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(57) ABSTRACT 

A non-volatile memory cell comprising a substrate, a 
charge-trapping layer, a control gate, a ?rst conductive state 
of source and drain, a lightly doped region and a second 
conductive state of pocket-doped region. The charge-trap 
ping layer and the control gate are disposed over the 
substrate. A dielectric layer is disposed between the sub 
strate, the charge-trapping layer and the control gate. The 
source and drain are disposed in the substrate on each side 
of the charge-trapping layer. The lightly doped region is 
disposed on the substrate surface between the source and the 
charge-trapping layer. The pocket-doped region is disposed 
within the substrate between the drain and the charge 
trapping layer. Because there are asymmetrical con?guration 
and different doped conductive states of implant structures, 
the programming speed of the memory cell is increased, the 
neighboring cell disturb issue is prevented, and the area 
occupation of the bit line selection transistor is reduced. 
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NON-VOLATILE MEMORY, NON-VOLATILE 
MEMORY CELL AND OPERATION THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates to a non-volatile 
memory device. More particularly, the present invention 
relates to a non-volatile memory With non-volatile memory 
cell having asymmetrical doped structure and method of 
operating the memory cell. 

[0003] 2. Description of the Related Art 

1. Field of the Invention 

[0004] Electrically erasable programmable read only 
memory (EEPROM) is a type of non-volatile memory that 
alloWs multiple data Writing, reading and erasing operations. 
The stored data Will be retained even after poWer to the 
device is removed. With these advantages, EEPROM 
become one of the most Widely adopted non-volatile memo 
ries for personal computer and electronic equipment. 

[0005] A typical EEPROM has a ?oating gate and a 
control gate fabricated using doped polysilicon. To program 
data into the memory, electrons injected into the ?oating 
gate are distributed evenly Within the polysilicon ?oating 
gate layer. Obviously, if there are some defects in the 
tunneling oxide layer underneath the polysilicon ?oating 
gate layer, the device may leak and lead to a drop in 
reliability. 

[0006] At present, a type of ?ash memory cell that pro 
grams through hot-hole injection nitride electron storage 
(PHINES) has been developed as shoWn in FIG. 1. 

[0007] FIG. 1 is a schematic cross-sectional vieW of a 
conventional programming through hot-hole injection 
nitride electron storage (PHINES) type ?ash memory cell. 
As shoWn in FIG. 1, the ?ash memory cell 10 typically 
comprises a substrate 100, a control gate 120 over the 
substrate 100, a source 130a and a drain 1301) Within the 
substrate 100 and an oxide/nitride/oxide (ONO) layer 110 
betWeen the control gate 120 and the substrate 100. The 
oxide/nitride/oxide (ONO) layer 110 comprises tWo silicon 
oxide layers 112 and 116 and a silicon nitride layer 114 
sandWiched betWeen them. In general, the silicon nitride 
layer 114 serves as a charge-trapping layer therein. 

[0008] The PHINES type ?ash memory cell in FIG. 1 
utiliZes band-to-band tunneling hot-hole (BTBTHH) to pro 
gram data and utiliZes the uniform FoWler-Nordheim (FN) 
channel to erase data. 

[0009] Although the advantages of PHINES type ?ash 
memory cell includes loW poWer consumption, a loW leak 
age current and a simpli?ed manufacturing method, some 
unavoidable defects are still present. For example, a 
PHINES type ?ash memory cell is designed to store a bit of 
data near the drain region and another bit of data near the 
source region. HoWever, if the drain region has already 
stored up a single data bit, the second bit effect is produced 
When a reverse reading operation is carried out. The second 
bit e?fect often leads to a drop in the threshold voltage (Vt) 
in reverse reading and hence requires a higher bias voltage 
for reading. Yet, With a high read-out bias voltage, read-out 
interference Will be intensi?ed. Furthermore, the PHINES 
type ?ash memory cell has a relatively sloW programming 
speed. In addition, a typical PHINES ?ash memory cell 
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needs to incorporate three sets of bit line selection transistors 
(BLT) for programming. Hence, the overhead area for 
accommodating the bit line selection transistors is large and 
the actual packing density of the memory cell array is 
reduced. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, one aspect of the present invention is 
to provide a non-volatile memory cell capable of increasing 
the operating speed and preventing neighboring cell disturb 
issue. 

