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Abstract: In this paper, we proposed an improved (Indum-Galum-Zinc-Oxide) IGZO-Filler (IF) struc-
ture that can be used in a Cell-On-Peri (COP) structure by improving the excellent erase performance
of the IGZO-Pillar (IP) structure. The IP structure mentioned above is a structure that we announced
in a previous study, and this structure overcomes the poor hole carrier characteristics of IGZO when
the IGZO channel was used in the early 3D NAND Flash structure and enables hole erase operation.
The proposed structure showed that, despite the very poor hole carrier characteristics of IGZO,
hole erase operation is sufficiently possible even if only a few hole carriers exist in a thin pillar of
5 nm thickness. Simulation results show that the proposed structure exhibits a fast erase rate of
100 ps, similar to that of the existing structure, while maintaining the low leakage current properties
inherent in the IGZO material. Therefore, the proposed structure is expected to maintain the excellent
characteristics of the IGZO channel even in the 3D NAND Flash of the COP structure, which enables
erasure operation while overcoming leakage current and temperature stability problems of existing
polysilicon channels.

Keywords: 3D NAND; polysilicon; IGZO; COP

1. Introduction

After Toshiba first announced BiCS (Bit Cost Scalable) [1], a vertical channel 3D
NAND flash technology, in 2007, Samsung’s TCAT (Terabit Cell Array Transistor) [2] and
SK Hynix’s SMART (Stacked Memory Array Transistor) [3] were announced in 2009, 3D
NAND Flash appeared in the world. Since then, the pace of development and application
of 3D NAND Flash has grown tremendously. In particular, vertical channel stacks are
expected to have a high-stack structure of 1536 or more layers in 2037 [4].

This growth rate is due to recent advances in the Artificial Intelligence (Al) sector,
smartphones, and the growth of the solid state disk (5S5D) market. For this reason, the size
of the 3D NAND flash market can be expected to continue to make great progress in the
future, and the usefulness of the vertical channel 3D NAND architecture that enables this
development is undoubtedly unquestionable. It is also true that continuous performance
improvement is difficult due to various shortcomings in realistic operating environments.
Among the many known problems (too harsh etching process difficulty, mechanical stress,
etc.), the biggest problem is the increase in leakage current due to the internal trap of
polysilicon, a channel material, the scattering of threshold voltages, and changes in operat-
ing current according to temperature [5,6]. As described above, various studies are being
conducted to solve various problems that occur in polysilicon channels because they are
fatal to the operation of 3D NAND flash. Among them, a solution that has recently attracted
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attention is to change channel materials such as Indum-Galum-Zinc-Oxide (IGZO), which
are resistant to the leakage current and temperature changes.

IGZO has been extensively studied as a TFT channel material for displays due to its
wide bandgap (~3.1 eV) capable of preventing leakage current and high carrier mobility
(over 10 cm?/V) capable of securing large operating current, among many oxide semicon-
ductor materials [7,8]. In addition, it was expected that the formation of crystalline oxide
semiconductors would be very easy because it could be crystallized in a specific direction
(C-AXIS) depending on the process method [9-11].

These advantages allow IGZO to be used as a channel material in a 3D NAND struc-
ture to reliably address leakage current and temperature changes in existing PolySilicon
channels. Unfortunately, however, 3D NAND structures using IGZO channels have a prob-
lem, which is that hole erasure cannot be used due to the poor hole carrier characteristics
of IGZO. Specifically, the hole-effective mass of IGZO is known to be more than 100 times
heavier than silicon, and for this reason, hole mobility is also known to be very slow at
0.01 levels. Therefore, these problems will be an absolutely fatal weakness when using
IGZO as a channel in 3D NAND Flash [12].

In order to overcome the aforementioned problem of the erase operation of IGZO
channels, our group has published a study on IGZO-Nitride-Pillar(INP) and IGZO-Pillar
(IP) structures through previous research [13]. The proposed structure uses a “pillar”
structure formed of P+ polysilicon instead of macaroni oxide (M-oxide) located in the
center of the string in the zone 3D NAND flash structure. Since this pillar structure can
supply abundant hole carriers present in the lowest bulk region of the IGZO channel to the
channel, it has been demonstrated that the proposed structure can perform the same hole
erase operation as the bulk erase method.

