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(57) ABSTRACT 
Techniques for erasing memory devices of a flash memory 
array having a plurality of operative wordlines and at least 
one dummy Wordline adjacent an end one of the operative 
Wordlines are disclosed. Erasing the memory devices can 
include applying a gate Voltage to the wordlines and apply 
ing a bias Voltage to the dummy Wordlines. In one arrange 
ment, an electrical connection is established between the 
dummy Wordline and the end one of the operative wordlines. 
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METHOD OF IMPROVING ERASE VOLTAGE 
DISTRIBUTION FOR A FLASH MEMORY ARRAY 

HAVING DUMMY WORDLINES 

TECHNICAL FIELD 

0001. The present invention relates generally to the field 
of non-volatile memory devices and, more particularly, to a 
method of improving erase Voltage distributions for a flash 
memory array that has one or more dummy Wordlines 
located adjacent an operational wordline. 

BACKGROUND 

0002 A pervasive trend in modern integrated circuit 
manufacture is to increase the amount of data Stored per unit 
area on an integrated circuit memory unit, Such as a flash 
memory unit. That is, as flash memory technology 
progresses, the Speed and memory density becomes higher 
and higher. Modern flash memory units are characterized by 
the non-volatility of the charge Stored in the arrays of 
memory cells that make up the memory unit. 
0003. Due to the high density of charge storing cells, 
various techniques for improving proceSS margin in memory 
unit fabrication have been employed. One technique is to 
place dummy Wordlines adjacent a top wordline and a 
bottom wordline of a memory cell array. 
0004. From time-to-time, use of the memory unit may 
involve erasing Some or all of the cells. For example, to 
erase an array of floating gate memory devices or an array 
of dielectric charge trapping memory devices, a relative 
large negative gate Voltage (e.g., about -9.3 volts in the case 
of floating gate memory devices) can be applied to the 
Wordlines of the array for a predetermined amount of time 
(or “pulse" duration). Bitlines of the array can be grounded 
during the erase operation. Also during the erase operation, 
a first dummy Wordline adjacent the top wordline and a 
Second dummy Wordline adjacent the bottom wordline can 
be grounded. 
0005. This arrangement can lead to coupling between top 
wordline and the first dummy wordline and between the 
bottom wordline and the second dummy wordline during the 
erase operation. In the cells defined by the top wordline and 
the bottom wordline (referred to respectively as the top row 
of cells and the bottom row of cells), the threshold voltage 
(Vt) distribution can become degraded due to the coupling 
and erasing these cells can take a relatively long time. For 
example, with reference to FIG. 1, shown is a graph of the 
threshold voltage (Vt) distribution for the cells of a conven 
tionally erased floating memory cell array. A first distribu 
tion curve C1 corresponds to the threshold voltage distri 
bution for the wordlines disposed between the top and 
bottom wordlines (or middle wordlines) where insubstantial 
coupling to adjacent dummy Wordlines is present. A Second 
distribution curve C2 corresponds to the threshold voltage 
distribution for the top wordline and the bottom wordline 
where coupling to the dummy Wordlines during the erase 
operation occurs. AS shown graphically, the curve C2 is 
upwardly shifted relative to the curve C1. A difference 
between the curves, or delta Vt, can be about 1 volt. As 
indicated, this difference can Slow erase operation of the top 
and bottom row of the array. As a result, the middle rows of 
cells will have a tendency to erase faster than the top and 
bottom rows of cell. 
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0006 If erase speed is slowed too much, the top and 
bottom rows of cells may not become fully erased during 
application of the erase pulse. For example, a portion of the 
distribution curve C2 may be above a desired erase threshold 
voltage (Vt erase). If the top and bottom rows of cells do not 
pass an erase verification, it is possible to re-erase the Sector 
of memory cells. Alternatively, a longer erase pulse could be 
used. But the coupling described above and any corrective 
operation tend to push the memory cells into depletion 
mode, which leads to wider erase distributions and poor 
flash memory device operation. 
0007 Accordingly, there exists a need in the art to 
improve erasing of a memory array that includes dummy 
wordlines. 