[0011] Further aspect of the present invention is to provide 
a non-volatile memory capable of increasing the operating 
speed, avoiding undesirable second bit effect and reducing 
area occupation of bit line selection transistors. 

[0012] Another aspect of the present invention is to pro 
vide a method of operating a non-volatile memory capable 
of simplifying operation and reducing the number of bit line 
selection transistors used in the non-volatile memory. 

[0013] To achieve these and other advantages, as embod 
ied and broadly described herein, the invention provides a 
non-volatile memory cell. The non-volatile memory cell 
comprises a substrate, a charge-trapping layer over the 
substrate, a control gate over the charge-trapping layer, a 
?rst dielectric layer betWeen the substrate and the charge 
trapping layer, a second dielectric layer betWeen the control 
gate and the charge-trapping layer, a ?rst conductive state of 
source and drain, a ?rst conductive state of lightly doped 
region and a second conductive state of pocket-doped 
region. The source and the drain are disposed in the substrate 
on each side of the charge-trapping layer. The ?rst conduc 
tive state lightly doped region is disposed on the substrate 
surface betWeen the source and the charge-trapping layer. 
The second conductive type pocket-doped region is disposed 
in the substrate betWeen the drain and the charge-trapping 
layer. 
[0014] According to a ?rst embodiment of the non-volatile 
memory cell in the present invention, the charge-trapping 
layer can be a layer fabricated from silicon nitride or a 
suitable material. 

[0015] According to a ?rst embodiment of the non-volatile 
memory cell in the present invention, the ?rst conductive 
state is N-type and the second conductive state is P-type. 

[0016] The present invention also provides a non-volatile 
memory comprising a substrate, a plurality of ?rst conduc 
tive state of buried bit lines Within the substrate, a plurality 
of Word lines over the substrate and crossing over the buried 
bit lines, a charge-trapping layer betWeen the Word lines and 
the substrate that betWeen the buried bit lines, a ?rst dielec 
tric layer betWeen the charge-trapping layer and the sub 
strate, a second dielectric layer betWeen the Word lines and 
the charge-trapping layer, a ?rst conductive state of lightly 
doped region and a second conductive type pocket-doped 
region. The lightly doped region is disposed on the substrate 
surface on one side of the buried bit lines. The pocket-doped 
region is disposed in the substrate on another side of the 
buried bit lines. 

[0017] According to a second embodiment of the non 
volatile memory in the present invention, the charge-trap 
ping layer can be a layer fabricated from silicon nitride or a 
suitable material. 
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[0018] According to a second embodiment of the non 
volatile memory in the present invention, the ?rst conduc 
tive state is N-type and the second conductive state is P-type. 

[0019] According to a second embodiment of the non 
volatile memory in the present invention, the non-volatile 
memory further comprises tWo bit line selection transistors 
connected to the buried bit lines. 

[0020] The present invention also provides a method of 
operating a non-volatile memory cell. The non-volatile 
memory cell comprises a substrate; a ?rst conductive state of 
?rst drain, a second drain and a source in the substrate; a 
Word line over the substrate and crossing over the ?rst, the 
second drain and the source; a charge-trapping layer 
betWeen the Word lines and the substrate that betWeen the 
?rst, the second drains and the source; a ?rst dielectric layer 
betWeen the charge-trapping layer and the substrate; a sec 
ond dielectric layer betWeen the Word lines and the charge 
trapping layer; a ?rst conductive state of lightly doped 
region in the substrate surface on one side of each drain and 
source; and, a second conductive state of pocket-doped 
region on the other side of each drain and source. To initiate 
a programming operation, a ?rst bias voltage is applied to 
the Word line and a second bias voltage is applied to the 
source, the ?rst drain is connected to a ground and the 
second drain is set to a ?oating state. The ?rst bias voltage 
is loWer than the second bias voltage. 

