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LOW VOLTAGE PROGRAMMABLE AND ERASABLE FLASH EEPROM
BACKGROUND OF THE INVENTION

{1} Field of the Invention

The invention relates to a method of fabricating
semiconductor structures, and more particularly, to a
method of fabricating a low voltage programmable and

erasable FLASH EEPROM and the method of programming and

erasing this device.

{2} Description of the Prior Art

Flash EEPROM memories are widely used in the
electronics industry. Many applications require the
ability to change and retain data after removing the system

power. Flash EEPROM offers this capability.

Referring now to Fig. 1, a cross sectional
representation of a partially completed prior art
integrated circuit device is shown. A Flash EEPROM memory

cell of the prior art is depicted. A semiconductor

substrate 10 is shown. éhallow'Trench Isolations {STI) 14
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are formed in the semiconductor substrate 10 to isolate the
memory from surrounding cells. A control and floating gate
stack has been fabricated overlying the semiconductor
substrate 10. The control and floating gate stack
comprises a tunneling oxide layer 18 overlying the
semiconductor substrate 10. A floating polysilicon gate 22
overlies the tunneling oxide layer 18. An interpoly
dielectric layer 26 overlies the polysilicon floating gate
22. A polysilicon control gate 30 overlies the interpoly
dielectric layer 26. A drain junction 31 is formed in the
semiconductor substrate 10. A source junction 32 is formed
in the semiconductor substrate 31. A substrate contact
junction 33 is also formed in the semiconductor sﬁbstrate
10. The junctions, polysilicon layers, and oxide layers

are all formed by conventional processes.

The Flash EEPROM memory cell operates essentially as
an MOS transistor with a variable threshold voltage {Vi).
The state of the threshold voltage {high or low) determines
the logical state of the memory cell (for example, binary 0
or 1). The voltage threshold of the memory cell depends
upon the charge held on the polysilicon floating gate.
Assuming that an n-channel device has been constructed, é

sufficient positive voltage bias on the control gate (Vg)



with respect to the substrate (Vs), will cause a conductive
channel to form at the surface of the semiconductor
substrate 10. The difference between the gate and substrate
voltages is called Vgsgys. If a voltage delta also exists

between the drain junction and the source junction (Vp - Vs,

. or Vps), then current will flow through the channel.

However, if the threshold voltage were such ﬁhat V. exceeded
Vgsos, then a conductive channel would not form. Current
would not flow from drain to source though the Vps bias
existed. Sense circuitry in a memory device utilizing
FLASH EEPROM cells determines the state (low V. or high V)

of the cells by measuring whether or not current flows

through the cell when the control gate is selected.

As stated, the presence of charge on the floating gate
directly affects the threshold voltage V¢ of the cell. The
control gate and floating gate are essentially two
capacitors in series. Therefore, when a voltage is
effected across the control gate to the substrate (Vgsus),
this voltage is divided between the two capacitors. If a
significant charge (positive or negative) exists on the
floating gate, this charge cannot escape (under normal, low
voltage conditions). Therefore, the charge impacts the

voltage division. For example, the presence of a



significant negative charge on the floating gate
{electrons}, will partially offset a positive charge on the
control gate (holés) so that the substrate surface
underlying the tunnel oxide sees a lower potential. This
lower potential requires that fewer electrons be attracted
to the substrate surface. The effect of the negative
charge on the floating gate is to increase the threshold

voltage Vi required to turn the cell ON.

To change the state of the cell, charge must be added
or subtracted from the polysilicon floating gate. The path
for adding of subtracting charge {holes or electrons) is
through the thin tunneling oxide 18, The tunneling oxide
is formed, by thermal growth or deposition, as a thin layer

of silicon dioxide.

