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This patent application claims priority from copending United States

Provisional Patent Application Serial No. 60/018,694, filed May 30, 1996.
BACKGROUND OF THE INVENTION

This invention relates to integrated circuit nonvolatile memories, and in
particular to flash memories. Flash memories are electrically-erasable nonvolatile
memories in which groups of cells can be erased in a single operation.

Numerous types of integrated circuit memory are now well known, as are
processes for manufacturing them. One particular type of integrated circuit memory is
nonvolatile memory. Nonvolatile memory is referred to as such because it does not lose
the information stored in the memory when power is removed from the memory.
Nonvolatile memory has many applications in products where the supply of electricity is
interruptable. For example, one well known product employing flash memory is
PCMCIA or PC cards. PC cards are small credit card-sized packages which contain
nonvolatile memory within which a computer program or other information is stored.
Such devices allow the user to connect and disconnect the memory card from a computer
or other electronic apparatus, without losing the program stored within the memory card.

Nonvolatile memory devices include read only memories (ROM),
programmable read only memories (PROM), electrically-erasable read only memories
(EEPROM), as well as other types. Within the field of electrically-erasable
programmable memories, a certain class of devices is known as flash memory, or flash
EEPROMSs. Such memories are selectively programmable and erasable, typically with
groups of cells being erasable in a single operation.

In conventional flash memories, each memory cell is formed from a

- transistor having a source, drain, control gate and floating gate. The floating gate is
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I nterruptable. For exanple, one well known product enploying flash nenory
Is PCMCI A or PC cards. PC cards are small credit card-sized packages which
contain nonvolatile nmenory within which a conputer program or other
information is stored. Such devices allow the user to connect and

di sconnect the nenory card froma conputer or other electronic apparatus,
w thout | osing the programstored within 4he nenory card. Nonvol atile
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enabhno detection of its binary condition. Figure 1A and Figure 1B illustrate typxcal prior
art flash memory cells.

In most flash memories, charge is placed on, or removed from, the floating
gate by operating the memory at conditions outside its normal operating conditions for
reading its contents. For example, by adjusting the relative potentials between the gate
and the source, drain or channel regions, charge, in the form of electrons, can be caused
to be injected onto the floating gate, or removed from the floating gate.

An unfortunate disadvantage of existing flash memory cells is that a high
potential must be applied to the control gate to program the floating gate. For example,
by placing a high positive voltage such as 8.5 volts on the control gate and grounding the
sdurce region, electrons will be pulled from the source onto the floating gate where they
will be trapped. The negative charge on the floating gate then can be used to indicate the
presence of a "one" or a "zero" in the memory cell. An unfortunate consequence of the
requirement of using such a high potential for programming (or erase) is that the
peripheral circuitry must be designed to also handle that high potential. In other words,
all of the transistors and the accessing circuitry through which the 8.5 volts is applied,
must itself be capable of handling the 8.5 volt potential. The high potential also generates
leakage currents, and causes hot hole degradation. One such typical prior art NOR flash
memory cell is described in United States Patent No. 5,077,691 entitled "Flash EEPROM
Array with Negative Gate Voltage Erase Operation.” _

As a result, it would be desirable to provide a flash memory which operates
at a lower potential, minimizing these undesirable effects, and which provides improved

performance.

SUMMARY OF THE INVENTION
This invention provides a flash memory cell having unique advantages over
previous flash memory cells, together with a process for manufacturing such a cell and

associated peripheral circuitry. The flash memory cell of this invention may be



2 fornmed between the control gate and the substrate. The presence, or
absence, of charge trapped on the floating gate can be used to indicate the

contents of the nmenory cell. Charge trapped on the floating gate chahges
the threshold voltage of the transistor, enabling detection of its binary
condition. Figure 1A and Figure 1B illustrate typical prior art flash

menory cells. In nost flash nenories, chd&ge is placed on, or removed from
the floating gate by operating the nmenory at conditions outside its normnal
operating conditions for reading its contents. For exanple, by adjusting
the relative potentials between the gate and the source, drain or channel
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di sadvant a@ashofnemdr;stdeﬁg f This provides gdvastdgss iby erfabling: m‘righeral circuitry which
supports the memory array and is on the same integrated circuit chip to be designed to
handle lower voltages. This enables the use of smaller transistors, resulting in higher
yields, greater reliability, and lower costs.

In a preferred embodiment, the flash memory cell structure of our invention
includes a triple well integrated circuit structure. In particular, the memory cell includes
a semiconductor substrate formed from first conductivity type material and having an
upper surface. A first well region of second conductivity type extends into the substrate
adjacent the surface, the second conductivity type being opposite to the first conductivity
type. The first well includes within it a second well, also formed adjacent the surface of
the substrate, and of first conductivity type material. A floating gate transistor is formed
in the second well region, and includes a source region, a drain region, a floating gate
disposed above the surface and electrically isolated from the substrate. The floating gate
extends between the source and drain regions. A control gate is disposed above the
floating gate. A first contact region is provided to the first well for controlling its
potential, and a second contact region is provided to the second well for controlling its
potential. As will be described, the use of multiple wells enables the memory cell to be
programmed and erased with lower voltages than previously possible. It also minimizes
the need for the peripheral circuitry to handle high potentials. The peripheral circuitry
can be formed at any desired location depending on the properties desired, including in
the first well, in the second well, or in the substrate outside both wells.

The invention also includes a process for fabricating an integrated circuit
memory cell. In the preferred embodiment of the process, a semiconductor substrate of
first conductivity type is employed. A first well region of second conductivity opposite
to the conductivity of the first conductivity type is formed in the substrate and has a
periphery. Within the periphery of the first well region, but also adjacent the surface of
the substrate, a second well region is formed. Preferably, the second well region is of
first conductivity type. Also formed within the periphery of the first well region is a first
contact region which is spaced apart from the second well region. The first contact region

is of second conductivity type and is more conductive than the first well region. A first



potential nust be applied to the control gate to programthe floating gate.
For exanple, by placing a high positive voltage such as 8.5 volts on the
control gate and grounding the source region, electrons will be pulled from
the source onto the floating gate where they will be trapped. The negative
charge on the floating gate then can be used to indicate the presence of a
"one" or a "zero" in the nenory cell. An*unf or t unat e consequence of the
requi renent of using such a high potential for progranm ng (or erase) is
that the peripheral circuitry nust be designed to also handl e that high
potential. In other words, all of the transistors and the accessing
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and the floating gate as a mask, dopants are introduced into the second well region to
form a source region, and a drain region. During this process a contact region is also
formed to contact the second well. The contact region is spaced apart from the source
region and the drain region, and is more conductive than the second well.

The invention also includes a unique technique for programming memory
cells. In a preferred embodiment, the memory cells are programmed by raising the
control gate to a first potential no greater than 9.0 volts. The drain is raised to a potential
no more than 5.0 volts. The source is coupled to ground potential, and the region of
semiconductor material within which the source and drain are formed is placed at a
potential below ground potential. In response to this condition, electrons are caused to
move from the substrate channel through the insulating layer and onto the floating gate.
Their presence (or absence) on the floating gate can be used to indicate the state of the
memory cell.

The invention also includes a technique for erasing memory cells. Memory
cells formed according to the invention may be erased by lowering the potential of the
control gate to a potential no more negative than -9.0 volts. The source and drain regions
are disconnected from any potential source, and the semiconductor material within which
the source and drain regions are formed is then placed at a potential no more positive than
8.0 volts. In response to this condition,~any electrons trapped on the floating gate will
be caused to tunnel through the intervening oxide over the channel and return to the
substrate. As a result, the memory cell will be erased.

A particular advantage to the triple well flash memory of this invention is
that a uniform erase may be performed instead of a nonuniform (source edge) erase. The
uniform erase provides better endurance and data retention. The uniform erase is
advantageous because the electrons tunnel through an insulating layer, eliminating the hot

hole injection problems due to band-to-band tunneling and source edge erase which were



performance. SUMVARY OF THE | NVENTI ON This invention provides a flash
menory cell having uni que advantages over previous flash nenory cells,
together with a process for nmanufacturing such a cell and associ ated
peripheral circuitry. The flash nmenory cell of this invention may be 3
programed and erased using substantiallysl|ower voltages than are enpl oyed
in prior art flash nmenory cells. This provides advantages by enabli ng
peripheral circuitry which supports the nenory array and is on the sane
integrated circuit chip to be designed to handle | ower voltages. This
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insulating oxide between the gate and source region. This results in leakage current and
changes the erase characteristics.

An additional advantage of the triple well structure is that it allows
independent control of the memory cell region substrate potential in contrast to the
peripheral circuit substrate potential. In other words, the potential of the substrate in the
region of the memory cells can be controlled independently of the potential of the
substrate in the peripheral circuit regions. In contrast to prior art devices and processes,
this enables the application of positive or negative voltage to the cell substrate, while
simultaneously maintaining ground potential in the region of the peripheral devices. Such
an approach allows for the uniform channel erase and the use of lower potentials.

