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(57) ABSTRACT 

Floating-gate memory cells having a control gate for cou 
pling to a word line, a floating gate, a first Source/drain 
region for coupling to a bit line, and a floating Second 
Source/drain region are adapted for use in flash memory 
devices. Such floating-gate memory cells eliminate the need 
to provide electrical contact to the Second Source/drain 
region, thus simplifying the fabrication proceSS and array 
architecture. The floating-gate memory cells may be pro 
grammed using band-to-band tunneling. The floating-gate 
memory cells may be read using capacitance Sensing or 
forward current Sensing techniques. 
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ONE-SIDED FLOATING-GATE MEMORY CELL 

TECHNICAL FIELD OF THE INVENTION 

0001. The present invention relates generally to semicon 
ductor memory devices, and in particular, the present inven 
tion relates to floating-gate memory cells and their opera 
tion. 

BACKGROUND OF THE INVENTION 

0002 Electronic information handling or computer sys 
tems, whether large machines, microcomputers or Small and 
Simple digital processing devices, require memory for Stor 
ing data and program instructions. Various memory Systems 
have been developed over the years to address the evolving 
needs of information handling Systems. One Such memory 
System includes Semiconductor memory devices. 
0003) Semiconductor memory devices are rapidly-acces 
Sible memory devices. In a Semiconductor memory device, 
the time required for Storing and retrieving information 
generally is independent of the physical location of the 
information within the memory device. Semiconductor 
memory devices typically Store information in a large array 
of cells. A group of cells are electrically connected together 
by a bit line, or data line. An electrical Signal is used to 
program a cell or cells. The electrical Signal on the bit line 
is controlled by a driver circuit. Accordingly, a Semiconduc 
tor memory device may include Several groups of cells, each 
coupled together with a bit line operated by a driver circuit. 
0004 Computer, communication and industrial applica 
tions are driving the demand for memory devices in a variety 
of electronic Systems. One important form of Semiconductor 
memory device includes a non-volatile memory made up of 
floating-gate memory cells called flash memory. Flash 
memory is often used where regular access to the data Stored 
in the memory device is desired, but where Such data is 
Seldom changed. Computer applications use flash memory 
to store BIOS firmware. Peripheral devices such as printers 
Store fonts and forms on flash memory. Digital cellular and 
wireleSS applications consume large quantities of flash 
memory and are continually pushing for lower Voltages and 
higher densities. Portable applications Such as digital cam 
eras, audio recorders, personal digital assistants (PDAS) and 
test equipment use flash memory cards as a Storage medium. 
0005 Conventional flash memory cells make use of a 
floating-gate transistor including a Source, a drain, a floating 
gate and a control gate. In Such devices, access operations 
are carried out by applying biases to each of these terminals. 
The floating-gate transistors generally include n-channel 
floating-gate field-effect transistors, but may also include 
p-channel floating-gate field-effect transistors. 
0006 Write operations are often carried out by channel 
hot-carrier injection. This proceSS induces a flow of elec 
trons between the Source and the drain, and accelerates them 
toward the floating gate in response to a positive bias applied 
to the control gate. This is termed hot-carrier injection 
because the electrons possess Sufficient kinetic energy to 
croSS the channel-gate oxide barrier and enter the oxide 
conduction band. Fowler-Nordheim tunneling can also be 
used to program the memory cell, Such as by applying a 
positive bias to the control gate, grounding one Source/drain 
region and floating the other Source/drain region. The posi 

Sep. 19, 2002 

tive bias applied to the control gate causes the electrons to 
be transferred from the grounded Source/drain region to the 
floating gate. Fowler-Nordheim tunneling is an example of 
cold-carrier injection as the electrons do not possess kinetic 
energy in exceSS of the channel-gate oxide barrier. Instead, 
the electrons are able to Surmount this barrier due to the 
wave nature of the electron. 

0007 Read operations generally include sensing a cur 
rent between the Source and the drain, i.e., the MOSFET 
current, in response to a bias applied to the control gate. 
Erase operations are generally carried out through Fowler 
Nordheim tunneling. This erase process may include elec 
trically floating one Source/drain region, grounding or apply 
ing a positive bias to the other Source/drain region, and 
applying a negative Voltage to the control gate. 
0008. Designers are under constant pressure to reduce 
manufacturing complexity, and thus cost. It has been pro 
posed that using band-to-band tunneling current as a read 
Sensing current, a floating-gate diode can function as a 
non-volatile memory cell. See, U.S. Pat. No. 5,814,853 titled 
“Sourceless Floating Gate Memory Device and Method of 
Storing Data” and issued Sep. 29, 1998 to Chen. This 
floating-gate diode is described in Chen as a non-volatile 
memory cell having only one p-n junction per cell. Such a 
device is similar to a floating-gate transistor used in a typical 
flash memory cell except that the Source has been elimi 
nated. Chen, however, describes a read operation utilizing a 
read gate Voltage of -7V to produce current differences 
between a programmed and an un-programmed device Suf 
ficient to serve as a basis for memory operation. While 
typical flash memory devices include circuitry for producing 
Such pumped negative Voltages for use in the relatively 
infrequent operations of writing and erasing a cell, it is 
generally undesirable to require Such pumped negative Volt 
ages for use in the relatively frequent operation of reading a 
cell. 

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 Specifi 
cation, there is a need in the art for alternate non-volatile 
memory cells, apparatus making use of Such memory cells, 
and methods of their operation. 

SUMMARY OF THE INVENTION 

0010. The above-mentioned problems with memory 
devices and other problems are addressed by the present 
invention and will be understood by reading and studying 
the following specification. 

0011 Floating-gate memory cells are described herein 
having a control gate for coupling to a word line, a floating 
gate, a first Source/drain region for coupling to a bit line, and 
a floating Second Source/drain region. Such floating-gate 
memory cells eliminate the need to provide electrical contact 
to the Second Source/drain region, thus simplifying the 
fabrication process and the array architecture. Such memory 
cells further eliminate the need for a common array Source 
found in conventional floating-gate memory arrayS. 
0012 Methods of reading such floating-gate memory 
cells are also provided. The methods described herein facili 
tate more aggressive Scaling of the memory cells and array 
as the techniques are less sensitive to MOSFET short 
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channel effects than Some conventional Sensing techniques. 
Methods described herein include capacitance and forward 
current Sensing techniques. 

0013 For one embodiment, the invention includes a 
floating-gate memory cell. The memory cell includes a gate 
dielectric layer overlying a Substrate having a first conduc 
tivity type, a floating gate layer overlying the gate dielectric 
layer, an intergate dielectric layer overlying the floating gate 
layer, and a control gate layer overlying the intergate dielec 
tric layer for coupling to a word line. The memory cell 
further includes a first Source/drain region formed in the 
Substrate for coupling to a bit line and having a Second 
conductivity type different than the first conductivity type. 
The memory cell further includes a Second Source/drain 
region formed in the Substrate and having the Second con 
ductivity type. The Second Source/drain region is perma 
nently electrically floating. 

0.014 For another embodiment, the invention includes a 
floating-gate memory cell. The memory cell includes a gate 
dielectric layer overlying a Substrate having a first conduc 
tivity type, a floating gate layer overlying the gate dielectric 
layer, an intergate dielectric layer overlying the floating gate 
layer, and a control gate layer overlying the intergate dielec 
tric layer for coupling to a word line. The memory cell 
further includes a first Source/drain region formed in the 
Substrate for coupling to a bit line and having a Second 
conductivity type different than the first conductivity type. 
The memory cell further includes a Second Source/drain 
region formed in the Substrate and having the Second con 
ductivity type. No contact is formed to the Second Source/ 
drain region. 

0.015 For yet another embodiment, the invention 
includes a floating-gate memory cell. The memory cell 
includes a gate dielectric layer overlying a Substrate having 
a first conductivity type, a floating gate layer overlying the 
gate dielectric layer, an intergate dielectric layer overlying 
the floating gate layer, and a control gate layer overlying the 
intergate dielectric layer for coupling to a word line. The 
memory cell further includes a first Source/drain region 
formed in the Substrate for coupling to a bit line and a doped 
region formed in the substrate below and coupled to the first 
Source/drain region. The first Source/drain region and the 
doped region have a Second conductivity type different than 
the first conductivity type and the doped region is offset from 
a channel region of the memory cell. The memory cell 
further includes an electrically floating Second Source/drain 
region formed in the Substrate and having the Second con 
ductivity type. For a further embodiment, the doped region 
utilizes a dopant species different from the first Source/drain 
region to improve the grading of the p-n junction. 

