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(57) ABSTRACT 

A method of programming a ?ash memory through boosting 
a voltage level of a source line. The ?ash memory has n 
memory cell transistors cascaded in series, a local bit line 
positioned above the n memory cell transistors, a buried bit 
line positioned under the n memory cell transistors, and a 
source line positioned under the buried bit line. The method 
includes inputting a Word line voltage to a control gate of a 
kth memory cell transistor, and after ?oating the local bit 
line, inputting a source line voltage to the source line for 

(21) Appl. No.: 10/707,440 inducing an FN tunneling effect inside the kth memory cell 
transistor through capacitance coupling betWeen the buried 

(22) Filed: Dec. 15, 2003 bit line and the source line. 
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METHOD OF PROGRAMMING A FLASH 
MEMORY THROUGH BOOSTING A VOLTAGE 

LEVEL OF A SOURCE LINE 

BACKGROUND OF INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
programming a ?ash memory. In particular, the present 
invention discloses a method of programming a ?ash 
memory through boosting a voltage level of a source line. 

[0003] 2. Description of the Prior Art 

[0004] Recently, the demand on portable electronic 
devices groWs dramatically. Therefore, advanced technol 
ogy associated With the ?ash memory or the electrically 
erasable programmable read-only memory (EEPROM) is 
developed, and the corresponding market is prosperous. The 
portable electronic devices include ?lms of digital cameras 
and storage devices of cellular phones, video game appara 
tuses, and personal digital assistants, ansWering machines, 
and programmable ICs. The ?ash memory is a non-volatile 
memory, and it records data through altering a threshold 
voltage of a transistor (a memory cell) to control establish 
ment of the conductive channel. In addition, the stored data 
are not ?ushed When the electric poWer inputted into the 
?ash memory is cut. Generally speaking, the ?ash memory 
is cataloged into an NOR cell type and an NAND cell type. 
It is Well-knoWn that the NOR ?ash memory has quick data 
access, and commonly functions as a code ?ash device for 
processing program codes. In addition, the NAND ?ash 
memory has a greater cell density, and commonly functions 
as a data ?ash device for storing massive data. 

[0005] Please refer to FIG. 1, Which is a section vieW of 
a prior art NAND ?ash memory 10. The ?ash memory 10 
has an N-doped substrate 11, a deep P-Well (DPW) 12, a cell 
N-Well (CNW) 14, a shalloW P-Well (SPW) 16 isolated by 
a shalloW trench isolation (STI) 15, and an NAND memory 
cell string 18. The NAND memory cell string 18 has a 
plurality of NMOS memory cells cascaded in series. In other 
Words, the NAND memory cell string 18 shoWn in FIG. 1 
has 8 cell transistors MO-M7 functioning as the NMOS 
memory cells. Each of the cell transistors MO-M7 has a 
stacked gate structure. The stacked gate structure has a 
control gate 20 and a ?oating gate 22. The Word lines 
WLO-WL7 are respectively connected to control gates 20 of 
the cell transistors M0-M7. That is, one control gate 20 
corresponds to a speci?c Word line for receiving a Word line 
voltage. One side of the NAND memory cell string 18 is 
connected to a source line selecting transistor SGS. The 
source line selecting transistor SGS has a structure identical 
to that of the cell transistor M0-M7. Therefore, the source 
line selecting transistor SGS also has a control gate and a 
?oating gate. HoWever, the control gate and the ?oating gate 
of the source line selecting transistor SGS are electrically 
connected. One end of the source line selecting transistor 
SGS is electrically connected to a source of the cell tran 
sistor M7 Within the memory cell string 18, and another end 
of the source line selecting transistor SGS is electrically 
connected to the cell N-Well 14. The cell N-Well 14 is used 
for delivering a source line voltage, and functions as a 
source line (SL). The source line selecting transistor SGS is 
used to control if the cell transistor M7 is electrically 
connected to the source line SL. At another side of the 
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NAND memory cell string 18, a contact plug 24 is electri 
cally connected to a drain of the cell transistor MO, and 
contacts the shalloW P-Well 16. In other Words, the drain of 
cell transistor MO is electrically connected to the shalloW 
P-Well 16. In addition, the contact plug 24 also contacts a 
local bit line (LBL) 26, and the local bit line 26 is electrically 
connected to one end of a main bit line selecting transistor 
SGB through another contact plug 28. The main bit line 
selecting transistor SGB is formed on a P-Well 32, and 
functions as a sWitch used for controlling if a driving voltage 
delivered via a main bit line (MBL) 30 is passed to the local 
bit line 26. 

