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EEPROM ARRAY USING 2 BIT NON-VOLATILE 
MEMORY CELLS AND METHOD OF 

IMPLEMENTING SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to non-volatile 
memory cells. More speci?cally, the present invention 
relates to a method and structure of using a 2-bit ?ash 
memory cell to form an electrically erasable programmable 
read only memory (EEPROM) array. 

RELATED ART 

[0002] FIG. 1 is a cross sectional vieW of a conventional 
1-bit non-volatile semiconductor memory cell 10 that uti 
liZes asymmetrical charge trapping. 1-bit memory cell 10, 
Which is fabricated in p-type substrate 12, includes n+ 
source region 14, n+ drain region 16, channel region 17, 
silicon oXide layer 18, silicon nitride layer 20, silicon oXide 
layer 22, and control gate 24. Oxide layer 18, nitride layer 
20 and oXide layer 22 are collectively referred to as ONO 
layer 21. Memory cell 10 operates as folloWs. A program 
ming operation is performed by connecting source region 14 
to ground, connecting drain region 16 to a programming 
voltage of about 9 Volts, and connecting control gate 24 to 
a voltage of about 10 Volts. As a result, electrons are 
accelerated from source region 14 to drain region 16. Near 
drain region 16, some electrons gain suf?cient energy to pass 
through oXide layer 18 and be trapped in nitride layer 20 in 
accordance With a phenomenon knoWn as hot electron 
injection. Because nitride layer 20 is non-conductive, the 
injected charge remains localiZed Within charge trapping 
region 26 in nitride layer 20. 

[0003] Memory cell 10 is read by applying 0 Volts to the 
drain region 16, 2 Volts to the source region 14, and 3 volts 
to the gate electrode. If charge is stored in charge trapping 
region 26 (i.e., memory cell 10 is programmed), then 
memory cell does not conduct current under these condi 
tions. If there is no charge stored in charge trapping region 
26 (i.e., memory cell 10 is erased), then memory cell 10 
conducts current under these conditions. The current, or lack 
of current, is sensed by a sense ampli?er to determine the 
state of memory cell 10. 

[0004] Note that the polarity of the voltage applied across 
source region 14 and drain region 16 is reversed during the 
program and read operations. That is, memory cell 10 is 
programmed in one direction (With source region 14 
grounded), and read the opposite direction (With drain 
region 16 grounded). As a result, the read operation is 
referred to as a reverse read operation. Memory cell 10 is 
described in more detail in US. Pat. No. 5,768,192. 

[0005] Memory cell 10 can also be controlled to operate as 
a 2-bit non-volatile semiconductor memory cell. To accom 
plish this, memory cell 10 is controlled to use a second 
charge trapping region in nitride layer 20, Which is located 
adjacent to source region 14. FIG. 2 illustrates both the ?rst 
charge trapping region 26 (described above in connection 
With FIG. 1), and the second charge trapping region 28 in 
dashed lines. The second charge trapping region 28 is used 
to store a charge representative of a second bit. The second 
charge trapping region 28 is programmed and read in a 
manner similar to the ?rst charge trapping region 26. More 
speci?cally, the second charge trapping region 28 is pro 
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grammed and read by exchanging the source and drain 
voltages described above for programming and reading the 
?rst charge trapping region 26. Thus, the second charge 
trapping region 28 is programmed by applying 0 Volts to 
drain region 16, applying 9 Volts to source region 14 and 
applying 10 Volts to control gate 24. Similarly, the second 
charge trapping region 28 is read by applying 0 Volts to 
source region 14, 2 Volts to drain region 16, and 3 Volts to 
control gate 24. 

[0006] Note that because nitride layer 20 is non-conduc 
tive, the charges stored in the ?rst and second charge 
trapping regions 26 and 28 remain localiZed Within nitride 
layer 20. Also note that the state of the ?rst charge trapping 
region 26 does not interfere With the reading of the charge 
stored in the second charge trapping region 28 (and vice 
versa). Thus, if the ?rst charge trapping region 26 is pro 
grammed (i.e., stores charge) and the second charge trapping 
region 28 is not programmed (i.e., does not store charge), 
then a reverse read of the ?rst charge trapping region Will not 
result in signi?cant current ?oW. HoWever, a reverse read of 
the second bit Will result in signi?cant current ?oW because 
the high voltage applied to drain region 16 Will result in 
unperturbed electronic transfer in the pinch off region adja 
cent to ?rst charge trapping region 26. Thus, the information 
stored in the ?rst and second charge trapping regions 26 and 
28 is read properly. 

[0007] Similarly, if both the ?rst and second charge trap 
ping regions are programmed, a read operation in either 
direction Will result in no signi?cant current ?oW. Finally, if 
neither the ?rst charge trapping region 26 nor the second 
charge trapping region 28 is programmed, then read opera 
tions in both directions Will result in signi?cant current ?oW. 