0016 For a further embodiment, the invention provides a 
method of reading a floating-gate memory cell. The method 
includes applying a bias to a control gate of the floating-gate 
memory cell and detecting a charge loSS on a bit line coupled 
to a first Source/drain region of the memory cell while a 
Second Source/drain region of the memory cell is electrically 
floating. The bias applied to the control gate is greater than 
a threshold Voltage of the memory cell in a first programmed 
State and less than a threshold Voltage of the memory cell in 
a Second programmed State. Furthermore, the charge loSS on 
the bit line is indicative of the programmed State of the 
memory cell. 
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0017 For a still further embodiment, the invention pro 
vides a method of reading a floating-gate memory cell 
formed in a Substrate. The method includes applying a bias 
to a control gate of the floating-gate memory cell, applying 
a forward bias to a bit line coupled to a first Source/drain 
region of the memory cell while a Second Source/drain 
region of the memory cell is electrically floating, and 
detecting a forward current from the memory cell to the 
Substrate. The bias applied to the control gate is greater than 
a threshold Voltage of the memory cell in a first programmed 
State and less than a threshold Voltage of the memory cell in 
a Second programmed State. Furthermore, the level of the 
forward current is indicative of the programmed State of the 
memory cell. 
0018. The invention further provides methods and appa 
ratus of varying Scope. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0019 FIG. 1 is a block diagram of a basic flash memory 
device coupled to a processor in accordance with an embodi 
ment of the invention. 

0020 FIG. 2 is a schematic of a portion of a non-volatile 
memory main block as a portion of a memory array in 
accordance with an embodiment of the invention. 

0021 FIGS. 3A-3D are cross-sectional views of a float 
ing-gate memory cell at various Stages of fabrication in 
accordance with one embodiment of the invention. 

0022 FIG. 4 is a cross-sectional view of a floating-gate 
memory cell in accordance with another embodiment of the 
invention. 

0023 FIG. 5A is a representation of the p-n diode 
configuration for a memory cell in a first programmed State 
in accordance with an embodiment of the invention. 

0024 FIG. 5B is a representation of the p-n diode 
configuration for a memory cell in a Second programmed 
State in accordance with an embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0025. 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 specific embodiments in which the invention 
may be practiced. These embodiments are described in 
Sufficient detail to enable those skilled in the art to practice 
the invention, and it is to be understood that other embodi 
ments 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 or 
Substrate used in the following description include any base 
Semiconductor Structure. Examples include Silicon-on-Sap 
phire (SOS) technology, silicon-on-insulator (SOI) technol 
ogy, thin film transistor (TFT) technology, doped and 
undoped Semiconductors, epitaxial layers of a Silicon Sup 
ported by a base Semiconductor Structure, 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/unctions in the base 
Semiconductor Structure, and the terms wafer and Substrate 
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include the underlying layerS containing Such regions/unc 
tions. The following detailed description is, therefore, not to 
be taken in a limiting Sense, and the Scope of the present 
invention is defined only by the appended claims and 
equivalents thereof. 
0.026 FIG. 1 illustrates a block diagram of a non-volatile 
or flash memory device 100 in accordance with one embodi 
ment of the invention. The memory device 100 is coupled to 
a processor 101 to form part of an electronic system. The 
memory device 100 has been simplified to focus on features 
of the memory that are helpful in understanding the present 
invention. The memory device 100 includes an array of 
non-volatile memory cells 104. The memory cells (not 
shown in FIG. 1) are floating-gate memory cells in accor 
dance with the embodiments of the invention. The array is 
arranged in rows and columns, with the rows arranged in 
blocks, Such as main blocks 130. The structure of main 
blocks 130 allow memory cells to be erased in blocks. Data, 
however, may be Stored in the memory array Separate from 
the block structure. 

0027) A row decoder 108 and a column decoder 110 are 
provided to decode address Signals provided on address lines 
A0-AX 112. An address buffer circuit 106 is provided to 
latch the address Signals. Address signals are received and 
decoded to access the memory array 104. A select circuit 116 
is provided to select a column of the array identified with the 
column decoder 110. Sense amplifier and compare circuitry 
118 is used to sense data stored in the memory cells and 
verify the accuracy of stored data. Data input 120 and output 
122 buffer circuits are included for bidirectional data com 
munication over a plurality of data (DQ) lines 121 with the 
processor 101. A data latch 123 is typically provided 
between input buffer 120 and the memory array 104 for 
Storing data values (to be written to a memory cell) received 
from the DO lines 121. 

0028 Command control circuit 114 decodes signals pro 
vided on control lines 113 from the processor 101. These 
Signals are used to control the operations on the memory 
array 104, including data read, data write, and erase opera 
tions. Input/output control circuit 124 is used to control the 
input buffer 120 and the output buffer 122 in response to 
Some of the control Signals. AS Stated above, the memory 
device 100 has been simplified to facilitate a basic under 
Standing of the features of the memory. A more detailed 
understanding of typical flash memories is known to those 
skilled in the art. 

0029 Arrays of non-volatile memory cells are often 
arranged in rows and columns of memory cells coupled to 
word lines and bit lines, respectively. The word lines are 
coupled to the control gates of the floating-gate memory 
cells. The bit lines are coupled to the drains of the floating 
gate memory cells. FIG. 2 is a Schematic of a portion of a 
non-volatile memory main block 130 as a portion of a 
memory array and containing floating-gate memory cells in 
accordance with one embodiment of the invention. The 
detail of main block 130 is provided to better understand the 
various embodiments of the invention. However, the inven 
tion is not limited to the Specific array layout described with 
reference to FIG. 2. 

0030. As shown in FIG. 2, the main block 130 includes 
word lines 132 and intersecting bit lines 134. For ease of 
addressing in the digital environment, the number of word 
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lines 132 and the number of bit lines 134 are each generally 
Some power of two, e.g., 256 word lines 132 by 4,096 bit 
lines 134. Floating-gate memory cells 136 are located at 
each intersection of a word line 132 and a bit line 134. The 
floating-gate memory cells 136 represent the non-volatile 
memory cells for Storage of data. Each floating-gate memory 
cell 136 includes a control gate 138 coupled to a word line 
132, a floating gate 140, and a first Source/drain region 142 
coupled to a bit line. A column of the floating-gate memory 
cells 136 are those cells having their first source/drain 
regions 142 commonly coupled to a given bit line 134. A row 
of the floating-gate memory cells 136 are those cells having 
their control gates 138 commonly coupled to a given word 
line 132. 

0031. The floating-gate memory cells 136 further include 
a Second Source/drain region 144. The Second Source/drain 
regions 144 are electrically floating. While a Second Source/ 
drain region 144 may be coupled to other Second Source/ 
drain regions 144, for one embodiment, there is no contact 
provided to the Second Source/drain regions 144. For a 
further embodiment, each Second Source/drain region 144 is 
permanently electrically floating, i.e., no circuitry is pro 
Vided to facilitate applying a bias to the Second Source/drain 
region 144 other than through the creation of an inversion 
layer in the channel region between the first Source/drain 
region 142 and the Second Source/drain region 144. 
0032 FIGS. 3A-3D are cross-sectional views of a float 
ing-gate memory cell at various Stages of fabrication in 
accordance with one embodiment of the invention. Looking 
first at FIG. 3A, a gate dielectric layer 210 is formed 
overlying a substrate 200, such as a wafer of monocrystal 
line silicon having a 100 orientation. The substrate 200 is 
doped to a first conductivity type, Such as a p-type conduc 
tivity. As an example, the Substrate 200 may be implanted 
with a p-type dopant, Such as boron, followed by an anneal 
to produce a p-type Substrate. 
0033. The surface of the substrate 200 is conditioned to 
Set the V of the future floating-gate memory cells. Such 
conditioning generally involves increasing the dopant level 
near the surface of the substrate 200 and may occur before 
or after formation of the gate dielectric layer 210. As an 
example, the p-type substrate 200 may be subjected to a 
p-type implant, Such as a boron implant, to increase the 
dopant level near the Surface. While not required, increasing 
the dopant level in what will become a channel region of a 
future floating-gate memory cell will Serve to increase the 
inversion-layer-to-Substrate capacitance. 

