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(57) ABSTRACT 

A double-bit non-volatile memory cell structure and a 

method of programming the memory cell. The memory cell 
includes a pair of stacked gates above a substrate, a doped 
region in the substrate betWeen the stacked gate pair and a 
source/drain region in the substrate on each side of the 
stacked gate pair. The source/drain regions and the doped 
region are doped identically. To Write data into the memory 
cell, the channel underneath both stacked gates is opened 
simultaneously. Data is Written into the desired ?oating gate 
by controlling current ?oW direction. To read data from a 
?rst ?oating gate of the memory cell, a read bias voltage is 
applied to the ?rst control gate above the ?rst ?oating gate. 
In the meantime, a transfer voltage is applied to the second 
control gate. The presence or the absence of a conductive 
channel betWeen the source/drain regions indicates Whether 
data has been Written into the ?rst ?oating gate or not. The 
read bias voltage is greater than the threshold voltage of the 
?rst/the second ?oating gate in the erased state but smaller 
than the threshold voltage in the Written state. The transfer 
voltage is greater than the threshold voltage in the Written 
state. 
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DOUBLEL-BIT NON-VOLTATILE MEMORY UNIT 
AND CORRESPONDING DATA READ/WRITE 

METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the priority bene?t of Tai 
Wan application serial no. 90102758, ?led Feb. 8, 2001. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Invention 

[0003] The present invention relates to a semiconductor 
device and its method of operation. More particularly, the 
present invention relates to a double-bit non-volatile 
memory (NVM) unit and a data read/Write method for the 
double-bit NVM unit. 

[0004] 2. Description of Related Art 

[0005] Non-volatile memory (NVM) is a type of fast 
access, miniature, poWer-saving, vibration-resistant and per 
manent storage media. Thus, the applications of NVM are 
Wide. A prominent type of NVM is the ?ash memory. One 
major aspect of the ?ash memory is the capacity for block 
by-block data erasure so that time is saved. 

[0006] FIG. 1 is a schematic cross-sectional vieW shoWing 
the structure of a conventional non-volatile memory cell. As 
shoWn in FIG. 1, the non-volatile memory cell includes a 
stacked gate structure 110 over a substrate 100. A source/ 
drain region 120 is formed in the substrate 100 on each side 
of the stacked gate structure 110. The stacked gate structure 
110 further includes, from bottom to top, a tunnel oXide layer 
112, a ?oating gate 114, an inter-gate dielectric layer 116 and 
a control gate 118. During programming, electrons are 
injected into the ?oating gate 114. To erase data, a high 
negative bias voltage is applied to the control gate 118 and 
hence electrons are channeled aWay from the ?oating gate 
114. 

[0007] HoWever, in order to remove all electrons from the 
?oating gate 114, over-erase of the aforementioned non 
volatile memory cell often occurs. In other Words, too many 
electrons may be forced out of the ?oating gate 114 during 
erasure, resulting in the accumulation of some positive 
charges in the ?oating gate 114. In the presence of eXcess 
positive charges, an inversion of the channel underneath the 
?oating gate 114 may occur and ultimately this may lead to 
a permanent opening of the channel and possible data read 
errors. 

[0008] To resolve the issue, a split gate structure is devel 
oped. FIG. 2 is a schematic cross-sectional vieW of a 
non-volatile cell having a conventional split-gate structure. 
As shoWn in FIG. 2, a split-gate structure 210 is formed 
over a substrate 200. Asource/drain region 220 is formed in 
the substrate 200 on each side of the split gate structure 210. 
The split-gate structure 210 includes, from bottom to top, a 
tunnel oXide layer 212, a ?oating gate 214, an inter-gate 
dielectric layer 216, a control gate 218 and a transfer gate 
218a. The transfer gate 218a eXtends from the control gate 
218 to the side of the ?oating gate 214. In addition, both the 
transfer gate 218a and the ?oating gate 214, as Well as the 
transfer gate 218a and the substrate 200, are separated by the 
inter-gate dielectric layer 216. In this type of design, the 
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channel under the transfer gate 218a is opened up only When 
a voltage is applied to the control gate 218/transfer gate 
218a. Hence, even if the channel underneath the ?oating 
gate 214 is permanently opened due to over-erase, the tWo 
source/drain regions 220 of the memory cell are still in a 
non-conductive state, thereby preventing data read errors. 

