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1600 TCF TOWER A ?ash memory cell comprises a gate, a dram, a source, a 
121 SOUTH 8TH STREET ?oating gate, and a control gate. The ?ash memory cell is 
MINNEAPOLIS MN 55402 (Us) capable of being programmed by inducing a voltage drop of 

’ betWeen about four volts and siX volts across a deep 

(73) Assignee; Micron Technology, Inc_ depletion region by applying a ?rst voltage to the gate, a 
second voltage to the drain, and a third voltage to the source. 

(21) Appl, No; 09/920,364 During a programming operation, the channel current is 
approximately Zero, and the ?rst voltage is ramped at a rate 
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FLASH MEMORY CELL FOR HIGH EFFICIENCY 
PROGRAMMING 

FIELD OF THE INVENTION 

[0001] This invention relates to nonvolatile memories, and 
more speci?cally to ?ash electrically erasable program 
mable memory (EEPROM) devices. 

BACKGROUND OF THE INVENTION 

[0002] The standard programming method, hot channel 
electron injection, for a ?ash EEPROM cell requires a cell 
current on the order of 200-500 micro-amperes. A high cell 
current is required due to the poor efficiency of the injection 
mechanism and makes simultaneous programming of a large 
number of cells in a ?ash memory array impractical. The 
unmet need for fast and controllable programming of a ?ash 
cell using a loW current has long been recogniZed by many 
Workers in the ?eld. 

[0003] Yeh, in US. Pat. No. 5,029,130, describes a 
method for high ef?ciency programming using source-side 
hot electron injection With a cell current of about 1 micro 
ampere. Yeh’s method alloWs simultaneous programming, in 
a time of betWeen 0.1 milliseconds and 10 milliseconds, of 
all cells on a roW of a memory array to an arbitrary pattern 

(page Write). HoWever, a larger cell siZe is required to 
accommodate source-side injection, and the larger cell siZe 
increases the complexity of the fabrication process over that 
Which is required in the fabrication of the standard ?ash 
EEPROM. 

[0004] Haddad, in US. Pat. No. 5,491,657, describes a 
programming method using the band-to-band generated 
current of the drain-to-substrate junction. In general, Had 
dad’s method applies to a cell With a structure similar to the 
standard ?ash EEPROM. HoWever, Haddad’s cell array is 
placed inside a triple Well (P Well surrounded by N Well). 
Haddad also describes programming a cell in betWeen 1 and 
100 milliseconds With a cell current of beloW 1 micro 
ampere. This alloWs simultaneous programming of a plu 
rality of cells in a memory array. HoWever, since Haddad’s 
method requires different gate voltage conditions for the 0 
state versus the 1 state, programming of all cells on a roW of 
the memory array to an arbitrary pattern (page Write) is not 
possible. In addition, in a selective data Write operation, the 
band-to-band tunneling process generates both electrons and 
holes that could be injected With high ef?ciency into the 
?oating gate, Which Would disturb the data stored at unse 
lected locations (on selected column and unselected roWs) in 
the memory array. This makes the method inapplicable to 
the user-mode Write function found in a standard device, and 
useful only in test modes for simultaneous Writing of spe 
cialiZed symmetrical patterns of data to an entire memory 
array or block. 

[0005] Chen describes a cell structure and biasing method 
that may alloW the band-to-band generated current in a ?ash 
memory cell to be selectively turned on and off at speci?c 
locations in a memory array, thus making this loW current 
programming mechanism applicable to the standard user 
mode Write functions. I. C. Chen et al., Band-to-bana' 
tunneling induced substrate hot-electron (BISHE) injection: 
A neW programming mechanism for nonvolatile memory 
devices, 1989 International Electron Devices Meeting Tech 
nical Digest—International Electron Devices Meeting, 263 
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266 (1989). HoWever, the cell structure described by Chen 
uses a large area, a relatively thick programming dielectric 
(SiO2) layer, and a large bias voltage, Which makes the cell 
structure unsuitable for use as a replacement for the ?ash 
EEPROM devices in use today. Chen’s description is limited 
to the physical programming mechanism, and does not 
describe the operation of the proposed cell in performing 
other functions, such as electrical erase, read 1 (erase state) 
and a particular type of Write disturb present in such a 
memory array, Which Will be described beloW. Proper opera 
tion in all these functions is required in a ?ash EEPROM 
device and Will be demonstrated for the cell proposed in this 
invention. 