[0006] Please note that only one memory cell string 18 is 
shoWn in FIG. 1. HoWever, as shoWn in FIG. 1, another 
source line selecting transistor, Which is electrically con 
nected to the cell N-Well 14, is positioned near one side of 
the source line selecting transistor SGS. This source line 
selecting transistor is also used for controlling if cell tran 
sistors of another memory cell string (not shoWn) are 
electrically connected to the source line. Concerning the 
same local bit line 26, it can be connected to a plurality of 
memory cell strings 18. For eXample, the same local bit line 
26 is capable of delivering one bit line voltage to 8 memory 
cell strings 18 for control operations of the cell transistors 
Within 8 memory cell strings 18. 

[0007] Please refer to FIG. 2, Which is a ?rst equivalent 
circuit diagram of the ?ash memory 10 shoWn in FIG. 1. 
Please note that only 8 cell transistors MO-M7 Within one 
memory cell string 18 are shoWn in FIG. 1 for simplicity. 
HoWever, the ?ash memory 10 actually is capable of having 
a plurality of memory cell strings 18, and each memory cell 
string 18 can be built by a plurality of cell transistors. The 
cell transistors respectively correspond to different bit lines 
and Word lines. In FIG. 2, the ?ash memory 10 has tWo 
memory cell strings 34a, 34b, and each of the memory cell 
strings 34a, 34b has 8 cell transistors M0-M7. The memory 
cell string 34a corresponds to a local bit line LBLO and a 
main bit line MBLO. A shalloW P-Well SPWO is used to 
function as a buried bit line electrically connected to the 
local bit line LBLO. In addition, a P-N junction betWeen the 
shalloW P-Well SPWO and the cell N-Well CNW can be 
regarded as a diode 36a. Similarly, another P-N junction 
betWeen the deep P-Well DPW and the cell N-Well CNW 
functions as a diode 36b as Well. 

[0008] Concerning another memory cell string 34b, it 
corresponds to the local bit line LBL1 and the main bit line 
MBL1.AshalloW P-Well SPW1 is used to be a buried bit line 
electrically connected to the local bit line LBLl. In other 
Words, both of the memory cell strings 34a, 34b have the 
same structure. HoWever, the operation of the memory cell 
string 34a is controlled by the local bit line LBLO and the 
main bit line MBLO, and the operation of the memory cell 
string 34b is controlled by the local bit line LBL1 and the 
main bit line MBLl. 

[0009] With the help of the main bit line selecting tran 
sistors SGBO, SGB1 that control signals transmitted via the 
main bit lines MBLO, MBL1 and the source line selecting 
transistors SGSO, SGS1 that control signals transmitted via 
the source line SL, the prior art ?ash memory 10, as shoWn 
in FIG. 2, utiliZes the buried bit lines established by the 
shalloW P-Wells SPWO, SPW1 to activate FoWler-Nordheim 
(FN) tunneling through loW driving voltages. For eXample, 
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suppose that the cell transistor M3 Within the memory cell 
string 34b is selected, and needs to be programmed for 
keeping data. NoW, the deep P-Well DPW corresponds to a 
voltage level equaling 0V, and the Word line WL3 corre 
sponding to the selected cell transistor M3 is driven by a 
Word line voltage equaling 10V. Regarding the unselected 
Word lines WL0-WL2, WL4-WL7, they are driven by a Word 
line voltage equaling 0V. In addition, the main bit line MBL1 
corresponding to the selected cell transistor M3 is driven by 
a bit line voltage equaling +7V, and the unselected main bit 
line MBLO is driven by a bit line voltage equaling 0V. 

[0010] After the voltage level of the main bit line MBL1 
is driven by a charge pump circuit to approach +7V, a 
driving voltage equaling +9V is inputted to the gates of the 
bit line selecting transistors SGBO, SGBl, and another 
driving voltage equaling 2V is inputted to the gates of the 
source line selecting transistors SGSO, SGSl. Then, the bit 
line selecting transistors SGBO, SGB1 are turned on. There 
fore, the main bit line MBLO starts driving voltage levels of 
the local bit line LBLO and the buried bit line built by the 
shalloW P-Well SPWO to approach 0V. In addition, the main 
bit line MBL1 starts driving voltage levels of the local bit 
line LBL1 and the buried bit line built by the shalloW P-Well 
SPW1 to approach +7V. Because the source line selecting 
transistors SGSO, SGS1 are not turned on, one side of each 
memory cell string 34a, 34b is ?oating. Based on the 
above-mentioned conditions, the selected cell transistor M3 
Within the memory cell string 34b eXpels electrons from its 
?oating gate through the FN tunneling mechanism. The 
selected cell transistor M3 is adjusted to have a loWer 
threshold voltage, and the selected cell transistor M3 is 
successfully programmed to record a predetermined logic 
value. 