When electrons are added to the floating gaﬁe, this is
typically called programming the cell. When holes are
added to the floating gate, this is called erasiﬁg the
cell. The method used to program the cell typically
involves creating a large control gate to substrate voltage
(Vesys) Of 10 volts or greater. In most cases, the substrate
is grounded, therefore, +10 volts or greater must be

applied to the control gate. In addition, the source



junction is grounded (Vs) and the drain junction is biased
to the low voltage supply of between about +3 volts to
about +5 volts. In this condition, a sufficient bias
exists to cause avalanche or hot electron injection 34 near

the drain junction 31 and into the polysilicon floating

. gate 22. Fowler-Nordheim Tunneling alsoc takes place in the

programming scenario. Alternatively, to discharge or
erase the cell, the control gate voltage (Vgsuz) must be
biased to -10 volts or greater. The source voltage {Vssys)
is biased to the low voltage supply of between about +3
volts to about +5 volts. The drain voltage ({(Vsgys) is left
floating. Now, electrons cross from the polysilicon
floating gate 22 to the source junction 32 to erase the

cell by Fowler-Nordheim Tunneling.

Note that the drain junction 31 is typically more
shallow and more highly doped than the source junction 32.
This allows the drain junction to avalanche breakdown at a
lower voltage which somewhat reduces the large programming
and erasing voltage (Vpp) required to change the logical'
state of the cell. The large Vp, makes integration of the
memory cells more difficult. The large voltage requires

either that an external voltage supply must be added to the

system or that a charge pumping circuit be added to the



integrated circuit. Either alternative is expensive. The
use of the higher voltage in the circuit also requires that
a thicker gate oxide be used in the circuitry that is
exposed to this voltage. Again, this is expensive due to

added processing complexity.

Several prior art approaches deal with Flash EEPROM
devices and programming methods. U.S. Patent 4,884,239 to
Ono et al teaches a method to erase EPROM cells where a
small source to substrate reverse bias eliminates source to
substrate current flow. A large drain to source reverse
bias is created to create a current reverse avalanche that
injects hot holes into the floating gate to erase.the cell.
U.S. Patent 5,457,652 to Brahmbhatt discloses a method to
program and erase an EEPROM. The substrate is grounded.
For programming, a +12 volt bias is applied to the control
gate. For erasing, a -10 volt bias is applied t§ the
control gate. U.S. Patent 5,659,504 to Bude et al teaches a
device and programming method for an EEPROM. The device
uses a shallow drain and a halo or p-pocket drain.
Programming and erasing is controlled by the drain to
source bias with neither floating. ' Drain to source current

is used to program or erase the cell through channel hot



electron injection. The p-pocket drain is used to increase

hot electron injection from the channel current.

SUMMARY OF THE INVENTION

A principal object of the present invention is to
provide an effective and very manufacturable method of
fabricating a Flash EEPROM memory cell in the manufacture

of integrated circuits.

A further object of the present invention is to
provide a method of fabricating a Flash EEPROM memory cell

with a reduced gate to substrate programming voltage.

A yet further ébject of the present invention is to
provide a method of fabricating a Flash EEPROM memory cell
with a reduced programming voltage comprising the features
of: implanting a shallow and abrupt drain junction,
implanting an angled pocket counter-doped junction adjacent
to the drain junction, and implanting a deeper and less

abrupt source junction.



Another further object of the present invention is to
provide a method of fabricating a Flash EEPROM memory cell

with a reduced gate to substrate erasing voltage.

Another yet further object of the present invention is
to provide a method of fabricating a Flash EEPROM memory
cell with a reduced erasing voltage comprising: implanting
a shallow and abrupt drain junction, implanting an angled
pocket counter-doped junction adjacent to the drain
junction, and implanting a deeper and less abrupt source

junction.

Another further object of the present invention is to
provide a Flash EEPROM device with a reduced gate to
substrate programming voltage with features comprising: a
shallow and abrupt drain junction, an angled pocket implant
counter doped junction adijacent to the drain junction, and

a deeper and less abrupt source junction.