[0006] Chen also describes a design using a programming 
dielectric of about 100 A that Was rejected due to the 
potential Write disturb by FoWler-Nordheim injection in 
unselected cells (columns) along the same roW With the cell 
to be programmed. According to the bias scheme proposed 
by Chen, programming is achieved by applying 4 volts on 
the drain of the cells to be programmed, 0 volts on the drain 
of the cells to remain erased, and ?oating the common 
source. Chen apparently ignored the fact that, as the drain 
diffusion is raised to 4 volts and the ?oating gate coupled to 
about 10 volts or more in the cells to be programmed, the 
?oating source could also rise to an uncontrolled voltage 
level. For the symmetrical source/drain structure described 
by Chen, the source junction could generate as much band 
to-band current in any cell as the drain junction. This 
band-to-band current generated in the source junction 
together With the current required to charge the source 
junction capacitance represents an undesirable poWer drain 
on the supply (pump) used to provide current for the 
programming function. Furthermore, if the source potential 
rises to about 3 volts or more, band-to-band current induced 
electron injection, Which is the same mechanism used to 
program the selected cells, may cause disturb in the cells 
intended to remain erased on the selected roW. 

[0007] For these and other reasons there is a need for the 
present invention. 

SUMMARY OF THE INVENTION 

[0008] The above mentioned problems With ?ash memory 
cells and other problems are addressed by the present 
invention and Will be understood by reading and studying 
the folloWing speci?cation. 

[0009] A ?ash memory cell comprises a control gate, a 
drain region, a source region, and a channel region formed 
in a common substrate. The ?ash memory cell is capable of 
being programmed by inducing a voltage drop of betWeen 
about four volts and about siX volts across a shalloW 
deep-depletion region created near the drain region. The 
voltage drop is induced by applying a ?rst voltage to the 
control gate, a second voltage to the drain region, and a third 
voltage to the source region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a cross-sectional vieW of some embodi 
ments of a non-volatile memory device of the present 
invention. 

[0011] FIG. 2A is a graph of electron energy for band 
to-band induced secondary electron injection in a ?oating 
gate memory cell as a function of cell depth. 
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[0012] FIG. 2B is a graph of electron energy for band 
to-band current induced direct electron injection in a ?oating 
gate memory cell as a function of cell depth. 

[0013] FIG. 3A is a graph of a tWo-dimension potential 
distribution for a Write function. 

[0014] FIG. 3B is a graph of vertical potential distribution 
at selected points along a channel. 

[0015] FIG. 4 is a schematic diagram of the non-volatile 
memory device of FIG. I illustrating the program and erase 
modes of operation. 

[0016] FIG. 5 is graph of a ramped control gate voltage 
signal versus time. 

[0017] FIG. 6 is a block diagram of a computer system 
suitable for use in connection With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0018] In the folloWing detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
draWings Which form a part hereof, and in Which is shoWn 
by Way of illustration speci?c preferred embodiments in 
Which the invention 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 logical, 
mechanical and electrical changes may be made Without 
departing from the spirit and scope of the present inventions. 
The following detailed description is, therefore, not to be 
taken in a limiting sense, and the scope of the present 
invention is de?ned only by the appended claims. 

OvervieW 

[0019] This disclosure Will describe a method to modify 
the industry standard ?ash cell structure and hoW it is biased 
during programming, in order to greatly enhance its pro 
gramming ef?ciency. 

Cell Structure 

[0020] As shoWn in FIG. 1, the disclosed cell contains a 
poly gate stack that is typical for ?ash memory. BeloW the 
silicon surface there are both source 112 and drain 115 
regions, that are also typical for ?ash memory. Surrounding 
both the source and drain regions are highly doped regions 
that are not typical for ?ash memory. The doping pro?les 
surrounding the source and drain regions, and contained 
Within parts of the channel region 118, are some of the 
improvements made to the structure of the industry standard 
?ash cell. Surrounding the source junction, is a heavily 
doped P-type region 127 that extends from the oxide/silicon 
interface next to the source junction doWn to a buried, but 
similarly doped, P-type region 128. This buried P-type 
region extends across most of the length of the channel 
region. The doping pro?le of the channel region 137 is a 
highly retrograde P-type. The oxide/silicon surface is lightly 
doped and approximately equal to the doping level in lightly 
doped P-type region 139. BeloW the oxide interface, the 
P-type concentration increases sharply (Within 0.1 um) to 
the concentration of the highly doped buried P-type layer. 
Surrounding the drain region is a graded phosphorous doped 
region 136 that then abuts up to the lightly doped P-type 
region 139. 
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[0021] The present invention provides an improved physi 
cal structure as shoWn in FIG. 1 and an improved biasing 
method to implement selective programming at loW current 
by the band-to-band injection mechanism. The structure is 
compatible With the standard ?ash EEPROM cell used in 
today’s memories and is tailored for fast programming at 
relatively loW bias voltages. The siZe of the structure is also 
about equal to the siZe of the standard ?ash EEPROM cell 
used in today’s memories. The neW biasing scheme 
improves the margin for disturb and alloWs the use of a thin 
programming dielectric. All active and passive modes of 
operation for this cell in a memory array have been tested by 
electrical simulation and shoWn to Work With adequate 
margin. 
[0022] Band-to-band current is generated by the formation 
of a deep-depletion region near the drain of the selected cell, 
Which extends into a heavily doped P-type region. In order 
to prevent the ?oW of band-to-band current in unselected 
cells (roWs) along the selected column in a memory array, 
the heavily doped P region is added on the source end of the 
cell’s channel, a certain distance aWay from the drain. This 
heavily doped P region may be created by high angle boron 
implantation to form a “pocket” around the source diffusion. 
In order to increase the efficiency of the electron injection 
process, the cell structure is designed to have a retrograde 
net P-type dopant concentration pro?le, beloW the lightly 
doped side of the channel. This results in higher vertical 
electric ?eld at a certain depth in the deep depletion region, 
Which in turn increases the rate of generation of electrons by 
the substrate current, and by direct band-to-band tunneling. 
Free electrons created by either of these tWo mechanisms, 
can be accelerated in the vertical ?eld of the channel toWard 
the surface and injected into the oxide With high ef?ciency 
as shoWn in FIG. 2A and FIG. 2B. 