[0011] Generally speaking, the prior art ?ash memory 10 
needs 200 us to complete the above-mentioned program 
ming operation, Wherein 10 us is required by the charge 
pump circuit to drive the voltage level of the main bit line 
MBL1 to approach +7V. Suppose that one memory block 
contains 4 k main bit lines, and each main bit line has a 
capacitance value equaling 6 pF. Therefore, When all of the 
cell transistors at the same bit line are going to be pro 
grammed, the charge pump circuit has to simultaneously 
drive voltage levels of the 4 k main bit lines to approach 
+7V. According to the Well-knoWn formula Q=C*V, that is, 
7V*4 k*6 pF=10 ps*I, it is obvious that the required 
maXimum driving current I corresponds to 16.8 mA. 
Because the main bit line has a greater capacitance value, the 
charge pump circuit needs to have a great driving capacity 
for driving the voltage levels of the main bit lines to 
approach +7V in 10 us. In other Words, the charge pump 
circuit requires a larger chip area to accommodate desired 
circuit components used for generating the needed driving 
current. Therefore, it is difficult to reduce the overall siZe of 
the ?ash memory 10 oWing to the implemented charge pump 
circuit. 

SUMMARY OF INVENTION 

[0012] It is therefore a primary objective of this invention 
to provide a method of programming a ?ash memory 
through boosting a voltage level of a source line. 

[0013] Brie?y summariZed, the preferred embodiment of 
the present invention provides a method of programming a 
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non-volatile memory. The non-volatile memory comprises n 
cell transistors cascaded in series, Wherein each cell tran 
sistor has a control gate, a ?oating gate, a source, and a 
drain; a local bit line positioned above the n cell transistors, 
Wherein the local bit line is electrically connected to a drain 
of a 1St cell transistor; a buried local bit line positioned under 
the n cell transistors, Wherein the buried local bit line is 
electrically connected to the drain of the 1St cell transistor; 
and a source line positioned under the buried local bit line, 
Wherein the source line is capable of being electrically 
connected to a source of a nth cell transistor. The method 
comprises inputting a Word line voltage to a control gate of 
a kth cell transistor and ?oating the local bit line, and 
inputting a ?rst source line voltage to the source line for 
increasing a voltage difference betWeen the control gate of 
the kth cell transistor and the buried local bit line through 
capacitance coupling betWeen the buried local bit line and 
the source line. The voltage difference is used to adjust an 
amount of electrons stored on the ?oating gate of the kth cell 
transistor for programming the kth cell transistor. 

[0014] It is an advantage of the present invention that a 
charge pump circuit encounters a smaller loading capacitor 
When driving a source line. Therefore, the charge pump 
circuit is merely required to provide a small driving current. 
Therefore, the poWer requirement of the charge pump circuit 
is eased, and the chip siZe occupied by the charge pump 
circuit is reduced. 

[0015] These and other objectives of the present invention 
Will no doubt become obvious to those of ordinary skill in 
the art after reading the folloWing detailed description of the 
preferred embodiment, Which is illustrated in the various 
?gures and draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] FIG. 1 is a section vieW of a prior art NAND ?ash 
memory. 

[0017] FIG. 2 is a ?rst equivalent circuit diagram of the 
?ash memory shoWn in FIG. 1. 

[0018] FIG. 3 is a timing diagram illustrating operations 
of programming a ?ash memory according to the present 
invention. 

[0019] FIG. 4 is a second equivalent circuit diagram of the 
?ash memory shoWn in FIG. 1. 

