
1 SEMICONDUCTOR READ-ONLY MEMORY DEVICE AND METHOD OF  FABRICATING THE SAME
BACKGROUND OF THE INVENTION  5 1. Field of the Invention: This invention
relates to semiconductor memory devices, and more particularly, to a  ROM
(read-only memory) device of the type including an array of MOSFET
(metal-oxide  semiconductor field-effect transistor) memory cells for data
storage and a method of  fabricating the same. 10 2. Description of Related
Art: Read-only memory (ROM) is a nonvolatile semiconductor memory widely
used in  computer and microprocessor systems for permanently storing
information including pro- grams and data that are repeatedly used, such as
the BIOS (abbreviation for Basic In- put/Output System, a widely used
operating system on personal computers) or the like. The 15 manufacture of
ROMs involves very complicated and time-consuming processes and re- quires
costly equipment and material to achieve. Therefore, the data to be
permanently stored  in ROMs is usually first defined by the customer and
then furnished to the factory to be pro- grammed into the ROMs. Most ROMs
are identical in semiconductor structure except for the different data  20
stored therein. Therefore, the ROM devices can be fabricated up to the
stage ready for the  programming and then the semi-finished products are
stocked in inventory awaiting cus- tomer orders. The customer then
furnishes the data to the factory where the data are perma- nently written
into the semi-finished ROMs by using the so-called mask programming proc-
ess. This procedure is now a standard method in the semiconductor industry
for fabricating  25 ROMs. 



2  In most ROMs, metal-oxide semiconductor field-effect transistors
(MOSFET) are used as the memory cells for storing data. In the mask
programming stage, impurities are  selectively diffused into specific
channels in the MOSFET memory cells so as to change the  threshold voltage
thereof, thereby setting the MOSFET memory cells to ON/OFF states rep 5
resenting different binary data. The MOSFET memory cells are connected to
the external  circuits via a plurality of polysilicon-based word lines and
bit lines. The channel regions are  located beneath the word lines and
between each pair of adjacent bit lines. Whether one  MOSFET memory cell is
set to store a binary digit of 0 or I is dependent on whether the
associated channel is diffused with impurities or not. If the associated
channel is diffused 10 with impurities, the MOSFET memory cell is set to
have a high threshold voltage, effectively  setting the MOSFET memory cell
to a permanently-OFF state representing the storage of a  first binary
digit, for example 1; otherwise, the MOSFET memory cell is set to have a
low  threshold voltage, effectively setting the MOSFET memory cell to a
permanently-ON state  representing the storage of a second binary digit,
for example 0. 15 FIG. I shows the circuit diagram of a conventional mask
ROM device 10 which in- cludes a plurality of crosswise-arranged
parallel-spaced word lines [ WLO, WLI, WL2, WL3 ]  and a plurality of
lengthwise-arranged parallel-spaced bit lines [ BLO, BL I, BL2, BL3, BL4 ].
Each segment of the word lines located between one neighboring pair of the
bit lines is the  location where one MOSFET memory cell is formed. The
binary data stored in each 20 MOSFET memory cell is dependent on the
threshold voltage of the same. For instance, if one  MOSFET memory cell is
custom-made with a high threshold voltage, it means that this  IVIOSFET
memory cell is set to a permanently-OFF state representing the permanent
storage  of a first binary digit, for example 1. On the other hand, if the
MOSFET memory cell is cus- 



