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(57) ABSTRACT 
(76) Inventors? Eduardo Maayan, Kfar Saba (IL); B031 A non-volatile electrically erasable programmable read only 

Eitans Ho?t (IL) memory (EEPROM) capable of storing two bit of information 
having a non-conducting charge trapping dielectric, such as 

cerrespehdehee Address: silicon nitride, sandwiched between two silicon dioxide lay 
EMPK & shhoh’ LLP ers acting as electrical insulators is disclosed. The invention 
116 JOHN ST’ includes a method of programming, reading and erasing the 
SUITE 1201 two bit EEPROM device. The non-conducting dielectric layer 
NEW YORK’ NY 10038 (Us) functions as an electrical charge trapping medium. A con 

ductin ate la er is laced over the u er silicon dioxide 
(21) Appl' NO‘: 12/003’704 layer. i léeft and, a bit are stored inpghysically different 

. areas of the char e tra in la er, near left and ri ht re ions 
(22) Flled: Dec‘ 31’ 2007 of the memory gell, rrerspegctivlely. Each bit of thge meignory 

Related US Application D at a device is programmed in the conventional manner, using hot 
electron programming, by applying programming voltages to 

(63) cominuatiOn of application NO 1 1/979’187, ?led on the 'gate and to either the left or the right region while theiother 
Oct 31, 2007’ which is a continuation of application region is grounded. Hot electrons are accelerated sufficiently 
NO_ 11/785,285, ?led on Apt 17, 2007, which is a to be mjected mto the region of the trapping dlelectric layer 
continuation of application No. 11/497,078, ?led on heah Where the phegramhhhg Voltages Were epphed to The 
Aug 1’ 2006’ which is a continuation of application devlce, however, is read 1n the opposlte dlrection from which 
NO_ 10/863,529, ?led on Jun 9, 2004, now Pat NO_ 1t was wr1tten, meamng voltages are apphed to the gate and to 
7,116,577’ which is a continuation of application NO_ either the right or the left region while the other region is 
10/122,078, ?led OnApn 15, 2002, now Pat NO 6,649, grounded. Two bits are able to be programmed and read due 
972’ which is a continuation ofapplication NO_ 09/246, to a combination of relatively low gate voltages with reading 
1833 ?led on Feb 43 1999’ now Pat' No' 6,011,725’ in the reverse direction. This greatly reduces the potential 
which is a continuation of application No. 08/905,286, across the happed Charge region] This Permits much Shorter 
?led on Aug 1’ 1997’ now Pat NO_ 6,768,165 programming t1mes by ampl1fy1ng the effect of the charge 

trapped in the localized trapping region associated with each 
Publication Classi?cation of the bits. In addition, both bits of the memory cell can be 

individually erased by applying suitable erase voltages to the 
(51) Int, Cl, gate and either left or right regions so as to cause electrons to 

H01L 29/788 (200601) be removed from the corresponding charge trapping region of 
H01L 21/336 (2006.01) the nitride layer 
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NON-VOLATILE MEMORY CELL AND 
NON-VOLATILE MEMORY DEVICE USING SAID 

CELL 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application of 
US. patent application Ser. No. 11/979,187, ?led Oct. 31, 
2007 Which is a continuation application of US. patent appli 
cation Ser. No. 11/785,285, ?led Apr. 17, 2007, Which is a 
continuation of US. patent application Ser. No. 11/497,078, 
?led Aug. 1, 2006, Which is a continuation of US. patent 
application Ser. No. 10/863,529, ?led Jun. 9, 2004 Which is a 
continuation of US. patent application Ser. No. 10/122,078, 
?led Apr. 15, 2002, Which is a continuation of US. patent 
application Ser. No. 09/246,183 ?led Feb. 4, 1999, Which is a 
continuation of US. patent application Ser. No. 08/905,286, 
?led Aug. 1, 1997 all of Which are hereby incorporated by 
reference. 

FIELD 

[0002] The present invention relates generally to semicon 
ductor memory devices and more particularly to multi-bit 
?ash electrically erasable programmable read only memory 
(EEPROM) cells that trap charge Within a trapping dielectric 
material gate. 

BACKGROUND 

[0003] Memory devices for non-volatile storage of infor 
mation are currently in Widespread use today, being used in a 
myriad of applications. A feW examples of non-volatile semi 
conductor memory include read only memory (ROM), pro 
grammable read only memory (PROM), erasable program 
mable read only memory (EPROM), electrically erasable 
programmable read only memory (EEPROM) and ?ash 
EEPROM. Further description of non-volatile memory 
(NVM) and related semiconductor and microelectronic 
device technologies may be found at “Microchip Fabrica 
tion”, 1997 by Peter Van Zant (McGraW-Hill), incorporated 
by reference herein in its entirety. 