SUMMARY OF THE INVENTION 

0008 According to one aspect of the invention, the 
invention is directed to a method of erasing memory devices 
of a flash memory array having a plurality of operative 
Wordlines and at least one dummy Wordline adjacent an end 
one of the operative wordlines. The method can include 
applying a gate Voltage to the wordlines, and applying a bias 
Voltage to the dummy Wordlines. 
0009. According to another aspect of the invention, the 
invention is directed to a method of erasing memory devices 
of a flash memory array having a plurality of operative 
Wordlines and at least one dummy Wordline adjacent an end 
one of the operative wordlines. The method can include 
establishing an electrical connection between the dummy 
Wordline and the end one of the operative wordlines, and 
applying a gate erase Voltage to the wordlines. 
0010. According to yet another aspect of the invention, 
the invention is directed to a flash memory unit configured 
for an erase operation. The flash memory unit can include a 
Sector of memory devices defined by a plurality of opera 
tional wordlines and a plurality of bit lines, at least one 
dummy Wordline adjacent an end one of the operational 
Wordlines, and a logic unit electrically connecting the 
dummy Wordline and the end one of the operational word 
lines. 

BRIEF DESCRIPTION OF DRAWINGS 

0011. These and further features of the present invention 
will be apparent with reference to the following description 
and drawings, wherein: 
0012 FIG. 1 is a graph of erase threshold voltage dis 
tribution for a flash memory array when erased according to 
a conventional erase technique; 
0013 FIG. 2 is a schematic block diagram of an exem 
plary memory unit having a plurality of core memory 
devices to which a method of programming in accordance 
with the present invention can be applied; 
0014 FIG. 3 is a schematic block diagram of an example 
core memory array Sector from the memory unit; 
0015 FIG. 4 is a schematic cross-section illustration of 
an exemplary core memory device from the core memory 
array taken along the line 4-4 of FIG. 3; 
0016 FIG. 5 is a schematic diagram of the core memory 
array Sector during an erase operation according to the 
present invention; 
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0017 FIG. 6 is a graph of erase threshold voltage dis 
tribution for the flash memory array when erased according 
to the present invention; and 
0018 FIG. 7 is a plot that represents the effects of 
dummy Wordline bias on erase Speed. 

DISCLOSURE OF INVENTION 

0019. In the detailed description that follows, like com 
ponents have been given the same reference numerals, 
regardless of whether they are shown in different embodi 
ments of the present invention. To illustrate the present 
invention in a clear and concise manner, the drawings may 
not necessarily be to Scale and certain features may be 
shown in Somewhat Schematic form. 

0020 Aspects of the present invention relate to a method 
of erasing non-volatile, flash electrically erasable and pro 
grammable memory devices, Such as floating gate memory 
devices or charge trapping dielectric memory devices. More 
Specifically, the method relates to removing charge from a 
charge storing region(s) of the memory devices to return the 
memory devices to a blank, or unprogrammed, State. The 
method involves applying a bias potential to a dummy 
Wordline located adjacent a top wordline of a Sector of 
memory devices during the erase operation. In Similar 
fashion, a bias potential can be applied to Second dummy 
wordline located adjacent a bottom wordline of the sector of 
memory devices during the erase operation. In one embodi 
ment, the dummy wordline(s) can be biased by electrically 
connecting the dummy wordline to the adjacent operational 
wordline. 

0021. The techniques described herein are applicable to a 
variety of flash memory devices, including NOR architec 
ture memory devices Such as floating gate memory devices 
and dielectric charge Storing devices having two or more 
charge Storing regions per device. It should be recognized 
that other types of memory devices, such as NAND archi 
tecture memory devices, also can be erased using the tech 
niques described herein. Nevertheless, the present invention 
will be described in the exemplary context of erasing a 
Sector of floating gate memory devices. 
0022. With reference to FIG. 2, shown is a schematic 
block diagram of an exemplary memory unit 2. The memory 
unit 2 can include a core memory array 4 containing a 
plurality of memory devices that include, for example, core 
memory devices for Storing data, and dynamic reference 
memory devices for tracking data level behavior of the core 
memory devices over time. Other memory devices, Such as 
external references 6, can also form a part of the memory 
unit 2. The external reference 6 are separate from the core 
memory array 4 and can include, for example, erase verify 
reference cells, program Verify reference cells and Soft 
programming reference cells. Various operations of the 
memory unit 2, including, for example, programming, Veri 
fying, reading and erasing, can be controlled by a logic 
circuit 8. AS one skilled in the art will appreciate, the 
memory unit 2 can be used by a customer of the memory unit 
2 to Store information, Such as data or executable code. 
0023. With additional reference to FIG.3, shown is a top 
View, Schematic block diagram of an exemplary core 
memory array sector 10. It should be understood that the 
core memory array Sector 10 can be sized as desired. The 
memory array 4 of the memory unit 2 can include multiple 
Sectors 10. 
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0024. With additional reference to FIG. 4, the memory 
array 10 can include a Semiconductor Substrate 12 having a 
plurality of bitlines 14 (also referred to herein as conductive 
regions) formed in buried bitline format. Above the bitlines 
14 is formed a lower dielectric layer, or tunnel dielectric 
layer 16, a charge Storing layer 18, and a top dielectric layer 
20. A plurality of wordlines 22a through 22n can be formed 
over the top dielectric layer 20. Bitline contacts 24 can be 
used to establish electrical connection to the bitlines 14. 

