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MULTI-STATE MEMORY CELL 

RELATED APPLICATION 

[0001] This application is a divisional of US. application 
Ser. No. 11/138,575, titled “MULTI-STATE MEMORY 
CELL,” ?led May 26, 2005 (allowed), Which application is 
commonly assigned and incorporated herein by reference. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention relates generally to semicon 
ductor memory devices, and in particular, the present inven 
tion relates to multi-state memory cells having a segmented 
?oating gate. 

BACKGROUND OF THE INVENTION 

[0003] Memory devices are typically provided as internal 
storage areas in the computer. The term memory identi?es 
data storage that comes in the form of integrated circuit chips. 
In general, memory devices contain an array of memory cells 
for storing data, and roW and column decoder circuits coupled 
to the array of memory cells for accessing the array of 
memory cells in response to an external address. 
[0004] One type of memory is a non-volatile memory 
knoWn as Flash memory. A ?ash memory is a type of 
EEPROM (electrically-erasable programmable read-only 
memory) that can be erased and reprogrammed in blocks. 
Many modern personal computers (PCs) have their BIOS 
stored on a ?ash memory chip so that it can easily be updated 
if necessary. Such a BIOS is sometimes called a ?ash BIOS. 
Flash memory is also popular in Wireless electronic devices 
because it enables the manufacturer to support neW commu 
nication protocols as they become standardiZed and to pro 
vide the ability to remotely upgrade the device for enhanced 
features. 
[0005] A typical ?ash memory comprises a memory array 
that includes a large number of memory cells arranged in roW 
and column fashion. Each of the memory cells includes a 
?oating-gate ?eld-effect transistor capable of holding a 
charge. The cells are usually grouped into blocks. Each of the 
cells Within a block can be electrically programmed in a 
random basis by charging the ?oating gate. The charge can be 
removed from the ?oating gate by a block erase operation. 
The data in a cell is determined by the presence or absence of 
the charge in the ?oating gate. 
[0006] Flash memory typically utiliZes one of tWo basic 
architectures knoWn as NOR ?ash and NAND ?ash. The 
designation is derived from the logic used to read the devices. 
In NOR ?ash architecture, a column of memory cells are 
coupled in parallel With each memory cell coupled to a bit 
line. In NAND ?ash architecture, a column of memory cells 
are coupled in series With only the ?rst memory cell of the 
column coupled to a bit line. 
[0007] To meet demands for higher capacity memories, 
designers continue to strive for decreasing the siZe of indi 
vidual memory cells. HoWever, as device siZe decreases, the 
thickness of the tunnel dielectric layer must also generally 
decrease. This, in turn, results in increasing risk of failure in 
the tunnel dielectric layer and charge leakage from the ?oat 
ing gate. 
[0008] In addition, multi-state memory cells are becoming 
more prevalent, alloWing designers to further increase storage 
density. Multi-state memory cells, such as NROM (nitride 
read-only memory) or SONOS (silicon oxide nitride oxide 
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silicon) memory cells utiliZe localiZed charge trapping in a 
