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(57) ABSTRACT 

A reading method for a multi-level cell (MLC) memory 
includes the following steps. A number of word line Voltages 
are sequentially provided to an MLC memory cell. A number 
of bit line Voltages corresponding to the word line Voltages are 
sequentially provided to the MLC memory cell. One of the 
word line voltages is higher than another one of the word line 
Voltages, and one of the bit line Voltages corresponding to the 
one of the word line voltages is lower than another one of the 
bit line Voltages corresponding to the another one of the word 
line Voltages. 
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1. 

READING METHOD FOR MILC MEMORY 
AND READING CIRCUIT USING THE SAME 

This application is a continuation application of co-pend 
ing U.S. application Ser. No. 12/167,265, filed Jul. 3, 2008, 
the contents of which are incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The invention relates in general to a reading method and a 

reading circuit, and more particularly to a reading method for 
a multi-level cell (MLC) memory and a reading circuit using 
the same. 

2. Description of the Related Art 
Non-volatile memories are widely used in various prod 

ucts, such as mobile phones, digital cameras and personal 
digital assistants (PDAs). The non-volatile memories may be 
classified into various kinds, one of which is the multi-level 
cell memory that is frequently seen. 

FIG. 1 is a structure diagram showing a conventional MLC 
memory cell 100. Referring to FIG. 1, the MLC memory cell 
100 includes a left half cell 110 and a right half cell 120. Each 
half cell can trap charges, and the amount of trapped charges 
influences the threshold voltage states of each half cell so that 
the object of storing data can be achieved. That is, the data 
content stored in each half cell can be obtained according to 
the threshold voltage states of each half cell. Furthermore, in 
an MLC memory having many MLC memory cells 100, the 
threshold voltages of the MLC memory cells 100 are not 
completely the same even if the same data is stored in the 
MLC memory cells 100 because the physical properties of the 
MLC memory cells 100 are not completely the same. So, the 
states of each half cell are represented by the threshold volt 
age distribution. 

FIG. 2 is a schematic illustration showing one example of 
threshold voltage distribution of the MLC memory. As shown 
in the example of FIG. 2, it is assumed that each half cell can 
store 2 bits of data. Thus, the threshold voltage distribution of 
the MLC memory having a number of MLC memory cells 
100 has four threshold voltage states 11, 10, 00, 01}. Taking 
the threshold voltage state {11} corresponding to the left half 
cell as an example, the threshold voltage state {11} represents 
that the threshold voltage value of the left half cell ranges 
between 2.0 to 3.1 volts. The threshold voltage state {11} 
represents that the data value stored in the left half cell is “11”. 

Conventionally, when the reading operation is being per 
formed, different word line voltages are applied to a gate G of 
the MLC memory cell 100, corresponding bit line voltages 
are applied to the source or drain of the MLC memory cell 
100, and the data value stored in the MLC memory cell 100 is 
judged according to the value of the current flowing through 
the source S. As shown in FIG. 2, when the data of the MLC 
memory cell is read, the used word line Voltage is at least one 
of the word line voltages VG1 to VG3. For example, the level 
of the word line voltage VG1 ranges between the threshold 
voltage states {01} and {00, that is, ranges between 4.7 and 
5.5 volts. 
When the MLC memory cell is being read, a subsequent 

read error may be caused due to read disturb. FIG. 3 is a 
schematic illustration showing the conventional MLC 
memory cell 100 encountering the read disturb. Referring to 
FIGS. 3 and 2, the charges stored in the right half cell 120 are 
influenced when the MLC memory cell 100 is being read. 
That is, the operation of reading the left half cell 110 influ 
ences the threshold voltage value of the right half cell 120 
because the word line voltage VG and the bit line voltage VBL 
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2 
used to read the left half cell 110 approach the word line 
voltage VG and the bit line voltage VBL used to program the 
right half cell 120. 
More particularly, when the threshold voltage of the left 

half cell 110 pertains to the threshold voltage state {01} and 
the threshold voltage of the right half cell 120 pertains to the 
threshold voltage state {11} and when the left half cell 110 is 
being read, the right half cell 120 is influenced most seriously. 
Therefore, the problem of the read error may occur if the data 
stored in the right half cell 120 is to be read after the left half 
cell 110 is read. 

Thus, it is an important Subject in the industry to avoid the 
above-mentioned read disturb, to avoid the problem of the 
stored data error caused by the threshold voltage values of the 
neighboring half cells, and to increase the correctness of 
reading the MLC memory. 