[0023] For similar reasons, a loW horiZontal electric ?eld 
in the channel surface near the drain diffusion improves 
injection ef?ciency for both injection mechanisms consid 
ered, as the electrons ?oWing toWard the channel surface 
have a loWer chance of being draWn into the drain and 
eliminated from the oxide injection process. To reduce the 
horiZontal electric ?eld near the drain, the heavily doped 
region of the channel is kept a certain distance aWay from 
the edge of the drain diffusion. Furthermore, the cell has a 
lightly doped extension to the drain diffusion (DDD) similar 
to the source diffusion in a conventional ?ash cell, or loW 
doping concentration in the main body of the drain diffusion. 
These features of the physical structure offer additional 
advantages. First, there is a reduced drain-to-substrate band 
to-band current in unselected cells (roWs) along the same 
column With a cell being programmed. Second, there is a 
higher breakdoWn voltage for the drain-to-substrate junc 
tion, Which alloWs erasure of a memory block by the already 
established method of biasing all cell drains to betWeen 
about 3 volts and 6 volts, and all Word lines to —8 to —12 
volts. 

[0024] The programming dielectric comprises silicon 
dioxide, nitrided silicon dioxide or another dielectric com 
patible With the standard MOS VLSI technology. The thick 
ness of the programming dielectric layer is similar to that 
used in the other ?ash EEPROM devices of today, in the 
range of betWeen about 80 angstroms and about 120 ang 
stroms. This alloWs electrical erasure by FoWler-Nordheim 
tunneling, by the biasing method mentioned above, or by 
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channel erase as Will be discussed below. Also, this small 
oxide thickness alloWs programming by band-to-band cur 
rent at a loWer gate voltage as described beloW. One embodi 
ment of a physical cell structure and a tWo-dimensional 
doping concentration suitable for supporting the features 
discussed above is shoWn in FIG. 1. 

[0025] FIG. 1 is a cross-sectional vieW of some embodi 
ments of non-volatile memory device 100. Non-volatile 
memory device 100 comprises ?ash memory cell 103 
including substrate 106 and stack 109. 

[0026] Substrate 106 is fabricated from a material, such as 
a semiconductor, that is suitable for use as a substrate in 
connection With the fabrication of integrated circuits. Sub 
strate 106 includes doped and undoped semiconductors, 
epitaxial semiconductor layers supported by a base semi 
conductor or insulator, as Well as other semiconductor 
structures having an exposed surface With Which to form the 
conductive system of the present invention. Substrate 106 
refers to semiconductor structures during processing, and 
may include other layers that have been fabricated thereon. 
In one embodiment, substrate 106 is fabricated from silicon. 
Alternatively, substrate 106 is fabricated from germanium, 
gallium-arsenide, silicon-on-insulator, silicon-on-sapphire, 
or any other crystalline or amorphous material suitable for 
use as a substrate in the manufacture of integrated circuits. 
Substrate 106 is not limited to a particular material, and the 
material chosen for the fabrication of substrate 106 is not 
critical to the practice of the present invention. 

[0027] Substrate 106 comprises source 112, drain 115, and 
channel 118 regions. Source 112, in one embodiment, com 
prises arsenic doped region 124 abutting heavily doped 
boron region 127. Arsenic doped region 124 is formed by 
masking source 112 and implanting arsenic ions in substrate 
106 t2? a depth of about 0.1 micron at a density of about 
1x10 atoms/cm3 or higher. 

