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Description

BACKGROUND OF THE INVENTION

Field of Invention

[0001] The presentinvention relates to integrated circuit memories, and more particularly to multiple binary digit (bit)
per cell integrated circuit memory devices.

Description of Related Art

[0002] The cost of integrated circuit memory devices is closely related to the amount of area on an integrated circuit
that is required to store a given amount of data, a parameter often referred to as the density of the device. By saving
area on an integrated circuit, a manufacturer is able to make more chips with a given wafer in the fabrication factory.
More chips per wafer translates directly to cost savings which can be passed on to the consumers of the memory
devices.

[0003] One approach for increasing the density of memory devices is to store more than one bit per memory cell.
Thus for example, the ability to store two bits per cell provides twice the data density on an integrated circuit.

[0004] Multiple bit per cell technologies have been developed for floating gate memory devices. See U.S. Patent
No. 5,163,021 to Mehrotra, et al. However, the floating gate memory approach involves complex charging and dis-
charging of the floating gates, and difficult sensing technology, which increases the complexity and reduces the reliability
of the devices.

[0005] DE 195 41 496 A1 discloses a multi-value memory including an offset ROM in which there is provided an
offset region. Values stored in the cell are determined by the presence or otherwise of combinations of offset regions
within each cell. Every channel region is formed from the same p-type semiconductor substrate 1.

[0006] US 5214 303 A discloses a semiconductor device having an offset region. The value stored in the device is
determined by the presence or otherwise of combinations of offset regions within each device. The channel region is
formed from the same p-type semiconductor substrate 1.

[0007] PATENTABSTRACTS OF JAPAN vol. 1997, no. 03, 31 March 1997 (1997-03-31) -& JP 08 316341 A (NIPPON
STEEL CORP), 29 November 1996 (1996-11-29) discloses a semiconductor memory having an offset region. The
value stored in the device is determined by the presence or otherwise of diffusion regions below the offset regions.
The channel region is formed from the same substrate 1.

[0008] Accordingly, there is a need for a simpler, reliable, low cost technique for implementing multiple bits per mem-
ory cell in an integrated circuit.

SUMMARY OF THE INVENTION

[0009] Aspects of the present invention are set out in the accompanying independent claims.

[0010] The present invention provides a technique that enables multiple bits per cell to be stored in an integrated
circuit having asymmetric memory cells. A substantial source of error is found in memory arrays comprising symmetric
memory cells. The source of error is alternative current paths through neighboring memory cells. These alternate
current paths can alter the drain read current of the cell of interest so that it is read as a different type of cell. The
asymmetric cells are adapted to dramatically reduce source read current. Appropriate placement of the asymmetric
cells in a memory array makes use of the reduced source read current to ensure that multilevel cells in the memory
device are accurately read. The invention thereby alleviates the error from alternative current paths.

[0011] Insome embodiments of the invention, the memory cell has a drain, a source, and a channel disposed between
the drain and the source, all of which are provided in a substrate of the memory cell. In the asymmetric memory cell,
the channel is spaced laterally from the drain. The lateral distance separating the gate from the drain is an offset. An
offset region is disposed in the substrate. The offset region is disposed between the drain and the channel.

[0012] The memory cell is arranged to store a plurality of bits in the channel. The MOS device of preferred embod-
iments has sets of memory cells. Memory cells of a particular set have a different threshold voltage than the memory
cells from a different set. The threshold voltages depend upon a dopant concentration in the channel regions. Each
bit of information corresponds to the threshold voltage of the cell.

[0013] A first group of embodiments of the invention provides a method for forming multilevel cells in a memory array
on a substrate. The memory array has a plurality of multilevel cells. Each multilevel cell comprises a gate, a gate oxide,
a channel, a drain, and a source. The gate is disposed above the gate oxide. The gate oxide has a top. The channel
is disposed in the substrate and is aligned with the gate. The drain is disposed in the substrate. The drain is located
on a first side of the gate. The source is disposed in the substrate and disposed on a second side of the gate. The
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second side is opposite the first side.

[0014] The method for forming the multilevel cell in accordance with the first group of embodiments comprises di-
recting a source only implant, forming a first spacer, and directing a source/drain implant. The source only implant is
directed into the source of each multilevel cell.

[0015] The first spacer is formed on the first side of the gate and extends upwards from the top of the gate oxide.
The first spacer has a first spacer width. The first spacer width is adapted to provide an offset between the channel
and the drain of each multilevel cell.

[0016] The source/drain implant is directed into both the source and the drain of each multilevel cell. Through these
steps an offset region is formed. The offset region is disposed between the channel and the drain. The offset region
is adapted to inhibit a source read current.

[0017] For some embodiments of the first group, the first spacer width is in a range from approximately 0.05 microm-
eters to approximately 0.20 micrometers. The offset is smaller than the first spacer width. For some embodiments the
size of the offset is greater than approximately fifty percent (>50%) of the first spacer width.

[0018] For some embodiments of the first group, the method further comprises directing a first channel implant,
directing a first code implant, directing a second code implant, forming the gate oxide, depositing a first conductive
layer, patterning the gate from first conductive layer, and masking the drain; prior to directing the source only implant. :
[0019] The first channel implant is directed into all of the multilevel cell channels. The first code implant is directed
into a first selected group of multilevel cell channels. The second code implant is directed into a second selected group
of multilevel cell channels. The second code implant has a different projected range than the first channel implant. The
second code implant also has a different projected range, i.e., depth profile, than the first code implant. Each multilevel
cell has a bit code selected from a group of four different bit codes. Each of the four different bit codes corresponds to
a specific combination of the first channel implant, the first code implant, and the second code implant.

[0020] More generally, the code implants may be directed as n code implants into n different selected groups of
multilevel memory cell channels. Each of the n implants has a set of implant characteristics different than the other n-
1 code implants. Each multilevel memory cell can have a bit code selected from a group of 2" different bit codes. Each
of the 2" different bit codes corresponds to a specific combination of the first channel implant and the n code implants.
For some embodiments, the set of implant characteristics comprises projected range and the number of implanted ions.
[0021] For some embodiments of the first group, the method further comprises depositing a second conductive layer
and patterning the second conductive layer; after directing the source/drain implant.

[0022] For some embodiments of the first group, the method further comprises forming a second spacer on the
second side of the gate, the second spacer extending upwards from the top of the gate oxide.

[0023] A second group of embodiments of the invention provides a MOS memory cell in an integrated circuit. The
integrated circuit has a substrate. The MOS memory cell has a source formed in the substrate and a gate. The MOS
memory cell also has a gate oxide disposed between the substrate and the gate. The MOS memory cell further com-
prises a drain, a channel, and an offset region. The drain is formed in the substrate and has a width.

[0024] The channelis formed in the substrate. The channel is in contact with the gate oxide. The channel is aligned
with the gate. The channel extends at least a portion of the distance from the source towards the drain. The channel
is separated from the drain by an offset. The channel is adapted to store multiple bits.

[0025] For some embodiments, the channel is adapted to form a depletion layer in a region of the channel proximal
to the gate oxide in response to a gate voltage.

[0026] The offset region has an initial conduction state. The offset region is preferably adapted to maintain the original
conduction state proximal to the gate oxide in response to the gate voltage. The MOS memory cell has a drain read
current corresponding to a drain voltage and a source read current corresponding to a source voltage. The source
voltage is equal to the drain voltage. The drain read current has a different value than the source read current.
[0027] For some of the embodiments of the second group, the source read current is smaller than the drain read
current, the offset region is adapted to form a depletion layer proximal to the gate oxide in response to the drain voltage,
the offset is in a range from approximately 0.02 micrometers to approximately 0.20 micrometers, and the offset region
is adapted to maintain its original conduction state proximal to the gate oxide in response to the source voltage.
[0028] For some embodiments of the second group, the gate has a gate width. The gate also has a first side, a
second side opposite the first side, a bottom, and a top. The gate width is the distance between the first side and the
second side. The gate is disposed between the source and the drain. The gate is disposed above the gate oxide. The
drain is disposed on the first side and the source is disposed on the second side. The gate width is smaller than the
distance between the source and the drain. The gate oxide has a top. In this embodiment, the MOS memory cell further
comprises a first spacer disposed along the first side of the gate. The first spacer extends upwards from the top of the
gate oxide. The first spacer also has a first spacer width.

[0029] A third group of embodiments of the invention provides an integrated circuit comprising an array of memory
cells, a bit line, and a word line. The memory cells comprise transistors having channels in channel regions of a sub-
strate. Selected memory cells in the array store multiple bits in their channels.
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[0030] The word line and the bit line are coupled respectively with rows and columns of memory cells in the array
by which to read data stored in the array. The bit line comprises a first patterned layer of the integrated circuit. The
word line comprises a second patterned layer of the integrated circuit.

[0031] Each of the selected memory cells has a source formed in the substrate, a gate, and a gate oxide disposed
between the substrate and the gate. Each of the selected memory cells further comprises an asymmetric drain, a
channel, and an offset region. The asymmetric drain is formed in the substrate and has a width.

[0032] The channelis formed in the substrate. The channel is in contact with the gate oxide. The channel is aligned
with the gate. The channel extends from the source towards the asymmetric drain. The channel is separated from the
asymmetric drain by an offset. The channel is adapted to store multiple bits. The channel is adapted to form a depletion
layer in a region of the channel proximal to the gate oxide in response to a gate voltage.

[0033] The offset region has an initial conduction state. The offset region is preferably adapted to maintain the original
conduction state proximal to the gate oxide in response to the gate voltage.

[0034] Each of the selected memory cells has a drain read current corresponding to a drain voltage and a source
read current corresponding to a source voltage. In response to the application of the source voltage at a first time and
the drain voltage at second time, current in the integrated circuit flows in a first direction at the first time and a second
directions at the second time. The second direction is opposite the first direction. The source voltage is equal to the
drain voltage. The drain read current has a different value than the source read current.

[0035] The offset of each selected memory cell transistor is sufficiently large to ensure that the selected memory cell
transistors can only be accurately read by the corresponding word lines and corresponding bit lines in one direction.
[0036] For some embodiments of the third group, the offset is in a range from approximately 0.02 micrometers to
approximately 0.20 micrometers. The offset region is adapted to form a depletion layer proximal to the gate oxide in
response to the drain voltage, and the offset region is adapted to maintain the initial conduction state proximal to the
gate oxide in response to the source voltage.

[0037] For some of the embodiments of the third group, the gate of each of the selected memory cells is addressable
by a corresponding word line. The integrated circuit further comprises a sense amplifier, a ground, a first selected
memory cell transistor, and a second selected memory cell transistor.

[0038] In these embodiments; the sense amplifier has a conductor, a first side, and a second side. The ground has
a conductor, a first side, and a second side. The bit line is disposed proximal to the ground conductor. The bit line is
disposed on the first side of the ground conductor. The bit line is disposed proximal to the sense amplifier conductor.
The bit line is disposed on the second side of the sense amplifier conductor.

[0039] The first selected memory cell transistor is disposed between the bit line and the second side of the sense
amplifier conductor. The drain of the first selected memory cell transistor is in communication with the sense amplifier
conductor.

