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(57) ABSTRACT 

The present invention provides a method of memory cell 
selection and operation to obtain Wide program bandwidth 
and EEPROM erase capability. TWo storage sites Within a 
memory cell can be simultaneously selected during read, 
program and erase. By proper biasing, each of the sites can 
be independently read and programmed. Also, during pro 
gram, the source of energy to produce the current How can 
be dynamically obtained from the stored charge on the 
selected bit line. If the bit line capacitance is not adequate to 
provide a charge that is necessary, additional bit line capaci 

Provisional application No. 60/275,870, ?led on Mar. tance is borroWed from unselected bit lines, or a source 
15, 2001. Provisional application No. 60/279,151, folloWer select transistor may be used 
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TWIN MONOS MEMORY CELL USAGE FOR 
WIDE PROGRAM 

[0001] This application claims priority to Provisional 
Patent Application serial No. 60/275,870, ?led on Mar. 15, 
2001, Provisional Patent Application serial No. 60/279,151, 
?led on Mar. 27, 2001, and Provisional Patent Application 
serial No. 60/288,756, ?led on May 4, 2001 Which are herein 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Invention 

[0003] This invention relates to nonvolatile memory stor 
age and in particular to MONOS memory. 

[0004] 2. Description of Related Art 

[0005] The tWin MONOS memory cell Was recently intro 
duced in US. Pat. No. 6,255,166B1 (Ogura et al), directed 
to a nonvolatile memory cell and memory array With a 
method of programming the same, US. Pat. No. 6,248, 
633B1 (Ogura et al.), directed to process for making, pro 
gramming and operating a dual bit multi level ballistic 
MONOS memory”, US. patent application Ser. No. 09/595, 
059, dated Mar. 19, 2001, directed to nonvolatile memory 
cell and memory array, and the operating method of the 
same, and patent application Ser. No. 10/005,932, dated 
Dec. 5, 2001, directed to array architecture of nonvolatile 
memory and operation methods. FIGS. 1A and 1B shoW 
schematics of tWo examples for the MONOS type of 
memory cell. FIG. 1A shoWs a diffusion bit arrangement 
and FIG. 1B shoWs a metal bit arrangement. In either type 
of memory array, bit lines vertically connect the bit diffu 
sions of the memory cell, and are separated by three tran 
sistors in series: one control gate memory transistor, one 
Word gate select transistor, and another control gate memory 
transistor. Word gates act as memory cell selectors and are 
shared betWeen adjacent memory cells. The Word gates are 
connected horiZontally by Word lines. Control gates have an 
underlying oxy-nitride-oxide (ONO) ?lm in Which it is 
possible to trap electrons to store data. One control gate can 
trap electrons in tWo separate sites, and is represented by tWo 
separated transistors, the gates of Which may be either 
physically or electrically connected together to share the 
same control gate voltage. 

[0006] A cross section of one Word line is shoWn in FIG. 
2. Within a single memory cell, CELL1, there is a control 
gate CG1, and a bit diffusion BL1, as Well as tWo half Word 
gates. Underneath the control gate CG1 there are tWo 
memory nitride storage sites (NSS) M2 and M3. Electrons 
are injected into the storage sites to increase the threshold 
voltage of the device containing M2 and M3, and by doing 
such, program the storage site. The injection mechanism for 
the tWin MONOS cell is called ballistic channel hot electron 
(CHE), since the nitride storage site and the channel region 
underneath are very short. Electron injection ef?ciency is 
very high, on the order of 1E-4, because the short channel 
alloWs less energy attenuation by electron to electron scat 
tering. More conventional planar ?oating gate devices using 
CHE have injection ef?ciencies on the order of 1E-6 to 
1E-10. High voltages are required during program. These 
high voltages are provided by charge pump circuits. Con 
ventional devices using CHE are characteriZed by high 
program currents in the order of 100 uA/cell and program 
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times that are often in the tens and hundreds of microsec 
onds. The number of cells that can be programmed at once 
is limited; therefore, the number of cells is limited by the 
charge pump maximum current. 

[0007] In order to erase, Which decreases the threshold of 
a memory cell CELL1, a high electric ?eld is applied 
betWeen the control gate CG1 and the bit diffusion BL1 in 
order to induce either FoWler-Nordheim tunneling or Hot 
Hole injection, or a combination thereof, through the oxide 
betWeen the nitride and the diffusion. In one such imple 
mentation, a negative voltage of approximately —2V is 
applied to the control gate CG1, and a positive high voltage 
of approximately 4V is applied to the bit diffusion BL1. In 
the memory array organiZations shoWn in FIG. 1, there are 
tWo nitride storage sites M2 and M3, Which share the same 
control gate CG1 and the same bit diffusion BL1 that are 
usually erased together in one operation. 