0034. The gate dielectric layer 210 contains a dielectric 
material. For one embodiment, the gate dielectric layer 210 
is an oxide. The oxide may be formed by thermal or other 
oxidation technique. Other dielectric materials may be used 
for the gate dielectric layer 210. Specific examples include 
Silicon oxides, Silicon nitrides and Silicon oxynitrides. 
0035 A floating gate layer 215 is formed overlying the 
gate dielectric layer 210. The floating gate layer 215 is the 
layer that will Store the charge indicative of a programmed 
State of the future floating-gate memory cell. For one 
embodiment, the floating gate layer 215 is a conductively 
doped polysilicon layer. For a further embodiment, the 
polysilicon layer has an n-type conductivity. The polysilicon 
layer may be formed by such techniques as CVD and may 
be conductively doped during or following formation. 
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0.036 An intergate dielectric layer 220 is formed overly 
ing the floating gate layer 215. The intergate dielectric layer 
220 contains a dielectric material. Some examples include 
Silicon oxides, Silicon nitrides or Silicon oxynitrides. Further 
examples include dielectric metal oxides Such as barium 
strontium titanate (BST), lead zirconium titanate (PZT) and 
lead lanthanum titanate (PLZT). Dielectric layers may fur 
ther contain multiple layers of dielectric materials. One 
common example is an ONO (oxide-nitride-oxide) dielectric 
layer. 

0037. A control gate layer 225 is formed overlying the 
intergate dielectric layer 220. The control gate layer 225 
contains a conductive material. For one embodiment, the 
conductive material is a conductively-doped polysilicon 
material. For another embodiment, the control gate layer 225 
contains a metal layer overlying a metal Silicide layer. 
0.038 A cap layer 230 is generally formed overlying the 
control gate layer 225 to act as an insulator and barrier layer. 
The cap layer 230 contains an insulator and may include 
Such insulators as Silicon oxide, Silicon nitride, and Silicon 
oxynitrides. For one embodiment, the cap layer 230 is 
silicon nitride, formed by such methods as CVD. The 
resulting Structure is generally as depicted in FIG. 3A. 

0039. In FIG. 3B, the gate dielectric layer 210, the 
floating gate layer 215, the intergate dielectric layer 220, the 
control gate layer 225 and the cap layer 230 are then 
patterned to define the gate 250. At least the control gate 
layer 225 of the gate 250 is coupled to the word line. It is 
noted that additional layers may form the gate 250, Such as 
barrier layers to inhibit diffusion between opposing layerS or 
adhesion layers to promote adhesion between opposing 
layers. 

0040. A first source/drain region 240 and a second 
Source/drain region 245 are formed adjacent to the gate 250 
as conductive regions having a Second conductivity type 
different than the conductivity type of the substrate 200. For 
one embodiment, the source/drain regions 240 and 245 have 
a conductivity type opposite that of the substrate 200. For a 
further embodiment, the source/drain regions 240 and 245 
are n' regions formed by implantation and/or diffusion of 
n-type dopants, Such as arsenic or phosphorus. Doping the 
Second Source/drain region 245 Serves to increase the 
capacitance between the Second Source/drain region 245 and 
the Substrate 200. 

0041. For a further embodiment, the first source/drain 
region 240 and the second source/drain region 245 have the 
Same dopant level. Such an embodiment facilitates forma 
tion of both Source/drain regions using a single mask and 
implantation process. For another embodiment, the Second 
Source/drain region 245 has a dopant level higher than a 
dopant level of the first source/drain region 240. A higher 
dopant level of the second source/drain region 245 will serve 
to further increase the capacitance between the Second 
Source/drain region 245 and the substrate 200. For yet 
another embodiment, the first Source/drain region 240 has a 
more graded junction profile. This will reduce the bit-line 
junction capacitance but will not impact the efficiency of 
band-to-band tunneling in the channel for programming the 
cell. 

0042. The edges of the source/drain regions 240 and 245 
are generally made to coincide with, or underlap, the gate 
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edges. AS an example, the Source/drain regions 240 and 245 
may be formed using angled implants or post-implant 
anneals to contact the channel region of the gate 250. 
0043. The sidewalls of the gate 250 are then insulated 
using sidewall spacers 235 as shown in FIG. 3C. The 
Sidewall Spacers 235 contain an insulator and may include 
the same materials as the cap layer 230. The Sidewall spacers 
235 are typically formed by blanket depositing an insulating 
layer, Such as a layer of Silicon nitride, over the entire 
Structure and then anisotropically etching the insulating 
layer to preferentially remove the horizontal regions and to 
leave only the vertical regions adjacent the Sidewalls of the 
gate 250. While FIG. 3C shows just one gate 250, a typical 
array of memory cells will include multiple word lines. For 
clarity, these additional word lines are not shown in FIG. 
3C. 

0044) In FIG. 3D, a bit line contact 265 is formed to the 
first Source/drain region 240 for coupling to a bit line (not 
shown in FIG. 3D). Note that no contact is formed to the 
Second Source/drain region 245 as there is no need to apply 
or detect a bias on the Second Source/drain region 245. 
Elimination of the contact to the Second Source/drain region 
Simplifies the manufacturing process by eliminating forma 
tion of the contact itself as well as eliminating any metal or 
other conductive trace used to connect the contact to a bias. 

004.5 FIG. 4 depicts a variation of the floating-gate 
memory cell of FIGS. 3A-3D. In FIG.4, doped region 470 
having the Second conductivity type is formed beneath the 
first Source/drain region 240. The doped region 470 has a 
dopant level less than the dopant level of the first source/ 
drain region 240. Thus, for one embodiment, the doped 
region 470 is an in region. 

0046) The doped region 470 is laterally offset from the 
channel region 475 of the floating-gate memory cells. For 
one embodiment, the doped region 470 is formed Subse 
quent to formation of the sidewall spacers 235 in order to 
produce the lateral offset. The offset doped region 470 will 
reduce bit-line junction capacitance without detrimentally 
impacting the efficiency of band-to-band tunneling in the 
channel region 475 required for programming. Formation of 
the doped region 470 may include implantation of n-type 
dopants using a higher energy level and lower dosage than 
used to form the first source/drain region 240. 
0047 For another embodiment, the doped region 470 is 
formed using a different dopant Species than the first Source/ 
drain region 240 to grade the junction. For example, a first 
Source/drain region 240 may be formed using arsenic as the 
dopant species while the doped region 470 may be formed 
using phosphorus as the dopant species. In this example, 
phosphorus creates a more graded junction than arsenic 
alone. Increasing the grading of this junction will reduce the 
junction capacitance of the bit line which will facilitate bit 
line capacitance Sensing Schemes described below. Increas 
ing the grading of the junction will additionally improve the 
breakdown voltage of the junction, thus allowing higher 
Voltages to be applied to the first Source/drain region 240. 
0048 Programming of floating-gate memory cells in 
accordance with the invention can be carried out via band 
to-band-tunneling-induced Substrate hot-electron injection. 
Using a p-channel memory cell as an example, a negative 
bias may be applied to the first Source/drain region while a 
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positive bias is applied to the control gate. In this manner, 
electron-hole pairs are generated by band-to-band tunneling 
in the first Source/drain region and are accelerated by a 
lateral electric field toward the channel region and into the 
floating gate. See, e.g., “Novel Electron Injection Method 
Using Band-to-Band Tunneling Induced Hot Electron 
(BBHE) for Flash Memory with a P-channel Cell,” T. 
Ohnakado. K. Mitsunaga, M. Nunoshita, H. Onoda, K. 
Sakakibara, N.Tsuji, N. Ajika, M. Hatanaka and H. Miyoshi, 
IEDM 95 pp. 279-282. Erase operations can be carried out 
using Fowler-Nordheim tunneling. For one embodiment, 
read operations are carried out using bit line capacitance 
Sensing. For another embodiment, read operations are car 
ried out using forward current Sensing. 
0049. Forbit line capacitance sensing, the read operation 
is performed with a control gate bias that is greater than the 
V (threshold voltage) of a memory cell in a first pro 
grammed State, Such as a logic 1 state, and less than the V, 
of a memory cell in a Second programmed State, Such as a 
logic 0 State. For an n-channel device, the first programmed 
State corresponds to a discharged floating gate layer while 
the Second programmed State corresponds to a negatively 
charged floating gate layer. Alternatively, for a p-channel 
device, the first programmed State corresponds to a nega 
tively-charged floating gate layer while the Second pro 
grammed State corresponds to a discharged floating gate 
layer. The control gate bias is applied to the control gate 
layer when the word line associated with the memory cell is 
Selected. 

0050. In the first programmed state, an inversion layer is 
formed in the channel below the gate dielectric layer of the 
memory cell upon application of the control gate bias. The 
inversion layer can be thought of as an extension of the 
Source/drain regions into the channel. Under this condition, 
the bit line capacitance is Substantially equal to the Sum of 
the bit-line junction capacitance at the first Source/drain 
region, the bit line parasitic capacitance, the inversion-layer 
to-gate capacitance, the inversion-layer-to-body capaci 
tance, and the Second Source/drain region junction capaci 
tance. 