0025 Adjacent a first wordline 22a, which is also 
referred to herein as a top wordline 22a, can be a first 
dummy wordline 26a. Adjacent a last wordline 22n, which 
is also referred to herein as a bottom wordline 22n, can be 
a second dummy wordline 26b. The top and bottom word 
lines 22 can be considered end wordlines 22 and the word 
lines 22 disposed between the end wordlines can be con 
sidered center or middle wordlines 22. The dummy 
Wordlines 26 are formed to assist in forming high quality 
Wordlines 22. For example, the presence of the dummy 
Wordlines 26 improve proceSS margin during manufacture of 
the sector 10. 

0026. In the illustrated embodiment, the charge storing 
layer 18 is conductive (e.g., made from doped-polysilicon) 
and forms a floating gate 28 in the area between adjacent 
bitlines 14 and under the wordlines 22 to operatively form 
a “floating gate” memory device (or cell) 30. For each 
device 30, adjacent pairs of bitlines 14 form conductive 
regions that function respectively as a Source and a drain 
during Various programming, Verifying, reading and erasing 
operations. Interposed between each pair of bitlines 14, the 
Substrate 12 forms a channel region 32 operatively con 
trolled by the application of Voltage to the corresponding 
Wordline 22 that functions as a gate electrode. Therefore, the 
wordline 22 can be considered to define a control gate 34. In 
alternative arrangements, control gates are formed from 
individual conductive islands or pads that are interconnected 
by the wordlines 22. An interdielectric layer 36 may be 
present between the floating gates 28 to isolate the floating 
gates 28 from one another. 

0027. In another embodiment, the charge storing layer 18 
is non-conductive (e.g., made from a dielectric material Such 
as Silicon nitride). This arrangement results in the formation 
of dielectric charge Storing devices, or dual cell memory 
devices, and includes a pair of complimentary charge trap 
ping regions that can be independently programmed and 
read. Such a configuration allows for the Storing of a first 
unit of charge (e.g., a normal bit) adjacent one of the bitlines 
14 and a second unit of charge (e.g., a complementary bit) 
adjacent the other of the bitlines 14. In this embodiment, the 
charge Storing layer 18 may continuously overlie the Sub 
strate in the area of the array 10. 
0028. In both embodiments, the application of appropri 
ate voltages to the wordlines 22 and the bitlines 14 allows 
for the addressing of the memory devices 30 of the sector 
Such that each memory device 30 can be programmed, read, 
Verified and/or erased. For Simplicity of the discussion 
herein, only the operation of one core memory device 30 
will be described. However, the remaining memory devices 
30 can have a corresponding Structure and operation. AS will 
become more apparent below, the wordlines 22 form an 
operative component of the memory devices 30 and can be 
considered operative wordlines 22. The dummy wordlines 
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26 can be physically arranged with the bitlines 14, the 
dielectric layers 16 and 20 and the charge storing layer 28 in 
the manner that the operational wordlines 22 are arranged 
with these structures. However, the dummy wordlines 26 are 
present to assist in the manufacturing proceSS and are not 
used to form operative memory devices 30, even though the 
physical Structure of charge Storing cells may be present in 
the area of the dummy wordlines 26. 
0029. As one skilled in the art will appreciate, the illus 
trated memory device 30 is exemplary and modifications to 
the memory device 30 can be made. Such modifications can 
include changes to the physical arrangement of the core 
memory device 30 (e.g., type of memory device), materials 
used, doping parameters and the like. However, the pro 
gramming, Verifying, reading and/or erasing techniques 
described herein can be used in conjunction with Such a 
modified device. 