[0008] Because the 1-bit and 2-bit implementations of 
memory cell 10 are relatively neW, the manner of using this 
memory cell 10 in a memory cell array has not yet been fully 
developed. It Would therefore be desirable to have a memory 
array structure that alloWs memory cell 10 to be imple 
mented as an electrically erasable programmable read only 
memory (EEPROM). For purposes of this disclosure, an 
EEPROM array is de?ned as a non-volatile memory array 
that can be erased on a Word-by-Word basis. This is in 
contrast to a ?ash memory array, Which is de?ned as a 
nonvolatile memory array that cannot be erased on a Word 
by-Word basis, but Which must be erased in blocks. It Would 
further be desirable if the EEPROM array architectures 
could be fabricated using a standard ?ash process. 

SUMMARY 

[0009] Accordingly, the present invention provides struc 
tures and methods for implementing an EEPROM array 
using 2-bit nonvolatile memory cells. As described above, 
each memory cell has a ?rst charge trapping region for 
storing a ?rst bit and a second charge trapping region for 
storing a second bit. 

[0010] In one embodiment, the EEPROM array includes 
an array of 2-bit memory cells arranged in a plurality of roWs 
and columns. Each roW of memory cells shares a Word line, 
Which provides a common connection to the control gates of 
the memory cells in the roW. Also Within each roW, the ?rst 
charge trapping region of each memory cell is coupled to the 
second charge trapping region of an adjacent memory cell by 
a diffusion bit line. Note that for purposes of the present 
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disclosure, a charge trapping region is de?ned as being 
“coupled” to its nearest diffusion bit line, even though there 
is no physical connection betWeen the diffusion bit line and 
the charge trapping region. In this embodiment, each diffu 
sion bit line provides connections to memory cells in a 
plurality of roWs. 

[0011] In one embodiment, an erase operation is per 
formed by applying a voltage of about 0 Volts to the Word 
line of the selected memory cell, and a voltage of about 8 
Volts to the diffusion bit line of the selected memory cell. 
Other voltages can be used in other embodiments. Because 
adjacent memory cells share the same Word line and the 
same diffusion bit line, erasing the ?rst charge trapping 
region of a memory cell Will incidentally erase the second 
charge trapping region of the adjacent memory cell. More 
over, memory cells in other roWs that are coupled to the 
same diffusion bit line Will also receive the erase voltage of 
8 Volts, potentially subjecting these memory cells to erase 
conditions. 

[0012] The present invention compensates for the above 
described erase conditions as folloWs. A storage device is 
coupled to the diffusion bit lines of the array. A memory 
control circuit is coupled to control the EEPROM array and 
the storage device. Prior to erasing the ?rst charge trapping 
region of a ?rst memory cell, the memory control circuit 
reads a plurality of bits from the array, and causes these bits 
to be Written to the storage device. The bits read from the 
array are selected to include all bits that Will be incidentally 
erased When the ?rst charge trapping region is erased (e.g., 
the bit stored in the second charge trapping region of the 
memory cell adjacent to the ?rst memory cell and the other 
bits sharing the same diffusion bit line). After these bits are 
stored in the storage device, the memory control circuit 
causes the ?rst charge trapping region to be erased. After the 
erase operation is completed, the memory control circuit 
causes all of the bits in the storage device to be restored to 
the array. The net effect of these operations is to erase only 
the ?rst charge trapping region of the ?rst transistor. Because 
the array can be erased on a Word-by-Word basis in this 
manner, the array advantageously operates as an EEPROM 
array. 

[0013] In another embodiment of the present invention, 
each roW of memory cells is accessed through a dedicated 
set of select transistors, and the memory cells in each roW 
have dedicated diffusion bit lines. That is, the diffusion bit 
lines do not eXtend to a plurality of roWs. As a result, erasing 
the ?rst charge trapping region of a ?rst transistor only 
results in the incidental erasing of the second charge trap 
ping region of an adjacent second transistor. Thus, in one 
variation of this embodiment, the bit stored in the second 
charge trapping region is Written to the storage device, the 
?rst charge trapping region is erased, and the bit from the 
second charge trapping region is restored from the memory 
storage device to the second charge trapping region of the 
adjacent second transistor. Again, because this array can be 
erased on a Word-by-Word basis, this array advantageously 
operates as an EEPROM array. 

[0014] In another variation of this embodiment, the second 
charge trapping region of the adjacent second transistor is 
simply not used to store data. As a result, an erase operation 
only erases one meaningful bit (i.e., the bit stored in the ?rst 
charge trapping region of the ?rst transistor). Because this 
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array can be erased on a Word-by-Word basis, this array 
advantageously operates as an EEPROM array. 

