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A SINGLE TRANSISTOR EZPROM MEMORY DEVICE

Fiel f Th nvention

The invention relates generally to the fabrication and
use of semiconductor memory devices. More specificaily, a
uhique single transistor EZPROM profile is fabricated. using
an inventive-grocess flow. Further, a novel memory array is
provided which allows flash programming of memory cells sharin;‘
a common word line, and selective erasing of individual memory

cells, via Fowler-Nordheim tunneling.

Back n £ The Invention

In the semiconductor industry, non-volatile
semiconductor memory is used to store q;itical programs and
data essential for electronic systems, such as computers,
telecommunications, industrial and medical -instruments, -étc.
Non-volatile memories are categorized into different types
depending upon the relevant technology, inciuding: ROM
{read-only memprx) which i§ manufacturer progfammed a single
time; PROM (pragrammable read-only memory) which can be
programmed by the customer a single time; EPROM '(erasable
programmable read—oh;y memory) - thch can be . customer
programmed, UV-erased, and reprogramméd, generally fewer than
one-hundred times, given the cumulative effects of UV exposures
on .the device and on dévice reliability;.EZPROM (electrically

erasable programmable read only memory) which can be programmed
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So-called "flash memories" consist of implementations
of EZPROM for high density manufacturing wherein the memory
can be electricaliy erased in blocks or sectors, rather than at

) the byte level. Figure 1 illustrates a memory array comprising
a plurality of memory cells connected along word lines and bit
lines. Blocks orx seétors of the array may be defined, for
example, such as all of the cells along a common source line.
The flash memory.technology can achieve high densities due to
the smaller _cell size realized in either a stacked gate .or
split/step gate cell profile, illustrated in Figures 2A and 2B,
respectively. Figure 2A' shows a stacked gate memory cell’
profile having a floating gate, 11, and a control gate, 13,
fabricated out of_ polycrystalline silicon doped with an
appropriate doping material to render the polycrystalline
silicon conductive (“poly 1" and "poly 2" respectively). The
floatﬁng gate is welectrically separated from the substrate
regiqn by aﬁ oxide layer of insulating material, 15. Depending
upon -the particular device, this intermediaté oxide layer is
designated as either the gate or tunnel oxide. Those familiar
with the art will understand that for the specific purpose of
detailing fabrication steps, each use of the term “tunnel
oxide" hereinafter is intended tb include both the tunnel and
the related gate oxide, as appropriate. Figure 2A further

illustrates diffused source and drain regions, 17 and 19, which
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operation, electrons are stored in a capacitivé manner at the
floéting gate. -Similarly, the split gate profile of Figure 2B
comprises floating polysilicon gate, 14, and control gate 16
("poly 1" and "poly 2" respectively) separated by an interpoly
dielectric. | |

The stacked gate profile has the obvious advantage of

smaller dimensions, yet is brone to over-erasing whereby the
cells readily become depletion-type memory devices when exposed
to a negative threshold voltage. On the other hand, the split
gate profile is superior in cell reliability, yet requires more
surface area than the stacked gate cell. The cell reliability
problems of the stacked gate profile are due to cell structure‘
features inherently encountered in stacked gate profiles which
have been fabricated in accordance with the current processing
stanéérds taught in the art. For example, the typical-étacked
gate cell structure shown in Figure 3 illustrates two cell
features, oxide thinning and edge leakage, which have
deleterious effects on device reliability. The stacked gate
structure of Figure 3 is viewed in the word-line direction,
perpendicular to the Figure 2A perspective of the same
structure viewed in the bit-line direction. . Corresponding cell

features are denoted with the same reference numerals in Figure

3 as were used in Figure 2A.
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As noted with reference to Figure 2A, the tunnel oxide
layer 15 insulates the first polysilicon layer ("poly 1”) from

the. substrate. Additionélly 1llustrated in Figure 3 are the

field oxide regions, 18, which electrically isolate adjacent

cells in the array from one another. Under standard processing
as-téught in the art, the field oiide regions are fabricéted
first and the tunnel oxide thereafter grown on the substrate
between the field oxide regions. Due to the known geometric
"bird's beak" effect and the Kooi effect, the so-called “white
ribbon" effect, thinning of the. layer of tunnel oxide 1is
observed at the junctiop point between the tunnel oxide layer
15 and the field oxide regions 18. The thickness reduction due
to the geometric effects is generally at least 10% to 15%,
while addition of the Kooi .effect fhickness reduction can
result in overall thickness reduction of between 20% and 30%.

For advanced MOS devices, such as EZPROM or flash EZPROM
memory devices wherein the gate oxide or tunnel oxide is in the
rangé of <120 angstroms, 20%-30% oxide thickness reduction can
introduce serious device_reliability concerns due to a stronéer

electric field presence at the junction .point between the

tunnel oxide layer and the field oxide regions.

Further reliability concerns due to 'current leakage
are observed at the edges of those portions of poly 1 layer 11
which overlap each of the field oxide regions, 18. Since the
poly 1 layer is conformally deposited to create the floating

gate structure, a relatively thick layer of poly 1l overlays the
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the overlaying portions of the poly 1 layer tend to have shérp
edges or corners. These abrupt edges become apparént after the
interpoly layer has been formed over the poly l-layer via a
standard, relatively low temperature (below 1050° C), oxidation
step. The sharp edges, or asperities, induce excessive leakage
of current between the poly 1 and poly 2 layers, necessarily
having a negative impact on device reliabiiity.
It is, therefore, an objective of the present
invention to fabricate a high density array of stacked gate
‘memory cells which are not subject to the aforementioned cell
reliability concerns.
It is a further objective of the invention to provide
a memory array architecture and programming capability whereby
individual cells can be erased with the attendant benefit of

attaining reliable, programmable, multi-valued logic.

Summaxy Of The Invention

These and other objectives are.realized by the present
invention wherein a memory cell having a novel stacked gate
cell profile is fabricated in accordance with an inventive
process flow.

The device profile has a tunnel oxide formed on é
substrate with field oxide regions formed to connect with the

tunnel oxide 1layer edges. No thinning of the edges of the
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and the related gate oxide, -as appropriate. Figure 2A further
or floating gate, comprises two layers of polysilicon, or

analogous material, the first layer deposited over the tunnel
oxide between the field oxide regions and the second layer
having edges which overlay the field oxide regions. The
overlaying floating gate méterial- is thinner than previougly
achieved in the art and exhibits smooth edges under subsequent
processing. Interpoly dielectric material is deposited over
the floating gate and the gate profile completed with the .
fabrication of a control gate over the interpoly dielectric.
Source and drain regions are formed in the substrate, in either
symmetrical or asymmetricél relationship, beneath the stacked
gate.

The unique programming of the inventive structure in a
.Mmemory érray comprises flash programming along a selected word
line with selective erasing by application of the appropriate
voltabe along the bit line which intersects the selected word

line at the byte address of a selected memory cell.

f xi i rawi
The details of the inventive structure, array and

process, flow will now be described with specific reference to

the drawings wherein:

Figure 1 shows a segment of a multi-cell memory array.
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Figures 2A and 2B illustrate the standard stacked gate
and split gate profiles for .memory ¢e115, viewed along the
bit-line perspective, in accordance with presently available

technology.

Figure 3 provides a word-line view of a stacked gate

memory cell in accordance with known technology.

Figures 4A and 4B illustrate the inventive stacked
gate memory cell device, viewed along the word-line and the

bit-line, respectively.

Figures 5A through 5J show the process flow by which

the inventive memory cell structure is fabricated.

Figures 6A throﬁgh 6C i1llustrate the byte level memory

cell programming and erasing functions achieved in accordance

with the present invention.

Figure 7 illustrates the partition of the memory array

into smaller sectors or blocks.

Figure 8 is the typical layout for peripheral devices
simuitaneously formed in accordance with one embodiment of this
disclosure.

Figure 9A through 9J provide an alternative process

flow to facilitate peripheral device formation simultaneously

with memory cell fabrication.

Figure 10 illustrates a representative programming

process flow of the present invention.
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with the present invention, as illustrated in Figures 4A and
4B, includes a control gate 23 comprising a poly 2 layer, .an
interpoly dielectric layer 22, and a floating gate of poly 1
which comprises two .layers 21 and 24, wherein only the thin
second layer of the poly 1 layers, 24, with its *“rounded
edges", overlays the field oxide regions 28. The tunnel oxide
layer 25, located between the fieating gate and the substrate,
and connecfed to the oxide of the £field oxide regions 28,
exhibits no thinning where it connects to the field oxide
regions. Souzrce regton 30 comprises one area of the P-type
silicon substrate into which a first dopant 26 (e.g., areenic)
has been introduced, while the drain region 31 comprises the
substrate area into which both the first dopant 25 and a second
dopant 27.(e.g., arsehic and phosphor, respectively) have been
driven. Those familiar with the art will recognize that
variohs dopants, combinations of dopants, and dopant
coneentrations, can be effectively utilized in symmetric or
asymmetric manner for the source and drain regions. The
word—line.perspective of 4A has only the drain region doping
illustrated whereas . Figure 4B additiohally shows an oxide
spacer coating, 29, not shown in the Figure 4A perspective.

The fabrication of the inventive memory cell, which is
not susceptive of the specific reliability defects found in the

prior art, will now be detailed with reference to Figures 5A
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. effectively simultaneous formation of related peripherai

devices in the same substrate, including but not limited to the
formation of N-MOS and P-MOS transistors. In addition, the
process flow can be utilized for the fabrication of EPROM
memory devices, with such modifications as will be apparent to
one having skill in the art. The illustrated process flow
provides, therefore, the resulting structure illustrated at 5J,
wherein the following are fabricated in and on a portion of the
substrate: a first memory cell having iEs cross-section along
the bit-line, an adjaceht second memoxry c¢ell having its
cross-section along the word-line, an N-MOS 1logic deyice, and a

P-MOS 1logic device. The invention is £first being described

with the peripheral devices formed in accordance with N-well

C-MOS technqlogy, which has been chosen for illustrative
purp;ses, only. Clearly, the authors hereof do not wish to be
limized to the inventive fabrication of the inventive memory
devices and array -solely in conjunction with the fabrication of
the specifically illustrated peripheral _devices; but include
the description and processing of the peripherals in ordei to
most illustratively provide a complete and functional
descriptién of representativé embodiments of the invention.

Figure SA illustrates the substrate, . 20, upon

completion of the formation of the N-well region, 40, 1in



features are denoted with the same,refcl @RS el S |

used in Figure 2A with e '
2A, the tupnel oxide | ayer 15 inshu“m ““ St LToh 1 éﬂ&[ ..........
("poly 1") from the substrate. A | | UBtT RL R LE Bl i3

are the

accordance with known téchnology. As noted above, the
substrate is a P-type silicon, which to-date evidences the most
favorable attributes for baoth fabrication and operation of the
subject memory cells and array. At Figure 5B, formation of the
tunnel oxide, 25,. is conducted to obtain a 6-12nm layer of
tunnel dielectric on the substrate 20. For the P-type silicon
substrate of the present embodiment, the tunnel dielectric is a
layer of silicon dioxide which may be formed by the exposure of
the surface df the silicon substrate to an oxidizing atmosphere
in accordance with known processing conditions, such as thermal
oxidation in a dry O2 ambient at 900—107d° C fof 20-50
minutes.

Next, also illusfrated on Figure 5B, a co-extensive
layer of amorphous silicon is deposited over the tunnel -
dielectric. This amorphous silicon will serve as the first
poly 1 1layer, 21, as will be further detailed below. The
amorphous silicon layer, having a thickness in thé range of
50-1§bnm, is formed, for example, by low pressure chemical
vapor deposition {LPCVD) at 550° C. Pblysilicon can
alternatively be deposited for the poly 1 layer by LPCVD at
620° C; however, the amorphorous silicon is presently preferred
due to its superior planarity.

LPCVD is next done to deposit a 100-200nm co-extensive
layer  of  nitride, 41, over the amorphous silicon. A
photoresist material, 42, is deposited and patterned over the

nitride layer, in accordance with known processing steps, and

-10-
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structure is found in Flgure 5C, wherein the substrate surface
has been selectively exposed in the Jnon-active" regions.
After dry etching of the nitride, amorphous silicon and
dielectric, the petterned resist 42 is removed from the nitride
surface. It is to be noted that the dielectric can be left in
place, with only the nitride and silicon removed at this stage
of processing.

The substrate structure is next exposed to another
oxidation step, preferably by thermel oxidation at 900-1100° C
using a dry-wet-dry process, whereby all of the exposed,
"non-active", regions of tﬁe substrate are oxidized. The field
oxide regions, 28, which are formed by this oxidation step will
electrically insulate all of the active regions and devices
from one another. As can be realized from Figure 5D, the upper
surface of the field oxide regions extend above_the level at
which the surface of the substrate had been found, since the
oxidation step provides for growth of ogide on the substrate
surface, 300-400nm above the surface, as well as oxidation into
the substrate to depths of 200-500nm, whereby roughly half of
the total thickness of the field oxide is found above the
surface. The height of the upper surfaces of the field oxide
regions is optimized whereby the upper surfaces extend beyond
the level of the upper surface of the amorphous silicon. As

noted above, the inventive structure does not suffer from the

-11-
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is avoided due to the fact that the field oxide is grown after

the formation of the tupnel oxide, contrary to the order in
which the prior art fabrication processes have progressed.

After the field oxide regions have been formed, the
nitride is stripped off to expose the amorphous silicon in the
active regioné. The nexf step, at 5E, comprises the cell
threshold implant for doping of the silicon substrate. A
preferable process comprises -implanting boron into the silicon
using an implant energy of 50-150 kev. This is conductéed
fhrough the amorphous silicon and tunnel dielectric. The field
oxide regions will block éhe boron in certain areas; moreover,
the N;MOS and ?-MOS areas may be screened, so that regions of
the substrate are selectively dopéd.

