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(57) ABSTRACT 
Nonvolatile memory, cell array thereof, and method for 
sensing a data therefrom, the method including the steps of: 
selecting a ?ash memory cell having a ?rst ?oating gate and 
a second ?oating gate, a ?rst control gate and a second 
control gate, and a drain and a source; ?oWing a current 
through a ?rst channel under the ?rst ?oating gate and 
detecting a current ?oW through a second channel under the 
second ?oating gate, thereby sensing a color state of the 
second ?oating gate; ?oWing a current through the second 
channel and conducting level Writings on the ?rst ?oating 
gate, thereby forming different threshold voltages; measur 
ing a cell current of the ?rst channel under the ?rst ?oating 
gate; comparing the measured cell current to a reference 
current, thereby sensing a level state of the ?rst ?oating gate; 
and sensing information bits stored in the ?ash memory cell 
according to a color state of the second ?oating gate and a 

6,313,501. level state of the ?rst ?oating gate. 
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NONVOLATILE MEMORY, CELL ARRAY 
THEREOF, AND METHOD FOR SENSING DATA 

THEREFROM 

BACKGROUND OF THE INVENTION 

[0001] This application claims the bene?t of Application 
No. P1999-43252, ?led in Korea on Oct. 7, 1999, Which is 
hereby incorporated by reference. 

[0002] 1. Field of the Invention 

[0003] The present invention relates to semiconductor 
memory, and more particularly, to nonvolatile memory, in 
Which a ?ash memory cell having tWo ?oating gates is 
provided for storing a signi?cant amount of information per 
cell, and a method for sensing data therefrom. 

[0004] 2. Background of the Related Art 

[0005] In general, there is a volatile memory Which per 
mits erasing stored information and saving neW information 
and a nonvolatile memory Which permits storing informa 
tion only once. In the volatile memory, there are RAM data 
Which are Writable thereto and readable therefrom, and in the 
nonvolatile memory, there are ROM (Read Only Memory), 
EPROM (Erasable Programmable ROM), and EEPROM 
(Electrically Erasable Programmable ROM) data. The ROM 
cannot be programmed again once information is stored, but 
the EPROM and EEPROM can be programmed again once 
information stored therein is erased. The EPROM and 
EEPROM have the same information programming opera 
tion, but different information erasing operation. The 
EPROM erases information stored therein using a UV. ray, 
While the EEPROM erases information stored therein using 
electricity. Keeping pace With demands for a large-siZed 
memory according to the development of the information 
industry, DRAM is the most Widely used as a mass storage 
media. HoWever, DRAM requires a storage capacitor above 
a certain siZe Which requires periodic refreshment. Accord 
ingly, instead of DRAM, there have been eXtensive studies 
on EEPROM Which requires no refreshment. HoWever, 
since EEPROM also permits Writing either ‘1’ or ‘0’ thereon, 
a device packing density corresponds to a number of 
memory cells. Therefore, When it is intended to use 
EEPROM as data storage media, the greatest problem is that 
the cost per bit is too high. In order to solve this problem, 
there is active research on a multi-bit memory cell. The 
multi-bit memory cell permits signi?cantly increased data 
storage density in the same area of a chip Without reducing 
memory cell siZe by storing tWo or more than tWo data in one 
memory cell. The multi-bit memory cell is programmed in 
multiple stages of threshold voltage levels. That is, in order 
to program tWo bits of data in one cell, each of the cells 
should be programmed in four stages of threshold voltage 
levels as is knoWn from 22=4. In this instance, the threshold 
levels in each cell correspond to logic states of 00, 01, 10, 
and 11. Accordingly, in order to increase a number of bits per 
cell by programming the cell in more levels, dispersion of 
each of the threshold voltage levels should be reduced by 
adjusting the threshold voltage levels precisely. 

[0006] A related art nonvolatile memory, cell array 
thereof, and method for sensing data therefrom Will be 
eXplained With reference to the appended draWings. FIGS. 
1A and 1B illustrate unit cells of related art nonvolatile 
memory cells. FIG. 2 illustrates a cell array of related art 
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nonvolatile memories. FIG. 3A illustrates cell states at 
threshold voltages according to the ?rst related art method, 
and FIG. 3B illustrates cell states at control gate voltages 
and reference currents according to the ?rst related art 
method. 

[0007] The related art nonvolatile memory is ?ash 
memory, and a unit cell is provided With, as shoWn in FIGS. 
1A and 1B, a stack of a ?rst gate insulating ?lm 2, a ?oating 
gate 3, a second insulating ?lm 4, and a control gate 5 on a 
?rst conduction type semiconductor substrate 1, and second 
conduction type drain 6a and source 6b in the semiconductor 
substrate 1 on opposing sides of the ?oating gate 3. A 
channel region is formed in the semiconductor substrate 1 
under the ?oating gate 3 When a Write or read operation is 
performed. 
[0008] Referring to FIG. 2, a cell array of related art 
nonvolatile memories is provided With a plurality of ?ash 
memory cells, Wordlines 10, bitlines 11, sourcelines 12, and 
a common sourceline 13. There is a matrix of the plurality 
of ?ash memory cells each having a ?oating gate and a 
control gate, With the plurality of Wordlines 10 formed in an 
aXial direction for providing a voltage to control gates in the 
?ash memory cells in a longitudinal direction. There is a 
drain contact DS for every tWo unit cells, and there are a 
plurality of the bitlines 11 disposed in a longitudinal direc 
tion, each connecting the drain contacts DS in the aXial 
direction. And, there are a plurality of the sourcelines 12 
disposed in the aXial direction each connecting sources 6b of 
the unit cells in the longitudinal direction, and there is the 
common sourceline 13 disposed in the aXial direction. 