tom-made with a low threshold voltage, it means that this MOSFET memory
cell is set to a 25 permanently-ON state representing the permanent storage
of a second binary digit, for exam c 3  ple 0. In FIG. 1, for example,
those memory cells that are set to a permanently-OFF state are  indicated
by the labeling of a black box between the source/drain electrodes, as
indicated by  the one labeled with the reference numeral 14. Conversely,
those memory cells that are not  labeled with a black box are set to a
permanently-ON state, as indicated by the one labeled  5 with the reference
numeral 12. To read data from the ROM device, a specific potential is
applied to the correspond- ing bit lines and word lines. For instance, to
read data from the memory cell 12 (which has a  low threshold voltage
indicating the storage of the binary data of 0), a potential is applied to
the gate of the memory cell 12 via the word line WLO and the drain of the
same via the bit line 10 BLO. Since the memory cell 12 is custom-made with
a low threshold voltage, the applied  potential will tum ON the MOSFET
memory cell, thus causing a change in the current flow- ing in the bit line
BLO. By contrast, since the memory cell 14 is custom-made with a high
threshold voltage, the applied potential will not cause a change in the
current flowing in the  corresponding bit line BL2. By detecting the
current changes in the bit lines, the external  15 circuitry can determine
whether the data is 0 or 1. Referring to FIG. 2, there is shown a top view
of the layout of part of the conventional  ROM device of FIG. 1. This ROM
device is based on a P-type silicon substrate 20. Through  ion implantation
with an N-type impurity material at selected areas on the silicon substrate
20, a plurality of parallel-spaced buried bit lines 22, 26 and
complementary bit lines 24, 28 20 are formed. The buried bit lines 22, 26
are connected to a voltage source V, while the com- plementary bit lines
24, 28 are connected to ground. The ROM device is further formed with  



a plurality of parallel-spaced word lines WLO, WLI intercrossing the buried
bit lines 22, 26  and complementary bit lines 24, 28 substantially at a
right angle. This forms a plurality of  MOSFET memory cells 30 (as
indicated by the dashed boxes in FIG. 2) which have a low 4  threshold
voltage, and a plurality of MOSFET memory cells 32 which have a high
threshold  voltage. Referring to FIG. 3, there is shown a schematic
sectional diagram of a part of the  ROM device of FIG. 2. This sectional
diagram is used in particular to depict the program- 5 ming of data into
the ROM device. First, a silicon substrate 15 is prepared. Then, an N-type
impurity material, such as arsenic (As), is diffused by means of ion
implantation into selected  regions of the silicon substrate 15 to form a
plurality of parallel and substantially equally  spaced N' diffusion
regions I I serving as a plurality of bit lines. One channel region 16 is
formed between each neighboring pair of the N' diffusion regions (bit
lines) 11. Subse 10 quently, a thermal oxidation process is performed on
the wafer. Due to different oxidation  rates at different regions, a thick
oxidation layer 17a (which serves as an isolation layer) is  formed over
the N' diffusion regions (bit lines) 11, while a thin oxidation layer 17b
is formed  over each channel region 16. After that, a plurality of
parallel-spaced polysilicon layers 13  (which serve as word lines) are
formed over the wafer in such a manner as to intercross the 15 underlying
N' diffusion regions (bit lines) 11 substantially at a right angle (only
one of the  polysilicon layers 13 is visible in the sectional diagram of
FIG. 3). This completes the  semi-finished product of the ROM device. In
the mask programming process, a mask 19 covers the top surface of the semi-
finished product of the ROM device. This mask 19 is predefined to form a
plurality of open- 20 ings to expose those channel regions that are
associated with the MOSFET memory cells that are to be set to a
permanently-OFF state. A P-type impurity material, such as boron, is dif- 



fused by ion implantation through the openings in the mask 19 into the
corresponding chan- nel regions. This completes the so-called code
implantation process. In the finished product of the ROM device, the doped
channels cause the associated  25 MOSFET memory cells to have a high
threshold voltage, thus setting them to a perma 5  nently-OFF state. On the
other hand, the undoped channels cause the associated MOSFET  memory cells
to have a low threshold voltage, thus setting them to a permanently-ON
state. The foregoing ROM device, however, has the following two drawbacks.
First, when  the ROM device is further miniaturized, the application of a
high concentration of impurities  5 to selected channel regions could cause
the undesired phenomena of lateral diffusion, junc tion leakage, and
reduced breakdown voltage. This is due to the fact that the buried bit
lines  in the conventional ROM device are formed by implanting impurities
into the silicon. sub- strate. Second, since the process for fabricating
the conventional ROM device involves the  use of thermal oxidation to form
the isolating oxidation layers, the planarization of the wafer 10 surface
is not very satisfactory. Poor planarization adversely affects the
performance of the  ROM device. SUMMARY OF THE INVENTION It is therefore a
primary objective of the present invention to provide a new semicon- 15
ductor structure for a ROM device in which the above-mentioned drawbacks
are substantially  eliminated. It is another objective of the present
invention to provide a method for fabricating the  foregoing ROM device. In
accordance with the foregoing and other objectives of the present
invention, an im- 20 proved semiconductor structure for a ROM device and a
method for fabricating such a ROM  device are provided. 



