuit 60 is a
_ conventional comparator or invertor type circuit well known
15 in the art. Sensing circuit 60 is connected to impurity
diffused regions 32 to ' detect current passing through
access transistor 26. A threshold voltage is applied to
gate electrode 36. If accesé transistor 26 "turns on" and
current passes threugh access transistor 26, then sensing
20 circuit 60 detects the current and thereby initiates the
charging process previously described.  Charging will
continue until no current passes through access transistor
26 at the threshold voltage. Charging may continue for a
specified additional time to maintain the threshold.voltage
25 after some decay of the charge on floating gate 54. Since
- the area of floating gate 54 is at least twice the area of
wordline 20a or 20b, the charging time will be relatiﬁely'
long (up to 10 seconds). But charging is'necessary only
infrequently so that the chafge time is not cumbersome to
30 the operation of the device. In addition, the leakage
- check described above may be done during power-up of the
device to further minimize the impact of charging.

Another aspect of the invention provides a method of
35 making isolation structure 30, which'_method, can be
integrated into the overall manufacture of a DRAM IC chip



ﬁig.'l is a plan view of a portion of a DRAM nenory cell array

i blustrating one enbodi mrent of the invention. 15 . Fig. 2Ais a
cross section view taken along line AAA ~ -in Fig. 1 illustrating the
invention in a stacked capacitor = -PRAM . Fig. 2Bis a cross
section view taken along line B-B 20 " in Fig. 1. - : Fig. 3is a
partial cross section view taken along line AA in Fig 1 '
illustrating the invention ina - .contai ner. cell capacitor DRAM 25
Fig. 4 is a block dlagranllllustratlng one aspect of . t he i nvention.
Figs. 5A-5F aae shoyn dactFigs vi Bws5F{ | uSheadepgsikdony pastteynigig famdi ng
~a nenory cel l %@C@.&E&@&MQ& Qﬁnufactﬁi’@sﬁ BrANYEHEdPorating
Flg lis a p Vi e art’i on of

the present 1nventlon are. all conventlonal and well known
in the art. Referring to Fig. 53, trench 50 is patterned -
5 ~ and etched _-into substrate 22 using conventional
photolithographic and chemical etching techniques. Trench
lining 52, made of silicon dioxide, is formed on the
. surfaces of trench 50 by thermal oxidation. Ihe'lihed
trench is filled with polysilicon by Chemical Vapor
‘10 Deposition (CVD) at least to the surface of substrate 22 to
'  form floating gate 54. If'necessary, floating gate 54 is
- etched back to be substantially coplanar.with  the.surface
of substrate 22. Impurities are then ion implanted in
floating gate 54. '
15 ' . | . _ .
Referring to Fig. 5B, a gate oxide layer 66 is formed
over the surface of substrate 22 and a polysilicon layer 68
is formed over gate oxide layere66. Gate oxide layer'66,
which will typically be formed by thermal oxidation, will
20 form more rapidly over the polysilicon in trench 50 than it
will over silicon substrate 22. Therefore, and depending
on the doping level of the polysilicon in trench 50, gate
oxide layer 66 may be up to twenty-five percent thicker
over trench 50 than it is over the remaining portion of
25 substrate 22. The gate oxide and polysilicon layers are
patterned and etched to form gate electrode 36 (wordline
204d) of access transistor 26 and wordline 20c as shown in
Fig. 5C. Impurities are .implanted in the surface of
substrate 22 using wordlines 20c and 20d and gate oxide
30 layer 66 as masks to form impurity diffused regions 32 and
' 34. A second oxide layer 70 is stacked over substrate 22.
oxide layer 70 is patterned and etched to form buried
contact region 72 at impurity diffused region 32, bitline
contact 18 at 1mpur1ty diffused reglon 34, and s1dewalls 76
35 adjoining gate electrode 36 and wordline 20c. " This
| resulting structure is shown in Fig. 5D.