[0040] The second selected memory cell transistor is disposed between the bit line and the first side of the ground
conductor. The drain of the second selected memory cell transistor is in communication with the ground conductor.
The first selected memory cell transistor and the second selected memory cell transistor have a common source. The
bit line is in communication with the common source of the first and second selected memory cell transistors. Wherein,
the first memory cell transistor can only be accurately read by the corresponding word line and the corresponding bit
line in a first direction. The second memory cell transistor can only be accurately read by the corresponding word line
and the corresponding bit line in a second direction. The second direction is opposite the first direction.

[0041] For some of the embodiments the integrated circuit further comprises a sense amplifier, a ground, a first
selected memory cell transistor, and a second selected memory cell transistor. For these embodiments, the first direc-
tion is from the drain of the first selected memory cell to the source of the first selected memory cell. The second
direction is from the drain of the second selected memory cell transistor to the source of the second selected memory
cell transistor.

[0042] A portion of the second direction current flows from the source of the first selected memory cell transistor to
the drain of the first selected memory cell transistor. The portion of the second direction current in the first selected
memory cell transistor is preferably less than forty percent of the second direction current of the second selected
memory cell transistor. A portion of the first direction current flows from the source of the second selected memory cell
transistor to the drain of the second selected memory cell transistor. The portion of the first direction current in the
second selected memory cell transistor is less than forty percent of the first direction current of the first selected memory
cell transistor.

[0043] A fourth group of embodiments of the invention provides a method of reading a memory cell having an offset.
The method comprises providing the memory cell, where the memory cell is an asymmetric memory cell. For some
embodiments in this group, the asymmetric cell is a multilevel cell.
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BRIEF DESCRIPTION OF THE FIGURES

[0044] The present invention will be described further, by way of example only, with reference to the preferred em-
bodiments thereof as illustrated in the accompanying figures, in which:

Fig. 1 is a graph illustrating the relationship between the drain read current and the threshold voltage for a two-bit
level memory cell with four different codes.

Fig. 2 is a graph showing the back gate bias versus the threshold voltage for one embodiment of the invention.
Fig. 3 is a graph showing the vertical doping profile data for one embodiment of the invention.

Fig. 4 is a graph illustrating the relationship between the drain read current and the threshold voltage for a three-
bit level memory cell with eight different codes.

Fig. 5 provides a schematic representation of the cross section of a prior art symmetric memory cell found in the
prior art.

Fig. 6 provides a schematic representation of the cross section of an asymmetric memory cell of one embodiment
of the invention.

Fig. 7 is a cross section showing the memory cell fabrication layers after deposition of a gate oxide, a first conductive
layer and a first dielectric layer for one of the second group of embodiments of the invention.

Fig. 8 is a cross section showing the memory cell fabrication layers after patterning of the first conductive layer for
one embodiment of the invention.

Fig. 9is a cross section showing the source implantation and the memory cell fabrication layers for one embodiment
of the invention.

Fig. 10 is a cross section showing the memory cell layers of one embodiment of the invention with spacers on both
sides of the gate. The drain implantation is also shown.

Fig. 11 is a cross section showing the memory cell fabrication layers after removal of the second stage gate masking
layer for one embodiment of the invention.

Fig. 12 is a cross section showing the memory cell fabrication layers after deposition of a second conductive layer
for one embodiment of the invention.

Fig. 13 is a graph showing the current-voltage curves of an asymmetric memory cell of one embodiment of the
invention with different offset (spacer) dimensions.

Fig. 14 is a schematic illustrating a memory cell array structure using prior art symmetric memory cells.

Fig. 15 is a schematic illustrating a memory cell array structure for an array comprising asymmetric multilevel cells
in accordance with one embodiment of the invention.

Fig. 16 is a schematic illustrating the blocking of alternate current paths in a memory cell array comprising asym-
metric multilevel cells in accordance with an embodiment of the invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0045] A process for fabrication and an integrated circuit for implementing a multilevel memory cell with an asym-
metric drain are disclosed with respect to Figs. 1-13. In the following description, for purposes of explanation, specific
nomenclature is set forth to provide a thorough understanding. However, many of these specific details are not required
to practice the invention.

[0046] For an integrated circuit to take full advantage of the memory density improvement offered by a multilevel
memory cell, the integrated circuit must accurately read the bit code for each type of multilevel cell. Each set of multilevel
cells has a particular bit code value. Each bit code value is defined by a unique threshold voltage (Vt). In the absence
of drain current read error sources that arise for prior art symmetric memory cells, the bit codes are readily differentiated
because each cell type has a unique threshold voltage which can be determined by reading the drain current of the
cell. However, a substantial source of error is found in prior art memory arrays comprising symmetric memory cells.
The source of error results from the existence of alternative current paths through neighboring memory cells which
can alter the drain read current of the cell of interest so that it is read as a different type of cell.

[0047] A new asymmetric cell structure is provided in accordance with preferred embodiments of the invention. The
invention asymmetric cells are adapted to dramatically reduce source read current. Appropriate placement of the asym-
metric cells in a memory array makes use of the reduced source read current to ensure that multilevel cells in the
memory device are accurately read. The preferred embodiments of the invention thereby eliminate a substantial source
of error from alternative current paths. The asymmetric cell is especially well suited for multilevel masked ROM inte-
grated circuits.
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Multilevel Memory Cells

[0048] The different threshold voltages are accomplished by combining different implants in the channel of each cell.
Different combinations of the implants provide a unique threshold voltage for each type of cell in the array.

[0049] A series of n code implants are directed into selected memory cell channels after an initial shallow threshold
voltage implant is directed into all the memory cell channels. Each of the code implants have a set of implant charac-
teristics different from the other code implants and different from the initial threshold voltage implant. The code implants
are adapted to provide clearly distinct threshold voltages for a range of substrate bias voltages. The set of distinguishing
ion implant characteristics comprises projected range and number of implanted ions. Different combinations of the
different code implants provide memory cells storing multiple bits per cell.

[0050] Table 1 and Table 2 provide a basis for determining the number of bits per cell that will be obtained for a given
number of code implants, when a first channel implant, i.e., the initial threshold voltage (Vt) implant, is directed at all
of the memory cells in the memory array.

[0051] In the simplest case a single code implant is directed at selected memory cells in order to form a one-bit
memory array. In this example, n=1 and only one bit is stored in each memory cell, either a 0 (no code implant directed
at the cell) or a 1 (the code implant was directed at the cell). For n=1, each memory cell has a one-bit code selected
from the group of 0 and 1, or from a selection group of two bit codes. Also, for n=1, the memory array comprises two
types of memory cells, cell 0 and cell 1. Note that the number of bit codes in the selection group is identical to the
number of cell types in the memory array.

[0052] Based on this example and those provided below, we establish a relationship between the number of bit codes
in the selection group (S) and the number of code implants directed into the selected memory cells, where S is equal
to 2n. For the n=1 example, we find that S=21=2.

[0053] Table 1 lists the multiple bits per cell when n=2, or two distinguishable code implants are directed into the
selected cell channels. According to our postulated relationship, for two code implants (n=2), the number of bit codes
in the selection group is S=2"=22=4. Therefore, as seen by Table 1, our postulated relationship (S=2") holds true for n=2.
[0054] For n=2, as shown in Table 1, the memory array comprises four types of memory cells. The four cell types
are provided by combining two code implants with the first channel implant. The combinations are incorporated into a
two-bit level memory cell array. In the example discussed herein, the first code implant has a smaller projected range
(because of a lower implant energy) than the second code implant. The first cell type 00 has only the first channel
implant, i.e., it has no additional code implant. The second cell type 01 has an additional second code implant. A third
celltype 10 has an additional first code implant. A fourth cell type 11 has an additional first code implant and an additional
second code implant.

Table 1
First Channel Implant First Code Implant Second Code Implant Cell Type
Y N N 00
Y Y N 01
Y N Y 10
Y Y Y 11
Two-bit Level cell Number of Code Implants = 2 Number of Cell Types = 2" =4
=n

[0055] The graph in Fig. 1 illustrates the relationship between the drain read current and the threshold voltage for a
two-bit level memory cell with a selection group comprising four different bit codes. In this example, each type of cell
is distinguished from a different type of cell by its drain read current for a given voltage. As shown in Fig. 1, 00 cell
current/voltage characteristics 100 comprise the highest drain read current and the lowest threshold voltage, while 11
cell current/voltage characteristics 115 the lowest drain read current and the highest threshold voltage.

[0056] Figs. 2 and 3 provide example threshold voltage data and vertical doping profile data for a two-bit level mask
n-channel ROM array implemented according to one embodiment of the invention. Fig. 2 illustrates the effect on thresh-
old voltages of the two-bit level mask ROM. In particular, four cells are implemented.

[0057] The first cell, cell 00, has no code implant, and is the initial low threshold voltage cell. The initial threshold
voltage for this cell at zero back bias is shown at point 200, and as a back gate bias increases, to 1 volt up to 3 volts
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by corresponding negative channel bias, the threshold increases to point 201.

[0058] The second cell, cell 01, has a single shallow code implant at 2 x 1014 cm 2 concentration with a 150 KeV
implant energy of boron ions. The initial threshold for this cell with zero back bias is shown at point 202. With a back
bias of 3 volts, the threshold voltage has increased to point 203.

[0059] The third cell, cell 10, has a single deep code implant of 9.3 x 1014 cm-2 concentration with a 200 KeV implant
energy of boron ions. The initial threshold for this cell with zero back bias is shown at point 204. With a back bias of 3
volts, the threshold voltage has increased to point 205.

[0060] The last cell, cell 11, has a combination of the shallow code implant and the deep code implant. The initial
threshold for this cell with zero back bias is shown at point 206. With a back bias of 3 volts, the threshold voltage has
increased to point 207. As can be seen in Fig. 2, excellent level-to-level differences are obtained for the four types of
cells. The effects of the back gate bias on the four level mask ROM cells are also apparent. By applying a 2 volt back
gate bias, the level-to-level difference is amplified from less than 1 volt to about 2 volts per cell. The major reason for
this shift in threshold is believed to be the bulk doping profiles of the two-bit level mask ROM cells modulated by the
implantation.

[0061] The doping profiles are shown in Fig. 3 for the ion implantation combination used in the two-bit memory cell
array example illustrated in Fig. 2. For cell 00, the vertical doping profile is shown on trace 300. For cell 01, the vertical
doping profile is shown on trace 301. For cell 10, the vertical doping profile is shown on trace 302. For cell 11, the
vertical doping profile is shown on trace 303. The higher surface doping concentration of cell | 1 leads to a higher
threshold voltage a zero back gate bias. Also, the differences in surface doping concentration have a significantimpact
on the body effect in such cells. Therefore, the back gate bias generates greater level-to-level differences for the four
types of cells.

[0062] Thus by adjusting the ion implantation dosage and energy, a four level mask ROM cell can be implemented
using only two masks. In addition, by applying back gate bias , the noise margin is increased because of the different
amount of body effect encountered for the four types of cells.

[0063] Table 2 lists the multiple bits per cell when n=3, or combinations of three distinguishable code implants are
directed into selected cell channels. According to our postulated relationship, for three code implants (n=3), the number
of cell types is 2n=23=8. As seen in Table 2, our postulated relationship holds true for n=3.