Another further object of the present invention is to
provide a Flash EEPROM device with a reduced erasing gate
to substrate voltage with features comprising: a shallow

and abrupt drain junction, an angled pocket implant counter



doped junction adjacent to the drain junction, and a deeper

and less abrupt source junction.

Another further object of the present invention is to
provide method to program a Flash EEPROM device using a
- reduced gate to substrate voltage using a back bias hot

electron injection mechanism.

Another yet further object of the present invention is
to provide method to erase a Flash EEPROM device using a
reduced gate to substrate voltage using a back bias hot

hole injection mechanism.

In accordance with the objects of this invention, a
new method of fabricating a Flash EEPROM memory cell is
achieved. A semiconductor substrate is provided. A
tunneling oxide layer is formed overlying said
semiconductor substrate. A first polysilicon layer is
deposited overlying the tunneling oxide layer. An
interpoly dielectric layer is deposited overlying the first
polysilicon layer. A second polysilicon layer is deposited
overlying the interpoly dielectric layer. The second
polysilicon layer, the interpoly dielectric layer, the

first polysilicon layer, and the tunneling oxide layer are



patterned to form control gates and floating gates for
planned Flash EEPROM memory cells. Ions are implanted to
form drain junctions for planned Flash EEPROM memory cells
in the semiconductor substrate where the drain junctions
are shallow and abrupt. Ions are implanted to form angled
pocket junctions adjacent to the drain junctions. The
angled pocket junctions are_implantéd at a non-
perpendicular angle with respect to the semiconductor
substraﬁe and are counter-doped to the drain junctions.
Ions are implanted'to form source junctions where the
junctions are deeper and less abrupt than the drain
junctions to complete the Flash EEPROM memory cells in the

integrated circuit device.

Also in accordance with the objects of this invention,
a new Flash EEPROM memory cell device is described. A
tunneling oxide overlies the semiconductor substrate. A
floating gate of polysilicon overlies the tunneling oxide.
aAn interpoly dielectric overlies the floating gate. A
control gate of polysilicon overlies the interpoly
dielectric. A shallow and abrupt drain junction lies
within the semiconductor substrate adjacent to the
tunneling oxide layer. An angléd pocket junction lies

within the semiconductor substrate adjacent to the drain
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junction and counter-doped to the drain junction. A deeper
and less abrupt source junction lies within the

semiconductor substrate.

Also in accordance with the objects of this invention,
a method of programming a Flash EEPROM memory cell is
described. A voltage is applied to tﬂe drain junction of
the cell to effect a low positive bias above a common
gréund reference. A voltage is applied to the control gate
of the cell to effect a low positive bias above the common
ground reference. A voltage is applied to the substrate of
the cell to effect a low negative bias below the common
ground reference. The source junction of the cell is
allowed to float. The floating gate of the cell charges by
back bias hot electron injection sufficiently to program

the cell.

Blso in accordance with the objects of this invention,
a method of erasing a Flash EEPROM memory cell is
described. A voltage is applied to the source junction of
the cell to effect a low positive bias above a common
ground reference. A voltage is applied to the control gate
of the cell to effect a low negative bias below the common

ground reference. A voltage is applied to the substrate of

11



the cell to effect a low negative bias below the common
ground reference. The drain of the cell is allowed to
float. The floating gate of the cell discharges by back

bias hot hole injection sufficiently to erase the cell.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings forming a material part

of this description, there is shown:

Fig. 1 schematically illustrates in cross-sectional
representation a partially completed prior art integrated

circuit device.

.Figs. 2 through 8 schematically illustrate in cross-
sectional representation a preferred embodiment of the

present invention.

Figs. 9 and 10 schematically illustrate the

programming and erasing mechanism of the present invention.

Fig. 11 graphically illustrates programming and

erasing characteristics of the present invention.

