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DESCRIPTION

MEMORY CELL WITH REDUCED SIZE AND STANDBY CURRENT

TECHNICAL FIELD

The invention relates to non-volatile memory
call and memoyy arrays and, in particular, Lo a compact
architectural arrangement for fabrication of non-volatile
memory devices with low standby current and a method of

making same.

BACKGROUND ART

A non-volatile memory device retainsg data even
after power to the device is terminated, One particular
Lype of non-volatile memory devigce ig an electrically
erasable programrable read ocnly memory (EEPROM} device.
In an EZIPROM devilce, programming and erasing are
accomplished by rransferring electrons to and from a
floating gate elactrode through a thin dielectric laver,
known as a tunnel-oxide layer, located betwesn the
floating gate elactrode and an underlying substrate.
Typically, electron transfer is carried out by either hot
alectron injecticn or by Fowler-Nordheim tunneling. In
either electron transfer mechanism, & volbage is coupled
to the Fleoating gate electrode by a contrel gate
electrode, also known as a programuing region. The
control gate electrode or programming region is
capacitively courled to the fleoating gate elesctrods such
that a voltage agplied to the programming region isg
coupled to the floating gate electrode.

A traditiconal EEPROM device utilizes the
floating gate, in a field effect transistor structure,

positicied over kubt insulated frowm a channel region in
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the semiconductor substrate, and betweesn source and drain
regions. A threshold voltage characteristic of the
transistor is controlled by an amcount of charge that is
retained on the fileating gate. Thus, a minimum amount of
voltage (i.e., the threshold voltages) must be applied to
the conzrol gate before the transistor is turned “on, "
thus permitting conduction between source and drain
regions of the transistor. Conduction is controlled by

charge on the {fleating . gate. L menory

a1

the amount o

programmed or erased to one of two gtates

i1

transisior 1
by transferring alectrons from the substrate channel
redgion, thiough a tunnel window constructed in the thin

dielectrigc tunnell layer and onto and from the floating

A state of the wemory transistor 18 read by
placing an operating voltage across the sourde and drain
with an additional voltage on the control gate of the
memory transistor. A level of current fldwing between
the souzce and drain is detected to determine whether the
device is programmed to be “on' or Yoif" for a given
control gate voltage. A specific single memory
trangistor cell im a two-dimensional array of EEPROM
memory ¢ells ig addressed for reading by (1) applying a
gource-drain veoltage to source and drain lines in a
column containing the cell belng addressed, and; (2}
applyving a contral gate voltage to the control gates in &
row cgontaining thie cell being addressed.

Ag digcoussed, FEPROM memory cells may be srased
eléctrically. Owneg way in which the cell is erased
electrically is by transfer of charge from the floating
gate to the transistor drain through a thin tunnel
dielectric layer.dt Charge transfer is again accomplished

by applving appropriate veoltages to the source, drain,
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and control gate of the floating gate transistor. Aan
array of EEPROM cells is generally referréd to as a Flash
EEPROM array because an entire array of cells, or a
gignificant group of cells, is erazed simultanesously.

As Flash EEPRCM arrays becoms increasingly
larger in terms of storage capacity, the semiconductor
industry has attempted various ways of reducing a size of
individual memory cells, and thus, reducing a size ©f the
entire array. The size reduction however canunoct impact

ritical characteristics of the memory
device such as gtandby current. The reduction in size of
individual memory cells means an overall reduction in the
area of the memory array. With more devices available in
a given area, it is gritical that each device maintains
az low a standby current as possible.

Traditionally, EEPROM cell size has been
limited by the required width of the active region. A
primary limiting factor in determining the active region
width i3 the sisze of the tunnel window. Traditionally,
the tunnel window iz defined by lithography which
produces a limitation on a minimum aperture size for the
tunnel window. The dctive area is required by process
design rules to extend beyond this minimum aperture size.
Conseguently, this reguirement determines a minimum width
of the memory device conduction channel. To achieve a
makimum of saturation current through the conduction
channel, it is degirable to maximize the ratio of width
to length of the memory device.