[0009] Although the split-gate structure 210 is able to 
prevent errors due to over-erase, the design has an adverse 
effect on miniaturiZation. This is because the transfer gate 
218a needs to occupy eXtra area. In addition, the combined 
Width of the control gate 218 and the transfer gate 218a 
inside the split-gate structure 210 is different from the 
?oating gate 214. The ?oating gate 214 and the control gate 
218/transfer gate 218a must be patterned in tWo separate 
photolithographic processes. Consequently, alignment prob 
lems betWeen the ?oating gate 214 and the control gate 
218/transfer gate 218a may occur, leading to possible over 
lapping area errors betWeen the control gate 218/transfer 
gate 218a and the ?oating gate 214. Ultimately, electrical 
performance of each memory cell may be different and 
control of the memory cells may be dif?cult. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, one object of the present invention is 
to provide a double-bit non-volatile memory cell capable of 
preventing over-erase problems. The cell includes a sub 
strate, a pair of stacked gates, a doped region, a source 
region and a drain region. Each stacked gate includes, from 
bottom to top, a tunnel oXide layer, a ?oating gate, an 
inter-gate dielectric layer and a control gate. The doped 
region is located in the substrate betWeen the tWo stacked 
gates. The source/drain regions are formed in the substrate 
on each side of the stacked gate pair. The source/drain 
regions and the doped region are doped identically. 

[0011] This invention also provides a method of program 
ming the said double-bit non-volatile memory cell. To Write 
data into the ?rst ?oating gate of the ?rst stacked gate, a bias 
voltage is applied to the ?rst and the second control gate of 
the ?rst and the second stacked gate respectively. The 
channel underneath the ?rst and the second ?oating gate is 
opened. In the meantime, a different bias voltage is applied 
to the respective source/drain regions so that electrons ?oW 
from the channel underneath the second ?oating gate to the 
channel underneath the ?rst ?oating gate. The electrons 
obtain suf?cient energy and produce hot electrons that are 
injected into the ?rst ?oating gate. 

[0012] This invention also provides an alternative method 
of programming the said double-bit non-volatile memory 
cell. To Write data into the ?rst ?oating gate of the ?rst 
stacked gate, a higher bias voltage is applied to the ?rst 
control gate of the ?rst stacked gate. In the meantime, a 
loWer bias voltage is also applied to the source/drain region 
on one side of the ?rst stacked gate so that electrons move 
into the ?rst ?oating gate via the source/drain region. 

[0013] This invention also provides an alternative method 
of reading data from the said double-bit non-volatile 
memory cell. In this memory cell, the threshold voltage (the 
voltage at the control gate When the channel of the stacked 
gate is opened) of the channel underneath any stacked gate 
in the erased state is referred to as a ?rst threshold voltage. 
Threshold voltage of the channel underneath any stacked 
gate in the Written state is referred to as a second threshold 
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voltage. The second threshold voltage is higher than the ?rst 
threshold voltage. To read data stored in the ?rst ?oating 
gate of the ?rst stacked gate, a read bias voltage is applied 
to the ?rst control gate of the ?rst stacked gate. The read bias 
voltage is higher than the ?rst threshold voltage but loWer 
than the second threshold voltage. In the meantime, a 
transfer bias voltage is applied to the second control gate of 
the second stacked gate. The transfer bias voltage is higher 
than the second threshold voltage so that the channel under 
neath the second ?oating gate is forced open. Whether the 
?rst ?oating gate is in the Written state or not is determined 
by the channel betWeen the respective source/drain regions. 
If the channel betWeen the source/drain region is conductive, 
data has not been Written into the ?rst ?oating gate. On the 
contrary, if the channel is non-conductive, data has been 
Written into the ?oating gate. 

[0014] The double-bit non-volatile memory of this inven 
tion uses tWo stacked gates but only a pair of source/drain 
regions. Therefore, a conductive channel is formed joining 
the tWo source/drain regions only When the channel under 
neath both the ?rst and the second ?oating gates is opened. 
Since the probability of having both ?oating gates over 
erased is small, the chance of maintaining a permanent 
channel betWeen the source/drain terminals is slim. Thus, 
errors in data determination are greatly reduced. Moreover, 
one of the stacked gates can be regarded as a transfer gate 
because the transfer gate actually prevents the other transfer 
gate from being over-erased. 