[0028] Drain 115, in one embodiment, comprises arsenic 
doped region 133 abutting phosphorous doped region 136. 
Phosphorous doped region 136 abuts lightly doped boron 
region 139. Arsenic doped region 133 is formed by masking 
drain 115 and implanting arsenic ions in substrate 106 to a 
depth of about 0.1 micron at a density of about 1><102O 
atoms/cm3 or higher. Phosphorous doped region 136 is 
formed by implanting phosphorous ions through the same 
drain mask into the substrate 106 to a depth of 0.1 micron 
and a concentration of about 1><1019 atoms/cm3. Phospho 
rous doped region 136 extends beyond the edge of the 
arsenic doped region by a margin 142 of about 0.05 microns. 

[0029] Channel region 118 includes a channel surface and 
is located betWeen source 112 and drain 115 and includes 
heavily doped boron regions 127 and 128 and lightly doped 
boron region 139. The steep retrograde pro?le is formed by 
?rst implanting boron at a dose of approximately 5><1013 
ions/cm2 @20 KeV, folloWed by implanting arsenic at a dose 
of approximately 4><1012 ions/cm2 @20 KeV. These 
implants are performed in place of the normal threshold 
adjust implant for the cell. The lightly doped boron region 
139 is doped to a concentration of about 2><1017 atoms/cm3. 
This lightly doped region forms the junction With the 
phosphorous doped drain region 136 thus avoiding the 
loW-voltage junction breakdoWn commonly associated With 
high doping levels in channel 118. Heavily doped net P-type 
region 127 extends from source 112 to Within about 0.14 

Mar. 14, 2002 

microns from the edge of the lightly doped drain 136. The 
region 127 merges in the depth of the channel With region 
128, also heavily doped With boron at the same concentra 
tion of 1.5><1018 atoms/cm3. The heavily doped region 128 
is located beloW the lightly doped region 139 and extends 
toWard the phosphorous-doped drain region 136 Without 
joining it. The boundary betWeen the light boron region 139 
near the surface and the heavy boron region 128 in the depth 
of the channel is at about 0.1 micron beloW the channel 
surface. Heavy boron region 128 may be formed by high 
energy boron ion implantation through a mask Which 
exposes the area surrounding the source region 112. 

[0030] During cell programming, a voltage of about 4 
volts is applied on the drain 115, Which creates a depletion 
region 137 spreading in the light boron region 139 of the 
channel 118. In one embodiment, the extent of spreading of 
the depletion region 137 is limited by its reaching the 
boundaries to the heavy boron regions 127 and 128. Thus, 
the depth 138 of depletion region in the channel is about 0.1 
micron, about the same as that of the boundary betWeen the 
regions 139 and 128. The horiZontal extent of spreading of 
the depletion region is limited by the boundary betWeen 
regions 139 and 127 in the channel 118, and does not reach 
the source diffusion 124. Therefore, the potential assumed 
by the source in programming is not determined by the 
voltage applied on the drain, and can be set at any conve 
nient value by applying an externally controlled voltage. As 
Will be shoWn beloW, using a source voltage in the range 
1.5-2.5 volts results in near-Zero channel current in pro 
gramming. The drain voltage of about 4 volts creating a 
shalloW deep-depletion region 137 in the channel, combined 
With near-Zero channel current permits loW poWer and high 
e?iciency programming for the ?ash memory cell 103. 

[0031] Stack 109 is located above substrate 106 and 
comprises gate oxide 145, ?oating gate 148, dielectric 151, 
and control gate 154. 

[0032] Gate oxide 145 is formed above channel 118. In 
one embodiment, gate oxide 145 is a thermal oxide, such as 
SiO or SiO2, formed by oxidiZing the surface of substrate 
106. In one embodiment, gate oxide 145 has a thickness 157 
of betWeen about 80 angstroms and about 120 angstroms 
and a length 162 of about 0.3 microns. If gate oxide 145 has 
a thickness 157 of less than about 80 angstroms, the prob 
ability of charge loss from the ?oating gate through direct 
electron tunneling, resulting in potential data retention fail 
ure, is increased. If gate oxide 145 thickness 157 is larger 
than about 120 angstroms, then e?iciency of the FoWler 
Nordheim tunneling mechanism used in the electrical erase 
function is decreased. 

[0033] Floating gate 148 is formed above gate oxide 145. 
In one embodiment, ?oating gate 148 is formed from 
polysilicon deposited to a thickness of betWeen about 500 
angstroms and about 5000 angstroms using a chemical vapor 
deposition (CVD) process. Floating gate 148, in one 
embodiment, is doped to the desired level using phospho 
rous and/or arsenic diffusion or implantation. Like in the 
standard ?ash memory architecture, the control gates of all 
cells on the same roW in a memory array are merged in a 
common polysilicon line named Wordline. Floating gate 148 
accumulates charge from injection current 160 during a 
programming operation and releases charge during an erase 
operation. 
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[0034] Dielectric 151, in one embodiment, is formed 
above ?oating gate 148 to a depth of about 200 angstroms. 
In the preferred embodiment, dielectric 151 has a high 
capacitance value, a loW leakage value, and is formed using 
conventional integrated circuit processing methods. Dielec 
tric 151 is formed from a single layer of dielectric material 
or a plurality of layers of dielectric material. 