0051. In the second programmed state, no inversion layer 
is formed in the channel below the gate dielectric layer of the 
memory cell upon application of the control gate bias, thus 
the inversion-layer-to-gate capacitance and the inversion 
layer-to-body capacitance is effectively Zero. Furthermore, 
under this condition, the bit line capacitance collapses to be 
Substantially equal to the Sum of the bit-line junction capaci 
tance and the bit line parasitic capacitance as no inversion 
layer is available to provide coupling to the Second Source/ 
drain region junction. 

0.052 Reading a memory cell is thus carried out by 
differentiating between the bit line capacitance of the cell in 
the first programmed State and the bit line capacitance of the 
cell in the Second programmed State. In principle, the 
Sensing can be accomplished by first charging the target bit 
line to a first potential and a reference bit line to a Second, 
lower potential with the control gate, i.e., the word line, of 
the target memory cell not Selected. The reference bit line 
and the target bit line are then isolated. A reference bit line 
preferably has the same configuration as the target bit line. 
For example, the target bit line and the reference bit line are 
generally coupled to the same number of memory cells. The 
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reference bit line is generally a bit line in the same memory 
array as the target bit line, although a dummy bit line can 
also be used. When used as a reference bit line, no memory 
cell coupled to the reference bit line is Selected. 

0053 When the word line of the target memory cell is 
Selected, a memory cell in the first programmed State will 
cause the target bit line potential to decrease in order to 
charge the added capacitance, i.e., the target bit line will lose 
charge to the target memory cell. A target memory cell in the 
Second programmed State will create Substantially no addi 
tional capacitance and thus will not produce a change in the 
bit line potential as the charge loSS will be Substantially Zero. 
The first and Second potentials are chosen Such that a target 
memory cell in the first programmed state will pull the bit 
line to a potential lower than the Second potential upon 
re-coupling the memory cell. Standard Sensing techniques 
can then be used to detect the voltage differential between 
the target bit line and a reference bit line caused by the 
charge loSS to the target memory cell. 

0054. It is noted that other techniques may be used for 
Sensing a capacitance difference in accordance with the 
invention. AS one example, the capacitance of the target 
memory cell may be charged, by Selecting its word line and 
applying a bias from the bit line, followed by isolating the 
memory cell from the bit line. This charge bias should be 
Selected Such that it is Sufficient to charge the capacitance of 
the memory cell in either programmed State without pro 
ducing a breakdown of the device; higher charge levels will 
produce larger differentials between the target bit line and 
the reference bit line. The target bit line is then charged to 
a first potential and a reference bit line is charged to a 
Second, higher potential. Upon re-coupling the target 
memory cell to the bit line, the amount of charge exiting the 
memory cell may be detected. The first potential, the Second 
potential and the charge bias are chosen Such that a target 
memory cell in the first programmed State will raise the bit 
line to a potential higher than the Second potential upon 
re-coupling the memory cell. The relative potentials of the 
target bit line and reference bit line may then be Sensed to 
indicate the data value of the target memory cell. Other 
capacitance Sensing techniques may also be used. 

0055 Capacitance sensing of floating-gate memory cells 
of the type described herein facilitates relatively aggressive 
Scaling of floating-gate memory cells. Aggressive Scaling is 
desirable in light of the constant pressure to reduce device 
sizing. Capacitance Sensing in accordance with the invention 
is effectively immune from MOSFET short channel effects, 
thus facilitating Smaller device Size without a need to 
accommodate Such short channel effects. 

0056 To improve the sensing operation for capacitance 
Sensing, it is desirable to decrease the bit-line junction 
capacitance. Techniques for decreasing this capacitance 
were provided above, Such as forming a more graded doped 
region below the first Source/drain region, offset from the 
channel region and having a conductivity type opposite that 
of the Substrate. To improve the Sensing operation, it is also 
desirable to increase the inversion-layer-to-body capaci 
tance and the Second Source/drain region junction capaci 
tance. Techniques for increasing these capacitances were 
also provided above, Such as increasing the dopant level in 
the channel region and/or doping the Second Source/drain 
region to have a conductivity type opposite that of the 
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Substrate. The depth and position of the peak of dopant 
concentration in the Second Source/drain region can be 
adjusted to produce the desired V, while increasing capaci 
tance. 

0057 To further increase the second source/drain region 
junction capacitance, the conductively-doped Second 
Source/drain regions of multiple memory cells may be 
coupled, provided that each of the coupled Second Source/ 
drain regions are associated with memory cells coupled to 
the same bit line. As an example, a first column of memory 
cells in a block may have commonly-coupled, but electri 
cally floating Second Source/drain regions, and a Second 
column of memory cells in the block may have commonly 
coupled, but electrically floating Second Source/drain 
regions, provided each of the Second Source/drain regions of 
the first column is electrically isolated from each of the 
Second Source/drain regions of the Second column. In gen 
eral, increasing the area of the inversion layer and/or Second 
Source/drain region will result in increasing capacitance 
values. For one embodiment, the Second Source/drain 
regions of a column of memory cells are commonly coupled 
by implanting high-energy dopant ions through field oxide 
regions Surrounding the memory cells. For alternate embodi 
ments, the Second Source/drain regions of a column of 
memory cells may be commonly coupled using other tech 
niques, Such as an epitaxial layer or a local interconnect. 

0.058 Floating-gate memory cells of the type described 
herein may also be read using a forward current Sensing 
technique. AS with bit line capacitance Sensing, the read 
operation is performed with a control gate bias that is greater 
than the V of a memory cell in a first programmed State, 
Such as a logic 1 state, and less than the V of a memory cell 
in a Second programmed State, Such as a logic 0 State. For an 
n-channel device, the first programmed State corresponds to 
a discharged floating gate layer while the Second pro 
grammed State corresponds to a negatively-charged floating 
gate layer. Alternatively, for a p-channel device, the first 
programmed State corresponds to a negatively-charged float 
ing gate layer while the Second programmed State corre 
sponds to a discharged floating gate layer. The control gate 
bias is applied to the control gate layer when the word line 
asSociated with the memory cell is Selected. 

0059. In forward current sensing, a small forward bias is 
applied to the bit line. For one embodiment, the forward bias 
is approximately 0.3-0.8V. Sensing between a memory cell 
in the first programmed State and the Second programmed 
State is based on the resulting current difference between the 
tWO StateS. 

0060. In the first programmed state, an inversion layer is 
formed in the channel below the gate dielectric layer of the 
memory cell upon application of the control gate bias. The 
inversion layer can be thought of as an extension of the 
Source/drain regions into the channel. Under this condition, 
the forward bias of the bit line induces forward current flow 
through the p-n diodes as depicted in FIG. 5A. The first 
diode 510 is formed between the Substrate 200 of the first 
conductivity type and the first source/drain region 240 of the 
second conductivity type. The second diode 515 is formed 
between the substrate 200 and the inversion layer 505. The 
third diode 520 is formed between the Substrate 200 and the 
Second Source/drain region 245 of the Second conductivity 
type. 
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0061 FIG. 5B depicts the p-n diode when the memory 
cell is in the Second programmed State. In the Second 
programmed State, no inversion layer is formed in the 
channel below the gate dielectric layer of the memory cell 
upon application of the control gate bias. Under this condi 
tion, the bit line is decoupled from the Second Source/drain 
region 245 and only the p-n diode 510 formed between the 
substrate 200 and the first source/drain region 240 is avail 
able for current flow. 

0062) The effective diode area available for bit-line for 
ward current through a memory cell in a first programmed 
State is relatively larger than the effective diode area avail 
able for bit-line forward current through a memory cell in a 
Second programmed State, thus producing a higher forward 
current through a memory cell in the first programmed State. 
Reading a memory cell is thus carried out by differentiating 
between the bit-line forward current through a cell in the first 
programmed State and the bit-line forward current through a 
cell in the Second programmed State. In principle, the 
Sensing can be accomplished by charging the target bit line 
to a first potential and charging a reference bit line to a 
Second, lower, potential. The reference bit line and the target 
bit line are then isolated. 