[0004] Semiconductor ROM devices, hoWever, suffer from 
the disadvantage of not being electrically programmable 
memory devices. The programming of a ROM occurs during 
one of the steps of manufacture using special masks contain 
ing the data to be stored. Thus, the entire contents of a ROM 
must be determined before manufacture. In addition, because 
ROM devices are programmed during manufacture, the time 
delay before the ?nished product is available could be six 
Weeks or more. The advantage, hoWever, of using ROM for 
data storage is the loW cost per device. HoWever, the penalty 
is the inability to change the data once the masks are com 
mitted to. If mi stakes in the data programming are found they 
are typically very costly to correct. Any inventory that exists 
having incorrect data programming is instantly obsolete and 
probably cannot be used. In addition, extensive time delays 
are incurred because neW masks must ?rst be generated from 
scratch and the entire manufacturing process repeated. Also, 
the cost savings in the use of ROM memories only exist if 
large quantities of the ROM are produced. 

[0005] Moving to EPROM semiconductor devices elimi 
nates the necessity of mask programming the data but the 
complexity of the process increases drastically. In addition, 
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the die siZe is larger due to the addition of programming 
circuitry and there are more processing and testing steps 
involved in the manufacture of these types of memory 
devices. An advantage of EPROMs is that they are electrically 
programmed, but for erasing, EPROMs require exposure to 
ultraviolet (UV) light. These devices are constructed With 
WindoWs transparent to UV light to alloW the die to be 
exposed for erasing, Which must be performed before the 
device can be programmed. A major draWback to these 
devices is that they lack the ability to be electrically erased. In 
many circuit designs it is desirable to have a non-volatile 
memory device that can be erased and reprogrammed in 
circuit, Without the need to remove the device for erasing and 
reprogramming. 
[0006] Semiconductor EEPROM devices also involve 
more complex processing and testing procedures than ROM, 
but have the advantage of electrical programming and eras 
ing. Using EEPROM devices in circuitry permits in-circuit 
erasing and reprogramming of the device, a feat not possible 
With conventional EPROM memory. Flash EEPROMs are 
similar to EEPROMs in that memory cells can be pro 
grammed (i.e., Written) and erased electrically but With the 
additional ability of erasing all memory cells at once, hence 
the term ?ash EEPROM. The disadvantage of ?ash EEPROM 
is that it is very di?icult and expensive to manufacture and 
produce. 
[0007] The Widespread use of EEPROM semiconductor 
memory has prompted much research focusing on construct 
ing better memory cells. Active areas of research have 
focused on developing a memory cell that has improved per 
formance characteristics such as shorter programming times, 
utiliZing loWer voltages for programming and reading, longer 
data retention times, shorter erase times and smaller physical 
dimensions. One such area of research involves a memory 
cell that has an insulated gate. The folloWing prior art refer 
ence is related to this area. 

[0008] US. Pat. No. 4,173,766, issued to Hayes, incorpo 
rated herein by reference in its entirety, teaches a metal nitride 
oxide semiconductor (MNOS) constructed With an insulated 
gate having a bottom silicon dioxide layer and a top nitride 
layer. 
[0009] US. Pat. No. 5,168,334, issued to Mitchell et al., 
incorporated herein by reference in its entirety, teaches a 
single transistor EEPROM memory cell. 

[0010] A single transistor ONO EEPROM device is dis 
closed in the technical article entitled “A True Single-Tran 
sistor Oxide-Nitride-Oxide EEPROM Device,” T.Y. Chan, K. 
K. Young and Chenming Hu, IEEE Electron Device Letters, 
March 1987 incorporated herein by reference in its entirety. 

[0011] Multi-bit transistors are knoWn in the art. Most 
multi-bit transistors utiliZe multi-level thresholds to store 
more than one bit With each threshold level representing a 
different state. A memory cell having four threshold levels 
can store tWo bits. 