[0008] In the program operation hoWever, the tWo nitride 
storage sites, Which share the same control gate and the same 
bit diffusion may be programmed independently of each 
other. An example of program conditions for a tWin MONOS 
memory array cross section are given in FIG. 3. In order to 
program the selected right nitride storage site M3, of the 
selected memory cell CELL1, the control gate CG1 is raised 
to +5V. The voltage of bit diffusion BL1 is determined by the 
program data. Usually the bit line is connected to a program 
data latch. The diffusion BL1 is raised to +5V if the cell is 
to be programmed to a logical “0”. OtherWise if the program 
data is a logical “1”, the voltage of BL1 is 0V. The adjacent 
right side bit line BL2 is grounded. When the Word line 
voltage is raised to a voltage of approximately 1.2V, the 
channel under the Word gate is opened and electrons are 
injected from the channel into the nitride of the selected 
storage site M3. In order to inhibit programming of the left 
side storage site M2 Within the same memory cell CELL1, 
the left adjacent bit line BLO and the adjacent left control 
gate CGO are grounded to prevent current from ?oWing 
betWeen BLO and BL1, When the threshold of the M1 
storage site is greater than Zero. 

[0009] HoWever, even a small current betWeen BLO and 
BL1 can cause a serious program disturb condition. For that 
reason, if there is any possibility that the M1 storage site is 
an over erased cell With a negative threshold, it is better that 
the voltage on BLO be raised to the Word gate voltage, 
approximately 1.2V, in order to shut doWn the BLO to BL1 
current by the Word gate device. 

[0010] During programming, the tWo control gates CG[N] 
and CG[N+1] are raised to 3V and 5V, respectively, in order 
to program one of the nitride storage sites in a memory cell. 
To isolate programming to only one selected nitride storage 
site, the adjacent control gates CG[N-1] and CG[N+2] must 
be grounded, As illustrated in prior implementations of tWin 
MONOS memory arrays, the minimum control gate decode 
is for four cells. The minimum bit line decode unit is also 
four cells, and the adjacent bit line next to the selected cell 
may need to be raised to near the Word line voltage in order 
to protect against an over-erased cell current during pro 
gram. 

[0011] FIG. 4 gives an example of voltage conditions for 
memory cell CELL1 during erase. A negative voltage of 
around —2V is applied to the control gate CG1 and a positive 
voltage of around 5V is applied to the bit line BL1. Electrons 
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are ejected from the nitride storage layer to the bit line. 
Patent application Ser. No. 10/005,932, date Dec. 5, 2001, is 
directed to other possible erase mechanisms such as hot hole 
erase combined With Word line voltage assistance. By bias 
ing the selected Word line to a negative voltage and the other 
Word lines to a positive voltage, erase can be accelerated for 
the selected Word line and inhibited for the unselected lines. 
Thus, it becomes possible to selectively erase data incre 
ments as small as a byte or even a single memory cell. 

[0012] Acharacteristic of the short channel nitride storage 
region, Which is implemented in the tWin MONOS cell, is 
that program ef?ciency and erase ef?ciency can be very 
high. 

SUMMARY OF THE INVENTION 

[0013] It is an objective of the present invention to simul 
taneously select tWo nitride storage sites contained Within a 
MONOS memory cell, for read, program and erase opera 
tions. 

[0014] It is an objective of the present invention to pro 
gram nitride storage sites contained Within a MONOS 
memory cell. 

[0015] It is further an objective of the present invention to 
program the plurality of nitride storage sites contained 
Within a MONOS memory cell simultaneously. 

[0016] It is still further an objective of the present inven 
tion to use the bit line capacitance to provide charge for a 
program operation. 

[0017] It is another objective of the present invention to 
use bit line selector gates as a source folloWer to control the 
memory cell drain voltage and reduce the required bit line 
capacitance needed to supply current for programming cells 
of a memory site. 

[0018] It is still another objective of the present invention 
to use bit line selector gates to select sub-bit lines to reduce 
bit line capacitance. 

[0019] It is yet another objective of the present invention 
to use a higher voltage With a reduced bit line capacitance to 
program the nitride storage sites of a MONOS memory cell. 

[0020] It is still yet another objective of the present 
invention to use the charge on bit line capacitance to 
supplement a high voltage source or charge pump by sup 
plying a portion of the programming current needed for a 
cell, and thereby reducing the current requirements of the 
charge pump or high voltage source. 

[0021] It is also another objective of the present invention 
to borroW capacitance from unselected bit lines to create 
enough capacitance to provide a total charge for a program 
operation. 