The lithographic limits in determining the
minimum width of ithe tunnel window also determine &
minimum width of the memory device.  With the widtlh of
the memory device determined, the length ©f tLhe memory

device ig also determined. The constraints determined by
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the feature size of the tunnel window therefore produce a
limitation on the scalability of the EEPROM cell and in
turn limit the ability to minimize the memory cell size.
1t would be desirable to achieve an enhancement
to a tunnel window fabrication process which would
further reduce the minimum aperture size of the tunnel
dicde window. A further reduction in the minimum feature
gize of the tunmel window directly affects the minimum
features of a memory device. A further reduction in
tunnel window size would enhance the zcalability of the
EEPROM memory cell. Additionally it would be further

desirable ro achileve the reduction in minimal feature

i}

ize while maintaining an extremely low standby current.

SUMMARY OF THE INVENTION

The present invention is a method, and
resulting device, for fabricating wemory cells with an
extremely small area and low standbyl current. The small
area regulrement i1s met due primarily te two significant
factors., First, a judicious use of spacerg, described in
detail infra, allows a tunneling window to be fabricated
with feature sizes less than comparable features produced
by conventional Iithography. Using spacers, a tunneling
window may be fabricated with an aperture significantly
gmaller than the limits set by optical photolithography.

The low standby current reguirement is met by
twoe factors as well. Firvst the scaling cepability,
besgides offering weduced feature sizkeg, also means that
an amount of standby current is reduced due to gmaller
device gaometries. Secondly a device width of a select
gate of the memory device can be narrowed independent of
the wid:h of the storage device. Ths work function of

the select gate is proportional to the standby current.
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Experimental evidence suggests an appropriate work
function of the select gate produces a significantly
lower standby current.

In one exemplary embodiment, the prssent
inverition is a method of fabricating an electronic
integrated circuit device on a first surface of a
substrate {e.g., @& silicon wafer}). The wmethod includes
forming a first dielectric layer, such as silicon dioxlde
(e.g., thermally or deposited). At least one additional
dielectric film layer is then formed over the first
dielectric film layer. An aperture 1s creatsed and
spacers are formed on sidewalls of the apsrture. The
spacers are produced such that a distance between spacers
on opposing sidewalls of the aperturs is less than a
limit of optical photolithography. An injectoyr dopant
region isg then formed within the aperture ctreated by the
spacers and a porticon of the area immediately adjacent.
The first dielectric film layer and an upper portion of
the substrate urnidsrlying the second aperture are etched
and covered with @ dielectric laver,: thus forming the

tunnel ing window.:

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. 14 - 1H are an exemplary embodiment of
process steps smploying a spacer application and
tunneling window fabrication technighe used in the

pregsent Inventio.

DETAILED DESCRIPTION OQF THE INVENTION

With referencs to Figs. 1A - 1E, adwvanced
spaceyr Iabrication technigues are deszscribed in detail.
The gpacer fabricmtion techinigue is described with regard

to a ginplified tbpology to clearly describe and define
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various process steps. Although the simplified topology
ig & wariation of a topology actually employed in the
present invention, the simplified topology fabrication
Stepe are described so as to more clearly describe the
technigue.

A gross-section A-A of Fig. 1A includes a
gubstrate 101, a first dielectric layer 103A, a second
dielectric layer 10%, and a third dielectric layer 107 in
an exemplary smbodiment of the present invention. The
second dielectric laver 105 and the third dielectric
layer 107 contain a first aperturse 108. The substrate
101 nay be comprised of various materials known in the
gemiconductor art. Such materials include silicon (eor

semiconductors (s.g9.,

other group IV materials), compound
e

T

compounds of elements, especially slaments from periocdic

{

table groups III-V and II-V1}, guartz reticlesg, or other
suitable materials.