0063. When the word line of the target memory cell is 
Selected, a memory cell in the first programmed State will 
cause the target bit line potential to decrease at a first rate in 
response to the forward current to the Substrate through the 
effective diode area of the memory cell. A target memory 
cell in the Second programmed State will cause the target bit 
line potential to decrease at a Second rate in response to the 
forward current through the effective diode area of the 
memory cell. As the effective diode area of the memory cell 
is lower in the Second programmed State than the first 
programmed State, the Second rate of potential decrease is 
less than the first rate of potential decrease. The target bit 
line is discharged through the target memory cell for a 
predetermined time. The first potential, Second potential and 
predetermined time are Selected Such that a target memory 
cell in the first programmed state will pull the bit line to a 
potential lower than the Second potential while a target 
memory cell in the Second programmed State will maintain 
the bit line at a potential higher than the Second potential. 
The relative potentials of the target bit line and reference bit 
line may then be sensed to indicate the data value of the 
target memory cell. 

0064. It is noted that other techniques may be used for 
Sensing a current flow difference in accordance with the 
invention. AS one example, the target bit line may be 
charged to a first potential and a reference bit line may be 
charged to a Second, higher potential. A constant current 
Source may be applied to the target bit line for a predeter 
mined time with the memory cell selected. 

0065. The first potential, second potential, constant cur 
rent Source and predetermined time are Selected Such that the 
constant current Source will pump the target bit line to a 
potential higher than the Second potential when coupled to 
a target memory cell in the Second programmed State while 
the constant current Source is insufficient to pump the target 
bit line to a potential higher than the Second potential when 
coupled to a target memory cell in the first programmed 
State. Thus, the target bit line will rise to a potential level 
higher than the Second potential in the Second programmed 
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State, but remain at a potential level lower than the Second 
potential in the first programmed state. With the memory cell 
in the first programmed State, it is recognized that the 
potential level of the target bit line may rise, albeit at a 
slower rate than with the memory cell in the Second pro 
grammed State. Alternatively, the target bit line may remain 
at a constant potential or may fall below the first potential 
when the target memory cell is in the first programmed State. 
The relative potentials of the target bit line and reference bit 
line may then be sensed to indicate the data value of the 
target memory cell. Other current Sensing techniques may 
also be used. 

0.066 To improve the sensing operation, it is desirable to 
decrease the effective diode area of the bit-line junction. 
Techniques for decreasing this diode area include reducing 
the number of word lines, and thus first Source/drain regions, 
asSociated with a bit line; all first Source/drain regions 
coupled to a bit line contribute to the effective diode area of 
the bit-line junction regardless of whether a memory cell is 
programmed or even Selected. To improve the Sensing 
operation, it is also desirable to increase the effective diode 
area of the inversion layer and/or the Second Source/drain 
region. As a trivial example, the area of the inversion layer 
could be increased by enlarging the memory cell gate. 
However, this is generally at odds with the desire to reduce 
component and die Sizes. 
0067 Effective diode area can also be increased by using 
a floating-gate memory cell of the type described herein 
having a conductively-doped Second Source/drain region. AS 
a further improvement in diode area, the Second Source/drain 
regions of multiple memory cells may be coupled. For one 
embodiment, the Second Source/drain regions of each 
memory cell in the array or block are coupled as in con 
ventional flash architecture, albeit electrically floating dur 
ing the read operation. Alternatively, the Second Source/drain 
regions may be coupled as in a contiguous conductively 
doped region Spanning multiple memory cells, but without 
a Source-line contact to this contiguous conductively-doped 
region. For forward current Sensing of the various embodi 
ments, Second Source/drain regions of cells on multiple bit 
lines may be coupled together. 
0068 Forward current sensing of floating-gate memory 
cells of the type described herein facilitates more aggressive 
Scaling of floating-gate memory cells than conventional 
MOSFET current Sensing. Aggressive Scaling is desirable in 
light of the constant preSSure to reduce device sizing. 
Forward current Sensing in accordance with the invention is 
less sensitive to MOSFET short channel effects by elimi 
nating the concern of source resistance inherent in MOSFET 
current Sensing techniques. 

CONCLUSION 

0069 Floating-gate memory cells have been described 
herein having a control gate for coupling to a word line, a 
floating gate, a first Source/drain region for coupling to a bit 
line, and a floating Second Source/drain region. Such float 
ing-gate memory cells eliminate the need to provide elec 
trical contact to the Second Source/drain region, thus Sim 
plifying the fabrication process. Such memory cells further 
eliminate the need for a common Source found in conven 
tional floating-gate memory arrayS. 
0070 Methods of reading such floating-gate memory 
cells are also provided. The methods described herein facili 
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tate more aggressive Scaling of the memory cells as they are 
less sensitive to MOSFET short channel effects than Some 
conventional Sensing techniques. Methods described herein 
include capacitance and forward current Sensing techniques. 
0071 Although specific 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 Specific embodiments shown. Many adaptations of 
the invention will be apparent to those of ordinary skill in the 
art. Accordingly, 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 equivalents thereof. 

What is claimed is: 
1. A floating-gate memory cell, comprising: 
a gate overlying a Substrate, wherein the Substrate has a 

first conductivity type; 
a first Source/drain region formed in the Substrate adjacent 

to the gate and having a Second conductivity type 
different from the first conductivity type; and 

a Second Source/drain region formed in the Substrate 
adjacent to the gate and having the Second conductivity 
type, wherein the Second Source/drain region is perma 
nently electrically floating. 

2. The floating-gate memory cell of claim 1, wherein the 
Second conductivity type is opposite the first conductivity 
type. 

3. The floating-gate memory cell of claim 1, wherein the 
gate comprises: 

a gate dielectric layer overlying the Substrate; 
a floating gate layer overlying the gate dielectric layer; 
an intergate dielectric layer overlying the floating gate 

layer; and 
a control gate layer overlying the intergate dielectric layer. 
4. The floating-gate memory cell of claim 3, wherein the 

control gate layer is coupled to a word line and the first 
Source/drain region is coupled to a bit line. 

5. The floating-gate memory cell of claim 3, wherein the 
gate further comprises at least one additional layer Selected 
from the group consisting of an adhesion layer and a barrier 
layer. 

6. The floating-gate memory cell of claim 1, wherein the 
gate is overlying and in contact with the Substrate. 

7. The floating-gate memory cell of claim 1, wherein the 
first Source/drain region has a first dopant level and the 
Second Source/drain region has a Second dopant level, and 
wherein the Second dopant level is Substantially equal to the 
first dopant level. 

8. The floating-gate memory cell of claim 1, wherein the 
first Source/drain region has a first dopant level and the 
Second Source/drain region has a Second dopant level, and 
wherein the Second dopant level is greater than the first 
dopant level. 

9. The floating-gate memory cell of claim 1, wherein the 
first Source/drain region is overlying and coupled to a doped 
region, wherein the doped region has the Second conductiv 
ity type and wherein the doped region has a dopant level leSS 
than a dopant level of the first Source/drain region. 
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10. The floating-gate memory cell of claim 9, wherein the 
doped region is formed using a dopant implant having a 
higher energy level and a lower dosage than a dopant 
implant used to form the first Source/drain region. 

11. The floating-gate memory cell of claim 9, further 
comprising Sidewall spacers on Sidewalls of the gate, 
wherein the doped region is formed after formation of the 
Sidewall Spacers. 

12. The floating-gate memory cell of claim 1, wherein the 
first Source/drain region is overlying and coupled to a doped 
region, wherein the doped region has the Second conductiv 
ity type and wherein the doped region uses a dopant Species 
different from a dopant species of the first Source/drain 
region. 

13. The floating-gate memory cell of claim 12, further 
comprising Sidewall spacers on Sidewalls of the gate, 
wherein the doped region is formed after formation of the 
Sidewall Spacers. 

14. The floating-gate memory cell of claim 12, wherein 
the dopant species of the doped region is phosphorus and the 
dopant Species of the first Source/drain region is arsenic. 

15. The floating-gate memory cell of claim 1, wherein a 
channel region is formed in the Substrate between the first 
Source/drain region and the Second Source/drain region, 
further wherein the channel region has the first conductivity 
type and a dopant level greater than a dopant level of the 
Substrate. 

16. The floating-gate memory cell of claim 15, wherein 
the channel region uses a dopant Species different from a 
dopant species of the substrate. 

17. The floating-gate memory cell of claim 1, wherein the 
Substrate having the first conductivity type is a well having 
the first conductivity type formed in a Substrate having the 
Second conductivity type. 

18. The floating-gate memory cell of claim 1, wherein the 
Substrate is doped with boron, the first Source/drain region is 
doped with arsenic and the Second Source/drain region is 
doped with arsenic. 

19. The floating-gate memory cell of claim 3, wherein the 
gate dielectric layer contains a dielectric material Selected 
from the group consisting of Silicon oxides, Silicon nitrides 
and Silicon oxynitrides. 