[0022] It is also yet another objective of the present 
invention to disconnect the source of bit line charge from a 
bit line being programmed and then using the bit line charge 
to program the sites of a tWin MONOS memory cell. 

[0023] The present invention introduces a neW method of 
memory cell organiZation and usage in Which tWo nitride 
storage sites Within one memory cell can be independently 
programmed in one operation. By this method, the program 
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Width can be doubled compared to the prior art program 
implementation, since the minimum decode unit changes 
from four cells to tWo cells. 

[0024] An approach to improve program bandWidth 
comes from the usage of the array organiZation. Procedures 
that are needed to achieve the improvement are provided. 
TWo nitride storage sites Within a single memory cell can be 
independently programmed Within a single operation by 
?xing the bit line voltage of the selected cell to a high 
voltage, and then determining the voltage conditions of the 
left and right adjacent bit lines based on the program data. 
Thus tWo adjacent memory elements under the same control 
gate can be independently programmed and at once doubling 
the program bandWidth compared to the prior art program 
ming method. 

[0025] Program bandWidth is determined by the quotient 
of data Width divided by programming speed. In order to 
improve program bandWidth, it is necessary to both increase 
the number of cells that are programmed at once, and reduce 
the time that it takes to program. This invention provides 
methods to improve program bandWidth. 

[0026] The normal limitation of program Width is caused 
by charge pump current limitations, Which can be circum 
vented due to the high injection ef?ciency of the tWin 
MONOS device. Also, the program data latch does not need 
to output high voltages, Which reduces circuit compleXity. 
The use of a source folloWer or drain current load device to 

limit bit line current during programming is also an 
approach to control and reduce programming current 
requirements and lessen the strain on the charge pumps. 

[0027] Voltages applied to unselected cells adjacent to a 
selected cell provide a source of current to program a 
selected cell. When the bit line of an adjacent cell is at 
approximately OV a current Will ?oW betWeen the bit line of 
the selected cell and the bit line of the unselected cell, 
thereby programming the nitride storage site in the selected 
cell that is above the area of current ?oW. When the bit line 
of the adjacent unselected cell is about or above the Word 
line voltage there is no current How and the nitride storage 
site of the selected cell is not programmed. 

[0028] The capacitance of bit lines are used to provide a 
source of high energy electrons to program the storage sites 
of the MONOS memory cells. Capacitance of unselected bit 
lines is coupled to a selected bit line to provide suf?cient 
energy to program a storage site. This is done by using bit 
line gates that select portions of a bit line and provide the 
capability of sharing unselected bit lines With a selected bit 
line so that the capacitance of the unselected bit line can be 
used to provide energy for the programming of the memory 
cell connected to the selected bit line. 

[0029] Bit line(s) that provide current to program a 
memory cell are ?rst charged to a high voltage. AsWitch gate 
connecting the source of charge to the bit line(s) can be 
opened and the charge on the bit line(s) is used to program 
the nitride storage sites of the memory cell. If the bit line 
charge is not used as the total source of high energy electrons 
to program a memory cell, the bit line charge can be used to 
reduce the demands on current from the high voltage source. 
Also the sWitch gate can be used as a source folloWer to 
control the voltage to the bit line, Which alloWs more 
tolerance for voltage ?uctuations of the high voltage source, 
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While still maintaining excellent controllability These con 
trollability and dynamic voltage charge concepts can be 
further extended to erase operations and multi-level pro 
gram. 

BREIF DESCRIPTION OF THE DRAWINGS 

[0030] This invention Will be described With reference to 
the accompanying drawings, Wherein: 

[0031] FIG. 1A shoWs a schematic diagram of a portion of 
a memory or prior art constructed With MONOS memory 
cells, arranged in a “diffusion bit” con?guration, 

[0032] FIG. 1B shoWs a schematic diagram of a portion of 
a memory or prior art constructed With MONOS memory 
cells, arranged in a “metal bit” con?guration, 

[0033] FIG. 2 shoWs a cross section of a roW of MONOS 
memory cells of prior art, 

[0034] FIG. 3 shoWs a cross section of a roW of MONOS 
memory cells of prior art With voltage conditions for a 
program operation, 

[0035] FIG. 4 shoWs a cross section of a roW of MONOS 
memory cells of prior art With voltage conditions for an 
erase operation, 

[0036] FIG. 5A shoWs a cross section of a roW of 
MONOS memory cells With voltage conditions for a pro 
gram operation of the present invention, 