[0064] For the example shown in Table 2, eight types of memory cells are provided by combining the three code
implants with the first channel implant. The combinations are incorporated into a three-bit level memory array. For
some embodiments of the invention, the first code implant has a smaller projected range than the second code implant
and the third code implants. The second code implant has a larger number of implanted ions than the third code implant.
The second code implant has the same projected range as the third code implant. A first memory cell type 000 has
only the first channel implant, i.e., it has no additional code implant. A second memory cell type 001 has an additional
first code implant. A third memory cell type 010 has an additional second code implant. A fourth memory cell type 011
has an additional third code implant. A fifth memory cell type 100 has an additional first code implant and an additional
second code implant. A sixth memory cell type 101 has an additional first code implant and an additional third code
implant. A seventh memory cell type 110 has an additional second code implant and an additional third implant. An
eighth memory cell type 111 set has an additional first code implant, an additional second code implant, and an additional
third code implant.

[0065] Further analysis shows that the S=2" relationship holds for any multilevel memory array, where n is a positive
integer. Therefore, because the use of asymmetric cells dramatically reduces drain current read errors in a memory
array, the increased density advantage of multilevel memory cells is most severely limited by the dimensional limits
imposed by ion implantation processes for code implants.

Table 2
First Channel First Code Implant Second Code Third Code Implant Cell Type

Implant Implant

Y N N N 000

Y Y N N 001

Y N Y N 010

Y N N Y 011

Y Y Y N 100

Y Y N Y 101
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Table 2 (continued)

First Channel First Code Implant Second Code Third Code Implant Cell Type
Implant Implant
Y N Y Y 110
Y Y Y Y 111
Three-bit Level Cell Number of Code Number of Cell Types
Implants =3 =n =2"=8

[0066] The graph in Fig. 4 illustrates the relationship between the drain read current and the threshold voltage for
the 8 different cell types in a three-bit level memory cell array, i.e., with a selection group comprising eight different bit
codes. In this example, each type of cell is distinguished from a different type of cell by its drain read current for a given
voltage. As shown in Fig. 4, 000 cell current/voltage characteristics 400 comprise the highest drain read current and
the lowest threshold voltage. Also for the three-bit level memory cell array 111 cell current/voltage characteristics 435
comprise the lowest drain read current and the highest threshold voltage.

Asymmetric Memory Cell

[0067] Fig. 5 provides a schematic representation of a symmetric memory cell cross section 500 found in the prior
art. Fig. 5 also shows the equivalent electronic circuit symbol used to represent the symmetric cell in Fig. 14 and Fig.
15 below. The symmetric memory cell 500 comprises a gate 505, a conventional drain 510, and a source 515. The
gate has a first side 520 and a second side 525. The gate 505 is disposed above the gate oxide 530. The conventional
drain 510 is disposed on the first side 520 of the gate and below the gate oxide 530. The source 515 is disposed on
the second side 525 of the gate and below the gate oxide 530. Fig. 5 also shows the conventional symmetric memory
cell electronic circuit symbol 550.

[0068] Fig. 6 provides a schematic representation of the cross section of an asymmetric multilevel memory cell 600
of one embodiment of the invention. Fig. 6 also shows the equivalent electronic circuit symbol used for the asymmetric
cell in Fig. 15 below. The asymmetric multilevel memory cell 600 comprises a gate 505, an asymmetric drain 610, and
a source 515. The gate has a first side 520 and a second side 525. The gate 505 is disposed above a gate oxide 530.
The gate oxide has a top.

[0069] The asymmetric drain 610 is disposed on the first side 520 of the gate 505 and below the gate oxide 530.
The source 515 is disposed on the second side 525 of the gate 505 and below the gate oxide 530.

[0070] A first spacer 620 is disposed above the gate oxide 530 and next to the first side 520 of the gate 505. The
first spacer 620 has a first spacer width at the top of the gate oxide 530. For some embodiments, a second spacer 625
is disposed above the gate oxide 530 and next to the second side 525 of the gate 505.

[0071] For some embodiments of the invention, the first spacer 620 width is in a range from 0.05 micrometers to
0.20 micrometers. One embodiment of the invention has a first spacer width of 0.12 micrometers.

[0072] The asymmetric drain 610 of the asymmetric multilevel memory cell 600 is laterally separated from the gate
505 by an offset 630. Fig. 6 also shows an asymmetric multilevel memory cell 600 electronic circuit symbol 650. The
shaded region to the left of the gate represents the offset region 1030 formed between the asymmetric drain 610 and
the channel 1020, and discussed below with reference to Fig. 10.

Method for Forming Asymmetric Multilevel Cells

[0073] The first group of embodiments of the invention comprise methods to form an asymmetric multilevel memory
cell. The key process steps after threshold voltage adjustment of the memory cell channel and gate oxide formation
are discussed below. Fig. 7 is a first cross section of the asymmetric multilevel memory cell fabrication layers 700 for
one of the first group of embodiments of the invention after deposition of an as-deposited gate masking layer 720. Fig.
7 shows the memory cell fabrication layers after deposition of the gate oxide 530 on a substrate material 710. Also
shown are an as-deposited first conductive layer 715 which is used to form the gate 505, and a first stage of an as-
deposited gate masking layer 720. The first stage of the as-deposited gate masking layer 720 is generally a dielectric,
silicon nitride has been successfully used as the first stage of the as-deposited gate masking layer 720 material.

[0074] Fig. 8 is a second cross section of the asymmetric multilevel memory cell fabrication layers 800 for one of the
first group of embodiments of the invention after the gate 505 pattern has been formed using a bit line mask. The as-
deposited gate masking layer 720 is patterned in the same configuration as the gate 505 to form a patterned gate
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masking layer 820 over showing the patterned gate 505.

[0075] Fig. 9 is a third cross section of the asymmetric multilevel memory cell fabrication layers 900 for one of the
first group of embodiments of the invention showing a firstimplant 910. A drain photoresist mask 915 is patterned over
the drain regions of the substrate 710 and a portion of each patterned gate masking layer 820 laterally adjacent to the
drain region. Therefore, the drain regions of the substrate 710 of the memory cells receive only a very small dopant
dosage from the first implant 910. The first implant 910 directs a dose of dopant ions into the source 515 regions of
each asymmetric multilevel memory cell 600 because the source 515 regions are not covered by the drain photoresist
mask 915. The dopant dosage placed into the gate 505 from the first implant 910 is very low because the patterned
gate masking layer 820 absorbs most of the implant ions that would otherwise be directed at the gate 505. The first
implant 910 is aligned with the gate 505. Note that the first implant 910 is performed using an asymmetric mask and
is performed prior to formation of the first spacer 620.

[0076] Fig. 10 is a fourth cross section of the asymmetric multilevel memory cell fabrication layers 1000 showing the
memory cell layers of one embodiment of the invention with spacers on both sides of the gate. A second implant 1010
is also shown in Fig. 10.

[0077] The drain photoresist mask 915 is removed prior to the second implant 1010. The first spacer 620 is formed
prior to the second implant 1010. The first spacer 620 is typically made of silicon dioxide but could be made of any
dielectric material. The first spacer 620 extends upwards from the gate oxide 530 to the top of the patterned gate
masking layer 820. The second implant 1010 is directed into the asymmetric drain 610 of each asymmetric multilevel
memory cell 600. For some embodiments, the second implant 1010 is directed only to the asymmetric drain 610. For
other embodiments as shown in Fig. 10, the second implant is directed at both the asymmetric drain 610 and the source
515 of each asymmetric multilevel memory cell 600. The second implant 1010 is aligned with the first spacer 620.
[0078] In some embodiments as shown in Fig. 10, a second spacer 625 is provided next to the second side 525 of
the gate 505. For embodiments having the second spacer 625, the second spacer 625 is formed at the same time as
the first spacer 620, i.e., prior to the second implant 1010. For these embodiments, the second implant 1010 is directed
at both the asymmetric drain 610 and the source 515 of the asymmetric multilevel memory cell 600.

[0079] In some embodiments, the first spacer 620 (and also the second spacer 625 for embodiments having the
second spacer 625) comprises an oxide formed by deposition processes using tetraethyl orthosilicate (TEOS). The
first spacer 620 (and also the second spacer 625, for embodiments having the second spacer 625) is then patterned
using a wet etch process. For embodiments having a second spacer 625, the second spacer 625 is formed at the same
time and by the same processes as the first spacer 620.

[0080] A channel 1020 in the substrate 710 is disposed proximal to the gate oxide 530 and aligned with the gate
505. The channel 1020 extends from source 515 towards the asymmetric drain 610. The channel 1020 does not extend
all the way to the asymmetric drain 610. Instead, an offset region 1030 in the substrate is disposed between the channel
1020 and the asymmetric drain 610. The offset region 1030 is also proximal to the gate oxide 530. The offset region
1030 is a key feature of the invention asymmetric multilevel memory cell 600.

[0081] The second implant 1010 is directed towards an exposed asymmetric drain 610 surface. The exposed asym-
metric drain 610 surface has a width defined by the area of the top of the gate oxide 530 that remains uncovered by
the first spacer 620 disposed next to the asymmetric drain 610.

[0082] For some embodiments, the second implant is directed at both the source 515 and the asymmetric drain 610.
[0083] The ultimate placement of the second implant 1010 dopants extends laterally outward from the region of the
asymmetric drain 610 at which the second implant 1010 is directed. Therefore, the first spacer 620 width is greater
than the offset 630. For some of the embodiments of the invention, the offset is greater than fifty percent (50%) of the
first spacer 620 width. For the embodiments of the invention having a first spacer 620 width in a range from 0.05
micrometers to 0.20 micrometers, the offset 630 would be in a range from 0.02 micrometers to 0.20 micrometers. The
offset region 1030 is adapted to inhibit source current as discussed in the Multilevel Memory Cell with Inhibited Source
Current section below.

[0084] The first spacer 620 ensures that the offset region 1030 does not receive a large dosage of dopants from the
second implant 1010. The second spacer 625 is not used for some embodiments of the invention because the second
spacer 625 does not affect the offset region 1030. However, the second spacer 625 provides symmetry about the gate
505 and simplifies processing, and is therefore used for other embodiments of the invention, as shown in Fig. 10.
[0085] The second implant 1010 is not directed to regions of the source 515 proximal to either side of the source
515. lons from the second implant 1010 are only directed to a central portion of the source 515 because the second
spacer 625 absorbs the implant ions that would otherwise be directed to the side regions of the source. The second
implant 1010 does not appreciably affect the gate 515 because the patterned gate masking layer 820 absorbs most
of the implant ions that would otherwise be directed at the gate 515.

[0086] Fig. 11 is a fifth cross section of the asymmetric multilevel memory cell fabrication layers 1100 for one em-
bodiment of the invention showing the memory cell fabrication layers after removal of the patterned gate masking layer
820. The first spacer 620 and the second spacer 625 extend upwards beyond the top of the gate 505.
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[0087] Fig. 12 is a sixth cross section of the asymmetric multilevel memory cell fabrication layers 1200 for one em-
bodiment of the invention showing the memory cell fabrication layers after deposition of a second conductive layer
1210. The second conductive layer 1210 is then patterned to form word lines in the memory array.

Multilevel Memory Cell with Inhibited Source Current

[0088] One key advantage provided by the asymmetric multilevel memory cell 600 is that the source 515 read current
is inhibited so that the asymmetric multilevel memory cell 600 can only be read in one direction. For some embodiments
of the invention, the asymmetric multilevel (MOS) memory cell 600 is an enhancement mode transistor and is normally
off.