[0035] Control gate 154 is formed above dielectric 151. 
Control gate 154, in one embodiment, is formed from 
polysilicon and may include other conductive materials, 
such as aluminum, and is deposited to a depth of betWeen 
about 1500 angstroms and 2000 angstroms. Control gate 154 
may be doped to the desired level through phosphorous 
diffusion. 

Operating Conditions for the Recommended Cell 
Structure 

Active Biasing 

[0036] Effective oXide injection from band-to-band cur 
rent occurs for a voltage of about 4 volts at the drain 
diffusion and 9-11 volts across a 150-160 angstrom thick 
programming dielectric. Accordingly, in one embodiment of 
the present invention, the drain diffusion is operated at about 
3-5 volts With about 6-7 volts across the programming 
dielectric by scaling doWn the dielectric thickness. Consid 
ering the other improvements in injection ef?ciency for the 
cell structure of the present invention, as described above, it 
is anticipated that a successful Write operation Will occur in 
the range of 4-6 volts across the programming dielectric. For 
a value of about 0.7 for the coef?cient of capacitive coupling 
betWeen the ?oating gate and the control gate, this translates 
to about 7-11 volts for the voltage on the control gate in 
programming, Which is in agreement With the operating 
conditions for the conventional ?ash cell. 

[0037] In one embodiment of the present invention, the 
common source is actively biased during programming to a 
voltage of betWeen about 1.5 volts and 2.5 volts, Which is 
derived from the main chip poWer supply. Thus, the capaci 
tance and band-to-band current of the source junction do not 
load the pumped current supply for the program function. 
Also, by keeping the source voltage at a controlled level 
beloW about 3 volts, disturb from the band-to-band current 
of the source is minimiZed. Since each cell only requires a 
loW current, programming to an arbitrary data pattern occurs 
simultaneously in all cells along a selected roW of the 
memory array (page mode Write function). The same voltage 
as is on the source, a voltage of betWeen about 1.5 and 2.5 
volts, is actively applied on the drains (bitlines) for the cells 
that are to remain erased. This embodiment has several 
advantages in that it prevents further ?oW of current from the 
common source to the drains of the cells that are to remain 
erased, and also prevents Write disturb by the FoWler 
Nordheim tunneling mechanism to the cells that are to 
remain erased. 

[0038] In order to maintain a loW current value in pro 
gramming using an actively biased source, the potential on 
the ?oating gates of the cells selected for programming must 
not eXceed the threshold for conduction for the given 
channel doping pro?le. To ensure that the ?oating gate 
potential is kept at a controlled value during programming, 
in one embodiment, a ramped Wordline voltage is used in the 
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page Write function. In this Way, the ramp rate controls the 
?oating gate potential according to the equation: 

[0039] IF is the gate current arising from the band-to-band 
injection mechanism, expressed as a function of ?oating 
gate potential VF and voltages applied on the drain (VD) and 
source (V5) in programming (assuming the substrate is 
grounded). CG is the ?oating gate-to-control gate capaci 
tance of the cell. VG is the instantaneous control gate 
(Wordline) voltage, and dVG/dt is the ramp rate for the 
Wordline voltage. 

[0040] In turn, the ?oating gate potential during program 
ming, along With the drain and source voltages de?ned 
above, controls the cell current: 

ID=1D(VE VD, vs). 

[0041] The duration of the programming function depends 
on the ramp rate of the Wordline voltage. According to the 
equation shoWn above, the ramp rate has to match the 
effective gate injection current, IF, at the given drain voltage 
for the particular cell structure, and at the same time keep the 
drain current at a loW value during programming. For a ?ash 
memory cell having a programming drain current of 1 
micro-ampere/cell, a gate coupling capacitance of CG=1 
femto-Farad, and a gate injection efficiency as high as 10'4 
for the band-to-band electron injection process, the ramp 
rate for the Wordline voltage is about 0.1 volt/microsecond. 
The simulated potential distribution for the Write condition 
illustrated in FIG. 3A and FIG. 3B shoWs that the structure 
and applied conditions selected to provide the necessary 
total potential drop of over 4 volts and a high vertical electric 
?eld in the deep depletion region near the drain of the cell 
to sustain a high ef?ciency injection. This results in a 
program time equal to 30 us (micro-seconds) for the page 
Write function as de?ned in Table 1. For a practical imple 
mentation having conditions similar to those described in 
Table 1, page Write times are in the range of 10 microsec 
onds to 1 millisecond. 

[0042] An eXample for the bias conditions for the basic 
memory functions is provided in Table 1. 