[0037] FIG. 5B shoWs a schematic diagram of a imple 
mentation of the dynamic program concept of the present 
invention, 
[0038] FIG. 6 shoWs a schematic diagram of the present 
invention Where bit lines are subdivided by bit line select 
transistors, 
[0039] FIG. 7 shoWs a cross section of a roW of MONOS 
memory cells With voltage conditions for protecting pro 
gram disturb of the present invention, 

[0040] FIG. 8 shoWs the hardWare results of the effect of 
Word gate voltage and programming current on the ?nal 
programmed threshold for the present invention, 

[0041] FIG. 9 shoWs a constant current source connected 
to a bit line of the present invention to assist in controlling 
the current needed to program a cell, 

[0042] FIG. 10A shoWs a cross section of a region sur 
rounding a storage site of the present invention, 

[0043] FIGS. 10B through 10D shoW distributions of 
electron distribution and CHE temperature for a control gate 
bias of 5V, and 

[0044] FIG. 11 A and B shoW the location for trapped 
electron distribution and CHE temperature for a control gate 
bias of 6.5V. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0045] The tWo nitride storage sites Within a single 
memory cell can be selected together as a unit during erase, 
program and read operation. A single memory cell can be 
erased as described in the prior arts section. In addition, 
because the erase ef?ciency of the short channel nitride 
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storage is high, erase time is fast and can be implemented 
dynamically, by applying the positive and negative voltages 
on the selected bit line and control gate line, respectively, 
and then letting them ?oat. 

[0046] The tWo sites are independently read Within a 
single operation by ?xing the bit line voltage of the selected 
cell to a loW voltage, applying a select voltage to the selected 
control gate, overriding the control gates that are adjacent to 
the cell, and then raising the Word gate voltage. The voltages 
or currents of the tWo bit lines on both sides of the selected 
bit line can be monitored by tWo separate sense ampli?ers to 
determine the memory state of the tWo storage regions. 

[0047] The tWo sites Within a single memory cell can also 
be independently programmed Within a single operation by 
?xing the bit line voltage of the selected cell to a high 
voltage and then determining the voltage conditions of the 
left and right adjacent bit lines based on the program data. 
FIG. 5A shoWs the voltage conditions for programming tWo 
nitride storage sites in a tWin MONOS memory cell simul 
taneously. The corresponding schematic for the diffusion bit 
array implementation is shoWn in FIG. 5B, Where M0, M1, 
M2, M3, M4, M5, M6 and M7 are nitride storage sites of 
cells connected to a Word line WLO and having bit lines 
BLO, BL1, BL2, and BL3 and control gates CGO, CG1, CG2 
and CG3. Memory cell CELL1 is the selected cell, Which 
contains nitride storage sites M2 and M3. In order to 
program M2 and M3, a high voltage (5V) is applied to CG1, 
and an override voltage (3V) is applied to CGO and CG2, 
The bit line BL1 is raised to a high voltage (5V), and a 
decoder controls separate program latches to connect volt 
ages to BLO and BL2 depending upon the program value of 
M2 and M3, respectively. If the data to be programmed is a 
logical “0”, the voltage for BLO or BL2 is 0V, and When the 
Word line is enabled, program current ?oWs betWeen the 0V 
bit line to the high voltage (5V) BL1. If the data is a logical 
“1”, the bit line voltage for BLO and BL2 is set to a voltage 
about or greater than the selected Word line WLO voltage, 
Which is about 1.2V, in order to inhibit the program current. 
The bit line voltage condition for a logical “1” is considered 
“program inhibit”. The bit line decoder can control the bit 
line voltages for BLO and BL2 separately, and the data of 
both nitride storage sites M2 and M3 can be independently 
programmed in the same program operation. 

[0048] It should be noted, that unless explicit relationships 
are given betWeen voltages conditions, the voltages given 
throughout this patent are approximate values used to sim 
plify explanation and should not be construed as limiting in 
any Way. 

[0049] It may be desirable to decrease the threshold of the 
loW threshold ‘1’ cell to a very loW or even negative value 
in order to increase the cell current for high speed applica 
tions. In such over-erased cells, sub threshold leakage 
becomes a concern. Referring to FIG. 7, if there is any 
possibility that the storage site M6 is an over-erased cell 
With a negative threshold, even a small channel current or 
sub-threshold current can increase the threshold or cause 

serious program disturb during program of the adjacent cell 
CELL1. For this reason, it is better for that the bit line BL3 
be raised to the above of the Word gate voltage ~1.2V, Which 
induces negative gate-source biasing betWeen the Word line 
and the bit line BL3,and shut doWns the bit line BL2 to BL3 
current path. 