[0012] Achieving multiple thresholds in FLASH and 
EEPROM requires an initial erase cycle to bring all the 
memory cells beloW a certain threshold. Then, utiliZing a 
methodical programming scheme, the threshold of each cell 
is increased until the desired threshold is reached. A disad 
vantage With this technique is that the programming process 
requires constant feedback, Which causes multi-level pro 
gramming to be sloW. 
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[0013] In addition, using this technique causes the WindoW 
of operation to decrease meaning the margins for each state 
are reduced. This translates to a loWer probability of making 
good dies and a reduction in the level of quality achieved. If it 
is not desired to sacri?ce any margins While increasing the 
reliability of the cell, then the WindoW of operation must be 
increased by a factor of tWo. This means operating at much 
higher voltages, Which is not desirable because it loWers the 
reliability and increases the disturbances betWeen the cells. 
Due to the complexity of the multi-threshold technique, it is 
used mainly in applications Where missing bits can be toler 
ated such as in audio applications. 

[0014] Another problem With this technique is that the 
threshold WindoWs for each state may change over time 
reducing the reliability. It must be guaranteed that using the 
same Word line or bit line to program other cells Will not 
interfere With or disturb the data in cells already programmed. 
In addition, the programming time itself increases to accom 
modate the multitude of different programming thresholds. 
Thus, the shifting of threshold WindoWs for each state over 
time reduces the WindoW of operation and consequently 
increases the sensitivity to disturbs. 

[0015] The reduced margins for the threshold WindoWs for 
the multiple states results in reduced yield. Further, in order to 
maintain quality and threshold margins, higher voltages are 
required. This implies higher electric ?elds in the channel, 
Which contributes to loWer reliability of the memory cell. 

[0016] In order to construct a multi-bit memory cell, the 
cell must have four distinct levels that can be programmed. In 
the case of tWo levels, i.e., conventional single bit cell, the 
threshold voltage programmed into a cell for a ‘0’ bit only has 
to be greater than the maximum gate voltage, thus making 
sure the cell does not conduct When it is turned on during 
reading. It is su?icient that the cell conducts at least a certain 
amount of current to distinguish betWeen the programmed 
and unprogrammed states. The current through a transistor 
can be described by the folloWing equation. 

1 
1: jffmvc - vT) 

Leff is the effective channel length, K is a constant, VG is the 
gate voltage and VT is the threshold voltage. HoWever, in the 
multi-bit case, different thresholds must be clearly distin 
guishable Which translates into sensing different read cur 
rents and sloWer read speed. Further, for tWo bits, four current 
levels must be sensed, each threshold having a statistical 
distribution because the thresholds cannot be set perfectly. In 
addition, there Will be a statistical distribution for the effec 
tive channel length Which Will further Widen the distribution 
of the read currents for each threshold level. 

[0017] The gate voltage also affects the distribution of read 
currents. For the same set of threshold levels, varying the gate 
voltage directly results in a variation of the ratio betWeen the 
read currents. Therefore the gate voltage must be kept very 
stable. In addition, since there are multiple levels of current, 
sensing becomes more complex than in the tWo level, i.e., 
single bit, cell. 
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[0018] The folloWing art references are related to multi-bit 
semiconductor memory cells. 

[0019] US. Pat. No. 5,021,999, issued to Kohda et al., 
incorporated herein by reference in its entirety, teaches a 
non-volatile memory cell using an MOS transistor having a 
?oating gate With tWo electrically separated segmented ?oat 
ing gates. 
[0020] US. Pat. No. 5,214,303, issued to Aoki, incorpo 
rated herein by reference in its entirety, teaches a tWo bit 
transistor Which comprises a semiconductor substrate. 

[0021] US. Pat. No. 5,394,355, issued to Uramoto et al., 
incorporated herein by reference in its entirety, teaches a 
ROM memory having a plurality of reference potential trans 
mission lines. 

[0022] US. Pat. No. 5,414,693, issued to Ma et al., incor 
porated herein by reference in its entirety, teaches a tWo bit 
split gate ?ash EEPROM memory cell structure that uses one 
select gate transistor and tWo ?oating gate transistors. 

[0023] US. Pat. No. 5,434,825, issued to Harari, incorpo 
rated herein by reference in its entirety, teaches a multi-bit 
EPROM and EEPROM memory cell Which is partitioned into 
three or more ranges of programming charge. 

SUMMARY OF THE INVENTION 

[0024] The present invention discloses an apparatus for and 
method of programming and erasing a ?ash electrically eras 
able programmable read only memory (EEPROM). The ?ash 
EEPROM memory cell is constructed having a charge trap 
ping non-conducting dielectric layer. The non-conducting 
dielectric layer functions as an electrical charge trapping 
medium. 