TABLE 1 

Function VS VD VF VG (A/Mm IDS) 

Read 1 0 1 3 5 4.17E-04 
Write start 2 4 4.5 7.5 8.87E-13 FIG. 3 
Write end 2 4 4.5 10.5 8.87E-13 FIG. 3 
Margin 0 0 1 2 6.333333 2.43E-06 
Wrt dsturb 2 4 <25 0 <1E-3O 
Erase ?oat 4 to 6 —10 to —6 —8 to —12 N/A 
Recovery 2 4 4.5 O to 7.5 8.87E-13 FIG. 3 

[0043] The IDS values for cell or channel current in rel 
evant memory functions, and the tWo-dimensional potential 
distribution in Write (FIG. 3) have been calculated by 
computer simulation for the physical cell structure in FIG. 
1. The ?oating gate Was assumed to be neutral for the read 
1 (erased) and Write start conditions above. 

[0044] Since the embodiments of this cell form the basis 
for a neW approach to ?ash EEPROM memory, the embodi 
ments also support the electrical erase function. The elec 
trical erase function is accomplished as in standard ?ash 
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EEEPROM devices for a group of cells in the memory array 
(erase block). As described above, a positive voltage of 
betWeen about 4 volts and about 6 volts and negative voltage 
of about —10 volts are simultaneously applied to the drains 
(bitlines) of all the memory cells in the erase block and, 
respectively, all the Word lines in the erase block. Such an 
erase function takes betWeen about 10 milliseconds and a 
feW seconds to complete, Which is Within the range of erase 
times described in the speci?cations of standard memory 
devices. Alternatively, a channel erase mode is implemented 
by applying a higher negative voltage of betWeen about —16 
volts and about —20 volts on all Word lines in the block, or 
any combination of a negative voltage on the Word lines and 
a positive voltage on the P Well surrounding all the cells in 
the block. 

[0045] The embodiments of this ?ash cell, like the ?ash 
cell used in the current standard ?ash memory, make the 
memory operation susceptible to overerasure. Such overera 
sure, as in the current standard ?ash memories, may induce 
a read 0 failure due to the column leakage created by 
overerased cells. Also, an over erased cell may conduct a 
much higher current in the programming function than the 
value shoWn in Table 1, thus overloading the current supply 
for a page Write operation. To avoid overerasure, the stan 
dard erase pulse and verify algorithm are used for the block 
erase function. Also, a speci?c recovery method for a small 
number of over erased cells per block is available. This 
recovery method is essentially identical to a ramped Write 
function With a loWer range, about 0 volts to about 7 volts, 
for the Wordline voltage and a sloWer ramp rate, on the order 
of about 1 to about 10 milliseconds for the entire ramp. The 
voltage range of the ramped Write function avoids program 
ming the cells to a higher threshold. This function can be 
simultaneously applied to all cells in an erase block, given 
the typically loW number of overerased cells and the reduced 
current per cell due to the loWer ramp rate. 

[0046] The present invention provides a ?ash memory cell 
for use in non-volatile storage devices. In an exemplary 
embodiment, the ?ash memory cell comprises a gate, a 
drain, and a source, all in a common substrate. The ?ash 
memory is capable of being programmed at near-Zero chan 
nel current by inducing a voltage drop of betWeen about four 
volts and about siX volts across a shalloW deep-depletion 
region in the channel by applying a ?rst voltage to the gate, 
and a second voltage to the drain and a third voltage to the 
source. 

[0047] FIG. 4 is a schematic diagram 400 of non-volatile 
memory device 100 of FIG. 1, illustrating the program and 
erase modes of operation of ?ash memory cell 103. As in 
FIG. 1, ?ash memory cell 103 includes source 112, drain 
115, and control gate 154. Flash memory cell 103 is pro 
grammed by coupling ?rst voltage 403 to the control gate 
154, coupling second voltage 406 to the drain 115 and third 
voltage 409 to the source 112. In the programming mode of 
operation, ?rst voltage 403 is greater than second voltage 
406, Which is greater than third voltage 409. In the preferred 
programming mode of operation, ?rst voltage 403 is ramped 
betWeen 7 and 11 volts, second voltage is about 4 volts and 
third voltage 409 is about 2 volts. 

[0048] An advantage of this cell structure and bias scheme 
in programming operation for the ?ash memory cell 103 is 
that programming is achieved using relatively loW voltage 
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and poWer. Programming memory cells using loW poWer 
permits the design of a high performance computer system 
incorporating a large amount of ?ash memory Without 
signi?cantly increasing the siZe of the system poWer supply 
to support the programming of the ?ash memory. 

[0049] Programming ?ash memory cell 103 causes charge 
to accumulate on ?oating gate 148. The accumulation of 
charge causes an increase in the turn-on voltage threshold of 
?ash memory cell 103. This increase in the turn-on voltage 
threshold of ?ash memory cell 103 prevents a read signal 
applied to control gate 154 from turning on ?ash memory 
cell 103, and thus a logical Zero is detected by the read sense 
ampli?er. 