In prior art flash memories, currents on the order of 20-30 milliamps were
required to erase a block, and the use of channel erase was not feasible because the
difference in potential between the substrate and the control gates could not be made large
enough. Utilizing the techniques described here, erase currents for a block of cells can
be reduced to on the order of 100 microamps. The low power and low current
requirements of this invention make its applicability to battery-powered devices

particularly advantageous.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B illustrate a prior art flash memory cell;

Figures 2A and 2B illustrate a preferred embodiment of the flash memory
cell- of this invention; -

Figures 3-31 illustrate a preferred embodiment of a method for
manufacturing the flash memory cell of this invention, with the specific figures as follows:

Figure 3 illustrates the structure after implantation of the N-well;

Figure 4 illustrates the structure after implantation of the P-well;

Figure 5 illustrates the structure after annealing the P- and N-wells and

forming a mask;

Figure 6 illustrates the structure after formation of field oxide regions;



Ina preferred enbodi nent, the flash nenory cell structure of our invention
includes a triple well integrated circuit structure. In particular, the
menory cell includes a sem conductor substrate forned fromfirst
conductivity type material and having an upper surface. A first well region
of second conductivity type extends into&he substrate adjacent the
surface, the second conductivity type being opposite to the first
conductivity type. The first well includes within it a second well, also
formed adjacent the surface of the substrate, and of first conductivity
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gate is di’étgta d above the floating gate. A first contact region is
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contact region is provided to the second well for controlling its
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Figure 12 illustrates the structure after removal of the gate oxide layer in
a selected region;
Figure 13 illustrates the structure after formation of the first layer of
polycrystalline silicon; o
Figure 14 illustrates the structure after masking and etching the first layer
of polycrystalline silicon;
Figure 15 illustrates the structure after formation of the ONO insulating
layers;
Figure 16 illustrates the structure after formation of new gate oxide in a
chosenlocaﬁbn;
Figure 17 illustrates the structure after formation of the second layer of
polycrystalline silicon;
Figure 18 illustrates the structure after formation of a mask;
Figure 19 illustrates the structure after etching the second layer of
polycrystalline silicon and forming a new mask;
Figure 20 illustrates the structure after further etching is completed;
Figure 21 illustrates the structure after implantation of memory cell source
regions; -
Figure 22 illustrates the structure after implantation of memory cell drain
regions;
Figure 23 illustrates the structure after P type source drain implantation of
some peripheral transistors;

Figure 24 illustrates the structure after N type source drain implantation of

other peripheral transistors;



the need for the peripheral circuitry to handl e high potentials. The
peripheral circuitry can be forned at any desired | ocation depending on the

properties desired, including in the first well, in the second well, or in
t he substrate outside both wells. The invention also includes a process for
fabricating an integrated circuit nenory cell. In the preferred enbodi nent

of the process, a sem conductor substratd of first conductivity type is
enpl oyed. A first well region of second conductivity opposite to the
conductivity of the first conductivity type is fornmed in the substrate and
has a periphery. Wthin the periphery of the first well region, but also

adj acent the surfacepgdyrt g5 SUBGEAA! the @trﬁ@@faw@feeelfudr@g!pmyFé doRfd@e drain
Preferably, the second well region is of first conductivity type. Al so

formed wi timplartigorpef stphether geriphesalf fransistare] | region is a first contact
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wel | region. A firstgjgyre 27 illustrates the structure after formation of a contact mask;
Figure 28 illustrates the structure after deposition of the first layer of metal;
Figure 29 illustrates the structure after formation of a second contact mask;
Figure 30 illustrates the structure after deposition of second metal; and

Figure 31 illustrates the structure after deposition of a passivation layer.

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

Figure 1 illustrates a prior art flash memory cell in program (Figure 1A)
and erase (Figure 1B) modes. The flash memory cell depicted includes a substrate 10,
typically monocrystalline silicon, a double-diffused source region 18, and a drain region
16. Spaced above the substrate by a thin insulating layer 13 is a floating gate 15. Above
the floating gate, and electrically isolated from it, is a control gate 12. Typically, the
flash memory cells shown will provide a single bit in a much larger memory, for
example, an integrated circuit chip with millions of bits of flash memory. The individual
transistors on the integrated circuit are organized in a matrix, with orthogonally arranged
bit lines and word lines. Typically, the drain region 16 will be connected to a bit line,
while the control gate 12 is connected to a word line. In this way matrix addressing is
provided.

The flash memory cells shown in Figures 1A and 1B can be operated in
several different modes -- program, erase, and read. The operating conditions for each
mode are discussed below. -

In the program mode of prior art devices, a high potential, preferably
+8.5 volts, is placed on the control gate 12 for the selected word line. Nonselected word
lines remain at ground. The selected bit line is placed about +4.5 volts, and this bit line
is coupled to drain 16. The source region 18 is grounded. The result of these conditions
is that hot electrons produced by channel current are attracted by the 8.5 volt potential
on the control gate and tunnel through the thin oxide between the floating gate 15 and the

channel region 18. Once on the floating gate. they are trapped, and charge the floating



4 insulating layer is formed across the surface of the substrate, and a
conductive layer is forned on the insulating |layer to provide a floating-
gate which is disposed above the surface of the substrate and electrically
i solated therefrom On the surface of the first conductive |ayer, a second
insulating layer is fornmed. Over the sec§nd I nsul ating | ayer a second
conductive layer is fornmed which provides a control gate. Using the control
gate and the floating gate as a mask, dopants are introduced into the
second well region to forma source region, and a drain region. During this
process a contact region is also forned to contact the second well. The
cont act r egftoregativelyacEhie apgativefohaigetdhangesihe threshpldmoliaas aftthe treagistor. eyl on,
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potential no greater than 9.0 volts. The drain is raised to a potenti al
+35 volts, is applied to the selected word line, while about 1 volt is applied to the selected
bit line. The presence, or absence, of electrons on the floating gate makes the transistor
harder, or easier, to turn on. By sensing whether the bit line changes potential, the state
of the floating gate can be detected.

In erase mode as shown in Figure 18, a large negative voltage, usually
-8.5 volts, is applied to the control gate of a group of selected devices to be erased. The
bit line is allowed to float, while the source is held at an intermediate positive \;oltage, for
example 3 to 5 volts. The cohbined negative potential on the control gate with the
positive potential on the source, moves the electrons off the floating gate and back into
the substrate through the source region, thereby discharging the floating gate and erasing
the cells.

Figures 2A and 2B illustrate cross-sectional views of a flash memory cell
according to a preferred embodiment of this invention. The same cell is illustrated in
Figures 2A and 2B, with Figure 2A showing the conditions for programming and
Figure 2B the conditions for erase.

In Figure 2A a flash memory cell is fabricated in a preferably silicon
substrate 20. The substrate is P conductivity type silicon, and an N conductivity type
silicon well 22 is formed in the P substrate 20. (The process for manufacturing the
structure shown in Figures 2A and 2B will be described below.) N-well 22 contains the
depicted flash memory cell, and typically will be large enough to contain hundreds or

- thousands of such cells. Usually, at least as many cells will be formed in the N-well 22
as are desired to be erased in a block erase operation. Within N-well 22, a P conductivity
type well 24 is formed. The source 27 and drain 26 are formed in the P-well, together
with an additional doped region 28 to provide electrical contact to the P-well 24. The
floating gate 29, and control gate 21 are also shown. A contact 25 to the N-well is
provided to enable biasing the N-well 22.

For programming the cell, in the preferred embodiment the control gate 21

is held at a potential no greater than +9.0 volts, and preferably 6.5 volts, while the



no nore than 5.0 volts. The source is coupled to ground potential, and the
regi on of sem conductor nmaterial within which the source and drain are
formed is placed at a potential bel ow ground potential. In response to this
condition, electrons are caused to nove fromthe substrate channel through
the insulating |layer and onto the floating gate. Their presence (or
absence) on the floating gate can be used to indicate the state of the
menory cell. The invention also includes % techni gue for erasing nenory
cells. Menory cells forned according to the invention may be erased by

| owering the potential of the control gate to a potential no nore negative
than -9.0 volts. The source and drain regions are di sconnected from any
potenti al dwim2@js cmuetthe teappbvalsppbrofirad € valts oxiless, preferably +HevadtouTae
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floating gﬁtrﬁgé’wdp&@nt‘:ﬁuﬁ%ﬁca‘ll? K%R?' through the interveni ng oxi de over
the channel anhd return tothe Substrate. As a result, the nmenory cell wll

be erased. The conditions depicted create a field- enhanced channel hot electron effect
by which the negative voltage on the P-well and the positive voltage on the control gate
cause electrons to tunnel onto the floating gate 29 through the gate oxide over the channel.
This places a negative charge on the floating gate. Note that in comparison to the prior
art circuit shown in Figure 1, significantly lower programming potentials are required.
This reduces the need for higher capability peripheral circuits, lowers operating potentials
and reduces power consumption. o

After programming, the cell shown in Figure 2A may be read by applying
a positive potential, typically Vcc or +5 volts, to control gate 21, and a 1-volt signal to
the bit line 26. The nonselected word lines are held at ground, while the nonselected bit
lines are allowed to float. The presence, or absence, of electrons on floating gate 29
makes the transistor harder, or easier, to turn on, and this condition is detected by' the bit
line connected to the drain 26. If the transistor turns on, the bit line is discﬁarged to
ground. The state of the bit line is then interpreted as a "one" or a "zero."

The device illustrated may be erased using the conditions shown in
Figure 2B. As shown there, to erase the cell the control gate is placed at a lower
potential no more negative than -9.0 volts, preferably -6.5 volts, while the P-well 24 and
the N-well 22 are taken to a positive potential no more positive than +8.0 volts, but
preferably +6.5 volts. The positive potentiai on the wells, coupled with the negative
potential on the control gate, causes electrons on the floating gate to be attracted back into
the substrate through the gate oxide, thereby erasing the device. Again, note that
significantly lower potentials are being applied to the device shown in Figure 2B than to
the device shown in Figure 1B.

Table 1 below summarizes the read, erase, and programming conditions for
the triple well cell illustrated in Figures 2A and 2B. Program verify, erase-2, and
program-2 modes are also shown. These are described below, however, essentially
erase-2 and program-2 provide source side erase and program functions, while the erase

and program functions discussed above provide channel erase and program functions.



A particul ar advantage to the triple well flash nmenory of this invention is
that a uniformerase nmay be perforned instead of a nonuniform (source edge)
erase. The uniform erase provides better endurance and data retention.

The uni form erase i s advant ageous because the el ectrons tunnel thiough an
insulating layer, elimnating the hot hole injection problens due to
band-to-band tunneling and source edge ertke which were probl ems of
prior art devices. Hot hole degradation involves holes being trapped in the
i nsul ating oxide between the gate and source region. This results in

| eakage current and changes the erase characteristics. An additional

advant age of the triple well HypuseltOperatisg Potentials (sblts)ws i ndependent

control of the nmenory cell region subst{H e.potential in contrast to the
peripheral circuit substrate potential. €6t her words, the potential of
the substrate in the
Program
Read Erase Program Verify Erase-2 Program-2
Word-line Vee (+5) -3.0~9.0 +5.0 ~ +9.5 +5.0 -5.0~-9.0 +5.0
(selected) (-6.5) (+6.5) (-6.5)
Word-line o 0 0 0 0 0
(unselected)
Bit-line +1.0 F +3.0~+5.0 +1.0 F +1.0
(selected) (+4.0)
Bit-line F F T F F F F
(unselected)
Source 0 F 0 o +3.0~+6.5 -4.0
N-well 0 +3.0~+49.0 0 ] +2.0~+6.0 0
(+6.5)
P-well 0 +3.0~+9.0 -2.0~4.0 0 +2.0~++6.0 4.0
(+6.5) (4.0)
Note:  In the table above, preferred operating conditions are shown in parentheses.