nitride layer to alter the threshold voltage of a ?eld-effect 
transistor. Because the charge is localiZed, the cell can exhibit 
a ?rst threshold voltage When read in a forWard direction and 
a second threshold voltage When read in a reverse direction, 
enabling the cell to store four data values, i.e., 00, 01, 10 and 
1 1. 
[0009] For the reasons stated above, and for other reasons 
stated beloW Which Will become apparent to those skilled in 
the art upon reading and understanding the present speci?ca 
tion, there is a need in the art for alternative memory device 
structures and methods of forming memory devices. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a simpli?ed block diagram of a memory 
system in accordance With an embodiment of the invention. 
[0011] FIG. 2 is a schematic of a NAND memory array in 
accordance With an embodiment of the invention. 
[0012] FIG. 3 is a schematic of a NOR memory array in 
accordance With an embodiment of the invention. 
[0013] FIGS. 4A-4I are cross-sectional vieWs of a memory 
cell at various stages of fabrication in accordance With one 
embodiment of the invention. 
[0014] FIG. 5 is a cross-sectional vieW ofa memory cell of 
another embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] In the following detailed description of the present 
embodiments, reference is made to the accompanying draW 
ings that form a part hereof, and in Which is shoWn by Way of 
illustration speci?c embodiments in Which the inventions 
may be practiced. These embodiments are described in suf 
?cient detail to enable those skilled in the art to practice the 
invention, and it is to be understood that other embodiments 
may be utiliZed and that process, electrical or mechanical 
changes may be made Without departing from the scope of the 
present invention. The terms Wafer and substrate used previ 
ously and in the folloWing description include any base semi 
conductor structure. Both are to be understood as including 
silicon-on-sapphire (SOS) technology, silicon-on-insulator 
(SOI) technology, thin ?lm transistor (TFT) technology, 
doped and undoped semiconductors, epitaxial layers of sili 
con supported by a base semiconductor, as Well as other 
semiconductor structures Well knoWn to one skilled in the art. 
Furthermore, When reference is made to a Wafer or substrate 
in the folloWing description, previous process steps may have 
been utiliZed to form regions/ junctions in the base semicon 
ductor structure. The folloWing detailed description is, there 
fore, not to be taken in a limiting sense, and the scope of the 
present invention is de?ned only by the appended claims and 
equivalents thereof. 
[0016] FIG. 1 is a simpli?ed block diagram of a memory 
system 100, according to an embodiment of the invention. 
Memory system 100 includes an integrated circuit ?ash 
memory device 102 that includes an array of ?oating-gate 
memory cells 104, an address decoder 106, roW access cir 
cuitry 108, column access circuitry 110, control circuitry 112, 
Input/Output (I/O) circuitry 114, and an address buffer 116. 
Memory system 100 includes an external microprocessor 
120, or memory controller, electrically connected to memory 
device 102 for memory accessing as part of an electronic 
system. The memory device 102 receives control signals from 
the processor 120 over a control link 122. The memory cells 