20. The floating-gate memory cell of claim 3, wherein the 
floating gate layer contains conductively-doped polysilicon. 

21. The floating-gate memory cell of claim 20, wherein 
the polysilicon of the floating gate layer is conductively 
doped at a time Selected from the group consisting of during 
formation and after formation. 

22. The floating-gate memory cell of claim 3, wherein the 
intergate dielectric layer contains at least one dielectric 
material Selected from the group consisting of Silicon 
oxides, Silicon nitrides, Silicon oxynitrides, dielectric metal 
oxides, barium Strontium titanate, lead Zirconium titanate 
and lead lanthanum titanate. 

23. The floating-gate memory cell of claim 3, wherein the 
control gate layer contains conductively-doped polysilicon. 

24. The floating-gate memory cell of claim 3, wherein the 
control gate layer contains a layer of metal and a layer of 
metal Silicide. 

25. The floating-gate memory cell of claim 1, wherein 
edges of the first and Second Source/drain regions underlap 
the gate. 
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26. A floating-gate memory cell, comprising: 
a gate dielectric layer overlying a Substrate, wherein the 

Substrate has a first conductivity type, 
a floating gate layer overlying the gate dielectric layer; 
an intergate dielectric layer overlying the floating gate 

layer; 
a control gate layer overlying the intergate dielectric layer 

for coupling to a word line; 
a first Source/drain region formed in the Substrate for 

coupling to a bit line, wherein the first Source/drain 
region has a Second conductivity type opposite the first 
conductivity type; and 

a Second Source/drain region formed in the Substrate and 
having the Second conductivity type, wherein no con 
tact is formed to the Second Source/drain region. 

27. A floating-gate memory cell, comprising: 
a gate dielectric layer overlying a Substrate, wherein the 

Substrate has a first conductivity type, 
a floating gate layer overlying the gate dielectric layer; 
an intergate dielectric layer overlying the floating gate 

layer; 
a control gate layer overlying the intergate dielectric layer 

for coupling to a word line; 
a first Source/drain region formed in the Substrate for 

coupling to a bit line, wherein the first Source/drain 
region has a Second conductivity type opposite the first 
conductivity type; 

a doped region formed in the substrate below the first 
Source/drain region, wherein the doped region has the 
Second conductivity type and wherein the doped region 
has a dopant level leSS than a dopant level of the first 
Source/drain region; and 

a Second Source/drain region formed in the Substrate and 
having the Second conductivity type, wherein the Sec 
ond Source/drain region is electrically floating. 

28. A floating-gate memory cell, comprising: 
a gate dielectric layer overlying a Substrate, wherein the 

Substrate has a first conductivity type, 
a floating gate layer overlying the gate dielectric layer; 
an intergate dielectric layer overlying the floating gate 

layer; 
a control gate layer overlying the intergate dielectric layer 

for coupling to a word line; 
a first Source/drain region formed in the Substrate for 

coupling to a bit line, wherein the first Source/drain 
region has a Second conductivity type opposite the first 
conductivity type; 

a doped region formed in the substrate below the first 
Source/drain region, wherein the doped region has the 
Second conductivity type and wherein the doped region 
has a dopant level leSS than a dopant level of the first 
Source/drain region; 

a Second Source/drain region formed in the Substrate and 
having the Second conductivity type, wherein the Sec 
ond Source/drain region is electrically floating, and 
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a channel region formed in the Substrate between the first 
Source/drain region and the Second Source/drain region, 
wherein the channel region has the first conductivity 
type and wherein the channel region has a dopant level 
higher than a dopant level of the Substrate. 

29. A memory array, comprising: 

a plurality of memory cells arranged in rows and columns, 
each memory cell comprising: 

a gate dielectric layer overlying a Substrate, wherein the 
Substrate has a first conductivity type; 

a floating gate layer overlying the gate dielectric layer; 

an intergate dielectric layer overlying the floating gate 
layer; 

a control gate layer overlying the intergate dielectric 
layer for coupling to a word line; 

a first Source/drain region formed in the Substrate for 
coupling to a bit line, wherein the first Source/drain 
region has a Second conductivity type opposite the 
first conductivity type; and 

a Second Source/drain region formed in the Substrate 
and having the Second conductivity type, wherein the 
Second Source/drain region is electrically floating, 

wherein a first plurality of memory cells have commonly 
coupled electrically-floating Second Source/drain 
regions and have their first Source/drain regions 
coupled to a first bit line; 

wherein a Second plurality of memory cells have com 
monly-coupled electrically-floating Second Source/ 
drain regions and have their first Source/drain regions 
coupled to a second bit line different from the first bit 
line; 

wherein each of the Second Source/drain regions of the 
first plurality of memory cells is electrically isolated 
from each Second Source/drain region of the Second 
plurality of memory cells, and 

wherein at least one word line is coupled to the control 
gate of a memory cell of the first plurality of memory 
cells and a memory cell of the Second plurality of 
memory cells. 

30. A memory array, comprising: 

a plurality of memory cells arranged in rows and columns, 
each memory cell comprising: 

a gate dielectric layer overlying a Substrate, wherein the 
Substrate has a first conductivity type; 

a floating gate layer overlying the gate dielectric layer; 

an intergate dielectric layer overlying the floating gate 
layer; 

a control gate layer overlying the intergate dielectric 
layer for coupling to a word line; 

a first Source/drain region formed in the Substrate for 
coupling to a bit line, wherein the first Source/drain 
region has a Second conductivity type opposite the 
first conductivity type; and 
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a Second Source/drain region formed in the Substrate 
and having the Second conductivity type, wherein the 
Second Source/drain region is electrically floating; 

wherein a first column of memory cells have commonly 
coupled electrically-floating Second Source/drain 
regions; 

wherein a Second column of memory cells have com 
monly-coupled electrically-floating Second Source/ 
drain regions, and 

wherein each of the Second Source/drain regions of the 
first column of memory cells is electrically isolated 
from each Second Source/drain region of the Second 
column of memory cells. 

31. A memory array, comprising: 
a plurality of memory cells arranged in rows and columns, 

each memory cell comprising: 
a gate dielectric layer overlying a Substrate, wherein the 

Substrate has a first conductivity type; 
a floating gate layer overlying the gate dielectric layer; 
an intergate dielectric layer overlying the floating gate 

layer; 
a control gate layer overlying the intergate dielectric 

layer for coupling to a word line; 
a first Source/drain region formed in the Substrate for 

coupling to a bit line, wherein the first Source/drain 
region has a Second conductivity type opposite the 
first conductivity type; and 

a Second Source/drain region formed in the Substrate 
and having the Second conductivity type, wherein no 
contact is formed to the Second Source/drain region. 

32. A memory array, comprising: 
a plurality of memory cells arranged in rows and columns, 

each memory cell comprising: 
a gate dielectric layer overlying a Substrate, wherein the 

Substrate has a first conductivity type; 
a floating gate layer overlying the gate dielectric layer; 
an intergate dielectric layer overlying the floating gate 

layer; 
a control gate layer overlying the intergate dielectric 

layer for coupling to a word line; 
a first Source/drain region formed in the Substrate for 

coupling to a bit line, wherein the first Source/drain 
region has a Second conductivity type opposite the 
first conductivity type; 

a Second Source/drain region formed in the Substrate 
and having the Second conductivity type, wherein the 
Second Source/drain region is electrically floating; 

a channel region formed in the Substrate and having the 
first conductivity type; and 

a doped region formed in the substrate below the first 
Source/drain region and laterally offset from the 
channel region, wherein the doped region has the 
Second conductivity type and wherein the doped 
region has a dopant level less than a dopant level of 
the first Source/drain region. 
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33. The memory array of claim 32, wherein the doped 
region uses a dopant Species different from a dopant Species 
of the first Source/drain region. 

34. An electronic System, comprising: 
a proceSSOr, and 

a memory array coupled to the processor, wherein the 
memory array comprises: 
a plurality of memory cells arranged in rows and 

columns, each memory cell comprising: 
a gate dielectric layer overlying a Substrate, wherein 

the Substrate has a first conductivity type; 
a floating gate layer overlying the gate dielectric 

layer; 
an intergate dielectric layer overlying the floating 

gate layer, 
a control gate layer overlying the intergate dielectric 

layer for coupling to a word line; 
a first Source/drain region formed in the Substrate for 

coupling to a bit line, wherein the first Source/ 
drain region has a Second conductivity type oppo 
Site the first conductivity type; and 

a Second Source/drain region formed in the Substrate 
and having the Second conductivity type, wherein 
the Second Source/drain region is electrically float 
ing; 

wherein a first column of memory cells have com 
monly-coupled electrically-floating Second Source/ 
drain regions; 

wherein a Second column of memory cells have com 
monly-coupled electrically-floating Second Source/ 
drain regions, and 

wherein each of the Second Source/drain regions of the 
first column of memory cells is electrically isolated 
from each Second Source/drain region of the Second 
column of memory cells. 