A second thin.30—70nm layer of amorphous silicon is
néxt conformally deposited over the entire structure, after
which\ selective doping is performed in order to render the
amorphous silicon 1layers conduétive. An arsenic 1implant,

providing 1 x lols/cm2 to 5 x lolslcm2 of

arsenic
implant dosage to layers 21 and 24, can-be conducted at bétween
30 and 50 kev. One having skill in the art will recognize that
the implant energy will be optimized to assure, first, that the

relevant layers are sufficiently doped to become conductive and

second, that the arsenic (or other dopant) remains in the

poly 1 layers.

-~-12-
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floating gates of the memory cells. Etching of the doped
silicon is conducted by a dry etch ©process through a
photoresist mask, whereby iayer 24 is removed from all areas
other than the memory cell regions. Over the field oxide
regions which isolate the mémory cells, edges of the patterned
layer 24 overlap the field oxide. - Over the field oxide which
isolates two adjacent memory cells, the'field oxide is exzposed,
via etching of an opening or channel 42 in layer 24, which
opening will be filled in the next succeeding step. As
illustrated in Figure SF, layers 21 and 24 together comprise
the poly 1 floating gate of the stacked gate memory cell.

The inferpoly dielectric layer, 22 of Figure 5G, of a
poly oxide or, as illustrated, oxide-nitride-oxide (ONO) is
formed. A preferred process comprises a 1000-1100° C'dry O2
thermal oxidation to a thickness of 5-20nm, followed by LPCVD
nitride deposition of 10-25nm at 750-790° C, and finally, a
900~lbOO° C thermal oxidation in a wet O2 ambient td grow a
2-6nm oxide layer on top of the nitride layer. The ONO is
formed over the poly 1 layer, filling opening 42 over the field
oxide region, and thereby éompletely isolating the poly 1 layer
to eliminate the possibility. of leakage of charge at the poly 1
edge. .In addition, in the formation of the ONO interpoly
dielectric, the edges of patterned layer 24 become rounded due
to the fact that oxidation can occur from all directions along

the edges of layer 24 over the field oxide, since layer 24 is

—-13-
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dielectric layer. -

As can be opserved in Figure 5G, after formation of
the ONO layer, a resist layer is applied and patterned and the
ONO removed from all surfaces other than the memory celi
locations. Further, the remaining poly 1 layers are 'removed
from the regions designated for peripheral device formation.
Once the peripheral device regions have beeh exposed, gate
oxidation can be conducted in accordance with known methods,
with the gate oxidation penetrating the substrate generally to
a depth of 15-35nm in the relevant subsfrate regions, while all
other regions are effectively insulated from this step by the

ONO lavyer.

. A conformal layer, 23, of either amorphous silicon or
polys;licon is next deposited over the. entire structure,
covering both the memory cell regions and the peripheral device
regions. The poly 2 layer of polysilicon or amorphous silicon
for the control gate can be deposited by LPCVD to a layer
thickness of: 250-400nm, followed by doping of the poly 2 by
arsenic. or phosphor ion implant or diffusion. The next step is
deposition of an oxide layer of 100-150nm. A resist mask is

- formed and the oxide and poly 2 layers, 29 and 23, etched by

dry etch, seguentially etching the materials to define the

-14-
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transistors and, using the poly 2 as a self-aligning etching
mask, the ONO and poly 1 layers, 22, 24 and 21, are removed in
the designated memory areas, as illuétrateé in Figure SI. ‘
As a final step in the stacked gate ‘memory cell
fabrication process, celi source and drain implants are
provided to the substrate in the appropriate regions associated
with the memory devices. Peripheral devices are masked from
the implant step, which.mask'can be the same as was in place
from the previous step. The. resulting structure, as
illustrated in Figure 5J, includes implant regions 27 and 26,
for example, of phosphor and arsenic, which form the source and
drain regions for the symmetrical memory cells. As will be

apparent to one having skill in the art and &s noted above, the

source and drain implants can be other than the arsenic and

phosphor combination detailed herein. For instance, the memory
cell ~shown in Figure 4B has an asymmetrical cell source,
region 30 with arsenic only, and cell drain, region 31 with
arsenic and phosphor; profile. One will next proceed to
complete the overall structure, including the N-MOS and P-MOS
devices and interconnéqts, using the standard C-MOS process
technology, which is not a part of the present invention.

As an alternative, the process flow can be streamlined
to facilitate peripheral device fabrication simultaneous with

the EZPROM or EPROM fabrication in the same substrate.

~15-
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Figure 8 illustrates a representatlve EZPROM peripheral

device layout in accordance with the invention. The device
cross-sectional views, along C-C and D-D, are shown in
Figure 9A-9J at various processing steps, wherein cross-section
c-C shows the peripheral' device structure along the
source-drain direction and cross-section D-D shows the
peripheral deyice structure along :the polysilicon ’g;te
direction.

Figures 9A-9J illustrate a varied process flow whereby
peripheral devices are fabricated simultaneously ‘with the
memory device  fabrication. Wherever the processing and
materials are the same as previously described with reference-
to Figures 5A-5J, like reference numerals are used and
repetition of detailed déscription is.omitted. For the first
step, Figure 9A parallels Figure 5A at which the N-well
region 40 has been created in substrate 20. Subsequently, as
détailed with reference to Figure 5B, a uniform layer, 25, of
oxide‘ is formed on the substrate surface to act as the gate
oxide. For EZPROM—type devices, the thickness of the gate or

e tunnel oxide 25 for the memory devices is different from the
thickness of the gate oxide 26 needed. for the peripheral
devices. Therefore, in BZPROM applications, a first portion
of gate oxide, aboﬁt 10nm-25nm thick, is grown over the entire
substrate and a conventional resist mask is used to remove thé

a first portion of gate oxide from the memory device area.
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thickness in the range of ‘6 12nm for the memory device.
Simultaneously, during this oxidation, the thickness of the
gate oxide over the peripheral device region will reach a final
thickness in the range of 15-35nm, as evidenced by the stepped
profile illustrated in Figure 9B. | |

For EPROM or OTP (one-time program EPROM) devices, the
thickness of the gate oxide for the memory devices may be the
same as for the peripheral devices. In that case, a uniformly
-grown gate oxide, sych as was shown in Figure 5B, is grown in a
single step to a thickness range of 10-30nm. To simplify the
process description, hereinafter only the EZPROM devices and
peripheral N-MOS transistors will be described with further
reference to Figures 9B-9J.

After the gate oxide .25 is formed, an amorphous
silicon layer, 21, and LPCVD nitride layer 41 are sequentially
deposited over the substrate as shown in Figure 9B.
Thereafter, the processing illustrated in Figures 9C to 9E

parallels that described with reference' to Figures S5C through

5E and does not require repeating.

At Figure 9F, the proceésing differs from that
detailed with reference tq Figure 5F. A thin layer of poly 1,
24, at a thickness of 30-70nm, is conformally deposited over
the structure-éf Figure 9E. A resist mask 1is then applied to
define the thin, 30770nm, layer of poly 1 and -selectively

removed by dry etching. This differs from the step at
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peripheral device region of Figure 9F. At Figure 9G, an

interpoly layer of poly oxide, or ONO (as illustrated) is
formed and a resist mask is applied to selectively remove the
ONO layer from certain reéions via a_dry etch step. Figure 9G
shows the ONO 1layer 22 essentially coyering the diffusidn
region of the peripheral devices.

In Figure 9H, unlike its counterpart Figure 5H, there
is no oxide‘ deposifion required (i.e., layer 29) in this
process flow. The resist mask is applied directly on the top

of the doped poly 2 layer. The same. resist mask described in
Figure 9H 1is used to continuously etch the ONO and poly 1
layers for both the memorf and the peripheral devices as shown
in Figure 9J, thereby simplifying the process flow.

" Finally, Figure 9J shows the device structure after
.the implantafion step for formation of the source and drain of
the memory devices. Standard C-MOS ©processing is then
conduéted in accordance with known technology to complete the
peripheral device fabrication.

The advantages of the later-recited process f£flow
include a simplified process technology for non-volatile memory
device -manufacturing, flexibility for both EPROM and EZPROM
device fabrication, and economic feasibility to fabricate both
EPROM and E PROM on the same substrate.

Ce The inventive stacked gate memory cell operates 1in

accordance with the Fowler-Nordheim (F-N) tunneling mechanism,

-18-
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and 2B illustrate the standard stacked gate
and will now be described with reference to the structure as

iYlustrated - in Figure 4B. For «cell programming, i.e.,
providing electrons for storage at the Ffloating gate o0f the
memory cell, electrons are injected from the cell's channel
region, as defined by source and drain regions 30 and 31, into
the floating gate, poly 1 comprised of layers 21 and 24, above
the «cell channel, by tunneling -across the thin tunneling
dielectric 25. In order to inject electrons into the floating
gate from the channel region, a high voltage is applied to poly
2 layer 23 while the substrate 20 is maintained eithar at.
ground or at negative bias, arnd the cell source_and cell drain,
30 ahd 31, are left floating or at ground. The high voltage
applied to poly 2 is capacitively coupled to the floating gate,
poly 1, so that a high electric field is present which induces
the F-N tunneling mechanism. In order to be efficient for F-N
tunneling, the thickness of the tupneling dielectric is Kkept
béioy 10nm, as noted in the above fabrication process flow.

" To perform a cell erase operation, the stored
electrons must be removed from the floating gate, poly 1, to
the underlaying drain region, 31, wutilizing a reverse F-N
tunneling function. In principle, the cell could also be
erased to the cell source region, which is beneficial if a
block or array erase is desired. For the presently described
process, however, it 1is desirable to implement a byte erase
mode and to provide multi-valued logic states_ on the memory

cell. ‘Therefore, . erasing through the cell drain is
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fabricatedste to the cell drain, a high voltage (i.e., higher than the

voltage on the poly 2 layer, 23) must be applied to the cell
drain region, to establish an electric field across tunneling
dielectric 25 between the floating gate, comprised of 24 and
21, and the cell drain, 31. During'the cell erase operation,
the substrate, 20, is maintained at ground potential thle the
cell source region, 30, is left floating. |

The above-described memory cell programming and erase
capabilities can be implemented in a memory array such as is
found in Fig;re 1, as detailed with reference to the
iliustrations found 1in Figures 6A-6C. The memory array of
Eigures 1 and 6A-6C consists of a plurality of hemory cells
wherein all of the cell drains in the same column are connected
together by a bit—ling, j., 3+1, etc.; all of the poly 2 gates
in the same row are connected together by a word-line, i, 1i+1l,
etb.;‘and, the cell sources are connected by a common line, c.
The Sit-lines and word-lines are also connected to address
decoder circuitries to determine the location of the memory
cell 'in the array. The bit-lines are further connected to
sense amplifier or equivalent circuitry for reading the cell
information from the selected memory cells. The memory array
is initially in a virgin state such that there are no extra
charges in the £floating gates for any of the memory cells in
the array. The memory can contain information required by

performing the programming operations detailed with reference

to Figures 6A and 6B as follows.
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word line ;+l is selected to store the following information:
“0" for cell j, "1* for cell j+1l, and “0" for cell 3j+2. Fﬁr
the chosen word-line i+l, a high voltage will be applied to the
chosen word-line 1i+l, while all of the other ‘unselected
word-lines will be at ground. All the bit-lines and the common
sourée line will be left floating-with the substrate held at
ground or at a negative bias, as indicated in Figure 6A. Since
word-line i+l is at high voltage, electrons will be injecfed
from the cell channel into the floating gates for all of the
memory cells sharing word-line 1i+l. Therefore, after flash
programming on the selected wofd—line i+1l, electrons are stored
in the floating gates as illustrated in Figure 6B. The memory
cell has an extra electron on the floating gate, meaning a high
cell threshold voltage, which is designated as state "0" in
Figure 6B.

Since the desired information to be stored 1in
word-iine i+l is "0 1 0" for the selected cells j, j+1 and j+2,
respectively, the particular cell 1located at bit-line j+1 and
word-line i+l now needs to be erased (i.e., extra electrons
removed from the floating gate) to become neutral (i.e., no
extra electrons, meaning a low cell threshold voltage) at state
"1". To accomplish the above task, the second array operation,
selective erase, must be performed. '

To selectively erase the stored charge from a Selecfed

memory cell, in the illustrated instance from the memory cell

21~
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located at word line i+l and bit-line I+l the array 1s biased
as illustrated in Figure 6C. The selected word-line i+l is
provided with a negative bias in the range. of -7V to -10V, the
unselected word-lines are held at either ground or 3V to 5V,
the selected bit-line j+1 is biased at 3V to 5V, the unselected
bit-lines are held at either ground or floating, and, fhe
source. iines are also held at either floating or ground.
Eledtrons will tunnel from the floating gate of the selected
cell, which is at lower potential due to the -7V to -~10V bias
on the selected word 1line, to " the drain regioﬁ of the
substrate, which is at positive potential. In the foregoing
manner, therefore, byte level memory programming via flash.
programming and selective erasing of one or a plurality of the
inventive high-density'stacked gate cells, can be achieved.

b As alluded to above, individual memory cell erasure
provides tﬁe capability for implementing mulfi-valued iogic
states. Feedback control is provided to prevent over-erasure
of a .cell by monitoring the cell current after each erasing
pulse is applied to the selected 'bit line, for example, by
comparison of the sensed current to the c¢ell current of a
reference cell. By implementing the feedback 1loop control
circuit during the cell erase operation, one can reasonably
cdntrol_ cell current, and hence the cell threshold voltage,
within a certaﬁn range. One can further catedorize various

. current ranges into discrete intervais, for example, I <«

50pA; SOpA < I < 100 pA; 100pA < I ¢ 150pA  and
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with the present invention, as illustrated in Figures A#=

a control gate 23 conprising a pBissh cedi nt er pe
22, and a floating gate of ponﬁll , ) Ees t
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wherein only the thin second |a ﬂ’m
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oxi de |ay | pcated en.the fl | n e amd_the substrate, and
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conprises one area of the P-type
00; . 01; 10; 1ll. For this four-valued 1logic, four reference

cells, one eéch at the relevant current level, would be used
for the feedback control sensing.