The semiconductor of the ROM device includes:  a semiconductor substrate; a
first insulating layer formed over the substrate; 25 a plurality of
substantially parallel-spaced elongated conductive layers oriented in a
first direction to serve as a plurality of word lines; 6  a second
insulating layer formed in each of the spaces between the conductive
layers;  a third insulating layer formed over the conductive layers and the
insulating layer; a grid-like structure of a semiconductor layer formed
over the third insulating layer,  the grid-like structure having a
plurality of substantially parallel-spaced first portions ori- 5 ented in a
second direction substantially at a right angle with respect to the first
direction and a plurality of substantially parallel-spaced second portions
oriented in the first direction  overlaying the conductive layers; the
first portions of the grid-like structure serving as a plurality of bit
lines for the  ROM device and the second portions of the grid-like
structure serving as a plurality of chan- 10 nel regions associated with
the bit lines. Alternatively, the semiconductor of the ROM device includes:
a semiconductor substrate; a first insulating layer formed over the
substrate; a plurality of substantially parallel-spaced elongated
conductive layers oriented in a  15 first direction to serve as a plurality
of word lines; a second insulating layer formed in each of the spaces
between the conductive layers;  a third insulating layer formed over the
conductive layers and the insulating layer; a plurality of substantially
parallel-spaced first semiconductor layers serving as a  plurality of bit
lines over the third insulating layer and oriented in a second direction
substan- 



20 tially at a right angle with respect to the first direction; and a
plurality of substantially parallel-spaced second semiconductor layers
serving as a  plurality of channel regions between the bit lines, the
second semiconductor layers being  formed at positions overlaying the
conductive layers. The method of fabricating the foregoing ROM device
includes the steps of:  25 (1) forming a semiconductor substrate having a
first insulating layer thereon; 7  (2) forming a plurality of substantially
parallel-spaced elongated conductive layers oriented in a first direction
on the first insulating layer, wherein the conductive layers serve as  a
plurality of word lines; (3) forming a second insulating layer formed in
each of the empty spaces between the  5 plurality of conductive layers; (4)
forming a third insulating layer formed over the conductive layers and the
insulating layer; (5) forming a semiconductor layer over the third
insulating layer; (6) removing selected portions of the semiconductor layer
to form a grid-like struc- 10 ture of the semiconductor layer having a
plurality of substantially parallel-spaced first por- tions oriented in a
second direction substantially at a right angle with respect to the first
direction and a plurality of substantially parallel-spaced second portions
oriented in the first  direction overlaying the conductive layers; (7)
forming a fourth insulating layer to fill up each of the empty spaces in
the grid-like  15 structure; (8) defining the first portions of the
grid-like structure as bit lines and the second  portions of the grid-like
structure as channel regions; and (9) performing a code-definition and
implantation process to program data into the  