35. An electronic System, comprising: 
a processor; and 
a memory array coupled to the processor, wherein the 
memory array comprises: 

a plurality of memory cells arranged in rows and 
columns, each memory cell comprising: 

a gate dielectric layer overlying a Substrate, wherein 
the Substrate has a first conductivity type; 

a floating gate layer overlying the gate dielectric 
layer; 

an intergate dielectric layer overlying the floating 
gate layer, 

a control gate layer overlying the intergate dielectric 
layer for coupling to a word line; 

a first Source/drain region formed in the Substrate for 
coupling to a bit line, wherein the first Source/ 
drain region has a Second conductivity type oppo 
Site the first conductivity type; and 
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a Second Source/drain region formed in the Substrate 
and having the Second conductivity type, wherein 
no contact is formed to the Second Source/drain 
region. 

36. An electronic System, comprising: 
a proceSSOr, and 

a memory array coupled to the processor, wherein the 
memory array comprises: 

a plurality of memory cells arranged in rows and 
columns, each memory cell comprising: 
a gate dielectric layer overlying a Substrate, wherein 

the Substrate has a first conductivity type; 
a floating gate layer overlying the gate dielectric 

layer; 
an intergate dielectric layer overlying the floating 

gate layer, 

a control gate layer overlying the intergate dielectric 
layer for coupling to a word line; 

a first Source/drain region formed in the Substrate for 
coupling to a bit line, wherein the first Source/ 
drain region has a Second conductivity type oppo 
Site the first conductivity type; 

a Second Source/drain region formed in the Substrate 
and having the Second conductivity type, wherein 
the Second Source/drain region is electrically float 
ing; 

a channel region formed in the Substrate and having 
the first conductivity type, and 

a doped region formed in the substrate below the first 
Source/drain region and laterally offset from the 
channel region, wherein the doped region has the 
Second conductivity type and wherein the doped 
region has a dopant level less than a dopant level 
of the first Source/drain region. 

37. A method of reading a floating-gate memory cell, 
comprising: 

applying a bias to a control gate of the floating-gate 
memory cell, wherein the bias is greater than a thresh 
old Voltage of the memory cell in a first programmed 
State and less than a threshold Voltage of the memory 
cell in a Second programmed State; and 

detecting a charge loSS on a bit line coupled to a first 
Source/drain region of the memory cell while a Second 
Source/drain region of the memory cell is electrically 
floating, wherein the charge loSS is indicative of the 
programmed State of the memory cell. 

38. The method of claim 37, wherein the charge loss on 
the bit line is at a first level if the memory cell is in the first 
programmed State and at a Second level if the memory cell 
is in the Second programmed State, and wherein the first 
level is greater than the Second level. 

39. The method of claim 38, wherein the second level is 
Substantially Zero. 

40. The method of claim 37, wherein the method is 
performed in the order presented. 

41. A method of reading a floating-gate memory cell 
formed in a Substrate, the method comprising: 



US 2002/0130351A1 

applying a bias to a control gate of the floating-gate 
memory cell, wherein the bias is greater than a thresh 
old Voltage of the memory cell in a first programmed 
State and less than a threshold Voltage of the memory 
cell in a Second programmed State; 

applying a forward bias to a bit line coupled to a first 
Source/drain region of the memory cell while a Second 
Source/drain region of the memory cell is electrically 
floating, and 

detecting a forward current from the memory cell to the 
Substrate, wherein a level of the forward current is 
indicative of the programmed State of the memory cell. 

42. The method of claim 41, wherein the forward current 
is at a first level if the memory cell is in the first programmed 
State and at a Second level if the memory cell is in the Second 
programmed State, and wherein the first level is greater than 
the second level. 

43. The method of claim 41, wherein the method is 
performed in the order presented. 

44. A method of reading a floating-gate memory cell, 
comprising: 

charging a target bit line to a first potential, wherein the 
memory cell has a first Source/drain region coupled to 
the target bit line; 

charging a reference bit line to a Second potential lower 
than the first potential; 

isolating the charged bit lines; 

applying a bias to a control gate of the memory cell 
Subsequent to isolating the charged bit lines, wherein 
the bias is greater than a threshold Voltage of the 
memory cell in a first programmed State and less than 
a threshold Voltage of the memory cell in a Second 
programmed State; and 

detecting a Voltage differential between the target bit line 
and the reference bit line Subsequent to applying the 
bias to the control gate and with a Second Source/drain 
region of the memory cell electrically floating. 

45. The method of claim 44, wherein the second source/ 
drain region is permanently electrically floating. 

46. The method of claim 44, wherein the reference bit line 
is a bit line that is connected to one or more memory cells, 
wherein each memory cell connected to the reference bit line 
is not Selected. 

47. The method of claim 44, wherein the second source/ 
drain region is commonly coupled to Second Source/drain 
regions of other floating-gate memory cells having their first 
Source/drain regions coupled to the target bit line. 

48. The method of claim 44, wherein no contact is formed 
to the Second Source/drain region. 

49. The method of claim 44, wherein the method is 
performed in the order presented. 

50. A method of reading a floating-gate memory cell, 
comprising: 

applying a first bias to a control gate of the memory cell, 
wherein the first bias is greater than a threshold Voltage 
of the memory cell in a first programmed State and leSS 
than a threshold Voltage of the memory cell in a Second 
programmed State; 
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applying a Second bias to a first Source/drain region of the 
memory cell through a target bit line associated with 
the memory cell while the first bias is applied to the 
control gate; 

removing the first bias from the control gate; 
charging the target bit line to a first potential Subsequent 

to removing the first bias from the control gate; 
charging a reference bit line to a Second potential higher 

than the first potential; 
isolating the charged bit lines, 

applying a third bias to the control gate of the memory cell 
Subsequent to isolating the charged bit lines, wherein 
the third bias is greater than a threshold Voltage of the 
memory cell in a first programmed State and less than 
a threshold Voltage of the memory cell in a Second 
programmed State; and 

detecting a Voltage differential between the target bit line 
and the reference bit line Subsequent to applying the 
third bias to the control gate and with a Second Source/ 
drain region of the memory cell electrically floating. 

51. The method of claim 50, wherein the second source/ 
drain region is permanently electrically floating. 

52. The method of claim 50, wherein the reference bit line 
is a bit line that is connected to one or more memory cells, 
wherein each memory cell connected to the reference bit line 
is not Selected. 

53. The method of claim 50, wherein the second source/ 
drain region is commonly coupled to Second Source/drain 
regions of other floating-gate memory cells having their first 
Source/drain regions coupled to the target bit line. 

54. The method of claim 50, wherein no contact is formed 
to the Second Source/drain region. 

55. The method of claim 50, wherein the second bias is 
Sufficient to charge a capacitance of the memory cell without 
breakdown. 

56. The method of claim 50, wherein the first bias and the 
third bias are the same and wherein the Second bias is 
Sufficient to charge a capacitance of the memory cell in the 
first programmed State and the Second programmed State. 

57. The method of claim 50, wherein the method is 
performed in the order presented. 

58. A method of reading a floating-gate memory cell, 
comprising: 

applying a bias to a control gate of the floating-gate 
memory cell, wherein the bias is greater than a thresh 
old Voltage of the memory cell in a first programmed 
State and less than a threshold Voltage of the memory 
cell in a Second programmed State; and 

detecting a capacitance of the memory cell while the bias 
is applied to the control gate, wherein the capacitance 
of the memory cell has a first level when the memory 
cell is in the first programmed State and a Second level 
when the memory cell is in the Second programmed 
State, the Second level being lower than the first level; 

wherein the memory cell has a first Source/drain region 
coupled to a bit line for detecting the capacitance, and 

wherein the memory cell has a Second Source/drain region 
electrically floating while detecting the capacitance. 
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59. A method of reading a floating-gate memory cell, the 
method comprising: 

charging a target bit line to a first potential, wherein the 
memory cell has a first Source/drain region coupled to 
the target bit line; 

charging a reference bit line to a Second potential lower 
than the first potential; 

isolating the charged bit lines, 
applying a bias to a control gate of the memory cell 

Subsequent to isolating the charged bit lines, wherein 
the bias is greater than a threshold Voltage of the 
memory cell in a first programmed State and less than 
a threshold Voltage of the memory cell in a Second 
programmed State; 

discharging the target bit line through the memory cell for 
a predetermined time while the bias is applied to the 
control gate and with a Second Source/drain region of 
the memory cell electrically floating, and 

detecting a Voltage differential between the target bit line 
and the reference bit line Subsequent to the predeter 
mined time. 