0.030. For purposes of the present disclosure, the pro 
gramming technique to Store charge in the floating gate 28 
involves hot electron injection, also referred to as channel 
hot electron injection (CHE). However, it should be appre 
ciated that modifications to the programming techniques can 
be made to accommodate variations in the Specific memory 
device used. 

0.031) Using hot electron injection, the floating gate 28 
can be programmed to Store electrons by applying Voltages 
to one of the bitlines 14 (e.g., bitline 14.a functioning as the 
drain) and to the wordline 22 (e.g., functioning as the control 
gate 32). The other bitline 14 (e.g., bitline 14b functioning 
as the Source) provides carriers (e.g., electrons) for the CHE 
programming of the memory device 30. In one embodiment, 
a bias Voltage potential is applied to the Source to Supply 
greater control over electron injection, which leads to 
enhanced data retention capability of the memory device 30. 
For instance, the Source bias potential can function to limit 
programming current of the programmed cell and reduce 
bitline leakage from unprogrammed cells on the same bit 
line. 

0.032 The voltages applied to the control gate 34, the 
Source and the drain of the programmed cell generate a 
vertical electric field through the dielectric layers 16 and 20 
and the charge Storing floating gate 28 and a lateral electric 
field along the length of the channel 32 from the source to 
the drain. At a given threshold voltage, the channel 32 will 
invert Such that electrons are drawn off the Source and begin 
accelerating toward the drain. AS the electrons move along 
the length of the channel 32, the electrons gain energy and 
upon attaining enough energy, the electrons are able to jump 
over the potential barrier of the bottom dielectric layer 16 
and into the floating gate 28 where the electrons become 
trapped. These accelerated electrons are termed hot electrons 
and once injected into the floating gate 28, Stay in the 
floating gate 28. 
0.033 Verifying the programmed state of the memory 
device 30 and reading of the memory device 30 can be 
carried out in Similar manners. For example, to read the 
memory device 30, a Voltage can be applied to one of the 
bitlines 14 which is also referred to as the drain during verify 
and read operations and a Voltage can be applied to the 
control gate 34. The other bitline 14, which is also referred 
to as the Source during verify and read operations, can be 
grounded. During these operations, an amount of current 
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drawn acroSS the channel 32 can be used as an indication of 
memory device 30 threshold voltage and can be compared 
against a reference current(s) (as indications of reference 
threshold voltages) to determine the data state of the “read” 
memory device 30. 
0034). With additional reference to FIG. 5, shown is a 
Schematic diagram of the core memory array Sector 10 
during an erase operation. To erase the memory devices 30 
of the Sector 10 (e.g., a sector erase where multiple memory 
devices 30 or all memory devices 30 are erased simulta 
neous) a voltage can be applied to each of the wordlines 22. 
The Voltage applied to the wordlines 22 can be referred to as 
a gate erase Voltage. A Voltage, as ground or other potential, 
can be applied to each bitline 14 during the erase operation. 
If appropriate, the Substrate 12 can be grounded or con 
nected to another Voltage potential during the erase opera 
tion. 

0035. For example, in the embodiment where the 
memory devices 30 are floating gate memory devices 30, a 
channel erase operation (commonly referred to as a Fowler 
Nordheim (FN) erase) can be used. In the illustrated 
example, about -9.3 volts can be applied to the wordlines 22 
for a Specified duration. During this time, a common Voltage 
(VSS), Such as ground or other potential, can be applied to 
the bitlines 14. 