éhip nennry cell array. 35 - -7-

Fi.gs. 2A and 2B are cross sections of a portion of the ~ menory ceI
array along the lines A-A and B-Bin Fig. 1, - respectjvely Fig. 2A
illustrates nenory cells 10 and 12 . -—3znd bitline contact 18 conmon to or -
shared by nenory cells 5 10 and 12. Referring to Figs. 1, 2A and 2B,
the nenory - cell array conprises wordlines 20a, 20b, 20c and 20d .
| ocat ed above substrate 22 extending in the row direction and bitlines
24a, 24b and 24c | ocated above and extendi ng ~in. the colum

direction general |IBefeyaringdteulFdgs .t BB 0andwdFdl imesecond pefysidiicamd .
20d.  Memory Cﬂ}é?r He aGthcked oW RAUBRRRARAESS ! f@égﬂ o 5& H¥eon ,
unds meffor

' i'so tlon structure 30 surro
et 25 1axdi 78 vis| PRLCeERPd endgetohed to fovm bottom electrods

40 of capacitor 28. Bottom electrode 40 extends from above

5 gate electrode 36 to above wordline 20c passing aleng and
- in contact with impurity diffused region 32. Dielectric
layer 46 is formed over bottom electrode 40. Dielectric.
layer 46 is . made of a thin nitride film,

~ oxide-nitride-oxide (ONO) film or other suitable material.

10 = A third polysilicon layer is then stacked over substrate
22, and patterned and'etched'to form top electrode 48 of
.- capacitor - 28. . Thick layer 82, made-of-borophosphofdusi
silicate glass - (BPSG) or other suitable _insulator, - is
formed over the exposed upper surfaces of the structure

15 previously formed. ‘Thick BPSG layer 82 is patterned and
' - etched to form an opening for metal post 86. Metal post 86
and bitline 24b are formed wusing metal deposition

technlques well known in the art. '

20 Various modifications to and applications of the
- invention as described herein may be made without departing
from the spirit and scope of the invention. Accordingly,
the invention is limited only by the terms of the Claims
appended hereto. '
25



15 . . Inpurity diffused regions 32 and 34 are formed on the L

surface of substrate 22 on bot h' si des of gate el ectrodes 36 - (wordlines

20a and 20d) of access transistors 26.. Gate ~ insulating layers 38,

typi cally made of silicon dioxide, =~ -jgre lnterposed bet ween gate -

el ectrodes 36 and substrate 22. 20 Gate el ectrodes- 36, gate insulating

| ayers 38 and inpurity dlffused reglons 32 and 34 _constitute access

transistors - 26.. Botton1e|ectrodes 40 are formed Bn one side over gafe

- el ectrodes 36 with first insulating |ayers 42-inter poseml'"“"I Imlmmmr
A center porUQﬁAIE&botton1electrodes 40 25 contacts

The ot her side of bottom el ectrodes 40 is forned over ‘wotdl ¥ ness 20b -

~and 20c with - second insulating layers 44 interposed therebetween.

Dielectric 1ayers 4 ar &f dSfIRtden steuctnrg €err%a@scqnductor QQXFceSr

el.ectrodes 48 are .forned pver |l ectri¢ |ay 46.- .30 Bott om _el ectrodes
0, " di'elcot 1R LG T iR a‘f‘id%rFBﬁ{‘ in Sé@ém&emsﬂ@oﬁawn petng

Capact 520, GRE S 20 o BB iy, B GETLR
enmbodi ment 'll bfce%]%dl{' F'v@heﬁelﬁ the C%@l‘}'s'l@ﬁc%%” ﬁsapaéiéétrf@a?‘lif

. used. Cbntalne
' charged.

2. ‘An 1solatlon structure for semlconductor dev1ces,
h.10-” which comprlse5° - |
| a) a substrate,h

b) a trench in the substrate,

c). a first insulating layer 11n1ng the trench°

a) a floating gate comprising a body of polys111con

15 f1111ng the lJ.ned trench;
e) a charging dev:Lce for 1n;|ect:|.ng an electrlcal

charge 1nto the floatlng gate.