DETAILED DESCRIPTION 

[0020] Please refer to FIG. 3 in conjunction With FIG. 2. 
FIG. 3 is a timing diagram illustrating operations of pro 
gramming a ?ash memory according to the present inven 
tion. The method of programming a ?ash memory according 
to the present invention is applied to the ?ash memory 10 
shoWn in FIG. 1 and FIG. 2. Because the component 
structure shoWn in FIG. 1 and the circuit structure shoWn in 
FIG. 2 are clearly described before, the lengthy description 
is not repeated. Suppose that the cell transistor M3 Within the 
memory cell string 34b shoWn in FIG. 2 needs to be 
programmed for recording data. At To, the voltage level of 
the source line SL is ?rst raised from 0V toWard a loW 
voltage level Vcc. In the preferred embodiment, the loW 
voltage level Vcc is a voltage level (3.3V for example) 
provided by an eXternal poWer supply When the ?ash 
memory 10 Works. At T1, the voltage levels of the control 
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gates of the main bit line selecting transistors SGBO, SGB1 
are raised from 0V toward the loW voltage level Vcc. 
Therefore, both of the main bit line selecting transistors 
SGBO, SGB1 are turned on. In addition, because no cell 
transistor Within the memory cell string 34a needs to be 
programmed at T1, the main bit line MBLO corresponding to 
the memory cell string 34a still holds a voltage level 
equaling 0V. On the contrary, because the memory cell string 
34b has the selected cell transistor M3, a voltage level of the 
main bit line MBL1 corresponding to the memory cell string 
34b is raised from 0V toWard the loW voltage level Vcc. 

[0021] Because the main bit line selecting transistors 
SGBO, SGB1 are turned on after T1, the voltage levels of the 
main bit lines MBLO, MBL1 then affect corresponding local 
bit lines LBLO, LBLl. That is, the voltage level of the local 
bit line LBLO still approaches 0V after T1. HoWever, the 
voltage level of the local bit line LBL1 approaches (Vcc 
Vth), Wherein Vth represents a threshold voltage of the main 
bit line selecting transistor SGB1. For instance, if Vth equals 
0.7V, the voltage level of the local bit line LBL1 becomes 
2.6V. 

[0022] At T2, the voltage level of the Word line WL3 
corresponding to the selected cell transistor M3 is driven 
from original 0V to approach 10V. For unselected cell 
transistors MX (the cell transistor M0 for example) Within the 
memory cell string 34b, the corresponding Word lines WLX 
(the Word line WLO for example) still hold 0V. Then, the 
voltage levels of control gates of the main bit line selecting 
transistors SGBO, SGB1 are dropped from Vcc toWard 1.5V 
at T3. The voltage level of the main bit line MBLO still 
corresponds to 0V. Therefore, the main bit line selecting 
transistor SGBO is still turned on to continue driving the local 
bit line LBLO to hold 0V. HoWever, because the voltage level 
of the main bit line MBL1 is equal to Vcc, the main bit line 
selecting transistor SGB1 is turned off. In other Words, the 
local bit line LBL1 is ?oating after T3. 

[0023] Next, the method of programming the ?ash 
memory according to the present invention starts boosting 
the voltage level of the source line SL. In the preferred 
embodiment, the voltage level of the source line SL is raised 
from Vcc toWard a high voltage level +7V at T4. As shoWn 
in FIG. 2, one end of the buried bit line built by the shalloW 
P-Well SPW1 is electrically connected to the local bit line 
LBLl, and another end of the buried bit line corresponds to 
an open circuit. Therefore, When the local bit line LBL1 is 
?oating oWing to the disabled main bit line selecting tran 
sistor SGB1, the buried bit line and corresponding local bit 
line LBL1 are ?oating as Well. As shoWn in FIG. 3, the 
voltage difference betWeen the local bit line LBL1 and the 
source line SL is equal to 0.7V before T4. HoWever, When 
the voltage level of the source line SL is raised from Vcc to 
+7V after T4, the capacitance coupling betWeen the cell 
N-Well CNW and the buried bit line (the shalloW P-Well 
SPW1) corresponding to the local bit line LBL1 increases the 
voltage level of the ?oating local bit line LBL1 oWing to the 
voltage boost at the source line SL. Please note that the cell 
N-Well CNW is electrically connected to the source line SL, 
and the shalloW P-Well SPW1 is electrically connected to the 
local bit line LBLl. In other Words, because the voltage level 
of the source line SL is increased by +3.7V, and is raised 
from Vcc to +7V, the voltage level of the ?oating shalloW 
P-Well SPW1 is accordingly raised oWing to the capacitance 
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coupling for holding the original voltage difference (0.7V) 
betWeen the shalloW P-Well SPW1 and the source line SL. 