[0089] The asymmetric multilevel memory cells 600 are disposed in an integrated circuit. Each asymmetric multilevel
memory cell 600 conforms to the limitations discussed above in the Asymmetric Memory Cell section of this specifi-
cation.

[0090] The gate 505 has a first gate voltage, which is a positive potential for an NMOS cell. The gate oxide 530 acts
as a dielectric, limiting carrier flow between the channel 1020 and the gate 505. The high potential of the gate 505
causes electrons in the channel 1020 to flow towards the gate oxide 530. Collection of these electrons near the channel
1020/gate oxide 530 interface forms a depletion region in the channel 1020, in which the channel 1020 electron con-
centration proximal to the gate oxide 530 becomes high enough to efficiently conduct electrons across the channel 1020.
[0091] Because the gate 505 extends over the source 515 and the channel 1020 is aligned with the gate 505, the
channel 1020 extends all the way into the source 515. The asymmetric drain 610, however, is laterally spaced from
the first side 520 of the gate 505 by the offset 630. Therefore, the side of the channel 1020 corresponding to the first
side 520 of the gate 505 is also laterally spaced from the asymmetric drain 610 by the offset 630.

[0092] The region of the substrate 710 proximal to the gate oxide 530 and disposed between the channel 1020 and
the asymmetric drain 610 is the offset region 1030. The offset region 1030 has an initial conduction state based on
carrier concentration in the p-type substrate 710 as supplemented by the low dose threshold voltage implant. The offset
region 1030 is disposed to the first side 520 of the gate 505.

[0093] The offset region 1030 cannot be controlled by the gate voltage because the gate 505 is not disposed over
the offset region 1030. The gate voltage does not attract sufficient numbers of electrons to the offset region 1030 to
form a depletion layer in the offset region 1030. Another way of describing offset region 1030 is that in the offset region
1030 the channel 1020 "disappears". The offset region 1030 is thereby adapted to maintain its initial conduction state
in response to the gate voltage. Without the application of an electrical potential in addition to the gate voltage, electric
current will be inhibited across the offset region 1030 and the asymmetric multilevel memory cell 600 will remain non-
conducting.

[0094] Fig. 13 is a graph showing the current-voltage curves for an asymmetric multilevel memory cells 600 of one
embodiment of the invention. The curves are provided for asymmetric multilevel memory cells 600 with first spacer
620 and second spacer 625 widths at the top of the gate oxide 530 ranging from 0.10 micrometers to 0.12 micrometers.
The values correspond to an asymmetric multilevel memory cell 600 width of 1.0 micrometers and an asymmetric
multilevel memory cell 600 length of 0.32 micrometers. The bit line loading effect for the asymmetric multilevel memory
cells 600 represented in Fig. 13 is 8 kilohms.

[0095] As discussed above, the asymmetric multilevel memory cell 600 is adapted to inhibit source read current.
This inhibition can be measured by comparing the drain read current of the asymmetric multilevel memory cell 600 at
a drain voltage (with the source voltage at zero) versus the source read current of the asymmetric multilevel memory
cell 600 at a source voltage (with the drain voltage at zero), or lys=q)/l(va=0)- The l(vs=0)/(va=0) ratio also serves as a
measure of the freedom from cell type misread for a particular cell. The freedom from cell type misreads improves as
the measure increases in value, but is dependent on a number of other factors, such as the current-voltage charac-
teristics for each type of cell in the memory array, and the threshold voltage difference between each type of cell. The
closer, in terms of current-voltage characteristics (or threshold voltage), that one type of asymmetric multilevel memory
cell 600 is to another type of asymmetric multilevel memory cell 600 in the same array the higher the I(Vszo)/l(\,dzo) ratio
must be to ensure that the asymmetric multilevel memory cells 600 are properly read.

[0096] For an asymmetric multilevel memory cell 600 with a 0.12 micrometer spacer, Fig. 13 shows that the source
read current is approximately 9 microamps for a source voltage of 0.5 volts 1301. The drain read current is approxi-
mately 20 microamps for a drain voltage of 0.5 volts 1311. The lys=q)/l(v4=0) ratio measure of freedom from cell type
misread for this cell at 0.5 volts is approximately 2.22.

[0097] Foran asymmetric multilevel memory cell 600 having a 0.12 micrometer first spacer 620 and a source voltage
of 1.0 volt the source read current is approximately 16 microamps 1302. For a drain voltage of 1.0 volt the drain read
current is approximately 45 microamps 1312. The |(Vs=0)/|(Vd=0) ratio for this cell at 1.0 volt is approximately 2.81.
[0098] For an asymmetric multilevel memory cell 600 having a 0.12 micrometer first spacer 620 width and a source
voltage of 1.5 volts the source read current is approximately 19 microamps 1303. For a drain voltage of 1.5 volts the
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drain read current is approximately 68 microamps 1313. The l(Vs:O)/l(Vd:O) ratio for this cell at 1.5 volts is approximately
3.58. Therefore, for the 0.12 micrometer first spacer 620 width embodiment described by Fig. 13, the most accurate
read currents will be obtained for higher drain voltages. The increase in accuracy with increase in drain voltage is
clearly demonstrated by the data presented in Fig. 13 for drain voltages up to 1.5 volts.

[0099] For an asymmetric multilevel memory cell 600 with a 0.10 micrometer first spacer 620 width, Fig. 13 shows
that the source read current is approximately 59 microamps for a source voltage of 1.5 volts 1323. The drain read
current is approximately 85 microamps for a drain voltage of 1.5 volts 1331. The |(ys=0)/l(v4=0) ratio measure of freedom
from cell type misread for this cell at 1.5 volts is approximately 1.44. While this measure of improvement is not as large
as the ratio obtained for the asymmetric multilevel memory cell 600 having a 0.12 micrometer first spacer 620 width,
it should be noted that for smaller cell dimensions, smaller first spacer 620 widths will show marked reduction in cell
type misreads. Based on the data for the 0.12 micrometer first spacer 620 widths and projections regarding cell size,
the asymmetric cells are expected to effectively reduce cell type misreads for first spacer 620 widths ranging from 0.05
micrometers to 0.20 micrometers.

[0100] When adrain voltage of sufficient magnitude is applied to the asymmetric multilevel memory cell 600, electrons
flow from the substrate 710 and the channel 1020 to the offset region 1030 until the a depletion region is established
in the offset region 1030 and the cell conducts electrons through the offset region 1030 to the drain.

[0101] As shown by Fig. 13, a drain voltage of 1.5 volts for a 0.12 micrometer first spacer 620 width provides a drain
read current of 68 microamps. This current indicates that a drain voltage of 1.5 volts is sufficient to establish a depletion
region in the offset region 1030. The source read current for a source voltage of 1.5 volts and a first spacer 620 width
of 0.12 micrometers is 19 microamps, i.e., much less than the comparable 68 microamps drain read current. The low
source read current demonstrates that the offset region 1030 is adapted to maintain the offset region's initial conduction
state (i.e., enhancement mode-off) in response to a source voltage of 1.5 volts.

Integrated Circuit With Source Current Inhibited Memory Cells

[0102] The third group of embodiments of the invention provide an integrated circuit comprising an array of memory
cells. The memory cell array comprises asymmetric (source current inhibited) multilevel cells 1500, and as shown in
Fig. 15, is arranged so that neighboring cells share a common source. In this arrangement, the asymmetric drain current
read of a memory cell will be much more accurate than for a memory array comprising symmetric memory cells 500,
because the source current of the neighboring asymmetric multilevel memory cell 600 will be much lower than the
asymmetric drain current of the cell being read, as discussed above with respect to Fig. 13 in the Multilevel Memory
Cell with Inhibited Source Current section. The integrated circuits provided by these embodiments typically comprise
a plurality of interconnected memory cell arrays having asymmetric multilevel cells 1500.

[0103] The memory cell array comprises memory cells. The memory cells comprise transistors having channels in
channel regions of a substrate. Selected asymmetric multilevel memory cells in the memory array store multiple bits.
[0104] The memory cell array further comprises a word line and a bit line. The word line and the bit line are coupled
respectively with rows and columns of memory cells in the array. Applying voltages to the rows and columns of the
array provides a means for reading data stored in the array. The bit line comprises a first patterned layer of the integrated
circuit. The word line comprises a second patterned layer of the integrated circuit

[0105] A memory array comprising prior art symmetric memory cells 1400 is shown in Fig. 14. Fig. 14 illustrates a
single row of selectable memory cells disposed in the first word line 1410. A corresponding bank left select line 1415
is disposed below the first word line 1410, and a corresponding bank right select line 1420 is disposed above the first
word line 1410. Each of the bank select lines is coupled to a row of transistors.

[0106] The memory array comprising prior art symmetric memory cells 1400 cannot consistently provide accurate
symmetric drain read currents. For example, as shown in Fig. 14, if a first cell 1405 disposed on a first word line 1410
is read, the first word line 1410 and the bank left select line 1415 will be at a high potential, while the bank right select
line 1420 will be at a low potential. A first current 1425 flows from the sense amplifier 1430 through the first cell 1405,
through a second cell 1435, and to a ground 1440. The sense amplifier 1430 has a sense amplifier conductor 1445
that is in communication with the bank select left line 1415, the bank select right line 1420, and the first word line 1410.
The sense amplifier conductor 1445 has a first side (the left side in Fig. 14) and a second side (the right side in Fig. 14).
[0107] The ground 1440 has a ground conductor 1450 that is in communication with the bank select left line 1415,
the bank select right line 1420, and the first word line 1410. The ground conductor 1450 has a first side and a second
side.

[0108] A first bit line 1455 is disposed proximal to the ground conductor 1450 and on the first side of the ground
conductor 1450. The first bit line 1455 is also disposed proximal to the sense amplifier conductor 1445 and on the
second side of sense amplifier conductor 1445. The first cell 1405 is disposed between the sense amplifier conductor
1445 and the first bit line 1455. The second cell 1435 is disposed on the bank select left line 1415 and is also disposed
between the first bit line 1455 and the ground conductor 1450.
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[0109] Athird cell 1460 is disposed on the first word line 1410 between the first bit line 1455 and the ground conductor
1450. The third cell 1460 provides a first alternative current 1465 path between the first cell 1405 and the ground 1440,
which bypasses the second cell 1435. If the third cell 1460 is a low threshold voltage cell, then the read current of the
first cell 1405 is likely to be misread so that the first cell 1405 is read as different, more conductive cell type.

[0110] The read current for the first cell 1405 is therefore strongly dependent on the threshold voltage of its neighbor
cell, the third cell 1460. The relative values of the effective resistance of the third cell 1460 (Rq4¢0) and the effective
resistance of the second cell 1435 (R4435) Will determine how susceptible the first cell 1405 is to a cell type misread.
The read current for the first cell 1405 will be proportional to (Rq435 + Ry460)/(R1435 X Ry460). Unless Rq44q is much
greater than Ry435, the third cell 1460, which is a symmetric cell, may lead to a cell type misread because (Rq435 +
R1460)/(R1435 X Ry460) is less than Rq43s5.