In a specific exemplary embodiment, the
substrate 101 igs a p-type silicon wafer (ox
alternatively, a p-type well in a substrate). The first
dielectric layer 103A is a silicon dioxide layer and may
be formed by a thermal oxidation technigue or
alternatively may be deposited by any of a wvariety of
technigues such as atomic layer deposition (ALD),
chemical wvapor deposition {(CVD), low-pressure VD
{(LPCVD), plasma-enhanced CVD (PECVD), or plasnma-assisted
CVD (PACVD) . In this specific exemplary embodiment, the
second dielectric layer 105 and third dielectric layer
107 are substantially comprised of silicon nitride and
TEOS ozide {(fetra-ethoxysilane or tetraethyl
orthosilicate) respectively. i

A selective etchant, such as a highly seslective

drv etch or wst chemical etch is chosen to etch the third
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dielectric layer 107 and the second dielectric layer 105,
thus forming a first aperture 108. EBtching of underlying
layers can occur through various wet-etch technigues
{e.g., the first dielectric layer 103A may be etched in
hydroflucoric acid, such as contained in a standard
buffered oxide etch (BOE}), or orthophosphoric acid} or
dry etch technigues {e.g., reactive-ion-etching (RIE)).
A skilled artisan will recognize that various chemistries
may be chosen which will readily etch, for example, a
polysilicon layer while leaving & nitride layer
eggentially intact {or vice versa) or etch a nitride
layer while leaving a silicon dioxide layer intact (or
vice verga). Therefore, etches of one layer may be
performed while lgaving adjacent laysrs intact while
avoiding tedious and critical timing steps. Layers
comprised of materials dissimilar to the layer belng
etched thus serve as an etch stop. Such etching
technigues are known in the semiconductor art. In this
exemplary embodiment, one or morg selective etchants are
chosen such that there is a high gelectivity of etch rate
between the second and third dielectiric layers 105, 107
and the underlying first dielectric layer L103A.
Therefore, due to the selectivity of the etchant itself
there is no need for critical timing as the [irst
dielectric layer 103A acts as an etch stop for the second
and third dislectric layers 105, 107. This selective
etch capability is used to produce the first aperture 108
and gimilar techniques are used in subseguent process
steps.

A blanket dielectric spacer layeyr {(not shown)
is formed for example, by COVD ox LPCOVD technigues. In a
aspecific exemplary embodiment, the dielectric spacer

layer is chosen to be chemically dissimilar to the
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underlving etched third dielectric layer 107. Fox
example, if the éetched third dielectric layer 107 is
chosen to be TEOS oxide, then the dielectric spacer layerx
may be chosen to be sgilicon nitride, In this way, an
etchant which is selective betwden silicon dioxide and
silicon nitride &llows the etched third dielectric (e.g.,
TEOS oxide) layver 107 to act as an etch stop for etching
a dislectric gpacer 109 from the gpacer dielectric {(e.g.,
gilicon nitride) layver.

This first spacerx etch step is exemplified with
reference to both the plan view and a cross-gectional
view A-A of Fig. 1A. In a case where dissimilar
materials arve used for the setghed third dielegtric laver
107 and the spacsr dielectric laver, a dielectyic spacer
109 i3 formed on the first aperture sidewalls by a
selective etchant. The selective etchant is used to etch
the dielectric spacer 109 without substantially affecting
an integrity of any other layer.

Etching of the spader layexr is performed such
that substantially all horizontal surfaces (i.e., those
parallel to the face of the substrate) are etched while
leaving surfaces that are aeggentially vertical
substan:ially intmct. The resulting width of the
dielectric spacern 109 is essentially the thickness of the
spacer dielectric layer deposited before selective
etching In the present exemplary embodiment the
dielectric spaced 109 is a thickness of 5004, a thickness
of the zecond dielectric {(i.e., a step thickness) is
10004, ind & thickness of the first dielectric layer 103A
is 100-100A, Such etches, as those of the spacer
dielectric layer,t are acgcomplished by, for sxample, a
reactive ion etcelx. The plan view of Fig. 1A indicates

both a 3ize of thre second aperture through the spacer
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laver and visible layers. The layers visible at this
gstage of fabrication are the patterned dielectric spacer
109, the third dielectric layer 107, and the substrate
101.