Given the density of the array and the fact that the
tunnel dielectric and 1interpoly -dielectric films are both
rather thin, memory cell disturbance problems can occur during
array ©programming and —read operations, imposing certain
limitations on how many memory cells can share the same
bit-line or word-line. In\such a case, the bit-line (for the
sake of exampie) can be divided into several sections, each
section consisting of a smaller number of memory cells having a
pass transistor to éonnect to the bit-line, as illustrated in
Figure 7. The section connected by the pass fransiétor is
selected by applying a high voltage to the gate of the pass
tfangistor. Similarly, the pass transistor arrangement can be
appliéd along a word-line if gate disturbance is a concern.

It will now be apparent from the above—detaiied cell
structure, array architecture and array operation, that an
intelligent array programming algorithm can be implemented
either on-chip with a circuit design or off-chip with an
external microcontroller (i.e., a software implementation).
Figure 10 illﬁstrates a representative programming algorithm

which performs the above-~described programming function.
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Before starting the programming of ‘the memory array, the
« digital. information to be stored is either known to the
operator/programmer ‘or is translated by the program from the
operator input to the appropriate digital pattern. Assuming,
therefore, that the ‘locations of -cells éo be programmed are
.known, the word and bit lines associated with the cells are
also known. At Step 102, therefore, the program selects the
word line along which a first cell to be programmed is found.
Flash programming of the selected word line is performed at
Step 103,.after which the data is read from the selected word
line at 104. Flash programming, as detailed with reference to
Figures 6A-6C, is conducted by applying a high voltage to the
selected word line while maintaining other liﬁes in a floating,
-ground, or low voltage. Upon readiﬂg the daté along the word
line, the program seeks to .verify if all data along the
selecééd word 1line has the value "0", as denoted in the
deci;ion box at.lOS. (The system could also be verifying that
all cells have the value "1" if such value was desired, as will
be apparent +to one having skill in the art.) The step§
subsequent to the verification at Step 105, depend upon the
results. of the query at decision box 105. . If not all of the
data along the selected word line has the wvalue "0", then, as
indicated along 1line 106, the flash programming of 103 is

repeated until all of the cells along the selected word line

have the same wvalue. If, however, data verification indicates
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107, then the selective erasing is commenced, if needed.

At Step 108, a first byte address along the word 1line
i§ selected and the data is read at Step 109 from the cell at
the selected address. The system next verifies, at Step 110,
that the data value at the byte address is the intended value
(i.e;, under.the current example, -"should the cell along the
selected word line at the seiected byte address be '0'?"). If
the value is not as intended, as indicated along line 111, then

the program selects the bit line along which the cell with the

relevant byte address 1is 1located, at Step 1l1l2. An erase
operation is then performed, at Step 113, in accordance with
the details described with reference to Figures 6A-6C. As
noted therein, several erase iterations may be required until
the data verification step for a single byte address indicates
that the cell has the appropriate data value.

‘. If the data at the byte address is as intended, which
is inéicated aiong line 114, then the program determines if all
of thé byte addresses in the selected word line have been read
and verifiéd, at Step 115. If not all of the byte addresses
have been verified, as indicated alohg line 117, then the byte
address 1is updated (i.e., the "next" byte address along the
word line is selected) at Step 118 and thereafter Steps 109-115
are repeated as necessary. Once the data value at the last

> byte address on the selected word 1line has been verified,

indicated by 1line 116 out of _decision box 115, then the

programming is complete.
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a semiconductor substrate of a first conductivity

N type;

a sourcé region of a second conductivity type
formed in said substrate;

a drain region of second conductivity type formed
in said substrate, whereby said source and said drain regions
are separated by a channel region of said first conductivity
semiconductor;

two field insulating regions dgrown on those
surfaces o0f said substrate surfaces of said source region,
channel region or drain region, said field insulating regions
extending above and below the .surface of saia substrate;

. a first dielectric 1layer of uniform thickness
.formed on the surfaces of said source region, channel region
arid drain region between said field insulating regions;

-~

a first semiconductor layer formed over said

first dielectric layer;

a second semiconductor layer formed over said

first semiconductor layer and partially extending over said
field insulating regions, said first and second semiconductor
layers comprising a floating gate;

a second dielectric layer formed over said

. floating gate;  and

third semiconductor layer formed over said second

dielectric layer and comprisfng,a'control gate.
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2. The device o0f Claim 1 wherein said first and

second semiconductors are selected from the group comprising

polysilicon and amorphous silicon.

3. The device of Claim 1 wherein said thizd
semiconductor is selected from the group comprising polysilicon

and amorphous silicon.

4, The device of Claim 1 wherein séid first

dielectric layer comprises silicon dioxide.

5. The device of Claim 1 ﬁherein said field

insulating regions comprise silicon dioxide.

6. The device of Claim 1 wherein said second

dielectric layer comprises poly oxide.

7. The device of Claim 1 wherein said second

dielectric layer comprises an oxide-nitride-oxide sandwich

. layer'.

8. The device of Claim 1 wherein said source region

and said drain region comprise arsenic and phosphor;doped

silicon.
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arsenic and phosphor doped silicon.

10. An electrically erasable memory array formed in a
substrate comprising:

a pluraliﬁy of rows of word lines;

a plurality of columns of bit lines, orthogonally
disposed in relation to said word lines;

a plurality ef rows of commoﬁ source lines
parallel to said word lines;

a plurality of memory cells, each comprising a
source region formed in said substrate, a drain region formed
in said_substreté, a first gate comprising a first layer of
semiconductor material and a second gate compfising seeond and

third layers of semiconductor material and being positioned

between said first semiconductor gate and said source and drain

regions, whereby the drain of each cell in a column is
connected to the same bit line, the first semiconductor gate of
each cell in a row is connected to a word line and the source

of each cell in a row is connected to a common source line.

11. The device of Claim 10 wherein said second
semiconductor gate 1is insulated from said first semiconductor
gate by a first dielectric layer and said second semiconductor

gate is insulated from said source and drain regions by a

second dielectric layer.
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of . memory cells for electrically insulating each of said

. plurality of cells.

13. The device of Claim 12 whérein said second layer
of semiconductor material is disposed over said source and
drain regions between two adjacent insulating regions and
wherein said third semiconductor layer is disposed_ on said

second semiconductor layer and said two adjacent insulating

regions.

14. The device of Claim 12 wherein a thin dielectric
layer of uniform thickness 1is dispbsed between said adjacent
insulating regions' of said plurality of insulating .regions

- between the substrate and said second layer of semiconductor

material.

15. a process for fabricating an erasable memory

device on a substrate comprising the stéps of:

forming a thin conformal layer of first

dielectric on the surface of said substrate;

depositing a first layer of semiconductor

material over the surfacé of said dielectric;

- depositing a first nitride layer on said first

semiconductor layer;
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selectively removing said first nitride and first
semiconductor to expose the surface of said substrate in

selected areas;

forming first insulating regions at said selected

areas;

removing said nitride layer;

implanting dopants‘ into said substrate through
said first semiconductor, said first dielectric and said first
insulating regions;

providing a second conformal semiconductor layer
over said first semiconductor and said first insulating regions;

doping said second semiconductor layer;

selectively etching said second semiconductor
layer to expose a center portion of each of said first
insulating regions;

depositing a second dielectric layer over said

seécond semiconductor;

depositing a third semiconductor layer over said

second dielectric layer;

doping said third semiconductor layer; and

forming source and drain regions in said

substrate by implanting.

16. The process of Claim 15 further comprising

simultaneously fabricating peripheral devices in said substrate.
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a memory array comprising a plurality of memory <cells
interconnected by a plurality of word lines, a plurality of bit
lines orthogonal to said word lines, and a plurality of common
source lines comprising the steps of:

identifying the word 1line.and bit line connected to

the selected cell;

flash progremming the cells connected to said

identified word line;
sensing the current on said selected cell;
comparing the sensed current to a desired value; and

repeating said programming if said sensed current is

less than said reference value.

18. The process of Claim 17 wherein said programming
cofmprises applying a voltage to said identified word line which

is higher than the voltage on said substrate.

19. The process of Claim 17 wherein said programming

comprises injecting electrons into the floating gate of said

cell.

20. The process of Claim 17 further comprising
selectively erasing said selected cell if said sensed current

is greater than said reference value.
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above the surface, as well as oxidation into
is higher than the voltage on said selected word line.

22. The process of Claimlzo wherein said erasing

comprises removing electrons from said floating gate.

23. The process of Ciaim 22 further comprising

identifying a plurality of ranges of current reference values.

24. The process of Claim 23 wherein erasing at said

selected cell comprises the steps of:

determining the appropriate current reference
value for said’ selected cell from said plurality of ranges of

current reference values;

removing electrons from said selected cell;
sensing the current on said selected cell;

comparing sensed current to the appropriate

current reference value; and

repeating said removing, sensing and comparing

until said sensed current is within said appropriate reference

range.

25. A process for fabricating an electrical
programmable read-only memory transistor and a MOS transistor

for a peripheral circuit in the same semiconductor substrate,

said .process comprising the steps of:

" ~-33- . -
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thickness over said first and second areas;

depositing a first semiconductor layer over said

first dielectric film;

selectively etching said first semiconductor
layer and first dielectric film to define first and second

active areas of said substrate;

fabricating field insulating regions in said
substrate areas not comprising said first and second active

areas;

depositing a second semiconductor layer over said
first semiconductor layer and over said field insulating
region, said first and second semiconductor layers comprising

floating gates in said substrate;

selectively etching said second semiconductor

layer to expose a portion of said field insulating regions in

said first active area;

forming a second dielectric laygr over said
second semiconductof layer and said. exposed portion of said
field insulating regions;

selectively etchinj said second dielectric layer
to expose said second semiconductor layer over portions of said
fieid insglating regions in said second active ares;

depositing a third semiconductor layer over said

second dielectric layer;

34—
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12 deleterious thinning of the tﬁg@ﬁéet%hg&lé laJE‘Ipe J '

- tunnel oxide layers and.the field

to the fagt that the field OX|de| MW the

tunnel oxi de, contrary to the orde e prit

processes have progressed. After the field:oxide regions have

been forned, the nitrideliscsivéppedetichilng expose t haia®r phedscShbiicoH:

in the active regions. The next step, at SE  conprises the cell

t hreshol dlalyepl,antaid osecdagdi njielfctthe lavkrc@nd ssbsdrakeond And first
semiconductor layers to selectively expose portions of said

first and second active regions; and

implanting dopants into said first active regions.

' 26. The process of Claim 25 wherein said memory
transistor éomprises an E2PROM and further comprising
selectively forming a third dielectric layer over said first

.dielectric layer prior to deposition of said first

semiconductor layer.
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bl ock the boron in certain areas; noreover, the N- gt AUG:4395=

usi ng

preferabl e process conprises inpla ced t he silicon
I nplant  energy of 50-150 key. du te “
anor phous ,silicon and tunnel diele

! D)
be screened, so that regions of the éﬂgggggﬁg are sel ZETY - aped: e

A second thin 30-70nm | ayer of anorphous silicon is next confornally
deposited over the entire structure, after which selective doping is
perfornmed in orderix)gfw er the annrghog silicon layers conductive.

E TRANSISTO PROM MEMORY DEVICE

arsenic |nplant

A semiconductor memory cell device exhibiting superior
cell reliability comprising .a dual layer floating gate wherein
the thin_upper layer of the floating gate overlaps the edges of
surrounding field insulating regions and has rounded edges to
minimize leakage concerns. The _tunnel dielectric separating
the dual layer floating gate from  the substrate comprises a
layer of wuniform thickness which is grown prior to the
formation of the field insulating regions. The Fowler-Rordheim
tﬁnneling mechanism is used for programming and erasing the
iﬁventive cells in a programming process flow which cbmprises
flash programﬁing all éeIls on a Qord line, sensing current on
a selected cell, and seléctively erésing the charge on the cell
by applying a higher voltage on the intersecting bit line than
is applied to the word liné, until the sensed current is as

desired.