In an alternative embodiment of the invention, a constant electrical field
between floating gate 29 and P-well 30 is maintained during erase by applying a ramped
voltage or stepped voltage on either the gate or the P-well, or both. For example, the
P-well voltage- can be ramped or stepped from +3 to +7 volts, and/or the voltage on the
gate can be ramped from -5 to -9 volts. Such a technique has the advantage of enabling
slow-to-erase bits to be erased at the same time as faster erasing bits. This helps tighten
up the erase time distribution, and at the same time reduces the stress of erasing which
causes induced leakage currents. It has— the further advantage of removing a required
erase verification operation.

An additional erase operation, termed "erase-2" herein, enables source edge
erase with a P-well voltage to suppress band-to-band tunneling current. It also reduces
window closing. Such an erase operation reduces the power consumption during erase,
and improves the endurance of the device by reducing hot holes generated at the edge of

the source-gate region. A similar programming operation is referred to as " rogram-2."
g g prog



region of the nmenory cells can be controlled i ndependently of the potenti al

of the substrate in the peripheral circuit regions. In contrast to prior
art devices and processes, this enables the application of positive or
negative voltage to the cell substrate, while sinmultaneously maintaining

ground potential in the region of the peripheral devices. Such an approach

allows for the uniformchannel erase andllhe use of |lower potentials. In
prior art flash nenories, currents on the order of 20-30 mllianps were

required to erase a block, and the use of channel erase was not feasible
because the difference in potential between the substrate and the control

gates could not be nigeurkar8lefitwygite bt preferray enttwdirertniofjuthe gesess Iferl
here, erase currents for a block of cells can be, reduced to t he order
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i || ustr at eofafipe differant tylpesoh tramsistoss. cAktass the upper portion of Figure 3, and a later
figure as well, is shown the different types of transistors which will be formed by the
process of the invention. In particular, the process of the invention enables the fabrication
of flash memory cells, together with peripheral CMOS circuitry, of both P-channel and
N-channel type. Of course, in the implementation of a particular flash memory product,
the need for both P- and N-channel type transistors may not be present; however, both
types are illustrated in the figures for completeness.

As shown across the upper portion of Figure 3, in the left-hand portion of
each of the figures from Figure 3 to Figure 31 will be described the steps necessary to
form a thin oxide N-channel transistor. N-channel transistors such as this one will operate
at voltages on the order of +5 volts. Immediately adjacent the thin oxide N-channel
fabrication process is described the process for fabrication of a thick oxide N-channel
device. Thick oxide N-channel devices will be used in the peripheral circuitry for higher
voltage applications. For example, such devices typically will be used to handle the
programming and erase modes where potentials on the order of up to +9 volts will be
applied.

In the center of each of the figures, the process for forming a flash memory
cell is described. As discussed above, this flash memory cell is formed in a triple well
structure in which an N-well is formed in a P substrate, and the memory cell is formed
in a P-well wholly within the N-well. Of course -if desired, but at cross sections not
shown in the figures, N-channel devices can also be formed in the P-well. These
N-channel devices, unlike the memory cells, will not include a floating gate.

Immediately adjacent the memory cell in the illustrations is described the
process for forming a thin oxide P-channel transistor. Such devices will be used in the
peripheral circuitry for handling lower potentials, for example, up to about +5 volts.
Adjacent them in the figures is described the process for forming thick oxide P-channel
transistors. These transistors operate at higher potentials than the thinner oxide P-channel

devices formed adjacent them. As with the thick oxide N-channel devices, the thick oxide

of



Figures 2A and 2B illustrate a preferred enbodi nent of the flash nenory

cell of this invention; Figures 3-31 illustrate a preferred enbodi nent of a
nmet hod for manufacturing the flash nenory cell of this invention, with the
specific figures as follows: Figure 3 illustrates the structure after

i mplantation of the N-well; Figure 4 illustrates the structure after

i npl antation of the P-well; Figure 5 illldstrates the structure after
annealing the P- and Newells and formng a nask; Figure 6 illustrates the
structure after formation of field oxide regions; 6 Figure 7 illustrates

the structure after inplantation of the N-channel field;
P-channel devices will be used for circuitry for generating and distributing the higher

potentials needed for programming and erase of the flash memory cells.

In Figure 3 a P conductivity silicon substrate, preferably of 8-10 ohm
centimeter resistivity, and of crystal orientation < 100> is provided. Using conventional
processes, the substrate is oxidized to provide a thin layer of silicon dioxide 31. On the
upper surface of silicon dioxide 31 a mask 32 is formed, preferably of photoresist. Using
well known techniques, the mask is exposed and developed to remove it from regions
where the N-well 22 (see Figure 2A) is desired. Next, again using well known
technology, N conductivity type impurity, for example phosphorus, is implanted into the
surface of the silicon to dope the N-well.  Preferably the implantation is carried out with
an energy of 2.2 mev and an ‘impurity concentration of 6 E 12 cm™. At the conclusion
of the implantation, the appearance of the structure is as shown in Figure 3. Figure 3 has
been labeled with designations for the general locations where peripheral circuitry
transistors and memory cells (flash) will be formed. In most integrated circuits the
majority of the surface will consist of memory cells.

Next, as shown in Figure 4, the photoresist 32 is removed, and an
annealing process is performed to drive in the N-well dopant and create N-well 40. A
new layer of photoresist 41 is applied to the upper surface of the integrated circuit, then
masked and developed to expose regions where a P-well is desired. A P-well implant is
then performed, for example, using boron or other P conductivity type impurity at a
concentration of 1.5 E 13 cm? and an energy of 100 kev.

The N-well will encompass the memory cell region of the chip. It can
ericompass as few or as many'of the memory cells as desired, with other groups of
memory cells being formed in other N-wells. The use of the N-well allows erasing of
small blocks, for example, a single word line, and makes the choice of block size for the
erase block to be arbitrary. This is a result of the lower potentials required by the triple
well process in comparison to prior art source side erase. In prior art devices an erase
block size was defined by current limitations. Large decoding transistors were needed to
handle the high power used, and these consumed excessive chip area. In this invention
the use of the N-well eliminates the need for large decoding transistors and enables

arbitrary groups of cells to be erased simultaneously. As mentioned above, in addition,



Figure 8 illustrates the structure after the N-channel threshold adjustnent
inmplant; Figure 9 illustrates the structure after the P-channel threshold
inmplant; Figure 10 illustrates the structure after formati on of gate oxide;
Figure 11 illustrates the structure after the cell inplant; Figure 12
illustrates the structure after renoval 1 the gate oxide layer in a
selected region; Figure 13 illustrates the structure after formation of the
first layer of polycrystalline silicon; Figure 14 illustrates the structure
after masking and etching the first |ayer of polycrystalline silicon;
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| ayers; Figure strates the structure after fornmation of new gate
oxi de i n allustrates the appearance of the structure after the implantation of the P type impurities.

Photoresist 41 is removed, and as shown in Figure 5, the P-well dopant is
driven in using a thermal annealing process. All of the silicon dioxide on the upper
surface is stripped, for example using an acid dip or plasma etching process. A new layer
of silicon dioxide 51 is then formed across the upper surface of the integrated circuit, for
example using a thermal process, to create 200 Angstroms of silicon dioxide. On the
upper surface of silicon dioxide 51 a layer of polycrystalline silicon 53 is formed,
preferably to a thickness of about 400 Angstroms using well known techniques, for
example, chemical vapor deposition. The function of the polysilicon layer 53 is to serve
as a stress release layer. On top of the polycrystalline silicon layer 53 a layer of silicon
nitride 54 is deposited, again using chemical vapor deposition, typically to a thickness of
about 2000 Angstroms. On top of the silicon nitride 54 another layer of photoresist 55
is deposited. Layer 55 is then exposed and developed, again using well known
techniques. The photoresist is removed wherever field oxide regions are desired. Plasma
or reactive ion etching is then performed to remove the regions of silicon nitride 54
exposed between the islands of photoresist 55. Such etching is well known in the art.
The appearance of the structure at this stage in the process is as depicted in Figure S.

The next steps of the process are discussed in conjunction with Figure 6.
As shown there, the photoresist is removed from the upper surface of the structure, and
an oxidation, typically at high temperature, performed to create field oxide regions 61,
referred to as FOX in the figures. Field oxide regions 61 function to isolate electrically
various portions of the integrated circuit from each other. In a preferred embodiment, the
field oxide is 0.5 micréns thick, and is formed by heating the substrate to a temperature
of 1150°C for 300 minutes. Field oxide regions such as regions 61 are well known in the
art.

After formation of the field oxide regions, the nitride layer is stripped from
the surface of the structure, for example using a dip in a hot H,PO, solution (phosphoric
acid). Then the underlying polycrystalline silicon is removed, as well as the silicon
dioxide layer 51 beneath the polycrystalline silicon. A new layer of silicon dioxide 63 is

then formed across the upper surface of the structure, preferably by heating the silicon.



chosen location; Figure 17 illustrates the structure after formation of the
second | ayer of polycrystalline silicon; Figure 18 illustrates the
structure after formation of a mask; Figure 19 illustrates the structure
after etching the second | ayer of polycrystalline silicon and form ng a new
mask; Figure 20 illustrates the structure after further etching is
conpleted; Figure 21 illustrates the strygture after inplantation of nenory
cell source regions; Figure 22 illustrates the structure after inplantation
of menory cell drain regions; Figure 23 illustrates the structure after P
type source drain inplantation of some peripheral transistors; Figure 24
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of the structure after formation of sacrificial oxide 63 is shown in Figure 6.

A layer of photoresist 71 is next formed across the upper surface of the
structure, then masked and developed to expose the regions where a field implant is
desired. The field implant will be introduced into the P-type regions. This N-channel
field implant is a deep implant in regions where active N-channel devices will later be
formed. This is shown in Figure 7. Preferably, the N-channel implant will be introduced
using an energy of 165 kev and a concentration of 5 E 12 cm™ of boron impurity.

Figure 8 illustrates the next steps of the process. As shown there a new
photoresist masking layer 81 is formed across desired regions of the surface of the
integrated circuit, again using well known photolithographic technology. The photoresist
is removed from at least areas where memory cells will later be formed, and a threshold
voltage adjusting implant is then performed in those regions.