Generally, typical photolithographic technigues
are limited by physical constraints of the
photeolithographic system inveolving actinic radiation
wavelength, A, and geometrical configurations of the
projection system optics. According to Rayleigh’s
criterion,

0.614
N2

where NA is the numerical aperture of the optical system
and is defined as NA = nsinao, where n is the index of
refraction of the medium which the radiation traverses
{usually air for this application, sb n = 1} and ¢ 1s a
half-angle of divergence of the actinic radiation. For
example, using deep ultraviolet (DUV) illumination with
A=193 nm, and NA = 0.7, the lower limit of resolution is
168 nanometers (1680 A). Technigues such as phase-
gshifted masks can extend this limit downward, but
photomasks reguired employving this technigus are
extremely expensive. Thig expense bhaddOmes greatly
caompounded with a realigation that an advanced
semiconductor process may employ mora than 25 photomasks.
A “width” of the dielectrin spacer 109 is
dependent upon a ithickness of the deposited spacer layer
and a step heighti of & proximabe structure; the
dielectric spacexr 109 is approximately 0.7 - t, where “t”
ig the thickness of the cowmbined thizknesses -of the
etched gsecond and third dislectric lhyers 105, 107.

Thus, the width of the spacers and, Tonsequently any
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underlying features, may be fabricated to be sxtremely
small, ‘Therefore, the fabrication method described
herein, and a device resulting from employing the method,
may have conponents that are formed below a limlt of
regolution of optical photolithography by utilizing
spacers to geparate laterally displaced features (i.e.,
features that have spatial dimensionk less than the limit
of resclution in planes parallel to a face of a substrate
oxr wafer, or “z-y” dimensions).

The plan view of Fig. 1a ihdicates how the
dielectric spacer 109 can significantly reduce a size of
an apesrture. Por example, compare a size of the first
aperture 108 opening onto the third dielectric layer 107
with a sirze of the second aperture now open to the
substrate 101, If the first aperturs 108 were at the
Timit of rescolution for a particular photolithographic
stepper, in this casge, 0.18 pm, and the thickness of the
gpaceyr dielectric layer was 100 nm {i.e., 0.10 um), then
the aperture size “S¢ between the spacers 109 on opposing
sidewalls of the original aperture (i.e., the aperture

opening onto the substrate 101) is

0.18 um — [2 - {o.7{0.10 pr)f]
= 0.04 pm

n n
i

Thuiis, the second aperture formed by the
dielectric spacers 109 mav be significantly less than the
limit of resolution of the stepper. :An additional
henefit is that & select transistor width can alsc be
agaled down to a minimum size, thus xeeping current
through the devide minimized while enabling further

gcaling capabilivies. Further elaboration ocn a
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difference in a gelect gate width versus a storage gate
width is discussed infra.

With reference to cross-section B-B of Fig. 1B,
in the present exemplary embodiment, the first dielectyric
layer 10232 is etched to form an etched first dielectric
layer 103B and an stch aperture 110 exposing a portion of
the substrate 101. The second aperture formed by Lhe
dielectric gspacer 109 (Fig. 14} is used to perform a
gselactive etch on the first dielectric layer 1032 to form

the etched first dielectric layer 1032B and the etch

aperture 110. After the etch aperture 110 is formed by

the selective stch, the third dielectric layver 107, the
second dielectric layer 105, and the dielectric spacers
109 are removed by a seguence of the etchants such as
thoge mentioned supra.

With reference t£o the plan view of Flg. 1B, the
gize of the etch aperture 110 formed by the dielectric
spacer exposes a portion of the substrate 101. A
relative indication of the swall size of the etch
aperture 110 ig demonstrated.