[0015] The present invention Will be more fully under 
stood in vieW of the folloWing description and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a cross sectional diagram illustrating a 
conventional 1-bit non-volatile memory cell; 

[0017] FIG. 2 is a cross sectional diagram illustrating a 
conventional 2-bit non-volatile memory cell; 

[0018] FIG. 3 is a schematic diagram illustrating a 
memory block that uses the 2-bit memory cells of FIG. 2; 

[0019] FIG. 4A is an isometric vieW of memory cells of 
the memory block of FIG. 3; 

[0020] FIG. 4B illustrates the same isometric vieW as 
FIG. 4A, With the locations of the memory cells highlighted 
in dashed lines; 

[0021] FIG. 5 is a cross sectional vieW of selected 
memory cells of FIG. 4A, taken along a Word line; 

[0022] FIG. 6 is a schematic diagram illustrating addi 
tional diffusion bit lines, metal bit lines and select transistors 
connected at the left and right ends of a memory array in 
accordance With one embodiment of the present invention; 

[0023] FIG. 7 is a block diagram of a circuit that emulates 
per bit erasing of the memory block of FIG. 3 in accordance 
With one embodiment of the present invention; and 

[0024] FIG. 8 is a schematic diagram of a memory block 
in accordance With another embodiment of the present 
invention. 

DETAILED DESCRIPTION 

[0025] FIG. 3 is a schematic diagram illustrating a 
memory block 100 in accordance With one embodiment of 
the present invention. Memory block 100 uses a plurality of 
2-bit memory cells identical to 2-bit memory cell 10 (FIG. 
2). Memory block 100 includes seven full columns of 
memory cells, tWo columns of memory cells that are shared 
With adjacent memory blocks, and thirty-tWo roWs of 
memory cells. The roWs eXtend along a ?rst aXis, and the 
columns eXtend along a second aXis, perpendicular to the 
?rst aXis. The memory cells in the seven full columns are 
identi?ed as memory cells MXX, Where X and Y represent 
the roW and column locations, respectively, of the memory 
cells Within memory block 100. The shared memory cells on 
the left border of memory block 100 are identi?ed as 
memory cells MLX, and the shared memory cells on the 
right border of memory block 100 are identi?ed as memory 
cells MRX. Thus, memory block includes memory cells 
MOO-M31)6 and shared memory cells MLO-MLM and MR0 

31' 

[0026] Each of the memory cells includes tWo charge 
trapping regions, namely, a left charge trapping region and 
a right charge trapping region. The charge trapping regions 
of memory cell MO; are labeled as left charge trapping 
region 1 and right charge trapping region 2. Similarly, the 
charge trapping regions of memory cell MO)2 are labeled as 
left charge trapping region 3 and right charge trapping 
region 4. 
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[0027] The source and drain regions of memory cells 
MOO-M31)6 are formed by diffused regions 101-108, Which 
extend in parallel along the second axis. As described in 
more detail beloW, diffused regions 101-108 also operate as 
bit lines Within memory block 100. Consequently, diffused 
regions 101-108 are hereinafter referred to as diffusion bit 
lines. 

[0028] ONO structures 111-117 are located betWeen adja 
cent diffusion bit lines 101-108. For example, ONO struc 
ture 111 is located betWeen diffusion bit lines 101 and 102. 
The gates of the memory cells in each roW are commonly 
connected to a Word line. More speci?cally, the memory 
cells of roWs 0-31 are connected to Word lines WLO-WL31, 
respectively. 

[0029] FIG. 4A is an isometric vieW of memory cells 
Mop, MOJ, MLO, and Mm. FIG. 4B illustrates the same 
isometric vieW as FIG. 4A, With the locations of memory 
cells Mop, Mm, Mm, and M1)1 highlighted in dashed lines. 
FIG. 5 is a cross sectional vieW of memory cells MO)O and 
MO)1 along the ?rst axis through Word line WLO. Diffusion 
bit lines 101-103 are n-type regions formed in a p-type 
silicon semiconductor substrate 110. Diffusion bit lines 
101-103 can also be formed in a p-Well region. Bit line 
insulating regions 124 are formed over the diffusion bit lines 
101-103. Bit line insulating regions 124 can be, for example, 

silicon oxide having a thickness of approximately 600 Note that bit line insulating regions 124 are an order of 

magnitude thinner than conventional ?eld oxide. Because 
the memory cells in memory block 100 do not require ?eld 
oxide for isolation, memory block 100 can be referred to as 
a ?eldless array. ONO structures 111 and 112 extend over bit 
line insulating regions 124, diffusion bit lines 101-103 and 
substrate 110 in the manner illustrated. Word lines WLO and 
WLl, Which are polycide or salicide structures that include 
a layer of conductively doped polycrystalline silicon 126 
and an overlying layer of metal silicide 127, extend over 
ONO structures 111 and 112 (and bit line insulating regions 
124). Word lines WLO and WL1 form the control gates of 
memory cells Mop, MO)1 MLO, and Mm. The above-de 
scribed structures of memory block 100 are fabricated using 
?ash processing steps. The fabrication of memory block 100 
is described in more detail in commonly oWned, pending 
US. patent application Ser. No. 09/244,316, entitled 
“METHODS FOR FABRICATING A SEMICONDUCTOR 
CHIP HAVING CMOS DEVICES AND A FIELDLESS 
ARRA ” by Efraim Aloni, Which is hereby incorporated by 
reference. 