-"
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providing 1 x 10[err] /cnferr] to Re)gaWJO[erﬂ

1 WS 9% dt

arsenic inplant dosage to Iayersrhalsh be Co

30 and 50 key. One having skill recogn ‘

ener-gy wll be optim zed to ass) re Batent.. layers ale l
sufficiently doped to becone co duc Ive and second ot e —arsern

(or other dopant) remains in‘the poly 1 | ayers.
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REPLACEMENT SHEET

13 -
floatin

etched to partially define the ‘
Etching of the doped silicon ThisSh S
through *a photoresist mask, wh AS
other than . the nmenory cell re ons
which isolate the nenory cells, edges of the patterng o

the field oxide. Over the field
cells, the field oxide is expose

i sol ates two adj acent neno

oxi de whi ch
d,

ry
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via etching of an opening or channel

be filled in the next

5F, layerg 21 and 24 together c

stacked gate nenory cell

Figure 5G of a poly oxide or,
Is. formed. A preferred process conpri .
thermal oxidation to a thickness of 5-20nm followed by T

deposition of 10-25nm at 750-790 C,

S UCC Qs

42 in Iayer'24, which opening wll
As rillustrated in Figurg///,

Artride
and finally, a-"900-1000 C thernal

oxidation in a wet O[err] anbient to grow a
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—_—

tride layer. The ONOis fornmed over

‘2-6nm oxi de |ayer on top of theiy
the poly 1 layer, filling opening heot Has Bebyeg h&ld, oxif
t hereby conpletely isolating the p o elimnp
of | eakage of charge at the poly u itigpn, i

_ er.ged |

the ONOinterpoly dielectric, the edges o !
rounded due to the fact that oxidation can occur from @

t he edges of layer 24 over the field oxide, since.layer
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14 relatively thin. The rounding of edges of  the thin poly -
overl ayer provides the af orenenti onethisctiseaRisags, @hplgduct i s SHeag
-whi ch had been encountered in the pri sharp
poly 1 layer underlaying the interjpol Hmﬂﬂmﬂm' | ayer .

be observed in Figure 5G after fdrmation. ONO | a :
: enoved :f rom @

| ayer is applied and patterned anc
ot her than the nmenory cel
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| ocations. Further, the remaining poly 1 |layers are renoved fromihe

regi ons designated for peripheral deV|ce formati on. Once the perlphera
devi ce«regi-ons have been exposed,: oXIi atlon can be

accordance wi th known met hods, ag%g,l@ dd@tron (s

substrate generally to a depth of Ieva :

regions, while all ot her regions a |n ul afife

by the ONO | ayer. : A conf t ei pf

silicon or polysilicon is next deposrted over the entire structure
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covering both the nenory cel
The poly 2 layer of polysilico

or anB hous SI|
can be deposited by LPCVD to a
by doping of the nptﬁﬁ Eh
di ffusion. The next step is

formed and the oxide and poly 2 |layer
sequentially etching the mat eri al @

A resist mask is
etched by dry etch,

poly 2 by a

reg%Oﬁs-and—fhe~péf|pheral

devi ce

'3 260 REBLAGEME]
off 10 )

to define the

.’ . 2
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LOW— f i i
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| . o ” °04 \Od .
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15

| ayers,

N-MOS, P-MOS and nmenory devices,
Anot her resist mask is then utili- z—ed——ever—H&e—pm“l phergl .

|IIustrated i n Figure 5I

menory

cel |

BITLINES

L

as illustrated in Fi gure 5H

using the poly 2 as a self-alignin etchl n ngsk
22, 24 and 21, are rem)‘)ﬂﬁ ﬂiﬁ
fabricati on' process,

J j+1 j42
——l WORD
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| } } i
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provided to the substrate in the aDDFQELLglgdngLQnS aSSOCIaIed mhyﬁ/ t he
menory devices. Peripheral devices are masked from. 3

whi ch mask can be the sane as wa&

edPHAGRen Heplaead t he ?ﬁ%?&
The: resulting structure, ﬁ m . A

Fijgure §
regi ons 27 and 26, for exanple ay seni

source and drain regions for nory eIIs

be apparent to one having skill in the_art and as note above, the
and drain inplants can be other -than the arsenic and phosphor
conmbi nation detailed herein. For instance, the nenory '

16.8

source

Y
.

L+
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cell shown in Figure 4B has an asymetrical <cell source,
with arsenic only, and cell drain,This®gicPBasBlenchieeg ar SENI | o] AT
profile. One wll next proceed ] t he ove NESEN

i ncluding the N-MOS and P-MOS devi Hmwm&mlm Hr connect §
standard C-MOS process technol ogy, "WEABt d part|l :
I nvention. As an alternative, the process flow cap be STreamriec

to facilitate peripheral device fabrication sinultfaneous with the Eerr]
PROM or EPROM fabrication in the sanme substrate, N &9
: <
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REPLACEMENT SHEET

a representative E[err] PROM
with the s nvention. The devﬂ@
D-D, are showmn in Figure 9A-9J a
cross-section GC-C shows t he
t he- source-drain direction and
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peripheral device structure along_the _polysilicon
Figures 9A-9J illustrate a varied process flow whereby
are fahricated sinultaneously withihisifbeet HRBeERepHQYi CE
Wherever the processing and nat My sdne ag
described wth reference to Figure ’& ﬂreferen
used and repetition of detailed description I m tdt ed.
step, Figure 9A parallels Figure 5A at which the N-well
created in substrate 20. Subsequently, as
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detailed with reference to Figure 5B, a uniformlayer, 25, .of. _oxide jsl/,

formed on the substrate surface to act as the gate oxi de. LACEM ET |
E[ err] PROWt ype devices, the thickness of the gate or tunfpel oxi ?’Eﬁ s
the menory devices is different f..mfrsﬁehelas.l;ééhkm@ms of thie o

needed for the peripheral devices.: mlmnllﬁnﬁl nEP
restst

---------------------------

first portion of gate oxide, about ck, ts gro
entire substrate and a conventi onal mask 1s used to
first portion of gate oxide fromthe nmenory device area.

0
© N N
o N
o r‘{ + AN +g®
o . |
M+ + 5
'=§~ 8 9 T
N IVE # +
g\ @ S
3 Q +
© o)
N N
S o
N
. — N Y N
Py W T +
w o N tZ)J N
s - -
@ S " B,
. O v S
v + +
N & - W4 0
_ « + +
Y & ) &
o +
- 8
N
N N +
<
= N
N 2 + +
N 0 I A 0
QY L‘f’u_'_///y\\ "o
© 7 + +
]

21
23
21

28

13/16



17 The resist is then stripped fromthe substrate and ,(/

anot her second gate oxide |layer, 25, is grown to te oxi
the range qof 6-12nmfor the nennr%éggchef//STﬁﬁr?gﬁZOUSIy,
oxi dation, the thickness of the gate oxéggg msﬂ“}he pe

oot e ot epped " fi”é' t“iCk”éS'%mimﬁ\\\mw 5-35n ;%"1
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profile illustrated in Figure 9B. For EPRC_M or
program EPROM) devices, the thickness of the gate oxide

devices may be the sanme as for- them@ghkgﬂgsrﬂngiﬁb@es

unlforn1y grown gate oxi de, such as
single step to a thickness range of
“description, hereinafter only the E g
transistors will be described with further reference to '|gures 9B- 9J.
After the gate oxide 25 is fornmed, an anorphous

- START -
PROGRAMMING

y

SELECT
WORD LINE

1

START - :
PROGRAMMING THE '
SELECTED W.L.

READ DATA FROM
THE SELECTED W.L.

F1G.10

VERIFY
DATA 7
“ALL'O”

'SELECT 1STBYTE
ADDRESS FROM THE
SELECTED W.L.

TO F1G. 10
(CONTINUED)
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“silicon layer, 21, and LPCVD nitride |ayer 41 are sequentially depositeg
the

over the substrate as SHQMn_NhLQ__EiggisgéF Thereafter,
processing: illustrated in Figures 9C par al | gk=s 25

with reference to Fi gures 5C 'ﬂmﬁﬂgkqasﬁegn ﬁdo s not rg

At Figure 9F, the proce55|n that digt ai | ed
reference to Figure 5F. A th| ¥
30-70nm is conformally dep05|te
resist mask is then applied to deflne the thin, 30- 70n

and selectlvely

Iayer of pon 1
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renoved by dry etching. This differs from the step at

18 -Figure 5F, since- a thin layer of poly 1 renui

peripheral device region of Figure 9F. At Figure 9(; RERIACEMENT SHEEY
| ayer _.of ..poly oxide, or ONO (as ijlustrated) is [|forned

residt Mask is applied to selectively renove the ONO | a elDatér.o}naf(;Maﬁg?..

regions via a dry etch step. Figure 9G _ =

A SINGLE TRANSISTOR EZPROM MEMORY DEVICE

Field Of The Inventiogn

The invention relates generally to the fabrication and
use of semiconductor memory devices. More specifically, a
unique single transistor EZPROM profile is fabricated using
‘an inventive process flow. Further, a novel memory array -is
pro&ided which allows flash programming of memory cells sharing
a common word iine, and selective erasing of individual memory

cells, via Fowler-Nordheim tunneling.

Backaround Of The Invention

In the semiconductor industry, non-volatile
semiconductor memory is Qsed tpl store critical programs and
data essential for electronic systems, such as computers,
telecommunications, industrial and medical instruments, etc.
Non—;blatile memories are categorized into different types
depending upon tﬁe relevant technology, including: ROM
(read-only mempry) which 1s manufacturer programmed a single
time; PROM (prégrammable read-only memory) which can. be
programmed by the customer .a single time; EPROM (erasable
programmable read-only memory) which can be Customer

.programmed, Uv-~-erased, and reprogrammed, generally fewer than

one-hundred times, given the cumulative effects of UV exposures

2

on the device and on device reliability; E"PROM (electrically

erasable programmable read only memory) which ‘can be programmed



raat on ~f + IhA
eH—0R—a+—+ ¢

shows the ONO | a'yer 22 essentially covering the di f f usi on &
peri pheral devices. In Figure 9H, unlike its courli ®REPRACEMENTISMEET

5H, there is no oxide-deposition required (i.e., layer 29){in th'ah
process flow. The resist nask is appli ed,directly on the tlppateat.. s, AUEQB’@Q

pol y_“2" | ayer. The same resist mask described in Fi gure 9HFS—ESEE—t9
por i phoral i ot as ohaan i nFLgife O & iePoby SEPRBIEFy | MM oc esen
flow. 1000-Fiod Jono R ghe €. 9J shows the device structure after
So-called "ilash memories" consist of implementations
of EZPROM for high. density manufacturing wherein the memory
can be electrically erased in blocks or sectors, rather Ehan at
the byte level. Figure 1 illustrates a memory array comprising
a plurality of memory cells connected along word lines and bit

lines. Blocks or sectors of the array may be defined, for

example, such as all of the cells along a common source line.

The flash memory technology can achieve high densities due to
the smaller cell size realized in either a stacked gate or
split/step gate cell prpfile, illustrated in Figures 2A and 2B,
respectively. Figure 2A- shows a stacked gate memory cell
profile having a floating gate, 11, and a control gate, 13,
fabricated out of polycrystalline silicon doped with an
appropriate doping material to render the polycrystalline
- silicon conductive ("poly 1" and "“poly 2" respectively). The
floaéing gate 1is electrically separated from the substrate
region by an dxide layer of insulating material, 15. Depending
upon -the particular device, this ihtermediate.oxide layer 1is
designated as either the gate or tunnel oxide. fhose familiar
with the art will understand that for the specific purpose of
aetailipg fabrication steps, each use- of the term "tunnel
oxide" hereinafter is intended to include both the tunnel and
the related gate oxidg, as appropriate. Figure 2A further

illustrates diffused sourée and drain regions, 17 and 19, which



the inplantation step for formati on of the source and drain of the nenory
devi ces. Standard C-MOS processing is then conducted i
wi t h.-known technol ogy to conplete the peripheral device fabr
The  advaptages of the later-recited rocess flow incl

sinmplifi ed ‘process technol ogy for non-volatile nenmory devicd| Date:. ] L AUL 1395
manufacturing, flexibility for both EPROM and FEferr]P Tamca-= ]
fabri cati ofiefdme et ofdanaeflead bt het yubs trasei-catBh 9ot Ao 2EPRIMIATE B2 PROVhe

on the same substrate, The inventive stacked gate nenory cell ]

oper at es i Fontrol gate are separated by a layer of insulating material,
12, typically an interpoly 1ayér of silicon dioxide. In
operation, electrons are stored in a capacitive manner at the
floating gate. Similarly, the split gate profile of Figure 2B
comprises floating polysilicon .gate, 14, and control gate 'lé
(*poly 1" and "poly 2" respectively) separated by an interpoly
dielectric.

The stacked gate profile has the obvious advantage of
smaller dimensions, yet 1is prone to ovgr—erasing whereby the -
cells Eeadily become depletion-type memory devices when exposed
to a negative threshold voltage. On the other hand, the split
gate profile is superior in cell reliability, yet requires more
su;face area than the stacked gate cell. The cell reliability
problems of the stacked gate profile are due to cell structure
features inherently encountered in stacked gate profiles which.
have been fabricated in accordance with the current processing
stanaérds taught in the art. For example, the typical stacked
gate cell structure shown in Figure 3 1illustrates two cell
features, oxide thinning and edge leakage, which have
deleterious effects on device reliability.' The stacked gate
structure of Figure 3 is viewed in the word-line direction;

perpendicular to the Figure 2A perspective of the same
structure viewed in the bit-line direction. Corresponding cell

features are denoted with the same reference numerals in Figure

3 as were used in Figure 2A.



accordance with the Fow er-Nordheim (F-N) tunneling necha

19 and wi'll now be described with reference to the str CﬁEﬁEﬁEﬁME 11
illustrated in Figure 4B. For cel | pr ogrami ng, NT SHEET [
providing el ectrons for storage at the floating gate of t EDat@RI*DImmﬁ'I,J,q

el ectrons” are injected fromthe cell's &hannel e iimiee®

As noted with reference to Figure 2A, the tunnel oxide
layer 15 insulates the first polysilicon layer ("poly 1") from
the substrate. Additionally illustrated in Figure 3 are the
field oxide regions, 18, which eléctrically isolate adjacent
cells in the array from one another. Under standard processing
as taught in tﬁe art, the field oxide regions are fabricategd-
first and the tunnel oxide thereafter grown on the substrate
between the field oxide regions. Due’ to the known geometric
"bird's beak" effect and the Kooi effect, the so-called "white
ribbon" effect, thinning of the layer of tunnel oxide is .
observed at the junction point between the tunnel oxide layer
15 and the field oxide regions 18. The thickness reduction due
to the geometric effects 1is generally at 1least 10% to 15%,
while addition of the Kooi effect thickness' reduction can
‘result in overall thickness reduction of between 20% and 30%.
For advanced MOS devices, such as EZPROM or flash EZPROM
memory devices wherein the gate oxide or tunnel oxide is in the
rangé of <120 angstroms, 20%-30% oxide thickness reduction can
introduce serious device reliability concerns due to a stronger
electric field presence at the Jjunction point between the
tunnel oxide layer and the field oxide regions.

further reliability concerns due to 'current leakage
are observed at the edges of those portions of poly 1 layer 11
which overlap each of the field oxide regions, 18. Since the
poly 1 layer 1is conformally deposited to create the floating

gate.ﬁtructure, a relatively thick layer of poly 1 overlays the



region, .as defined by source and drain regions 30 and 31, iate—the-
floating gate, poly 1 conprised of layers 21 and 24, above|| REPLAGEMENT SHEET
channel, by tunneling across the thin tunneling dielectrijc 25. gpegﬁpﬁkﬁ
toinject electrons into the floating ggte fromthe channeaIDategl.A - dhel a e | A 1O
vol tage Ps‘applied to poly 2 layer 23 while the substrate i i Sen

either at,. und or at_negative Rhi as nd.the cell source and cell drain
30 and 31€19£‘§e 1% 1176 1%nn or af’ g?.‘a%ﬁ 1onThd' i h t&ﬁélmzi'gpl P%Ejytoi

poly 2 is CictL ¥g oupl ed | gat i ly, 1, so that a .’
hi gh el ec%%?éé)?f ilteké %’és%r'e?enntté\ﬁ%i %Eﬁﬁ%dﬁgesl%&ag?eoo Qgggtrbms’ 15T used,
the overlaying portions of the poly 1 layer tend to have sharp

edges or corners. These abrupt gdges become apparent after the
interpoly layer has been formed over the poly 1 layer via a
standard, relatively low temperature (below 1050° C), oxidation
step. The sharp edges, or asperities, induce excessive leakage
of current between the poly.l and poly 2 layers, necessarily
having a negative impact on device reliability.