3. . An 1solatlon structure accordlng to Clalm 2,
' 26 further comprlslng.. |
| a) a second 1nsulat1ng 1ayer overlaylng the surface
.of the floatlng gate and at least a' portlon of the L
.substrate, _
b) a layer of poly51llcon overlaylng at least a
25 '.portlon of the second 1nsulat1ng layer above the floatlng_'

'gate.



capaci.t or - 28a conpri ses bottom el ectrodes 40a, di el.ectric . layers 46a
and top el ectrodes-48a fornmed in the sane - ‘locations as the _

~ corresponding conponents of the stacked. - - capacitors previously =
~described. Container.cell capaC|tors 114_ 28a differ fromstacked =

capacitors 28 in that the sides of o botton1e|ectro |ner_

cell capacitors 28a "~ project.upward above and gene m" EEIH&Q g .
to gate. - - ‘electrodes 36 and wordlines 20b and 20c, er easi.

of bottomel ectrodes. 40 of stacked capaC|tors 28 are 10 general |y

parallel .to gate elect r adesig86latdonorstirnetur®b accordimg 2be. Claim 3,
Referring-again to Figs. 2A and 2B, trench 50 is ~~~ forned. in ‘the

surface of whsredn &heplayemedf ﬂPOlé?i‘-Ri-l.T.LS?OH d¥er ¥OpHAdnRoAN PNBSMOYY and .

20c in the colunn direction - and surroundln%ﬁpennry ceIIs 12 ang heir -
common bltllné‘e 1 arzayt deving a Pl iy iof MoxEd 1Rt 3PPecR T A ﬁ%YSZ_ :

and ~of bltllnes arranged relative to one another ~over the

5 substrate.

5.. An isolation structure according .to Claim 3, .
wherein the charging device comprises- .. _l-.
a) --a sens1ng circuit for sensing the charge -on the
10;_ floating gate, | :
b) - a booting circuit for applying a charging'voltage
to the layer of poly5111con, and
c) a sw1tch1hg circuit for connecting the layer of
polysiiicon to the booting circuit when the charge on the
15 floating gate is_equal to or less than a predetermined

level.

_6.. An isolation structure according to 'Claim 5,

wherein the sw1tch1ng 01rcu1t connects the Wordlines to the

20 booting circuit when the charge on. the floatlng gates is
| . qual to or less than the predetermined level andoconnects
the wordlines'to ah operatihg circuit when the oharge on.

floating gate is greater than the predetermined level.

26 . 7. A semiconductor device, which comprises a
substrate having element  forming regions on which

- semiconductor - elements ' ‘are ‘formed ' and ‘an . isolation



then tilled W|th polysilicon to formfloatlng gate 54. "~ Trench Iini'ng
52 is a thin layer of insulating material 20  typically nmade .of silicon

di oxi'de. = The surface-of floating .  gate 54 s substan{d—aH—y—eeﬁJ—aﬁalL"_ ;

with the surface of substrate 22..3gJhird - |nsulat|ng

interposed - between floating gate 54 and wordlines ZObI‘mw Enlﬂﬂmemm

50, trench lining 52 -and floating gate 54 constitute 25

structure 30. : In operation, and referring to Fig. 2A, an

- -electrical =~ charge is |njected intofloating gates 54 by applylng a .
chargi ng vol t &feuctunee @urhuuindiogl iesssh 2@ leneht20£0r3dng t regdon to
creating Fow er-Nordheimcurrents 58 that inject - electrical charges

i nto floatingPyevddssaf pduradbsyr af cedement forming radgjens rieckrdcrilict ed
into flioating gate 54 wll be . ei ther positive or _negative dependl ng

on the dopi ngigplated sjfremn %ra?'éh??rand:hﬁol y§$‘|’:f-%’bﬁ°1?l o&EFHG YRt

?g_ The 35 Lo is iy ‘0Pt °lh 'the' E3b8E- 380 FHe el BRIRS

5 lined- with an insulating materlal - and fllled ._Wlth
polysilicon, wherein the polysilicon is electrica_lly _

charged.

