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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 Whidh 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 spacing has created the need for corresponding
miniaturization of tﬁg isolating structures. It is this
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need for smaller isolating structures that the present

invention addresses.

Currently, memory cell isolation is achieved using an
oxide film formed by.the Local Oxidation Of Silicon (LOCOS)
or recessed LOCOS _ﬁethods, trench isolation, or field
isolation. Using LOCOS, a relatively thick oxide region is
formed around each cell; As the size of the cell structure
is reduced, the cprresponding reduction in the size of the
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.
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
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
the bird’s beak remains constant even as the size of the

LOCOS oxide region is reduced. For these various reasons,

the LOCOS method impedes miniaturization of the memory cell.
array particularly below about 0.35 nmicron spacing.

Trench isolation utilizes a "trench etched into the

~substrate between memory cells. " 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

" trench necessary for isolation becomes severe so that it is

difficult to etch the trench to the required depth.
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Field shield isolation utilizes a shielding electrode

formed ‘over. the -substrat_e. between the source and drain

regions of adjacent memory cells. cell isolation is
achieved by applying a low pot_entiai to the shielding
electrode to prevent current conduction - between adjacent
memory' cells. However, because the shielding electrode
occupies space above the substrate in the memory cell
array, it is an impe_dimentl to further miniaturization. In
addition, isolation in the memory cell array. for submicron
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
' 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

- 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
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

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
for cell spac:.ng at or below about 0.35 microns. '
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It is therefore a principal' object of the present
invention to provide an isolation structure and method for
forming the same that effectively isolates cells in very

small cell spacing to allow high'density-intégration of IC

chips.

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
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.

It is another _object to provide isolation in two
dimensions in the memory cell array.

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

The above objects are achieved by an isolation
structure for semiconductor memory devices comprising a
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
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
isolation of the charged polysilicon. Unlike conventional
field isolation wherein the shielding electrode occupies
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space above the substrate in the array area of the device,
the shielding electrode component is buried in the

‘substrate, thus providing effective isolation in very small

cell spacing.

In another aspect of the invention, the electrical
charge is injected into the polysilicon by means of the

 wordlines of the memory cell array. In this aspect of'the

invention, the surface of the polysilicon in the trench is

. made substantially coplanar with the top of the trench and
~overlayed with insulating material to form a floating gate.
A layer of polysilicon overlays 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
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
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
maintained. '

The isolation structure of the present invention will
typically be located between adjacent cells in the array

. beneath and overlapping multiple wordlines. . Two

dimensional 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
features of the invention will become apparent to those
skilled in the art from the following detailed description,
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wherein I have shown and. described only the preferred
embodiments of the 1nventlon 51mp1y by way of 111ustrat1ng

the best mode contemplated by me of carrying out the

invention. As will be realized, the invention is capable
of other and different embodiments and use in other
applications, and its several details are capable of
modifications in  various obvious respects, all without
departing from the invention. Accordingly, the drawings
and description are to be regarded as 1llustrat:|.ve in
nature, and not as restrictive. '

Fig. 1 is a'nlan“view'of a portion.of.afDﬁiﬁimeﬁory
cell array illustrating one embodiment of the invention.

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

Fig. 2B is a cross section view taken along line B-B
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.

Fig. 4 is a block dlagram 111ustrat1ng one aspect of -
the invention.

Figs._5A—5F are cross section views illustrating the

- steps of forming a memory cell of a DRAM 1ncorporat1ng the

present invention.

Fig. 1 is a plan/top view of a portion of a DRAM IC
chip memory cell array.
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Figs. 2A and 2B are cross sections of a portion of the
memory cell array along the lines A-A and B-B in Fig. 1,
respectively. Fig. 2A illustrates'memory cells 10 and 12
ahd bitline contact 18 common to or shared by memory cells
10 and 12. Referring to Figs. 1, 2A and 2B, the memory
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.
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. '

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.
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
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.
Bottom electrodes 40, dielectric 1layers 46 and top
electrodes 48 conStitute-capacitofs 28. Capacitbrs'zs as
illustrated in Fig.lz are commonly referred to as "stacked"

 capacitors.