[0050] Flash memory cell 103 is erased by ?oating source 
112, coupling ?rst voltage 403 to control gate 154 and 
coupling second voltage 406 to drain 115. In the preferred 
erase mode of operation, ?rst voltage 403 is in the range —8 
volts to —12 volts (to be applied to the control gate 154) and 
second voltage 406 is in the range 4 volts to 6 volts (to be 
applied to the drain 115). Erasing ?ash memory cell 103 
causes the removal of the charge that accumulated on 
?oating gate 148 of ?ash memory cell 103 during a pro 
gramming operation. Erasing ?ash memory cell 103 also 
causes a decrease in the turn-on voltage threshold of 
memory cell 103 and a logical one to be stored by memory 
cell 103. By decreasing the turn-on voltage threshold of 
memory cell 103, a read signal applied to control gate 154 
causes memory cell 103 to sWitch on during a read opera 
tion, Which results in a logical one being detected by the 
sense ampli?er during a read operation. 

[0051] FIG. 5 is a graph 500 of ramped control gate 
voltage signal 503. Graph 500 includes X-aXis 506, y-aXis 
509, and ramped control gate voltage signal 503. The X-aXis 
506 shoWs time increasing. The y-aXis 409 shoWs gate 
voltage (VG) increasing. Gate voltage (VG) has the units of 
volts. As described above, in the preferred embodiment of 
the programming mode of operation, control gate voltage 
signal 503 is ramped from about 7.5 volts to about 10.5 
volts. The equation shoWn beloW de?nes the relationship 
betWeen the rate of change of the ramped gate voltage signal 
(VG) 503, injection current (IF) 512, and control gate to 
?oating gate capacitance (CG) 515. 

dVG 1 

[0052] The rate of change of the ramped gate voltage 
signal 503 is proportional to injection current 160 shoWn in 
FIG. 1. The preferred proportionality constant is the recip 
rocal of the control gate to ?oating gate capacitance 515. 
Ramping control gate voltage signal 503 at a sloWer rate 
increases the time to charge ?oating gate 148 of FIG. 1. 
Ramping ?rst voltage 403 at control gate 154 at a faster rate 
eXceeds the charging rate of ?oating gate 148 and is less 
ef?cient in charging ?oating gate 148. 

[0053] FIG. 6 is a block diagram of a computer system 
suitable for use in connection With the present invention. 
Referring to FIG. 6, a block diagram of a system level 
embodiment of the present invention is shoWn. System 600 
comprises processor 605 and memory device 610, Which 
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includes non-volatile memory device structures of one or 
more of the types described above in conjunction With FIGS. 
1-5. Memory device 610 comprises memory array 615, 
address circuitry 620, and read circuitry 630, and is coupled 
to processor 605 by address bus 635, data bus 640, and 
control bus 645. Processor 605, through address bus 635, 
data bus 640, and control bus 645 communicates With 
memory device 610. In a read operation initiated by pro 
cessor 605, address information, data information, and con 
trol information are provided to memory device 610 through 
busses 635, 640, and 645. This information is decoded by 
addressing circuitry 620, including a roW decoder and a 
column decoder, and read circuitry 630. Successful comple 
tion of the read operation results in information from 
memory array 615 being communicated to processor 605 
over data bus 640. 

Conclusion 

[0054] Several embodiments of a non-volatile memory 
device for storing information have been described. These 
embodiments permit programming of non-volatile memory 
devices at high speed and loW poWer. Although speci?c 
embodiments have been illustrated and described herein, it 
Will be appreciated by those of skill in the art that any 
arrangement Which is calculated to achieve the same pur 
pose may be substituted for the speci?c embodiment shoWn. 
This application is intended to cover any adaptations or 
variations of the present invention. Therefore, it is intended 
that this invention be limited only by the claims and the 
equivalents thereof. 

What is claimed is: 
1. A ?ash memory cell comprising: 

a control gate, a drain region, a source region, and a 
channel region formed in a common substrate, the ?ash 
memory cell is capable of being programmed by induc 
ing a voltage drop of betWeen about four volts and 
about siX volts across a shalloW deep-depletion region 
created near the drain region as a result of a ?rst voltage 
applied to the control gate, a second voltage applied to 
the drain region, and a third voltage applied to the 
source region. 

2. The ?ash memory cell of claim 1, Wherein the channel 
region has a surface and the shalloW deep-depletion region 
as shalloW as about 0.1 micron or less from the channel 
surface is formed near the drain region during a program 
ming operation. 

3. The ?ash memory cell of claim 2, Wherein the shalloW 
deep-depletion region extends along the channel region 
Without reaching the source region. 