| 8. a semiconductor device, mhich ‘comprises:
10 - a) a substrate; _ | -

b) a plﬁrality of wordhlines. ..arranged parallel to
each other amd extending in a row direction above- the
| substrate; |

c) a plurality of bitlines arrangedlparallel to each

15  other and | extending in a column direction generally
perpendicular to and above the wordlines;

d) an.isolation structure comprising a trench in the
substrate,- the trench _teing lined- mith an .insulating_
material and f111ed with poly5111con _is electrically

26 charged, the trench being located beneath and between

multip_le wordl:l.nes in the column direction.

| 9. An semlconductor device- accordlng to Claim 8,
-'further comprlslng°
- 25 ‘a) an array of memory cells whereln each memory cell

includes one trans:.stor and one capac1tor ;



_t:ur_mel"‘ t hrough the rel ati v=é| y thin trench lining 52 oxi de I ayer'
In the preferred enbodi nent,.- and for field wdth or active area-
spaci ng of about 0.25 microns, substrate 22 is

t—y—pe—ﬁﬂa%eH—m—haw—Hg
a doping | evel of about. 3x10[err] atorrsls_ . per crr[err] 54
is n-type material having a - resi stance of about 32 umm@ 'ﬂ ml
Trench l'ining 52 .~ has a thickness of 80-200 angstro

i nsul ating 10 Iayer 56 has a thickness of . 200- 500 angstromns. A chargl ng
voltage of - 9-13 volts is sufficient.to create the desired . -

~ Fow er - Nor dhei m curbknt seachi enransisterthaing cahaagsselﬁc‘grode on |pgatey

gate 54. The currents thus .created are very low . -and may be

mai ntai.ned as ingwlater netbesHateg uﬁlﬁétIQdES Comi’é?ééﬂﬁg) & ok ben of a -
sufficient char es |ntofloat|n 5 rowdethe requi site

i sol ation. gE'TﬁEcV‘P:F@ %ﬂ%rb‘i’%@gea be\?‘ﬁ??’ég%he St U&(}?}%@d and
'thelength of ti rgin voltae I|ed e.ndlng.
on the =~ debthL Bil??eﬁeﬂtgsg'tﬁg - 88 ??aepeﬁ@ﬁl% L S
gate oxi dgol 2o S8yl e CEhL mwgate at botn siHi% eAfC&Lgc@aee_.

charged f at| ng gate prow es o
electrode, one of the source and drain regions being

connected to .the bitline cont.ac‘t and the other of the
source aﬂd d_rain regions adjoining the isolation structure;
c)' each capacitor having a bottom electrode
10 connected to {:he' source and c_irain' region adj oinihg_ the
isolation structure and - 6ver1aying ‘'a second wordline -
located above one. side of the isolation structure and
overlaying the gate electrode, an insuiéting layer
interposed between | the bottom electrode and the 'sec:ond_
15  wordline , an insulating layer interposed between the bottom
‘electrode and the gate electrode, a top electrode abové. t.he.
bottom electrode, and a cell dielectric layer _interpose‘d
' betv}een the top ahd bottom electrodes; and |
da) whei'ein the_i.so.lation structure, which is located
20 beneath and between the second wordlines in adjacent_ memory
R cells, provid_es electrical isol_ation between_'.the adjacent

memory cells.