In an alternative embodiment illustrated in Fig. 3, a
container cell capacitor 28a is used. Container cell
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capacitor 28a comprises bo_ttom'.electrodes 40a, dielectric _

layers 46a and top electrodes 48a formed in the same
locations as the corresponding components of the stacked
capacitors previously described. Container cell capacitors

- 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 bottom electrodes 40 of stacked capacitors 28 are
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
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
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
isolation structure 30.

In operation, and referring to Fig. 2A, an electrical

' charge is injected into floating gates 54 by applying a

charging voltage to one or both wordlines 20b and 20c ,
thereby creating Fowler-Nordheim currents 58 that inject
electrical charges into floating gate 54 from substrate 22.
The charges that are injlected into floating gate 54 will be
either positive or. negative depending on “the doping of

"silicon substrate 22 and polysilicon floatihg gate 54. The
Fowler- Nordheim current is created as electrons (or holes)

-
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tunnel through the relatlvely thin trench 11n1ng 52 oxide

_layer.

In the preferred embodiment, 'and for field width-or'
active area spacing of about 0.25 microns, substrate 22 is
p-typé material hav1ng a doping level of about 3x1015 atoms

‘per cm._ Floatlng gate 54 is n-type material hav1ng a

resistance of about 32 ohms per square. Trench lining 52

~ has' a thickness of 80-200 angstroms and third insulating

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 chargeéﬂihto

floating gate 54. The currents thus created are very low

-~ and may be maintained as long as necessary (up to 10 "

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
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.
Floating gate 54 also isolates bitline contacts 18 from one
another by impeding current flow between impurity diffused
regions 34. Trench 50 forms a phy51ca1 barrier to current
flow between impurity dlffused regions 32 to further
isolate transistors 26 and Dbitline contacts 18.
Utilization of electrically charged floating gate 54

-reduces'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.
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- Referring now to Fig. 4, because -the charge initially
injected into floating gate 54 will dissipate over time,
the present invention includes: a sensing circuit 60 for

sensing the charge on the floating gate;'a booting circuit

62 for applying a charging 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_connécting“wordline(s) 20b
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
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 thréugh access transistor 26, then sensing
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
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
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
making isolation structure 30, which'_method, can be
integrated into the overall manufacture of a DRAM IC chip
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‘as shown in Figs; 5A-5F. The depositibn, patterning-and_

etching steps necessary to manufacture a DRAM incorporating
the present inventibn are all conventional and well known
in the art. Referring to Fig. SA; trénch 50 is patterned -
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 oxiqation. Ihe'lihed

trench is filled with polysilicon by Chemical Vapor
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. '

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 layer 66. Gate oxide layer'GG,
which will typically be formed by thermal oxidation, will

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
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
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 impurity diffused region 34, and sidewalls 76
adjoining gate electrode 36 and wordline 20c. " This

resulting structure is shown in Fig. 5D.
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layer 78 is stacked over substrate 22. Second polysilicon
layer 78 is patterned and etched to form bottom electrode
40 of capacitor 28. Bottom electrode 40 extends from above
gate electrode 36 to above wordline 20c passing al@ng 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.

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
pbreviously 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 using metal deposition
techniqgues well known in the art. o

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. - ' '
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1. An 1solatlon structure for semlconductor dev1ces,-

’whlch comprlses a trench in a substrate, the trench being

'_llned Wlth ‘an 1nsu1at1ng - material and fllled: with

polySilicon, wherein the';polysilicon_'is 'electrically-t

charged.

2. ‘An 1solatlon structure for semlconductor dev1ces,
which comprlse5° | |

a) a substrate,h

b) a trench in the substrate,

c). a first insulating layer 11ning the trench4

a) a floating gate comprising a body of poly5111con
f1111ng the 11ned trench;

e) a charging dev1ce for 1nject1ng an electrlcal

charge 1nto the floatlng gate.