[0015] In addition, the double-bit memory cell is capable 
of holding tWo binary bits With one stacked gate serving as 
the transfer gate of the other stacked gate. Unlike the cell of 
a conventional split-gate having an additional transfer gate 
on one side of the control gate, the area for holding each bit 
is smaller. Furthermore, unlike a conventional split-gate 
design that demands a patterning of the ?oating gate before 
patterning the control gate and the transfer gate together, one 
stacked gate serves as the transfer gate of the other stacked 
gate in this invention. Hence, the ?oating gate and the 
control gate may be produced by a self-alignment method so 
that any non-conformity betWeen different electrical devices 
is minimiZed. 

[0016] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary, and are intended to provide further eXplana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve to eXplain the principles 
of the invention. In the draWings, 

[0018] FIG. 1 is a schematic cross-sectional vieW shoWing 
the structure of a conventional non-volatile memory cell; 

[0019] FIG. 2 is a schematic cross-sectional vieW of a 
non-volatile cell having a conventional split-gate structure; 

[0020] FIG. 3 is a schematic cross-sectional vieW of a 
double-bit non-volatile memory cell according one preferred 
embodiment of this invention; 
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[0021] FIG. 4 is a schematic cross-sectional vieW illus 
trating a ?rst method for programming the double-bit non 
volatile memory cell according to this invention; 

[0022] FIG. 5 is a schematic cross-sectional vieW illus 
trating a second method for programming the double-bit 
non-volatile memory cell according to this invention; and 

[0023] FIG. 6 is a schematic cross-sectional vieW illus 
trating a method for reading data from the double-bit non 
volatile memory cell according to this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0024] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. 

[0025] The folloWing is a description of a double-bit 
non-volatile memory cell structure, tWo programming meth 
ods and a reading method according to this invention. The 
double-bit non-volatile memory cell can be applied to a ?ash 
memory, for eXample. 

[0026] FIG. 3 is a schematic cross-sectional vieW of a 
double-bit non-volatile memory cell according to one pre 
ferred embodiment of this invention. As shoWn in FIG. 3, 
the memory cell includes a substrate 300, a pair of stacked 
gates 310a and 310b, a pair of source/drain regions 320a and 
320b and a doped region 333. The stacked gate 310a/b 
includes, from bottom to top, a tunnel oXide layer 312a/b, a 
?oating gate 314a/b, an inter-gate dielectric layer 316a/b 
and a control gate 318a/b. The doped region 333 is located 
in the substrate 300 on each side of the stacked gate pair 
310a and 310b. Both the source/drain region 320a/b and the 
doped region 333 are similarly doped, for eXample, n-doped. 
In addition, both the ?oating gate 314a/b and the control 
gate 318a/b are made from a material such as polysilicon 
While the inter-gate dielectric layer 316a/b is an oXide/ 
nitride/oxide (ONO) composite layer, for eXample. Further 
more, the doped region 333 is used only for connecting the 
channels underneath the tunnel oXide layers 312a and 312b. 
Hence, Width ‘a’ of the doped region 333 can be smaller than 
Width ‘b’ of the source/drain region 320a/b. 

[0027] The folloWing is a description of tWo methods for 
programming the said double-bit non-volatile memory cell 
of this invention When the source/drain region 320a/b and 
the doped region 333 are n-doped. 

[0028] FIG. 4 is a schematic cross-sectional vieW illus 
trating a ?rst method for programming the double-bit non 
volatile memory cell according to this invention. The ?rst 
programming method is actually a channel hot electron 
(CHE) injection method. Bias voltages V1 and V2 are 
applied to the control gate 318a and 311% respectively so 
that the channel underneath both the ?oating gates 314a and 
314b is simultaneously opened. If data need to be Written 
into the ?oating gate 314b, a bias voltage V3 such as a 
ground voltage is applied to the source/drain region 320a on 
one side of the control gate 318a. In the meantime, a bias 
voltage V4 greater than the bias voltage V3 is applied to the 
source/drain region 320b on one side of the control gate 
311%. Ultimately, electrons ?oW from the source/drain 
region 320a to the source/drain region 320b shoWn by the 



US 2002/0105834 A1 

arrow in FIG. 4. In here, voltage difference between V4 and 
V3 must be su?iciently large for electrons ?owing into 
region underneath the ?oating gate 314b to acquire enough 
energy to produce hot electrons. These hot electrons have 
sufficient energy to cross into the ?oating gate 314b but not 
enough to generate hot electrons underneath the ?oating gate 
314a. 