10. A semiconductor device according to claim 9,
25 ‘wherein the isolation structure surrounds at least two

memory cells having a shared bitline contact therebetween.



di mensi onal isolation bet ween access transistors 26'by ' I mpedi ng
current flow between inpurity diffused regions 32. 25 Fl oati ng gate 54

al so isolates bitline contacts 18 fron1one g anot her {Wﬁﬁ+ﬁkﬁh4ﬂkiiuijﬂﬂ_'
flow between inpurity diffused - gﬂpps'34 Trench 5 si cal
barrier to current flow between- i npurity-diffused r n @i" Hifu m
~further isolate transistors 26 and bittine con U
Utilization of - electrically charged floating gate reduces the
depth of trench 50 that is necessary to achieve adequate i sol ation. -
Thus, the aspect ratio: &nt ieeaati®n struatube. auddnastaecbsiny 8.0
acconnndate reduced cel | spaC|ng while still maintaining adeguate
i solation.. 35 further comprising -a charglng devicejpfor injecting. an -

~Referring nowto Fig. 4, because the charge initially injected into
floatlng gate‘élbetticausshﬁma% ke th loatlng gate. _

5h _ 12. & method'cf forming ah.isolaticn structure for e_
.semlconductor dev1ce, which comprises:
a) forming a trench in a substrate,
b) lining the trench w1th insulating material;
c). £filling the 11ned trench.w1th.polys1licon to form
10 a floatlng gate; _
d) 1n3ect1ng an.electrical charge 1nto the floatlng.

gate.

13. Method ' of forming an isolation structure
15 according to CIaiﬁ 12, furthef_comprising the steps.of:'
| a) overlaying the surface of the floating gate and
at least a portions of the substrate .with a layer of
insulating material; | |
| b) oﬁerlayihg at least a pcrtion of the layer of
20 'insulating;material above the floating gate with a layer of
'=1polys111con, ‘and |
c) “wherein the step of ‘injecting an electrical
charge into the floatlng gate comprlses applying a charglng

voltage to the 1ayer of poly51llcon._



the pfeseht invenfion I ncludes: a sensing,circuit 60‘?0T‘*-—-5ensLng_Lhe
charge on the floating gate; a booting circuit 5. lying a
chargi ng voltage to wordline(s) 20b - . and/ or 200 ;{ﬁ,ﬂ % -

circuit 64 for connecting wordl i negg)- 20b and/ g
circuit when the charge on floating gate 54 faIIs
necessary to ‘mai nt ai n adequat e ‘i sol ati-on,. and connecti ng mordllne(s)
20b .10 . and/or 20c back to an operating circuit when the. charge on
floating gate 54 is greater than the predetermned |evel. —In
the preferred enbodlnent FSOATING GATEUFLIEBGD LSOBATION BEﬁﬁ@Etlonal _
conparator or invertor. type circuit well known 15- in the art. Sensing
circuit 60 i s corinected to ANBUMETHOD OF MAKINGe8AFRGPBWECE? to detect
current passing. through access .transistor 26. A threshold voltage i-s
applied to ‘gate electrode 36. |If access transistor 26 "turns on" and
current passes through access transistog g? Egen sensing 20 circuit 60
detects the current and thereby. initiat BSTRA charging process
preV|oust descri bed. Charging will - ~continue until -no current
passes through access transistor 26 at the threshold voltage. Charging:

may continue for a ap ig &% bin egtﬁqet%kgngfohiangtef@éﬂff&gltf§019£§§H0|d

voltage 25  after sone decay of t arg I ng gate 54 Si nce

‘the area of flgafiteb J@ifleR8ibhisalbdtiRsn tié hge2t82 i semicoRadbtse
20a or 20b, the charging time wll be relatively - long (up to 10

seconds). But mhmbgyngeVScescesﬂméylsumatlon stmmhmamueabhpriSeshatttéach
charge time i s not.cunbersone to
formed in a substrate of a semiconductor memory dev1ce such
10 as a Dynamlc Random Access Memory (DRAM) . The_trench-is
lined with an' insulating material and 'filleﬁ' with
polysilicon to form a floating gate. An electrical charge
is then injected into the polysilicon floating gate. The
isolation stfucture'is'located between memory cells in an
15 array to pfox_f_idé isOlatioh between cells in sub-micron
spacing by combining the 'charactéristics -of trénc_h and
field isolation. .The electrical charge is injected into_
ﬁhe polysilicon: floafing gate by applying a charging
voltage to the wordlinés of'the'memory cell array.  The
:20' charging voltage'is_applied periodically as neceSSary to
maintain effective isolation. TWO dimensional'isolaﬁion is
achieved by extending.the trench_to-surfound each paif of

memory cells sharing a common bitline contact.