ROM device, wherein 20 a first selected group of the channel regions are
doped with an impurity material to  thereby have a first threshold voltage
representing the storage of a first binary digit in the  associated memory
cells, and a second selected group of the channel regions are not doped
with the impurity mate- rial to thereby have a second threshold voltage
representing the storage of a second binary  25 digit in the associated
memory cells. 8  The foregoing ROM device offers several benefits over the
prior art. First, better pla narization of the wafer surface can be
achieved with increased gap fill capability. Second,  since the bit lines
are not formed by diffusing impurities into the silicon substrate, the
draw- backs of lateral diffusion, junction leakage, and reduced breakdown
voltage are not experi- 5 enced when the ROM device is further
miniaturized. BRIEF DESCRIPTION OF DRAWINGS The invention can be more fully
understood by reading the following detailed de- scription of the preferred
embodiments, with reference made to the accompanying drawings,  10 wherein:
FIG. I is a schematic circuit diagram of a conventional ROM device;  FIG. 2
is a top view of the layout of part of the ROM device of FIG. 1; FIG. 3 is
a schematic sectional diagram showing the semiconductor structure of the
ROM device of FIG. 2 cutting through the line A-A'; and 15 FIGs. 4A through
4K are schematic diagrams used to depict the steps involved in the  method
according to the present invention for fabricating a ROM device. DETAILED
DESCRIPTION OF PREFERRED EMBODIMENT FIGs. 4A through 4K are schematic
diagrams depicting the steps involved in the  



20 method according to the present invention for fabricating a ROM device
of the type including  a plurality of MOSFET memory cells for storing data.
Referring first to FIG. 4A, in the first step, a semiconductor substrate 40
of a first  type, which can be either P-type or N-type, is prepared.
Subsequently, a first insulating layer  41, such as a layer of silicon
oxide, is formed over the substrate 40. 25 Referring next to FIG. 4B, in
the subsequent step, a conductive layer 43, such as a  layer of a
conductive material selected from the group consisting of polysilicon,
tungsten, 9  titanium, and aluminum, is formed by physical vapor deposition
(PVD) or chemical-vapor  deposition (CVD) over the first insulating layer
41. Referring further to FIG. 4C, in the subsequent step, a
photolithographic and etching  process is performed on the wafer so as to
remove selected portions of the conductive layer  5 43. The remaining
portions of the conductive layer 43 serve as a plurality of substantially
parallel-spaced word lines 43a, 43b oriented in a first direction as
indicated by the Y-axis;  and the empty spaces left by the removed portions
of the same form a plurality of trenches  45a, 45b, 45c (which are
hereinafter collectively designated by the reference numeral 45). Referring
to FIG. 4D, a second insulating layer 44, such as a layer of silicon oxide,
is  10 formed to fill up the trenches 45 (FIG. 4C) with a top surface
substantially level with the top  surface of the conductive layers (word
lines) 43a, 43b. To provide a flat top surface for the  second insulating
layer 44, a planarization process, such as a spin-on glass (SOG) or a
chemical mechanical polish (CMP) process, is performed. In the SOG process,
an oxide layer  is first deposited in the trenches 45 and then etched back
until the top surface thereof is sub- 15 stantially level with the
conductive layers (word lines) 43a, 43b. Referring further to FIG. 4E, a
third insulating layer 47, such as a layer of silicon ox- ide or a layer of
the ONO (silicon dioxide/silicon nitride/silicon dioxide) structure, is
formed  