4. The ?ash memory cell of claim 1, Wherein the channel 
current is about Zero during a programming operation. 

5. A ?ash memory cell comprising: 

a control gate, a drain, a source, and a ?oating gate formed 
in a common substrate, the ?ash memory cell is capable 
of being programmed by applying a ?rst positive 
voltage to the control gate, applying a second positive 
voltage to the drain, and applying a third positive 
voltage to the source, and ramping the ?rst positive 
voltage at a rate proportional to the injection current to 
the ?oating gate. 
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6. The ?ash memory cell of claim 5, Wherein the ?rst 
positive voltage is ramped betWeen about 7.5 volts and about 
10.5 volts. 

7. The ?ash memory cell of claim 5, Wherein the injection 
current is derived from electrons induced by band-to-band 
generation. 

8. A ?ash memory cell comprising: 

a substrate doped With arsenic, boron, and phosphorous; 
and 

a ?ash memory cell fabricated in connection With the 
substrate, the ?ash memory cell having a control gate, 
a drain, a source, a ?oating gate, a channel, and an 
injection current during a programming operation, the 
?ash memory cell is capable of being programmed by 
applying a ?rst positive voltage to the control gate, 
applying a second positive voltage to the drain, and 
applying a third positive voltage to the source, the 
second positive voltage being greater than the third 
positive voltage, and the ?rst positive voltage being 
ramped at a rate proportional to the injection current. 

9. The ?ash memory cell of claim 8, Wherein the channel 
is doped With boron. 

10. The ?ash memory cell of claim 9, Wherein the drain 
is doped With arsenic, boron, and phosphorous. 

11. The ?ash memory cell of claim 10, Wherein the source 
is doped With arsenic and boron. 

12. A ?ash memory cell comprising: 

a source region comprising an arsenic region abutting a 
heavily doped boron region; 

a drain region comprising an arsenic region abutting a 
phosphorous region and a lightly doped boron region; 

a channel region doped With boron, the channel region is 
located betWeen the drain region and the source region; 
and 

a gate dielectric, a ?oating gate, and a control gate located 
above the channel region. 

13. The ?ash memory cell of claim 12, Wherein the 
arsenic doped region of the source region is doped to about 
1><102O or more atoms/cm3. 

14. The ?ash memory cell of claim 13, Wherein the 
phosphorous region has a thickness of about 0.1 micron or 
less. 

15. The ?ash memory cell of claim 12, Wherein the lightly 
doped boron region of the drain region has an effective 
ioniZed doping concentration of about 2><1017 atoms/cm3. 

16. The ?ash memory cell of claim 13, Wherein the gate 
oXide has a thickness of betWeen 80 angstroms and 120 
angstroms. 

17. The ?ash memory cell of claim 12, Wherein the gate 
region has a length of about 0.3 microns. 

18. A processing system comprising: 

a processor; and 

a ?ash memory cell coupled to the processor and the ?ash 
memory cell capable of being programmed With a 
channel current of about Zero. 

19. The processing system of claim 18, Wherein the ?ash 
memory cell includes a source, and the source is biased so 
that the channel current is near Zero during programming of 
the ?ash memory cell. 
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20. A method of programming a ?ash memory cell 
comprising: 

applying a voltage between 1 volt and 2.5 volts on a 
source line; and 

generating a voltage of more than about four volts across 
a depletion region in the channel. 

21. The method of claim 20, Wherein generating a voltage 
across the depletion region comprises: 

applying a ?rst voltage to a control gate; and 

applying a second voltage less than the ?rst voltage to a 
drain. 

22. Amethod of programming a ?ash memory cell having 
a control gate, a drain, and a source, the method comprising: 

applying a ?rst positive voltage to the control gate; 

applying a second positive voltage to the drain, the ?rst 
positive voltage being greater than the second positive 
voltage; and 

applying a third positive voltage to the source to suppress 
the How of any channel current, the second positive 
voltage being greater than the third positive voltage. 

23. Amethod of programming a ?ash memory cell having 
a control gate, a drain, and a source, the method comprising: 
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applying a voltage of approximately six volts to the 
control gate; 

applying a voltage of approximately four volts to the 
drain; and 

applying a voltage of approximately tWo volts to the 
source. 

24. Amethod of programming a ?ash memory cell having 
a control gate, a drain, and a source, the method comprising: 

applying a voltage of approximately four volts to the 
drain; 

applying a ramp voltage signal to the control gate, the 
ramp voltage signal is capable of ramping betWeen 
about seven and one-half volts and about ten and a half 
volts at a rate proportional to an injection current; and 

applying a voltage of about tWo volts to the source. 

25. A method of erasing a ?ash memory cell comprising: 

applying a negative voltage to a gate region; and 

applying a positive voltage to a drain region. 