[0024] In addition, concerning the memory cell string 34b 
having the selected cell transistor M3, voltage levels of those 
Word lines WLX corresponding to the unselected cell tran 
sistors at the same local bit line LBL1 are raised from 0V to 
Vcc after T4. The above operation has tWo main objectives. 
One is to alleviate the bit line disturbance, and another is to 
further boost the voltage level of the local bit line LBLl. As 
mentioned above, the voltage level of the local bit line LBL1 
is increased. With regard to the bit line disturbance, if the 
voltage levels of the unselected Word lines WLX equal 0V, a 
voltage difference is induced betWeen the control gate of 
each unselected cell transistor and the shalloW P-Well SPW1. 
Though the induced voltage difference is not high enough to 
greatly expel the electrons on the control gate of the unse 
lected cell transistor, it is capable of expelling a small 
amount of electrons originally stored on the ?oating gate of 
the unselected cell transistor. For instance, suppose that only 
the cell transistor MO Within the memory cell string 34b does 
not need to be programmed, and the remaining cell transis 
tors Ml-M7 are programmed for recording data. As men 
tioned above, the programming operation is repeatedly 
performed 7 times to program the target cell transistors 
M1-M7. Therefore, the small voltage difference betWeen the 
control gate of the cell transistor MO and the shalloW P-Well 
SPW1 gradually reduces the amount of electrons stored on 
the ?oating gate of the unselected cell transistor MO. Con 
cerning the Worst case, the amount of electrons stored on the 
unselected cell transistor MO is less than a predetermined 
quantity after a period of time, and the unselected cell 
transistor MO is erroneously programmed. 

[0025] Generally speaking, each of the memory cell 
strings 34a, 34b actually corresponds to 32 bit lines. In 
addition, the number of the memory cell strings correspond 
ing to the same local bit line probably equals 8 or much 
more. Thus, for the unselected cell transistors corresponding 
to the same local bit line, they are easily in?uenced to lose 
the stored electrons because of the raised voltage level of the 
local bit line. Therefore, When a reading operation is per 
formed, the erroneous logic value is outputted. In the 
preferred embodiment, When the voltage level of the local 
bit line LBL1 is increased to reach +5V after T4 for activating 
the FN tunneling inside the cell transistor M3, the voltage 
level of the control gate of the unselected cell transistor is 
also raised to Vcc. It is obvious that the voltage difference 
betWeen the control gate of the unselected cell transistor and 
the shalloW P-Well SPW1 is reduced. In other Words, the 
voltage level of the control gate of the unselected cell 
transistor is increased to sloW the ejection rate of the 
originally stored electrons. Therefore, the bit line distur 
bance is eased. 

[0026] It is obvious that an oxide layer exists betWeen the 
shalloW P-Well SPW1 and the control gate of the unselected 
cell transistor. Thus, an equivalent capacitor is established 
betWeen the shalloW P-Well SPW1 and the control gate of the 
unselected cell transistor. Before T4, a voltage difference 
betWeen the shalloW P-Well SPW1 and the control gate of the 
unselected cell is equal to 2.6V. That is, the voltage differ 
ence kept by the capacitor is equal to 2.6V. HoWever, the 
voltage level of the control gate of the unselected cell 
transistor is increased to approach Vcc after T4. As men 
tioned above, the local bit line LBL1 remains ?oating at this 
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time. Therefore, the raised voltage level of the control gate 
of the unselected cell pulls up the voltage level of the 
shalloW P-Well SPW1 through the Well-known capacitance 
coupling. That is, not only does the source line SL boost the 
voltage level of the local bit line LBLl, but the voltage level 
of the control gate of the unselected cell transistor increases 
the voltage level of the local bit line LBLl. In the end, the 
local bit line LBL1 is capable of having a voltage level 
equaling +5V that is great enough to enable the FN tunneling 
inside the cell transistor M3 for completing the desired 
programming operation. 
[0027] Next, in order to terminate the programming opera 
tion imposed on the cell transistor M3, the voltage level of 
the Word line WL3 corresponding to the cell transistor M3 is 
reduced from 10V to an initial voltage level (0V) after T5, 
and the voltage levels of the control gates of the main bit line 
selecting transistors SGBO, SGB1 are driven to approach 
+9V. Finally, the voltage levels of the main bit line MBLl, 
the local bit line LBLl, and the Word lines of the unselected 
cell transistors correspond to the initial voltage level (0V). 

[0028] As described before, the method of programming 
the ?ash memory according to the present invention utiliZes 
the capacitance coupling betWeen the source line SL and the 
shalloW P-Well SPW1 to provide the local bit line LBL1 With 
an appropriate voltage level to program the selected cell 
transistor M3 Within the memory cell string 34b. That is, the 
claimed method utiliZes the source line SL to input a high 
voltage level (+7V for example) used for activating the FN 
tunneling inside the cell transistor M3. Because the source 
line SL functioning as an input port corresponds to a smaller 
capacitance value, a small driving current is capable of 
driving the source line SL to approach the Wanted high 
voltage level. The reason is described as folloWs. 