US 2002/0131304 A1 

[0050] As a result of the high injection ef?ciency of the 
tWin MONOS cell, the total charge needed for a program 
operation is on the order of several hundred electrons. There 
is a direct relationship betWeen the amount of charge 
released during program and the ?nal threshold shift of the 
memory cell. Program speeds of less than one microsecond 
at program currents of a feW microamperes are possible at 
the high injection rates. Therefore, it becomes possible to 
use the bit line capacitance as a source of the charge needed 
for electron injection, minimiZing dependence on the charge 
pump current limit. For eXample, if the average program 
current is 2 uA, and the program duration is 1 usec, a 
capacitance of 2 pf is needed to ensure that the high bit line 
voltage stays at 5V plus or minus 0.5V (C=1/dt/dV, Where 
1=5 mA, dV=0.5V, and dt=1 usec). By this calculation, the 
bit line capacitance is suf?cient to provide the charge needed 
for injection during program. This concept is useful in 
backup ?ash memory systems Where data reliability is very 
important. If the appliance poWer should be accidentally and 
suddenly shutdoWn, the stored charge on the chip can be 
sufficient to complete the program operation. 

[0051] An implementation of the dynamic program con 
cept is described, based on the schematic shoWn in FIG. 5B. 
FIG. 5B shoWs a schematic diagram of an implementation 
of the “dynamic program” concept in Which the bit lines 
SBLO, SBL1 and SBL2 and the control gate lines CGO, CGl 
and CG2 are supplied With the appropriate voltages for 
programming CELLl, Which contains nitride storage sites 
M2 and M3. SWitches MSGO and MSG2 connect either 0V 
or 1.5V (as noted in FIG. 5A) to the bit lines SBLO and 
SBL2 that are adjacent to the bit line SBL1 of Celll. After 
the voltages have been applied, a sWitch SGX connecting the 
high bit line voltage (+5V) to the bit line SBL1 can be 
disconnected. Programming occurs Without any further sup 
ply of 5V to the memory cell bit line SBL1 because the bit 
line capacitance Csbl provides the necessary charge. 

[0052] The present invention focuses on the use of the bit 
line capacitance for the “dynamic program” concept, as Well 
as “dynamically assisted program” concept. In the “assisted 
program” concept the charge stored on the bit line takes on 
a supplementary role. A high voltage source or a charge 
pump may be used to provide the high 5V needed during 
program, but the current requirement is less because the bit 
line capacitance supplements the current from the charge 
pump. 

[0053] In a second embodiment of the present invention, 
a smaller capacitor may be used With a higher voltage and 
a source folloWer voltage controlling a pass transistor in 
order to reduce the bit line capacitance requirement and 
increase the high voltage ?uctuation tolerance. FIG. 6 
shoWs a schematic diagram in Which the bit lines are 
subdivided by bit line select transistors MSGO, MSGl, 
MSG2 and MSG3. The bit line select transistors MSGO, 
MSGl, MSG2 and MSG3 connect betWeen sub bit lines 
SBLO, SBL1, SBL2 and SBL3, respectively, and main bit 
lines MBLO, MBL1, MBL2 and MBI3, respectively, When 
ever the select gate signal SGBL is high. In addition to the 
function of sub bit line selection, the select transistors 
MSGO, MSGl, MSG2 and MSG3 can act as source folloWer 
voltage limiting devices. For example, applying 7V to the 
gate of a bit line select transistor With a threshold voltage of 
2V, can limit the voltage of the sub bit line to 5V or less 
(Vgs-Vt). If the main bit line is over charged, for eXample, 
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to 7V, the total main bit line capacitance Cmb needed to keep 
the sub bit line from falling beloW 4.5V is only 0.8 pF (1=C 
dV/dt, 1=2 uA, dv/dt=1 usec/(7—4.5)=2.5). A main bit line 
capacitance of 0.8 pF is signi?cantly smaller than the 2 pf 
capacitance that is needed When the main bit line overcharg 
ing source folloWer method is not used. Also, the main bit 
line voltage ?uctuation tolerance is 2.5V (=7—4.5) versus the 
sub bit line voltage ?uctuation tolerance of 0.5V. 

[0054] In a third embodiment of this invention, another 
approach to increase program bandWidth comes from maXi 
miZing the number of programming cells programmed at 
once, Which is usually limited by the programming current 
and the current capacity from a charge pump. As seen in the 
measured programming characteristics of the device, With a 
Width of 0.4 um, shoWn in FIG. 8, When the Word voltage 
is close to the Word gate threshold, the programming current 
is beloW 1 uA. Programming speed is sloWer at this loWer 
current, but quickly increases at program currents of around 
a feW microamperes. HoWever, if the current increases past 
30 uA, the programming speed starts to falls. According to 
these un-optimiZed hardWare results, a programming current 
of 2-3 uA (about 5 uA/um) is the best programming current 
to maXimiZe the number of cells being programmed for a 
limited current charge pump. In addition to limiting the 
current by a loW Word line voltage as described previously, 
program current can also be controlled by a bit line current 
source. 