[0021] The method of operating a non-volatile memory 
cell according to the present invention further includes an 
erasing operation. To initiate an erasing operation, a bias 
voltage for triggering a channel F-N erasing operation is 
applied to the Word line, the ?rst drain and the source are 
connected to a ground and the second drain is set to a 
?oating state. 

[0022] The method of operating a non-volatile memory 
cell according to the present invention further includes a 
reading operation. To initiate a reading operation, a third 
bias voltage is applied to the Word line, a voltage loWer than 
the third bias voltage is applied to the ?rst drain, the source 
is connected to a ground and the second drain is set to a 
?oating state. 

[0023] In the present invention, an implant structure hav 
ing an asymmetrical con?guration and different doped states 
is applied to a non-volatile memory cell that programs by 
hot-hole injection nitride electron storage (PHINES). There 
fore, programming speed can be increased through increas 
ing the implant dosage While forming the pocket-doped 
region, and the reading capacity Will not be affected. Fur 
thermore, because the lightly doped region in the present 
invention deploys a loW read-out bias voltage, a channel 
With a higher threshold voltage (Vt) can be used for reading, 
and the neighboring cell disturb issue is further prevented. In 
addition, the lightly doped region is able to loWer the 
production of channel hot electrons (CHE) and hence avoids 
the read-out distribution problem during a reverse reading 
operation. Moreover, the present invention also disposes of 
the need to form isolation lines betWeen memory cells so 
that the programming system and circuits are very much 
simpli?ed. Additionally, only a single group of bit lines 
needs to be controlled during a programming operation in 
the non-volatile memory cell of the present invention so that 
the area for accommodating the bit line selection transistors 
can be reduced. 
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[0024] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary, and are intended to provide further explana 
tion of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve to explain the principles 
of the invention. 

[0026] FIG. 1 is a schematic cross-sectional vieW of a 
conventional programming through hot-hole injection 
nitride electron storage (PHINES) type ?ash memory cell. 

[0027] FIG. 2 is a schematic cross-sectional vieW of a 
non-volatile memory cell according to a ?rst embodiment of 
the present invention. 

[0028] FIG. 3A is an equivalent circuit diagram of a 
non-volatile memory according a second embodiment of the 
present invention. 

[0029] FIG. 3B is a schematic cross-sectional vieW of the 
labeled section B of the non-volatile memory in FIG. 3A. 

[0030] FIG. 3C is another schematic cross-sectional vieW 
of the labeled section B of the non-volatile memory in FIG. 
3A. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0031] Reference Will noW be made in detail to the present 
preferred embodiments of the invention, examples of Which 
are illustrated in the accompanying draWings. Wherever 
possible, the same reference numbers are used in the draW 
ings and the description to refer to the same or like parts. 

[0032] According to the present invention, a non-volatile 
memory, a non-volatile memory cell and a method of 
operating the non-volatile memory cell having a program 
ming by hot-hole injection nitride electron storage 
(PHINES) is provided. 
[0033] FIG. 2 is a schematic cross-sectional vieW of a 
non-volatile memory cell according to a ?rst embodiment of 
the present invention. As shoWn in FIG. 2, the non-volatile 
memory cell 20 of the present invention comprises a sub 
strate 200, a charge-trapping layer 214 on the substrate 200, 
a control gate 220 over the charge-trapping layer 214, a ?rst 
dielectric layer 212 betWeen the substrate 200 and the 
charge-trapping layer 214, a second dielectric layer 216 
betWeen the control gate 220 and the charge-trapping layer 
214, a ?rst conductive state of source 230a and drain 230b, 
a ?rst conductive state of lightly doped region 202 and a 
second conductive state of pocket-doped region 204. In the 
present invention, the ?rst conductive state is N-type and the 
second conductive state is P-type, for example. The source 
230a and the drain 23019 are disposed in the substrate 200 on 
each side of the charge-trapping layer 214. A channel region 
(not shoWn) is formed in the substrate 200 betWeen the 
source 230a and the drain 23019. The ?rst conductive state of 
lightly doped region 202 is disposed close to the top surface 
of the substrate 200 betWeen the source 230a and the 
charge-trapping layer 214 and the second conductive state of 
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pocket-doped region 204 is disposed in the substrate 
betWeen the drain 23019 and the charge-trapping layer 214. 
The substrate 200 can be fabricated from a conventional 
semiconductor material such as silicon. The charge-trapping 
layer 214 can be fabricated using silicon nitride or other 
suitable material. Both the ?rst dielectric layer 212 and the 
second dielectric layer 216 can be fabricated using a single 
type of material such as silicon oxide or other suitable 
material or they are fabricated from different types of 
materials. 