SUMMARY OF THE INVENTION 

The invention is directed to a reading method for an MLC 
memory and a reading circuit using the same, which can 
reduce the possibility of occurrence of read disturb in order to 
ease the phenomenon of the read error of the MLC memory 
and to enhance the read correctness. 

According to a first aspect of the present invention, a read 
ing method for a multi-level cell (MLC) memory is provided. 
The method includes the following steps. A number of word 
line voltages are sequentially provided. A number of bit line 
Voltages corresponding to the word line Voltages are sequen 
tially provided. If one of the word line voltages is higher than 
another one of the word line voltages, one of the bit line 
Voltages corresponding to the one of the word line Voltages is 
lower than another one of the bit line Voltages corresponding 
to the another one of the word line voltages. 

According to a second aspect of the present invention, a 
reading circuit applied to a multi-level cell (MLC) memory is 
provided. The circuit includes a word line voltage controller 
and a bit line voltage controller. The word line voltage con 
troller provides a number of word line voltages. The bit line 
voltage controller provides a number of bit line voltages 
corresponding to the word line voltages. If one of the word 
line Voltages is higher than another one of the word line 
Voltages, one of the bit line Voltages corresponding to the one 
of the word line voltages is lower than another one of the bit 
line Voltages corresponding to the another one of the word 
line Voltages. 
The invention will become apparent from the following 

detailed description of the preferred but non-limiting embodi 
ments. The following description is made with reference to 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 (Prior Art) is a structure diagram showing a conven 
tional MLC memory cell. 

FIG. 2 (Prior Art) is a schematic illustration showing one 
example of threshold voltage distribution of an MLC 
memory. 

FIG.3 (Prior Art) is a schematic illustration for explaining 
the conventional MLC memory cell encountering read dis 
turb. 

FIG. 4 is a flow chart showing a reading method for an 
MLC memory according to a first embodiment of the inven 
tion. 

FIG. 5 is a schematic illustration showing a reading circuit 
using the reading method for the MLC memory according to 
the first embodiment of the invention. 



US 8,023,333 B2 
3 

FIG. 6 is a schematic illustration showing an example when 
the MLC memory cell is being read. 

FIG. 7 is a flow chart showing a reading method for an 
MLC memory according to a second embodiment of the 
invention. 

FIG. 8 is a schematic illustration showing a reading circuit 
using the reading method for the MLC memory according to 
the second embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

First Embodiment 

FIG. 4 is a flow chart showing a reading method for an 
MLC memory according to a first embodiment of the inven 
tion. The method includes the following steps. In step S410. 
a first word line voltage and a first bit line voltage are provided 
to an MLC memory cell. In step S420, a second word line 
voltage and a second bit line voltage are provided to the MLC 
memory cell, wherein if the first word line voltage is higher 
than the second word line voltage, the first bit line voltage is 
lower than the second bit line voltage. 

FIG. 5 is a schematic illustration showing a reading circuit 
500 using the reading method for the MLC memory accord 
ing to the first embodiment of the invention. Referring to FIG. 
5, the reading circuit 500 includes a word line voltage con 
troller 510, a bit line voltage controller 520 and a sense 
amplifier 530. In FIG. 5, the function and the operation 
method of each element are described by taking an MLC 
memory cell Mofan MLC memory 502 as an example. 
The word line voltage controller 510 provides a word line 

voltage VG1 or a word line voltage VG2 to the MLC memory 
cell M. The bit line voltage controller 520 correspondingly 
provides a bit line voltage VBL1 or a bit line voltage VBL2 to 
the MLC memory cell M. The word line voltage VG1 and the 
bit line voltage VBL1 are provided simultaneously, and the 
word line voltage VG2 and the bit line voltage VBL2 are 
provided simultaneously. If the word line voltage VG1 is 
higher than the word line voltage VG2, the bit line voltage 
VBL1 is lower than the bit line voltage VBL2. 

That is, when the level of the word line voltage provided by 
the word line voltage controller 510 is changed (e.g., 
increased from the word line voltage VG2 to the word line 
voltage VG1 (VG2<VG1)), the bit line voltage provided by 
the bit line voltage controller 520 is correspondingly changed 
(i.e., decreased from the bit line voltage VBL2 to the bit line 
voltage VBL1(VBL2>VBL1)). 