[0055] FIG. 9 shoWs an implementation in Which a small 
constant current source is placed at the end of the tWin 
MONOS source bit line BLO. The reference voltage Vref is 
supplied from a current source, Which has been calibrated to 
the optimum loW programming current. In the fourth 
embodiment of the present invention, When the bit line 
capacitance is not enough to meet the program time, current 
and voltage requirements, it is possible to borroW capaci 
tance from an unselected bit line, in order to avoid an area 
penalty of an additional capacitor. Although there is no area 
penalty for the eXtra capacitance, the bit line decoder needs 
to be able to: 1) connect the selected and unselected bit lines 
together, and 2) the tWo adjacent bit lines neXt to the 
unselected bit line should be raised to a voltage near the 
selected Word gate voltage (approximately 1.2V) in order to 
program inhibit the cell associated With the unselected bit 
line Whose capacitance is being “borroWed”. The number of 
cells located betWeen the selected and unselected bit line 
must be at least four. By using the bit line capacitance 
borroWing method, the minimum bit line decode unit is eight 
cells. 

[0056] In the ?fth embodiment of the present invention, 
program speed and overall device reliability is improved by 
controlling the injection point and pro?le of electron distri 
bution. FIG. 10A shoWs a cross-section of the electron 
storage site region. The control gate and bit diffusion are 
biased With 5V. At Vds=5V, Vcg=5V and VWord=1.0, the 
temperature of the electrons under the control gate prior to 
electron injection is distributed as shoWn by the solid line in 
FIG. 10B. In this curve, the highest energy peaks slightly 
inside the n-junction. Thus, at the start of electron injection, 
the trapped electron distribution in the nitride storage sites 
Will be similar to the temperature distribution and folloW the 
dotted line curve shoWn in FIG. 10B. As more electrons are 
trapped, the peak of the electric ?eld increases and also 
shifts further to the right, as shoWn by the solid line in FIG. 
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10C. In FIG. 10D is shown the distributions of CHE 
temperature and electron distribution after the electron trap 
ping process has been sustained for a period of time. It can 
be seen that most of the majority of the electrons are trapped 
on the side above the n-junction, Which do not contribute as 
effectively to threshold shift, because of the high n concen 
tration. Also, When the injection point is near the junction 
edge, Wear out of the bottom oXide is a concern. HoWever, 
When a higher voltage around Vcg>~6.5V (drain bias+Vt 
and including substrate sensitivities) is applied to the control 
gate, the peak electric ?eld is shifted left, closer to the gap 
betWeen the Word and control gate, as shoWn in FIG. 11A. 
The higher control gate voltage creates an electron inversion 
layer near the gap, Which traps electrons in a more ideal 
location, directly above the control gate channel. Another 
advantage of the higher control gate voltage is that by ?lling 
the trap sites across the channel region, pin point Wear out 
is avoided, Which provides better endurance and reliability. 
Thus, the application of Vcg higher than (Vd+Vt) provides 
better electron distribution, Which in turn results in better 
turn off characteristics as Well as faster programming speed 
and better endurance. 

[0057] While the invention has been particularly shoWn 
and described With reference to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made Without 
departing from the spirit and scope of the invention. 

What is claimed is: 
1. A method of programming a plurality of storage sites 

Within a MONOS memory cell, comprising: 

a) selecting a ?rst memory cell of a memory array 
containing a ?rst and second storage site under control 
gates that may be physically or electrically connected 
together to form a single control gate, 

b) applying a ?rst high voltage to a selected bit line of the 
?rst memory cell, 

c) applying a second high voltage to said control gate of 
said ?rst memory cell, 

d) applying a ?rst current determining voltage to a ?rst bit 
line of a ?rst unselected memory cell adjacent to said 
?rst memory cell, 

e) applying a second current determining voltage to a 
second bit line of a second memory cell adjacent to said 
?rst memory cell, 

f) programming said ?rst storage site using CHE (channel 
hot electron) injection resulting from said ?rst current, 

g) programming said second storage site simultaneous to 
programming said ?rst storage site using CHE injection 
resulting from said second current. 

2. The method of claim 1, Wherein said memory array is 
either a metal bit line array or a diffusion bit line array. 

3. The method of claim 1, Wherein the second high 
voltage is higher than the ?rst high voltage by a threshold 
voltage, in order to facilitate ef?cient, higher reliability 
program. 