12



DESCRIPTION OF THE PREFERRED EMBODIMENTS

The embodiment discloses the application of the
present invention to the formation of a Flash EEPROM memory
cell in the manufacture of an integrated circuit device. A
method to program and to erase the Flash EEPROM memory cell
is also disclosed. It should be clear to those experienced
in the art that the present invention can be apélied and
extended without deviating from the scope of the present

invention.

Referring now particularly to Fig. 2, there is shown a
cross section of a partially completed integrated circuit
device of the preferred embodiment. A semiconductor
substrate 40, typically consisting of monocrystalline
silicon, is provided. In this application, the
semiconductor substrate is lightly doped p-type. Shallow
trench isolations (STI) 44 are formed in the semiconductor
substrate 40 to isclate the Flash EEPROM memory cells. The

STI structures 44 are formed by a conventional process.

13



Referring now to Fig. 3, a tunneling oxide layer 48 is
formed overlying the semiconductor substrate 40. The
tunneling oxide layer 48 may be formed either by a thermal
oxidation of the semiconductor substrate 40 or by a
chemical vapor deposition (CVD) process. The tunneling
. oxide layer 48 is formed to a thickness of between about 90
Angstroms and 100 Angstroms. A first polysilicon layer 52
is deposited overlying the tunneling oxide layer 48. The
first polysilicon layer 52 Qill be formed into the floating
gate of the memory cell. The first polysilicon layer 52 is
preferably déposited using a low-pressure CVD process. The
first polysilicon layer is deposited to a thickness of
between ébout 1560 Angstroms and 1700 Angstroms. An
interpoly dielectric layer 56 is deposited overlying the
first polysilicon layer 52. The interpoly dielectric layer
56 is depoéited to a thickness of between about 100
Angstroms and 120 Angstroms. The interpoly dielectric
layer 56 can be comprised of silicon dioxide, silicon

nitride, or combinations of both silicon dioxide and

silicon nitride. A second conducting layer 60 is deposited

overlying the interpoly dielectric layer 56. The second
conducting layer 60 will be formed into the control gate of
the memory cell. The second conducting layer 60 may

comprise polysilicon or another conducting material. The
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second conducting layer 60 is preferably deposited using a
low-pressure CVD process. The second conducting layer 60

is deposited to a thickness of between about 1500 Angstroms

and 2000 Angstroms.

Referring now to Fig. 4, the second conducting layer
60, the interpoly dielectric layer 56, the first
polysilicon layer 52, and the tunneling oxide layer 48 are
etched through to form the control gate 60 and the floating
gate 52 of the Flash EEPROM memory cell. A conventional

etching process is used to etch through the layers.

Referring now to Fig. 5, an important feature of the
present invention is disclosed. Ions are implanted to form
shallow and abrupt drain junctions 72 for the memory cells.
A masking layer 64, here shown as a photoresist layer 64,
is patterned overlying the semiconductor substrate 40 and
the control gate 60 and floating gate 52 stack. The
patterning exposes areas where drains 72 for the memory
cells are planned. Jons are implanted 68 through the
openings in the masking layer 64. By forming the drain
junctions with a shallow profile and very abrupt
concentration gradient, the reverse-bias avalanche

breakdown voltage of the drain junction is low. This low

15



breakdown voltage is important because the memory cell
design of the present invention uses the drain junction
avalanche breakdown to generate hot electrons for the

programming of the floating gate.

The ionic species for the drain implant 68'comprises either
| arsenic or antimony. The ions are implanted with a dose of
between about 6x10 atoms/cm? and 8x10' atoms/cm® and energy
of between about 50 KeV and 60 KeV. The drain junctions 72
formed by this implantation 68 have a junction depth of
between about 0.2 microns and 0.3 microns and a doping ion

concentration of between about 1x10%° atoms/cm® and 2x10%°

atoms/cm3.