It is, therefore, an objective of the present
invention to fabricate a high density array of stacked gate
memory cells which are not subject to the aforementioned cell
reliability concerns.

It is a further objective of the invention to provide

a memory array architecture and progrémming capability whereby
individual cells can be erased with the attendant benefit of

attaining reliable, programmable, multi-valued logic.

Summ h nvention

These and other objectives are realized by the present
invention wherein a memory cell having a novel stacked gate
cell profile is fabricated in accordance with an inventive
process flow.

The device profile has a tunnel oxide formed on a
substrate with field oxide regions formed to connect with the

tunnel  oxide 1layer edges. No thinning of the edges of the




the F-N tunneling nechanism In order to be efficient for E-N _tunneling,

the thickness of the tunneling dielectric is kept below | On -?ﬁmagﬁ‘ oI
t he above fabrication process flow. To perform a "55 EQE%QEETZ
operation, the stored electrons nust bg renoved fromthe fb&éti!—%%ﬁemq

poly 1, tbd “the underlaying drain region, 31, utilizing ar

tunneling function. In principle, the <cell could also be  erased
to the celfunssk c@X2€§i onS wAPEATYSdberideNci BNei fERL 1B PR HIWPEY agae
is desired. For the presently described_ process, .however, _it.is,
desirabIeEQR?eqrﬁﬂ en%_B tEh§r5§§n81 oxide formation. A first gate,

or floating gate, comprises two layers of polysilicon, or
analogous material, the first layer deposited over the tunnel
oxide between the field oxide regions and the second layer
having edges which overlay the field oxide regions. The
overlaying floating gate material.is thinner thah previously
achieved in the art and exhibits smooth edges under subsequent
processing. Interpoly dielectric material is deposited over
the floating gate and the gate profile completed with the
fabrication of a control gate over the interpoly dielectric.
Source and drain regions are formed in the substrate, in either
symmetrical or asymmetricél relationship, beneath the stacked
gate.

The unique programming of the inventive structure in a
memory array comprises flash programming along a selected word
line with selective eraéing by application of the appropriate
voltaée along the bit line which intersects the selected word

line at the byte address of a Selecteq memory cell.

Brief D ripti win
The details of the inventive structure, array and

process, flow will now be described with specific reference to

"the drawings wherein:

Figqure 1 shows a segment of a multi-cell memory array.



node and to provide nulti-valued |ogic states on the nenor

Therefore, erasing t hrough the cell drain S , REPLACEMENT SHEET
20 preferable. 1In order to renobve electrons fromthg¢ floaldf

gate to the cell drain, a high voltage (%.e., higher thanijtbae:. ﬂ%ﬁ%ﬁgﬁ"

the poly 2 Tayer, 23) nust be applied to the cel

Figures 2A and 2B illustrate the standard stacked gate
and split gate profiles for memory cells, viewed along the
bit-line perspective, in accordance with presently available

technology.

~

Figure 3 provides a word-line view of a stacked. gate

memory cell in accordance with known technology.

Figures 4A and' 4B illustrafe the 1inventive stacked
gate memory cell device, viewed along the word-line and the
bit-1line, respectively. . _

Figures 5A through 5J show the process flow by which
the inventive memory cell structure is fabricated.

Figures 6A through 6C illustrate the byte level memory
cell programming and erasing functions achieved in accordance

with the present invention.

Figure 7 1illustrates the partition of the memory array

into smaller sectors or blocks.

Figure 8 is the typical layout for peripheral devices

simuitaneously formed in accordance with one embodiment of this

disclosure. -

Figure 9A through 9J provide an alternative process

flow to facilitate peripheral device formation simultaneously

with memory cell fabrication.

Figure 10 illustrates a representative programming

process flow of the present invention.



drain region, to establish an electric field across tunneling dielectric

25 between the floating gate, conprised of 24 and 21, and
During the cell erase operation, t he substrate, 20,
ground potential while the cell source region, 30, is |ef
The above- descri bed menory cell progrann1ﬁg and erase cap
I mpl enent ed |n a nennry array such as is found in Flgure 15
with refepe i p

31.

drajn.
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The

menory array of Flgures 1 and 6A-6C conS|sts of a plurallty of menory

cells

A stacked gate memory cell fabricated in accordance
with the present invention, as illustrated in Figures 4A and
4B, includes a control gate 23 comprising a poly 2 1ayer, an
interpoly dielectric ‘layer 22, and a floating gate of poly 1
which comprises two layers 21 and 24, wherein only the thin
second layer of the poly 1 layers) 24, with its ."rounded
edges", overlays the field oxide regions 28. The tunnel oxide
layer 25, located between the floating gate and the substrate,
and connected to the oxide of the field oxide regions 28,
exhibits no thinning where it connects to the field oxide
regions. Source region 30 comprises one area of the P-type
silicon substrate into which a first dopant 26 (e.g., arsenic)
has'been introduced, while.the drain region 31 comprises the
substrate area into which both the first dopant 26 and a second
dopant 27 (e.g., arseﬁic and phosphor, respectively) have been
driven. Those familiar with the art will recognize that
varioﬁs dopants, combinations of dopants, and dopant
concentrations can be effectively utilized in symmetric or
asymmetric manner for the source and drain regions. The
word-line perspective 6f 4A has only the drain region doping
iilustrated whereas Figure 4B additionally shows an oxide
spacer coating, 29, not shown in the Figure 4A perspective.

The fabrication of the inventive memory cell, which is
not susceptive of the specific reliability defects found in the

prior art, will now be detailed with reference to Figures '5A




wherein all of the cell drains in the same colum are connected _taqgether

by a bit-line, j, j+l, etc.; all of the poly 2 gates 1in the SﬂﬁpLA@MMEﬁ?SHEET
connected together by a word-line, i, i+, etc.; and, the cgl sourCf 6E€h95
connected; by a cormmon line, c. The bit-lgnes and word-1ines abgt alsl

| @

connected to address decoder circuitries to determne the
The bit-lines are further connected to

menor cel | t array
senseyaanWﬁ%#ﬂb ESQU|ﬁ£eﬂﬁl%lHﬁu?93ﬂ¥%ﬂtréamQEFtﬁéVé@m|T$h¥brmm|tﬂe
ipitial na virgin
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stacked gate formation for each individual cell, but also the
effectively simul taneous formation of relatéd peripheral
devices in the same substrate, including but not limited to the
formation of -N—MOS and P-MOS transistors. In addition, the
process flow can be utilized for the fabrication of EPROM
memory devices, with such modifications as will be apparent to
one having skill 4in the art. The illustrated p?ocess flow
provides, therefore, the resulting strucfure illustrated at 5J,
wherein the following are fabricated in and on a portion of the
substrate: a first memory celllhaving its cross-section along
the bit-line, an adjaceﬁt second memory cell having its
cross-section along the word-line, an N-MOS logic device, and a
P-MOS 1logic device. The invention is first being described
with the peripheral devices formed in accordance with N-well
C-MOS technology, which has been chosen for illustrative

.-purpéées, only. Clearly, the authors hereof do not wish to be
limized to the inventive fabrication 6f the inventive memory
devices and array solely in conjunction with the fabrication of
the specifically illustrated peripheral devices; buf include
the description and processing of the peripherals in order to
most illustratively provide a complete and functional
descriétion of representative'embodiments of the invention.

Figure SA illustrates the substrate, 20, upon

completion of the formation of the HN-well region, 40, in



charges in the floating gates for any of the nenory cells in the array

The nmenory can contain information required by perf SHEET

programi ng operations detailed with reference to Figures 6RER %@E%E N
Fi gurgl A6 3

fol lows. ; | 21~ Hgurpj Rob W
illustrates the flash programing wherein word line il PeYes s erTEd

to store the follow ng information: _
accordance ~with known technology. As noted above, the

substrate is a P-type silicon, which to-date evidences the most
favorable attributes for both fabrication and operétion of the
subject memory cells and array. At Figure 5B, formation of the
tunnel oxide, 25; is conducted to obtain a 6-12nm layer of
tunnel dielectric on the substrate 20. For the P-type silicon
substrate of the present embodimént, the tunnel dielectric is a
layer of silicon dioxide which may Be formed by the exposure of
the surface of the silicon substrate to an oxidizing atmosphere
in accordance with known processing conditions, such as thermal

oxidation in a dry O2 ambient at 900-1070° C for 20-50

minutes.

Next, also illusfrated on Figure 5B, a co-extensive
layer of amorphous silicon is deposited over the tunnel
dielectric. This amorphous silicon will serve as the first
poly 1 layer, 21, as will be further detailed below. The
amorphous silicon layer, having a thickness in the range of
50—l§bnm, is formed, for example, by 1low pressure chemical
vapor deposition (LPCVD) at 550° C. Polysilicon can
alternatively be deposited for the poly 1 layer by LPCVD at
620° C; however, the amorphorous silicon is presently preferred
due to its superior planarity. \

LPCVD is next done to deposit a 100-200nm co-extensive
layer of nitride, 41, over the amorphous silicon. A
photoresist material, 42, is deposited and patternéd over the

nitride layer, in accordance with known processing steps, and




O for cell j, 1 for cell j+4, and O for cell j+2. For the chosen

word-line i+, a high voltage will be applied to the cheses—y
i+, while all of the other unselected wor d- | i nes \REIPlLAbEMENT SHEET

round All the bit-lines and the comon source line w be |
?I oat i ng wi'th the substrate held at groalnd or at a neg lDa&e DI‘SST Aygmgs
indicated in Figure 6A..Since word-line i+l is at high

will be inflet ééltrlfiﬁomatwqu chahiedni and tdhelfelcnatzjmgrgﬂdsesdf @rc ol |a]Q[f
t he rrermre/ cel | sharing word-line i+l. Therefore, after flash
progranmm nY*o th’§’1§é’l ettt EH ROLd-39Hee | #S, agtdcte onegdc@sst orBe resulting

structure is found in Figure 5C, wherein the substrate surface

has Dbeen selectively exposed in the *“non-active” regions.
After dry etching of. the nitride, amorphous siiicon §nd
dielectric, the patterned resist 42 is removed from the nitride
surface. It is to be nﬁted that the dielectric can be left in
place, with only fhe nitride and silicon removed -at this stage
of processing.

The substrate structure is next exposed to another
oxidation step, preferably by thermal oxidation at 900-1100° C
using a8 dry-wet-dry process, whereby - all. of the exposed,
"non-active", regions of the sﬁbstrate are oxidized. The field
oxide regions, 28, which are formed by this oxidation step will
electrically insulate all of the active regions and devices
from one another. As can be realized from Figure 5D, the upper
surface of the field oxide regions extend above the level at
which'the surface of the substrate had been found, since the
-oxidation step provides for growth of ‘oxide on the substrate
surface, 300-400nm above the surface, as well as oxidation into
the substrate to depths of 200-500nm, whereby roughly half of
the total thickness of the field oxide is found above the
surface. The height of "the upper surfaces of the field oxide
regions 1is optimized whereby the upper surfaces extend beyond
the level of the upper surface of the'amorphous silicon. As

noted above, the inventive structure does not suffer from the



in the floating gates as illustrated in Figure 6B. The ng

an extra electron on the floating gate, nmeaning a high

voltage, which is designated as state. 0 in Fi gure

desi red _inforrration to be stored in__ word-line i+l i

sel ected'cells j, j+I and j+2, respectil\?ely, the particu

at bit-line_j+l and word-|ine i+l now needs to be erased (i.e.,

extra

el ect ronsd"lreéﬁﬂ\}é’d‘sf r%‘?ﬂ?‘%“? | 84t i e g&t@Pelo PEESRE afeutpal Juncduresy of

extra el e%r OQ ﬂnerieaonx:pge allayggvrgelalndt htrheeS h?.ltglgokgc?%%) rae:[g 1Sc;[nast ©

Thinning

is avoided due to the fact that the field oxide is grown after

the formation of the tunnel oxide, contrary to the order in
which the prior art fabrication processes have progressed.
After the field oxide regions have been formed, the

nitride is stripped off to expose the amorphous silicon in the

active regions. The next step, at 5E, comprises the cell

threshold implant for doping of the silicon substrate. A

preferable process comprises implanting boron into the silicon

using an implant energy of 50-150 kev,. This is conducted

through the amorphous silicon and tunnel diélectric. The field

oxide regions will block the boron in certain areas; moreover,

the N-MOS and P-MOS areas may be screened, so that regions of

the substrate are selectively doped.

A second thin 30-70nm layer of amorphous silicon is
néxt conformally deposited over the entire structure, after
whiph! selective doping is performed in order to render the
amorphous silicon layers conductive. An arsenic implant,
providing 1 x 10%%/cm®  to 5 x  10%%/cm®  of arsenic

'implant dosage to layers 21 and 24, can be conducted at between

30 and 50 kev. One having skill in the art will recognize that

the implant energy will be optimized to assure, first, that the

relevant layers are sufficiently doped to become conductive and

that the arsenic (or other remains in the

second, dopant)

poly 1 layers.