[0030] Returning noW to FIG. 3, the 2-bit memory cells of 
memory block 100 are accessed through high-voltage select 
transistors 131-138 and metal bit lines 141-144. Metal bit 
lines 141-144 are located in an interconnect layer that 
extends over the above-described elements of memory block 
100. High-voltage select transistors 131-138 are designed to 
have gate oxide suf?cient to Withstand the high voltages 
required for programming and erasing the memory cells. In 
general, select transistors 131-138 are controlled to selec 
tively connect metal bit lines 141-144 to diffusion bit lines 
101-108. The ?rst poWer terminals of select transistors 
131-138 are coupled to diffusion bit lines 101-108, respec 
tively. The second poWer terminals of select transistors 131 
and 133 are coupled to metal bit line 141. The second poWer 
terminals of select transistors 132 and 134 are coupled to 
metal bit line 142. The second poWer terminals of select 
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transistors 135 and 137 are coupled to metal bit line 143. The 
second poWer terminals of select transistors 136 and 138 are 
coupled to metal bit line 144. The gates of select transistors 
131 and 135 are commonly connected to a ?rst select line S1, 
While the gates of select transistors 133 and 137 are com 
monly connected to a second select line S2. Similarly, the 
gates of select transistors 132 and 136 are commonly 
connected to a third select line S3, While the gates of select 
transistors 134 and 138 are commonly connected to a fourth 
select line S4. 

[0031] The memory cells in memory block 100 are 
accessed as folloWs. TWo of the select lines Sl-S4 are pulled 
high, thereby turning on the select transistors coupled to 
these tWo select lines, and tWo of the select lines Sl-S4 are 
pulled loW, thereby turning off the select transistors coupled 
to these tWo select lines. The turned on select transistors 
couple tWo columns of memory cells to the metal bit lines 
141-144. 

[0032] For example, When select lines S2 and S3 are pulled 
high, and select lines S1 and S 4 are pulled loW, metal bit lines 
141-142 are coupled to access the second column of 
memory cells, and metal bit lines 143-144 are coupled to 
access the seventh column of memory cells. More speci? 
cally, the logic high select lines S2 and S3 cause select 
transistors 132, 133, 136 and 137 to turn on, and the logic 
loW select lines S1 and S 4 cause select transistors 131, 134, 
135 and 138 to turn off. Consequently, diffusion bit line 102 
is coupled to metal bit line 142 and diffusion bit line 103 is 
coupled to metal bit line 141. Similarly, diffusion bit line 106 
is coupled to metal bit line 144 and diffusion bit line 107 is 
coupled to metal bit line 143. As a result, signals provided 
on metal bit lines 141 and 142 are provided to control the 
memory cells in the second column of memory block 100, 
and signals provided on metal bit lines 143 and 144 are 
provided to control the memory cells in the seventh column 
of memory block 100. 

[0033] Aplurality of memory blocks, identical to memory 
block 100 can be coupled together along the ?rst and second 
axes, thereby forming a larger memory array. Shared 
memory cells are formed at the interfaces betWeen memory 
blocks along the ?rst axis. More speci?cally, the right-most 
shared memory cells MRO-MR31 of one memory block 
combine With the left-most shared memory cells MLO-ML31 
of an adjacent memory block to form another column of 
memory cells. Stated another Way, the right-most diffusion 
bit line of one memory block combines With the left-most 
diffusion bit line of an adjacent memory block (along With 
the ONO layer located there betWeen) to form a shared 
column of memory cells. This shared column of memory 
cells is accessed by the right-most metal line in a memory 
block and the left-most metal bit line in the right-adjacent 
memory block. This shared column of memory cells is 
accessed When select lines S1 and S4 are pulled high and 
select lines S2 and S3 are pulled loW. Note that under these 
conditions, access is provided to the folloWing memory cells 
in memory block 100: shared memory cells MLO-ML31, 
shared memory cells MRO-MR31 and the fourth column of 
memory cells Moé-Mmé. Because each column of shared 
memory cells counts as a half column Within memory block 
100, there are effectively tWo accessed columns Within 
memory block 100 under these conditions. 

[0034] In accordance With one embodiment of the present 
invention, a memory array is formed by coupling 64 
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memory blocks identical to memory block 100 along the 
?rst axis. This memory array can have any number of 
memory blocks connected along the second aXis. Because 
each memory block has four metal bit lines, the resulting 
memory array has a 256 metal bit lines associated With these 
64 memory blocks. In this memory array, an additional 
diffusion bit line, metal bit line and select transistor must be 
added to the left side of each of the left-most memory blocks 
of the array. This enables the shared memory cells MLO 
ML31 of the left-most memory blocks to be accessed. 
Similarly, an additional diffusion bit line, metal bit line, and 
select transistor must be added to the right side of each of the 
right-most memory blocks of the array, thereby enabling the 
shared memory cells MRO-MR31 of the right-most memory 
blocks to be accessed. 