TABLE 1 

bitline Wordline common sourceline 

Programming 5~6 V 10~12 V O V 
Read 1 V 5~1O V O V 
Erase ?oat —10 V or O V 12 V or 3.3~5 V 

[0009] Write, read, and erase operations of the ?ash 
memory 14 selected from the related art nonvolatile memory 
having the aforementioned system Will be eXplained With 
reference to FIGS. 1A and 2, and TABLE 1. 

[0010] Referring to FIGS. 1A and 2, in the Write opera 
tion, after selecting one of the ?ash memory cells at a 
crossing point of a selected Wordline 10 and a selected 
bitline 11, a voltage of 5~6V is provided to a drain 6a of the 
selected ?ash memory cell, a voltage of 10~12V is provided 
to the Wordline 10, and a voltage of 0V is provided to the 
common sourceline 13 causing current to ?oW in the chan 
nel, that, in turn, causes hot electrons to migrate from the 
channel to the ?oating gate 3 through the ?rst gate insulating 
?lm 2. Upon reception of the electrons to the ?oating gate 
3, the ?ash memory cell is involved in a pull up of the 
threshold voltage, stopping the Write operation When the 
threshold voltage reaches a desired threshold voltage. 

[0011] Referring to FIGS. 1A and 2, in the read operation, 
after a voltage of 5~10V is provided to the Wordline 10, a 
voltage of approximately 1V is provided to the bitline 11, 
and a voltage of 0V is provided to the common sourceline 
13, current ?oWing through the channel is sensed, and a 
threshold voltage corresponding to the current is read to read 
stored information. 
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[0012] Referring to FIGS. 1A and 2, in the erasure 
operation, the bitline 11 is ?oated, a voltage of —10V or 0V 
is provided to the Wordline 10, a voltage of 12V or 3.3~5V 
is provided to the common sourceline 13, causing electron 
tunneling of electrons stored in the ?oating gate 3 to the 
source 6b through the ?rst gate insulating ?lm 2. In this 
instance, a plurality of the ?ash memory cells connected 
With the common sourceline 13 can be erased at the same 
time, block by block. Levels of the threshold voltages in the 
?ash memory cell can be adjusted to provide states of 2, 4, 
8, or over. A cell With equal to or more than four states is 
called as a multilevel cell. 

TABLE 2 

0 state cell current > reference current 
1 state cell current > reference current 

[0013] 

TABLE 3 

00 state ?rst reference current > cell current 

01 state second reference current > cell current > ?rst reference current 
10 state third reference current > cell current > second reference current 
11 state cell current > third reference current 

[0014] Next, methods for sensing cells having one bit 
information Which have tWo states, and cells having tWo bit 
information, Which have four states, Will be explained With 
reference to FIGS. 3A, 3B, TABLE 2, FIGS. 4A, 4B, and 
TABLE 3. 

[0015] When one bit information is stored, a case Where a 
cell current is higher than a reference current is de?ned as ‘0 
state’ and a case Where the cell current is loWer than the 
reference current is de?ned as ‘1 state’, as illustrated in FIG. 
3A and TABLE 2. The cell and reference currents are a result 
of measuring I-V characteristics of a ?ash memory cell 
Where one reference threshold voltage is set. Since Writing 
to many ?ash memory cells is conducted, the states shoW a 
state as shoWn in FIG. 3B that provides a read alloWance (a 
value divided by tWo of a value obtained by subtracting a 
maximum current in the ‘1 state’ from a minimum current in 
the ‘0 state’). As shoWn in FIG. 3B, ?rst and second 
threshold voltages Vth1 and Vth2 have a distribution of ‘0’ 
and ‘1’ states, respectively. It is preferable that the read 
alloWance is as large as possible for maintaining information 
in the ?ash memory cell, Which requires narroWer disper 
sions ‘W’ of the ‘0 state’ and ‘1 state’ threshold voltages, 
With a greater difference betWeen the dispersions. By doing 
this, an alloWance for setting the reference threshold voltage 
for reading a state of information stored in the ?ash memory 
cell becomes great. 

[0016] A method for reading information from a ?ash 
memory cell having tWo bit information stored therein Will 
be explained. FIG. 4A illustrates cell states at threshold 
voltages according to a second method of the related art, and 
FIG. 4B illustrates cell states at control gate voltages and 
reference currents accordingly. 

[0017] Referring to FIG. 4A, in the related art tWo bit 
information sensing, a cell current is compared to ?rst, 
second, and third reference currents (the ?rst reference 
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current being greater than the second reference current being 
greater than the third reference current), to represent as a 
‘00’ state When the cell current is greater than the ?rst 
reference current, to represent as a ‘01’ state When the cell 
current is greater than the second reference current and 
smaller than the ?rst reference current, to represent as a ‘10’ 
state When the cell current is greater than the third reference 
current and smaller than the second reference current, and to 
represent as ‘11’ state When the cell current is smaller than 
the third reference current. As shoWn in FIG. 4A, illustrating 
current-voltage characteristic curves, there are ?rst, second, 
third, and fourth threshold voltages Vth1, Vth2, Vth3, and 
Vth4 in the ‘00’, ‘01’, ‘10’, and ‘11’ states, respectively. As 
shoWn in FIG. 4B, the ?rst, second, third and fourth 
threshold voltages Vth1, Vth2, Vth3, and Vth4 have ‘00’, 
‘01’, ‘10’, and ‘11’ dispersion states, respectively. 