Referring now to Fig. 6, another important feature of
the present'invention is described.. Ions are implanted 74
to form angled pocket junctions 78 adjacent to the drain
junctions 72 of the memory cells and underlying the gate
stack. The masking layer 64 used for the drain junction
implant can be used again for the angled pocket junction
implant. Ions are implanted 74 through the openings in the
masking layer 64. The ions are implanted 74 at a non-
perpendicular angle of between about 30 and 45 degrees with

respect to the semiconductor substrate 40 as shown. The
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angled pocket junctions 78 formed are counter—dqped to the
doping type of the drain junctions 72. The purpose of the
counter-doped, angled pocket junctions 78 is to enhance the
avalanche breakdown characteristic of the drain junctions
72. The presence of a counter-doped region of relatively
high concentration adjacent to the drain junction 72 will
further decrease the reverse bias breakdown voltage. The
use of an angled iﬁplantation 74 allows the angle pocket
junction to extend under the tunneling oxide 48 of the
memory cell. 1In this way, the drain junction 72 still

underlies the edge of the tunneling oxide 48 so that proper

channel inversion can occur.

The ionic species for the angled pocket junctiqn
implant 74 comprises boron. The ions are implanted with a
dose of between about 3x10*° atoms/cm® and 3x10%° atoms/cm?
and an energy of between about 30 KeV and 40 KeV and an
angle of implantation of between about 30 degrees and 45
degrees with respect to the surface of the semiconductor
substrate 40. The angled pocket junctions 78 formed by fhis
implantation 74 have a junction depth of between about 0.3
microns and 0.4 microns and a doping ion concentration of

between about 1x10'7 atoms/cm® and 5x10%7 atoms/cm’.

17



Referring now to Fig. 7, another important feature of
the present invention is disclosed. 1Ions are implanted to
fofm deeper and less abrupt source junctions 90 for the
memory cells. A masking layer 82, here shown as a

photoresist layer 82, is'patterned overlying the

- semiconductor substrate 40 and the control gate 60 and

floating gate 52 stack. The patterning exposes areas where
sources 90 for the memory cells_are planned. Ions are
implanted 86 through the openings in the masking layer 82.
By forming the source junctions with a deeper profile and
less abrupt concentration gradient, the adverse effect of

tunneling oxide layer 48 damage due to hot hole injection

is reduced.

The ionic species for the source implant 86 comprises
either arsenic or phosphorous. The ions are implanted with
a dose of 5x10%° atoms/cm® and 8x10'° atoms/cm® and energy of
between about 50 KeV and 70 KeV. The source junctions 90
formed by this implantation 68 have a junction depth of
between about 0.5 microns and 0.8 microns and.a doping ion

concentration of between about 1x10%° atoms/cm® and 2x10%°

atoms/cm’.
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Referring now to Fig. 8, the device is completed in a
conventional manner. A semiconductor contact junction 92
is formed in the semiconducﬁor substrate 40 by an ion
implantation. An interlevel'diélectric layer 94 is
deposited overlying the semiconductor substrate 40 and the
control gates 60. The interlevel dielectric layer 94 is
patterned to form contact openings. A metal layer 98 is
deposited overlying the interlevel dielectric layer 94 and
filling the contact openings. The metal layer 98 is etched
to form Separate connective traces, and the Flash EEPROM

memory cell in the integrated circuit device is completed.

Referring again to Fig. 8, the completed Flash EEPROM
memory cell of the present invention is herein described. A
tunneling oxide layer 48 overlies the semiconductor
substrate 40. The semiconductor substrate comprises
monocrystalline silicon and is preferably lightly doped.
The tunneling oxide layer 48 is preferably between about 80
Angstroms and 120 Angstroms thick. A floating gate 52
overlies the tunneling oxide layer 48. The floating gate
52 preferably comprises polysilicon and is between about
1000 Angstroms and 2000 Angstroms thick. An interpoly
dielectric layer 56 overlies the floating gate 56. The

interpoly dielectric, which may comprise silicon dioxide,

19



silicon nitride, or a combination of both silicon dioxide -
and silicon nitride, is preferably between about 100
Angstroms and 150 Angstroms thick compared to an equivalent
oxide lafer. A control gate 60 overlies the interpoly
oxide layer 56. The control gate 60 preferably comprises

_polysilicon and is between about 1000 Angstroms and 2000

Angstroms thick.