25
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30. "the operation of the devi ce. In addition, the Ieaéﬁ 1S Has Bee ncRIa _\‘:‘;} __:-f'

descri bed above may be done during power-up of the mmm ‘\her

mnimze the inpact of - -char gi ng. - Anot her,. asp

i nvention provides a nethod of 35  maki ng isolation _
whi ch nethod - can be integrated into the overall manufacture of a
DRAM I C chip < as shown: in Figgs. 5A-5F." The depqgsition,
patterni ngemand q-ent‘chl ng steps necepsady J§ nanufacture a -

i ncorporat§dg phesent | nvent o convention I

known : D
and. etched - ent i ory
phot ol it hograp ligles.  Trehch |
made of silico r“’

t hermal oxi dat

1 surfaces

208 |
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trench is

(CVD) at

filled wth polysilicon
| east to the surface of substrate 22 to

by Chen ca

Vapor—iﬁ———ﬁepcsrrrUﬁ—

. = a‘éed
54. |If necessary, floating gate 54 is et ched back to
copl anar with the surface of substrate 22. Irrpurllllu H
I nplanted in floating gate 54. 15 Referrln
gate oxide |ayer 66 i formed over the surface of substrate 22 and a
polysilicon. |ayer 6 S for er gate oxKde | ayer 66. Gate oxide
| ayer 66, whi ch Wi '\ _typic oxi dation, will 20
formnore rapidly ov t 0 SI | tfench thap it will over
silicon substrate 22.0Th Yy e on the doping | evel .of
Ehe Fol¥§|llcon |ntt¢g_ , §y1%§§66tﬁay be uptLo
wenty-five percen | _ 0 nit}lis over e
remai ni ng portion of bsiN a 7,80 d~oxi defand pol ysil.icon
| ayers are _patte et 0_jorjm el ect yode 36 (wordline
20d) of access transigho a <Bs shown {n Fig. 5C
Impurities are inplaQ@® e\su f substrgqte 22 using
wor dl i nes 20c and 20d%¥n ' fBas mhsks to form
i?puLiéy diffusgg{'ret g d E A73 a0nd sk' e gayeg 7? Lsd t
stacked over su rate : r ned and etched to
form buri ed SCont act i rity §$ed region 32, bitline
.contact 18 at inpuri d uded e A ggdNsidevwal § 76 35 ad10|n|ng
gate electrode 36 @QdN | i LA~ D S Fésmltlng structure i's
shown in Fig. 5D % \ I uw
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-12- . - Referring to Figs. 5E and 5F, a second polysili con

| ayer 78 is stacked over substrate 22. Second pol ysi licon Thszheétﬁ)lstfeen7 laced _J
is patterned and etched to form bottom el ectrode - 40 of

‘Bottom el ectrode 40 extends from above 5 gate el ectrode. 36 ﬁ
wor dl i ne 20c passing al ong and in contact wth inpurity

region 32. D electric | ayer 46 is forned over bottom el ect rode 40.
Dielectric | ayer 46 i's made  of a thin nitride film

oxi de-nitride-oxide (ONO filmor other suitable material. 10 A third
polysilicon layer is then stacked over substrate 22, and patterned and
etched to formtop el ectrode 48 of. capaci tor 28. Thick | ayer 82,
made of borophosphorous silicate glass (BPSG or other suitable
~insulator, is formed over the exposed upper surfaces of the structure
15 previously formed. Thick BPSG | ayer 82 is patterned and et ched
to forman opening for netal post 86..J\gj@) post &6 and bitline 24b
are formed wusing netal dep03|t|on¢q-<r
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techn'ivques well .known in the art. - 20 - Various nodi frcattons toanmd—

applications of the I nvention as descri bed herein may =
departing fromthe spirit and scope of the invention. I?ﬁi gt%a%eenﬁetlaced
thelnventlonlsllmted only by the ternms of the C ains m 'I I,
hereto. 25 -13-