US 2009/0225602 A1 

are used to store data that are accessed via a data (DQ) link 
124. Address signals are received via an address link 126 that 
are decoded at address decoder 106 to access the memory 
array 104. Address buffer circuit 116 latches the address 
signals. The memory cells are accessed in response to the 
control signals and the address signals. It Will be appreciated 
by those skilled in the art that additional circuitry and control 
signals can be provided, and that the memory device of FIG. 
1 has been simpli?ed to help focus on the invention. The 
memory array 104 includes split-gate memory cells in accor 
dance With the invention. The memory array 104 can include 
a variety of architectures, such as a NAND architecture or a 
NOR architecture. 
[0017] FIG. 2 is a schematic ofa NAND memory array 200 
as a portion of memory array 104 of FIG. 1 in accordance With 
another embodiment of the invention. As shoWn in FIG. 2, the 
memory array 200 includes Word lines 2021 to 202N and 
intersecting local bit lines 2041 to 204M. For ease of address 
ing in the digital environment, the number of Word lines 202 
and the number of bit lines 204 are each some poWer of tWo, 
e.g., 256 Word lines 202 by 4,096 bit lines 204. The local bit 
lines 204 are coupled to global bit lines (not shoWn) in a 
many-to-one relationship. 
[0018] Memory array 200 includes NAND strings 2061 to 
206M. Each NAND string includes ?oating-gate transistors 
2081 to 208N, each located at an intersection of a Word line 
202 and a local bit line 204. The ?oating-gate transistors 208 
represent non-volatile memory cells for storage of data. The 
?oating-gate transistors 208 of each NAND string 206 are 
connected in series source to drain betWeen a source select 
gate 210, e. g., a ?eld-effect transistor (PET), and a drain 
select gate 212, e.g., an FET. Each source select gate 210 is 
located at an intersection of a local bit line 204 and a source 
select line 214, While each drain select gate 212 is located at 
an intersection of a local bit line 204 and a drain select line 
215. 
[0019] A source of each source select gate 210 is connected 
to a common source line 216. The drain of each source select 
gate 210 is connected to the source of the ?rst ?oating-gate 
transistor 208 of the corresponding NAND string 206. For 
example, the drain of source select gate 2101 is connected to 
the source of ?oating-gate transistor 2081 of the correspond 
ing NAND string 2061. A control gate 220 of each source 
select gate 210 is connected to source select line 214. 
[0020] The drain of each drain select gate 212 is connected 
to a local bit line 204 for the corresponding NAND string at a 
drain contact 228. For example, the drain of drain select gate 
2121 is connected to the local bit line 204 l for the correspond 
ing NAND string 2061 at drain contact 2281. The source of 
each drain select gate 212 is connected to the drain of the last 
?oating-gate transistor 208 of the corresponding NAND 
string 206. For example, the source of drain select gate 2121 
is connected to the drain of ?oating-gate transistor 208N of the 
corresponding NAND string 2061. 
[0021] Typical construction of ?oating-gate transistors 208 
includes a source 230 and a drain 232, a ?oating gate 234, and 
a control gate 236, as shoWn in FIG. 2. Floating-gate transis 
tors 208 have their control gates 236 coupled to a Word line 
202. A column of the ?oating-gate transistors 208 are those 
NAND strings 206 coupled to a given local bit line 204. A roW 
of the ?oating-gate transistors 208 are those transistors com 
monly coupled to a given Word line 202. 
[0022] FIG. 3 is a schematic ofa NORmemory array 300 as 
a portion of memory array 104 of FIG. 1 in accordance With 
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another embodiment of the invention. Memory array 300 
includes Word lines 3021 to 3021, and intersecting local bit 
lines 3041 to 304g. For ease of addressing in the digital 
environment, the number of Word lines 3 02 and the number of 
bit lines 304 are each some poWer oftWo, e.g., 256 Word lines 
302 by 4,096 bit lines 304. The local bit lines 304 are coupled 
to global bit lines (not shoWn) in a many-to-one relationship. 
[0023] Floating-gate transistors 308 are located at each 
intersection of a Word line 302 and a local bit line 304. The 
?oating-gate transistors 308 represent non-volatile memory 
cells for storage of data. Typical construction of such ?oating 
gate transistors 308 includes a source 310 and a drain 312, a 
?oating gate 314, and a control gate 316. 
[0024] Floating-gate transistors 308 having their control 
gates 316 coupled to a Word line 302 typically share a com 
mon source depicted as array source 318. As shoWn in FIG. 3, 
?oating-gate transistors 308 coupled to tWo adjacent Word 
lines 302 may share the same array source 318. Floating-gate 
transistors 308 have their drains 312 coupled to a local bit line 
304. A column of the ?oating-gate transistors 308 includes 
those transistors commonly coupled to a given local bit line 
304. A roW of the ?oating-gate transistors 308 includes those 
transistors commonly coupled to a given Word line 302. 
[0025] To reduce problems associated With high resistance 
levels in the array source 318, the array source 318 may be 
regularly coupled to a metal or other highly conductive line to 
provide a loW-resistance path to ground. The array ground 
320 serves as this loW-resistance path. 