[0034] The electron and hole distribution pro?le in the 
charge-trapping layer 214 When the memory cell 20 is being 
programmed is shoWn in FIG. 2. The non-volatile memory 
20 in FIG. 2 uses a band-to-band tunneling hot-hole method 
for a programming operation and a uniform F-N channel for 
an erasing operation. In addition, the memory cell 20 of the 
present embodiment can also be used in a multi-bit-per-cell 
system. In other Words, a multiple level threshold voltage 
can be established on the right side of the non-volatile 
memory 20 through the band-to-band tunneling hot-hole to 
obtain more memory states. For example, a 4-level threshold 
voltage (Vt) design can be used to produce a memory state 
having 2-bit per memory cell storage capacity. HoWever, the 
left side or right side is a type of usage that refers to the 
disposition relative to a memory cell. This type of language 
usage can be changed according to the location of the lightly 
doped region 202 and the pocket-doped region 204 Without 
any effect on the function of the memory cell. 

[0035] When the memory cell 20 of the present invention 
operates according to the PHINES method of operation, the 
drain 2301) having a pocket-doped region 204 can enhance 
the programming e?iciency of band-to-band tunneling hot 
hole so that the programming speed is increased. Further 
more, the source 230a having a lightly doped region 202 is 
able to restrict the production of the band-to-band tunneling 
hot holes. Therefore, there is no need to settle for a con 
ventional bit constraining method in the non-volatile 
memory cell of the present invention. 

[0036] In addition, the non-volatile memory cell of the 
present embodiment has an asymmetrically doped structure. 
Hence, the implant dosage of the pocket-doped region 204 
can be increased to prevent a punch through of the lightly 
doped region 202 and increase the programming speed of 
the memory cell at the same time. 

[0037] FIG. 3A is an equivalent circuit diagram of a 
non-volatile memory according a second embodiment of the 
present invention. FIG. 3B is a schematic cross-sectional 
vieW of the labeled section B of the non-volatile memory in 
FIG. 3A. FIG. 3C is another schematic cross-sectional vieW 
of the labeled section B of the non-volatile memory in FIG. 
3A. As shoWn in FIGS. 3A and 3B ?rst, the non-volatile 
memory mainly comprises a substrate 300, a plurality of ?rst 
conductive state of buried bit lines 330 in the substrate 300, 
a plurality of Word lines 320 over the substrate 300 and 
crossing over the buried bit lines 330, a charge-trapping 
layer 314 betWeen the Word lines 320 and the substrate 300 
that betWeen the buried bit lines 330, a ?rst dielectric layer 
312 betWeen the charge-trapping layer 314 and the substrate 
300, a second dielectric layer 316 betWeen the Word lines 
320 and the charge-trapping layer 314, a ?rst conductive 
state of lightly doped region 302 and a second conductive 
state of pocket-doped region 304. The ?rst conductive state 
is N-type and the second conductive state is P-type, for 
example. The lightly doped region 302 is disposed near the 
top surface of the substrate 300 on one side of the buried bit 
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lines 330 While the pocket-doped region 304 is disposed in 
the substrate 300 on the other side of the buried bit lines 330. 

[0038] In addition, refer to FIGS. 3B and 3C, a dielectric 
layer 306 may completely ?ll the space betWeen the charge 
trapping layer 314 and each of the Word lines 320 so that 
they are isolated from each other as shoWn in FIG. 3B, or 
the ?rst dielectric layer 312, the charge-trapping layer 314 
and the second dielectric layer 316 are extended over the 
entire substrate 300 as shoWn in FIG. 3C. 