A shallow and abrupt drain junction 72 lies within the
semiconductor substrate 40. The drain junction 72 has a
junction depfh of between about 0.2 microns and 0.3 microns
and a doping ion concentration of between about 1x10%°
atoms/cm® and 2x10%° atoms/cm’. An angled pocket junction 78
lies within the semiconductor substrate 40 adjacent to the
drain junction 72 and cognter—doped to the drain junction
72. The angied pocket junction 78 has a junction depth of
between about 0.3 microns and 0.4 microns and a doping ion
concentration of between about 1x10'7 atoms/cm® and 2x10%
atoms/cm’. A deeper and less abrupt source junction 90 lies
within the semiconductor substrate 40. The source junctidn
90 has a junction depth of between about 0.5 microns and
0.6 microns and a doping ion concentration of between about

1x10%° atoms/cm® and 2x102%° atoms/cm?.
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Referring now to Fig. 9, the programming mechanism of
the present invention is described. The schematic
representation shows the voltage biases necessary to
program the Flash EEPROM memory cell of the type disclosed
in the preferred embodiments of the present invention. A
voltage, Vp, is applied to the drain junction of the cell to
effect a low positive bias above a common ground reference.
Here, Vp is between about 3 volts and 5 volts. A voltage is
applied to the control gate, Vs, of the cell to effect a low
positive bias above the common ground reference. V; is
between about 3 volts and 5 volts. A voltage is applied to
the substrate, Vgys, ©of the cell to effect a low negative
bias below the common ground reference. Vs is between about
-3 volts and -5 volts. Finally, the source, Vs, of the cell

is allowed to float.

In this configuration, a large enough reverse bias
exists on the drain to substrate junction to cause an
avalanche breakdown. fhe avalanche breakdown, and
subsequent impact ionization in the substrate, serves as a
source for energized, hot electrons for programming the
memory cell. The positive potential, or back bias, from
the control gate to the substrate cause the hot electrons

to be injected into the floating gate. Note especially that

21



this programming method does not require a doubling or
tripling of the low voltage supply. The terminals of the
memory cell only see low voltages. This means that the
expensive thick gate oxide process is not needed. In

addition, no charge pumping circuits are needed.

Reférring now to Fig. 10, the erasing mechanism of the
present invention is described. The schematic
representation shows the voltage biases necessary to erase
the Flash EEPROM memory cell. A voltage, Vs, is applied to
the source junction of the cell to effect a low positive
bias above a common ground reference. Here, V; is between
about 3 Qolts and 5 volts. A voltage is applied'to the
_control gate, Vg, of the cell to éffect a low negative bias
below the common ground reference. Vg is between about 3
volts and 5 volts. A voltage is applied to the substrate,
Vaus, of the cell to effect a low negative bias below the
common ground reference. Vgps is between about 0 volts and -2

volts. Finally, the drain, Vp, of the cell is allowed to

float.

In this configuration, a large enough reverse bias
exists on the source to substrate junction to cause an

avalanche breakdown. The avalanche breakdown, and

22



subsequent impact ionization in the substrate, serves as a
source for energized, hot hoies for erasing the mémory
cell. The negative potential, or back bias, from the
control gate to the substrate cause the hot holes to be
injected into the floating gate. Note especially that this
erasing method does not require a doubling or tripling of
the‘low véltage supply. The terminals of the memory cell
only see low voltages. Again, no expensive thick gate

oxide process or charge pumping circuits are needed.

Referring now to Fig. 11, the programming and erasing
characteristics of the preferred embodiment of the present
invention is described. Based on actual device data, the
plot shows programming times of between about 30

milliseconds and 50 milliseconds.