[0111] For the two-bit memory array example discussed above a small resistance (low threshold voltage) third cell
1460 is likely to result in a misread of a less conductive first cell 1405 as a more conductive cell. For example, with
reference to Fig. 1, a 11 cell could be misread as a 10 cell, a 01 cell, or an 00 cell. Similarly, a 10 cell could be misread
as a 01 cell or a 00 cell; or a 01 cell could be misread as a 00 cell.

[0112] Fig. 15 illustrates a memory array comprising asymmetric multilevel cells 1500, one of the third group of
embodiments of the invention. The two-bit level memory cells disposed on the second word line 1505 are asymmetric
multilevel memory cells 600.

[0113] The read current for each asymmetric multilevel memory cell 600 is accurately read in only one direction
because current in an asymmetric multilevel memory cell 600 flows much more readily from the asymmetric drain 610
to the source 515, than from the source 515 to the asymmetric drain 610, as discussed above in the Multilevel Memory
Cell with Inhibited Source Current section. The advantages source current inhibition provided by the asymmetric mul-
tilevel memory cell are particularly beneficial for memory arrays when the |-yl (v4=0) ratio is greater than 2.5, or | 4=q)
is less than forty percent of |ys-()-

[0114] Unlike the symmetric memory cells 500 of a conventional memory array 1400, an accurate reading of each
asymmetric multilevel memory cell 600 is provided when an asymmetric multilevel memory cell 600 is sensed from
appropriate array terminal.

[0115] Five array terminals are shown in Fig. 15. Each of these terminals provides two functions. Depending upon
which way the current flows to accurately read a selected memory cell, each associated terminal acts as either a ground
or a sense amplifier. Three terminals of interest for this discussion comprise a first terminal 1510, a second terminal
1512, and a third terminal 1514. The first terminal 1510 has a first terminal conductor 1516, the second terminal 1512
has a second terminal conductor 1518, and the third terminal 1514 has a third terminal conductor 1520. Each of the
terminal conductors has a first (left in Fig. 15) side and a second (right in Fig. 15) side. The second terminal conductor
1518 is disposed to the second side of the first terminal conductor 1516, and is also disposed on the first side of the
third terminal conductor 1520. A second bit line 1522 is disposed between the first terminal conductor 1516 and the
second terminal conductor 1518. A third bit line 1524 is disposed between the second terminal conductor 1518 and
the third terminal conductor 1520.

[0116] A fourth cell 1525 is disposed on the second word line 1505 and is also disposed between the first terminal
conductor 1516 and the second bit line 1522. In order to read the fourth cell 1525, the first terminal 1510 acts as a
sense amplifier and the second terminal 1512 acts as ground. The fourth cell 1525 is accurately read when the second
word line 1505 and the bank left select line 1415 are at a high potential, while the bank right select line 1420 is at a
low potential. These potentials result in a second current 1530, from the first terminal 1510, through the fourth cell
1525, through a fifth cell 1535, and to the second terminal 1512. The fifth cell 1535 is disposed on the bank select left
line 1415 and is also disposed between the second bit line 1522 and the second terminal conductor 1518.

[0117] A sixth cell 1540 is a neighbor of the fourth cell 1525 on the second word line 1505. The sixth cell is disposed
between the second bit line 1522 and the second terminal conductor 1518. The sixth cell 1540 and the fourth cell 1525
share a common source 515. The current flow through the sixth cell 1540 to the second terminal 1512 is not large
enough to cause a cell type misread. The error is avoided because the source 515 to asymmetric drain 610 current
for the sixth cell 1540 is much smaller than the asymmetric drain 610 to source 515 current for the fourth cell 1525,
and substantial current would have to flow from the source 515 to the asymmetric drain 610 of the sixth cell 1525 to
cause a cell type misread of the fourth cell 1525.

[0118] For example, an asymmetric multilevel memory cell 600 having a 0.12 micrometer offset, as described above
in the Multilevel Memory Cell with inhibited Source Current section, would have an |ys=0y/l(vq4=0) ratio at 1.5 volts of
approximately 3.58. Therefore, even if the threshold voltage difference for different cell types in a memory array com-
prising asymmetric multilevel cells 1500 is only one-half of the voltage difference for cell types in a conventional memory
array 1400, the probability of a cell type misread in the memory array comprising asymmetric multilevel cells 1500
would be only half of the probability of a cell type misread in the conventional memory array 1400.

[0119] A third current 1545 is required to accurately read the sixth cell 1540. The second terminal 1512 acts as a
sense amplifier and the first terminal 1510 acts as ground. The third current 1545 flows in response to a high potential

12



10

15

20

25

30

35

40

45

50

55

EP 0977 258 B9 (W1B1)

for both the bank right select line 1420 and the second word line 1505, and a low potential for the bank left select line
1415. The third current 1545 flows from the second terminal 1512, through the sixth cell 1540, through the seventh
cell 1550, and to the first terminal 1510.

[0120] For the third current 1545, the situation is reversed from that of the second current 1530 with respect to the
sixth cell 1540 and the fourth cell 1525. For the third current 1545, the fourth cell 1525 is a neighbor of the cell to be
read, the sixth cell 1540. Both the sixth cell 1540 and the fourth cell 1525 are disposed on the second word line 1505.
The fourth cell 1525 does not allow enough current to flow through to the first terminal 1510 to cause a cell type misread.
The error is avoided because the source 515 to asymmetric drain 610 current for the fourth cell 1525 is much smaller
than the asymmetric drain 610 to source 515 current of the sixth cell 1540, and substantial current would have to flow
from the source 515 to the asymmetric drain 610 of the fourth cell 1525 to cause a cell type misread of the sixth cell 1540.
[0121] An eighth cell 1560 is disposed on the second word line 1505, and is also disposed between the third bit line
1524 and the third terminal conductor 1520. A fourth current 1555 is required to accurately read the eighth cell 1560.
The third terminal 1514 acts as a sense amplifier and the second terminal 1512 acts as ground. The fourth current
1555 flows in response to a high potential for both the bank left select line 1415 and the second word line 1505, and
a low potential for the bank right select line 1420. The fourth current 1555 flows from the third terminal 1514, through
the eighth cell 1560, through a ninth cell 1565, and to the second terminal 1512. The ninth cell is disposed on the bank
select left line 1415, and is also disposed between the second terminal conductor 1518 and the third bit line 1524.
[0122] A tenth cell 1570 is a neighbor of the eighth cell 1560 on the second word line 1505. The tenth cell 1570 is
disposed between the third bit line 1524 and the second terminal conductor 1518. The tenth cell 1570 does not allow
enough current to flow through to the second terminal 1512 to cause a cell type misread. The error is avoided because
the source 515 to asymmetric drain 610 current for the tenth cell 1570 is much smaller than the asymmetric drain 610
to source 515 current of the eighth cell 1560, and substantial current would have to flow from the source 515 to the
asymmetric drain 610 of the tenth cell 1570 to cause a cell type misread.

[0123] A fifth current 1575 is required to accurately read the tenth cell 1570, the second terminal 1512 acts as a
sense amplifier and the third terminal 1514 acts as ground. The fifth current 1575 flows in response to a high potential
for both the bank right select line 1420 and the second word line 1505, and a low potential for the bank left select line
1415. The fifth current 1555 flows from the second terminal 1512, through the tenth cell 1570, through an eleventh cell
1580, and to the third terminal 1514. The eleventh cell 1580 is disposed on the bank right select line 1420, and is also
disposed between the third bit line 1524 and the third terminal conductor 1520.

[0124] For the fifth current 1575, the eighth cell 1560 is a neighbor of the cell to be read, the tenth cell 1570. Both
the eighth cell 1560 and the tenth cell 1570 are disposed on the second word line 1505. The eighth cell 1560 does not
allow enough current to flow through to the second terminal 1512 to cause a cell type misread. The error is avoided
because the source 515 to asymmetric drain 610 current for the eighth cell 1560 is much smaller than the asymmetric
drain 610 to source 515 current of the tenth cell 1570, and substantial current would have to flow from the source 515
to the asymmetric drain 610 of the eighth cell 1560 to cause a cell type misread.

[0125] As shown in Fig. 16, a twelfth cell 1605 is disposed next to and to the left of the fourth cell 1525 on the second
word line 1505. Also shown in Fig. 16 are a first select transistor 1610 and a second select transistor 1615 disposed
on the bank select left line 1415. The first select transistor 1610 is disposed directly below the twelfth cell 1605, and
the second select transistor 1615 is disposed directly below the fourth cell 1525. Both the first select transistor 1610
and the second select transistor 1615 are high Vt cells. A third select transistor 1620 is disposed on the bank select
left line 1415 next to and to the left of the first select transistor 1610. A fourth terminal 1625 has a fourth terminal
conductor 1630. The fourth terminal conductor 1630 is disposed to the first side (left side in Fig. 16) of the first terminal
conductor 1516.

[0126] Unless the memory array comprising asymmetric multilevel cells 1500 has the features discussed in this
paragraph, an alternate sixth current 1635 path could result in a cell type misread of the fourth cell 1525. If not blocked,
the sixth current 1635 would flow from the first terminal 1510, through the twelfth cell 1605, through the first select
transistor 1610, through the second select transistor 1615 and to the second terminal 1512. However, the sixth current
1635 is effectively blocked by the placement of high Vt cells (the first select transistor 1610 and the second select
transistor 1615) in the sixth current 1635 path.

[0127] An alternate seventh current 1640 that could, if left unblocked, result in a cell type misread of the fourth cell
1525 is also shown in Fig. 16. If left unblocked, the seventh current 1640 would flow from the first terminal 1510, through
the twelfth cell 1605, through the third select transistor 1620 and to the fourth terminal 1625. However, the seventh
current 1640 is blocked during the read of the fourth cell 1525, by applying a bias condition to terminals in the array
other than second terminal 1512. The bias condition applied to the other terminals, e.g., the fourth terminal 1625, is
approximately equal to the potential of the first terminal 1510. Therefore, no current will flow to the fourth terminal 1625.
The second terminal 1512 is at ground, thereby ensuring that the fourth cell 1525 is properly read using a unique
current path.

[0128] The firstterminal conductor 1516 continues downward below the bank left selectline 1415. As the first terminal
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conductor 1516 extends beyond the bank left select line 1415, the first terminal conductor 1516 is connected to the
bitline of another memory array (also referred to as a memory bank) within the integrated circuit. This connection
enables the integrated circuit to read more than one memory array in the integrated circuit using the same sense
amplifier.

[0129] Some embodiments of the invention comprise a method of reading a memory cell having an offset. These
methods comprise providing an asymmetric memory cell having an asymmetric drain 610 separated from the channel
1020 by an offset 630. Some of these methods comprise providing a asymmetric multilevel memory cell 600.

Claims
1. Anintegrated circuit, comprising:

an array of read-only memory (ROM) cells (600), each ROM cell comprising: a gate (505) disposed over a
channel region; a first spacer (620) located on a first side of the gate; a source (515), having a first conductivity
type, aligned with a second side of the gate; and a drain (610), having the first conductivity type, aligned with
the first spacer thereby forming an offset region between the drain and the first side of the gate, each offset
region being operable to inhibit current flow from the source to the drain, the channel region being operable
to store a bit code selected from a group of bit codes, each bit code being determinable from an implant in the
channel region, and wherein

the array comprises a first selected group of ROM cells having channels with a first code implant and second
selected group of ROM cells, which overlaps with the first selected group of ROM cells, having channels with
a second code implant, the first code implant and the second code implant having different depth profiles and
concentrations, respective combinations of implants corresponding to different bit codes.