[0026] FIGS. 4A-41 are cross-sectional vieWs of a memory 
cell at various stages of fabrication in accordance With one 
embodiment of the invention. These ?gures generally depict 
a method of forming a portion of a memory array in accor 
dance With one embodiment of the invention. FIG. 4A depicts 
a portion of the memory array after several processing steps 
have occurred. In general, FIG. 4A depicts a semiconductor 
substrate 400 upon Which tunnel dielectric layer 405, a sup 
port layer 410 and a cap layer 415 have been formed. For one 
embodiment, the substrate 400 is a monocrystalline silicon 
substrate. For a further embodiment, substrate 400 is a P-type 
monocrystalline silicon substrate. 
[0027] The tunnel dielectric layer 405 is formed overlying 
an active region of the substrate 400, over Which memory 
cells Will be formed. The tunnel dielectric layer 405 might be 
formed by thermal oxidation of the silicon substrate 400. 
Alternatively, the tunnel dielectric layer 405 could be formed 
by a blanket deposition of a dielectric material, such as by 
chemical vapor deposition (CVD), physical vapor deposition 
(PVD) or atomic layer deposition (ALD). Tunnel dielectric 
layer 405 is generally a silicon oxide, but may include other 
dielectric materials. 
[0028] The support layer 410 Will provide supports upon 
Which the ?oating gate Will be formed. The support layer 410 
is preferably a carbon layer, such as an amorphous or crys 
talline carbon layer, but could also include other materials 
exhibiting high selectivity to the tunnel dielectric layer 405, 
cap layer 415 and a future ?oating-gate layer. Carbon layers 
can be formed by such methods as CVD techniques or PVD 
techniques. As one example, plasma CVD is performed using 
a hydrocarbon feed gas as the carbon source. As another 
example, the carbon layer canbe formed by sputtering, a form 
of PVD, using a carbon target. 
[0029] The cap layer 415 is formed overlying the support 
layer 410 to protect its upper surface during subsequent pro 
cessing. In general, cap layer 415 is of a material that Will be 
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substantially resistant to techniques subsequently used to 
remove portions of the support layer 415. For one embodi 
ment, the support layer 415 is a silicon nitride material. 
[0030] In FIG. 4B, islands 420 ofthe support layer 410 and 
cap layer 415 are formed. Such structures can be formed by 
such methods as photolithography, Which is Well understood 
in the art. For example, a photoresist layer (not shoWn) may be 
formed overlying the cap layer 415 and patterned to expose 
portions of the cap layer 415 for removal. These exposed 
areas may then be removed anisotropically, such as by ion 
etching or the like, leaving the islands 420 as shoWn in FIG. 
4B. The removal process should be selective to the support 
layer 410 and the cap layer 415 to avoid removing the tunnel 
dielectric layer 405. 
[0031] In FIG. 4C, the further portions of the support layer 
410 are removed using an isotropic removal, such as dry 
etching or, more speci?cally, an oxygen (O2) plasma etch. In 
this manner, the Width of the sections of the support layer 410 
are reduced relative to the Width of the islands 420. A reduc 
tion of the Width of the sections of the support layer 410 in this 
manner facilitates formation of these sections having a Width 
that is less than the capability of the lithography methods 
used. 
[0032] In FIG. 4D, the cap layer 415 is removed. Examples 
for removal include chemical and ion etching selective to the 
material of the cap layer. In FIG. 4E, a ?oating-gate layer 425 
is formed. The ?oating-gate layer 425 is preferably a poly 
silicon (polycrystalline silicon) layer, but could also include 
other forms of doped or undoped silicon materials, such as 
monocrystalline silicon, nanocrystalline silicon and amor 
phous silicon, as Well as other materials capable of holding a 
charge. The ?oating-gate layer 425 may be formed by such 
techniques as CVD, plasma-enhanced CVD (PECVD), PVD 
or ALD, and may be conductively doped during or folloWing 
formation. The chosen deposition technique should result in a 
build-up of material on the sides of the sections of the support 
layer 410, i.e., a blanket deposition of material. 
[0033] In FIG. 4F, portions of the ?oating-gate layer 425 
are removed using an anisotropic removal technique, such as 
ion etching, to leave spacers or segments 430 of the ?oating 
gate layer 425 on the sides of the sections of support layer 
410, thereby exposing an upper surface of the sections of the 
support layer 410. In FIG. 4G, the sections of support layer 
410 are removed, leaving the segments 430 free standing. For 
a carbon support layer 410, another O2 plasma etch or the like 
may be used. The segments 430 of the ?oating-gate layer 425 