As shown by Figure 9, a new mask 83 is formed and a P-channel threshold
voltage implant performed to adjust those peripheral transistors. Then the photoresist is
removed, and an etching operation is next performed to remove the sacrificial oxide from
the surface of the exposed portions of the integrated circuit.

As shown by Figure 10, a new layer of silicon dioxide 92 is formed over
the structure. This new layer provides the thick gate oxide for the thick oxide P- and
N-channel transistors in the peripheral circuitry. As shown in Figure 11, a new
photoresist mask 94 is applied to expose those regions 96 where the memory cell threshold
voltage implant is to occur. The cell implant, P-type impurity, preferably boron, is
introduced using a dose of 3 E 13 cm™ and an energy of 40 kev.

After cell implant, the samie mask 94 is used to remove thick gate oxide 92.
The exposed silicon dioxide is then etched (see Figure 12), and new gate oxide 98 formed,
again using well known techniques. This new layer 98 will provide the tunnel oxide
through which the electrons tunnel during programming and erase of the memory cells.
Preferably, the tunneling oxide 98 is 85 Angstroms thick, and is formed by heating the
structure to a temperature of 850°C for 45 minutes in steam and annealing at 900°C for

30 minutes in N,.



ot her peripheral transistors; 7 Figure 25 illustrates the structure
after further P type source drain inplantation of still other peripheral
transistors; Figure 26 illustrates the structure after annealing and
deposition of BPSG Figure 27 illustrates the structure after formatiaon of
a contact mask; Figure 28 illustrates the structure after deposition of the
first layer of nmetal; Figure 29 illustrates the structure after formation
of a second contact mask; Figure 30 illustrates the structure after
deposition of second netal; and Figure 31 illustrates the structure after
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deposited across the upper surface of the structure, for example using chemical vapor
deposition, to form a layer approximately 1000 Angstroms thick. This layer is then doped
with phosphorus impurity to render it conductive. The polycrystalline silicon layer 95
provides the floating gate for the memory cells, and the control gate for transistors in the
peripheral circuitry.

As next shown in Figure 14, another mask 99, preferably photoresist, is
formed across the structure to mask desired regions of the polycrystalline silicon 95 which
are to remain on the structure. The thereby-exposed polycrystalline silicon 95 is etched
from the surface of the structure, for example, using well known plasma etching or
anisotropic etching processes. After the etching is complete, the appearance of the
structure is as depicted in Figure 14.

Figure 15 illustrates the next steps in the manufacturing process. The
photoresist layer 99 is stripped, and then a sequential deposition of silicon dioxide, silicon
nitride, and silicon dioxide is performed to create an "ONO sandwich" composite
insulating layer 102 which is on top of the polycrystalline silicon 95 in those regions
where polycrystalline silicon layer 95 was formed and is on top of the thick gate oxide 92
in the other regions of the circuit. Preferably, the ONO layer is deposited using chemical
vapor deposition; however, other well known techniques may be employed. Preferably,
the ONO layer comprises 50 Angstroms of lower silicon dioxide, 60 Angstroms of
intermediate silicon nitride, and 50 Angstroms of upper silicon dioxide. After formation
of the ONO layer, a new masking layer 107 is deposited and defined to protect those
regions where the polycrystalline silicon layer 95 remains.

After formation of the mask 107 and as shown in Figure 16, the exposed
regions of the ONO sandwich structure are removed, using conventional etching
procedures. This step removes the ONO composite layer, and also removes the thick gate
oxide layer 92 in the exposed regions. The photoresist is then stripped. A new gate
oxide layer 128 is formed. This new gate oxide is thinner (approximately 110 Angstroms)
and is formed where lower power P- and N-channel transistors are to be formed.

Then, as shown in Figure 17 a second layer of polycrystalline silicon 132

is deposited across the surface of the structure. Preferably, polycrystalline silicon 132



Figure 1 illustrates a prior art flash nenory cell in program (Figure 1A)
and erase (Figure 1B) nodes. The flash nenory cell depicted includes a
substrate 10, typically nonocrystalline silicon, a double-diffused source-
region 18, and a drain region 16. Spaced above the substrate by a thin
insulating layer 13 is a floating gate 1%¢ Above the floating gate, and
electrically isolated fromit, is a control gate 12. Typically, the flash
menory cells shown will provide a single bit in a much | arger nenory, for
exanpl e, an integrated circuit chip with mllions of bits of flash nmenory.
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provide interconnections to the first layer of polysilicon in peripheral regions of the
circuit. It can also provide a capacitor or be used for other connections in the memory
cell region. A mask 135 is then formed to selectively protect the second poly. As shown
by Figure 18, the polysilicon 132 is then etched to remove it from undesired locations on
the structure. Then a layer of tungsten silicide 133 is deposited across the upper surface
of the polycrystalline silicon 132. On the upper surface of the tungsten silicide, an
antireflective coating (not shown) is deposited, enabling more accurate masking tolerances
by minimizing reflections from the upper surface of the tungsten silicide. Finally, a mask
139 is formed across the upper surface of the structure to further define the regions of the
structure where the second layer of polycrystalline silicon is to remain. In the cross-
section shown in the figures, these are the regions where gate electrodes are desired.
Using mask 139, the second layer of polysilicon 133 is etched. Then a new mask 140
(see Figure 19) is formed to protect portions of the structure, and define control and
floating gates in the poly 1 layer 95 (see Figure 19).

As shown by Figure 20, the second layer of polycrystalline silicon 132 is
then etched, again using conventional process technology. After etching the second layer
of polycrystalline silicon 132, the polycrystailine silicon layer 132 is used as a mask to
permit removal of exposed regions of the ONO sandwich layer. The ONO sandwich then
functions as a mask for etching of the first level of polycrystalline silicon layer 95. In this
manner, the memory cell gates are formed. Afier etching, the structure is reheated to
again form a protective layer of oxide over the thereby exposed regions of silicon. Note
that the memory cell transistor includes a floating gate and a control gate, while other
transistors intended for use in peripheral circuitry do not.

Figure 21 illustrates the next steps in the process of fabrication. A mask
161 is formed across the surface of the structure to protect regions other than the source
regions of the memory cell transistors. A double implant is then performed, with a first

implant of N conductivity type impurity and a relatively low dose 3 E 14 cm™ and energy



In the program node of prior art devices, a high potential, preferably +8.5
volts, is placed on the control gate 12 for the selected word |ine.

Nonsel ected word lines remain at ground. The selected bit line is placed
about +4.5 volts, and this bit line is coupled to drain 16. The source
region 18 is grounded. The result of these conditions is that hot electrons
produced by channel current are attractery by the +8.5 volt potential on the
control gate and tunnel through the thin oxide between the floating gate 15
and the channel region 18. Once on the floating gate they are trapped, and
charge the floating 8 gate negatively. The negative charge changes the
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of about jmplant. These implants define the double-diffused source region concentration for the
memory cells.

As shown in Figure 22, all the photoresist is removéd and a new mask 171
formed which exposes only the drain regions of the memory cells. Another implant is
performed, this time of arsenic impurity at a concentration of 3.5 E 15 cm? and an energy
of 50 kev. Figure 22 illustrates the resulting implanted drain regions.

Figure 23 shows a similar implant through masks 175 to form the source
and drain regions for other transistors. The photoresist is removed and the structure is
next heated to a temperature of 900°C for 25 minutes to anneal the source drain implants.
This results in the formation of the source and drain regions 181 and 182. The annealing
operation also results in the formation of a silicon dioxide layer 184 over the polysilicon.
Most of this layer is then removed using a blanket etch. By stopping the etch before all
of the oxide is removed, spacer regions 184 remain on the sidewalls éf the polycrystalline
silicon gates. This enables formation of lightly doped drain structures. A new mask 175
is then formed to expose the peripheral transistors where more highly doped source/drains
are desired; then an implant of 3.5 E 15 cm? is performed as shown in Figure 23.

As shown by Figure 26, following the annealing, a layer of silicon dioxide
is deposited across the upper surface of the structure, followed by a layer of BPSG (bdron
phosphorous silicate glass) 186. The structure is then heated to generally planarize the
layer of BPSG 186.

A mask, not shown, is formed across the upper surface of the BPSG, and
the BPSG is etched as shown in Figure 27 to define locations for contacts to the surface
of the structure, as well as to other regions. Then in Figure 28, a barrier metal, for
example titanium/titanium nitride, is deposited into the openings in BPSG layer 186,
followed by a deposition of the desired first layer metallization. The first layer metal is
preferably aluminum. On the upper surface of the alumifium, a layer of titanium nitride
is deposited to provide an antireflective coating. The first layer metal is then masked and
etched, and the photoresist stripped. The remaining metal contacts 188 are shown in
Figure 28. Across the upper surface of the BPSG 186 and the metal contacts 188 is

deposited an intermetal oxide, for example silicon oxide material, using chemical vapor



+5 volts, is applied to the selected word Iine, while about 1 volt is
applied to the selected bit Iine. The presence, or absence, of electrons on
the floating gate nmakes the transistor harder, or easier, to turn on. By
sensing whether the bit |line changes potential, the state of the floating
gate can be detected. In erase node as sfgown in Figure 18, a |large negative
vol tage, usually -8.5 volts, is applied to the control gate of a group of
sel ected devices to be erased. The bit line is allowed to float, while the
source is held at an internediate positive voltage, for exanple 3 to 5
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upper surface of the second intermetal oxide. The mask is exposed and developed to
create openings for etching of the layers 212 and 214. These layers are then etched,
preferably using a plasma, to form openings for vias 217 to the first layer of metal. The
photoresist is removed, and the appearance of the structure is depicted in Figure 21.

As shown by Figure 30, another layer of metal, for example aluminum, is
deposited across the upper surface of the chip to fill the via openings 217 and provide for
the second metal layer. On its upper surface an antireflective titanium nitride coating is
deposited, and then the second layer of metal is masked and etched, and the photoresist
stripped, to create the structure depicted in Figure 30.

Figure 31 illustrates the completed structure following the addition of a
passivation layer 232 on the upper surface of the second layer of metal 221. The
passivation layer is masked and etched, the photoresist stripped, and then the structure
annealed in nitrogen to create the finished integrated circuit within a wafer.