2. Theintegrated circuit of claim 1, wherein the first spacer has a width in a range from approximately 0.05 micrometers
to approximately 0.20 micrometers.

3. The integrated circuit of claim 1 or claim 2, wherein a width of the offset region is greater than approximately fifty
percent (>50%) of the first spacer width.

4. The integrated circuit of any of claims 1 to 3, wherein each ROM cell has a bit code selected from a group of four
different bit codes, each of the four different bit codes corresponding to a specific combination of implants.

5. The integrated circuit of any of claims 1 to 3, wherein each ROM cell has a bit code selected from a group of 2"
different bit codes, each of the 2" different bit codes corresponding to a specific combination of implants.

6. The integrated circuit of any preceding claim, further comprising forming a second spacer on the second side of
the gate, the second spacer extending upwards from the top of a gate oxide disposed between the gate and the
channel region.

7. The integrated circuit of any one of claims 1 to 6, further comprising a gate oxide disposed between the gate and
the channel region and wherein the offset region is operable to form a depletion layer proximal to the gate oxide
in response to a drain voltage.

8. The integrated circuit of any one of claims 1 or 2, wherein the offset region has a width in a range from 0.02
micrometers to 0.20 micrometers.

9. The integrated circuit of any one of claims 7 or 8, wherein the offset region is operable to maintain an initial con-
duction state proximal to the gate oxide in response to a source voltage.

10. The integrated circuit of claim 1, comprising:

a word line and a bit line coupled respectively with rows and columns of ROM cells in the array by which to
read data stored in the array, the bit line comprising a first patterned layer of the integrated circuit, the word
line comprising a second patterned layer of the integrated circuit, and wherein

each of the ROM cells comprise asymmetric multilevel memory cells having the source formed in a substrate,
the gate, a gate oxide disposed between the substrate and the gate, and wherein:
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the drain comprises an asymmetric drain formed in the substrate, the asymmetric drain having a width;
the channel comprises a channel formed in the substrate, the channel being in contact with the gate oxide
and aligned with the gate, the channel extending from the source towards the asymmetric drain, the chan-
nel being separated from the asymmetric drain by an offset, the channel being operable to store multiple
bits, the channel being operable to form a depletion layer in the channel proximal to the gate oxide in
response to a gate voltage; and

the offset region comprises an offset region disposed in the substrate and disposed between the channel
and the asymmetric drain, the offset region having an initial conduction state, the offset region being
operable to maintain the initial conduction state proximal to the gate oxide in response to the gate voltage;
each of the selected asymmetric multilevel memory cells being operable to provide a first asymmetric
drain read currentin response to a drain voltage and a source read current in response to a source voltage
equal to the drain voltage, the offset region of each of the selected memory cell transistors causing the
drain read current to have a different value than the source read current to ensure that the selected memory
cell transistors can only be accurately read by the corresponding word lines and corresponding bit lines
in one direction.

The integrated circuit of claim 10, wherein the gate of each of the selected asymmetric multilevel memory cells is
addressable by a corresponding word line, and the integrated circuit further comprises:

a sense amplifier having a sense amplifier conductor, the sense amplifier conductor having a first side and a
second side;

a ground having a conductor, the ground conductor having a first side, and a second side; the bit line being
disposed proximal to the ground conductor, the bit line being disposed on the first side of the ground conductor,
the bit line being disposed proximal to the sense amplifier conductor, the bit line being disposed on the second
side of the sense amplifier conductor;

afirst selected memory cell disposed between the bit line and the second side of the sense amplifier conductor,
the asymmetric drain of the first selected memory cell being in communication with the sense amplifier con-
ductor; and

a second selected memory cell disposed between the bit line and the first side of the ground conductor, the
asymmetric drain of the second selected memory cell being in communication with the ground conductor; the
first selected memory cell and the second selected memory cell having a common source, the bit line being
in communication with the common source of the first and second selected memory cells; wherein, the first
memory cell can only be accurately read by the corresponding word line and the corresponding bit line in a
first direction, the second memory cell can only be accurately read by the corresponding word line and the
corresponding bit line in a second direction, the second direction opposite the first direction.

The integrated circuit of any of claims 10 or 11, further comprising bank select lines coupled with rows of transistors
in the array, responsive to applied potentials the bank select lines adapted to determine which selected asymmetric
multilevel memory cell is read by the array, the rows of transistors being coupled with the bank select lines com-
prising a plurality of high threshold voltage transistors, the high threshold voltage transistors being disposed in the
array to block alternate current paths.

The integrated circuit of claim 11, wherein the first direction is from the asymmetric drain of the first selected
memory cell to the source of the first selected memory cell, the second direction is from the asymmetric drain of
the second selected memory cell to the source of the second selected memory cell.

The integrated circuit of claim 11, wherein the first direction is from the asymmetric drain of the first selected
memory cell to the source of the first selected memory cell, the second direction is from the asymmetric drain of
the second selected memory cell to the source of the second selected memory cell; a portion of the second direction
current flows from the source of the first selected memory cell to the asymmetric drain of the first selected memory
cell, the portion of the second direction current in the first selected memory cell is smaller than forty percent of the
second direction current of the second selected memory cell; a portion of the first direction current flows from the
source of the second selected memory cell to the asymmetric drain of the second selected memory cell, the portion
of the first direction current in the second selected memory cell is smaller than forty percent of the first direction
current of the first selected memory cell.

A method of forming an integrated circuit having an array of read-only memory (ROM) cells (600), the method
comprising the steps of:
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patterning each channel region of a first selected group of ROM cells;

directing a first code implant into each channel region of the first selected group of ROM cells;

patterning each channel region of a second selected group of ROM cells, which overlaps with the first selected
group of ROM cells;

directing a second code implant into each channel region of the first selected group of ROM cells, the first
code implant and the second code implant having different depth profiles and concentrations;

patterning a gate (505) disposed over the channel region of each ROM cell;

masking a drain (610) on a first side of each gate;

directing implants having a first conductivity type into a source (515) aligned with a second side of each gate;
forming a first spacer (620) on the first side of each gate, thereby forming an offset region between the drain
and the first side of each gate; and

directing implants having the first conductivity type into each drain.

The method of claim 15, wherein the first spacer has a width in a range from approximately 0.05 micrometers to
approximately 0.20 micrometers.

The method of claim 15 or claim 16, wherein a width of the offset region is greater than approximately fifty percent
(>50%) of the first spacer width.

The method of any one of claims 15 to 17, further comprising the following steps prior to directing the first code
implant:

directing a first channel implant into each ROM cell channel, and wherein the step of patterning the gate
comprises the steps of:

forming a gate oxide;
depositing a first conductive layer, and
patterning the gate from the first conductive layer.

The method of any one of claims 15 to 18, further comprising the step of forming a second spacer on the second
side of the gate, the second spacer extending upwards from the top of the gate oxide.

The method of any one of claims 15 to 19, further comprising the following steps after directing the second code
implant:

depositing a second conductive layer; and
patterning the second conductive layer.

Patentanspriiche

1.

Integrierter Schaltkreis mit:
einem Array aus Nur-Lese-Speicherzellen (ROM-Zellen) (600), wobei jede ROM-Zelle aufweist:

ein Gate (505), welches Uber einem Kanalbereich angeordnet ist, einen ersten Abstandhalter (620), der
auf einer ersten Seite des Gates angeordnet ist, eine Source (515), die von einem ersten Leitfahigkeitstyp
ist und mit einer zweiten Seite des Gates ausgerichtet ist, und eine Drain (610), welche von dem ersten
Leitfahigkeitstyp ist und welche mit dem ersten Abstandhalter ausgerichtet ist, um dadurch einen Versatz-
bereich zwischen der Drain und der ersten Seite des Gates zu bilden, wobei jeder Versatzbereich so
betreibbar bzw. wirksam ist, da® er einen Stromflul® von der Source zu der Drain verhindert, wobei der
Kanalbereich in der Weise betreibbar bzw. wirksam ist, da® er einen Bitcode speichert, der aus einer
Gruppe von Bitcodes ausgewahlt wird, wobei jeder Bitcode aus einem Implantat in dem Kanalbereich
ableitbar ist und wobei

das Array eine erste ausgewahlte Gruppe von ROM-Zellen aufweist, welche Kanéle mit einem ersten
Codierungsimplantat hat, und eine zweite ausgewahlte Gruppe von ROM-Zellen aufweist, welche mit der
ersten ausgewahlten Gruppe von ROM-Zellen berlappt und welche Kanéle mit einem zweiten Codie-
rungsimplantat haben, wobei das erste Codierungsimplantat und das zweite Codierungsimplantat unter-
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schiedliche Tiefenprofile und Konzentrationen haben, wobei entsprechende Kombinationen von Implan-
taten unterschiedlichen Bitcodes entsprechen.

2. Integrierter Schaltkreis nach Anspruch 1, wobei der erste Abstandhalter eine Breite in einem Bereich von etwa
0,05 Mikrometern bis etwa 0,2 Mikrometern hat.

3. Integrierter Schaltkreis nach Anspruch 1 oder 2, wobei eine Breite des ersten Versatzbereichs grofer ist als etwa
finfzig Prozent (> 50%) der ersten Abstandhalterbreite.

4. |Integrierter Schaltkreis nach einem der Anspriiche 1 bis 3, wobei jede ROM-Zelle einen Bitcode hat, der aus einer
Gruppe von vier verschiedenen Bitcodes ausgewahlt wird, wobei jeder der vier verschiedenen Bitcodes einer
speziellen Kombination von Implantierungen entspricht.

5. Integrierter Schaltkreis nach einem der Anspriiche 1 bis 3, wobei jede ROM-Zelle einen Bitcode hat, der aus einer
Gruppe von 2" unterschiedlicher Bitcodes ausgewahlt wird, wobei jeder der 2" unterschiedlichen Bitcodes einer
speziellen Kombination von Implantierungen entspricht.

6. Integrierter Schaltkreis nach einem der vorstehenden Anspriiche, welcher weiterhin das Ausbilden eines zweiten
Abstandhalters auf der zweiten Seite des Gates aufweist, wobei der zweite Abstandhalter sich von der Oberseite
eines Gateoxids, welches zwischen dem Gate und dem Kanalbereich angeordnet ist, nach oben erstreckt.

7. Integrierter Schaltkreis nach einem der Anspriiche 1 bis 6, welcher weiterhin ein zwischen dem Gate und dem
Kanalbereich angeordnetes Gateoxid aufweist, und wobei der Versatzbereich so wirksam ist, da er in Reaktion
auf eine Drain-Spannung in der Nahe des Gateoxids eine Verarmungsschicht bildet.

8. Integrierter Schaltkreis nach einem der Anspriiche 1 oder 2, wobei der Versatzbereich eine Breite in einem Bereich
von 0,02 Mikrometern bis 0,2 Mikrometern hat.

9. Integrierter Schaltkreis nach einem der Anspriiche 7 oder 8, wobei der Versatzbereich in der Weise wirksam ist,
dafR er einen anfanglichen Leitungszustand in der Nahe des Gateoxids in Reaktion auf eine Sourcespannung
aufrechterhalt.