4. The method of claim 1, Wherein disconnecting said 
high voltage from said selected bit line, programs said ?rst 
and second storage sites using a stored charge on said 
selected bit line. 
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5. The method of claim 4, Wherein programming said ?rst 
and second storage sites using said stored charge on said 
selected bit line is done With high ef?ciency programming. 

6. The method of claim 1, Wherein said ?rst current 
determining voltage produces a current ?oW betWeen said 
?rst bit line and said selected bit line of said ?rst memory 
cell When said ?rst current determining voltage is a loW 
value beloW a select voltage of a Word line connected to said 
?rst memory cell and Whereby said ?rst current ?oWs under 
said ?rst storage site injecting electrons into said ?rst storage 
site. 

7. The method of claim 1, Wherein said ?rst current 
determining voltage produces no current ?oW betWeen said 
?rst bit line and said selected bit line of said ?rst memory 
cell When said ?rst current determining voltage is a value 
above a select voltage of a Word line connected to said ?rst 
memory cell and Whereby no current ?oWs under said ?rst 
storage site. 

8. The method of claim 1, Wherein said second current 
determining voltage produces a current ?oW betWeen said 
second bit line and said selected bit line of said ?rst memory 
cell When said second current determining voltage is a loW 
value beloW a select voltage of a Word line connected to said 
?rst memory cell and Whereby said second current ?oWs 
under said second storage site injecting electrons into said 
second storage site. 

9. The method of claim 1, Wherein said second current 
determining voltage produces no current ?oW betWeen said 
second bit line and said selected bit line of said ?rst memory 
cell When said second current determining voltage is a value 
above a select voltage of a Word line connected to said ?rst 
memory cell and Whereby no current ?oWs under said ?rst 
storage site. 

10. The method of claim 1, Wherein said ?rst and second 
storage sites are nitride storage sites located under a ?rst and 
second control gate of said ?rst memory cell. 

11. The method of claim 1, Wherein said simultaneous 
programming of said ?rst and second storage sites doubles 
the maXimum programming data Width. 

12. The method of claim 1, further comprising a source 
folloWer to control bit line voltage and reduce a bit line 
capacitance during program: 

a) coupling memory cell bit lines to sub bit lines, 

b) coupling sub bit lines to main bit lines With bit line 
selector transistors, 

c) applying a third high voltage to a gate of the bit line 
select transistor, 

d) applying a fourth high voltage to the main bit line. 
13. The method of claim 12, Wherein said source folloWer 

alloWs main bit line voltage ?uctuations While maintaining 
a stable sub bit line voltage. 

14. The method of claim 12, Wherein the third high 
voltage is approximately a threshold voltage greater than the 
?rst high voltage. 

15. The method of claim 12, Wherein the fourth high 
voltage is greater than the ?rst high voltage. 

16. Amethod of borroWing bit line capacitance to provide 
suf?cient high voltage stored charge to program a MONOS 
storage site, comprising: 

a) selecting a MONOS memory cell containing a plurality 
of storage sites, and connected to a selected Word line 
using a Word line select decoder, a selected bit line 



US 2002/0131304 A1 

using a bit line select decoder, and a selected control 
line using a control line select decoder, 

b) selecting a ?rst unselected bit line of an unselected 
memory cell from Which to borroW a ?rst capacitance 
to be used With a second capacitance of said selected bit 
line to provide charge to program a MONOS storage 
site, 

c) borroWing capacitance by connecting said ?rst unse 
lected bit line to said selected bit line using a bit line 
decoder to produce a combined capacitance. 

d) applying a ?rst voltage to said ?rst unselected bit line 
and said selected bit line to charge said combined 
capacitance. 

17. The method of claim 16, Wherein applying a second 
voltage to a second and third unselected bit lines adjacent to 
the said ?rst unselected bit line to program inhibit said 
unselected memory cell. 

18. The method of claim 16, Wherein connecting together 
said ?rst unselected bit line and said selected bit line 
produces enough combined capacitance to program said 
storage sites at a predetermined voltage charge. 

19. The method of claim 16, Wherein said second voltage 
is disconnected from said ?rst unselected bit line and said 
selected bit line, and said storage sites are programmed With 
CHE resulting from current ?oW from said charge on the 
combined capacitance. 

20. The method of claim 16, Wherein said charge on the 
combined capacitance supplements said second voltage to 
reduce current requirements of a voltage source producing 
said second voltage. 

21. The method of claim 16, Wherein applying said second 
voltage to said ?rst unselected bit line and said selected bit 
line produces enough charge on said combined capacitance 
to program said plurality of storage sites. 

22. The method of claim 16, Wherein said second voltage 
is a high voltage that produces a current ?oW under said 
storage sites that is adequate to inject electrons into said 
storage sites. 