[0018] HoWever, the related art nonvolatile memory and 
the method for sensing data therefrom has the folloWing 
problems. First, in implementing a multi-bit cell in a ?ash 
memory cell, a difference of threshold voltages betWeen 
states should be great for maintaining a great read alloW 
ance. The great difference of threshold voltages leads a 
control gate voltage higher, Which increases a probability of 
electron leakage from a ?oating gate, Which, in turn, causes 
the cell state to become unstable. Second, When a high 
voltage is provided to a control gate in order to obtain a 
greater read alloWance, peripheral circuits become larger 
and more complicated. Third, since the storage of three bit 
information per one ?ash memory cell requires a higher 
control gate voltage and much time and effort to reduce 
dispersion of the threshold voltage, the storage of informa 
tion of more than three bits is dif?cult. 

SUMMARY OF THE INVENTION 

[0019] Accordingly, the present invention is directed to a 
nonvolatile memory, a cell array thereof, and a method for 
sensing a data therefrom that substantially obviates one or 
more of the problems due to limitations and disadvantages 
of the related art. 

[0020] An object of the present invention is to provide a 
nonvolatile memory, a cell array thereof, and a method for 
sensing a data therefrom, Which can increase a read alloW 
ance of one ?ash memory cell, and store a signi?cant 
amount of information. 

[0021] Additional features and advantages of the inven 
tion Will be set forth in the description Which folloWs, and 
in part Will be apparent from the description, or may be 
learned by practice of the invention. The objectives and 
other advantages of the invention Will be realiZed and 
attained by the structure particularly pointed out in the 
Written description and claims hereof as Well as the 
appended draWings. 
[0022] To achieve these and other advantages and in 
accordance With the purpose of the present invention, as 
embodied and broadly described, the nonvolatile memory 
having unit cells, each unit cell includes a ?rst gate insu 
lating ?lm formed on a semiconductor substrate; a ?rst 
?oating gate and a second ?oating gate formed on the ?rst 
gate insulating ?lm, the ?rst ?oating gate being isolated 
from the second isolating gate; impurity regions formed on 
?rst sides of the ?rst and second ?oating gates; a second gate 
insulating ?lm formed on the semiconductor substrate inclu 
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sive of the ?rst and second ?oating gates; a ?rst control gate 
formed on the second gate insulating ?lm covering a top 
portion and the ?rst side of the ?rst ?oating gate; and a 
second control gate formed on the second gate insulating 
?lm covering a top portion and the ?rst side of the second 
?oating gate, the second control gate being isolated from the 
?rst control gate 

[0023] In other aspect of the present invention, the cell 
array of nonvolatile memories includes a matrix of ?ash 
memory cells, each ?ash memory cell having a ?rst ?oating 
gate and a second ?oating gate, a ?rst control gate and a 
second control gate, and a drain and a source; a plurality of 
Wordlines disposed in an axial direction and connected to the 
?rst control gates in a longitudinal direction; a plurality of 
distinguishlines disposed in the longitudinal direction per 
pendicular to the Wordlines and connected to the second 
control gates in the axial direction; a plurality of bitlines 
disposed perpendicularly to the Wordlines and connected to 
a poWer source contact; a plurality of groundlines disposed 
in the axial direction in parallel to the bitlines and connected 
to a ground contact; a plurality of drainlines disposed in the 
axial direction in parallel to the bitlines and contacting the 
drains in the axial direction; a plurality of sourcelines 
disposed to the axial direction parallel to the groundlines and 
contacting the sources in the axial direction; a plurality of 
drain selection transistors disposed betWeen the plurality of 
drainlines and the poWer source contact; a plurality of drain 
selection lines disposed in parallel to the plurality of Word 
lines, thereby providing a drain selection signal to the 
plurality of drain selection transistors in the longitudinal 
direction; a plurality of source selection transistors disposed 
betWeen the sourceline and the ground contact in the lon 
gitudinal direction; and a plurality of source selection lines 
disposed parallel to the plurality of Wordlines, thereby 
providing a source selection signal to the plurality of source 
selection transistors in the longitudinal direction. 

[0024] In another aspect of the present invention, there is 
provided a method for sensing a data in a nonvolatile 
memory, including the steps of selecting a ?ash memory cell 
having a ?rst ?oating gate and a second ?oating gate, a ?rst 
control gate and a second control gate, and a drain and a 
source; ?oWing a current through a ?rst channel under the 
?rst ?oating gate and detecting a current ?oW through a 
second channel under the second ?oating gate, thereby 
sensing a color state of the second ?oating gate; ?oWing a 
current through the second channel and conducting level 
Writings on the ?rst ?oating gate, thereby forming different 
threshold voltages; measuring a cell current of the ?rst 
channel under the ?rst ?oating gate; comparing the mea 
sured cell current to a reference current, thereby sensing a 
level state of the ?rst ?oating gate; and sensing information 
bits stored in the ?ash memory cell according to a color state 
of the second ?oating gate and a level state of the ?rst 
?oating gate. 