10. Integrierter Schaltkreis nach Anspruch 1, welcher aufweist:

eine Wortleitung bzw. eine Bitleitung, welche mit Zeilen bzw. Spalten von ROM-Zellen in dem Array verbunden
sind, und Uber welche in dem Array gespeicherte Daten gelesen werden kénnen, wobei die Bitleitung eine
erste strukturierte Schicht des integrierten Schaltkreises aufweist, die Wortleitung eine zweite strukturierte
Schicht des integrierten Schaltkreises aufweist und wobei

jede der ROM-Zellen asymmetrische Mehmiveau-Speicherzellen aufweist, welche die in einem Substrat ge-
bildete Source, das Gate, und ein zwischen dem Substrat und dem Gate angeordnetes Gateoxid hat, und
wobei:

die Drain eine asymmetrische Drain ist, welche in dem Substrat ausgebildet ist, wobei die asymmetrische
Drain eine Breite hat,

der Kanal einen in dem Substrat ausgebildeten Kanal aufweist, der Kanal in Kontakt mit dem Gateoxid
und mit dem Gate ausgerichtet ist, der Kanal sich von der Source in Richtung der asymmetrischen Drain
erstreckt, der Kanal von der asymmetrischen Drain durch einen Versatz getrennt ist, der Kanal in der
Weise wirksam ist, dafl er mehrere Bits speichert, wobei der Kanal so betreibbar ist, dal er in Reaktion
auf eine Gatespannung eine Verarmungsschicht in dem Kanal in der Nahe des Gateoxids bildet, und
der Versatzbereich einen Versatzbereich aufweist, der in dem Substrat angeordnet und zwischen dem
Kanal und der asymmetrischen Drain angeordnet ist, wobei der Versatzbereich einen anfanglichen Lei-
tungszustand hat, der Versatzbereich in der Weise betreibbar ist, daR er in Reaktion auf die Gatespannung
den anfanglichen Leitungszustand in der Nahe des Gateoxids aufrechterhalt, jede der ausgewahlten,
asymmetrischen Mehmiveau-Speicherzellen so betreibbar ist, da sie einen ersten Lesestrom der asym-
metrischen Drain in Reaktion auf eine Drainspannung und einen Source-Lesestrom in Reaktion auf eine
Sourcespannung bereitstellt, welche gleich der Drainspannung ist, wobei der Versatzbereich jeder der
Transistoren der ausgewahlten Speicherzelle bewirkt, dal3 der Drain-Lesestrom einen anderen Wert hat
als der Source-Lesestrom, um sicherzustellen, da die ausgewahlten Speicherzellentransistoren nur
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durch die entsprechenden Wortleitungen und die entsprechenden Bitleitungen in einer Richtung genau
ausgelesen werden kénnen.

Integrierter Schaltkreis nach Anspruch 10, wobei das Gate jeder der ausgewahlten, asymmetrischen Mehmiveau-
Speicherzellen durch eine entsprechende Wortleitung adressierbar ist, und wobei der integrierte Schaltkreis wei-
terhin aufweist:

einen Abfrageverstarker, der einen Abfrageverstarkerleiter hat, wobei der Leiter des Abfrageverstarkers eine
erste Seite und eine zweite Seite hat,

eine Masse mit einem Leiter, wobei der Masseleiter eine erste Seite und eine zweite Seite hat, die Bitleitung
in der Nahe des Masseleiters angeordnet ist, die Bitleitung auf der ersten Seite des Masseleiters angeordnet
ist und die Bitleitung in der Nahe des Leiters des Abfrageverstarkers angeordnet ist, wobei die Bitleitung auf
der zweiten Seite des Leiters des Abfrageverstarkers angeordnet ist,

eine erste ausgewahlte Speicherzelle, welche zwischen der Bitleitung und der zweiten Seite des Leiters des
Abfrageverstarkers angeordnet ist, die asymmetrische Drain der ersten ausgewahlten Speicherzelle in Ver-
bindung mit dem Leiter des Abfrageverstéarkers steht, und

eine zweite ausgewahlte Speicherzelle, welche zwischen der Bitleitung und der ersten Seite des Masseleiters
angeordnet ist, wobei die asymmetrische Drain der zweiten ausgewahlten Speicherzelle in Verbindung mit
dem Masseleiter steht, die erste ausgewahlte Speicherzelle und die zweite ausgewahlte Speicherzelle eine
gemeinsame Source haben, die Bitleitung in Verbindung mit der gemeinsamen Source der ersten und zweiten
ausgewahlten Speicherzellen steht, wobei die erste Speicherzelle nur durch die entsprechende Wortleitung
und die entsprechende Bitleitung in einer ersten Richtung genau ausgelesen werden kann, die zweite Spei-
cherzelle nur in einer zweiten Richtung durch die entsprechende Wortleitung und die entsprechende Bitleitung
genau ausgelesen werden kann, wobei die zweite Richtung der ersten Richtung entgegengesetzt ist.

Integrierter Schaltkreis nach einem der Anspriiche 10 oder 11, welcher weiterhin Bankauswabhlleitungen aufweist,
die mit Reihen von Transistoren in dem Array verbunden sind, wobei die Bankauswabhlleitungen dafiir ausgelegt
sind, daf} sie in Reaktion auf angelegte Potentiale bestimmen, welche der ausgewahlten asymmetrischen Meh-
miveau-Speicherzellen durch das Array gelesen wird, wobei die Reihen von Transistoren, welche mit den Bank-
auswahlleitungen verbunden sind, eine Mehrzahl von Transistoren mit hoher Schwellwertspannung aufweisen,
wobei die Transistoren mit hoher Schwellwertspannung in dem Array angeordnet sind, so dal Wechselstrompfade
blockieren.

Integrierter Schaltkreis nach Anspruch 11, wobei die erste Richtung von der asymmetrischen Drain in der ersten
ausgewahlten Speicherzelle zu der Source der ersten ausgewahlten Speicherzelle verlauft und die zweite Richtung
von der asymmetrischen Drain der zweiten ausgewahlten Speicherzelle zu der Source der zweiten ausgewahlten
Speicherzelle verlauft.

Integrierter Schaltkreis nach Anspruch 11, wobei die erste Richtung von der asymmetrischen Drain der ersten
ausgewahlten Speicherzelle zu der Source der ersten ausgewahlten Speicherzelle verlauft, die zweite Richtung
von der asymmetrischen Drain der zweiten ausgewahlten Speicherzelle zu der Source der zweiten ausgewahlten
Speicherzelle verlauft, ein Teil des Stroms in der zweiten Richtung von der Source der ersten ausgewahlten Spei-
cherzelle zu der asymmetrischen Drain der ersten ausgewahlten Speicherzelle flieRt, der Teil des in der zweiten
Richtung in der ersten ausgewahlten Speicherzelle flieRende Strom kleiner ist als vierzig Prozent des Stroms der
zweiten ausgewahlten Speicherzelle in der zweiten Richtung, ein Teil des Stroms in der ersten Richtung von der
Source der zweiten ausgewahlten Speicherzelle zu der asymmetrischen Drain der zweiten ausgewahlten Spei-
cherzelle flieRt, der Teil des in der ersten Richtung in der zweiten ausgewahlten Speicherzelle fliekenden Stromes
kleiner als vierzig Prozent des in der ersten ausgewahlten Speicherzelle in der ersten Richtung flieRenden Stromes
ist.

Verfahren zum Ausbilden eines integrierten Schaltkreises mit einem Array aus Nur-Lese-Speicherzellen (ROM-Zel-
len) (600), wobei das Verfahren die Schritte aufweist:

Ausbilden eines Musters fiir jeden Kanalbereich einer ersten ausgewahlten Gruppe von ROM-Zellen,
Richten einer ersten Codeimplantierung auf jeden Kanalbereich der ersten ausgewahlten Gruppe von
ROM-Zellen,

Ausbilden eines Musters fiir jeden Kanalbereich einer zweiten ausgewahlten Gruppe von ROM-Zellen, welche
mit der ersten ausgewahlten Gruppe von ROM-Zellen berlappt,
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Richten einer zweiten Codeimplantierung auf jeden Kanalbereich der ersten ausgewahlten Gruppe von
ROM-Zellen, wobei die erste Codeimplantierung und die zweite Codeimplantierung unterschiedliche Tiefen-
profile und Konzentrationen haben,

Ausbilden eines Gates (505) in einem Muster, welches tGiber dem Kanalbereich jeder ROM-Zelle angeordnetist,
Maskieren einer Drain (610) auf einer ersten Seite jedes Gates,

Richten von Implantierungen mit einem ersten Leitfahigkeitstyp auf eine Quelle (515), die mit einer zweiten
Seite jedes Gates ausgerichtet ist,

Ausbilden eines ersten Abstandhalters (620) auf der ersten Seite jedes Gates, um dadurch einen Versatzbe-
reich zwischen der Drain und der ersten Seite jedes Gates zu bilden, und

Richten von Implantierungen mit dem ersten Leitféahigkeitstyp auf bzw. in jede Drain.

16. Verfahren nach Anspruch 15, wobei der erste Abstandhalter eine Breite in einem Bereich von etwa 0,05 Mikro-

17.

18.

19.

20.

metern bis etwa 0,2 Mikrometern hat.

Verfahren nach Anspruch 15 oder 16, wobei eine Breite des Versatzbereichs groRer als etwa fiinfzig Prozent (>
50%) der Breite des ersten Abstandhalters ist.

Verfahren nach einem der Anspriiche 15 bis 17, welches weiterhin vor dem Richten der ersten Codeimplantierung
die folgenden Schritte aufweist:

Richten einer ersten Kanalimplantierung auf jeden ROM-Zellenkanal,
und wobei der Schritt der Strukturierung des Gates die Schritte aufweist:

Ausbilden eines Gateoxids,
Abscheiden einer ersten leitfahigen Schicht, und
Ausbilden eines Musters flir das Gate aus der ersten leitfahigen Schicht.

Verfahren nach einem der Anspriiche 15 bis 18, welches weiterhin den Schritt aufweist, daR ein zweiter Abstand-
halter auf der zweiten Seite des Gates ausgebildet wird, wobei der zweite Abstandhalter sich von der Oberseite
des Gateoxids nach oben erstreckt.

Verfahren nach einem der Anspriiche 15 bis 19, welches weiterhin die folgenden Schritte nach dem Richten bzw.
Ausrichten der zweiten Codeimplantierung aufweist:

Abscheiden einer zweiten leitfahigen Schicht, und
Ausbilden eines Musters der zweiten leitfahigen Schicht.

Revendications

1.