1. To
er ase,
froma
cel l

and bit-l1ine j+, the array i's biased

sel ected nenory cell

acconplish the above task, the second array operation, sel ective
nmust be perforned. To selectively erase the
in the illustrated instance f cHERUNSHMﬁMﬁSHEET

322 | ocat ed. at

Layer 24 is selectively etched to partiélly define the
floating gates of the memory cells. Etching of the doped
silicon is conducted by a dry etch process through a
photoresist mask, whereby layer 24 is.femoved from ali areas
other than the memory _cell regions. Over the field oxide
regions'which isolate the memory cells, edges of the patterned
layer 24 overlap the field oxide. - Over the field oxide which
isolates .two adjacent memory cells, the field oxide is exzposed,
via etching of an opening or channel 42 in layer 24, which
opening will Dbe filled in the next succeeding. stép. As
illustrated in f&gufe SF, layers 21 and 24 together comprise
the poly 1 floating gate of the stacked gate memory cell.

The interpoly dielectric layer, 22 of Figure 5G, of a
poly oxide or, as illustrated, oxide-nitride-oxide (ONO) 1is
formed. A preferred process comprises a 1000-1100° C d;y' O2
thermal oxidation to a thickness of 5-20nm, féllowed by LPCVD
nitride deposition of 10-25nm at 750-790° C, .and finally, a
900—lb00° C thermal oxidation in a'wet.o2 ambient to grow a
2-6nm oxide layer on top of the nitride layer. The ONO is
formed over the poly 1 layer, filling opening 42 over the field
oxide region, and thereby completely isolating the poly 1 layer
to eliminate the possibility of leakage of charge at the poly 1
edge. . In addition, in the formation of the ONO interpoly
dielectric, the edges of pattéerned layef 24 become rounded due
to the fact that oxidation can occur from all directions along

the edges of layér 24 over the field oxide, since layer 24 is



as illustrated in Figure 6C. The selected word-line__i+l is
provided with a negative bias in the range of -7v to -10V
word-lines are held at either ground or 3V to 5V, the se
j+l i.s, biased at 3V to 5V, the unselected  bit-lines are
ground or floating, and, the source. 1indd are also helf® - eitheld.

floating or round. Electrons will tunnel fromthe floatlng ga
sel ected ®I3tivdlxhtihdrat | Sher potehinal odueetigesheot 7¥heo tADN hicws, @n
the selected word Iline to the drain_region of the substrate,

whi ch lsiﬂvﬁﬁﬁﬁX?Vepbﬁﬁbﬁ?§the PhOLREeNtiPagEI rAgivantage of reduction of

leakage, which had been encountered in the prior art due to
sharp edges of a thick poly 1 lafer underlaying the interpoly
dielectric layer.

As can be observed in Figure 5G, after formation of
the ONO layer, a8 resist layer is applied and patterned and the
ONO removed from all surfacés other -than the memory cell
locations. Further, the remaining poly 1l layers are removed
from the regions designated for peripheral device formation.

"Once the peripheral device regions have been exposed, Qate
oxidation can be conducted in accordance with known methods,
with the gate bxidation penetrating the substrate generally to
a depth of 15-35nm in the relevant substréte regions, while all
other regions are effectively insulated from this step by the
ONO layer. |

A conformal layer, 23, of either amorphous silicon or
polysilicon is next deposited over the entire st;ucture,
covering both the memory cell regions and the peripheral device
regions. The poly 2.layei of polysilicon or amorphous silicon

for the control gate can be _deposifed by LPCVD to a layer

thickness of 250-400nm, followed bf doping of the poly 2 by
arsenic. or phosphor ion implant or diffusion. The nexzt step is
deposition of an oxide layer of 100-150nm. A resist mask is
formed and the oxide and poly 2 layers, 29 and 23, etched by

dry etch, sequentially etching the materials to define the



manner, therefore, byte level nenory programmng via flash

programm ng and sel ective erasing of one or a plurality of
hi gh density stacked gate cells, can be achieved. EgHGEE‘ENﬂ'@HEET
o]
bhisr oo hehll§. 5.

v |

above,  individual nenory cell erasure proyides the capabil
i mpl enenting nulti-valued logic states. Feedback control .

prevent over-erasure of a cell by monitoring the cell current arter eacn
erasing puaMOS.i sP-afipf | eddt oetrog yselectezs bi ésl inausftaratexanpl eEidyre 5H.
conparison of the sensed current to the cell current of a reference cell.
By inpl efBetineg @S isfteedivedk Ivopthewmntyllilized over the peripheral

transistors and, using the poly 2 as a self-aligning etching
mask, the ONO and poly 1 layers, 22, 24 and 21, are removed in
the designated memory areas, as illustrated in Figure S5I.

As a final step in the -stacked gate memory cell
fabrication procesé, cell source and drain implants are
provided to the substrate in the appropriate regions associated
with the memory devices. Peripheral devices are masked from
the implant step, thch mask can be the éame as was 'in place
from the previous step. The resulting structure, as
illustrated in Figure 5J, includes implant regions 27 and 26,
for example, of phosphor and arsenic, which form the source and
drain regions for the symmetrical memory cells. As will be
apparent to one having skill in the art and as noted above, the
_sourée and drain implants can be other than the arsenic and
phosphor combination detailed herein. For instance, the memory
cell *Sﬁown in .Figure 4B has an asymmetrical cell source,
region 30 with arsenic only, and cell drain, region 31 with
arsenic and phosphor, profile. One will next proceed to
complete the overall structure, including the N-MOS and P-MOS
devices and interconnects, using fhe standard C-MOS process
technology, which is not a pért of the present invention.

As an alternative, the process flow can be streamlined
to facilitate peripheral device fabrication simultaneous with

the E?PROM or EPROM fabrication in the same substrate.



circuit during the cel

one can reaso

erase operation,
within

current, and hence the cell threshold voltage,

One can further categorize various current ranges

intervals, for exanple, | 50[err]A 16 5gerr]A

[err] A 100[err]A [err] | [err] 150[err]A and
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where | FipseretBe ceélbstecukeent. a Fapghesenteenve
dévice layout in accordance with the
cross-sectional views, aloﬁg C-C and D-

Figure 9A-9J at

various processing steps,

[err]

invention.
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1§O[err]A [err] I,
PROM peripheral

The device

D, are shown in

wherein cross-section

c-C shows. the peripheral device structure along the
source-drain direction and cross-section D-D shows the
peripheral device structure aléng the polysilicon ‘gate

direction.
Figures 9A-9J illustrate a varied process flow whereby

peripheral devices are fabricated simultaneocusly with the

memory device fabrication. "Wherever the processing and

materials are the same as previously described with reference

to Figures 5A-5J, like reference numerals are used and

repetition of detailed description is omitted. For the first

step, Figure 9A parallels Figure 524 at which the N-well
region 40 has been created in substrate 20. Subsequently, as
reference to Figure 5B, a uniform layexr, 25, of

detailed with

oxide is formed on the substrate surface to act as the gate

oxide. For EZPROM-type devices, the thickness of the gate or,

tunnel oxide 25 for the memory devices is different from the

oxide 26 needed for the peripheral

in EZPROM applications,

of the gate

thickness

a first portion

‘devices. Therefore,

of gate oxide, about 10nm-25nm thick, is grown over the entire

substrate and a conventional resist mask is used to remove the

first portion of gate oxide from the memory device area.
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i nterval may then be designated as a logic state; for exa

10; 11. For this four-valued logic, four referenc REBbACEMENmsHEET
each at the relevant current |evel, woul gy be used for the feedi%fiuﬁ
control senS|ng G ven the density of the array |aB#ethe. £ .JQ%%.

the tunnel’ dielectric and interpoly dielectric films are

thin, menory cell gésturbance propkgﬁs can; 9cc qu%ran%%arr ﬁhﬁ% ogr%B I Ng
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and read oper ati ons, I NPOS certaln I m tations
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thickness in the range of 6-12nm for the memory device.

Simultaneously, during this oxidation, the thickness of the
gate oxide over the peripheral device region will reach a final
thickness in the range of 15-35nm, as evidenced by the stepped
profile illustrated in Fiéure 9B.

For EPROM or OTP (one-time program EPROM) devices, the
thickness of the gate oxide for the memory devices may be the
same as for the peripheral devices. " In that case, a uniformly
grown gate oxide, such as was shown in Figure 5B, is grown in a
single step to a thickness range of 10-30nm. To simplify the
process description, hereinafter only the EZPROM devices and
peripheral N-MOS transistors will be described with further
reference to figures 9B-9dJ. |

After the gate oxide 25 1is formed, an amorphous
silicon layer, 21, and LPCVD nitride layer 41 are sequentially
depo;ited over the substrate as shown in Figure 9B.
Thereaftef, the processing illustrated 1in Figures 9C to 9E
éarallels-that described with reference to Figures 5C through
5E and does not require repeating.

At Figure 9F, the processing differs from that
detailed with reference to Figure 5F. A thin layer of poly 1,
24, at a thickness of 30-70nm, is conformally deposited over
the structure of Figure 9E. A resist mask is then applied to
define the thin, 30-70nm, layer of poly 1 and selectively

removed by dry etching. This differs from the step at



sake of exanple) can be divided into several sections,
consisting of a smaller nunber of nenory cells having a

connect to the bit-line, as illustrated in Figure 7.
connected by the pass transistor 48 selected by auprbqgjajrnuﬁlwgb
vol tage to the gate of the pass transistor. Simlarl y==the PIES .

; be 1jed al f
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1nterpqu layer of _poly oxide, or ONO (as illustrated) is
formed and a resigt mask 1s applied to selectively remove the
ONO layer from certain regions via a dry etch step. Figure 9G
shows the ONO layer 22 essentially covering the diffusion
region of the peripheral devices.

In Figure 9H, unlike its counterpart Figure 5H, there
is no oxide deposition required (i.e., layer 29) in. this
process flow. The resist mask is applied difectly on the top
of the doped poly 2 layer. The same resist mask described in
Figure 9H is used to contlnuously etch the ONO and poly 1
layers for both the memory and the perlpheral devices as shown
in Figu;e 9J, thereby simplifying the process flow.

Finally, Figure 9J shows the device structure after
the implantation step for formation of the source and drain of
the memory devices. Standard C-MOS ©processing is then
conduéted in apcordance with known technology to complete the
peripheral device fabrication.

The advantages of the later-recited process flow
include a simplified process technology for non-vdlatile memory
device manufacturing, flexibility for both EPROM and EZPROM
device fabrication, and economic feasibility to fabricate both
EPROM and EZPROM on the same substrate.

The inventive stacked gate memory cell operates in

accordance with the Fowler-Nordheim (F-N) tunneling mechanism,



ei ther on-chip W|th a circuit design or off-chip with an e
mcrocontroller (i.e., a software inplenmentation). Figur
illustrates a representatlve ‘programmi ng al gorithm whi
above- described programming function. 19

24

Step 101 of the programm ng process flow of

and will now be described with reference to the structure as
itlustrated in Figure 4B. For cell programming, i.e.,
prqviding electrons for storage at the floating gate of the
memory cell, electrons are injected from the céll's channel
region, a§ defined by source and drain regions 30 and 31, into
the floating gate, poly 1 comprised of layers 21 and 24, above
the cell channel, by tunneling -across the thin tunneling
dielectric 25. In order to inject electrons into the floating
gate from the channel region, a high voltage is applied to poly
2 layer 23 while the substrate 20 is maintained either at
ground or at negative bias, and the cell source and cell drain,
30 and 31, are left floating or at ground. The high voltage
applied to poly 2 is capacitively coupled to the floating gate,
poly 1, so that a high electric field is present which induces
the F-N tunneling mechanism. In order to be efficient for F-N
tunneling, the thickness of the tunneling dielectric is kept
béiogllOnm, as noted in the above fabrication process flow.

To perform a cell erase operation, the stored
electrons must be removed from the floating gate, poly 1, to

the underlaying drain region, 31, wutilizing a reverse F-N

tunneling function. In principle, the cell could also be

erased to the cell source region, which is beneficial if a

block or array erase is desired. For the presently described

process, however, it is desirable to implement a byte erase

mode and to provide multi-valued 1logic states on the memory

cell. 'Therefore, erasing through the cell drain is



present invention is |abeled as the start of progr
starting the programmng of the nmenory array, the j,gltaFEMIE‘ﬁtrigleET

information to be stored is either known to the Date :. ]'IAU(‘mql;

operator/program*rer or is translated by 4%he program from t He——apefator """
input to the appropriate digital . pattern. Assum ng, therefore, that

the 1ocgthbolsandt.celts diude (Bl OBEATURD o AECtrokBOWron ! e wg%&ﬂoépsine't
ep

lines associated with the cells are al so known. St
thereforgateth® tHogeamsaeGls 4 hgighWaid dagee aioag,v\/rwl@hue& finad eg!
to be programmed is found. Flash progranmng of * the selected word

line isvopeaberned tia¢ poly 2 layer, 23) must be applied to the <cell
drain region, to establish an electrié field across tunneling
dielectric 25 between the floating gate, comprised of 24 and
21, and the ﬁell drain,-3l. During the ce}i erase operation,
the substrate, 20, 1is maintained at ground pofential while the
cell source region, 30, is left floating.

The above-described memory cell programming and erase
capabilities can be implemented in a memory array such as is
found in Figure 1, as detailed with reference to the
illustrations found in Figures 6A-6C. The memory array of
Figures 1 and 6A-6C consists of a plurality of memory cells
wherein all of the cell drains in the same column are connected
together by a bit-line, j, j+l, etc.; all of the poly 2 gates
in the same row are éonnected together by a word-line, i, i+l,
efc.;'ahd, the cell sources are connected by a common line, c.
The 5it—lines and word-lines are also connected to address
decoder circuitries to determine the 1location of the memory
cell 'in the arréy. The bit-lines are further connected to
sense amplifier or equivalent circuitry for reading the cell
information ffbm the selected memory cells. The memory array
is initially in a virgin state such that there are no extra
charges in the floatiﬁg gates for any of the memory cells in
the array. The memory can contain information required by
ﬁerforming the programming operafiohs detailed with reference

to Figures 6A and 6B as follows.