Following this step, using well known semiconductor manufacturing
operations, the resulting product can be tested, placed in packages and interconnected to
the package, and then encapsulated.

The foregoing has been a description of the flash memory cell of our
invention, as well as the process for fabricating it. Although it will be appreciated that
numerous specific times, temperatures, and other process details have been provided,
those of ordinary skill in the art will appreciate that numerous deviations may be made
from the process, as well as the structure, without departing from the scope of the

invention. The scope of the invention will be defined by the appended claims.



Figure 2B the conditions for erase. In Figure 2A a flash nenory cell is
frabri cat ed in a preferably silicon substrate 20. The substrate is P
onmmstSheett eRsplagecon, and an N conductivity type silicon well 22 is
f or med rate 20. (The process for manufacturing the structure
shown and 2B will be described below.) N-well 22 contains the
cte menory cell, and typically®w |l be |arge enough to contain
hundreds or thousands of such cells. Usually, at least as nany cells wll
be formed in the NNwell 22 as are desired to be erased in a bl ock erase
operation. Wthin Nwell 22, a P conductivity type well 24 is fornmed. The
source 27 !@g[ ﬂrﬁéiﬂwe%%fire formed in the P-well, together with an
addi ti onal”doped region 28 to provide electrical contact to the P-well 24.

The floating gate 29, and control gate 21 are also shown. A contact 25 to

the NNwell is provided to enable biasjng the Nwell|l 22. For programmng the
cell, in the preferrzd en‘&)m MCFﬁé{@%ﬁﬁgqm%ﬁlgg 21 is held at a

potential no great er ztsBAcchBu&tol Qhdstratedb¥ofiRt EbRiuahiViyy typethavidlgtssurfdee] e t he

a first well region disposed in the substrate adjacent the surface thereof, the

first well region of second conductivity opposite to the conductivity of the first
conductivity type;

a second well region disposed in the first well region adjacent the surface,
the second well region of first conductivity type;

a floating gate transistor formed in and adjacent the surface, the transistor
including:

a floating gate disposed above the surface and electrically
isolated therefrom;

a control gate disposed above the floating gate and source
region and electrically isolated therefrom,

a source region disposed in the second well region, the
source region of second conductivity type;

a drain region disposed in the second well region, the drain
region of second conductivity type, the source and drain being disposed
adjacent a peripheral region of the floating gate, but separated from each
other by the floating gate;

a first contact region disposed in the first well and spaced apart from the
second well, the first contact region being of second conductivity type and being more
conductive than the first well; and -

a second contact region disposed in the second well and spaced apart from
the source region and the drain region, the second contact region being of first

conductivity type and being more conductive than the second well.

2. A memory cell structure as in claim 1 wherein the first conductivity

type is p conductivity type and second conductivity type is n conductivity type.
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9 drain 26 is connected to a positive supply of +5.0 volts or |ess,
preferably +4 volts. The source 27 is grounded, as is the N-well contact
25. P contact 28 to the P-well is held at a negative potential, typically
-4 volts. The conditions depicted create a field-enhanced channel hot

el ectron effect by which the negative voltage on the P-well and the
positive voltage on the control gate cauge electrons to tunnel onto the
floating gate 29 through the gate oxide over the channel. This places a
negative charge on the floating gate. Note that in conparison to the prior
art circuit shown in Figure 1, significantly | ower programm ng potentials
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gate and the control gate comprise polycrystalline silicon.

4, A memory cell structure as in claim 3 wherein the floating gate is

electrically isolated from the substrate and the control gate by silicon dioxide.

S. A memory cell structure as in claim 4 wherein each of the first and

second contact regions comprise polycrystalline silicon.

6. A memory cell as in claim 1 wherein the first well region disposed

in the substrate encompasses a plurality of memory cells.

7. A memory cell as in claim 6 wherein the first well region disposed
in the substrate encompasses a plurality of additional memory cells, all of which are

erasable in a single operation.

8. In an integrated circuit having a plurality of memory cells formed
on a common semiconductor substrate of first conductivity type, the substrate including
a first well region of second conductivity opposite to the conductivity of the first
conductivity type, a second well region disposed in the first well region, the second well
region of first conductivity type, the memory cells each including a floating gate transistor
having a control gate, a floating gate, a source and a drain:

a plurality of additional transistors, at least some of which have gate electrodes
disposed on a first thinner dielectric layer and some of which have gate electrodes

disposed on a second thicker dielectric layer.

9. An integrated circuit as in claim 8 wherein at least some of the

plurality of additional transistors have first conductivity type sources and drains.

10. An integrated circuit as in claim 8 wherein at least some of the

plurality of additional transistors have second conductivity type sources and drains.

THIS SHEET HAS GEEN
REPLACED




After progranmm ng, the cell shown in Figure 2A may be read by applying a

pbsit*mgs otential, typically Vcc or +5 volts, to control gate 21, and a
1-vol1t '§i as 5e Cec|line 26. The nonselected word lines are held at
ground,] ’Hll el ected bit lines are allowed to float. The presence,
or abse ns on floating gate 29 nakes the transistor harder,
or easier, to turn on, and this conditiop,is detected by the bit |ine
connected to the drain 26. If the transi {or turns on, the bit line is

di scharged to ground. The state of the bit line is then interpreted as a
"one" or a "zero." The device illustrated may be erased using the

condi tions shown in Figure 2B. As shown there, to erase the cell the
control gate is plackl at AD FBeERteHRIEwWIL a8 innglaifd 7o WHETRIR jab deash spme ®f Ohe
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taken to & posi‘tive potent No nore positrve t _
pr ef er abl yleast séme @ff itse pliiralityasfiadditionploraiisicaal have tdeendebhductioiy BipRGoWctd
t he negative potential on the control gate, causes el ectrons on the
floating g?é‘fiéprﬁlésbe attracted back into the substrate through the gate
oxi de, thereby erasing the device. Again, note that

12. An integrated circuit structure comprising:

a semiconductor substrate of first conductivity type having a surface;

a first well region disposed in the substrate adjacent the surface thereof, the
first well region of second conductivity opposite to the conductivity of the first
conductivity type; _

a second well region disposed in the first well region adjacent the surface,
the second well region of first conductivity type;

a floating gate transistor formed in and adjacent the surface, the transistor
including a floating gate, a control gate, source and drain regions disposed in the second
well region; and

electrical connections to the floating gate, the control gate, the source

region, the drain region, the first well and the second well.

13. An integrated circuit structure as in claim 12 further comprising a
plurality of additional transistors, at least some of which have gate electrodes disposed on
a first thinner dielectric layer and some of which have gate electrodes disposed on a

second thicker dielectric layer.

14. An integrated circuit as in claim 13 wherein at least some of the

plurality of additional transistors have first conductivity type sources and drains.

15. An integrated circuit as in claim 13 wherein at least some of the

plurality of additional transistors have second conductivity type sources and drains.

16. An integrated circuit as in claim 13 wherein at least some of the

plurality of additional transistors have first conductivity type sources and drains, and at
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Fi'gur €0 Replagecdevi ce shown in Figure 1B. Table 1 bel ow summari zes
d programm ng conditions for the triple well cell

iIIus res 2A and 2B. Programverify, erase-2, and program?2
nodes are al so s ovvn These are described bel ow, however, essentially
erase-2 and program 2 provi de source si dg erase and programfunctions,

whil e_t he erase and program functions di Zussed above provi de channel erase

gpgﬁwﬂ”m"ﬂ”ﬂﬂuc’m 10 Typical Operating Potentials (volts) Table 1

least some of the plurality of additional transistors have second conductivity type sources

Si gﬂ, féi'cant ly lower potentials are being applied to the device shown in

and drains.

17. A process for fabricating an integrated circuit memory comprising:

in a semiconductor substrate of first conductivity type having a surface;
forming a first well region of second conductivity opposite to the conductivity of the first
conductivity type, the first well region having a periphery;

forming, within the periphery of the first well region, and adjacent the
surface, a second well region, the second well region of first conductivity type;

forming, also within the periphery of the first well region, a first contact
region spaced apart from the second well region, the first contact region being of second
conductivity type and being more conductive than the first well; and

establishing a first insulating layer on the surface of the substrate

depositing a first conductive layer on the first insulating layer to provide
a floating gate disposed above the surface of the substrate and electrically isolated
therefrom,;

establishing a second insulating layer on the surface of the first conductive
layer;

depositing a second conductive layer on the second insulating layer to
provide a control gate disposed above the floating gate and electrically isolated therefrom;
and

using at least the control gate as a mask, introducing dopants into the
second well region to form a source region, a drain region, and a second contact region
disposed in the second well and spaced apart from the source region and the drain region,
the source region, the drain region and the second contact region being of first

conductivity type and being more conductive than the second well.

18. A process for fabricating an integrated circuit memory comprising:
in a semiconductor substrate of first conductivity type having a surface;
forming a first well region of second conductivity opposite to the conductivity of the first

conductivity type, the first well region having a periphery;
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Read Er ase Pr ogram Verify Er ase-2 Program 2
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+3.0- +6.5 -4.0 N-well 0 +3.0-+9.0 0 0
+2.0- +6.0 0 ( fdrnfipg Pwiskin the periphery 6f the firstn8eld-regidnOand adjacént-the4. 0
0 +2.0- _+6.0 -4.0

surface, a second well (reolon the second we(ll remc?n of first conductivity type;

forming, also within the periphery of the first well region, a first contact
region spaced apart from the second well region, the first contact region being of second
conductivity type and being more conductive than the first well; and

establishing a first insulating layer on the surface of the substrate

depositing a first conductive layer on the first insulating layer to provide
a floating gate disposed above the surface of the substrate and electrically isolated
therefrom;

establishing a second insulating layer on the surface of the first conductive
layer;

depositing a second conductive layer on the second insulating layer to
provide a control gate disposed above the floating gate and electrically isolated therefrom;
and

providing interconnections between the first and the second conductive layer

in regions exterior to the first well region.