[0029] Please refer to FIG. 4 in conjunction With FIG. 1 
and FIG. 2. FIG. 4 is a second equivalent circuit diagram of 
the ?ash memory 10 shoWn in FIG. 1. VMBL stands for the 
voltage level of the main bit line 30 corresponding to the 
selected memory cell string 18. VWL stands for the voltage 
level of the Word line WL corresponding to the cell transistor 
required to be programmed. VWLX represents the voltage 
levels of the Word lines WLX corresponding to the unselected 
cell transistors. VLBLX represents the voltage levels of the 
local bit lines LBLX corresponding to the unselected memory 
cell string 18 adjacent to the selected memory cell string 18. 
VSL stands for the voltage level of the source line SL. 

[0030] In addition, SGB represents the main bit line 
selecting transistor of the selected memory cell string 18, 
and functions as a sWitch. CMBL stands for a capacitor 
corresponding to the main bit line 30 of the selected memory 
cell string 18. CWL/SPW stands for a capacitor existing 
betWeen the control gate of the selected cell transistor and 
the corresponding shalloW P-Well 16. CWLX/SPW stands for a 
capacitor existing betWeen the control gates of the unse 
lected cell transistors and the corresponding shalloW P-Well 
16. CLBL/LBL represents a capacitor existing betWeen the 
local bit line 26 of the selected memory cell string 18 and the 
adjacent local bit lines LBLX of the unselected memory cell 
string 18. CSPW/CNW stands for a junction capacitor betWeen 
the shalloW P-Well 16 corresponding to the selected memory 
cell string 18 and the cell N-Well 14. CCNW/DPW represents 
a junction capacitor betWeen the cell N-Well 14 and the deep 
P-Well 12. In addition, RCNW represents the resistance value 
associated With the cell N-Well 14. 
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[0031] Taking the ?ash memory 10 shoWn in FIG. 2 for 
example, suppose that the cell transistor M3 Within the 
memory cell string 34b needs to be programmed, VMBL is 
the voltage level of the main bit line MBLl, VWLX is the 
voltage of the Word lines WLl, WL2, WL4-WL7 of the 
unselected cell transistors M1, M2, and M4-M7 VSL is the 
voltage level of the source line SL, and SGB is the main bit 
line selecting transistor SGB1 corresponding to the memory 
cell string 34b. Therefore, CMBL is a parasitic capacitor 
corresponding to the main bit line MBLl, CWL/SPW is a 
coupling capacitor betWeen the control gate of the cell 
transistor M3 and the shalloW P-Well SPW1, CWLX/SPW is a 
coupling capacitor betWeen the control gates of the unse 
lected cell transistors M1, M2, M4-M7 and the shalloW 
P-Well SPW1 CLBL/LBL is a coupling capacitor betWeen the 
local bit line LBL1 and the adjacent local bit lines LBLO, 
CSPW CNW is a junction capacitor betWeen the shalloW P-Well 
SP 1 and the cell N-Well CNW. CCNW/DPW is a junction 
capacitor betWeen the cell N-Well CNW and the deep P-Well 
DPW, and RCNW is the resistance of the cell N-Well CNW. 

[0032] In the preferred embodiment, each of the local bit 
lines LBLO, LBL1 includes 256 cell transistors. In addition, 
each of the local bit lines LBLO, LBL1 has a length equaling 
80 um, and the space betWeen adjacent local bit lines LBLO, 
LBL1 equals 0.2 um. For the local bit lines LBLO, LBLl, the 
capacitance value is roughly equal to 2 pF per meter. In other 
Words, the coupling capacitor CLBL/LBL betWeen the local bit 
lines LBLO, LBL1 has a capacitance value equaling 16 fF. In 
addition, a cell transistor in the preferred embodiment uti 
liZes an oxide-nitride-oxide (ONO) structure to form the 
desired ?oating gate. Therefore, the coupling capacitor 
betWeen the control gate of the cell transistor and the 
shalloW P-Well has a capacitance value equal to 0.05 fF. For 
the selected cell transistor M3 Within the memory cell string 
34b, the capacitance value of the corresponding capacitor 
CWUSPW is equal to 0.05 fF. With regard to other unselected 
cell transistors M1, M2, M4-M7, each of the corresponding 
capacitors has the same capacitance value 0.05 fF. When the 
local bit line LBL1 includes 256 cell transistors, these 
parallel capacitors associated With the 255 unselected cell 
transistors are connected to form an equivalent capacitor 
having a capacitance value equaling 12.75 fF. The junction 
capacitor CCNW/DPW betWeen the cell N-Well CNW and the 
deep P-Well DPW has a capacitance value equaling 500 pF, 
and the junction capacitor CSPW/CNW betWeen the shalloW 
P-Well SPW1 and the cell N-Well CNW has a capacitance 
value equaling 39 fF. 