[0039] Moreover, in order to operate the memory, tWo bit 
line selection transistors 350 are incorporated for electrically 
connecting With the buried bit lines 330 With the Word lines 
320. 

[0040] To initiate a programming operation of the memory 
cell on the left side of BS (serving as the source of the buried 
bit line 330), a ?rst bias voltage is applied to WL (the Word 
line 320), a second bias voltage is applied to BS, the line 
BDL (serving as the ?rst drain of the buried bit line 330) is 
connected to a ground and the line BDR (serving as the 
second drain of the buried bit line 330) is set to a ?oating 
state. The ?rst bias voltage is loWer than the second bias 
voltage. MeanWhile, the bit line on the right side of BS is 
constrained because of the ?oating BDR line and the pres 
ence of the n-type lightly doped region 302. It should be 
noted that the left side or right side is a type of language 
usage that refers to the disposition relative to a memory cell. 
This type of language usage can be changed according to the 
location of the lightly doped region 302 and the pocket 
doped region 304 Without any effect on the function of the 
memory. 

[0041] To erase memory data from the memory cell, a bias 
voltage capable of triggering an F-N channeling erase opera 
tion is applied to the WL line, the BDL and the BS line are 
connected to a ground and the BDR line is set to a ?oating 
state. As a result, electrons are trapped inside the charge 
trapping layer 324. 
[0042] To read data from the memory cell, a reverse 
reading method can be executed. In the reverse reading 
operation, a third bias voltage is applied to the WL line, a 
voltage loWer than the third bias voltage is applied to the 
BDL line, the BS line is connected to a ground and the BDR 
line is set to a ?oating state. 

[0043] In table 1 beloW, the values of the bias voltage for 
operating the non-volatile memory are shoWn. According to 
table 1, only tWo bit line selection transistors 350 are 
required to control a group of Word lines WL and a group of 
bit lines BS in programming the memory of the present 
embodiment. In addition, a bias voltage smaller than 1.6V 
applied to the BDL line can be used to carry out a reading 
operation. 

TABLE 1 

unit: V 

BDL BS BDR WL 

FN-erase 0 0 Floating —20 
HH-pro gram 0 5 Floating —5 
Read <1 .6 0 Floating 5 

[0044] In summary, major aspects of the present invention 
are as folloWs. 

[0045] 1. An implant structure having an asymmetrical 
con?guration and different doped states is applied to a 
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non-volatile memory cell that programs by hot-hole injec 
tion nitride electron storage (PHINES). Therefore, program 
ming speed can be increased through increasing the implant 
dosage While forming the pocket-doped region, and the 
reading capacity Will not be affected. Moreover, the lightly 
doped region utiliZed in the present invention can prevent 
the neighboring cell disturb issue caused by programming. 

[0046] 2. Because the lightly doped region in the present 
invention deploys a loW read-out bias voltage, a channel 
With a higher threshold voltage (Vt) can be used for reading. 
In addition, the lightly doped region is able to loWer the 
production of channel hot electrons (CHE) and hence avoids 
the read-out distribution problem during a reverse reading 
operation. 
[0047] 3. The present invention also disposes of the need 
to form isolation lines betWeen memory cells so that the 
programming system and circuits are very much simpli?ed. 

[0048] 4. Only a single group of bit lines needs to be 
controlled during a programming operation in the non 
volatile memory cell of the present invention so that the area 
for accommodating the bit line selection transistors can be 
reduced. 

[0049] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure of the present invention Without departing from the 
scope or spirit of the invention. In vieW of the foregoing, it 
is intended that the present invention cover modi?cations 
and variations of this invention provided they fall Within the 
scope of the folloWing claims and their equivalents. 