19. A process for fabricating an integrated circuit memory comprising:

in a semiconductor substrate of first conductivity type having a surface;
forming a first well region of second conductivity opposite to the conductivity of the first
conductivity type, the first well region having a periphery;

forming, within the periphery of the first well region, and adjacent the
surface, a second well region, the second well region of first conductivity type;

' forming, also within the periphery of the first well region, a first contact
region spaced apart from the second well region, the first contact region being of second
conductivity type and being more conductive than the first well; and

establishing a first insulating layer on the surface of the substrate;
depositing a first conductive layer on the first insulating layer to provide
a floating gate disposed above the surface of the substrate and electrically isolated

therefrom;
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Note: In the table above, preferred operating conditions are shown in

parentheses. In an alternative enbodi nent of the invention, a constant
between floating gate 29 and P-well 30 is nmintained

Eﬁmﬁg a ranped voltage or stepped voltage on either the

e eCUhiseker 2]

I ng

gate orﬂmﬁﬁiw r both. For exanple, the P-well voltage can be ranped
or step

+7 volts, and/or t¥e voltage on the gate can be
ranped from-5to -9 volts. Such a techni que has the advantage of enabling
slowto-erase bits to be erased at the sane tine as faster erasing bits.
This helps tighten up the erase tine distribution, and at the sane tine

reduces the stress oéstalRhingh yRbehimsalasing liyerdoaehk heddoegs thelfirerbaductive has
the further advantage of renoving a required erase verification operation.

An addi ti da¥8r; erase operation, termed "erase-2" herein, enables source edge

erase with a P-well i%otsﬁ%g Eéﬁcﬂﬁpl’:&ﬁﬁlcﬁ@% e?;i(ﬁa% Eéﬁ@)’ﬂﬂl 1515'@%@&%%%% 1ol

al so redyces Wi ndow osi n an erase o on reduces t
consunpt i oftodide ia@n&oRgge sedgrooy et fidwting pdter adaderficdllyeisolated aleerbfyom;

reduci ng hotd hol es generated at the edge of
an
providing a second insulating layer on the surface of the substrate outside
the first well region, the second insulating layer having a thickness different from the first

insulating layer.

20. A method of programming an electrically programmable memory
cell which cell includes a transistor formed in a region of semiconductor material, the
transistor having a source region, a drain region, a floating gate, and a control gate, the
method comprising:

raising the control gate to a first selected potential no greater than 9.0 volts;

raising the potential of the drain to no more than 5.0 volts;

coupling the source region to ground potential; and

placing the region of semiconductor material at a potential below ground

potential.

21. A method of programming an electrically programmable memory
cell which cell includes a transistor formed in a region of semiconductor material, the
transistor having a source region, a drain region, a floating gate, and a control gate, the
method comprising: )

raising the control gate to a first selected potential no greater than 5.0 volts;

raising the potential of the drain to no more than 1.0 volts;

coupling the source region to ground potential; and

placing the region of semiconductor material at a potential below ground

potential.

22. A method of erasing electrically a programmable memory cell which

cell includes a transistor formed in a region of semiconductor material, the transistor
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the source-gate region. A simlar programm ng operation is referred to as
yres 3-31 illustrate a preferred enbodi nent of the

“program2. Fi

proggﬁ heet Ha ke uring a flash nmenory cell according to this invention.
To ful u E

di scus

t he invention, the process shown in the figures, and
| udes the formation of five different types of
transi stors. Across the upper portion of2figure 3, and a later figure as
well, is shown the different types of transistors which will be formed by
the process of the invention. In particular, the process of the invention
enables the fabrication of flash nmenory cells, together with peripheral

CMOS ci L L . ; i
ol enent Al O B8 AL SO S X BRIt Y BR 2 don LRSS, 1 mbEa.

and N-chanoahptisipg: transi stors nmay not be present; however, both types are

illustrated in the figures for conpletepess. )
lgwenng the potential of tﬂe control gate to a first selected potential no

more negative than -9.0 volts;
disconnecting the source and drain regions from any potential source; and
placing the region of semiconductor material at a potential no more positive
than 8.0 volts.

23. A method of erasing electrically a programmable memory cell which
cell includes a transistor formed in a region of semiconductor material, the transistor
having a source region, a drain region, a floating gate, and a control gate, the method
comprising:

lowering the potential of the control gate to a first selected potential no
more negative than -9.5 volts;

disconnecting and drain region from any potential source;

raising the potential of source region to no more than 6.5 volts; and

placing the region of semiconductor material at a potential no more positive
than 6.0 volts.
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As shown across the upper portion of Figure 3, in the |eft-hand portion of
each of the figures fromFigure 3 to Figure 31 will be described the steps
necessary to forma thin oxide N-channel transistor. N-channel transistors
such as this one will operate at voltages on the order of +5 volts.

| medi at el y adj acent the thin oxide N-channel fabrication process is
described the process for fabrication ofpgg thick oxide N-channel device.
Thi ck oxi de N-channel devices will be used in the peripheral circuitry for
hi gher vol tage applications. For exanple, such devices typically will be
used to handl e the progranmm ng and erase nodes where potentials on the
order of up to +9 |t 1 Lied. In_t ept er. of yeach of the
figures, the proce\s@rlpi?W?hh?ﬁ%&gMPHMMH@?@JFW’Q%EEE%%%. As

di scussed above, this flash menory cell is formed in a triple well
structure in which an Nwell is fornmed in a P substrate, and the nenory
cell is forned in a P-well WRSTRAGTIOFTHROISCIEOSURE course -if desired,

but at cross sections not shown in the figures, N-channel devices can_also
be formed in the P-wdlstruciyeder a flash memory cell is described in which a triple well is

formed with the memory cell residing in a P-well, which in turn is deposed in an N-well
in a P-type substrate. The structure provides the ability to operate such memories with
considerably lower operating potentials than prior art devices. A process for fabricating

the flash memory cell is also described.

Figs. 2A and 2B




N- channel devi ces,
gate. I mmedi ately adjacent the nenory cel

descri bed the process for formng a thin oxide P-channel
circuitry for
up to about +5 volts.
is described the process for formng thick oxide P-channel

devices wi |l
potenti al s,

be used in the peripheral
for exanpl e,

unli ke the nenory cells,

will not include a floating
inthe illustrations is
transi stor.
handl i.ng | ower
Adj acent themin the figures
transi stors.

Such

These transistors operate at higher potentials than the thinner oxide

P- channe

devi ces, the thick oxide

conductivity silicon substrate,
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centinmeter resistivity, and of crystal orientation < 100 > is provided.
Usi ng conventional processes, the substrate is oxidized to provide a thin
| ayer of silicon dioxide 31. On the upper surface of silicon dioxide 31 a
mask 32 is fornmed, preferably of photoresist. Using well known techniques,
the mask is exposed and devel oped to renove it fromregi ons where the
N-well 22 (see Figure 2A) is desired. Next, again using well known
technol ogy, N conductivity type inpurity, for exanple phosphorus, is
inplanted into the surface of the silicon to dope the NNwell. Preferably
the inplantation is carried out with a#/¥hergy of 2.2 mev and an inpurity
concentration of 6 E 12 cnferr]. At the conclusion of the inplantation, the
appearance of the structure is as shown in Figure 3. Figure 3 has been

| abel ed with designations for the general |ocations where peripheral
circuitry transistors and nenory cells (flash) will be fornmed. In nost
integrated circuits the majority of the surface will consist of nenory
cells. Next, as shown in Figure 4, the photoresist 32 is renoved, and an
anneal ing process is perforned to drive in the N-wel| dopant and create
N-wel |l 40. A
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new | ayer of photoresist 41 is applied to the upper surface of the

I nt egr atpRtseLy Uit , then masked and devel oped to expose regions where a
P-well is ol tias pee Piaegd i npl ant is then perforned, for exanple, using
boron or EH, ivity type inpurity at a concentration of 1.5 E 13
cnferr] a f 100 kev. The N-well w |l enconpass the nenory cel
region of the chip. It can enconpass as few or as nmany of the nenory cells
as desired, with other groups of menory cells being formed in other
N-wells. The use of the Nwell allows erasing of small bl ocks, for exanple,
a single word line, and nmakes the choice of block size for the erase bl ock
to be arbitrary. This is a result of ths/l2ower potentials required by the
triple well process in conmparison to prior art source side erase. In prior
art devices an erase block size was defined by current limtations. Large
decoding transistors were needed to handl e the high power used, and these
consuned excessive chip area. In this invention the use of the N-well
elimnates the need for |arge decoding transistors and enabfes Q@rbitrary
groups of cells to be erased sinultaneously. As nentioned above, in
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13 the erase can be nade nore uniformby virtue of the use of channel
er ase. THis ghdetHds BédnRdpizab@s t he appearance of the structure after the

i mpl ant atli ype inmpurities. Photoresist 41 is renoved, and as
shown in I IHHIP—WEII dopant is driven in using a thermal annealing
process. I con di oxi de on the upper surface is stripped, for
exanpl e using an acid dip or plasma etching process. A new | ayer of silicon
dioxide 51 is then formed across the upper surface of the integrated
circuit, for exanple using a thermal process, to create 200 Angstrons of
silicon dioxide. On the upper surface 4y12ﬂ i con dioxide 51 a | ayer of

polycrystal l'ine silicon 53 is fornmed, preferably to a thickness of about
400 Angstroms using well known techniques, for exanple, chem cal vapor
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as a stress release layer. On top of the polycrystalline silicon |ayer 53 a
| ayer TRk shédtiHaBe .éé]%%d54 i s deposited, again using chem cal vapor

deposi ti 0 a thickness of about 2000 Angstronms. On top of the
silicon Mlﬂﬁ“ﬂﬁ H ther | ayer of photoresist 55 is deposited. Layer 55
IS then vel oped, again using well known techni ques. The

phot oresi st is renoved wherever field oxide regions are desired. Plasma or
reactive ion etching is then perforned to renove the regions of silicon
nitride 54 exposed between the islands_of photoresist 55. Such etching is
wel | known in the art. The appearance 8f14he structure at this stage in the
process is as depicted in Figure 5. The next steps of the pfocess are

di scussed in conjunction with Figure 6. As shown there, theé®photoresist is
renoved fromthe upper surface of the structure, and an oxﬂdation

typi cal l y[at high q atur¢, perforyed to create fj lde regimons 61
referred o as [PEX ¥ hg_LLgures.fFiﬁLd oxi delregi opF 6t ynetion toC =
i solate ellectrigal |y i ous |portildéns 'pf the integrajed ¢gigduit from ehck
other. In|a preferrg@ enbodient, ithe [fNel d oxide is}O0. rons tihickg and
is formed|by hepting —Supgtrate toia kenperature N e L
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of 1150[err]C for 300 m nutes. Field oxide regions such as regions 61 are
wel | knaws ghiettH}R gakh Re gegr formation of the field oxide regions, the
nitride la fromthe surface of the structure, for exanpre
using a di H"]HJHJRMIMH sol ution (phosphoric acid). Then the underlying
pol ycrysta |s renoved, as well as the silicon dioxide |ayer 51
beneath the polycrystalline S|I|con. A new | ayer of silicon dioxide 63 is
then forned across the upper surface o he structure, preferably by
heating the silicon. 14 Because it be renoved | ater, oxide 63 is
referred to as sacrificial. The appearanceDof the structure after formation

of sacrificial oxide 63 is shown in Figuré6. A layer of photoresist 71 is
next formed across the upper surface of the
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structure, then masked and devel oped to expose the regions where a field
inplanﬁh%shagﬁ'r d. The field inmplant will be introduced into the P-type

regi ons. ackel d inmplant is a deep inplant in regions where
active / ifges will later be formed. This is shown in Figure 7.
Pref er abl'y, el inplant wll be introduced using an energy of 165

kev and a concentration of 5 E 12 cnferr] of boron inpurity. Figure 8
illustrates the next steps of the process. As shown there a new photoresi st
masking layer 81 is formed across desi /& regi ons of the surface of the
integrated circuit, again using well known photolithographic technol ogy.