over the entire top surface of the wafer. Next, a semiconductor layer 49,
such as a layer of  intrinsic amorphous silicon or polysilicon, is formed
over the third insulating layer 47. The 20 semiconductor layer 49 can be
either P-type or N-type. One method for forming the  semiconductor layer 49
is to first conduct a PECVD (plasma enhanced chemical-vapor depo- sition)
process on the wafer by using the vapor of SiH4 at a temperature of about
350C to  575C to deposit a layer of intrinsic amorphous silicon, and then
conduct an ion implantation  process on the wafer so as to diffuse an
impurity material, such as boron, into the intrinsic 10  amorphous silicon
layer to adjust the concentration thereof to a higher level and thereby
increase the conductivity thereof. Referring next to FIG. 4F, the
subsequent step is to remove selected portions of the  semiconductor layer
49 along with the underlying portions of the third insulating layer 47 by
5 a photolithographic and etching process so as to form a grid-like
structure having a plurality of parallel-spaced first portions 49a, 49b
oriented in the second direction as indicated by the  X-axis, and a
plurality of parallel-spaced second portions 50a, 50b, 50c, 50d, 50e, 50f
ori- ented in the first direction as indicated by the Y-axis. The remaining
portions of the third  insulating layer 47 are designated by the reference
numerals 47a, 47b in FIG. 4F. 10 Referring next to FIG. 4G, in the
subsequent step, a fourth insulating layer 48 is  formed to fill up each of
the empty spaces in the grid-like structure. To provide a flat top  surface
for the fourth insulating layer 48, a planarization process, such as a
spin-on glass  (SOG) or a chemical mechanical polish (CMP) process, is
performed. Through the planariza- tion process, the top surface of the
fourth insulating layer 48 is flattened to substantially level  15 the top
surface of the grid-like structure. Referring further to FIG. 4H, the
subsequent step is to define the first portions 49a,  49b of the grid-like
structure that are oriented in the X-direction as bit lines, and the second



portions 50a, 50b, 50c, 50d, 50e, 50f of the same as channel regions.
First, a photoresist layer  is coated over the entire top surface of the
wafer and then selectively removed to expose the 20 first portions 49a, 49b
of the grid-like structure that are oriented in the X-direction. The re-
maining portions 51a, 51b, 51c of the photoresist layer are elongated
strips that cover all of  the second portions 50a, 50b, 50c, 50d, 50e, 50f
of the grid-like structure and all of the fourth  insulating layers 48
therebetween. Next, an ion implantation process is performed on the  wafer
so as to diffuse an impurity material of the first type, such as N-type
arsenic (As) ions, 25 into the exposed portions of the grid-like structure
(i.e., the first portions 49a, 49b of the 11  grid-like structure oriented
in the X-direction) to convert the same into N` diffusion regions  with
increased conductivity to serve as a plurality of bit lines for the ROM
device. After this,  the photoresist layers 51a, 51b, 51c are removed. The
foregoing steps complete the fabrication of a semi-finished product of the
ROM  5 device which is not yet mask programmed to store permanent data.
After receiving orders  from the customer, a mask programming process is
performed on the semi-finished product  of the ROM device so as to store
the customer-supplied binary code permanently in the ROM  device. This
process will be described in full detail in the following with reference to
the  ensuing FIGs. 41, and 4J. 10 Referring together to FIGs. 41 and 4J (in
which FIG. 41 shows a sectional diagram of  the wafer of FIG. 4H cutting
through the line A-A', while FIG. 4J shows another sectional  diagram of
the same cutting through the line B-B'), the subsequent step is to conduct
the so- called code-definition and implantation process on the wafer to set
different threshold voltage  levels to the selected MOSFET memory cells in
the ROM device. The different threshold 15 voltage levels represent
different values of binary data that are permanently written into the
associated MOSFET memory cells of the ROM device. 



First, a photoresist layer 54 is formed over the wafer and then selectively
removed to  expose those channel regions that are associated with those
MOSFET memory cells that are  to be set to a permanently-OFF state. The
unexposed channel regions are, on the other hand, 20 associated with those
MOSFET memory cells that are to be set to a permanently-ON state.  In the
case of FIG. 41, for example, the photoresist layer 54 has one opening
which  exposes the channel region 50c which is associated with a first
MOSFET memory cell 55 that  is to be set to a permanently-OFF state while
covering the channel region 50d which is asso- ciated with a second MOSFET
memory cell 56 that is to be set to a permanently-ON state. An 25 ion
implantation process is then performed on the wafer so as to diffuse an
impurity material, 12  into the exposed channel region 50c. As a result of
this, the MOSFET memory cell 55  associated with the channel region 50c
will be set to have a low threshold voltage, indicating  a permanently-OFF
state; while the MOSFET memory cell 56 associated with the channel  region
50d will be set to have a high threshold voltage, indicating a
permanently-ON state. 5 This completes the programming and permanent
storage of the customer-supplied binary  code in the ROM device. After
this, conventional steps, including the forming of contacts, metallurgy,
passiva- tion, and packaging, are carried out to finish the product of the
ROM device. These steps are  standard processes in the manufacturing
process, so that description thereof will not be fur- 10 ther detailed.
Referring further to FIG. 4K, there is shown a schematic top view of the
finished  product of the ROM device. As shown, this ROM device includes a
plurality of parallel- spaced bit lines BL 1, BL2 (the first portions 49a,
49b of the grid-like structure) and a plurality  of parallel-spaced
overlaying word lines WLI, WL2, WL3 (the conductive layers 43a, 43b) 15
intercrossing the bit lines BLI, BL2 substantially at a right angle. The
channel region 50c,  