[0033] As shoWn in FIG. 4, the voltage level (+2.6V) of 
the local bit line LBL1 is not high enough to enable the FN 
tunneling inside the cell transistor M3 before T4. When a 
charge pump circuit starts driving the voltage level of the 
source line SL to approach +7V after T4, the voltage 
difference betWeen the local bit line LBL1 and the Word line 
WL3 is great enough to activate the FN tunneling inside the 
cell transistor M3. That is, the charge pump circuit has to 
provide the source line SL With a driving current I to 
increase the voltage level of the source line SL. Please note 
that the main bit line selecting transistor SGB shoWn in FIG. 
4 corresponds to an open circuit noW. 

[0034] For the ?ash memory 10 shoWn in FIG. 1, a 
plurality of cell transistors Within a memory block are 
formed on the same cell N-Well 14, and a plurality of 
memory blocks Within the ?ash memory 10 are formed on 
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the same deep P-Well 12. In other Words, compared With the 
shallow P-Well 16, the cell N-Well 14 and the deep P-Well 12 
have larger areas. Therefore, a capacitor betWeen the cell 
N-Well 14 and the deep P-Well 12 corresponds to a greater 
capacitance value. As mentioned above, the capacitance 
value of the capacitor CCNW/DPW is equal to 500 pF, and is 
greater than other capacitors CLBL/LBL (16 fF), CWL/SPW 

(0.05 fF), CWLX/SPW (12.75 fF), and CSPW/CNW (39 Please note that the charge pump circuit in the preferred 

embodiment drives the source line SL, and the maXimum 
loading capacitor has a capacitance value equaling 500 pF. 
HoWever, for the prior art charge pump circuit, it drives the 
main bit line, and the maXimum loading capacitor has a 
capacitance value equaling 4 k*6 pF. Therefore, according to 
the preferred embodiment, the overall loading capacitor for 
the charge pump circuit corresponds to a smaller capacitance 
value. 

[0035] Based on the structure shoWn in FIG. 4, the driving 
current I mostly is used to charge the capacitor CCNW/DPW 
to increase the voltage difference betWeen tWo ends of the 
CcNW/DPW. If the charge pump circuit Wants to raise the 
voltage level of the source line SL from +3.3V to +7V in 10 
us, the required driving current I is computed according to 
the folloWing equation. 

[0036] I=185 pA It is obvious that When the method of 
programming the ?ash memory according to the present 
invention is used for programming a cell transistor, the 
required driving current (185 MA) provided by the charge 
pump circuit corresponds to a magnitude less than that of a 
prior art driving current (16.8 mA). Therefore, the method of 
programming the ?ash memory according to the present 
invention needs a small driving current I to perform the 
programming operation. Because the output poWer of the 
charge pump circuit is greatly loWered, the siZe of the charge 
pump circuit is accordingly reduced. 

[0037] In contrast to the prior art, the method of program 
ming the ?ash memory according to the present invention 
?rst boosts the voltage level of a source line to a loW voltage 
level, and then ?oats a local bit line. Next, the voltage level 
of the source line is further boosted toWard a high voltage 
level so that the capacitance coupling Works to raise the 
voltage level of the ?oating local bit line. In the end, the FN 
tunneling is induced to program the target cell transistor. 
When the charge pump circuit drives the source line, it 
encounters a smaller loading capacitor. Therefore, the 
charge pump circuit is merely required to provide a small 
driving current, and the generated driving current is capable 
of driving the voltage level of the source line to approach the 
Wanted high voltage level. When the charge pump circuit 
operates according to the claimed method, the charge pump 
circuit does not need to have much driving poWer and a 
complicated circuit structure for outputting the prior art 
great driving current. From the above description, the 
method of programming the ?ash memory according to the 
present invention eases the poWer requirement of the charge 
pump circuit, and reduces the chip siZe occupied by the 
charge pump circuit. 