The phot of€STST 1S renpye O at 1 east ar ggs Wiere MOTy CerTs Wil
| ater be florned, | and @t hfgshol g vol t age apLﬁsting iyl ant i s_t hen /
performedfin thosg rejgfon ks phown bg¢ Figgre 9, a nEM/naskFSB ¥ med
and a P-channel tﬁreﬁhbld tape inpliant pérformed tq adjust=thos
peri pher al transistorFi it hp photoresigj i s renovgd, and! an ek
operationlis next perf 0 [enoveithe sdcrificial Joxi'de fromt
surface off the e sns| of the intégrated cirquit. | L
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As shown by Figure 10, a new |ayer of silicon dioxide 92 is formed over the
strucFNsSheeTHasBmép%gg provides the thick gate oxide for the thick oxide

P- and
Fi gure
where the
I mpl ant

E 13 cnferr] and an energy of 40 kev.

{HRARALE

P-type inpurity, preferably boron,

MBA12r

istors in the peripheral
resist mask 94 is applied to expose those regi ons 96

t hreshol d vol tage i npl ant

Is to occur.

Ci rCU|try

As shown

in

The cel

is introduced using a dose of 3

cel

| i npl

ant,

t he sane~nﬁ8k 94

is used to renove thick gate oxide 92. The exposed S|I|con di oxi de”i § t hen

etched (see Figure 12)

L (aXe]

and new gate oxi de 98 forned agaln u5|ng well

o

known t ec tess Hr-s—hew-ta By §f—I0 o=+ 1'3—FG\T uc tHHrerttret—ox UUILIH oo
whi ch the|el ectrlans “tdnnel durijng propr f nd erfpse of ith '
cells. Preéferablly, tﬁe tunnel i g oxi de 98\ij Angstrons tihi
formed by heatinP thg—structurg to a fenpe “1 e, of B50[err]
m nutes in stean andia neal i ng |at 900|err] 80 n nutes
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1‘Ehi ter formation of the oxide 98, a |layer of polycrystalline silicon 95

i ge¢ he upper surface of the structure, for exanple using
chemi iﬁﬁiﬂﬂ?ﬁ osition, to forma |ayer approximately 1000 Angstrons

t hi is then doped with phosphorus inpurity to render it
conductive. The polycrystalline silicon |ayer 95 provides the floating gate
for the nenory cells, and the control gate for transistors in the
peripheral circuitry. A& next shown i n?H2gure 14, another mask 99,

preferably photoresist,¥irs formed across the structure to mask desired .
regi ons of the pol ycrys/falline silicon 95 which are to remain on the

structure} The ,{heregy_"'.-l—egxposed pol ycrystapd jne sili¢on 95 js etched from
the surfate of ftwe sjrué f or exanpl e} % I Kk t chi
3 ; . Pl ey g we now chin
or ani sot fopic pEchi es. Aftidr ti) chinglis conmpg
appearancg of the T
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structure is as depicted in Figure 14. Figure 15 illustrates the next steps
in the man a%kgﬁ aggocess. The photoresist |ayer 99 is stripped, and

t henth 03|t|on of silicon dioxide, silicon nitride, and
siIicoT rforned to create an "ONO sandw ch” conposite

I nsul at which is on top of the polycrystalline silicon 95 in

t hose regions mhere polycrystalline silicon layer 95 was forned and is on
top of the thick gate oxide 92 in the other regions of the circuit.
Preferably, the ONO | ayer is depositedigyeng chem cal vapor deposition;
however, other well known techni ques may be enployed. Preferably, the ONO

| ayer conprises 50 Angstrons of lower silicon dioxide 60 Angstrons of
i ntermedi pte §iIiCQn'nit'ide and 50 Angstrona_ni_uaper sili . '
After forationgof .{he | ayler, a| Few gmsking laypr 107
defined tp prohect ose [egi dns whete t pol ycrystallin
remains. After! formmkion of the mask 107,'nd;as_shomn in
exposed rng|0n§ of it he sandwi ch| strugfure: are renoved,
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procedures. This step renoves the ONO conposite |layer, and al so renoves the

t hi ck gate OXIde I - I n the exposed regions. The1photoresist I's then
strlp %mde | ayer 128 is formed. This new gate oxide is
t hi nner

110 Angstrons) and is fornmed where | ower power P-
and N— ors are to be fornmed. Then, as shown in Figure 17 a
second Iayer of polycrystalllne silicon 132 is deposited across the surface

of the structure. Preferably, pol ycryzf h | ne silicon 132 16 will be
1000 Angstrons thick, and is deposited Sing conventional chem cal vapor
deposition_process technology — Foll ow ng+the—deposiid

=Y n'F +hn

pol ycrystjal | i ne:silicon 182, iit i g doped wth\ghos@hoF IS |rrpur_1tyzu-s4—ng g
POCl [err]} process T |y 2" I|ayer wu‘lg prEtrde i ni erconhectlﬁn‘s—'T\ tihe
circuit. [The se énd {ijyer
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provide i

nterconnections to the first

| ayer of polysilicon in peripheral

r egi omaisGheétiHasGetw Replaceddt can al so provide a capacitor or be used for

ot her co
sel ectiv
132 is t

T

i

O renove it from undes

he menory cell region
e second poly. As shown by Figure 18,

A mask 135 is then forned to
t he polysilicon
ired |l ocations on the structure.

Then a layer of tungsten silicide 133 is deposited across the upper surface
of the polycrystalline silicon 132. On the upper surface of the tungsten
silicide, an antireflective coating (qg}xﬁhomn) i s deposited, enabling nore
accurate masking tolerances by mnimzing reflections fromthe upper

surface of the tungsten silicide.

Finally,

a mask 139 is forned across the

upper surface of the structure to further define the regions of the

structurg where.the second layer of polycrystalline srlrcon s 1o remaln.
In the crjoss- S§¢ti0g§gﬁ§\ in the figures] these age t gi oris where
gate electrodesigreq i red Using;mask 139} the seﬁéndf; yer<of ol ysiligon
133 is etjched. THhen {8 new:fmask 140 (see Fipure 19)!Ts fHfned fio protect
portions fof the strucfure,/and define contfol and float{png gates in the
poly 1 Idyer 95i(seg_figure 19). | ! ?' N =
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As shown by Figure 20, the second | ayer of polycrystalline siIicon‘%@@UﬂsO ,
t hen etched, again using conventional process technology. After etChithihM?OS
second | ayer of polycrystalline silicon 132, the polycrystalline silicon

| ayer 132 is used as a mask to permt renoval of exposed regions of the ONO
sandwi ch | ayer. The ONO sandw ch then functions as a mask for etching of

the first level of polycrystalline silicon layer 95. In this manner, the
menory cell gates are fornmed. After eHgH&ng, the structure is reheated to
again forma protective |layer of oxide‘over the thereby exposed regions of
silicon. Note that the nenory cell transistor includes a floating gate and

a control gate, while other transistors intended for use in peripheral
circuitry do not. Figure 21 illustrates the next steps in the process of
fabrication. A mask 161 is fornmed across the surface of the structure to
protect regions other than the source regions of the nenory cel

transistors. A double inplant is then perforned, with a first inplant of N
conductivity type inpurity and a relatively |l ow dose 3 E 14 cnferr] and

ener gy 85V

45V
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17 level 50 kev. A second inplant at a higher concentration is perforned
followng the first inplant. These inplants define the doubl e-diffused
source region concentration for the nenory cells. As shown in Figure 22,
all the photoresist is renoved and a new mask 171 forned which exposes only
the drain regions of the menory cells. Another inplant is perforned, this
time of arsenic inpurity at a concentration of 3.5 E 15 cnferr] and an
energy of 50 kev. Figure 22 iIIustrate d;ee resulting inplanted drain
regions. Figure 23 shows a simlar inpl At t hrough masks 175 to formthe
source and drain regions for other transistors. The photoresist is renoved
and the structure is next heated to a tenperature of 900[err]C for 25

m nutes to anneal the source drain inplants. This results in the formation
of the source and drain regions 181 and 182. The annealing

65V
-4V o1 4V
22 = 5 2 2 29| 26 24
\ R VA
N+ P+ N+ | N: ) 20
-“ELL
N-WELL
P-SUBSTRATE
PROGRAM
FIG. 2A
-85V
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22 25 28 29| 26 24
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operation also results in the formation of a silicon dioxide |ayer 184 over
the polysilicon. Mbst of this layer is then renoved using a bl anket etch.
By stopping the etch before all of the oxide is renoved, spacer regions 184
remain on the sidewalls of the polycrystalline silicon gates. This enabl es
formation of lightly doped drain structures. A new mask 175 is then forned
to expose the peripheral transistors wha&ya2nore hi ghly doped source/drains
are desired; then an inplant of 3.5 E 15 cnferr] is perforned as shown in
Figure 23. As shown by Figure 26, follow ng the annealing, a |ayer of

silicon di oxi deTHi ORIPEST LRYUICROXISE t "MEWORY  Surbe exaiE ¢ MeHIBk e”e
foll owed by a | RYSHANNELBPSE-CHANNEL phospRorus sipLCiHANRELY! aPsOH he
structure is then-heated, Y—planarize the bayer . A

jo-generall
mask, not shown, is fornmed across the upper surfa he BPSG and the
BPSG is etched as shown in Figure 27 to define | &bﬂEbhHMdeT&ontacts to
the surfa Lh§“§LLppﬁUIeh mAB|| as to oth- . Then in Flgure
28, a barr kﬁ\; tal i oxampl-a: Pt
into the openijngs in BPSG | ayer
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foll owed by a deposition of the desired first |ayer netallization. The
first layer netal is preferably alum num On the upper surface of the
aluminum a layer of titaniumnitride is deposited to provide an
antireflective coating. The first layer netal is then masked and etched,
and the photoresist stripped. The remaining nmetal contacts 188 are shown in
Fi gure 28. Across the upper surface of thgi1BPSG 186 and the netal contacts
188 is deposited an internmetal oxide, for exanple silicon oxide nmaterial,
usi ng chem cal vapor 18 deposition. I MO layer 211 is shown in Figure 29.