which is diffused with impurities through the foregoing ion implantation,
causes the associ- ated MOSFET memory cell, which is indicated by the
dashed box labeled with the reference  numeral 55, to be set to a
permanently-OFF state; whereas the channel 50d, which is not  diffused with
impurities, causes the associated MOSFET memory cell, which is indicated by
20 the dashed box labeled with the reference numeral 56, to be set to a
permanently-ON state. As  a result of this, when a potential is applied to
the word line WL2, the channel region 50d will  be set to an ON-state, thus
allowing the current to flow from the bit line BLI to the bit line  BL2. In
conclusion, the prevent invention offers some benefits over the prior art.
First,  25 since an SOG process or a CMP process is utilized instead of the
thermal oxidation process in 13  the prior art to form the second
insulating layer 44, better planarization of the wafer surface  can be
achieved. In addition, since in the SOG process, a dielectric material such
as silicon  oxide is used in the form of liquid to cover the top surface of
the wafer, the gap fill capability  for grooves in the top surface of the
wafer is better than using the CVD method as in the prior 5 art. Voids in
the top surface of the wafer are thus substantially reduced. Second, since
the bit lines are not formed by diffusing impurities into the silicon sub-
strate, the drawbacks of lateral diffusion, junction leakage, and reduced
breakdown voltage  are not experienced when the ROM device is further
miniaturized. The access operation to read data from the ROM device is
performed by applying an  10 electric potential to the word lines and then
using sense amplifiers to detect the change in  current in the bit lines.
This operation is the same as the conventional access method so that
description thereof will not be further detailed. The invention has been
described using exemplary preferred embodiments. However,  it is to be
understood that the scope of the invention is not limited to the disclosed
embodi- 



15 ments. On the contrary, it is intended to cover various modifications
and similar arrange ments. The scope of the claims, therefore, should be
accorded the broadest interpretation so  as to encompass all such
modifications and similar arrangements. 14  CLAIMS  What is claimed is: 1.
A ROM device, comprising:  a semiconductor substrate; 5 a first insulating
layer formed over said substrate; a plurality of substantially
parallel-spaced elongated conductive layers oriented in a  first direction
to serve as a plurality of word lines; a second insulating layer formed in
each of the spaces between said conductive lay- ers; 10 a third insulating
layer formed over said conductive layers and said insulating layer;  a
grid-like structure of a semiconductor layer formed over said third
insulating layer,  said grid-like structure having a plurality of
substantially parallel-spaced first portions ori- ented in a second
direction substantially at a right angle with respect to said first
direction and  a plurality of substantially parallel-spaced second portions
oriented in said first direction  15 overlaying said conductive layers;
said first portions of said grid-like structure serving as a plurality of
bit lines for said  ROM device and said second portions of said grid-like
structure serving as a plurality of  channel regions associated with said
bit lines. 20 2. The ROM device of claim 1, wherein said semiconductor
layer is formed by a semi- conductor material selected from the group
consisting of intrinsic amorphous silicon and  polysilicon. 