3. . An 1solatlon structure accordlng to Clalm 2,
further compr1s1ng° | |

a) a second 1nsulat1ng 1ayer overlaylng the surface

of the floatlng gate and at least a' portlon _of the '

substrate,
b) a layer of poly51llcon overlaylng at - least a

portlon of the second 1nsulat1ng layer above the floatlng_

'gate.
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whereln the layer of polys1llcon is a wordllne in a memory -

cell array hav1ng a plurallty of wordllnes and a plurallty

.“of bltllnes arranged, relative 'to one 'another ~over the

substrate.

5.. An isolation structure according .to Claim 3, .
wherein the charglng device comprlses- .. .

a) --a sens1ng c1rcuit for sensing the charge -on the
floating gate, : _

b) - a bootlng circult for applylng a charglng'voltage
to the layer of poly5111con, and

'c)- a sw1tch1ng circuit for connectlng the layer of
polys111con to the bootlng circuit when the charge on the
floatlng gate 1s_equa1 to or less than a predetermlned_

level.

6. An isolation structure according to 'Claim 5,
wherein the sw1tch1ng 01rcu1t connects the Wordllnes to the

bootlng circuit when the charge on. the floatlng gates is

. qual to or less than the predetermlned level andsconnects

the wordlines to an operating circuit when the charge on.

floating gate is greater than the predetermined level.

7. A semiconductor device, which 'comprises a

substrate having _element'.forming' regions on which .

- semiconductor - elements ' ‘are ‘formed ' and ‘an . isolation
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"structure surroundlng each element form:.ng reglon to_' a

prov1de a plural:l.ty of element formlng reglons electrlcally.-
isolated from ‘each other, ' the J.solatl_on_-_ structure :
comﬁrising a trench in the -su.bs'tr'a_te, the trench beinf_:j
lined with' an insulla'tingl material - and fllled .Wlth
polyeilicon, wherein the polysilicon is electrlcally _

charged.

8. A semiconductor device, which comprises: '
a) a substrate;

b) a plﬁrality of word.lines arranged parallel to

each other and extending in a row direction above the

substrate;

c) a plurality of bitlines arranged parallel to each

other and extending in a column direction generally

perpendicular to and above the wordlines;

d) an isolation structure comprising a trench in the
subs-trate, - the trench _being lined- with an insulating
material and f111ed with poly5111con _ is electrically

charged, the trench being located beneath and between

multip_le wordl:l.nes in the column direction.

9. An sem:.conductor device- accordlng to Claim 8,

a further compr151ng°

‘a) an array of memory cells whereln each memory cell

includes one trans:.stor and one capac1tor ;
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l_o)' each transiétor ﬁaving a gate electrode on a gate

" insulator, the gate electrode comprising a portion of a -
' first wordline located between the isolation structure and .
- a bitline cohtact,_ and source and drain regions formed in

‘the surface of the substrate at both sides of the gate

electrode, one of the soufce 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
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_

 wordline , an insulating layer interposed between the bottom

‘electrode and the gate electrode, a top electrode above the

bottom electrode, and a cell dielectric layer interposed
betv}een the top ahd bottom electrodes; and _
da) wherein the_isoiation structure, which is located

beneath and between the second wordlines in adjacent memory

~ cells, provid_es electrical isol_ation between_'.the adjacent

memory cells.

10. A semiconductor device according to claim 9,

‘wherein the isolation structure surrounds at 1least two

memory cells having a shared bitline contact therebetween.
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11. " An_'isoiation-_structure according to cClaim 8,

further 'comprising “a"charging device for injecting. an 3

electrical charge into the floating gate.

12. & method'of forming an'isolatibn structure for a

semlconductor dev1ce, which comprises:

a) forming a trench in a substrate,

b) lining the trench w1th insulating material; _

e). £filling the 11ned trench.w1th.polys1licon to form
a floatlng gate; _

d) 1n3ect1ng an.electrical charge 1nto the floatlng.

gate.

13. Method ' of forming an isolation structure

according to Claim 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
1nsulat1ng materlal, | |

b) overlaylng at least a portlon of the layer of

1nsulat1ng material above the floating gate with a layer of_

'=1polys1llcon, ‘and

c) “wherein the step of ‘injecting an electrical
harge into the floatlng gate comprlses applying a charglng

voltage to the 1ayer of poly51llcon._