On top of the MOl ayer, a spin-on glass coati ng 212 SACHI‘FMG)GDE and on
its upper surface angfjher internmetal oxide 214 is depo refrerably,
| ayer 211 is approxingtely 1000 Angstr t hi ck, whi Iayer 283 s

appr oxi mat el 2000 m ns thick magk, n ho S n for acr oss
pp e o0 B noL—s{ A1 npd
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upper surface of the second internmetal oxide. The nmask is exposed and
devel oped to create openings for etching of the |layers 212 and 214. These
| ayers are then etched, preferably using a plasma, to form openings for
vias 217 to the first layer of netal. The photoresist is renoved, and the
appearance of the structure is depicted in Figure 21. As shown by Figure
30, another |ayer of netal, for exanplesAlzum num is deposited across the
upper surface of the chip to fill the via openings 217 and provide for the
second netal layer. On its upper surface an antireflective titaniumnitride
coating i s deposfHIROXIBRd (THECK OXIBESecanEMORYer OfHIN®RGDE | s THICK@dDENd
EtChed SgndFt he NpCHANNEST stN-€HANNBPed, t CEtL®at e tREHANNEKCt urBCHARNEL ed in
i gure ig ,s%—r—ue{\u-r—e—f\plr-l—ew&ng—:-he

addition of a passivation layer 232 on the upper surfasgy l\ﬁecond
| ayer of netal 221, The passiyation | ayer i ske an cI!1e
phot oresi st stri gqvnea ed |tr to create
the finis8gd Yer.v Fo p, using
wel | known se?m cbnduct of rramHRact pri ng _____ ;
=== \IFox,) —— Foxf =EO=—x]
P-WELL TRIPLE P-WELL N-WELL
P-SUBSTRATE
FIG. 9
92
™~ N PPN eV ]
V \F(_)X/i ~ FOX ) 14 FOX Y- A@X/L 4(\
P-SUBSTRATE
FIG. 10
CELL IMPLANT
/) J@—X/); N 4 FOX 2 [{ FOX 2 T@-X/) 4\
P-WELL \H/RIPLE p- WEL\]'/ NAWELL
P-SUBSTRATE
REPLACEMENT SHEET
FlG. 11

0G SCP 1997




operations, the resulting product can be tested, placed in packages and

i nterconnected to the package, and then encapsulated The foregoi ng has
been a description of the flash nmenory cell of our invention, as well as
the process for fabricating it. Although it will be appreciated that

nuner ous specific tines, tenperatures, and other process details have been
provided, those of ordinary skill in thg,ggyt will appreciate that nunerous
devi ations may be made fromthe process, as well as the structure, wthout
departing fromthe scope of the invention. The scope of the invention wll
be defined by the appended cl ai ns. 19 Cainm 1. A net hod of
programm ng an electrically progranmmbl e nenory cell
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whi ch cel
mat eri al ,
gat e,

potenti al

the transistor
and a control
to a first selected potenti al

gat e,

region to ground potenti al;

mat eri al

at a potenti al

source region,L a-dpRi N

met hod conpri g

SE——— =

no greater than 9.0 volts;
of the drain to no nore than 5.0 volts;
and placing t
bel ow ground pote
an electrically programabl e nenory cel

formed in a region of sen1conductor

naterial

a drain region,

whi ch cel |
the transi stor

i ncludes a transistor fornmed in a region of sem conductor
havi ng a source region,
t he net hod conpri si ng:

af
rai sing the control

| oating
gat e

rai sing the

coupling the source
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potential . 3.

cell which cel!

material, the transistor having a source region,
gate. and a control gate, the method conpri sing:

t he control

volts;
sour ce;
nore posit

programabl e menmory cel

regi on of
drain regi
| oweri ng A
nor e negat
potenti al

3. A nmethod of erasing electrically a progranmabl e nenory

gate to a first selected potenti al

ive than 8.0 volts. 4 .
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iI'ncl udes a transistor fornmed in a region of sem conduct or
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| owering the potential of
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rai sing the potential of source region to no nore than 6.5 volts; and

pl aci ng the regi on of sem conductor material at a potential no nore
positive than 6.0 volts. 5. The nethod recited any of clains 1 to 4,
wherein said sem conductor material is a portion of a sem conductor
substrate of a first conductivity type that has a surface, first well
region, of a second conductivity type opposite to the first conductivity
type, disposed in the substrate adjaceng /% the surface, a second wel |
region, of the first conductivity type, disposed in the first well region,
with the transistor being forned in the surface, the Hvaats$/DIMEBANT bei ng

di sposed above jthe surface and el ectrjicafly jisokated therefro the control
gate being dlsépseJ above [ he |floatirg gaé&u t hel source reg}on and bei ng
electrically :hm _ AR e off ,u;Jh;~-17,- - 161
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source region being of the second conductivity type and di sposed in the
second well region, and the drain region being of the second conductivity
type and di sposed in the second well region, the source and drain being
di sposed adj acent a peripheral region of the floating gate, but separated
fromeach other by the floating gate, a first contact region disposed in

the first well and spaced apart fromthe 2 ond well, the first contact
regi on being of second conductivity type and being nore conductive than the
first well; and a second contact region disposed in the second well and

spaced apart fromthe source region and the drain region, the second
contact region being of first conductivity type and IDENHLS/DMMRLANDNduUCt i ve

t han the secohd wel | recited ip cliai mb ergin the
first conductivit] 4 1 4 ng qutIVIt; Qpe and sec%nd ondquctivity

type is n cepiustivity type 7 hod 86 B-FA-5—-Wherei n
each of the roattn@Rcate and th gdﬁb coﬁprtse pol crystdl i ne
silicon. 8 [\The_ fefrheu As r&cj ' l‘ ufier ey, [ oadbKjg gate is

el ectrical | ¥ sol aaf=ff om t he s-;" 1 e contro oa.e by ~S~1Bédon
di oxi de. pEL i s P N-WELL
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9 . The method as recited in claim5 wherein each of the first and second

contact regions conprise polycrystalline silicon.
recited in claim5 wherein the first well

enconpasses a plurality of menory cells.

10 .
regi on disposed in the substrate
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Claims
1. A method of programming an electrically programmable memory cell
which cell includes a transistor formed in a region of semiconductor material, the transistor
having a source region, a drain region, a floating gate, and a control gate, the method comprising:

raising the control gate to a first selected potential no greater than 9.0 volts;

raising the potential of the drain to no more than 5.0 volts;

coupling the source region to ground potential; and

placing the region of semiconductor material at a potential below ground
potential.

2. A method of programming an electrically programmable memory cell
which cell includes a transistor formed in a region of semiconductor material, the transistor
having a source region, a drain region, 2 floating gate, and a control gate, the method comprising:

raising the control gate to a first selected potential no greater than 5.0 volts;

raising the potential of the drain to no more than 1.0 volts;

coupling the source region to ground potential; and

placing the region of semiconductor material at a potential below ground
potential.

3. A method of erasing electrically a programmable memory cell which cell
includes a transistor formed in a region of semiconductor material, the transistor having a source
region, a drain region, a floating gate, and a control gate, the method comprising:

lowering the potential of the control gate to a first selected potential no more
negative than -9.0 volts;

disconnecting the source end drain regions from any potential source; and placing
the region of semiconductor material at & potential no more positive than 8.0 volts.

4. A method of erasing electrically a programmeble memory cell which cell
includes a transistor formed in a region of semiconductor material, the transistor having a source
region, a drain region, a floating gate, and a control gate, the method comprising:

lowering the potential of the control gate to a first selected potential no more
negative than -9.5 volts;

disconnecting and drain region from any potential source;

raising the potential of source region to no more than 6.5 volts; and

placing the region of semiconductor material at a potential no more positive than
6.0 volts.

5. The method recited any of claims 1 to 4, wherein said semiconductor material is a
portion of a semiconductor substrate of a first conductivity type that has a surface, first well
region, of a second conductivity type opposite to the first conductivity type, disposed in the
substrate adjacent to the surface, a second well region, of the first conductivity type, disposed in
the first well region, with the transistor being formed in the surface, the floating gate being
disposed above the surface and electrically isolated thetefrom, the control gate being disposed
above the floating gate and the source region and being electrically isolated therefrom, with the
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source region being of the second conductivity type and disposed in the second well region, and
the drain region being of the second conductivity type and disposed in the second well region,
the source and drain being disposed adjacent a peripheral region of the floating gate, but
separated from each other by the floating gate, a first contact region disposed in the first well and
spaced apart from the second well, the first contact region being of second conductivity type and
being more conductive than the first well; and a second contact region disposed in the second
well and spaced apart from the source region and the drain region, the second contact region
being of first conductivity type and being more conductive than the second well.

6. The method asrecited in claim 5 wherein the first conductivity type isa p
conductivity type and second conductivity type is n conductivity type.

7. The method as recited in claim 5 wherein each of the floating gate and
the control gate comprise polycrystalline silicon.

8. The method as recited in claim 5 wherzin the floating gate is electrically
isolated from the substrate and the contro] gate by silicon dioxide.

9. Themethod asrecited in claim 5 wherein each of the first and second
contact regions comprise polycrystalline silicon.

10.  The method as recited in claim 5 wherein the first well region disposed in
the substrate encompasses a plurality of memory cells.
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