Will form the split ?oating gate of the future memory cell. 
[0034] In FIG. 4H, an intergate dielectric layer 435 is then 
formed overlying the ?oating-gate layer or segments 430. 
Because of the separation of the segments 430 of the ?oating 
gate layer, at least a portion of the intergate dielectric layer 
435 Will be formed adjacent or on the tunnel dielectric layer 
405 betWeen the segments 430. The intergate dielectric layer 
435 may be one or more layers of dielectric material. For 
example, the intergate dielectric layer 435 could be of a 
multi-layer dielectric material commonly referred to as ONO 
(oxide-nitride-oxide). Other dielectric materials may be sub 
stituted for the ONO, such as tantalum oxide, barium stron 
tium titanate, silicon nitride and other materials providing 
dielectric properties. 
[0035] A control-gate layer 440 is formed overlying the 
intergate dielectric layer 435 and patterned to de?ne Word 
lines of the memory device. The control gate layer 440 is 
generally one or more layers of conductive material. For one 
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embodiment, the control gate layer 440 contains a conduc 
tively-doped polysilicon. For a further embodiment, the con 
trol gate layer 440 includes a metal-containing layer overly 
ing a polysilicon layer, e.g., a refractory metal silicide layer 
formed on a conductively-doped polysilicon layer. The met 
als of chromium (Cr), cobalt (Co), hafnium (Hf), molybde 
num (Mo), niobium (Nb), tantalum (Ta), titanium (Ti), tung 
sten (W), vanadium (V) and Zirconium (Zr) are generally 
recogniZed as refractory metals. For another embodiment, the 
control gate layer 440 contains multiple metal-containing 
layers, e. g., a titanium nitride (TiN) barrier layer overlying the 
intergate dielectric layer 456, a titanium (Ti) adhesion layer 
overlying the barrier layer and a tungsten (W) layer overlying 
the adhesion layer. 
[0036] A cap layer 445 is generally formed overlying the 
control-gate layer 440 to act as an insulator and barrier layer 
to protect the control-gate layer 440 during subsequent pro 
cessing. The cap layer 445 contains a dielectric material and 
may include such dielectrics as silicon oxide, silicon nitride, 
and silicon oxynitrides. For one embodiment, the cap layer 
445 is silicon nitride, formed by such methods as CVD. 
[0037] In FIG. 4I, the tunnel dielectric layer 405, the seg 
ments 430, the intergate dielectric layer 435, the control-gate 
layer 440 and the cap layer 445 are patterned to de?ne gate 
stacks. It is noted that additional layers may form the gate 
stack, such as barrier layers to inhibit diffusion betWeen 
opposing layers or adhesion layers to promote adhesion 
betWeen opposing layers. SideWall spacers 450 may be 
formed on the sidewalls of the gate stacks to protect and 
insulate the sideWalls. SideWall spacers 450 are generally the 
same dielectric material as used for the cap layer 445, but may 
include other dielectric materials. Formation may include a 
blanket deposit of a layer of dielectric material on the pat 
terned gate stacks folloWed by an anisotropic etch to prefer 
entially remove horiZontal portions of the layer of dielectric 
material, leaving vertical portions adjacent the sideWalls of 
the gate stacks. 
[0038] A ?rst source/ drain region 455 and a second source/ 
drain region 460 are formed adjacent the gate stack in the 
substrate 400. The ?rst source/drain region 455 and second 
source/drain region 460 are conductive regions having the 
second conductivity type different from the conductivity type 
of the substrate 400. The ?rst source/drain region 455 and 
second source/drain region 460 are generally heavily-doped 
regions for increased conductivity. For one embodiment, the 
?rst source/ drain region 455 and second source/ drain region 
460 are n+-type regions formed by implantation and/or dif 
fusion of n-type dopants, such as arsenic or phosphorus. The 
edges of the ?rst source/drain region 455 and second source/ 
drain region 460 are generally made to coincide With, or 
underlap, the edges of the gate stacks. As an example, the ?rst 
source/drain region 455 and second source/ drain region 460 
may be formed using angled implants or post-implant anneals 
to contact the channel region of the gate stack beloW the 
tunnel dielectric layer 405. The channel region is that portion 
of the substrate 400 extending betWeen the ?rst source/drain 
region 455 and second source/drain region 460 associated 
With a single gate stack. 
[0039] The methods in accordance With the invention may 
be used to produce any number of segments 430. Although 
four segments 430 Were depicted in the example embodi 
ment, tWo segments 430 Would permit a multi-bit cell, i.e., a 
memory cell capable of storing more than one data value. 
Although memory cells in accordance With the invention 