The sense amplifier 530 detects the current Is 1 flowing 
through the MLC memory cell M when the word line voltage 
VG1 and the bit line voltage VBL1 are provided to the MLC 
memory cell M. The sense amplifier 530 further detects the 
current Is2 flowing through the MLC memory cell M when 
the word line voltage VG2 and the bit line voltage VBL2 are 
provided to the MLC memory cell M. The sense amplifier 530 
further determines the data value stored in the MLC memory 
cell M according to the values of the current Is 1 and the 
current Is2. In practice, the word line Voltage is applied to the 
gate G of the MLC memory cell M, the corresponding bit line 
voltage is applied to the drain D of the MLC memory cell M, 
and the current flows through the source S of the MLC 
memory cell M. 

In addition, the word line voltage controller 510 of this 
embodiment further provides a word line voltage VG3 to the 
MLC memory cell M, and the bit line voltage controller 520 
further correspondingly provides a bit line voltage VBL3 to 
the MLC memory cell M. If the word line voltage VG2 is 
higher than the word line voltage VG3, the bit line voltage 
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4 
VBL2 is lower than the bit line voltage VBL3. That is, 
VBL3>VBL2>VBL1 if VG3<VG24VG1. 
How the phenomenon of read disturb is eased in this 

embodiment will be described in the following. FIG. 6 is a 
schematic illustration showing an example when the MLC 
memory cell is being read. In this example, the read disturb 
influencing the MLC memory cell M most seriously will be 
described in order to prove that this embodiment can improve 
the problem of the read disturb significantly. Referring to 
FIGS. 6 and 2, it is assumed that a left half cell 110 of the 
MLC memory cell Min FIG. 6 is in the threshold voltage state 
{01}, a right half cell 120 thereof (as shown by oblique line) 
is in the threshold voltage state {11}, and the operation of 
reading the left half cell 110 is described as an example. 

In the conventional read operation, when the left half cell 
pertaining to the threshold voltage state {01} is read, the word 
line voltage controller 510 provides at least one of the word 
line voltages VG1 to VG3, and the bit line voltage controller 
520 provides a constant bit line voltage VBL so that the 
operation of reading the left half cell 110 is achieved. How 
ever, when the reading circuit 500 provides the word line 
voltage VG1 and the bit line voltage VBL simultaneously, 
the right half cell 120 is slightly programmed so that the data 
content stored therein may be changed because the word line 
voltage VG1 has the relatively high level (e.g., VG1=5V and 
VBL'=1.6 V). 

In this embodiment, the phenomenon of the read disturb is 
eased by decreasing the bit line voltage applied to the drain D 
of the MLC memory cell M. That is, the bit line voltage 
controller 520 provides the bit line voltage VBL1 
(VBL1<VBL) having the relatively lower level, such as 1.4 
volts, so as to decrease the hot carrier injection during the read 
operation. Therefore, when the reading circuit 500 provides 
the word line voltage VG1 and the bit line voltage VBL1 in 
this example, the hot carrier that injected to right half cell is 
decreased. So, it is possible to prevent the charges stored in 
the right half cell 120 from being influenced and the phenom 
enon of the read disturb can be eased. 

However, when the level of the bit line voltage is reduced in 
order to solve the problem of the read disturb, the problem of 
the second bit effect may rise. In this invention, it was found 
that the read disturb usually occurs when the high word line 
Voltage is provided, and the second bit effect usually occurs 
when the low word line voltage is provided. The read disturb 
may be eased by decreasing the bit line Voltage, and the 
second bit effect may be avoided by increasing the bit line 
voltage. Therefore, the reading circuit of this embodiment 
correspondingly provides bit line voltages with different lev 
els according to the level of the word line voltage in order to 
ease the problem induced by the second bit effect while the 
phenomenon of the read disturb is eased. 

For example, when the left half cell 110 is being read with 
the left half cell 110 being kept in the threshold voltage state 
{01} and the right half cell being kept in the threshold voltage 
state {11}, the read disturb becomes most serious. At this time 
and when the word line voltage controller 510 provides the 
word line voltage VG1 (VG1>VG2>VG3) with the relatively 
higher level, the bit line voltage controller 520 correspond 
ingly provides the bit line voltage VBL1 
(VBL1<VBL2<VBL3) with the relatively lower level. 
Because the lower bit line voltage VBL1 significantly differs 
from the Voltage for programming the other half cell, the 
problem of the read disturb can be improved. 