3. The ROM device of claim 1, wherein said conductive layers are each
formed by a  25 conductive material selected from the group consisting of
polysilicon, titanium, tungsten, and  aluminum. 15  4. The ROM device of
claim 1, wherein said conductive layers which serve as word  lines are
substantially oriented at a right angle with respect to said bit lines. 5.
The ROM device of claim 1, wherein said first, second, and third insulating
layers are  5 each a layer of silicon dioxide. 6. The ROM device of claim
1, wherein a first selected group of said channel regions are doped with an
impurity material to  thereby have a first threshold voltage representing
the storage of a first binary digit in the  10 associated memory cells, and
a second selected group of said channel regions are not doped with the
impurity  material to thereby have a second threshold voltage representing
the storage of a second  binary digit in the associated memory cells. 15 7.
The ROM device of claim 1, wherein said plurality of bit lines are spaced
substan- tially at equal intervals. 8. The ROM device of claim 7, wherein
said plurality of word lines are spaced substan- 20 tially at equal
intervals 9. A ROM device, comprising:  a semiconductor substrate; a first
insulating layer formed over said substrate; a plurality of substantially
parallel-spaced elongated conductive layers oriented in a  25 first
direction to serve as a plurality of word lines; a second insulating layer
formed in each of the spaces between said conductive lay- 



ers; a third insulating layer formed over said conductive layers and said
insulating layer; 16  a plurality of substantially parallel-spaced first
semiconductor layers serving as a plurality of bit lines over said third
insulating layer and oriented in a second direction sub- stantially at a
right angle with respect to said first direction; and a plurality of
substantially parallel-spaced second semiconductor layers serving as a  5
plurality of channel regions between said bit lines, said second
semiconductor layers being  formed at positions overlaying said conductive
layers. 10. A method for fabricating a ROM device, comprising the steps of:
(1) forming a semiconductor substrate having a first insulating layer
thereon; 10 (2) forming a plurality of substantially parallel-spaced
elongated conductive layers  oriented in a first direction on the first
insulating layer, the conductive layers serving as a  plurality of word
lines; (3) forming a second insulating layer in each of the empty spaces
between the plural- ity of conductive layers; 15 (4) forming a third
insulating layer over the conductive layers and the insulating  layer; (5)
forming a semiconductor layer over the third insulating layer; (6) removing
selected portions of the semiconductor layer to form a grid-like struc-
ture of the semiconductor layer having a plurality of substantially
parallel-spaced first por- 20 tions oriented in a second direction
substantially at a right angle with respect to the first direction and a
plurality of substantially parallel-spaced second portions oriented in the
first  direction overlaying the conductive layers; (7) forming a fourth
insulating layer to fill up each of the empty spaces in the grid-like  



structure; 25 (8) defining the first portions of the grid-like structure as
bit lines and the second  portions of the grid-like structure as channel
regions; and 17  (9) performing a code-definition and implantation process
to program data into the  ROM device, wherein a first selected group of the
channel regions are doped with an impurity material to  thereby have a
first threshold voltage representing the storage of a first binary digit
into the  5 associated memory cells, and a second selected group of the
channel regions are not doped with the impurity mate- rial to thereby have
a second threshold voltage representing the storage of a second binary
digit into the associated memory cells. 10 11. The method of claim 10,
wherein in said step (3), the second insulating layer is  formed by a
planarization process. 12. The method of claim 10, wherein in said step
(5), the semiconductor layer is doped  15 with an impurity material so as
to increase the conductivity thereof. 13. The method of claim 10, wherein
in said step (7), the fourth insulating layer is formed  by an SOG process.
14. The method of claim 10, wherein in said step (7), the fourth insulating
layer is pla- 20 narized by a CMP process. 15. The method of claim 10,
wherein said step (8) includes the substeps of- (1) coating a photoresist
layer over the grid-like structure; (ii) removing selected portions of the
photoresist layer to expose the first portions of  25 the grid-like
structure with the remaining portions of the photoresist layer covering the
sec- ond portions of the grid-like structure and the fourth insulating
layers therebetween; 