Step 103, after which the data is read fromthe sel ected Léé%ﬁs
104. Flash progranm ng, as detailed with reference to igure U
~conducted by applying a high voltage to the sel ected wor béﬂe vhi AU
mai ntai ning other lines in a floating, 2lground, or |ow vakiager Upomrr
readi ng the data al ong the word line, the program seeks to verlfy
if all data al h I r i a | ue as
denoted in the IDjngderc% s%(?n Eg%gg&gég\é&) ?th%le @;elasst}gm%crot?qé .,]\éf?», whepi”
verifyi ngpddhaiineakliceld sshaverbhe tal ygord thb %fhamlr&%e V\ﬁ§0%§tl€89: as
wi || be apparent to one having skill in the he steps

0 for cell 3, 1 for cell j+1, and 0 for cell j+2. For

the chosen word-line i+l, a high voltage will be applied to the
chosen word-line 1+1, while all of the other wunselected
word-lines will be at ground. All the bit-lines and the common
source line will be left floating-with the substrate held at
ground or at a negative bias, as indicated in-Figure 6A. Since
word-line 1i+1 is at high voltage, electrohs will be injected
from the cell channel into the floating gates for all of the
memory cells. sharing word—lihe i+l. Therefore, after £flash
programming on the selected word-line i+l, electrons are'stored
in the floating gates as illust}ated in Figure 6B. The memory
cell has an extra electron on the floating gate, meaning a higﬁ
cell threshold voltage, which 1is designated as state. 0 in
Figure 6B.

Since the desired information to be stored in
word—iine i+l is 0 1 0 for the selected cells j, j+1 and j+2,
respectively; the particular cell located at bit-line j+1 and
word-line i+l now needs to be erased (i.e., extra electrons
removed from the floating gate) to become neutral (i.e., no
extra electrons; meaning a low cell threshold voltage) at state

1l . To accomplish the above task, the second array operation,
selective erase, must be performed. |

To selectively erase the stored charge from a selected

" memory cell, in the illustrated instance from the memory cell



subsequent to the verification at Step 105, depend upon the .
the query at decision box 105. |[If not all of the data a W&t@fgm-,egﬁggr

word |ine has the val ue 0O, then, as . indicated al ong 1 ne iOﬁ
flash programming of 103 is repea@8d until all of thj ﬁé{ﬁ ' I_.__“
the selected word |ine have the same value. If, however, Haia=: on

I ndi cat es . " . . . )
located at word-line i+l and bit-line j+1;, the array 1i1s biased

as 1illustrated in Figure 6C. The selected word—linel i+l 1is
provided with a negative bies in the range of -7V to -10V, the
unselected word-lines are ﬁeld at either ground.or 3V to 5V,
the selected bit-line j+1 is biased at 3V to 5V, the unselected
eit—lines are held at either ground or floating, and, the
source: lines are also held at either. floating or ground.

Electrons will tunnel from the floating gate of the select-ed
cell, which is at lower potential due to the -7V to -10V bias
on the selected word 1line, to the drain region of the
substrate, which is at positive potential. In the foregoing
manner, therefore, byte 1level memory programming v-ia flash .
programming and selective erasing of one or a plurality of the
inventive high density stacked gate cells, can be achieved.

As alluded to above,. individual memory cell erasure
provides th.e capability for implementing multi-valued 1logic
states. Feedback control is provided to prevent over-erasure
of 'a.-cell by monitoring the cell current after each erasing
pulse is applied to the selected bit 1line, for example, by

comparison of the sensed current to the cell current of a

reference cell. By implementing the feedback loop control

circuit during the cell erase operation, one can reasonably

control cell current, and hence the cell threshold voltage,

within a certain range. One can further categorize various

current ranges into discrete intervals, for example, I <

50pA; SopA ¢ I < 100 HA; 1o0pA ¢ I < 150pA and
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25 that all.relevant cells have the appropriate value alo
then the selective erasing is commenced, if needed. REPLACEM

a first byte address along the word line. is selected and tlhe dat a, i :
! J Paten )6(1 Lzskhﬁaﬁ%

ENUSHEET

at Step 109 fromthe cell at the sel ecjed address. The sy e
verifies, at Step 110, that the data value at the byte address 15 the

the el Satg viord (1 ne St ot ha sal et el byt o hddF4Ee e o' BB 17 HHe

val ue is fpfeAsal NhePdetenahd MU LA R 88089 i N ild, sEBED; for example,
00; O0l; 10; 11. For this four-valued logic, four reference
cells, one each at the relevant current level, would be used
for the feedback control sensing.

Given the density of the array and the fact that the
tunnel dielectric and interpoly -dielectric films are both
rather thin, memory cell disturbance problems can occur during
array programming and read operations, ihposing cértain
limitations on how many memofy cells can share the same
bit-line or word-line. In such a case, the bit-line (for the
sake of example) can be divided into several sections, each
section consisting of a smaller number of memory cells having a
pass transistor to connect to the bit-line, as illustrated in
Figure 7. The section connected by the pass transistor is
selected by applying a high voltage to the gate of the pass
tfan§istor.' Similarly, the pass transistor arfanéement can be
appliéd along a word-line if gate disturbance is a concern.

It will now be apparent from the above—detaiied cell
structure, array architecture and array operation, that an
intelligent array programming- algorithm can be implemented
either on-chip with a circuit design or off-chip with an
external microcontroller (i.e., a software implementation).
Figure 10 illﬁstrates a represéntative programming algorithm

which performs the above-described programming function.



the program selects the bit |ine along which the cell with the __relevant

byte

]

byt e address indicates that the cell has the appropriate data va X
the data at the BYA%P it esafi sths | AreAdeamingi clprodes$ ndf tavedodl onge

[ : mdetermines_if all of the byte addresses in the
line 114 theqithévﬁkggra d the start %f_ programming.

sel ect e VWorgl

i OfeehSr ebyPeled as

Before starting the programming of the memory array, the
digital information to . be stored is either known to the
operator/programmer or is translated by the program from the
operator input to the éppropriate digital pattern. Assuming,
therefore, that the .locations of -cglls éo be programmed are
known, the word and pit lines associated with the cells are
also known. At Step 102, therefore, the program selects the
word line along which a first cell to be programmed is found.

Flash programming of the selected word line is performed at
Step 103, after which the data is read from the selected word
line at 104. Flash programming, as detailed with reference fo
Figures 6A-6C, is conducted by applying a high voltage - to the

selected word line while maintaining other lines in a floating,

ground, or low voltage. Upon reading the data along the word

line, the program seeks to verify if all data along the

selected word 1line has the value 0 ., as denoted 1in the

" decision box at 105. (The system could also be verifying that

all cells have the value 1 if such value was desired, as will

be apparent to one having skill in the art.) The steps

subsequent to the verification at Step 105, depend upon the
results. of the query at decision box 105. If not all of the
data along the selected word line has the value o , fhen, as
indicated along 1line 106, the flash programming of 103 is
fepeated until all of the cells along the.selected word line

have the same value. ‘If, however, data verification indicates

r-a-shighe

address is located, at Step 112. An erase opefrgLLo
performed, at Step 113, in accordance with the details eé‘"#'i-‘wEWSHEET .

reference, to Figures 6A-6C As  nobged therein, several ase 17 AUG 1995
iterations may be required until the data verification st ko)



and verified, at Step 115. If not all of the byte addr esse _ been
verified, as indicated along |line 117, then the byte add 3ﬁ§1ﬂ@ﬂﬂ§ﬁ¥§ﬁb57'

(i.e., the "next" byte address along the word line is seffected t e
118 and thereafter Steps 109-115 are rZdpeat ed as necess pat@aevt@d%

val ue at the | ast byte address on the selected word |in : e
i fi i ndi : ' deci si on hox 115, then the
Ver'f'edthat!%thag P ani'@%l%%6rﬁﬂha°Lhe appropriate value along line
programm ng i s conpl et e. |
107, then the selective erasing is commenced, if needed.

At'Step 108,-a first byte address along the word line
is selected and the data is read at Step 109 from the cell at
the selected address. The system next verifies, at Step 110,
that the data value at the byte address is the intended value:
(i.e., under the current example, -“"should the cell along the
selected word line at the selected byté address be '0'?"). If
the value is not as inteqded, as indicated along line 111, then
the program selects the bit line along which the cell with the
relevant byte address is located, at Step 112. An erase
operation is then performed, at Step 113, in accordance with
the details described with reference to Figufes 6A-6C. As
‘noted therein, several erase iterations may be required until
the data verification step for a single byte address indicates
that the cell has fhe'appropriate data value.

If the data at the.byte address is as intended, which

| is inaicated along line 1;4, then the program deéermines if all
of the byte addresses iﬁ the selected word line have been read
and verified, at Step 115. If not all of the byte addresses
havé been verified, as indicated along line 117, then the byte
address 1is updated (i.e., the “next" byte address along the
word line is selected) at Step 118 and thereafter Steps 109-115
are repeated as necessary. Once the data value at the last
byte address on the selected word line has been verified,

indicated by 1line 116 out of decision box 115, then the

programming is‘complete.



26 ' As will be appa'rent to one having skill in the art,

nodi fi cations can be nade to the progranmng flow, str . TTECeri >
and processes detail ed herein without departing from th %ﬁf\PEMgﬂaﬁﬁﬁﬂé
of the present invention as defined by the appended cl BBse - 17 AUG 1995

As will be apparent to one having skill in the art,
modifications can be made to the programming flow, structurs,
materials, and processes detailed herein without departing from

the spirit and scope of the present invention as defined by the

appended claims.



27 WHAT IS CLAIMED | S: 1. A sen1conductor deVLce conpr|5|ng

a sem conductor substrate of a first conductivity type; E -
source region of a second conductivity type formedgn s&fﬁ ygﬂgﬁ?ﬁﬁﬁ

a drain region of second conductivity t9pe formed in sailf §gbsﬂriIﬁUG MSS
whereby said source and said drain regions [T e s e,

WHAT 1S CLAIMED IS:

1. A semiconductor device comprising:
a semiconductor substrate of a first conductivity

type:

a source region of a second conductivity type
formed in said substrate;

a drain region of second conductivity type formed
in said substrate, whereby said source and said drain regions
are separated by a channel region of said first conductivity
semiconductor;

two field insulating regions grown on those
surfaces of said substrate surfaces of said source region,
channel region or drain region, said field insulating regions
extending above and below the surface df $aia substrate;

a first dielectric layer of uniform thickness
formed on the surfaces of said source region, channel region
and drain region between said field insulating regions;

a first semiConductpr layer formed over said
first dielectric layer;

a second semiconductor layer formed .over said
first semiconductor layer and partially extending over said
field insulating regions, said first and second semiconductor
layers comprising a floating gate;

a second dielectric layer formed over said
floating gate; and

third semiconductor layer formed over said second

dielectric layer and comprising a control gate.

* [ L ] S *



are separated by a channel region of said first conduct i vi
sem conduct or; two field insulating regions
surfaces of said substrate surfaces of said source

CEMENT SHéET
o T AL 9

regiaon or drain region, said field insul28ting regions ext
bel ow t he surface of said substrate; a first

dielectric

layer of wuniform th5%§pe%%vikgrngqloellhe i“rLﬁgggigqe%%h% Sgﬁgginga"d

. .. )
regi on, channel reéegion and drain region bef'ween”Sai d

I nsu

r€gions; secona semiconBubtbSl %4 CBIUCkAD | AYSh TORECY QY EBhPrising

polysilicon and amorphous silicon.

3. The device of Claim 1 wherein
semiconductor is selected from the group comprisi

and amorphous silicon.

q. The device of ' Claim 1 wherein

dielectric layer comprises silicon dioxide.

5. The device of Claim 1 wherein

insulating regions comprise silicon dioxide.

6. The device of Claim 1 wherein

dielectric layer comprises poly oxide.

7. The device of Claim 1 wherein

said third

ng polysiiicon

said first

said field

said second

said second

dielectric layer comprises an oxide-nitride-oxide sandwich

layer-.

8. The device of Claim 1 wherein said
“and said drain region comprise arsenic and

silicon.

source region

phosphor-doped

M R




first dielectric |ayer; a second sem conduct :
formed over said first sem conductor layer and partially leggg
said field insulating regions, said first and second sem cgnduc
conpriksing a floating gate; 293 second diel ectri
over said floating gate; and third sem condu

formed over said sgcondridl h&FiEd Coka¥ars NG GANPFL S NYa18 9

comprises arsenic-doped silicon and said drain region comprises

{'lor

nt r ol
urce

arsenic and phosphor-doped silicon.

10. An electrically erasable memory array formed in a
substrate comprising:
a plurality of rows of word lines;
a plurality of columns of bit lines, orthogonally

disposed in relation to said word lines;

a plurality of rows of common sourcé lines

parallel to said word lines; |
a plurality of memory cells, each comprising a
source region formed in said substrate, a drain region formed
in said substfaté, a first gate comprising a first layer of
semiconductor material and a second gate comprising second and
Ehird layers of semiconductor material and being positioned
between said first semiconductor gate and said source and drain
| regioﬁs, whereby the drain of each cell in a column is
connected to the same bit line, the first semiconductor gate of
.each cell in a row is connected to a word line and the source

of each cell in a row is connected to a common source line.

11. The device of Claim 10 wherein said second
semiconductor gate 1is insulated from said first semiconductor
gate by a first dielectric layer and said second semiconductor

gate 1is insulated from said source and drain regions by a

second dielectric layer.