Correspondingly, when the left half cell 110 is being read 
with the left half cell 110 being kept in the threshold voltage 
state {11} and the right half cell being kept in the threshold 
voltage state {01}, the second bit effect becomes most seri 
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ous. At this time and when the word line voltage controller 
510 provides the word line voltage VG3 (VG1>VG2>VG3) 
with the relatively lower level, the bit line voltage controller 
520 correspondingly provides the bit line voltage VBL3 
(VBL1<VBL2<VBL3) with the relatively high level to ease 5 
the problem of the second bit effect. 

At this time, when the left half cell 110 is being read, a 
channel length of the left half cell 110 is influenced by the 
amount of charges trapped by the right half cell 120. In 
addition, the higher bit line voltage makes the channel to be 10 
farther from the right half cell 120 so that the influence of the 
trapped charges of the right half cell 120 on the left half cell 
110 is reduced. Therefore, this embodiment provides the 
higher bit line voltage when the lower word line voltage is 
provided in order to ease the second bit effect effectively. 15 

Consequently, when the reading circuit using the reading 
method for the MLC memory of this embodiment is perform 
ing a read operation, the read disturb can be effectively eased, 
and the problem of the second bit effect can be improved by 
providing the corresponding word line Voltage and the corre- 20 
sponding bit line Voltage. 

Second Embodiment 

FIG. 7 is a flow chart showing a reading method for an 25 
MLC memory according to a second embodiment of the 
invention. Referring to FIG. 7, the method includes the fol 
lowing steps. In step S710, a number of word line voltages are 
sequentially provided. In step S720, a number of bit line 
Voltages corresponding to the word line Voltages are sequen- 30 
tially provided, wherein if one of the word line voltages is 
higher than another one of the word line voltages, one of the 
bit line voltages corresponding to the one of the word line 
voltages is lower than another one of the bit line voltages 
corresponding to the another one of the word line Voltages. In 35 
an exemplary embodiment, each of the word line Voltages and 
its corresponding bit line Voltage are provided simulta 
neously. In step S730, current values flowing through the 
MLC memory cell are detected. In step S740, the data value 
stored in the MLC memory cell is determined according to the 40 
current values. Each current value is the value of the current 
flowing through the MLC memory cell when the correspond 
ing word line Voltage and the corresponding bit line Voltage 
are provided to the MLC memory cell. 

FIG. 8 is a schematic illustration showing a reading circuit 45 
800 using the reading method for the MLC memory accord 
ing to the second embodiment of the invention. Referring to 
FIG. 8, the reading circuit 800 includes a word line voltage 
controller 810, a bit line voltage controller 820 and a sense 
amplifier 830. In this embodiment, the word line voltage 50 
controller 810 provides a number of word line voltages VG1 
to VGn, and the bit line voltage controller 820 provides a 
number of bit line voltages VBL1 to VBLn corresponding to 
the word line voltages. Each of the word line voltages VG1 to 
VGn and the corresponding one of the bit line voltages VBL1 55 
to VBLn are provided simultaneously. For example, the word 
line voltage VG1 and its corresponding bit line voltage VBL1 
are provided simultaneously; the word line voltage VG2and 
its corresponding bit line voltage VBL2 are provided simul 
taneously; analogically, the word line Voltage VGn and its 60 
corresponding bit line voltage VBLn are provided simulta 
neously. 

If One of the word line voltages VG1 to VGn is higher than 
another one of the word line voltages VG1 to VGn, one of the 
bit line voltages VBL1 to VBLn corresponding to the one of 65 
the word line voltages VG1 to VGn is lower than another one 
of the bit line voltages VBL1 to VBLn corresponding to the 

6 
another one of the word line voltages VG1 to VGn. For 
example, the word line voltage VG1 is higher than the word 
line Voltage VG2, and the corresponding bit line Voltage 
VBL1 is lower than the corresponding bit line voltage VBL2; 
the word line voltage VG2 is higher than the word line voltage 
VG3, and the corresponding bit line voltage VBL2 is lower 
than the corresponding bit line voltage VBL3. Analogically, 
the relationship among the word line voltages VG1 to VGnis 
preferably VG1>VG2>. . . >VGi>VGn (i-n), and the rela 
tionship among the corresponding bit line Voltages VBL1 to 
VBLn is VBL1<VBL2<VBLiz ... <VBLn(ign). 
The sense amplifier830 detects multiple current values Is 1 

to Isn flowing through the MLC memory cell M, and deter 
mines the data values stored in the MLC memory cell M 
according to these current values Is 1 to Isn. Each of the 
current value Isl to Isn is the value of the current flowing 
through the MLC memory cell M when the corresponding 
one of the word line voltages VG1 to VGnand the correspond 
ing one of the bit line voltages VBL1 to VBLn are provided to 
the MLC memory cell M. In practice, the word line voltage is 
applied to the gate G of the MLC memory cell M, the corre 
sponding bit line voltage is applied to the drain D of the MLC 
memory cell M, and the current flows through the source S of 
the MLC memory cell M. 