As shown in the preferred embodiments, the present
invention provides a very manufacturable process for
fabricating a Flash EEPROM memory cell in an integrated
circuit device. The Flash EEPROM memory cell is described
and methods to program and erase the memory cell are

disclosed. Experimental data confirms the usefulness of

the novel invention.
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While the invention has been particularly shown and
described with reference to the preferred embodiments
thereof, it will be understood by those skilled in the art
that variéus changes in form and details may be made
without departing from the spirit and scope of the

invention.
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CLAIMS
1. A method to form Flash EEPROM memory cells in the

manufacture of an integrated circuit device comprising:

providing a semiconductor substrate;

forming a tunneling oxide layer overlying said
semiconductor substrate;

depositing a first polysilicon layer overlying said
tunneling oxide layer;

depositing an interpoly oxide layer is deposited
overlying the first polysilicon layer;

depositing a second conducting layer overlying said
interpoly oxide layer;

patterning said second conducting layer, said
interpoly dielectric layer, said first polysilicon layer,

and said tunneling layer to form control gates and floating

gates for planned Flash EEPROM memory cells:

implanting ions to form drain junctions for said
planned Flash EEPROM memory cells in saild semiconductor
substrate wherein said drain junctions are shallow and
abrupt;

implanting ions to form angled pocket junctions
adjacent to said drain junctions wherein said angled pocket
junctions are implanted at a non-perpendicular angle with

respect to said semiconductor substrate and are counter-

doped to said drain junctions; \\\\\
*
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implanting ions to form source junctions wherein said
source junctions are deeper and less abrupt than said drain

junctions; and

completing said Flash EEPROM memory cells in the

integrated circuit device.

2. The method according to Claim 1 wherein saild tunneling

oxide layer is formed to a thickness of between about 80

Angstroms and 120 Angstroms.

3. The method according to Claim 1 wherein said interpoly
oxide layer is deposited to a thickness of between about

100 Angstroms and 120 Angstroms.

4. The method according to Claim 1 wherein said ions

implanted to form drain junctions comprise one of the group

of: arsenic and antimony.

5. The method according to Claim 1 wherein said step of
implanting ions to form drain junctions comprises a dose of

6x10'* atoms/cm? and 8x10'* atoms/cm’ and energy of between

about 50 KeV and 60 KeV.
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6. The method according to Claim 1 wherein said ions

implanted to form angled pocket junctions comprise boron.

7. The method according to Claim 1 wherein said step of
implanting ions to form angled pocket junctions comprises a
dose of 3x10™ atoms/cm® and 6x10'® atoms/cm® and an energy

of between about 30 KeV and 40 KeV.

8. The method according to Claim 1 wherein said step of
implanting ions to form angled pocket Jjunctions comprises

said non-perpendicular angle of implantation of between
about 30 degrees and 45 degrees with respect to said

semiconductor substrate.

9. The method according to Claim 1 wherein said ions
implanted to form socurce junctions comprise one of the

group of: arsenic and phosphorous.

10. The method according to Claim 1 wherein said step of
implanting ions to form source junctions comprises a dose
of 5x10%° atoms/cm®? and 8x10%® atoms/cm? and energy of

between about 50 KeV and 70 KeV.

11. A Flash EEPROM memory cell device comprising:

27
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a semiconductor substrate;

a tunneling oxide layer overlying said semiconductor

substrate;
f/

5 a floating gate overlying said tunneling oxide:
an interpoly dieléctric overlying said floating gate;
a control gate overlying said interpoly dielectric:
a shallow and abrupt drain junction within said
semiconductor substrate adjacent to said tunneling oxide
10 layer:; |
an angled pocket juﬂction lying within said
semiconductor substrate adjacent to said drain junction and

counter-doped to said drain junction; and

a deeper and less abrupt source junction lying within

15 said semiconductor substrate.

12. The device according to Claim 11 wherein said

tunneling oxide layer is between about 80 Angstroms and 120

Angstroms thick.