US 2009/0225602 A1 

having tWo or more segments in their ?oating gate can act as 
multi-bit memory cells, such structures can also be used to 
store only one bit per cell. Furthermore, a ?oating gate having 
tWo or more segments in accordance With the invention can 
facilitate decreased failure rates as localiZed defects in the 
tunnel dielectric layer or intergate dielectric layer might short 
one segment of the ?oating gate to the substrate or control 
gate, respectively, Without affecting the other segments. In a 
conventional ?oating-gate memory cell, a defect in the tunnel 
dielectric layer or intergate dielectric layer Would destroy the 
memory cell. In a memory cell in accordance With the inven 
tion, the memory cell Would still be able to store at least one 
bit if at least one segment of the ?oating gate remains isolated 
from the substrate and control gate. 

[0040] Access operations can be carried out by applying 
biases to the source, drain and control gate of the transistor. 
For a single bit cell, Write operations might generally be 
carried out by channel hot-carrier injection. This process 
induces a ?oW of electrons betWeen the source and the drain, 
and accelerates them toWard a ?oating gate in response to a 
positive bias applied to the control gate. 
[0041] Read operations Would generally include sensing a 
current betWeen the source and the drain, i.e., the MOSFET 
current, in response to a bias applied to the control gate. By 
utiliZing forWard bias or reverse bias in a multi-bit cell, one or 
another data value may be read from the cell. Erase operations 
Would generally be carried out through FoWler-Nordheim 
tunneling. This process may include electrically ?oating the 
drain, grounding the source, and applying a high negative 
voltage to the control gate. 

[0042] For a multi-bit cell, Write operations could be car 
ried out via band-to-band-tunneling-induced substrate hot 
electron injection. A programming ?eld is established 
betWeen the control gate and the ?rst source/drain region to 
Write a ?rst data value to the cell and a programming ?eld is 
established betWeen the control gate and the second source/ 
drain region to Write a second data value to the cell. Using a 
p-channel memory cell as an example, a negative bias may be 
applied to the ?rst source/ drain region While a positive bias is 
applied to the control gate as the second source/ drain region is 
?oating. In this manner, electron-hole pairs are generated by 
band-to-band tunneling in the ?rst source/drain region and 
are accelerated by a lateral electric ?eld toWard the channel 
region and into the ?oating gate segments localiZed near the 
?rst source/ drain region, thus altering the threshold voltage in 
this region of the memory cell. Conventional ?oating-gate 
memory cells may be used to store multiple bits by relying on 
bands of threshold voltages determined by the absolute 
charge storage on its ?oating gate. HoWever, for the various 
embodiments, multiple-bit storage is alternatively facilitated 
by isolating segments of the ?oating gate from other segments 
of the ?oating gate, thereby permitting localiZed charge stor 
age leading to threshold voltage differences in the cell 
depending upon Which direction it is read. 
[0043] This concept of programming multiple bits into the 
?oating-gate memory cell is demonstrated With reference to 
FIG. 5 shoWing a memory cell in accordance With an embodi 
ment of the invention having tWo segments 530 in its ?oating 
gate. The memory cell is formed overlying a substrate 500 
and includes a tunnel dielectric layer 505, ?oating gate seg 
ments 5301 and 5302, intergate dielectric layer 535, and con 
trol gate layer 540. Associated cap layer 545 and sideWall 
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spacers 550 provide isolation of the memory cell from adja 
cent structures. Other voltage differentials can be used to 
create the programming ?eld. 