[0025] An aspect of the memory device is that bits are 
programmed in the conventional manner, using hot electron 
programming. For example, the bit is programmed conven 
tionally by applying programming voltages to the gate and the 
drain While the source is grounded. Hot electrons are accel 
erated su?iciently to be injected into a region of the trapping 
dielectric layer near the drain. 

[0026] Utilizing relatively loW gate voltages, the potential 
drop across the portion of the channel beneath the trapped 
charge region is reduced. A relatively small programming 
region or charge trapping region is possible due to the loWer 
channel potential drop under the charge trapping region. This 
permits faster programming times because the effect of the 
charge trapped in the localiZed trapping region is ampli?ed. 
Programming times are reduced While the delta in threshold 
voltage betWeen the programmed versus un programmed 
states remains the same. 

[0027] Another bene?t is that the memory cell is enhanced. 
Bits of the memory cell can be erased by applying suitable 
erase voltages to the gate and the drain for the bit and to the 
gate and the source for the bit so as to cause electrons to be 
removed from the charge trapping region of the nitride layer. 
Electrons move from the nitride through the bottom oxide 
layer to the drain or the source for the bits, respectively. 

[0028] The erase mechanism is enhanced When the charge 
trapping region is made as narroW as possible. 

[0029] Utilizing a thinner silicon nitride charge trapping 
layer helps to con?ne the charge trapping region to a laterally 
narroWer region near the drain. Further, thinner top and bot 
tom oxide sandWiching the nitride layer helps in retention of 
the trapped charge. 
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[0030] In addition, bottom and top oxide thickness can be 
scaled due to the deep trapping levels that function to increase 
the potential barrier for direct tunneling. Since the electron 
trapping levels are deep, thinner bottom and top oxides can be 
used Without compromising charge retention. 

[0031] Another bene?t of localiZed charge trapping is that 
during erase, the region of the nitride aWay from the drain 
does not experience deep depletion since the erase occurs 
near the drain only. The ?nal threshold of the cell after erasing 
is self limited by the device structure itself. This is in direct 
contrast to conventional single transistor ?oating gate ?ash 
memory cells Which are plagued With deep depletion prob 
lems. To overcome these problems, manufacturers include 
complex circuitry to control the erase process in order to 
prevent or recover from deep depletion. 

[0032] Consideration of the memory cell of the present 
invention is described hereinbeloW. Programming the device 
to a loW VT, by clamping the Word line voltage VWL, further 
enhances the margin for each bit. The margin is de?ned as the 
parameters that Will program one bit Without affecting others. 

[0033] The memory device also exhibits little or no disturb 
during programming. This is because during programming 
the drain voltage is only applied to the junction adjacent to the 
region Where charge trapping is to occur. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] The invention is herein described, by Way of 
example only, With reference to the accompanying draWings, 
Wherein: 

[0035] FIG. 1 illustrates a sectional vieW of a single bit ?ash 
EEPROM cell utiliZing Oxide-Nitride-Oxide (ONO); 

[0036] FIG. 2 illustrates a sectional vieW of a tWo bit ?ash 
EEPROM cell constructed in accordance With an embodi 
ment of the present invention utiliZing ONO as the gate 
dielectric; 
[0037] FIG. 3 illustrates a sectional vieW of a tWo bit ?ash 
EEPROM cell constructed in accordance With an embodi 
ment of the present invention utiliZing a silicon rich silicon 
dioxide With buried islands as the gate dielectric; 

[0038] FIG. 4 is a graph illustrating the threshold voltage as 
a function of programming time for reading in the forWard 
and reverse directions of a selected memory cell in accor 

dance With this invention; 

[0039] FIG. 5A illustrates a sectional vieW of a ?ash 
EEPROM cell of the prior art shoWing the area of charge 
trapping under the gate; 

[0040] FIG. 5B illustrates a sectional vieW of a ?ash 
EEPROM cell constructed in accordance With an embodi 
ment of the present invention shoWing the area of charge 
trapping under the gate; 

[0041] FIG. 6 is a graph illustrating the difference in thresh 
old voltage in the forWard and reverse directions as a function 
of drain voltage for a ?ash EEPROM cell of the present 
invention that has been programmed; 

[0042] FIG. 7 is a graph illustrating the difference in drain 
current in the forWard and reverse directions as a function of 
drain voltage for a ?ash EEPROM cell of the present inven 
tion that has been programmed; 
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[0043] FIG. 8 is a graph illustrating the threshold voltage of 
a ?ash EEPROM cell of the present invention as a function of 
programming time for reading in the forWard and reverse 
directions; 