1. An isolation structure for sem conductor devices, V\/m ch conpri ses

a trench in a substrate, the 28Anch bed@A S5 |1ipBA wit h an insulati ng

material and filled wth
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polysilicon, wherein the polysilicon is electrica11y charged.
2. An.isolation structure for sem conductor .devices, me&&ﬁ)ﬂﬁl St

a) a substrate; b)) a trench in the substrate
first insulating layer lining-the trench; ' j“llﬂxﬂlll

conpri sing a body of polysilicon 15 f||||ng t he Ilned
e) a charging device for injecting an electrical" _ charge into the
floating gate. : 3. An isolation structure according to Claim 2,
20 further conprising: S
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a) a second insulating layer overlaying the surface Tmsﬂma@%sﬁgﬁR
date and at |east a portion of the substrat e; ummll ,Jayer

of polysilicon overlaying at |least a 25 portion of t | atFHg™
| ayer above the floating gat e. : 14-

4. An isolation structure according to. Cla|n13 R mhereln the | ayer of
polysilicon is a wordline in a nenory celt array having a plurality

of wordlines and a plurality
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~

-of Bitlines arranged relative to one another over the 5. substrate |

i
5 An isolation structure according to daim3, Sﬁbe Replacht gj
devi ce conpri ses: a) a sensing circuit for sensrngl :'- ==
the 10 fl oati ng gate; _ b) a booting circuit
chargi ng vol tage to the layer of polysilicon: and -

"switching circuit for connecting the |ayer of polysrlrcon to the

booting circuit when the charge on the 15 roating gate is equal to or
| ess than a predeterm ned | evel .
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6. Ah isolation structure according to O aim 5,
switching circuit connects the wordlines to the
qgual

the charge on the floating gates is
predet erm ned | evel

circuit when the charge on

predeterm ned |evel.
<gsubstrate haV|ng

conprises a
sen1condu§§or
-15-

el GENf s

and connects

25

20 boptlng CIrCUIt

wherei n the -

mhan-

to or Iess than the ™ ~
the wordlines to an oper@i4 ndAN 1996

floatlng gate is greatel fhan the’

ﬂﬁ- sem conduct or devi ce, mhlc

elenﬁg
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structure surroundi ng each elenent formng region to

plurality of elenent formng regions electrically r,;"'"’ ated. . Lrooke
each other, the isolation structure conpri si nglia¢ Teheh T n éﬁei o8
substrat e, the trench being 5 lined with an insulati ing. nﬂrd g -
and filled wth polysilicon, wherein the poly | P‘i TCOD o S
electrically char ged. ~ 8. A senicondu “devi ce, which.

conprises: 10 . Ma) a substrahep ﬁ) a pl uraI ity of
wor dl i nes arranged p§'u lel to -:rqeach ot her extending in a row

di rection above the P
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Taral L&l ta-each
rfﬁqn ﬁ{\_v..',‘!‘_‘.!e: [Mrgiry eyl :

an i sof aEdonugf.