[0044] For programming a ?rst data value, charge can be 
stored in a ?rst ?oating-gate segment 5301, such as by estab 
lishing a programming ?eld betWeen the control gate 540 and 
the ?rst source/drain region 555. For example, a ?rst potential 
can be applied at node 542 and a second potential can be 
applied at node 557 While node 562 is ?oating. Node 542 
conceptually represents the Word line, of Which control gate 
540 is a part. Node 557 conceptually represents, for example, 
a source line While node 562 conceptually represents, for 
example, a bit line. In this manner, a charge may be stored in 
the ?oating-gate segment 5301 Without materially affecting 
the charge level of the ?oating-gate segment 5302. Although 
only tWo ?oating-gate segments 530 are shoWn in FIG. 5, it 
Will be recogniZed that additional segments 530 could be 
utiliZed using these same concepts. The segments 530 closer 
to the ?rst source/drain regions 555 Would receive higher 
charge levels than those farther aWay. 

[0045] For programming a second data value, charge can be 
stored in the second ?oating-gate segment 5302, such as by 
establishing a programming ?eld betWeen the control gate 
540 and the second source/ drain region 560. For example, the 
?rst potential can be applied at node 542 and the second 
potential can be applied at node 562 While node 557 is ?oat 
ing. In this manner, a charge may be stored in the ?oating-gate 
segment 5302 Without materially affecting the charge level of 
the ?oating-gate segment 5301. Similar to the process noted 
With respect to programming the ?rst data value in a memory 
cell having more than tWo ?oating-gate segments 530, the 
segments 530 closer to the second source/drain regions 560 
Would receive higher charge levels than those farther aWay. 
[0046] By reading a multi-bit cell biased in the forWard 
direction, e.g., With the ?rst source/drain region 555 acting as 
the source, the data value stored in the ?oating gate segments 
5301 near the ?rst source/drain region may be sensed. By 
reading this cell biased in the reverse direction, e.g., With the 
?rst source/drain region 555 acting as the drain, the data value 
stored in the ?oating gate segments 5302 near the second 
source/drain region 560 may be sensed. 

CONCLUSION 

[0047] Floating-gate memory cells having a split ?oating 
gate facilitate decreased sensitivity to localiZed defects in the 
tunnel dielectric layer and/or the intergate dielectric layer. 
Such memory cells also permit storage of more than one bit 
per cell. Methods of the various embodiments facilitate fab 
rication of ?oating gate segments having dimensions less than 
the capabilities of the lithographic processed used to form the 
gate stacks. 
[0048] Although speci?c embodiments have been illus 
trated and described herein, it Will be appreciated by those of 
ordinary skill in the art that any arrangement that is calculated 
to achieve the same purpose may be substituted for the spe 
ci?c embodiments shoWn. Many adaptations of the invention 
Will be apparent to those of ordinary skill in the art. Accord 
ingly, this application is intended to cover any adaptations or 
variations of the invention. It is manifestly intended that this 
invention be limited only by the folloWing claims and equiva 
lents thereof. 
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What is claimed is: 
1. A ?oating-gate memory cell, comprising: 
a tunnel dielectric over a semiconductor; 
tWo or more segments of a ?oating gate over the tunnel 

dielectric, Wherein the segments of the ?oating gate are 
separated from each other; 

an intergate dielectric over the ?oating gate; 
a control gate over the intergate dielectric; and 
source/ drain regions formed in the semiconductor adjacent 

the tunnel dielectric. 
2. The ?oating-gate memory cell of claim 1, Wherein the 

?oating gate comprises tWo or more segments of material 
capable of holding a charge. 

3. The ?oating-gate memory cell of claim 2, Wherein the 
material capable of holding a charge is a polysilicon material. 

4. The ?oating-gate memory cell of claim 1, Wherein at 
least a portion of the intergate dielectric is adjacent the tunnel 
dielectric. 

5. The ?oating-gate memory cell of claim 4, Wherein at 
least a portion of the intergate dielectric adjacent the tunnel 
dielectric is interposed betWeen tWo segments of the ?oating 
gate. 