[0029] Similarly, to Write into the ?oating gate 314a, the 
channel underneath both the ?oating gates 314a and 314b 
must be opened simultaneously and a reverse voltage 
applied to the source/drain region 320a and 320b respec 
tively. This time hot electrons are generated only in the 
channel underneath the ?oating gate 314a and these hot 
electrons are injected into the ?oating gate 314a. In addition, 
Writing into the ?oating gate 314a is unaffected by Written 
data in the ?oating gate 314b. Data can be Written into the 
?oating gate 314a as long as a su?iciently large bias voltage 
is applied to the ?oating gate 314b so that the channel 
underneath the ?oating gate 314b is opened. In other Words, 
Writing data into the ?oating gate 314b can be carried out 
after data is Written into the ?oating gate 314a. 

[0030] FIG. 5 is a schematic cross-sectional vieW illus 
trating a second method for programming the double-bit 
non-volatile memory cell according to this invention. Abias 
voltage V5 greater than Zero is applied to the control gate 
318b. In the meantime, a bias voltage such as a ground 
voltage V6 smaller than V5 is applied to the source/drain 
region 320b on one side of the ?oating gate 318b. Here, the 
difference betWeen the voltages V5 and V6 must be suffi 
ciently large to permit electrons to ?oW from the source/ 
drain region 320b to the ?oating gate 314b by FoWler 
Nordheim tunneling. 

[0031] Similarly, to Write data into the ?oating gate 314a, 
a bias voltage su?iciently higher than the voltage at the 
source/drain region 320a is applied to the control gate 318a. 
The Writing of data into the ?oating gate 314a is unrelated 
to the ?oating gate 314b and the control gate 311%. Hence, 
the Writing of data into the ?oating gate 314a is unaffected 
by the Written state of the ?oating gate 314b. In other Words, 
data can be Written into the ?oating gate 314a after data is 
Written into the ?oating gate 314b. 

[0032] The folloWing is a description of a method of 
reading data from the said double-bit non-volatile memory 
cell of this invention When the source/drain region 320a/b 
and the doped region 333 are n-doped. Because of the 
presence of electric charges, the threshold voltage (bias 
voltage at the control gate 318a (311%) When the channel 
opens) of the channel underneath the ?oating gate 314a 
(314b) When the gate is in a Written state is greater than the 
threshold voltage in the erased state. Here, the threshold 
voltage at the Written state is denoted by VTWrite and the 
threshold voltage at the erased state is denoted by VTmse, 
Wherein VTWme>VT 

[0033] FIG. 6 is a schematic cross-sectional vieW illus 
trating a method for reading data from the double-bit non 
volatile memory cell according to this invention. In FIG. 6, 
the process of reading data from the ?oating gate 314a is 
chosen as an eXample. A positive bias voltage V8 greater 
than VTWrite is applied to the control gate 318b so that the 
opening of the channel underneath the ?oating gate 314b is 
ensured. In the meantime, a positive bias voltage V7 is 
applied to the control gate 318a. In general, 
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VTWme>V7>VTmSe. Different bias voltages V9 and V1O are 
applied to the source/drain regions 320a and 320b respec 
tively. The state of the ?oating gate 314a is determined by 
Whether the channel betWeen the source/drain regions 320a 
and 320b are conductive or not. 

[0034] Since the control gate 311% has a voltage V8 such 
that V8>VTWme>VTmSe, the channel underneath the ?oating 
gate 314b is opened independent of any data Written into the 
?oating gate 314b. On the other hand, the control gate 318a 
has a voltage V7 such that VTWme>V7>VTmSe. The channel 
is opened When the ?oating gate 314a is in an erased state 
While the channel is closed When the ?oating gate 314a is in 
the Written state. Because both the doped region 333 and the 
source/drain region 320a/b are identically doped, conduc 
tion betWeen the source/drain regions 320a and 320b indi 
cates the ?oating gate 314a is in the erased state. Conversely, 
if no conductive channel is formed betWeen the source/drain 
regions 320a and 320b, the ?oating gate 314a is in the 
Written state. 

[0035] Similarly, to read stored data from the ?oating gate 
314b, a bias voltage V7 greater than VTWrite is applied to the 
control gate 318a. In the meantime, a bias voltage V8 greater 
than VTerase but smaller than VTWIite is applied to the control 
gate 318b. Data value contained Within the ?oating gate 
314b is determined by the presence or absence of a conduc 
tive channel betWeen the source/drain regions 320a and 
320b. 