[0044] FIG. 9 is a graph illustrating the leakage current 
through the region of trapped charge as a function of the 
voltage across the charge trapping region While reading in the 
reverse direction; 

[0045] FIG. 10 is a graph illustrating the gate voltage 
required to sustain a given voltage in the channel beneath the 
edge of the region of trapped charge While reading in the 
reverse direction; 

[0046] FIG. 11 is a graph illustrating the effect of the gate 
voltage applied during reading on the difference in drain 
current betWeen reading in the forWard versus the reverse 

direction; 

[0047] FIG. 12 is a graph illustrating the effect of the gate 
voltage (as measured by threshold channel current ITH) on the 
difference in threshold voltage betWeen the forWard read and 
reverse read directions; 

[0048] FIG. 13 is a graph illustrating the effect program 
ming one of the bits has on the other bit that has not been 
previously programmed; 

[0049] FIG. 14 is a graph illustrating the effect program 
ming one of the bits has on the other bit that has been previ 
ously programmed; 
[0050] FIG. 15 is a sectional vieW of a tWo bit EEPROM 
cell constructed in accordance With an embodiment of the 
present invention shoWing the area of charge trapping under 
the gate for both the right and the left bits; 

[0051] FIG. 16 is a graph illustrating the effect of a loW 
drain voltage on the read through of a programmed bit; 

[0052] FIG. 17 is a graph illustrating the effect of program 
ming on erase for the forWard and reverse directions; 

[0053] FIG. 18 is a graph illustrating the separate bit erase 
capability of the tWo bit EEPROM memory cell of the present 
invention; 

[0054] FIG. 19 is a graph illustrating the effect of cycling on 
the program and erase ability of the tWo bit EEPROM cell of 
the present invention; 

[0055] FIG. 20 is a graph illustrating the effect of over 
programming on the ability to erase for the forWard and 
reverse directions; 

[0056] FIG. 21 is a graph illustrating the programming and 
erasing curves for using oxide versus TEOS as the material 
used as the top oxide; 

[0057] FIG. 22 is a graph illustrating the erase curves for 
tWo different values of drain voltage While the gate is held at 
ground potential; 

[0058] FIG. 23 is a graph illustrating the erase curve for tWo 
different values of gate voltage; 

[0059] FIG. 24A illustrates a sectional vieW of a ?ash 
EEPROM cell of the prior art shoWing the area of charge 
trapping under the gate after being programmed for a period 
of time; and 
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[0060] FIG. 24B illustrates a sectional vieW of a ?ash 
EEPROM cell constructed in accordance With an embodi 
ment of the present invention showing the area of charge 
trapping under the gate after being programmed for a su?i 
cient time to achieve the same threshold voltage of the cell 
illustrated in FIG. 24A. 

DETAILED DESCRIPTION 

[0061] The tWo bit ?ash EEPROM cell of the present inven 
tion can best be understood With an understanding of hoW 
single bit charge trapping dielectric ?ash EEPROM memory 
cells are constructed, programmed and read. Thus, single bit 
ONO EEPROM memory cells and the method used to pro 
gram, read and erase them are described in some detail. Illus 
trated in FIG. 1 is a cross section of an ONO EEPROM 
memory cell similar to one discussed in the technical article 
entitled “A True Single-Transistor Oxide-Nitride-Oxide 
EEPROM Device,” T. Y. Chan, K. K. Young and Chenming 
Hu, IEEE Electron Device Letters, March 1987, incorporated 
herein by reference. The memory cell, generally referenced 
41, comprises a silicon substrate 30, tWo junctions betWeen 
source and drain regions 32, 34 and substrate 30, a non con 
ducting nitride layer 38 sandWiched betWeen tWo oxide layers 
36, 40 and a conducting layer 42. 

Programming Single Bit Memory Devices 

[0062] The operation of the memory cell 41 Will noW be 
described. To program or Write the cell, voltages are applied 
to the drain 34 and the gate 42 and the source 32 is grounded. 
These voltages generate a vertical and lateral electric ?eld 
along the length of the channel from the source to the drain. 
This electric ?eld causes electrons to be draWn off the source 
and begin accelerating toWards the drain. As they move along 
the length of the channel, they gain energy. If they gain 
enough energy they are able to jump over the potential barrier 
of the oxide layer 36 into the silicon nitride layer 38 and 
become trapped. The probability of this occurring is a maxi 
mum in the region of the gate next to the drain 34 because it 
is near the drain that the electrons gain the mo st energy. These 
accelerated electrons are termed hot electrons and once 
injected into the nitride layer they become trapped and remain 
stored there. Thus, the trapped charge remains in a trapping 
region in the nitride. 