With reference to cross-segtion C-C of Fig. 1C,
in the present exemplary embodiment,; the substrate 101 is
selectively etched to produce an etched substrate recess
113. To produce tfhe etched substrate recess 113 the
substrate 101 is over stched, through the etch aperture
110 (Fig. 1B), ta a deépth of about 200-3004 below an
uppermost surface of the etched first dielectric layer
103A. A gize of the etched substrate recess 113 is
roughly the size of the second aperture formed by the
dielectric spacexr 109. The dielectric spacexr 109 thus
serves ag an etch mask. The dielectric spacer 108 also
serves 1o limit an area for a subssguent dopant step,

thereby forming an injector dopant yvegion 111. The
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injector dopant region 111 may be formed by processes
known to a skilled artisan and include technigues such ag
diffusion and ion implantation. The injector dopant
region 111, per the present exemplary esmbodiment, is made
by doping a lcoecalized area (e.g., through injector ilon
implantation) creating a subsurface highly-doped region
for receiving bias from a nearby contact for charge
generation, i.=., a tunneling injector.

With reference to the plan view of Fig. 1C, a
small feature size of the etched substrate recess 113 is
carried through te a recessed first dielsctric layer 103C
with a thin oxide grown over the etched subsgtriate recess
113. The thin oxide is, for example,. the same maberial as
the stohed first dielectric layver 10BB.

With reference to crozz-geztion DD of Fig. 1D,
in the present exemplary embodiment,:an initial floating
gate 115& and an initial etched fortn dialectic layer
117 are fabricated on the recesdged first dielectric
layer 103C above the etched substrats recess L13 and the
injector dopant region 11l so as to form a floating gate
portion of a stogage device. Fabrication of the initial
floating gate 115A and the initial ezched fourth
dielectric layer 1178 commences witlhia first
semiconductor layer (not shown) being deposited across
the first surface of the substrate 121. A subseguent
depogition of a flourth dielectric layer (not shown} is
applied on top of the first dielectyic layer LO03B. The
first semiconductor layer and the fourth dielectric layex
are étched to form the initial floating gate L1S5A and the
initial etched fourth dielectric laykr 117A with a non-
critical gate length 118. The first semiconduchteor layer,
in the present ezemplary embodiment,:is a higls

concertration n-typs polysilicon mat=rial. With
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reference to the plan view of Fig. 1D, the initial etched
fourth dielectric layer 117A is situated atop the imitial
floating gate 1154 and the recessed first dielectric
layver 103C.

With reference to drosg-gection B-E of ¥Fig. 1E,
in the present exemplary smbodiment a second
gemiconductor layer 11%A is deposited in a conformal
laver across the upper surface of the recesgsged first
dielectric laver 103C which covers the initial fleating
gate 115A and the initial etched fourth dielectric layer
117A. In the present exemplary embodiment the gecond
semiconductor layer 115A is an undoped polysilicon
material. A photoresist material is depocsited on top of
the second semiconductor layer 11%A and is processed to
form a patterned photoresist layer 121.

In the plan wview of Fig. 1B, the patterning of
the patterned photoresist layer 121 produces a select
gate region 123 in close proximity to the floating gate
portion (i.e., the initial fleoating gate 115A and the
initial etched fourth dielectric lavey 1174A) of the
storage device (Fig. 1D). A high concentration of p-type
dopant naterial is applied at the select gate implant
region .23 and into the exposed second semiconductor
layer 1.9A. A skilled artisan would readily consider an
ion imp-antation technigue for injecting the dopant at
the select gate ihplant region 123 or other effective
means for applicakbtion of the high concentyration p-type
dopant naterial.

With refererice to cross-section P-F of Fig: 1F,
in the present exemplary ewbodiment, a fifth dielectric
layer 125A is depbsited in a conformal layer acroeoss an
upper surface of the recessed firvst dielectric layer 1030

and over a storage gate 119 and a select gate 119,
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From a just prior set of patterning and lithographic
steps (not shown} a final etched structure of a floating
gate 115B and an etched fourth dielectric layer 117B with
a final gate length 120 is produced. The final gate
Tength 120 dimeneion isg less than the non-c¢ritical ogate
length 118 (Fig. 1D).