[0025] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The accompanying draWings, Which are included 
to provide a further understanding of the invention and are 
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incorporated in and constitute a part of this speci?cation, 
illustrate embodiments of the invention and together With 
the description serve to explain the principles of the inven 
tion: 

[0027] In the draWings: 

[0028] FIGS. 1A and 1B illustrate unit cells of related art 
nonvolatile memory cells; 

[0029] FIG. 2 illustrates a cell array of related art non 
volatile memories; 

[0030] FIG. 3A illustrates cell states at threshold voltages 
according to a ?rst method of the related art; 

[0031] FIG. 3B illustrates cell states at control gate volt 
ages and reference currents according to the ?rst method of 
the related art; 

[0032] FIG. 4A illustrates cell states at threshold voltages 
according to a second method of the related art; 

[0033] FIG. 4B illustrates cell states at control gate volt 
ages and reference currents according to the second method 
of the related art; 

[0034] FIGS. 5A and 5B illustrate unit cells of nonvola 
tile memory cells according to a preferred embodiment of 
the present invention; 

[0035] FIG. 6 illustrates a cell array of nonvolatile memo 
ries according to a preferred embodiment of the present 
invention; 

[0036] FIGS. 7A to 7C illustrate a method of sensing tWo 
bit information from a nonvolatile memory according to a 
preferred embodiment of the present invention; 

[0037] FIGS. 8 and 9 illustrate dispersions of threshold 
voltages according to a preferred embodiment of the present 
invention; 
[0038] FIGS. 10A to 10C illustrate a method for sensing 
three bit information from a nonvolatile memory according 
to another preferred embodiment of the present invention; 
and 

[0039] FIGS. 11 and 12 illustrate dispersions of threshold 
voltages according to another preferred embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0040] Reference Will noW be made in detail to the pre 
ferred embodiments of the present invention, examples of 
Which are illustrated in the accompanying draWings. 

[0041] FIGS. 5A and 5B illustrate unit cells of nonvola 
tile memory cells according to a preferred embodiment of 
the present invention, and FIG. 6 illustrates a cell array of 
nonvolatile memories according to a preferred embodiment 
of the present invention. 

[0042] Referring to FIGS. 5A and SE, a unit cell of a 
nonvolatile memory cell is a ?ash memory cell having tWo 
?oating gates in multi state and includes a ?rst gate insu 
lating ?lm 52, divided into tWo pieces isolated from each 
other, formed on an active region of a semiconductor sub 
strate 51, and ?rst and second ?oating gates 53a and 53b 
formed on the ?rst gate insulating ?lm 52 isolated from each 



US 2003/0002335 A1 

other. A drain 54a is formed in the semiconductor substrate 
51 on one side of the ?rst ?oating gate 53a, and a source 54b 
is formed in the semiconductor substrate 51 on one side of 
the second ?oating gate 53b. A region of the semiconductor 
substrate 51 under the ?rst ?oating gate 53a betWeen the 
drain 54a and the source 54b is de?ned as a ?rst channel and 
a portion of the semiconductor substrate 51 under the second 
?oating gate 53b is de?ned as a second channel. A second 
gate insulating ?lm 55 is formed on the semiconductor 
substrate 51 inclusive of the ?rst and second ?oating gates 
53a and 53b in a ?rst direction. A ?rst control gate 56a is 
formed on the second gate insulating ?lm 55 covering a top 
portion and one side of the ?rst ?oating gate 53a. Asecond 
control gate 56b is formed on the second gate insulating ?lm 
55 covering a top portion and one side of the second ?oating 
gate 53b. In this embodiment, the ?rst and second control 
gates 56a and 56b are isolated from each other. The ?rst 
?oating gate 53a and the second ?oating gate 53b are 
electrically ?oated by the second gate insulating ?lm 55. 
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lines 33 are disposed for every column of the ?ash memory 
cells. And, one of the plurality of drainlines 34 is disposed 
for the drain 54a of every column of the ?ash memory cells. 
One of the plurality of sourcelines 35 is disposed for the 
source 54b of every column of the ?ash memory cells. The 
drain selection transistor 36 is disposed betWeen the drain 
line 34 and the poWer source contact C1 for receiving a drain 
selection signal, and the source selection transistor 37 is 
disposed betWeen the sourceline 35 and the ground contact 
C2 for being driven in response to the source selection 
signal. The plurality of drain selection lines 38 are disposed 
in a direction parallel to the plurality of Wordlines 30 each 
for providing a drain selection signal to gates of the drain 
selection transistors 36 disposed in the longitudinal direc 
tion, and the source selection lines 39 are disposed in a 
direction parallel to the Wordlines 30 each for providing a 
source selection signal to gates of the source selection 
transistor 37 disposed in the longitudinal direction. 