[0063] In US. Pat. No. 4,173,766, issued to Hayes, the 
nitride layer is described as typically being about 350 Ang 
stroms thick (see column 6, lines 59 to 61). Further, the nitride 
layer in Hayes has no top oxide layer. 

[0064] In memory cells constructed using a conductive 
?oating gate, the charge that gets injected into the gate is 
distributed equally across the entire gate. The threshold volt 
age of the entire gate increases as more and more charge is 
injected into the gate. The threshold voltage increases 
because the electrons that become stored in the gate screen the 
gate voltage from the channel. 

[0065] With reference to FIG. 1, in devices With loW con 
ductivity or non conductive ?oating gates, the injection of hot 
electrons into the silicon nitride layer causes the gate thresh 
old voltage to increase only in the trapping region. In both 
conductive and non conductive ?oating gate memory cell 
designs, an increase in the gate threshold voltage causes the 
current ?oWing through the channel to decrease for a given 
gate voltage. This reduces programming e?iciency by length 
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ening the programming time. HoWever, due to the electron 
trapping in the non conductive ?oating gate memory cell 
design, the programming time is reduced less than With the 
conductive ?oating gate memory cell design. 

[0066] The method of reading ?ash EEPROM memory 
cells Will noW be described. The conventional technique of 
reading both conductive ?oating gate and non conductive 
trapping gate EEPROM or ?ash EEPROM memory is to 
apply read voltages to the gate and drain and to ground the 
source. This is similar to the method of pro gramming With the 
difference being that loWer level voltages are applied during 
reading than during programming. Since the ?oating gate is 
conductive, the trapped charge is distributed evenly through 
out the entire ?oating conductor. In a programmed device, the 
threshold is therefore high for the entire channel and the 
process of reading becomes symmetrical. It makes no differ 
ence Whether voltage is applied to the drain and the source is 
grounded or vice versa. A similar process is also used to read 
non conductive gate ?ash EEPROM devices. 

[0067] The process of programming typically includes 
Writing folloWed by reading. This is true for all EPROM and 
EEPROM memory devices. A short programming pulse is 
applied to the device folloWed by a read. The read is actually 
used to effectively measure the gate threshold voltage. By 
convention, the gate threshold voltage is measured by apply 
ing a voltage to the drain and a separate voltage to the gate, 
With the voltage on the gate being increased from Zero While 
the channel current ?oWing from drain to source is measured. 
The gate voltage that provides of channel current is termed 
the threshold voltage. 

[0068] Typically, programming pulses (i.e., Write pulses) 
are folloWed by read cycles Wherein the read is performed in 
the same direction that the programming pulse is applied. 
This is termed symmetrical programming and reading. Pro 
gramming stops When the gate threshold voltage has reached 
a certain predetermined point (i.e., the channel current is 
reduced to a su?iciently loW level). This point is chosen to 
ensure that a ‘0’ bit can be distinguished from a ‘ l ’ bit and that 

a certain data retention time has been achieved. 

The TWo Bit Memory Device 

[0069] A sectional vieW of a tWo bit ?ash EEPROM cell 
constructed in accordance With an embodiment of the present 
invention utiliZing ONO as the gate dielectric is shoWn in 
FIG. 2. The ?ash EEPROM memory cell, generally refer 
enced 10, comprises a P-type substrate 12 having tWo buried 
PN junctions, one being betWeen the source 14 and substrate 
12, termed the left junction and the other being betWeen the 
drain 16 and the substrate 12, termed the right junction. 
Above the channel is a layer of silicon dioxide 18, preferably 
betWeen approximately 60 to 100 Angstroms thick, Which 
forms an electrical isolation layer over the channel. On top of 
the silicon dioxide layer 18 is a charge trapping layer 20 
constructed preferably in the range of 20 to 100 Angstroms 
thick and preferably comprised of silicon nitride, Si3N4. The 
hot electrons are trapped as they are injected into the charge 
trapping layer. In this fashion, the charge trapping layer 
serves as the memory retention layer. Note that the pro gram 
ming, reading and erasing of the memory cell is based on the 
movement of electrons as opposed to movement of holes. The 
charge trapping dielectric can be constructed using silicon 
nitride, silicon dioxide With buried polysilicon islands or 
implanted oxide in the nitride, for example. In the third listed 


