0036). In the embodiment where the memory devices 30 
are charge trapping dielectric memory devices 30 a "hot hole 
injection” (sometimes referred to as band-to-band (BTB) hot 
hole injection can be used. In hot hole injection, a gate 
Voltage of, for example, about 4 volts to about -8 Volts can 
be applied to the wordlines 22 and a drain Voltage of, for 
example, about 4.5 volts to about 6.0 volts can be applied to 
the bitlines 14 functioning as a drain for the memory devices 
30. Hot hole injection can include grounding the bitlines 14 
functioning as a Source for the memory devices 30. Such an 
erase can be carried out Separately for the normal bit of the 
memory devices 30 and the complimentary bit of the 
memory devices 30. Under Such erase conditions, a BTB 
tunnel current is created under the gate and holes are 
generated that accelerate from the drain into the channel. 
The holes are accelerated in the electrical field created near 
the drain/body junction and Some of the accelerated holes 
Surmount the oxide to Semiconductor interface between the 
bottom dielectric layer 16 and the substrate 12. These holes 
are injected into the dielectric charge Storing layer 18 to 
displace electrons (e.g., by recombination) and erase the 
cell. 

0037. During the erase operation, the dummy word lines 
26 can be biased to reduced capacitive coupling respectively 
between the top wordline 22a and the first dummy wordline 
30a and between the bottom wordline 22n and the second 
wordline 30b. In one embodiment, a bias voltage can be 
applied to the dummy Wordlines 26. Application of a bias 
Voltage can be carried out by coupling a desired Voltage to 
the dummy Wordlines 26 with appropriate logic components 
of the logic circuit 8. The bias Voltage can be the gate erase 
Voltage applied to the wordlines 22 during the erase opera 
tion. Alternatively, a Voltage other than the gate erase 
Voltage can be applied to the dummy Wordlines 26 as the 
bias Voltage. 
0038. In the illustrated embodiment, application of the 
bias to the dummy wordlines 26 is accomplished by elec 
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trically connecting the top wordline 22a to the first dummy 
Wordline 26a and electrically connecting the bottom word 
line 22n to the second dummy wordline 26b. Such electrical 
connections can be established with the logic circuit 8 and, 
as a result, is not necessarily a direct electrical connection. 
Rather, the electrical connection from top wordline 22a to 
first dummy wordline 26a and from bottom wordline 22n to 
Second dummy wordline 26b can be through components of 
the logic circuit 8, Such as pass transistors or other Switching 
elements. In this embodiment, the bias voltage will be 
approximately that of the gate erase Voltage, noting that 
Some loSS may be introduced from the components estab 
lishing the connection from Wordline 22 to adjacent dummy 
wordline 26. 

0.039 FIG. 6 is a graph of erase threshold voltage dis 
tribution for the memory devices 30 of the sector 10 when 
erased according to the methods described herein. The graph 
includes a first distribution curve 38 corresponding to the 
threshold voltage distribution for the middle wordlines 22b 
through 22n-1 where insubstantial coupling to adjacent 
dummy wordlines 26 is present in the absence of dummy 
Wordline 26 biasing. The graph includes a Second distribu 
tion curve 40 corresponding to the threshold voltage distri 
bution for the memory devices 30 of the top wordline 22a 
and the bottom wordline 22n when the dummy wordlines 26 
are biased with approximately the potential applied to the 
Wordlines 22 during the erase operation. AS Shown graphi 
cally, the curve 40 overlaps with the curve 38 such that a 
difference between a center of curve 38 and a center of curve 
40 is kept to a minimum (e.g., less than 0.15 volts). As a 
result, the middle rows of cells (corresponding to wordlines 
22b through 22n-1) will have a tendency to erase with about 
the same speed as the top and bottom rows of cells (corre 
sponding to wordlines 22a and 22n). Accordingly, narrower 
erase distributions 38 and 40 can be achieved than when a 
bias potential is not applied to the dummy Wordlines 26 
during erase, thereby resulting in improved flash memory 
unit 2 operation. 

0040 FIG. 7 is a plot that represents the effects of 
dummy Wordline bias on erase Speed of the top and bottom 
rows of cells relative to the middle rows. More specifically, 
the plot shows the shift in threshold voltage for the second 
distribution curve 40 corresponding to the erase threshold 
voltage distribution for the memory devices 30 of the top 
wordline 22a and the bottom wordline 22n on the y-axis 
Versus dummy Wordline bias on the X-axis. AS the dummy 
wordline bias negatively increases, the distribution curve 40 
shifts downward along the threshold Voltage axis and tends 
to have greater alignment with the curve 38 (compare FIGS. 
1 and 6) as well as faster erase operation. In general, the 
relationship between dummy wordline bias and threshold 
voltage distribution shift is linear. 