TABLE 4 

bitline drainline sourceline source drain distinguishline 

levelWrite 5~6V 12V OV 5V 5~ 10~12V 
10 V 

levelread 1V 5V OV 5V 7~ 5~1OV 
10 V 

level erase 12 V or 15 V or ?oat O V O V or ?oat 
3.3 ~ 7 ~ 10 V —10 V 

5 V 
colorWrite OV 5V 5~6V 12V 10~ 5~1OV 

12 V 
color read 1V 5V OV 5V 7~ OV 

10 V 
color erase ?oat O V 12 V or 15 V or ?oat O V or —10 V 

3.3 V ~ 7 ~ 

5 V 10 V 

[0043] Acell array of nonvolatile memories of the present 
invention, in Which the aforementioned ?ash memory cell is 
employed as a unit cell, Will be explained next. Referring to 
FIGS. 5B and 6, the cell array of nonvolatile memories 
includes a matrix of ?ash memory cells each having ?rst and 
second ?oating gates 53a and 53b, ?rst and second control 
gates 56a and 56b, and a drain 54a and a source 54b. In this 
embodiment, the drain 54a is on one side of the ?rst ?oating 
gate 53a, and the source 54b is on one side of the second 
?oating gate 53b. The cell array of nonvolatile memories 
includes a plurality of Wordlines 30, distinguishlines 31, 
bitlines 32, groundlines 33, drainlines 34, sourcelines 35, 
drain selection transistors 36, source selection transistors 37, 
drain selection lines 38, and source selection lines 39, 
forming the folloWing system. The plurality of Wordlines 30 
are disposed in an axial direction and provide a signal to the 
?rst control gate 56a of the ?ash memory cells in a longi 
tudinal direction. The plurality of distinguishlines 31 are 
disposed in the longitudinal direction perpendicular to the 
plurality of Wordlines 30 and provide a signal to the second 
control gate 56b of the ?ash memory in the axial direction. 
The plurality of bitlines 32 and groundlines 33 are disposed 
parallel to each other and perpendicular to the plurality of 
Wordlines 30 each for providing voltages to a poWer source 
contact C1 and a ground contact C2, respectively. One of the 
plurality of bitlines 32 and one of the plurality of ground 

[0044] A method for sensing data using the aforemen 
tioned nonvolatile memory Will be explained With reference 
to Table 4 and FIG. 6. Before explaining the data sensing 
operation, a ?ash memory cell of the present invention has 
tWo states for one threshold voltage With respect to a ?rst 
control gate 56a. The tWo states for one threshold voltage 
are de?ned as different color states, that is called that the tWo 
states are degenerated for one threshold voltage. In this 
embodiment, ‘the different color states’ is de?ned as states 
When there are electrons present in a second ?oating gate 
53b and When there are no electrons present in the second 
?oating gate 53b that can be identi?ed by current ?oWing 
through the second channel When the voltage is provided to 
the second control gate 56b. For example, a case is de?ned 
as ‘White’ When, after a voltage is provided to the Wordline 
W/L, i.e., the ?rst control gate 56a, for causing a current to 
?oW to the ?rst channel, the voltage is provided to the 
second control gate 56b, to cause current ?oWing to the 
second channel. And, opposite to the ‘White’, is a case When 
there is no current ?oWing to the second channel and is 
de?ned as ‘black’. The ‘White’ is represented as logic ‘1’, 
and the ‘black’ is represented as logic ‘0’. By setting tWo 
threshold voltages for the ?ash memory, and setting ‘black’ 
or ‘White’ for each of the tWo threshold voltages, at least four 
kinds of information can be stored in the ?ash memory cell. 
According the de?nition above, since the ?oating gate is 
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divided to the ?rst and second ?oating gates 53a and 53b, a 
data state can be expressed in at least tWo bit data depending 
on states in Which charges are stored or not in the ?rst and 
second ?oating gates 53a and 53b. In this embodiment, 
Writing data on the ?rst ?oating gate 53a is de?ned as ‘level 
Writing’, reading data is de?ned as ‘level reading’, and 
erasing data is de?ned as ‘level erase’. And, Writing data on 
the second ?oating gate 53b is de?ned as ‘color Writing’, 
reading data is de?ned as ‘color reading’, and erasing data 
is de?ned as ‘color erasing’. The ‘level Writing’ implies 
injection of electrons into the ?rst ?oating gate 53a of a 
selected ?ash memory cell, the ‘level reading’ implies 
reading a threshold voltage of the ?ash memory cell stored 
in the ?rst ?oating gate 53a of the selected ?ash memory 
cell, and the ‘level erasing’ implies extraction of electrons 
from the ?rst ?oating gate 53a of the ?ash memory cell 
along a drain line of the selected ?ash memory cell. And, the 
‘color Writing’ implies injection of electrons to the second 
?oating gate 53b of the selected ?ash memory cell, the 
‘color reading’ implies reading a color state of the ?ash 
memory cell formed by the second ?oating gate 53b of the 
selected ?ash memory cell, and the ‘color erasing’ implies 
extraction of electrons from the second ?oating gate 53b of 
the ?ash memory cell along a source line of the selected 
?ash memory cell. 

[0045] The aforementioned different operations in the 
?ash memory cell 40 selected from the nonvolatile memory 
of the present invention Will be explained. As shoWn in 
FIGS. 5A, 6 and Table 4, in the ‘level Writing’, a voltage of 
10~12V is provided to the distinguish line 31, to cause 
current to ?oW through the second channel under the second 
?oating gate 53b. Then, after a voltage of 5~6V is provided 
to the bitline 32, a bitline voltage is provided to the drainline 
34 through the drain selection transistor 36. A voltage of 
5~10V is provided to the Wordline 30, to cause a current to 
?oW through the ?rst channel. Accordingly, electrons are 
moved from the source 54b to the drain 54a through the 
second channel and the ?rst channel, When hot electrons are 
generated in the vicinity of the drain 54a Which ?oW into the 
?rst ?oating gate 53a. As the hot electrons ?oW into the ?rst 
?oating gate 53a, the threshold voltage of the ?ash memory 
cell is increased to stop the level Writing When the threshold 
voltage reaches a desired level. 