60. The method of claim 59, wherein the target bit line 
discharges at a first rate if the memory cell is in the first 
programmed State and at a Second rate if the memory cell is 
in the Second programmed State, and wherein the first rate is 
greater than the Second rate. 

61. The method of claim 59, wherein the first potential, 
the Second potential and the predetermined time are selected 
Such that the memory cell in the first programmed State will 
pull the target bit line to a potential lower than the Second 
potential while the memory cell in the Second programmed 
State will maintain the target bit line at a potential higher 
than the Second potential. 

62. The method of claim 59, wherein the first potential is 
approximately 0.3-0.8V. 

63. The method of claim 59, wherein the reference bit line 
is a bit line that is connected to one or more memory cells, 
wherein each memory cell connected to the reference bit line 
is not Selected. 

64. The method of claim 59, wherein the method is 
performed in the order presented. 

65. A method of reading a floating-gate memory cell, the 
method comprising: 

charging a target bit line to a first potential, wherein the 
memory cell has a first Source/drain region coupled to 
the target bit line; 

charging a reference bit line to a Second potential higher 
than the first potential; 

isolating the charged bit lines, 
applying a bias to a control gate of the memory cell 

Subsequent to isolating the charged bit lines, wherein 
the bias is greater than a threshold Voltage of the 
memory cell in a first programmed State and less than 
a threshold Voltage of the memory cell in a Second 
programmed State; 

applying a constant current Source to the target bit line for 
a predetermined time while the bias is applied to the 
control gate and with a Second Source/drain region of 
the memory cell electrically floating, and 
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detecting a Voltage differential between the target bit line 
and the reference bit line Subsequent to the predeter 
mined time. 

66. The method of claim 65, wherein the first potential, 
the Second potential, the constant current Source and the 
predetermined time are Selected Such that the target bit line 
will rise to a potential higher than the Second potential when 
the memory cell is in the Second programmed State and the 
target bit line will remain at a potential lower than the Second 
potential when the memory cell is in the first programmed 
State. 

67. The method of claim 66, wherein the first potential, 
the Second potential, the constant current Source and the 
predetermined time are Selected Such that the target bit line 
falls to a potential level lower than the first potential when 
the memory cell is in the first programmed State. 

68. The method of claim 65, wherein the method is 
performed in the order presented. 

69. A floating-gate memory cell, comprising: 

a gate overlying and in contact with a Substrate, wherein 
the Substrate has a first conductivity type; 

a first Source/drain region formed in the Substrate and 
adjacent to the gate, wherein the first Source/drain 
region has a Second conductivity type opposite the first 
conductivity type; and 

a Second Source/drain region formed in the Substrate and 
adjacent to the gate, wherein the Second Source/drain 
region has the Second conductivity type and wherein no 
contact is formed to the Second Source/drain region. 

70. A floating-gate memory cell, comprising: 

a gate overlying a Substrate, wherein the Substrate has a 
first conductivity type; 

a first Source/drain region formed in the Substrate, 
wherein the first Source/drain region has a Second 
conductivity type opposite the first conductivity type 
and wherein the first Source/drain region coincides with 
or underlaps the gate; 

a doped region formed in the substrate below the first 
Source/drain region, wherein the doped region has the 
Second conductivity type and wherein the doped region 
has a dopant level leSS than a dopant level of the first 
Source/drain region; and 

a Second Source/drain region formed in the Substrate and 
having the Second conductivity type, wherein the Sec 
ond Source/drain region is electrically floating and 
wherein the Second Source/drain region coincides with 
or underlaps the gate. 

71. A floating-gate memory cell, comprising: 

a gate overlying a Substrate, wherein the Substrate has a 
first conductivity type; 

a first Source/drain region formed in the Substrate, 
wherein the first Source/drain region has a Second 
conductivity type opposite the first conductivity type; 

a doped region formed in the substrate below the first 
Source/drain region, wherein the doped region has the 
Second conductivity type and wherein the doped region 
has a dopant level leSS than a dopant level of the first 
Source/drain region; 
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a Second Source/drain region formed in the Substrate and 
having the Second conductivity type, wherein the Sec 
ond Source/drain region is electrically floating, and 

a channel region formed in the Substrate between the first 
Source/drain region and the Second Source/drain region, 
wherein the channel region has the first conductivity 
type and wherein the channel region has a dopant level 
higher than a dopant level of the Substrate. 

72. A method of reading a floating-gate memory cell, 
comprising: 

applying a bias to a control gate of the floating-gate 
memory cell; and 

detecting a charge loSS on a bit line coupled to a first 
Source/drain region of the memory cell while a Second 
Source/drain region of the memory cell is electrically 
floating, wherein the charge loSS is indicative of the 
programmed State of the memory cell. 

73. A method of reading a floating-gate memory cell 
formed in a Substrate, the method comprising: 

applying a bias to a control gate of the floating-gate 
memory cell; 

applying a forward bias to a bit line coupled to a first 
Source/drain region of the memory cell while a Second 
Source/drain region of the memory cell is electrically 
floating, and 

detecting a forward current from the memory cell to the 
Substrate. 

74. A method of reading a floating-gate memory cell, 
comprising: 

charging a target bit line to a first potential, wherein the 
memory cell has a first Source/drain region coupled to 
the target bit line and a Second Source/drain region that 
is permanently electrically floating, 

charging a reference bit line to a Second potential lower 
than the first potential; 

isolating the charged bit lines, 
applying a bias to a control gate of the memory cell 

Subsequent to isolating the charged bit lines, and 
detecting a Voltage differential between the target bit line 

and the reference bit line Subsequent to applying the 
bias to the control gate. 

75. A method of reading a floating-gate memory cell 
having a control gate, a first Source/drain region and an 
electrically floating Second Source/drain region, the method 
comprising: 

applying a first bias to the control gate of the memory cell; 
applying a Second bias to the first Source/drain region of 

the memory cell through a target bit line associated 
with the first source/drain region while the first bias is 
applied to the control gate; 

removing the first bias from the control gate; 
charging the target bit line to a first potential Subsequent 

to removing the first bias from the control gate; 
charging a reference bit line to a Second potential higher 

than the first potential; 
isolating the charged bit lines, 
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applying a third bias to the control gate of the memory cell 
Subsequent to isolating the charged bit lines, and 

detecting a Voltage differential between the target bit line 
and the reference bit line Subsequent to applying the 
third bias to the control gate. 

76. A method of reading a floating-gate memory cell, 
comprising: 

applying a bias to a control gate of the floating-gate 
memory cell; and 

detecting a capacitance of the memory cell while the bias 
is applied to the control gate, wherein the capacitance 
of the memory cell has a first level when the memory 
cell is in the first programmed State and a Second level 
when the memory cell is in the Second programmed 
State, the Second level being lower than the first level; 

wherein the memory cell has a first Source/drain region 
coupled to a bit line for detecting the capacitance, and 

wherein the memory cell has a Second Source/drain region 
electrically floating while detecting the capacitance. 

77. A method of reading a floating-gate memory cell 
having a control gate, a first Source/drain region and an 
electrically floating Second Source/drain region, the method 
comprising: 

charging a target bit line to a first potential, wherein the 
first Source/drain region is coupled to the target bit line; 

charging a reference bit line to a Second potential lower 
than the first potential; 

isolating the charged bit lines, 
applying a bias to the control gate Subsequent to isolating 

the charged bit lines, 
discharging the target bit line through the memory cell for 

a predetermined time while the bias is applied to the 
control gate, and 

detecting a Voltage differential between the target bit line 
and the reference bit line Subsequent to the predeter 
mined time. 

78. A method of reading a floating-gate memory cell 
having a control gate, a first Source/drain region and an 
electrically floating Second Source/drain region, the method 
comprising: 

charging a target bit line to a first potential, wherein the 
first Source/drain region is coupled to the target bit line; 

charging a reference bit line to a Second potential higher 
than the first potential; 

isolating the charged bit lines, 
applying a bias to a control gate of the memory cell 

Subsequent to isolating the charged bit lines, 

applying a constant current Source to the target bit line for 
a predetermined time while the bias is applied to the 
control gate, and 

detecting a Voltage differential between the target bit line 
and the reference bit line Subsequent to the predeter 
mined time. 