[0035] FIG. 6 is a schematic diagram illustrating the 
additional diffusion bit lines, metal bit lines and select 
transistors that are connected at the left and right edges of 
the memory array. In FIG. 6, only the left-most portion of 
a leftmost memory block 664 and the right-most portion of 
a right-most memory block 601 are illustrated (i.e., memory 
blocks 602-663, Which are located betWeen memory blocks 
601 and 664, are not illustrated). Because the left-most 
memory block 664 and the right-most memory block 601 are 
identical to memory block 100, the illustrated elements of 
memory blocks 664 and 601 are labeled With the same 
reference numbers as memory block 100. HoWever, the 
metal bit lines are labeled as MBL[N] in FIG. 6, Where N 
is an integer that identi?es the metal bit line in the array. 
Thus, the right-most metal bit lines in memory block 601 are 
labeled MBL[2] and MBL[1]. Similarly, the left-most metal 
bit lines in memory block 664 are labeled as MBL[256] and 
MBL[255 The 256 metal bit lines in the 64 memory blocks 
coupled along the ?rst aXis are therefore identi?ed as metal 
bit lines MBL[25611]. 

[0036] Diffusion bit line 110, metal bit line MBL[257] and 
select transistor 130 are located at the left edge of the array. 
Memory cells MLO-ML31 are formed betWeen diffusion bit 
line 110 and diffusion bit line 101 of memory block 664. 
Select transistor 130 is connected betWeen diffusion bit line 
110 and metal bit line MBL[257]. The gate of select tran 
sistor 130 is coupled to select line S4. 

[0037] Similarly, diffusion bit line 109, metal bit line 
MBL[O] and select transistor 139 are located at the right 
edge of the array. Memory cells MRO-MR31 are formed 
betWeen diffusion bit line 109 and diffusion bit line 108 of 
memory block 601. Select transistor 139 is connected 
betWeen diffusion bit line 109 and metal bit line MBL[O]. 
The gate of select transistor 139 is coupled to select line S1. 

[0038] Because of the tWo additional metal bit lines MBL 
[257] and MBL[O] provided at the left and right edges of the 
memory array, the memory array has a total of 258 metal bit 

lines (i.e., MBL[257:0]). 
[0039] Access having been provided to all of the memory 
cells, program, read and erase operations are performed as 
folloWs. 

[0040] Read Operation 

[0041] A single bit of memory block 100 is read as 
folloWs. The Word line associated With the selected memory 
cell is maintained at a read voltage of 3 volts, While the Word 
lines associated With the non-selected memory cells are held 
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at a voltage of 0 Volts. One of the diffusion bit lines of the 
selected memory cell is held at a voltage of 2 Volts, and the 
other diffusion bit line of the selected memory cell is 
coupled to a sense ampli?er (and held at a voltage of about 
0 Volts), such that a reverse read conditions eXist for the 
selected memory cell. For eXample, to read the right charge 
trapping region 2 of memory cell MOJ, the Word line WLO 
is held at a voltage of 3 Volts, While the Word lines 
WLl-WL31 are held at 0 Volts. Avoltage of 2 Volts is applied 
to diffusion bit line 102, and diffusion bit line 103 is coupled 
to a sense ampli?er (0 Volts), thereby creating reverse read 
conditions for right charge trapping region 2 of memory cell 
MOJ. Under these conditions, the non-selected memory cells 
are neither read nor disturbed. 

[0042] Program Operation 
[0043] For a programming operation, the Word line asso 
ciated With the selected memory cell is held at a program 
ming voltage of 11 volts, While the Word lines associated 
With the non-selected memory cells are held at a voltage of 
0 Volts. The source region of the selected memory cell is 
maintained at a voltage of 0 Volts, and the drain region of the 
selected memory cell is maintained at a voltage of 5.5 Volts. 
For eXample, to program the right charge trapping region 2 
of memory cell MOJ, the Word line WLO is held at a voltage 
of 11 Volts, While the Word lines WLl-WL31 are held at 0 
Volts. A voltage of 5 .5 Volts is applied to diffusion bit line 
103, and a voltage of 0 Volts is applied to diffusion bit line 
102, thereby creating a program condition for right charge 
trapping region 2 of memory cell MOJ. The duration of the 
programming operation is on the order of micro-seconds. 
Note that the duration of the programming operation is not 
long enough and the applied drain voltage of 5.5 Volts is not 
high enough to cause the non-selected memory cells to be 
erased during the programming operation. 
[0044] Erase Operation 
[0045] An erase operation is performed by applying 0 
Volts to the gate of a selected memory cell and 8 Volts to the 
drain region of the selected memory cell. In general, erase 
operations in memory block 100 cannot be limited to a 
single memory cell. For eXample, an attempt to erase the 
right charge trapping region 2 of memory cell MO; Would 
proceed as folloWs. First, the select transistors 132 and 133 
are turned on, thereby providing access to the second 
column of memory block 100 by coupling metal bit lines 
141 and 142 to diffusion bit lines 103 and 102, respectively. 
An erase voltage of 8 Volts is applied to diffusion bit line 
103, and an erase voltage of 0 Volts is applied to Word line 