23. The method of claim 16, Wherein said second voltage 
is approximately equal to a select voltage on said selected 
Word line. 

24. The method of claim 16, Wherein said bit line select 
decoder is used to subdivide bit lines into subsections 
thereby reducing bit line capacitance seen by selected cells. 

25. The method of claim 16, Wherein said control line 
select decoder is used to subdivide control lines into sub 
sections thereby reducing control gate capacitance seen by 
selected cells. 

26. A means for programming simultaneously storage 
sites of a MONOS cell, comprising: 

a) a means for selecting a MONOS memory cell, 

b) a means for connecting a high voltage to a bit line of 
said selected MONOS memory cell, 

c) a means for creating a ?rst current ?oW under a ?rst 
storage site Within said memory cell, 

d) a means for creating a second current ?oW under a 
second storage site Within said memory cell, 

e) a means for injecting electrons into said ?rst storage 
site from said ?rst current How and into said second 
storage site from said second current ?oW, simulta 
neously. 
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27. The means of claim 26, further comprising a means 
for limiting said ?rst and said second current How to alloW 
stored charge on said bit line to program said ?rst and second 
storage sites When said high voltage is disconnected from 
said bit line. 

28. The means of claim 26, further comprising a source 
folloWer means to connect a main bit line to said bit line of 
the MONOS memory cell, Wherein said source folloWer 
alloWs said high voltage to ?uctuate While controlling 
MONOS memory bit line voltage. 

29. The means of claim 26, Wherein the means for 
creating said ?rst current How is controlled by a voltage 
means applied to an unselected bit line adjacent to said ?rst 
storage site. 

30. The means of claim 29, Wherein said voltage means 
creates a value beloW a Word line voltage of said selected 
memory cell to cause said ?rst current How and program said 
?rst storage site. 

31. The means of claim 30, Wherein said program of said 
?rst storage site is by CHE (channel hot electron) means. 

32. The means of claim 29, Wherein said voltage means 
creates a value above a Word line voltage of said selected 
memory cell to cause no ?rst current How and no program 
of said ?rst storage site. 

33. The means of claim 26, Wherein the means for 
creating said second current How is controlled by a voltage 
means applied to an unselected bit line adjacent to said 
second storage site. 

34. The means of claim 33, Wherein said voltage means 
creates a value beloW a Word line voltage of said selected 
memory cell to cause said second current How and program 
said second storage site. 

35. The means of claim 33, Wherein said program of said 
second storage site is by CHE (channel hot electron) means. 

36. The means of claim 33, Wherein said voltage means 
creates a value above a Word line voltage of said selected 
memory cell to cause no second current How and no program 
of said second storage site. 

37. The means of claim 26, Wherein said ?rst and said 
second storage sites are nitride storage sites. 

38. The means of claim 26, Wherein the means for 
injecting electrons into said ?rst storage site from said ?rst 
current How and into said second storage site from said 
second current ?oW, simultaneously doubles the program 
ming bandWidth. 

39. A bit line capacitance borroWing means to provide 
charge to program a MONOS storage site, comprising: 

a) a means for selecting a ?rst MONOS memory cell 
containing a plurality of storage sites, and coupled to a 
selected Word line and a ?rst bit line, 

b) a means for selecting said ?rst bit line, 

c) a means for selecting a second bit line associated With 
a second MONOS memory cell that is not selected, 

d) a means for borroWing capacitance by coupling said 
second bit line to said ?rst bit line to produce a 
combined capacitance, 

e) a means for program inhibiting said second MONOS 
memory cell, 

f) a means for charging said ?rst and second bit line to a 
value suf?cient to program the storage sites of the ?rst 
MONOS memory cell. 
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40. The borrowing means of claim 39, further comprising 
a means to limit current ?oW from said capacitance to reduce 
amount of said combined capacitance. 

41. The barroWing means of claim 39, Wherein said means 
for borrowing capacitance creates a combined capacitance 
of said ?rst and second bit lines that When charged to a 
predetermined voltage, produces current ?oW suf?cient to 
program the storage sites of the ?rst MONOS memory cell. 

42. The barroWing means of claim 39, Wherein said means 
for selecting said ?rst bit line, selecting second bit line, and 
program inhibiting said second MONOS memory cell is 
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done With a bit line decoder With a minimum decode unit 

greater than one. 

43. The borroWing means of claim 39, Wherein the means 
for program inhibiting said second MONOS memory cell 
requires a selection of bit lines adjacent to either side of said 
second MONOS memory cell that are coupled to a voltage 
approximately equal to a select voltage of said selected Word 
line. 