[0036] The double-bit non-volatile memory of this inven 
tion uses tWo stacked gates 310a and 310b but uses just a 
pair of source/drain regions 320a and 320b. Therefore, a 
through channel is formed betWeen the tWo source/drain 
regions 320a and 320b only When the channel underneath 
both the ?rst ?oating gate 314a and the second ?oating gate 
314b are opened. Since the probability of having both 
?oating gates 314a and 314b over-erased is small, the 
chance of maintaining a permanent conductive channel 
betWeen the source/drain terminals 320a and 320b is slim. 
Thus, errors in data determination are greatly reduced. 
Moreover, one of the stacked gates 310a (310b) can be 
regarded as a transfer gate because the transfer gate actually 
prevents the other transfer gate from being over-erased. 

[0037] In addition, the double-bit memory cell is capable 
of holding tWo binary bits With one stacked gate 310a (310b) 
serving as the transfer gate of the other stacked gate 310b 
(310a). Unlike the cell of a conventional split-gate having an 
additional transfer gate on one side of the control gate, the 
area for holding each bit is smaller. 

[0038] Furthermore, unlike a conventional split-gate 
design that demands a patterning of the ?oating gate before 
patterning the control gate and the transfer gate together, one 
stacked gate 310a (310b) serves as the transfer gate of the 
other stacked gate 310b (310a). Hence, the stacked gate 
310a/b may be produced by a self-alignment method so that 
any non-conformity betWeen different electrical devices is 
minimiZed. 

[0039] Furthermore, the doped region 333 serves as a 
current path only. Hence, the doped region 333 can be doped 
identically as the source/drain region 320a/b. In other Words, 
Width ‘a’ of the doped region 333 can be smaller than Width 
‘b’ of the source/drain region 320a/b. Ultimately, the area 
occupied by each double-bit non-volatile memory cell is 
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smaller than the conventional split gate cell design as Well 
as the conventional stacked gate design. 

[0040] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure of the present invention Without departing from the 
scope or spirit of the invention. In vieW of the foregoing, it 
is intended that the present invention cover modi?cations 
and variations of this invention provided they fall Within the 
scope of the folloWing claims and their equivalents. 

What is claimed is: 
1. A double-bit non-volatile memory cell structure, com 

prising: 

a substrate; 

a pair of stacked gates above the substrate, Wherein each 
stacked gate includes, from bottom to top, a tunnel 
layer, a ?oating gate, an inter-gate dielectric layer and 
a control gate; 

a doped region, Wherein the doped region is located in the 
substrate betWeen the tWo stacked gates; and 

a pair of source/drain regions, Wherein the source/drain 
regions are in the substrate on each side of the stacked 
gate pair, and the tWo source/drain regions and the 
doped region are identically doped. 

2. The structure of claim 1, Wherein the double-bit non 
volatile memory cell is applied to form a ?ash memory. 

3. The structure of claim 1, Wherein the tunnel layer 
includes a tunnel oXide layer. 

4. The structure of claim 1, Wherein material forming the 
?oating gate includes polysilicon. 

5. The structure of claim 1, Wherein the inter-gate dielec 
tric layer includes an oXide/nitride/oXide (ONO) composite 
layer. 

6. The structure of claim 1, Wherein the material forming 
the control gate includes polysilicon. 

7. The structure of claim 1, Wherein the Width of the doped 
region is smaller than the Width of any one of the pair of 
source/drain regions. 

8. The structure of claim 1, Wherein the doped region has 
a Width identical to any one of the pair of source/drain 
regions. 

9. The structure of claim 1, Wherein the doped region and 
the tWo source/drain regions are all n-doped. 

10. A method of programming a double-bit non-volatile 
memory cell, Wherein the double-bit non-volatile memory 
cell comprises: 

a substrate; 

a ?rst stacked gate and a second stacked gate above the 
substrate, Wherein the ?rst stacked gate includes a ?rst 
?oating gate and a ?rst control gate and the second 
stacked gate includes a second ?oating gate and a 
second control gate; 

a doped region located in the substrate betWeen the ?rst 
stacked gate and the second stacked gate; and 

a pair of source/drain regions located in the substrate on 
each side of the stacked gate pair, Wherein the tWo 
source/drain regions and the doped region are n-doped; 
and 
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the steps of Writing data into the ?rst ?oating gate 
includes: 

applying a ?rst voltage at the ?rst control gate and 
applying a second voltage at the second control gate so 
that the channel underneath the ?rst ?oating gate and 
the channel underneath the second ?oating gate are 
both opened; and 

applying a different bias voltage at the tWo source/drain 
regions so that electrons in the channel underneath the 
second ?oating gate ?oW toWards the channel under 
neath the ?rst ?oating gate, and the electrons pick up 
suf?cient energy from the channel underneath the ?rst 
?oating gate to produce hot electrons that can easily 
move into the ?rst ?oating gate. 