What is claimed is: 
1. Amethod of programming a non-volatile memory, the 

non-volatile memory comprising: 
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n cell transistors cascaded in series, each cell transistor 
having a control gate, a ?oating gate, a source, and a 
drain; 

a local bit line positioned above the n cell transistors, the 
local bit line being electrically connected to a drain of 
a 1St cell transistor; 

a buried local bit line positioned under the n cell transis 
tors, the buried local bit line being electrically con 
nected to the drain of the 1St cell transistor; and 

a source line positioned under the buried local bit line, the 
source line capable of being electrically connected to a 
source of a nth cell transistor; 

the method comprising: 

(a) inputting a Word line voltage to a control gate of a kth 
cell transistor; and 

(b) ?oating the local bit line, and inputting a ?rst source 
line voltage to the source line for increasing a voltage 
difference betWeen the control gate of the kth cell 
transistor and the buried local bit line through capaci 
tance coupling betWeen the buried local bit line and the 
source line; 

Wherein the voltage difference is used to adjust an amount 
of electrons stored on the ?oating gate of the kth cell 
transistor for programming the kth cell transistor. 

2. The method of claim 1 Wherein step (a) further com 
prises inputting a bit line voltage to the drain of the 1St cell 
transistor. 

3. The method of claim 2 Wherein step (a) further com 
prises inputting a second source line voltage to the source 
line. 

4. The method of claim 3 Wherein the bit line voltage is 
positive, and the Word line voltage is negative. 

5. The method of claim 4 Wherein the ?rst and second 
source line voltages are positive, and the second source line 
voltage is less than the ?rst source line voltage. 

6. The method of claim 1 Wherein step (b) raises a voltage 
level of the buried local bit line, and When the voltage 
difference betWeen the control gate of the kth cell transistor 
and the buried local bit line is greater than a predetermined 
value, the amount of electrons stored on the ?oating gate of 
the kth cell transistor is reduced for programming the kth cell 
transistor. 

7. The method of claim 1 Wherein When an mth cell 
transistor of the n cell transistors does not needed to be 
programmed, step (a) further comprises driving a control 
gate of the mth cell transistor to correspond to a ?rst 
predetermined voltage, and step (b) further comprises driv 
ing the control gate of the mth cell transistor to correspond 
to a second predetermined voltage, Wherein a voltage dif 
ference betWeen the second predetermined voltage and the 
buried local bit line is less than a voltage difference betWeen 
the ?rst predetermined voltage and the buried local bit line. 

8. The method of claim 7 Wherein the second predeter 
mined voltage is greater than the ?rst predetermined voltage, 
and the second predetermined voltage is positive. 

9. The method of claim 8 Wherein When the control gate 
of the mth cell transistor is driven according to the second 
predetermined voltage instead of the ?rst predetermined 
voltage, a voltage level of the buried local bit line is 
accordingly raised oWing to capacitance coupling betWeen 
the buried local bit line and the mth cell transistor. 
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10. The method of claim 1 wherein the non-volatile 
memory further comprises a main bit line selecting transistor 
electrically connected to the drain of the 1St cell transistor 
and a main bit line, and step (a) further comprises driving the 
main bit line to correspond to a bit line voltage and turning 
on the selecting transistor for delivering the bit line voltage 
to the drain of the 1St cell transistor. 

11. The method of claim 10 Wherein the non-volatile 
memory further comprises a source line selecting transistor 
electrically connected to the source of the nth cell transistor 
and the source line, and the method further comprises 
turning off the source line selecting transistor. 

12. The method of claim 11 Wherein step (b) ?oats the 
local bit line by turning off the main bit line selecting 
transistor. 

13. The method of claim 1 Wherein the non-volatile 
memory further comprises r cell transistors cascaded in 
series, the local bit line positioned above the r cell transistors 
is electrically connected to a drain of a 1St cell transistor of 
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the r cell transistors, the buried local bit line positioned 
under the r cell transistors is electrically connected to the 
drain of the 1St cell transistor of the r cell transistors, the 
source line is capable of being electrically connected to a 
source of a rth cell transistor of the r cell transistors, and 
When a sth cell transistor does not need to be programmed, 
step (a) further comprises driving a control gate of the sth cell 
transistor to correspond to a ?rst predetermined voltage, and 
step (b) further comprises driving the control gate of the sth 
cell transistor to correspond to a second predetermined 
voltage, Wherein a voltage difference betWeen the second 
predetermined voltage and the buried local bit line is less 
than a voltage difference betWeen the ?rst predetermined 
voltage and the buried local bit line. 

14. The method of claim 13 Wherein n is equal to r. 
15. A non-volatile memory capable of implementing the 

method of claim 1. 