0041. Following the application of the erase voltages to 
the memory devices 30, the erase operation can be verified 
using convention erase verification techniques. If indicated 
by the erase verification routine, re-erasing of the memory 
devices 30 can be conducted and/or an automatic program 
disturb (APD) or Soft programming operation can be con 
ducted. APD, which is also referred to as automatic program 
disturb after erase (APDE), is a process that corrects for such 
over-erased flash memory cells. During APD process, 
charge carriers (e.g., electrons) are reinjected into the charge 
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Storing layer after the erase process to restore the threshold 
Voltage of the over-erased flash memory cells. 
0042 Although particular embodiments of the invention 
have been described in detail, it is understood that the 
invention is not limited correspondingly in Scope, but 
includes all changes, modifications and equivalents coming 
within the Spirit and terms of the claims appended hereto. 

1. A method of erasing memory devices of a flash memory 
array having a plurality of operative wordlines and at least 
one dummy Wordline adjacent an end one of the operative 
Wordlines, comprising: 

applying a gate Voltage to the Wordlines, and 
applying a bias Voltage to the dummy Wordlines. 
2. The method according to claim 1, wherein the bias 

Voltage is approximately equal to the gate Voltage. 
3. The method according to claim 1, wherein the bias 

Voltage downwardly shifts an erase threshold Voltage dis 
tribution for the end one of the operative wordlines. 

4. The method according to claim 3, wherein the erase 
threshold voltage distribution for the end one of the opera 
tive wordlines is shifted to overlap with an erase threshold 
distribution for the operative wordlines disposed between 
the end operative wordlines. 

5. The method according to claim 3, wherein the bias 
Voltage and the shift in erase threshold Voltage distribution 
have a generally linear relationship. 

6. The method according to claim 1, wherein the memory 
devices are floating gate memory devices. 

7. The method according to claim 6, wherein the floating 
gate memory devices are erased using a Fowler-Nordheim 
(FN) erase. 

8. The method according to claim 1, wherein the memory 
devices are charge trapping dielectric memory devices hav 
ing plural charge trapping regions. 

9. The method according to claim 8, wherein the charge 
trapping dielectric memory devices are erased using band 
to-band (BTB) hot hole injection. 

10. The method according to claim 8, wherein a normal 
bit of each memory device and a complimentary bit of each 
memory device are erased in Separate erase operations. 

11. A method of erasing memory devices of a flash 
memory array having a plurality of operative wordlines and 
at least one dummy Wordline adjacent an end one of the 
operative wordlines, comprising: 

establishing an electrical connection between the dummy 
Wordline and the end one of the operative wordlines, 
and 

applying a gate erase Voltage to the wordlines. 
12. The method according to claim 11, wherein the 

electrical connection downwardly shifts an erase threshold 
voltage distribution for the end one of the operative word 
lines. 

13. The method according to claim 12, wherein the erase 
threshold voltage distribution for the end one of the opera 
tive wordlines is shifted to overlap with an erase threshold 
distribution for the operative wordlines disposed between 
the end operative wordlines. 

14. The method according to claim 11, wherein the 
memory devices are floating gate memory devices. 
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15. The method according to claim 14, wherein the 
floating gate memory devices are erased using a Fowler 
Nordheim (FN) erase. 

16. The method according to claim 11, wherein the 
memory devices are charge trapping dielectric memory 
devices having plural charge trapping regions. 

17. The method according to claim 16, wherein the charge 
trapping dielectric memory devices are erased using band 
to-band (BTB) hot hole injection. 

18. The method according to claim 16, wherein a normal 
bit of each memory device and a complimentary bit of each 
memory device are erased in Separate erase operations. 

19. A flash memory unit configured for an erase operation, 
comprising: 
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a Sector of memory devices defined by a plurality of 
operational wordlines and a plurality of bit lines, 

at least one dummy Wordline adjacent an end one of the 
operational wordlines, and 

a logic unit electrically connecting the dummy Wordline 
and the end one of the operational wordlines. 

20. The flash memory unit according to claim 19, wherein 
the memory devices are Selected from one of floating gate 
memory devices and charge trapping dielectric memory 
devices. 