(iii) performing an ion implantation process so as to diffuse an impurity
material into  the exposed portions of the grid-like structure which are
the first portions of the grid-like 18  structure to convert the first
portions of the semiconductor layer into a plurality of diffusion  regions
with increased conductivity to serve as the bit lines; and (iv) removing
the photoresist layer. 5 16. The method of claim 10, wherein said step (9)
includes the substeps of: (i) forming a photoresist layer over the
grid-like structure and the fourth insulating  layer; (ii) removing
selected portions of the photoresist layer to expose those channel re-
gions that are associated with a first selected group of the MOSFET memory
cells that are to  10 be set to a permanently-OFF state with the unexposed
channel regions associated with a second selected group of the MOSFET
memory cells that are to be set to a permanently-ON  state; (iii)
performing an ion implantation process so as to diffuse an impurity
material into  the exposed channel regions; and 15 (iv) removing the
photoresist layer. 17. A method for fabricating a ROM device, comprising
the steps of ( 1) forming a semiconductor substrate having a first
insulating layer thereon; (2) forming a plurality of substantially
parallel-spaced elongated conductive layers  20 oriented in a first
direction on the first insulating layer, the conductive layers serving as a
plurality of word lines; (3) forming a second insulating layer formed in
each of the empty spaces between the  plurality of conductive layers; (4)
forming a third insulating layer formed over the conductive layers and the



25 insulating layer; (5) forming a semiconductor layer over the third
insulating layer; 19  (6) performing a photolithographic and etching
process so as to remove selected por tions of the semiconductor layer to
form a grid-like structure of the semiconductor layer  having a plurality
of substantially parallel-spaced first portions oriented in a second
direction  substantially at a right angle with respect to the first
direction and a plurality of substantially 5 parallel-spaced second
portions oriented in the first direction overlaying the conductive lay-
ers; (7) forming a fourth insulating layer to fill up each of the empty
spaces in the grid-like  structure; (8) defining the first portions of the
grid-like structure as bit lines and the second  10 portions of the
grid-like structure as channel regions, which includes the substeps of (1)
forming a photoresist layer over the grid-like structure and the fourth
insu- lating layer; (ii) removing selected portions of the photoresist
layer to expose those chan- nel regions that are associated with a first
selected group of the MOSFET memory cells that  15 are to be set to a
permanently-OFF state with the unexposed channel regions associated with a
second selected group of the MOSFET memory cells that are to be set to a
permanently-ON  state; (iii) performing an ion implantation process so as
to diffuse an impurity mate- rial into the exposed channel regions; and 20
(iv) removing the photoresist layer; (9) performing a code-definition and
implantation process to program data into the  ROM device. 



18. The method of claim 17, wherein in said step (5), the semiconductor
layer is a layer of  25 intrinsic amorphous silicon deposited over the
third insulating layer. 19. The method of claim 17, wherein in said step
(5), the semiconductor layer is P-type. 20  20. The method of claim 17,
wherein in said step (5), the semiconductor layer is N-type.  21. The
method of claim 17, wherein said step (9) includes the substeps of (1)
coating a photoresist layer over the grid-like structure; 5 (ii) removing
selected portions of the photoresist layer to expose a selected group of
the channel regions associated with a first selected group of MOSFET memory
cells that are  to be set to a permanently-OFF state with the unexposed
channel regions associated with a  second selected group of MOSFET memory
cells that are to be set to a permanently-ON  state. 10 22. The method of
claim 20, wherein said step (9) further includes the substep of:
performing an ion implantation process so as to diffuse an impurity
material into the  exposed channel regions such that the first selected
group of the channel regions are doped with the impurity material to  15
thereby have a first threshold voltage representing the storage of a first
binary digit into the  associated memory cells, and a second selected group
of the channel regions are not doped with the impurity mate- rial to
thereby have a second threshold voltage representing the storage of a
second binary  20 digit into the associated memory cells. 23. The method of
claim 22, wherein in said step (9), the impurity material is P-type.  24.
The method of claim 22, wherein in said step (9), the impurity material is
N-type.  25 * * * 