—_——
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28 2. The device of Caim1 wherein sai d
second sem conductors are selected fromthe group conpri Sij

and anor phous silicon. 3. The device of
said . third  sem conductor is selected 3¢ omthe group co

pol ysilicon
12. The device of Claim 10 further comprising a

plurality of insulating regions located between said plurality
of memory cells for electrically insulating each of said

plurality of cells.

13. The device of Claim 12 wherein said second layer
of semiconductor material is disposed over said éource and
drain regions between two adjacent insulating regions and
wherein said third semiconducfor layer is disposed on said

second semiconductor layer and said two adjacent insulating

regions.

14. The device of Claim 12 wherein a thin dielectric
layer of uniform thickness ié disposed between said adjacent
insylating regions of said plurality of insulating regions
between the substrate and said second layer of semiconductor

material.

15. A process for fabricating an erasable memory

device on a substrate comprising the steps of:

forming a thin conformal layer of first

dielectric on the surface of said substrate;

depositing a first layer of semiconductor

material over the surface of said dielectric;

depositing a first nitride 1layer on said first

semiconductor layer;

_—
T



of Clain1i wher ein

and anor phous silicon. 4. The device

said first dielectric layer conprises silicon dioxide. - . —Sr————=
The device of Cdaim1l wherein said field insulat EEPFQQFMFQTSHEET
conprise silicon dioxide. 6.31The device’ of ai.mi17 Mg
said second dielectric |ayer conprises poly oxide. B&e -------------------------

selectively removing said first nitride and first
semiconductor to expose the surface of said substrate 1in

selected areas;

forming first insulating regions at said selected

areas;

removing said nitride layer;

implaﬁting dopants~ into said substrate through
said first semiconductor, said first dielectric and said first
insulating regions;

providing a second conformal semiconductor layer
over said first,semiconductor and said first insulating regions;

doping said second semiconductor layer;

selectively etching said second Semicénductor
layer to expose a center portion of each of said first
insulating regions; |

depositing a second dielectric layer over said

sécond semiconductor;

depoéiting a third semiconductor layer over said

second dielectric layer;

doping said third semiconductor layer; and

forming source and drain regions in said

substrate by implanting.
L]

16. The process of Claim 15 further comprising

Simultaneously fabricating peripheral devices in said substrate.

_—
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7. The device of Caiml wherein said second dielg - —

conpri ses an oxide-nitride-oxide sandwi ch [|ayer. RERLACENENT SHEET ||

device of Claim1 wherein said source region and said drajn reg|‘)|7 AUG 092

conpr,j se arsenic and phosphor-doped silsgzon. Daté ..o
17. A process for writing to- a selected cell, having

source and drain regions, a8 first gate and a floating gate, in
a’ memory array comprising 8 plurality of memory <cells
interconnected by a plurality of word lines, a plurality of bit
ldines orthogonal to said word lines, and a plurality of common
source lines compriéing the steps of:

identifying the word 1line-and bit 1line connected to

the selected cell;

flash programming the cells connected to said

identified word line;

sensing the current on said selected cell;
comparing the sensed current to a desired value; and

repeating said programming if said sensed current is

less than said reference value.

18. The process of Claim 17 wherein said programming .
comprises applying a voltage to said identified word line which

is hiéher than the voltage on said substrate.

19. The process of Claim 17 wherein said programming

comprises injecting electrons into the floating gate of said

cell.

20. The process of Claim 17 further comprising
selectively erasing said selected cell if said sensed current

is greater than said reference value.

\
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29 9. The device of Caim1l wherein said sourg regi on
conpri ses arseni c-doped silicon and said drain region co 3
and phosphor-doped silicon. 10. An electrical
array formed in a substrate conprisin%5

rows of word lines:

2. The process of Claim 20 wherein said erasing
comprises applying a voltage to said identified bit line which

is higher than the voltage on said selected word line.

22. The process of Claim 20 wherein said erasing

comprises removing electrons from said floating gate.

23. The process of Claim 22 further comprising

identifying a plurality of ranges of current reference values.

24. The process of Claim 23 wherein erasing at said

selected cell comprises the steps of:

determining the appropriate current reference
value for said selected cell from said plurality of ranges'of

current reference values;

removing electrons from said selected cell;
sensing the current on'said selected cell;

comparing sensed current to the appropriate .

current reference value; and

repeating said removing, sensing and comparing

until said sensed current is within said appropriate reference

range.

25. A process for fabricating an electrical

programmable read-only memory transistor and_;a MOS transistor

for a peripheral circuit in the same semiconductor substrate,

said process comprising the steps of:

_—
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a pIuraIify of colums of bit lines, orthogonally dlsposed I n relatlon to’
said word |ines; a pIurallty of rows of

parallel to said word lines; a plurality {oRERLAGEMENT SHEET
each conpr.ising a source region forned 34n sai d substrat a drqafn

formed in said substrate, a first gate conprising tPIfS]IV*%gsgB]
sem conductor material and cond gate.conprisin second and Inlru —
| ayers of sem conduct or naf@?ﬁf gndgbg%ﬁg E%S|f o%ed bet&een Fai dUFTFREM
sem condughQk3ls® dRESaA FUNGE aMh Ydidha areas:

depositing a first semiconductor layer over said

first dielectric film;

selectively etching $aid first semiconductor
layer and first dielectric film to define first and second

active areas of said substrate;

fabricating field insulatihg regions in said
substrate areas not comprising said first and second active
areas;

deppsiting a second semiconductor layer over said
first semiconductor layer and over said field insulating

region, said first and second semiconductor layers comprising

floating gates in said substrate;

selectively etching said second semiconductor
layer to expose a portion of said field insulating regions in
said first active area;

' forming a second dielectric layer over said
second semiconductor layer and said exposed portion of said
field' insulating regions;

selectively etching said second dielectric layer
to expose said second semiconductor layer over portions of said
field insulating regions in said second active area;

depositing a third semiconductor layer over said

second dielectric layer;



regi ons, whereby the drain of each cell in a colunn S
sane bit line, the first sem conductor gate of each cg
connected to a word |line and the source of each cell 4
to a.compn source line. 11. 33The device ¢
wherein said second sem conductor gate is |nsulatedf£reﬁmsa-~— ,
sem conductor gate by saeﬂécrts;védi}el eekhG ayes 22Rd s@h dr §ecuhi conductor
sem conductor gate is insulated from said source and draln regions (%y a

second dﬁ%@%ﬁﬁl§ai@ygécond dielectric layer and said second and first

semiconductor layers to selectively expose portions of said

first and second active regions; and

implanting dopants into said first active regions.

26. The " process of Claim 25 wherein said memory
transistor comprises an EZPROM and further comprising
selectively forming a third dielectric iayer over said first

dielectric layer prior to deposition of said first

semiconductor layer.

L



30 12. The device of d aifpF eempehsing a  plurality
of insulating regions |ocated betweer SHISISHEET BKSBEEN | Y- | s .
for electrically insulating each {of s&®E®LACEDur al

.

TRA

")y

A SINGLE TRANSISTOR EZPROM MEMORY DEVICE

A’ semiconductor memory cell device exhibiting super_ior
cell reliability comprising a dual layer floating gate wherein
the- thin upper layer of the floating gate over.laps the edges of
surrounding field insulating regions and has rounded edges to
minimize leakage concerns. The _tunnel dielectric separating
the dual layer floating gate from the substrate comprises a
layer of uniform thickness which 1is grdwn prior to the
fbrmation of the field insulating regions. The Fowler-Nordheim
tunneling mechanism is used for programming and erasing the
inventive cells in a programming process flow which comprises
fiash programming all cells on a word line, sensing current on
a selected cell, and selectively erasing the charge on the cell
by applying a higher voltage on the intersecting bit line than

is applied to the word line, until the Sensed current is as

desired.

S
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13. The device of Claim12 wherein said second | ayer of semni conduct or

material is disposed over said source and drai n regions,
adj acent insulating regi ons and wherein said third sen1ﬂqn¢mﬂcumdun®msss

di sposed on said second sem conductor |ayer and saiff gﬂ ﬁgeﬁhp
insul ating. regions. 14. Thgedevi ce of O ain Mﬁu&hé& 6& n
| ayer of uniformthickness i's disposed betweel

insulating regions

dielectric
insulating  regions of said plurality of

FI1G1

J' PRIOR ART J+2
J+1
H H H ;
C
H H H P41
H H H 42
2

NN FIG.
. ELe2A

////,///

(

17 1 19

////16 FI1G.2p
\\ 14 PRIOR ART

///111 //,//‘




between the substrate and said second | ayer of sem conductor rmaterial.
-15. A process for fabricating an erasable nenory devi ceg=—tfi=s : et

conprising the steps of: _ forming a thinl REPLACEMENT SHEETE
of first dielectric on the surface of said substrat

o

depositing a first | ayer of 2A6m conduct or
surface of said dielectric; deposi ti ng a FFs—FrErae—t+oys
on said first
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sem conduct or | ayer; 31
sel ectively renoving said first nitride and first sem conductor to
expose the surface of said substrate in . selected gEeas= =s=soe

form.ng first insulating regions at said selected

JREPLACEMENTSHEET
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e
N

ar eas; renoving said nitride |ayer; )

I npl anting dopants into said substrate through said fi ﬁEPEREEﬁEﬂg@ﬁk%&’
said first dielectric and said first insulating regions;

provi ding a second conformal sem conductor |ayer over

seni conductor and said first insul atdfi$ regi ons; o dopithg s

sécond‘éeniConductor | ayer; sel ectively etching said second
sem conductor |ayer to expose a center portion of each of said first
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I nsul ating regions;

depositing a second dielectric |ayer over
said second sem conductor; 3 F

depositing a t
| ayer over said second dielectric |ayer; OREPIAGEMENT BHE

seni conduct or |ayer; and : forming source ¢nd drhijn AUG

regi ons in said substrate by inpbdbéi ng. eDate The---pr-ocess-
of * d’aim 15 further conprising '
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si mul taneously fabricating peripheral
32 17. A process for witing to

devices in said substrate.

a sel ected cel

source and drain regions, a first gate and a floating gate,

array conprising a plurality of nenory cells
6/16

of word lines, a plurality of bit
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l'ines orthogonal to said word lines, and a plurality of compn source

| ines conprising the steps of: : I dentifying the

bit line connected to the selected cell; flas

the cells connected to said identified word line; || - 4§ b g
the current on said selected cell; 7/16 conparing the §¥ﬂ Ko MMV TA =Y ;
to a desired val ue; and. repeating said progranm ng

current is |less than said reference val ue.
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18. The process of C aim 17 wherein said progranm ng conprises applyihg a

voltage to said identified word |ine which
sai d substrate. 19. The process of Caiml7
conprises injecting electrons into the fl oat

pr ogr ammi ng
cell..

20. The process

i Ng gat € 9ohuga
of 8g6ai m 17 further| paganp ,sﬁ}}gms

I's higher th

RERLACEMENT SHEET
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sel ectively erasing said selected cell if said sensed current is greater
t han said reference val ue. 33 _ ,
21. . The process of ‘Claim20 wherein said erasing conpri sd - T
voltage Lo said identified bit Iine which is higher than | REPEACEUENT SHEE

sal d sel ected word [ine. 9/16 ' Date ll7m ....
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22. The process 'of Caim 20 wherein said era5|ng ' conpri ses renovi ng
el ectrons fromsaid floating gate. 23. The process. _of (O aim

22 further conprising identifying a plurality of range
ref erence val ues. 24. The process of Caim 23
at 'sai d* *sel ected cell conprises the stegs of :

the appropriate current reference val ud%f %9‘ sai d sel ected

<«

N (4]
TN (N

plurality of ranges of
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current reference val ues; ’ renoving el ectrons fromsaid

sel ected cell; sensing the current on said sel cell; .= -
conmparing sensed current to the appropriate current ref hEﬁEﬁCE@EH‘?;SHEET\
and . _ ., repeating said renobving, sensing and onpar i :
until said sensed current is wthin said 1%gfropri ate referen eoatgqnga
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depositing a first sem conductor |ayer over said first dielectric film

sel ectively et chi ng sai d first. seniconductor | ayer and first
dielectric filmto define-first and second active area ' ==
substrate; ' fabricating field insulating rdgREREACEMENT SHEET

substrafe areas not conprising said firsty4agd second acti
depositing a second sem conductor |ayer over said first
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region, said first and second seniconductor |ayers conprising floating

gates in said substrate; _ selectively etching said second
sem conductor |ayer to expose a portion of said fieldp

in said first active area; formng a s el} REPLAGH

over said second sem conductor |ayer and said exposed portiof]_'pfAUﬁailQBS

field insulating regions; . ctively et @hHPag: -satd--second”
dielectric layer to expose said second sem conductor [&Eyer over portions
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field insulating regions in said second active area;
dep05|t|ng a third sem conductor l.ayer over said secgs
35 selectively etching said third §
sai d second diel ectric | ayer and said second and
| ayers to selectively expose portions 025%%<j
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first and second active regions; and I npl anting dopants-into
said first active regions. . - 26. The process of Caim?25
wherein said nenory transistor conprises an E[err] PROM and
further . conprising selectively formng a third dielecfEe—tay
said first dielectric - layer prior 16/1®  deposition || REFLACEMENT SHEET
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,
A SINGLE TRANSISTOR E PROM MEMORY DEVICE

Abstract of the Disclosure

A semiconductor memory cell device exhibiting superior cell reliability comprising a dual
layer floating gate (21,24) wherein the thin upper layer of the floating gate overlaps the edges
of surrounding field insulating regions (28) and has rounded edges to minimize leakage
~concerns. The tunnel dielectric (25) separating the dual layer floating gate from the substrate
comprises a layer of uniform thickness which is grown prior to the formation of the filed
insulating regions. The Fowler-Nordheim tunneling mechanism is used for programming and
erasing the inventive cells in a programming process flow which comprises flash
programmmg all cells on a word line, sensing current on a selected cell, and selectively
erasing the charge on the cell by applying a hlgher voltage on the mtersectmg bit line than is
applied to the word line, until the sensed current is as desired. .

Fig. 4A,B
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