6. A ?oating-gate memory cell, comprising: 
a tunnel dielectric over a semiconductor; 
a ?oating gate over the tunnel dielectric, Wherein the ?oat 

ing gate is split into tWo or more discrete segments 
capable of holding a charge; 

an intergate dielectric over the ?oating gate; 
a control gate over the intergate dielectric; and 
source/ drain regions formed in the semiconductor adjacent 

the tunnel dielectric. 
7. A ?oating-gate memory cell, comprising: 
a tunnel dielectric over a semiconductor; 
tWo or more segments of a ?oating gate formed on the 

tunnel dielectric; 
an intergate dielectric formed on the ?oating gate, Wherein 

at least a portion of the intergate dielectric is formed on 
the tunnel dielectric; 

a control gate over the intergate dielectric; and 
source/ drain regions formed in the semiconductor adjacent 

the tunnel dielectric. 
8. A memory cell comprising: 
a tunnel dielectric over a semiconductor; 
tWo or more charge-storage segments over at least a portion 

of the tunnel dielectric, Wherein the segments are sepa 
rated from each other and Wherein portions of a charge 
storage material are etched to form the charge-storage 
segments; 

an intergate dielectric over the charge-storage segments; 
and 

a control gate over the intergate dielectric. 
9. The memory cell of claim 8, Wherein the memory cell is 

Written by: 
establishing a programming ?eld betWeen the control gate 

and a ?rst source/drain region of the memory cell; and 
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storing charge in a ?rst charge-storage segment of the tWo 
or more charge-storage segments Without materially 
affecting a charge level of a second charge-storage seg 
ment of the tWo or more charge-storage segments; 

Wherein the ?rst charge- storage segment of the tWo or more 
charge-storage segments is adjacent the ?rst source/ 
drain region of the memory cell and the second charge 
storage segment of the tWo or more charge-storage seg 
ments is adjacent a second source/drain region of the 
memory cell. 

10. The memory cell of claim 9, Wherein establishing a 
programming ?eld further comprises ?oating the second 
source/drain region. 

11. The memory cell of claim 9, Wherein at least one 
additional charge-storage segment is interposed betWeen the 
?rst and second charge-storage segments. 

12. The memory cell of claim 9, Wherein establishing a 
programming ?eld further comprises applying a ?rst poten 
tial to the control gate and applying a second potential to the 
?rst source/ drain region, the second potential being loWer 
than the ?rst potential. 

13. The memory cell of claim 9, further comprising: 
establishing a programming ?eld betWeen the control gate 

and the second source/drain region of the memory cell; 
and 

storing charge in the second charge-storage segment of the 
tWo or more charge- storage segments Without materially 
affecting a charge level of the ?rst charge-storage seg 
ment of the tWo or more charge-storage segments. 

14. The memory cell of claim 8, Wherein a portion of the 
integrate dielectric is on the tunnel dielectric betWeen adja 
cent charge-storage segments. 

15. The memory cell of claim 8, Wherein the integrate 
dielectric is oxide-nitride-oxide. 

16. The memory cell of claim 8, Wherein the tWo or more 
charge-storage segments are polysilicon. 

17. The memory cell of claim 8, Wherein the charge storage 
material is formed over the tunnel dielectric and one or more 
support structures on the tunnel dielectric. 

18. The memory cell of claim 17, Wherein the etched por 
tions of the charge storage material that are etched to form the 
segments are removed by the etching to expose portions of the 
tunnel dielectric and to expose an upper surface of the one or 
more support structures, Wherein the etching leaves the 
charge-storage segments on sideWalls of the one or more 
support structures. 

19. The memory cell of claim 18, Wherein the one or more 
support structures are removed so as to leave the charge 
storage segments free standing. 

20. The memory cell of claim 18, Wherein a Width of the 
one or more support structures is reduced prior to forming the 
charge storage material thereover. 

* * * * * 