11. The programming method of claim 10, Wherein after 
the step of Writing data into the ?rst ?oating gate, further 
includes: 

applying a third voltage at the ?rst control gate and 
applying a fourth voltage at the second control gate so 
that the channel underneath the ?rst ?oating gate and 
the channel underneath the second ?oating gate are 
both opened; and 

applying a different bias voltage to the tWo source/drain 
regions so that electrons in the channel underneath the 
second ?oating gate ?oW and acquire enough energy to 
generate hot electrons capable of moving into the 
second ?oating gate. 

12. The programming method of claim 10, Wherein the 
bias voltage applied to the source/drain region on one side 
of the second stacked gate includes a ground voltage. 

13. A method of programming a double-bit non-volatile 
memory cell, Wherein the double-bit non-volatile memory 
cell comprises: 

a substrate; 

a ?rst stacked gate and a second stacked gate above the 
substrate, Wherein the ?rst stacked gate includes a ?rst 
?oating gate and a ?rst control gate and the second 
stacked gate includes a second ?oating gate and a 
second control gate; 

a doped region located in the substrate betWeen the ?rst 
stacked gate and the second stacked gate; and 

a pair of source/drain regions located in the substrate on 
each side of the stacked gate pair, Wherein the tWo 
source/drain regions and the doped region are n-doped; 
and 

the steps of Writing data into the ?rst ?oating gate 
includes: 

applying a higher bias voltage at the ?rst control gate and 
applying a loWer bias voltage at the source/drain region 
on one side of the ?rst stacked gate so that electrons can 
tunnel into the ?rst ?oating gate from the source/drain 
region on one side of the ?rst stacked gate. 

14. The programming method of claim 13, Wherein after 
the step of Writing data into the ?rst ?oating gate, further 
includes: 

applying a higher bias voltage at the second control gate; 

applying a loWer bias voltage at the source/drain region 
on one side of the second stacked gate so that electrons 
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can tunnel into the second ?oating gate from the 
source/drain region on one side of the second stacked 
gate. 

15. The programming method of claim 13, Wherein the 
bias voltage applied to the source/drain region on one side 
of the ?rst stacked gate includes a ground voltage. 

16. A method of reading data from a double-bit non 
volatile memory cell, Wherein the double-bit non-volatile 
memory cell comprises of: 

a substrate; 

a ?rst stacked gate and a second stacked gate on the 
substrate, Wherein the ?rst stacked gate includes a ?rst 
?oating gate and a ?rst control gate and the second 
stacked gate includes a second ?oating gate and a 
second control gate, the channel underneath the ?rst/the 
second ?oating gate is at a ?rst threshold voltage When 
the ?rst/the second ?oating gate is in the erased state, 
and the channel underneath the ?rst/the second ?oating 
gate is at a second threshold voltage greater than the 
?rst threshold voltage When the ?rst/second ?oating 
gate is in the Written state; 

a doped region in the substrate located betWeen the tWo 
stacked gates; and 
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a pair of source/drain regions located on each side of the 
stacked gate pair, Wherein the tWo source/drain regions 
and the doped region are n-doped; and 

the steps of reading stored data from the ?rst ?oating gate 
includes: 

applying a read bias voltage at the ?rst control gate, 
Wherein the read bias voltage is greater than the ?rst 
threshold voltage but smaller than the second threshold 
voltage; 

applying a transfer bias voltage at the second control gate, 
Wherein the transfer bias voltage is greater than the 
second threshold voltage so that the channel underneath 
the second ?oating gate is opened; and 

determining the state of the ?rst ?oating gate by checking 
the presence or absence of a conductive channel 
betWeen the tWo source/drain regions, Wherein conduc 
tion betWeen the tWo source/drain regions indicates an 
unWritten state for the ?rst ?oating gate While non 
conduction indicates a Written state. 