WLO. 
[0046] Under these conditions, the right charge trapping 
region 2 of memory cell MO)1 is erased. HoWever, under 
these conditions, the left charge trapping region 3 of the 
adjacent memory cell MO)2 is also erased. Moreover, if the 
non-selected Word lines WLl-WL31 are maintained at 0 
Volts, then the right charge trapping regions of all of the 
memory cells in the second column and the left charge 
trapping regions of all of the memory cells in the third 
column are also erased. As a result, the erase operation Will 
erase a minimum of 64 bits. Raising the voltages on the 
non-selected Word lines may eliminate the erase conditions, 
but may, in turn, create undesirable programming condi 
tions. 

[0047] Because a normal erase operation Will erase at least 
64 bits, one erase option is to erase the entire memory block 
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100 at the same time, thereby operating memory block 100 
as a ?ash memory. To erase the entire memory block 100, all 
of the Word lines WLO-WI,51 are held at 0 Volts, and all of 
the diffusion bit lines 101-108 are held at a voltage of 8 
Volts. The duration of the erase operation is on the order of 
milli-seconds. 

[0048] As described above, a normal erase operation in 
memory block 100 Will erase at least 64 bits. HoWever, to 
operate memory block 100 as an EEPROM, there must be a 
mechanism for erasing data on a Word-by-Word basis. It 
Would therefore be desirable to modify the erase operation 
of memory block 100, such that memory block 100 can be 
erased on a Word-by-Word basis. In one embodiment of the 
present invention, the method of operating memory block 
100 is modi?ed such that memory block 100 emulates 
EEPROM. To accomplish this emulation, a single bit of 
memory block 100 is erased in the folloWing manner. 

[0049] FIG. 7 is a block diagram of an erase emulation 
structure 200 that emulates Word-by-Word erasing in a 
memory array that uses memory block 100. Emulation 
structure 200 includes memory array 201, bit line control 
circuit 202, sense ampli?er circuit 203, 64 Word storage 
device 204 and memory control circuit 205. Memory array 
201 is formed from a plurality of memory blocks identical 
to memory block 100. The metal bit lines of memory array 
201 are routed to bit line control circuit 202. Bit line control 
circuit 202 is controlled to apply the appropriate read, 
program and erase voltages to the metal bit lines MBL 
[257:0]. During a read operation, bit line control circuit 202 
also routes an addressed set of eight bit lines to sense 
ampli?er circuit 203 in response to a column address 
received from memory control circuit 205. Bit line control 
circuit 202 is described in more detail in commonly oWned, 
US. Pat. No. 6,081,456 Which issued Jun. 27, 2000, by Oleg 
Dadashev, entitled BIT LINE CONTROL CIRCUIT FOR A 
MEMORY ARRAY USING 2-BIT NON-VOLATILE 
MEMORY CELLS, Which is hereby incorporated by refer 
ence. 

[0050] The number of bit lines routed to sense ampli?er 
circuit 203 is selected to correspond With the Word Width of 
memory array 201. In the described eXample, this Word 
Width is 8 bits. Note that each bit of the 8-bit Word routed 
to sense ampli?er circuit 203 is received from a different 
memory block Within memory array 201. Sense ampli?er 
circuit 203 is coupled to storage device 204. Storage device 
204 is con?gured to store 64 8-bit values. Memory control 
circuit 205 provides address signals to control the access of 
storage device 204. Storage device 204 can be, for eXample, 
a static random access memory (SRAM). 

[0051] The operation of erase emulation circuit 200 Will 
noW be described in connection With an eXample. This 
eXample describes the process required to erase one bit in a 
memory block Within memory array 201. HoWever, it is 
understood that this process is simultaneously performed for 
8 bits in 8 different memory blocks, such that an entire Word 
is erased. The present eXample assumes that it is desired to 
erase the bit stored in the right charge trapping region 2 of 
memory cell MO)1 (FIG. 3). 
[0052] First, memory control circuit 205 controls memory 
array 201 and bit line control circuit 202 such that the bit 
stored in the right charge trapping region of memory cell 
M0’1 is read. Memory control circuit 205 further controls bit 

Sep. 13, 2001 

line control circuit 202 to route this bit (along With the seven 
other addressed bits of the Word) to sense ampli?er circuit 
203 and storage device 204. Memory control circuit 205 
causes the accessed bit (Word) to be Written to the ?rst entry 
of storage device 204. 

[0053] Memory control circuit 205 then sequentially per 
forms read accesses of the right charge trapping regions of 
memory cells M1)1-M31)1. That is, memory control circuit 
205 sequentially reads the bits from the right charge trapping 
regions of all of the memory cells in the second column. The 
bits read are stored in sequential locations in storage device 
204 under the control of memory control circuit 205. 