The second semiconductor laver 1194 (Fig. 1E)
is selectively patterned with photoresist and gelectively
etched {(not shown) to form the storage gate 119y and the
select gate 119 . The select gate 119y is, for example,
of high concentration p-type dopant material (Fig. 1E)
dite to the application ©f that material discussed supra.
The fifth dielectric layer 1252 laver also covers
vertical sidewalls of the select gate 118 and the
astorage device formed by the storage gate 119x, the
etched fourth dielectric laver 1178, and the floating
gate 1158. The fifth dielectric layer 1254 way be
selected from materials such as an oxynitride or ONO.

The plan view of Fig. 1F has delineation rnoting conformal
ridges 1n the fifth dielectric layer 125& of the
oxynitrode in the exemplary embodiment of the present
invent iom. i

With reference Lo crogss-section G-G of Fig. 1G,
in the present specific sxemplary embodiment a second
spacer etch step removes the fifth dielectric layer 12354
{for example, oxynitride) from essentially all horizontal
surfaces. The aspacer etching is achieved without
substantially affscting an integrity of any other layer.
With reference to the plan view of Pig. 1G, a plurality
of dielectric gpakers 125R abut the aidewalls of the
select gate 11% and the storage gabte 11l9x.

With reference to cross-sectlon H-H of Fig. 1H,

a high concentration n-type material ls applied to the
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open regions of the recessed first dielectric layer 103C
in the present exemplary embodiment. The high
concentration n-type material forms a plurality of
implant regiona 127. Additionally the area of the select
gate 119x; is masked with a patterned photoresist before
the n+-type waterial is applied, thus no dopant material
reaches a select gate 119%. The storage gate 118y is
left unmasked and exposed to the application of the high
concentration n-type material. After application of the
high concentration n-type material, the zselect gabe 119g;
ig still composed of a high concentration p-type material
and the storage gate 119B1 is composed of the high
concentration n-type material. The select gate 118s
being high concentration p-tyvpe material with
gsource/drain diffusions (i.e., the two implant regions
127 adjacent to the sgselect gate 119 of na-twype
material, reduces the standby leakags current. The
gsource/drain diffusions of n+-type material and the
select gate 118z of p+-type material {in contmast te a
typical NMOS device having a select gate of n+-type
material) adjusts the work function between the regions

© cause the reducticon in the standby leakage current.

[

The fabrication processges employed and
degcribed with rdference to Figs. 1A - 1H can be eumployed
in adwvanced memoxry array design as described supra.

While various sewmiconductor fabrication and processing
technigues may be ussd to accomplish a similar result,
the specific exemplary embodiment demonstrates particular
fabricazion proceszes capable of producing a tunnel
window with an aperture size significantly in excess of
what photeolithogdaphy is capable of {i.e., sigmificantly
smaller sizge). Additionally, the prksent exemplary

embodiment is & fabvication process »f a EEPROM storage
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cell with a recessed tunnel window. The recessed tunnel
window iz produced with a spacer technigue that allows a
tunnel window of smaller dimensions and clgser tolerances
to adijacent features in a device channel. Together the
gmaller feature size and reduced tolerances produce a
smaller storage cell sigze and & capability for the cell
to be readily scalable.

In the foregoing specification, the present
invention has been desgcribed with reference to specific
embodiments thereof. It will, however, be evident to a
skilled artisan that various modifications and changes
canl be wmade thereto without departing fr¥om the broader
gpirit and scope of the invention as set forth in the
appended claimsa. ! For example, skilled artisans will
appreciate that other types of gemiconducting and
insulating materials cother than those listed may be
enmployed. Additional particular process fabrication and
deposition technigques, such as low pressures chemical
vapor deposition (LPCVD), ultra-high vacuum CVR (UHCVD) ,
and low pressure tetra-ethoxysilane (LPTECS) may be
readily employved for various layers and still be within
the scope of the present invention. Although the
exemplary embodiments describe particular types of
dielectric and gemiconductor materials, one skilled in
the art will realiize that other tLypes of materials and
arrangements of materials may also be effectively
utilized and achieve the same or similar advantages.
Also, the substrate itself may bhe comprised of a non-
semiconducting material, for example, a guartz reticle
with a deposited and doped polysilicon laver.
Additionally, although the exenmplary embodiments are
degcribed in ternms of an EEPROM memory cell integrated