[0046] As shoWn in FIG. 6 and Table 4, in the level 
Writing, a voltage of 5~10V is provided to the distinguish 
line 31 of the selected ?ash memory cell 40 to cause current 
to ?oW through the second channel under the second ?oating 
gate 53b. To cause current to ?oW through the ?rst channel, 
after a voltage of 7~10V is provided to the Wordline 30 and 
a voltage of 1V is provided to the bitline, a bitline 32 voltage 
is provided to the drainline 34 selected through the drain 
selection transistor 36, and current ?oWing through the ?ash 
memory cell is sensed to read the threshold voltage. 

[0047] In the level erase, a voltage of 0 or —10V is 
provided to the Wordline 30 of the selected ?ash memory 
cell 40, and a voltage of 7~10V or 15V is provided to the 
selected drainline 34, causing electron tunneling across the 
?rst gate insulating ?lm 52 betWeen the ?rst ?oating gate 
53a and the drain 54a, thereby carrying out the level erasing. 

[0048] In the color Writing, after a voltage of 10~12V is 
provided to the selected Wordline 30, to cause a current to 
?oW through the ?rst channel under the ?rst ?oating gate 
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53a, a voltage on the common sourceline is provided to the 
selected sourceline 35 using the source selection transistor 
37, and a voltage of 5~10V is provided to the distinguish line 
31, to cause a current to ?oW through the second channel, so 
that hot electrons generated in the vicinity of the source 54b 
through the second channel and the ?rst channel from the 
drain 54a ?oW to the second ?oating gate 53b. As the hot 
electrons ?oW into the second ?oating gate 53b, the thresh 
old voltage of the ?ash memory cell 40 is increased until the 
threshold voltage reaches a desired threshold voltage When 
the color Write is stopped. 

[0049] In the color reading, a voltage of 7~10V is pro 
vided to the selected Wordline 30, to cause a current to ?oW 
through the ?rst channel under the ?rst ?oating gate 53a. 
Thereafter, a voltage beloW 1V is provided to the selected 
distinguish line 31, and a voltage of 1V is provided to the 
bitline 32, to sense current ?oWing through the second 
channel. The ?ash memory cell is determined to be White 
When there is current ?oWing through the second channel 
and to be black When there is no current ?oWing through the 
second channel. 

[0050] In the color erase, a voltage of 0V or —10V is 
provided to the distinguish line 31, and a voltage of 5~6V is 
provided to the source line 35, to cause electron tunneling 
across the ?rst gate insulating ?lm 52 betWeen the second 
?oating gate 53b and the source 54b, thereby carrying out 
the color erase. For example, either a voltage of —10V is 
provided to the distinguish line 31 and a voltage of 3.3V~5V 
is provided to the source line 35, or a voltage of 0V is 
provided to the distinguish line 31 and a voltage of 12V is 
provided to the source line 35, so that the second ?oating 
gate 53b is erased excessively, causing current to ?oW 
through the second channel When voltage on the distinguish 
line 31 is loW. In this instance, the drainline 34 is ?oated, to 
prevent a current to ?oW through the ?rst channel. 

[0051] TWo bit or three bit information may be stored in 
the nonvolatile memory of the present invention operative as 
above. As a preferred embodiment of the present invention, 
a method for reading a state of a nonvolatile memory in a 
case Where tWo bit information is stored in a ?ash memory 
cell Will be explained. FIGS. 7A to 7C illustrate a method 
of sensing tWo bit information from a nonvolatile memory 
according to a ?rst preferred embodiment of the present 
invention. FIGS. 8 and 9 illustrate dispersions of threshold 
voltages according to a preferred embodiment of the present 
invention. 

[0052] Storage of tWo bit information in a nonvolatile 
memory cell having tWo ?oating gates may provide four 
states depending on statuses of charge storage in ?rst and 
second ?oating gates 53a and 53b. Amethod for sensing the 
four states Will be explained. 

[0053] A color reading operation is conducted, to detect 
current ?oWing through a second channel under the second 
?oating gate 53b and to read a color state. Then, a level 
Writing operation is used in programming ?rst and second 
threshold voltages Vth1 and Vth2 in the ?rst ?oating gate 
53a. In this embodiment, an adequately high voltage of 
10~12V is alWays provided to a distinguish line 31, and 
current is kept ?oWing through the second channel. A 
reference voltage is set up betWeen the ?rst and the second 
threshold voltages. A sensed current through the cell is 
dependent on the programmed ?rst and second threshold 
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voltages. That is, upon providing a read voltage to the 
Wordline 30, the ?rst ?oating gate 53a having the different 
threshold voltages programmed thus generates currents cor 
responding to respective states The color state is read thus, 
and according to the read color state, ‘level reading’ is 
conducted. First, as shoWn in FIGS. 7A and 7B, When the 
color state is ‘black’ or ‘White’, the cell current is compared 
to the reference current, representing as a ‘0’ state When the 
cell current is greater than the reference current, and as a ‘1’ 
state When the cell current is smaller than the reference 
current. As shoWn in FIG. 7A, the ‘White state’ has a higher 
threshold voltage provided to the control gate than the ‘black 
state’ at Which no current is in storage. When the second 
?oating gate 53b is in the ‘black state’, the ?ash memory cell 
may be in ‘00’ or ‘01’ state. And, When the second ?oating 
gate 53b is in the ‘White state’, the ?ash memory cell 40 may 
be in ‘10’ or ‘11’ state. As has been eXplained, When tWo bit 
information can be stored in one ?ash memory cell. As 
shoWn in FIG. 7C, the ?ash memory cell 40 can be sensed 
in four states of ‘00’, ‘01’, ‘10’, or ‘11’. Upon ?nishing the 
level Writing on the ?ash memory cell, the ?ash memory cell 
40 has threshold voltage dispersions according to the states 
that provide read alloWances. As shoWn in FIGS. 7A to 7C, 
the read alloWance is a value obtained by subtracting a 
maXimum current in ‘1’ state from a minimum current in ‘0’ 
state and dividing by tWo. As shoWn in FIGS. 8A and 8B, 
in a preferred embodiment of the present invention, a ?rst 
control gate 56a shoWs dispersions of ‘0’ state and ‘1’ state 
in ?rst and second threshold voltages Vthl and Vth2, 
respectively under the ‘black state’ in Which no current ?oWs 
through a second channel under a second ?oating gate 53b. 
As shoWn in FIGS. 9A and 9B, a ?rst control gate 56a 
shoWs dispersions of ‘0’ state and ‘1’ state in ?rst and second 
threshold voltages Vthl and Vth2, respectively under the 
‘White state’ in Which current ?oWs through a second chan 
nel under a second ?oating gate 53b. In this embodiment, a 
greater difference betWeen the ?rst and second threshold 
voltages Vthl and Vth2 or smaller dispersion Widths W Will 
provide greater read alloWances Thus, the ?ash memory cell 
having tWo bit information stored therein may be sensed in 
four states of ‘00’, ‘01’, ‘10’, or ‘11’. 