[0054] Memory control circuit 205 then sequentially per 
forms read accesses of the bits stored in the left charge 
trapping regions of memory cells MO>2-M31)2. That is, 
memory control circuit 205 causes the bits from the left 
charge trapping regions of all of the memory cells in the 
third column to be sequentially read. These bits are stored in 
sequential locations in storage device 204 under the control 
of memory control circuit 205. 

[0055] After these 64 read operations have been com 
pleted, all of the bits that Would have been erased by erasing 
the right charge trapping region 2 of memory cell MO)1 are 
stored in storage device 204. At this time, memory control 
circuit 205 performs an erase operation that erases the right 
charge trapping region 2 of memory cell MOJ. As described 
above, this erase operation also erases the right charge 
trapping regions of memory cells Mm-M3L1 and the left 
charge trapping regions of memory cells Meg-M312. 

[0056] After the erase operation has been completed, 
memory control circuit 205 performs 63 consecutive pro 
gramming operations to restore the bits from storage device 
204 to the right charge trapping regions of memory cells 
M1 -M3L1 and the left charge trapping regions of memory 
cells Moi-M312. That is, the bits are restored to the left 
charge trapping regions of all of the memory cells in the 
third column, and to the right charge trapping regions of all 
of the memory cells in the second column, eXcept for the 
right charge trapping region of memory cell MOJ. The net 
effect of these operations is to erase only the bit stored in the 
right charge trapping region of memory cell MOJ. In the 
foregoing manner, memory array 201 can be erased on a 
Word-by-Word basis, thereby enabling memory array 201 to 
be operated as an EEPROM array. Note that a bit stored in 
the left charge trapping region of a memory cell can be 
erased in a similar manner. 

[0057] The time required to read the 64 bits from memory 
array 201 is on the order of nano-seconds. The time required 
to perform the erase operation is on the order of tens of 
milliseconds. The time required to re-program each of the 63 
bits back into memory array 201 is on the order of micro 
seconds. Consequently, the time required to read and restore 
the 63 bits that are not being erased is a small percentage 
(i.e., about 1 percent) of the total erase time. 

[0058] In a variation of the above-described embodiment, 
memory controller 205 does not cause the bit to be erased to 
be read and stored in storage device 204. In the above 
described eXample, the bit stored in the right charge trapping 
region of the memory cell MO)1 Would not be read (since this 
bit is going to be subsequently erased). As a result, only 63 
read operations are performed prior to the erase operation. 
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[0059] It is understood that the endurance of memory 
array 201 may be limited in the present embodiment, 
because on average, the memory cells of memory array 201 
Will be erased and programmed approximately 63 times 
more often than memory cells in an equivalent ?ash 
memory. HoWever, it is understood that this loss of endur 
ance is acceptable in certain applications Where memory 
array 201 is not eXpected to be re-programmed a large 
number of times. 

[0060] FIG. 8 is a schematic diagram of a memory block 
300 in accordance With another embodiment of the present 
invention. Because memory block 300 is similar to memory 
block 100 (FIG. 3), similar elements in FIGS. 3 and 8 are 
given similar reference numbers. Thus, memory block 300 
includes memory cells Mop-MM, shared memory cells MLO 
and MR0, select transistors 131-138 and metal bit lines 
141-144. Diffusion bit lines 101-108 of memory block 100 
are replaced by diffusion bit lines 201-208 in memory block 
300. As illustrated in FIG. 8, memory block 300 has only 
one roW of memory cells, Which includes memory cells 
MOO-MO)6 and shared memory cells MLO and MR0. As a 
result, the diffusion bit lines 201-208 of memory block 200 
are much shorter along the second aXis than the diffusion bit 
lines 101-108 of memory block 100. Select transistors 
131-138 are connected to diffusion bit lines 201-208 in the 
same manner that select transistors 131-138 are connected to 

diffusion bit lines 101-108 in memory block 100 (FIG. 3). 
Similarly, select transistors 131-138 are connected to metal 
bit lines 141-144 and select lines S1-S4 in the manner 
previously described for memory block 100 (FIG. 3). A 
plurality of memory blocks identical to memory block 300 
can be coupled together along the ?rst and second aXes, 
thereby forming a larger memory array. 

[0061] Memory block 300 is controlled as folloWs. The 
memory cells of memory block 300 are programmed in the 
same manner as the memory cells of memory block 100. 
HoWever, only the memory cells being programmed are 
eXposed to the bit line programming voltages. As a result, 
there is less chance for disturb conditions to eXist in non 
selected memory cells during a programming operation in 
memory block 300. The memory cells of memory block 300 
are read in the same manner as the memory cells of memory 
block 100. 