Similarly, when the reading circuit using the reading 
method for the MLC memory of this embodiment is perform 
ing a read operation, the read disturb can be effectively eased, 
and the problem of the second bit effect can be improved by 
providing the corresponding word line Voltage and the corre 
sponding bit line Voltage. Furthermore, compared with the 
first embodiment, the reading method for the MLC memory 
of the second embodiment may further be applied to the MLC 
memory cell which stores more than two bits of data. For 
example, if the one half cell of MLC memory cell can store 
three bits of data, the word line voltage controller provides 
seven different word line voltages to perform the read opera 
tion. 
The reading method for the MLC memory and the reading 

circuit using the same according to each embodiment of the 
invention may be applied to the MLC memory having, with 
out limitation to, a structure of silicon-oxide-nitride-oxide 
silicon (SONOS), or having a structure of floating gate. 
Although the MLC memory with the floating gate structure is 
free from the problem of the second bit effect, the phenom 
enon of the read disturb still can be effectively eased when the 
invention is applied. The reading method for the MLC 
memory according to the invention may be adopted as long as 
each memory cell of the MLC memory has multiple bits. 

In the reading method for the MLC memory and the read 
ing circuit using the same according to the embodiments of 
the invention, the read disturb generated when the MLC 
memory cell is being read can be eased, the second bit effect 
can be improved to avoid the read error, and the read correct 
ness can be enhanced. 

While the invention has been described by way of example 
and in terms of preferred embodiments, it is to be understood 
that the invention is not limited thereto. On the contrary, it is 
intended to cover various modifications and similar arrange 
ments and procedures, and the scope of the appended claims 
therefore should be accorded the broadest interpretation so as 
to encompass all Such modifications and similar arrange 
ments and procedures. 

What is claimed is: 
1. A reading circuit of memory, comprising: 
a word line voltage controller for providing at least three 
word line Voltages for reading the memory; and 
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a bit line voltage controller for providing at least three bit 
line Voltages corresponding to the word line Voltages. 

2. The reading circuit according to claim 1, wherein one of 
the at least three word line Voltages is higher than another one 
of the at least three word line voltages, and one of the at least 5 
three bit line Voltages corresponding to the one of the at least 
three word line voltages is lower than another one of the at 
least three bit line Voltages corresponding to the another one 
of the at least three word line voltages. 

3. The reading circuit according to claim 2, further com- to 
pr1S1ng: 

a sense amplifier for detecting a first current flowing 
through a selected cell of the memory when the one of 
the at least three word line voltages and the one of the at 
least three bit line voltages corresponding to the one of is 
the at least three word line Voltages are simultaneously 
provided to the selected cell, and a second current 
through the selected cell when the another one of the at 
least three word line voltages and the another one of the 
at least three bit line Voltages corresponding to the 
another one of the at least three word line voltages are 
simultaneously provided to the selected cell, and for 
determining a data value Stored in the selected cell 
according to the first current and second current. 

4. A reading circuit of memory, comprising: 25 
a word line voltage controller for providing a plurality of 

positive word line Voltages; and 

8 
a bit line voltage controller for providing a plurality of 

positive bit line Voltages corresponding to the positive 
word line Voltages; 

wherein one of the positive word line voltages is higher 
than another one of the positive word line Voltages, and 
one of the positive bit line Voltages corresponding to the 
one of the positive word line voltages is lower than 
another one of the positive bit line Voltages correspond 
ing to the another one of the positive word line Voltages. 

5. The reading circuit according to claim 4, further com 
prising: 

a sense amplifier for detecting a first current flowing 
through a selected cell of the memory when the one of 
the positive word line voltages and the one of the positive 
bit line Voltages corresponding to the one of the positive 
word line Voltages are simultaneously provided to the 
Selected cell, and a second current through the selected 
cell when the another one of the positive word line 
voltages and the another one of the positive bit line 
Voltages corresponding to the another one of the positive 
word line Voltages are simultaneously provided to the 
Selected cell, and for determining a data value stored in 
the selected cell according to the first current and second 
Current. 