[0054] A method for sensing a nonvolatile memory in 
accordance With another preferred embodiment of the 
present invention Will be eXplained When a ?ash memory 
cell 40 has three bit information stored therein. FIGS. 10A 
to 10C illustrate a method of sensing three bit information 
from a nonvolatile memory according to another preferred 
embodiment of the present invention, and FIGS. 11 and 12 
illustrate dispersions of threshold voltages according to 
another preferred embodiment of the present invention. 
Storage of three bit information in a nonvolatile memory cell 
having tWo ?oating gates may be in eight different states 
coming from a combination of tWo color states depending on 
presence of a charge in a second ?oating gate 53b and four 
states in storing tWo bit information in a ?rst ?oating gate 
53a. Methods of sensing the eight states Will be eXplained. 

[0055] First, color reading is conducted, and current ?oW 
in a second channel under the second ?oating gate 53b is 
detected to read a color state. Then, level Writing is used in 
programming ?rst, second, third, and fourth threshold volt 
ages Vthl, Vth2, Vth3, and Vth4 in a ?ash memory cell 40. 
In this embodiment, a distinguish line 31 alWays has an 
adequately high voltage of 10~12V provided thereto for 
causing current to ?oW through the second channel. First, 
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second, and third reference voltages Vrefl, Vref2, and Vref3 
are set betWeen the ?rst, second, third, and fourth threshold 
voltages, respectively. In this embodiment, cell current is 
vaned With the programmed threshold voltage. That is, upon 
providing a read voltage to the Wordline 30, a ?rst ?oating 
gate 53a has different threshold voltages programmed 
therein thus generating currents pertinent to the different 
states. Then, respective level readings are conducted accord 
ing to the color states read by detecting currents ?oWing 
through the second channel. First, as shoWn in FIGS. 10A 
and 10B, When the color state is ‘black’ or ‘White’, respec 
tive cell currents are compared to the ?rst, second, and third 
reference currents, to represent a case When the cell current 
is greater than the ?rst reference current as ‘00’ state, a case 
When the cell current is greater than the second reference 
current and smaller than the ?rst reference current as ‘01’ 
state, a case When the cell current is greater than the third 
reference current and smaller than the second reference 
current as ‘10’, and a case When the cell current is smaller 
than the third reference current as ‘11’ state. As shoWn in the 
I-V curve in FIG. 10A, the ‘black state’ has a threshold 
voltage loWer than the ‘White state’. As shoWn in FIG. 10C, 
When the ‘black state’ is represented With ‘0’, the ?ash 
memory cell 40 may have four states of ‘000’, ‘001’, ‘010’, 
and ‘011’. And, When the ‘black state’ is represented With 
‘1’, the ?ash memory cell 40 may have four states of ‘100’, 
‘101’, ‘110’, and ‘111’. 

[0056] Next, as shoWn in FIGS. 11A to 11B, in another 
preferred embodiment of the present invention, a ?rst con 
trol gate 56a shoWs four dispersions of ‘00’, ‘01’, ‘10’ and 
‘11’ states in a ?rst, second, third, and fourth threshold 
voltages Vthl, Vth2, Vth3, and Vth4, respectively under the 
‘black state’ in Which no current ?oWs through a second 
channel under a second ?oating gate 53b. As shoWn in 
FIGS. 12A and 12B, the ?rst control gate 56a shoWs four 
dispersions of ‘00’, ‘01’, ‘10’ and ‘11’ states in the ?rst, 
second, third, and fourth threshold voltages Vthl, Vth2, 
Vth3, and Vth4, respectively under the ‘White state’ in Which 
a current ?oWs through the second channel under the second 
?oating gate 53b. In this embodiment, a greater difference 
betWeen the ?rst to fourth threshold voltages or smaller 
dispersion Widths W Will provide greater read alloWances. 