[0062] In one embodiment, erase operations are carried 
out in memory block 300 in accordance With the folloWing 
eXample. To erase the bit stored in the right charge trapping 
region 2 of memory cell MOJ, the folloWing steps are 
performed. First, the bit stored in the left charge trapping 
region 3 of the right-adj acent memory cell MO)2 is read from 
memory block 300 and stored in a storage device. This 
storage device is similar to storage device 204 (FIG. 7), but 
has a depth of one Word instead of 64 Words. An erase 
operation is then performed to erase the bit stored in the right 
charge trapping region 2 of memory cell MOJ. As described 
above, this erase operation also erases the bit stored in the 
left charge trapping region 3 of right-adj acent memory cell 
M02. After the erase operation has been completed, the bit 
previously read from the left charge trapping region 3 of 
memory cell MO)2 is Written from the storage device back to 
the left charge trapping region 3 of memory cell M02. The 
net result is that the right charge trapping region 2 of 
memory cell MO)1 is erased. Although the present eXample is 
described in connection With a single bit in memory block 
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300, it is understood that another seven bits in similar 
memory blocks are controlled in the same manner in par 
allel, such that an 8-bit Word is erased during an erase 
operation. Moreover, it is also understood that the left charge 
trapping region 3 of memory cell MO)2 can be erased by 
reading the bit stored in the right charge trapping region 2 of 
memory cell MOJ, performing the erase operation, and then 
restoring the bit to the right charge trapping region 2 of 
memory cell MOJ. 

[0063] As described above, the erase operation of memory 
block 300 is similar to the erase operation of memory block 
100. HoWever, memory block 300 Will exhibit greater endur 
ance than memory block 100, because on average, the 
memory cells of memory block 300 are programmed and 
erased tWice as often as a comparable ?ash memory, rather 
than 63 times as often, as Was the case for memory block 
100. HoWever, memory block 300 is less area efficient than 
memory block 100, because memory block 300 requires a 
full set of select transistors 131-138 for each roW of memory 
cells. 

[0064] In accordance With another embodiment of the 
invention, memory block 300 emulates an EEPROM by 
operating memory cells Mop-Moi, MLO and MR0 as 1-bit 
memory cells. For eXample, in one embodiment, only the 
right charge trapping regions of memory cells Mop-MM, 
ML0 and MR0 are used to store data. In this embodiment, the 
left charge trapping regions of these memory cells are not 
used to store data. Thus, erase operations are carried out 
simply by erasing the right charge trapping region of the 
desired memory cell. Even though the left charge trapping 
region of the right adjacent memory cell is incidentally 
erased, this is irrelevant because this left charge trapping 
region is not used to store data. Moreover, there is no 
detrimental over-erase condition associated With the left 
charge trapping region under these conditions. In this man 
ner, memory block 300 can advantageously be operated as 
EEPROM in accordance With this embodiment. In a varia 
tion of this embodiment, only the left charge trapping 
regions are used to store data. 

[0065] Although the invention has been described in con 
nection With several embodiments, it is understood that this 
invention is not limited to the embodiments disclosed, but is 
capable of various modi?cations Which Would be apparent to 
a person skilled in the art. For eXample, although the 
memory blocks have been described as having eight diffu 
sion bit lines, four metal bit lines and eight select transistors, 
it is understood that memory blocks having different num 
bers of diffusion bit lines, metal bit lines and select transis 
tors can be constructed. Moreover, although memory blocks 
100 and 300 have been described as having 32 roWs of 
memory cells and one roW of memory cells, respectively, it 
is understood that other numbers of memory cell roWs can 
be used in other embodiments. In addition, although the 
charge trapping regions have been described in connection 
With an ONO structure, it is understood that these charge 
trapping regions can be implemented by other layers, such 
as a layer of silicon oXide having buried polysilicon islands 
Moreover, elements other than the described select transis 
tors can be used to provide access to the memory cells. Thus, 
the invention is limited only by the folloWing claims. 

1. An electrically erasable programmable read only 
memory (EEPROM) block comprising: 
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a roW of 2-bit non-volatile memory cells, each of the 
memory cells having a ?rst charge trapping region for 
storing a bit and a second charge trapping region for 
storing a bit, Wherein each pair of adjacent memory 
cells in the roW are coupled to share a common diffu 
sion bit line; 

a plurality of metal bit lines; and 

a plurality of high voltage select transistors coupled 
betWeen the diffusion bit lines and the metal bit lines. 

2. The EEPROM block of claim 1, Wherein the roW of 
memory cells comprises a shared memory cell located at 
each end of the roW. 
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3. The EEPROM block of claim 1, Wherein there are half 
as many metal bit lines as diffusion bit lines. 

4. An electrically erasable programmable read only 
memory (EEPROM) array comprising: 

a plurality of roWs of 2-bit non-volatile memory cells, 
each of the memory cells having a ?rst charge trapping 
region for storing a ?rst bit and a second charge 
trapping region for storing a second bit; and 

a dedicated set of high voltage select transistors coupled 
to each of said roWs of memory cells. 

* * * * * 