gircuit devige, a person of ordinary skill in the art
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will recognize that other integrated circuit devices may
readily benefit from the fabrication process described
herein as well. The specification and drawings are,
accordingly, to be regarded in an illustrative rather

than a réstrictive sengse.
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Claims

What is claimed is:

1. A method of fabricating an electronic integrated
circuit device on a first surface of a substrate,
comprising:

forming a first dielectric film lavexr over the first
aurface of the substrate;

forming an at least one further dielectric film
layer over the first dielectric and creating a first
aperture in the at least cone further dielectric film
laver, the first aperture having sidewalls that are non-
parallel to the first surface of the substrate

forming spacers on the sidewalls of the first
aperture such that a distance between spacers on opposing
gidewalls of the firgt aperture is less than a limit of
optical photolithbgraphy, the opposing spacers thus
forming a second aperture;

creating a dopant region formed; substantially within
an upper portion of the substrate underlying the first
aperture; and z

etching a portion of the first dielectric film laver
and an upper porticn of the first surface of the
substrate underlying the second aperzure thus Iorming a

tunneling window.:

2. The method of claim 1, wherein ths dopant region 18

formed by ion implantation.

3. The nmethod of claim 1, wherein tae dopant region is

formed by diffusing a dopant species.
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4. The method of c¢laim 1, wherein the step of forming
apacers on the sidewalls of the first aperture comprises:

forming a spacer dielectric film layer over the at
least one further dielectric film laver and a portion of
the first dielesctric film layer underlying the first
aperture; and

stching regions of the spacer dielectric f£ilm layver
that are essentially parallel to the first surface of the
substrate while leaving regions of the spacer dielectric
film layer that are essentially perpendicular to the
firvst surface of the substrate, thus creating spacers.
5. The method of claim 4, wherein the step of etching
regions of the gpacer dielectric film layer is performed

by a reactive ion etch (RIE).

§. The method of olaim 4, wherein the spacer dielectric
film ig chosen such that a3 chemical stching property of
the spacer dielectric film layer is dissimilar to a
chemical etching property of the first dielectric f£ilm.
7. The method of ¢laim 1, wherein the substrate is

substantially comprised of a p-type silicon wafer.

8. A memory device, comprising:

a Zlgating gate forming a portion of the storage
device, the floating gate being comprised substantially
of a first semiconducting waterial and being constructed
oveyr a substrates;

a gate dielectric material interposed between the

fleoating gate and a first surface of the subsbrate;



L0

25

WO 2007/117977 PCT/US2007/064952

& tunneling window etched in an upper portion of the
first surface of the substrate to form a recess, Lhe gate
dielectric material and the floating gate conforming to
the redess forming the tunneling window; and

an injector dopant region disposed in close
relationship to the tunneling window. and underlying a

portion of the floating gate.

9. The memory device of claim 8, wherein the substrate

ig comprised substantially of p-type silicon.

10. The meémory device of claim 8§, whetrein the gate
dielectric material ls comprised substantially of silicon

dioxide.

11. The storage device of c¢laim 8, wherein a related
select device isg fabricated with a select gate of a
gsecond semiconducting material and with a plurality of
gsourge/drain regions adjacent to the select gats, the
select gate produced with a high concentration of a first
dopant material and the plurality of. scurce/drain regions

produced with a high concentration o a sscond dopant

material.

12. The storage device of claim 11, wherein the first
dopant material and the second dopant material are of

complenentary material types.

13. The storage device of claim 11, wherein the first
dopant material is a high-concentration p-type deopant and

the second dopant is a high-concentration n-type dopant.
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