[0057] The aforementioned nonvolatile memory, cell 
array thereof, and method for sensing a data therefrom have 
the folloWing advantages. First, because the read alloWance 
for tWo bits in the present invention is the same With the read 
alloWance for one bit in the related art, and the read 
alloWance for three bits in the present invention is the same 
With the read alloWance for tWo bits in the related art, the 
present invention can provide a greater read alloWance in 
storing information of the same siZe. Second, because the 
present invention permits storing three bit information for 
one ?ash memory cell, Which is dif?cult to implement in the 
related art, a 256 Mbit ?ash chip can be embodied by using 
a process of fabricating 64 bit ?ash chip Which stores one bit 
per cell. 

[0058] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made in the 
nonvolatile memory, cell array thereof, and method for 
sensing data therefrom of the present invention Without 
departing from the spirit or scope of the invention. Thus, it 
is intended that the present invention cover the modi?cations 
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and variations of this invention provided they come Within 
the scope of the appended claims and their equivalents. 

What is claimed is: 
1. A method of sensing data in a nonvolatile memory 

comprising the steps of: 

selecting a ?ash memory cell having a ?rst ?oating gate 
and a second ?oating gate, a ?rst control gate and a 
second control gate, and a drain and a source; 

?oWing a current through a ?rst channel under the ?rst 
?oating gate and detecting a current ?oW through a 
second channel under the second ?oating gate, thereby 
sensing a color state of the second ?oating gate; 

?oWing a current through the second channel and con 
ducting level Writings on the ?rst ?oating gate, thereby 
forming different threshold voltages; 

measuring a cell current of the ?rst channel under the ?rst 
?oating gate; 

comparing the measured cell current to a reference cur 
rent, thereby sensing a level state of the ?rst ?oating 
gate; and 

sensing information bits stored in the ?ash memory cell 
according to a color state of the second ?oating gate 
and a level state of the ?rst ?oating gate. 

2. The method of sensing data according to claim 1, 
Wherein the current ?oWing through the second channel is 
sensed as a White state, and no current ?oWing through the 
second channel is sensed as a black state. 

3. The method of sensing data according to claim 1, 
Wherein the threshold voltages of the ?rst ?oating gate 
include threshold voltage levels of 2K(K§ 1). 

4. The method of sensing data according to claim 1, 
Wherein tWo bit information is stored in the ?ash memory 
cell, the second ?oating gate has tWo color states, and the 
?rst ?oating gate has tWo level states. 

5. The method of sensing data according to claim 1, 
Wherein three bit information is stored in the ?ash memory 
cell, the second ?oating gate has tWo color states, and the 
?rst ?oating gate has four level states. 

6. A nonvolatile memory having unit cells, each unit cell 
comprising: 

a ?rst gate insulating ?lm formed on a semiconductor 

substrate; 
a ?rst ?oating gate and a second ?oating gate formed on 

the ?rst gate insulating ?lm, the ?rst ?oating gate being 
isolated from the second ?oating gate; 

impurity regions formed on ?rst sides of the ?rst and 
second ?oating gates; 

a second gate insulating ?lm formed on the semiconduc 
tor substrate inclusive of the ?rst and second ?oating 
gates; 

a ?rst control gate formed on the second gate insulating 
?lm covering a top portion and the ?rst side of the ?rst 
?oating gate; and 
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a second control gate formed on the second gate insulat 
ing ?lm covering a top portion and the ?rst side of the 
second ?oating gate, the second control gate being 
isolated from the ?rst control gate 

7. The nonvolatile memory according to claim 6, Wherein 
the impurity region formed on the ?rst side of the ?rst 
?oating gate is a drain, and the impurity region formed on 
the ?rst side of the second ?oating gate is a source. 

8. A cell array of nonvolatile memories comprising: 

a matrix of ?ash memory cells, each ?ash memory cell 
having a ?rst ?oating gate and a second ?oating gate, 
a ?rst control gate and a second control gate, and a 
drain and a source; 

a plurality of Wordlines disposed in an aXial direction and 
connected to the ?rst control gates in a longitudinal 
direction; 

a plurality of distinguishlines disposed in the longitudinal 
direction perpendicular to the Wordlines and connected 
to the second control gates in the aXial direction; 

a plurality of bitlines disposed perpendicularly to the 
Wordlines and connected to a poWer source contact; 

a plurality of groundlines disposed in the aXial direction 
parallel to the bitlines and connected to a ground 
contact; 

a plurality of drainlines disposed in the aXial direction 
parallel to the bitlines and contacting the drains in the 
aXial direction; 

a plurality of sourcelines disposed in the aXial direction 
parallel to the groundlines and contacting the sources in 
the aXial direction; 

a plurality of drain selection transistors disposed betWeen 
the plurality of drainlines and the poWer source contact; 

a plurality of drain selection lines disposed parallel to the 
plurality of Wordlines, thereby providing a drain selec 
tion signal to the plurality of drain selection transistors 
in the longitudinal direction; 

a plurality of source selection transistors disposed 
betWeen the sourceline and the ground contact in the 
longitudinal direction; and 

a plurality of source selection lines disposed parallel to 
the plurality of Wordlines, thereby providing a source 
selection signal to the plurality of source selection 
transistors in the longitudinal direction. 

9. The cell array according to claim 8, Wherein the drain 
is positioned on a ?rst side of the ?rst ?oating gate. 

10. The cell array according to claim 8, Wherein the 
source is positioned on a ?rst side of the second ?oating 
gate. 