What is claimed is: 
1. A non-volatile memory cell, comprising: 

a substrate; 

a charge-trapping layer disposed over the substrate; 

a control gate disposed over the charge-trapping layer; 

a ?rst dielectric layer disposed betWeen substrate and the 
charge-trapping layer; 

a second dielectric layer disposed betWeen the control 
gate and the charge-trapping layer; 

a ?rst conductive state of a source and a ?rst conductive 

state of a drain disposed in the substrate on each side of 
the charge-trapping layer; 

a ?rst conductive state of a lightly doped region disposed 
in the substrate betWeen the source and the charge 
trapping layer; and 

a second conductive state of a pocket-doped region dis 
posed in the substrate betWeen the drain and the charge 
trapping layer. 

2. The non-volatile memory cell of claim 1, Wherein the 
charge-trapping layer comprises a silicon nitride layer. 

3. The non-volatile memory cell of claim 1, Wherein the 
?rst conductive state is N-type. 

4. The non-volatile memory cell of claim 1, Wherein the 
second conductive state is P-type. 

5. The non-volatile memory cell of claim 1, Wherein the 
memory cell also comprises a channel region Within the 
substrate betWeen the source and the drain. 
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6. A non-volatile memory, comprising: 

a substrate; 

a plurality of ?rst conductive state of a buried bit lines 
disposed in the substrate; 

a plurality of Word lines over the substrate and crossing 
over the buried bit lines; 

a charge-trapping layer disposed betWeen the Word lines 
and the substrate that betWeen the buried bit lines; 

a ?rst dielectric layer betWeen the charge-trapping layer 
and the substrate; 

a second dielectric layer betWeen the Word lines and the 
charge-trapping layer; 

a ?rst conductive state of a lightly doped region disposed 
close to the top of the substrate on one side of the buried 
bit lines; and 

a second conductive state of a pocket-doped region dis 
posed in the substrate on another side of the buried bit 
line. 

7. The non-volatile memory of claim 6, Wherein the 
charge-trapping layers comprise silicon nitride layers. 

8. The non-volatile memory of claim 6, Wherein the ?rst 
conductive state is N-type. 

9. The non-volatile memory of claim 6, Wherein the 
second conductive state is P-type. 

10. The non-volatile memory of claim 6, Wherein the 
memory further comprises a channel region disposed in the 
substrate betWeen the buried bit lines. 

11. The non-volatile memory of claim 6, Wherein the 
memory further comprises tWo bit line selection transistors 
electrically connected to the buried bit lines. 

12. The non-volatile memory of claim 6, Wherein the ?rst 
dielectric layer, the charge-trapping layer and the second 
dielectric layer are extended over the entire substrate. 

13. A method of operating a non-volatile memory cell 
having a ?rst conductive state of a ?rst drain, a second drain 
and a source in a substrate, a Word line crossing over the 
?rst, the second drain and the source, a charge-trapping layer 
betWeen the Word lines and the substrate that betWeen the 
?rst, the second drains and the source, a ?rst dielectric layer 
betWeen the charge-trapping layer and the substrate, a sec 
ond dielectric layer betWeen the Word lines and the charge 
trapping layer, a ?rst conductive state of a lightly doped 
region close to the top surface of the substrate on one side 
of each ?rst, the second drain and the source, and a second 
conductive state of a pocket-doped region on another side of 
each ?rst, the second drain and the source, the operating 
method comprising the steps of: 

performing a programming operation by applying a ?rst 
bias voltage to the Word lines, applying a second bias 
voltage to the source, connecting the ?rst drain to a 
ground and setting the second drain to a ?oating state, 
Wherein the ?rst bias voltage is loWer than the second 
bias voltage. 

14. The operating method of claim 13, Wherein the 
method further comprises: 

performing an erasing operation by applying a bias volt 
age to the Word lines for executing a F-N channeling 
erase operation, connecting the ?rst drain and the 
source to a ground and setting the second drain to a 
?oating state. 
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15. The operating method of claim 13, wherein the 
method further comprises: 

performing a reading operation by applying a third bias 
Voltage to the Word lines, applying a Voltage lower than 
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the third bias Voltage to the ?rst drain, connecting the 
source to a ground and setting the second drain to a 
?oating state. 