substrat e; c) a plurality of bitlines arr
15 other and extending in a colum direction g
per pendi cul ar to and above the wordlines; d

structure conprising a trench in the substrate, {|H&% rench heing |
lined with an insul ating material and filled wtiy—polysilicon is
electrically 20 charged, the trench being |ocated beneath and between
mul tiple wordlines in the colum direc8ion. 9. An

sem conduct or device according to Cl aimS8, further conprising: 25
a) an array of nmenory cells wherein each nmenory cell I ncl udes one

transi stor and one capacitor;
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16- b) each tran5|stor having a gate el ectrode on a gate .
I nsulator, the gate el ectrode conprising a portion of a fLrst.- ﬁfﬁi
wor dl i ne Iocated bet ween the isolation structure and 1fj‘a bltllne

contact, and source and drain regions forned in 5 the* '

rfac
substrate at both sides of the gate - el ectrode, ongé of t 53Am$§ﬁand

drain regi ons being connected to_4the bitline contact and the other -
of the source and dr ai egi ons j.0i ning t sol ation structure;
3gA° °"° 40 SBA°

OOV RN NN NN NN INSNNNNANCNNY

2 ey
48A | ) a
e e \ L N e \ : ‘@4

D Y’ / —
/ / ‘
]
FIG 3
BOOTING | —62
1  CIRCUIT
60 54
SENSING SWITCHING
CIRCUIT | cicuit [ WORDLINES
) A
| 1
S I Jd
PERIPHERY
»] FIELD
LINES

FIG. 4



c) each capacitor having a bottom electrode 10 connected to-the——
source and drain region adjoining the i sol ation stJFc%gﬁQJQQQK T SHEET i
overlaying a second wordline | ocat ed above one sid the i sol ation i
structure and overlaying the gate el ectrode, an |nsbI@LJng@“g@W”Emﬁ H
i nt erposed between the bottom el ectrode and the second 15W;QMQ£QLrae-“an:=:
i nsul ating |ayer interposed between the bottom el ectrode and the gate
el ectrode, a top el ectrode above the bottom el ectrode, and a cel
dielectric layer interposed bet the top and bottom el ectrodes;

and d) wherein the isolation structure, which is |ocated 20
beneath and between the second wordlines in adjacent nenory cells,

provi des el ectrical isolation between the adjacent menory cel | s.
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"10. A seniconductor device according to Claim9, 25 ’whﬁmﬂbEMHNTSHEET}

.isolation structure surrounds at | east two menor

shared bitline contact therebetween. : Date :....0...0 .
-17- ' 11. An isolation structure accordi ng—t6=¢&
further conprising a charging device for injecting an
charge into the floating gate.
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5 12. A nethod of forning an isolation structure fof a"PL""f'f"'? NT:;';_.;:?,'
sem conduct or devi ce, which conpri ses: a) form ' i
substrat e; b) lining the trench with insulating|
c) filling the Iined trench with polysilicon to form 10
gat e; d) injecting an electrical charge into the float| ng
gat e. 13. Method of formng an isolation structure 15
according to Claim12, further conprisihg the steps of: a)
overlaying the surface of the floating gate and at |east a portion of
the substrate with a | ayer of insulating material;
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b) overlay| ng at least a portion of the |layer of 20
above the floating gate wwth a | ayer of pol ysi | i coj

c) wherein

the step of injecting an electrical

floating gate conprises applying a charging vol ta_.

pol ysi li con.

FLOATING GATE FIELD ISOLATION DEVICE

AND METHOD OF MAKING SAID DEVICE
ABSTRACT

An isolation structure providing electrical isolation
in two dimensions between memory cells in- semiconductor
memory devices. The isolation structure comprises a trench
formed in a substrate of a semiconductor memory device such
as a Dynamic Random Access Memory (DRAM). The trench is
lined with an insulating material .and filled with
polysilicon to form a floating gate. An electrical charge
is then injected into the polysilicon floating gate. The
isolation structure is located betw;een memory cells in an
array to provide isolation between cells in sub-micron
spacipg by combining the characteristics of trench and
field isolation. The electrical charge is injected into
the polysilicon floating gate by applying a charging
voltage to the wordlines of the memory cell array. The
chérqing voltage is applied periodically as necessary to
maintain effective isolation. Two dimensional isolation is
achieved by extending the trench to surround each pair of

memory cells sharing a common bitline contact.

Figure S5F