13. The device according to Claim 11 wherein said

interpbly oxide is between about 100 Angstroms and 120

Angstroms thick. l ‘
L
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14. The device according to Claim 11 whereinlsaid shallow
and abrupt drain junction has a junction depth of between
about 0.2 microns and 0.3 microns and a doping ion
concentration of between about 1x10%° atoms/cm® and 2x10%°

atoms/cm®.

15. The device according to Claim 11 wherein said angled
pocket junction has a junction depth of between about 0.3
microns and 0.4 microns and a doping ion concentration of

petween about 1x10' atoms/cm® and 2x10Y atoms/cm’.

16. The device according to Claim 11 wherein said deeper

and less abrupt source junction has a junction depth of

‘between about 0.5 microns and 0.6 microns and a doping ion

concentration of between about 1x10?° atoms/cm® and 2x10%°

atoms/cm>.

17. A method of programming a Flash EEPROM memory cell
device, wherein said Flash EEPROM memory cell comprises:

a semiconductor substrate;

a tunneling oxide layer overlying said semiconductor
substrate:;

a floating gate overlying said tunneling oxide;

an interpoly dielectric overlying said floating gate:

_—

A

- 29



10

15

20

25

30

a control gate overlying said interpoly dielectric;

a shallow and abrupt drain junction within said

semiconductor substrate adjacent to said tunneling oxide

layer:

an angled pocket junction lying within said

semiconductor substrate adjacent to said drain junction and

counter-doped to said drain junction; and

said

cell

a deeper and.less abrupt source junction lying within
semiconductor substrate;
wherein said method of programming said Flash EEPROM
comprises the steps of:

applying a voltage to said drain junction of said
cell to effect a low positive blas above a common
ground reference;

applying a voltage to said control gate of said
cell to effect a low positive bias above said common
ground reference;

applying a voltage to said substrate of said cell
to effect a low negative bias below said common ground
reference;

floating said source junction of said cell; and

charging said floating gate of said cell by back

bias hot electron injection sufficiently to program
said cell. T

o OCEg
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18. The method according to Claim 18 wherein said step of
applying a voltage to said drain junction is between about

3 volts and 5 volts.

19. The method according to Claim 18 wherein said step of

applying a voltage to said control gate is between about 3

volts and 5 volts.

20. The method according to Claim 18 wherein said step of
applying a voltage to said substrate is between about -3

volts and -5 volts.

21. A method of erasing a Flash EEPROM memory cell device,

wherein said Flash EEPROM memory cell comprises:

a semiconductor substrate;

a tunneling oxide layer overlying said semiconductor

substrate;

a floating gate overlying said tunneling oxide;
an interpoly oxide overlying said floating gate;
a control gate overlying said interpoly oxide;

a shallow and abrupt drain junction within said

semiconductor substrate adjacent to said tunneling oxide .

layer;

b
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an angled pocket-junction lying within said

semiconductor substrate adjacent to said drain junction and

counter-doped to said drain junction; and

a deeper and less abrupt source junction lying within

sald semiconductor substrate;

wherein said method of erasing said Flash EEPROM cell

comprises the steps of:

22.

applying a voltage to said source junction of
said cell to effect a low positive bias above a common
ground reference;

applying a voltage to said control gate of said

cell to effect a low positive bias above said common

ground reference;

applying a voltage to said substrate of said cell

to effect a low negative bias below said common ground

reference;

floating said drain junction of said cell; and
discharging said floating gate of said cell by

back bias hot hole injection sufficiently to erase

said cell.

The method according to Claim 18 wherein said step of

applying a voltage to said drain junction is between about

3 volts and 5 volts.
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23. The method according to Claim 18 wherein said step of
applying a voltage to said control gate is between about 3

volts and 5 wvolts.

24. The method according to Claim 18 wherein said step of
applying a voltage to said substrate is between about 0

volts and -2 volts.
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