Circuit intégré, comportant :

un groupement de cellules (600) de mémoire morte (ROM), chaque cellule ROM comportant : une grille (505)
disposée au-dessus d'une région de canal ; une premiére entretoise (620) placée sur un premier co6té de la
grille ; une source (515), ayant un premier type de conductivité, alignée avec un second c6té de la grille ; et
un drain (610), ayant le premier type de conductivité, aligné avec la premiére entretoise, formant ainsi une
région décalée entre le drain et le premier c6té de la grille, chaque région décalée pouvant étre mise en oeuvre
pour s'opposer a une circulation du courant de la source vers le drain, la région de canal pouvant étre mise
en oeuvre pour stocker un code binaire choisi dans un groupe de codes binaires, chaque code binaire pouvant
étre déterminé d'aprés un implant dans la région de canal, et dans lequel

le groupement comporte un premier groupe sélectionné de cellules ROM ayant des canaux avec un premier
implant de code et un second groupe sélectionné de cellules ROM, qui chevauche le premier groupe sélec-
tionné de cellules ROM, ayant des canaux avec un second implant de code, le premier implant de code et le
second implant de code ayant des profils et des concentrations de profondeur différents, des combinaisons
respectives d'implants correspondant a différents codes binaires.

2. Circuit intégré selon la revendication 1, dans lequel la premiére entretoise a une largeur dans une plage d'environ
g q p 9 plag

0,05 micrométre a environ 0,20 micrométre.
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3. Circuit intégré selon la revendication 1 ou la revendication 2, dans lequel une largeur de la région décalée est
supérieure a environ 50 % (> 50 %) de la largeur de la premiére entretoise.

4. Circuitintégré selon I'une quelconque des revendications 1 a 3, dans lequel chaque cellule ROM a un code binaire
choisi dans un groupe de quatre codes binaires différents, chacun des quatre codes binaires différents correspon-
dant a une combinaison spécifique d'implants.

5. Circuitintégré selon l'une quelconque des revendications 1 a 3, dans lequel chaque cellule ROM a un code binaire
choisi dans un groupe de 2" codes binaires différents, chacun des 2" codes binaires différents correspondant a
une combinaison spécifique d'implants.

6. Circuit intégré selon I'une quelconque des revendications précédentes, comprenant en outre la formation d'une
seconde entretoise sur le second c6té de la grille, la seconde entretoise s'étendant vers le haut depuis le dessus
d'un oxyde de grille disposé entre la grille et la région de canal.

7. Circuit intégré selon I'une quelconque des revendications 1 a 6, comportant en outre un oxyde de grille disposé
entre la grille et la région de canal et dans lequel la région décalée peut étre mise en oeuvre pour former une
couche d'appauvrissement proximale par rapport a I'oxyde de grille en réponse a une tension de drain.

8. Circuitintégré selon I'une quelconque des revendications 1 ou 2, dans lequel la région décalée a une largeur dans
une plage de 0,02 micrometre a 0,20 micrométre.

9. Circuit intégré selon I'une quelconque des revendications 7 ou 8, dans lequel la région décalée peut étre mise en
oeuvre afin de maintenir un état de conduction initial du c6té proximal par rapport a I'oxyde de grille en réponse
a une tension de source.

10. Circuit intégré selon la revendication 1, comportant :

une ligne de mots et une ligne de bits couplées respectivement a des rangées et des colonnes de cellules
ROM dans le groupement par lesquelles des données stockées dans le groupement sont lues, la ligne de bits
comportant une premiére couche fagonnée du circuit intégré, la ligne de mots comportant une seconde couche
fagconnée du circuit intégré, et dans lequel

chacune des cellules ROM comprend des cellules de mémoire a niveaux multiples asymétriques ayant la
source formée dans un substrat, la grille, un oxyde de grille disposé entre le substrat et la grille, et dans lequel :

le drain comprend un drain asymétrique formé dans le substrat, le drain asymétrique ayant une largeur ;
le canal comprend un canal formé dans le substrat, le canal étant en contact avec I'oxyde de grille et étant
aligné avec la grille, le canal s'étendant depuis la source vers le drain asymétrique, le canal étant séparé
du drain asymétrique par un décalage, le canal pouvant étre mis en oeuvre pour stocker des bits multiples,
le canal pouvant étre mis en oeuvre pour former une couche d'appauvrissement dans le canal du coté
proximal par rapport a I'oxyde de grille en réponse a une tension de grille ; et

la région décalée comprend une région décalée disposée dans le substrat et disposée entre le canal et
le drain asymétrique, la région décalée ayant un état de conduction initial, la région décalée pouvant étre
mise en oeuvre pour maintenir I'état de conduction initial du cété proximal par rapport a I'oxyde de grille
en réponse a la tension de grille ; chacune des cellules de mémoire a niveaux multiples asymétriques
sélectionnées pouvant étre mise en oeuvre pour produire un premier courant de lecture de drain asymé-
trigue en réponse a une tension de drain et un courant de lecture de source en réponse a une tension de
source égale a la tension de drain, la région décalée de chacun des transistors de cellules de mémoire
sélectionnés amenant le courant de lecture de drain a avoir une valeur différente de celle du courant de
lecture de source pour assurer que les transistors de cellules de mémoire sélectionnés peuvent étre seu-
lement lus avec précision par les lignes de mots correspondantes et les lignes de bits correspondantes
dans une direction.

11. Circuitintégré selon larevendication 10, par lequel la grille de chacune des cellules de mémoire a niveaux multiples
asymétriques sélectionnées peut étre adressée par une ligne de mots correspondante, et le circuit intégré com-

portant en outre :

un amplificateur de détection ayant un conducteur d'amplificateur de détection, le conducteur de I'amplificateur
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de détection ayant un premier cbté et un second cété ;

une masse ayant un conducteur, le conducteur de masse ayant un premier c6té et un second cété ; la ligne
de bits étant disposée du co6té proximal par rapport au conducteur de masse, la ligne de bits étant disposée
sur le premier c6té du conducteur de masse, la ligne de bits étant disposée du c6té proximal par rapport au
conducteur de I'amplificateur de détection, la ligne de bits étant disposée sur le second cété du conducteur
de I'amplificateur de détection ;

une premiere cellule de mémoire sélectionnée disposée entre la ligne de bits et le second c6té du conducteur
de I'amplificateur de détection, le drain asymétrique de la premiére cellule de mémoire sélectionnée étant en
communication avec le conducteur de I'amplificateur de détection ; et

une seconde cellule de mémoire sélectionnée disposée entre la ligne de bits et le premier c6té du conducteur
de masse, le drain asymétrique de la seconde cellule de mémoire sélectionnée étant en communication avec
le conducteur de masse ; la premiére cellule de mémoire sélectionnée et la seconde cellule de mémoire sé-
lectionnée ayant une source commune, la ligne de bits étant en communication avec la source commune des
premiére et seconde cellules de mémoire sélectionnées ; dans lequel la premiére cellule de mémoire peut
seulement étre liée avec précision par la ligne de mots correspondante et la ligne de bits correspondante dans
une premiére direction, la seconde cellule de mémoire peut seulement étre lue avec précision par la ligne de
mots correspondante et la ligne de bits correspondante dans une seconde direction, la seconde direction étant
opposée a la premiére direction.

Circuit intégré selon I'une quelconque des revendications 10 ou 11, comportant en outre des lignes de sélection
de batterie couplées a des rangées de transistors dans le groupement, sensibles a des potentiels appliqués, les
lignes de sélection de batterie étant congues pour déterminer quelle cellule de mémoire a niveaux multiples asy-
métrique sélectionnée est lue par le groupement, les rangées de transistors couplées aux lignes de sélection de
batterie comprenant une pluralité de transistors a haute tension de seuil, les transistors a haute tension de seuil
étant disposés dans le groupement pour bloquer des trajets de courant alternés.

Circuit intégré selon la revendication 11, dans lequel la premiére direction va du drain asymétrique de la premiéere
cellule de mémoire sélectionnée a la source de la premiére cellule de mémoire sélectionnée, la seconde direction
va du drain asymétrique de la seconde cellule de mémoire sélectionnée a la source de la seconde cellule de
mémoire sélectionnée.

Circuit intégré selon la revendication 11, dans lequel la premiére direction va du drain asymétrique de la premiéere
cellule de mémoire sélectionnée a la source de la premiére cellule de mémoire sélectionnée, la seconde direction
va du drain asymeétrique de la seconde cellule de mémoire sélectionnée a la source de la seconde cellule de
mémoire sélectionnée ; une partie du courant de la seconde direction circule de la source de la premiére cellule
de mémoire sélectionnée vers le drain asymétrique de la premiéere cellule de mémoire sélectionnée, la partie du
courant de la seconde direction dans la premiere cellule de mémoire sélectionnée est inférieure a 40 % du courant
de la seconde direction de la seconde cellule de mémoire sélectionnée ; une partie du courant de la premiére
direction circule de la source de la seconde cellule de mémoire sélectionnée vers le drain asymétrique de la
seconde cellule de mémoire sélectionnée, la partie du courant de la premiere direction dans la seconde cellule
de mémoire sélectionnée étant inférieure a 40 % du courant de la premiere direction de la premiére cellule de
mémoire sélectionnée.

Procédé de formation d'un circuit intégré ayant un groupement de cellules (600) de mémoire mortes (ROM), le
procédé comprenant les étapes dans lesquelles :

on fagonne suivant un motif chaque région de canal d'un premier groupe sélectionné de cellules ROM;

on dirige un premier implant de code dans chaque région de canal du premier groupe sélectionné de cellules
ROM ;

on fagonne suivant un motif chaque région de canal d'un second groupe sélectionné de cellules ROM, qui
chevauche le premier groupe sélectionné de cellules ROM ;

on dirige un second implant de code dans chaque région de canal du premier groupe sélectionné de cellules
ROM, le premier implant de code et le second implant de code ayant des profils et des concentrations de
profondeur différents ;

on fagonne suivant un motif une grille (505) disposée au-dessus de la région de canal de chaque cellule ROM ;
on masque un drain (610) sur un premier c6té de chaque grille ;

on dirige des implants ayant un premier type de conductivité dans une source (515) alignée avec un second
c6té de chaque grille ;

21



10

15

20

25

30

35

40

45

50

55

16.

17.

18.

19.

20.

EP 0977 258 B9 (W1B1)

on forme une premiére entretoise (620) sur le premier cété de chaque grille, formant ainsi une région décalée
entre le drain et le premier cété de chaque grille ; et
on dirige des implants ayant le premier type de conductivité dans chaque drain.

Procédé selon la revendication 15, dans lequel la premiére entretoise a une largeur dans une plage d'environ 0,05
micromeétre a environ 0,20 micrométre.

Procédé selon la revendication 15 ou la revendication 16, dans lequel une largeur de la région décalée est supé-
rieure a environ 50 % (> 50 %) de la largeur de la premiére entretoise.

Procédé selon lI'une quelconque des revendications 15 a 17, comportant en outre les étapes suivantes avant de
diriger le premier implant de code :

le fait de diriger un premier implant de canal dans chaque canal de cellule ROM, et dans lequel I'étape de
fagonnage suivant un motif de la grille comprend les étapes dans lesquelles :

on forme un oxyde de grille ;
on dépose une premiére couche conductrice ; et
on forme suivant un motif la grille a partir de la premiére couche conductrice.

Procédé selon l'une quelconque des revendications 15 a 18, comprenant en outre I'étape de formation d'une
seconde entretoise sur le second cété de la grille, la seconde entretoise s'étendant vers le haut depuis le dessus

de l'oxyde de grille.

Procédé selon l'une quelconque des revendications 15 a 19, comprenant en outre les étapes suivantes dans
lesquelles, aprés avoir dirigé le second implant de code :

on dépose une seconde couche conductrice ; et
on fagonne suivant un motif la seconde couche conductrice.
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