However, INP and IP structures have recently been found to be difficult to use in the
Cell-On-Peri (COP) structure [14], which is mostly used in 3D NAND Flash devices. More
specifically, in the currently-used manufacturing process, a peripheral circuit(peri circuit)
area was first formed at the top of the P-type crystalline silicon sub, and a memory cell area
was formed only after passivation by the insulating layer, making it virtually impossible to
directly contact memory strings and the crystal sub-area. In order to solve this problem,
there is a method of forming a p-type sub-region made of polysilicon on the top of the
peri circuit, but in the polysilicon grain system, the voltage rise time is known to be very
slow due to resistance caused by internal traps. For this reason, it was thought that a new
structure was needed to apply our idea to the recent 3D NAND flash of the COP structure.

In order to address the issue, our research team first proposed a new structure for
improving erase speed in a COP structure-based 3D NAND flash structure using polysilicon
channels. And this structure was verified through TCAD simulation that applying this
structure can have a much faster operating speed than the existing Gate Induced Drain
Leakage (GIDL) erase method [15]. However, the proposed Silicon-Nitride-Pillar (SNP)
structure and Silicon-Pillar(SP) structure had a problem that the peri circuit region had
to be partially sacrificed to deliver the hole carriers present in the lowest bulk region to
the channel through the “filler”. Therefore, this paper proposes a structure and operation
method that enables a smooth erase operation without sacrificing the area of the Peri circuit
area using the specificity of the IGZO material (mainly related to hole carrier characteristics)
and verifies it by simulation.

2. Details of the Proposed Structures

First, we decided to change the previously used name “pillar” to “filler” in this paper,
as this side is more accurate in meaning. Figure 1 describes the structures proposed in this
study. First, the IGZO-Filler (IF) structure explained by (Figure 1a,b) is based on previous
studies [13,15]. However, unlike the previous structure, as the COP device is applied, there
is a difference in that the SUB contact for the erase operation and the metal electrode for
connecting it are located at the upper part of the peri circuits area. In addition, in the actual
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process, a thin passivation layer with a thickness of 1 nm or less may be inserted between
the filler and the IGZO channel as in the previous study [15].

Figure 1. Comparison of the proposed structures. Schematics of (a) are single strings of the IGZO-
Filler (IF) structure in the COP device. (b) shows the details of the proposed structures. Finally,
figures (c,d) describe the overall operation including the movement of the hole carrier during the
erase operation in the IF structure.

Figures from (Figure 1c—d) illustrate the movement of electrons and holes by the erase
operation (20 V) for each structure. The (Figure 1c) shows the band structure and the
movement of each carrier at the time when 20 V, which is the erase operating voltage, is just
applied (~1 ps) in the IF structure. The important point here is that due to the hole-related
parameter characteristics of IGZO, unlike polysilicon channels, only a small amount of hole
carriers are transferred to the channel. Next, as (Figure 1d) shows, when the voltage of the
IGZO channel rises slightly (10-12 V) by a small number of hole carriers transmitted to the
channel, the poor hole-related characteristics of the IGZO channel are overcome and the
high voltage difference (~20 V) that the hole carriers could move disappears. After all, the
hole carriers used for the erase operation in the IGZO channel are a small number of hole
carriers that moved in the initial time when the erase voltage was applied.

In the IF structure, there is no need to forcibly transfer hole carriers in the crystal
sub-area at the expense of the Peri circuit area as we proposed in previous studies [16]. Of
course, this result is due to the low hole-related characteristics of IGZO, but in the case of
using an IGZO channel, as shown in (Figure 1a), it is expected that the erase operation could
be performed by adding only metal electrodes for voltage application to the upper region
of the Peri circuit while keeping the lower structure the same as the existing 3D NAND
structure. The fabrication process of this structure is basically the same as that mentioned
in our previous paper [15]. However, as described above, the proposed structure does not
require a passage to move hole carriers from the lowermost Crystal si sub-area, that is, an
area created at the expense of the peri circuits area, and thus can fully preserve the Peri
circuits area as shown in the figure. This structure is possible because, as will be described
in the next chapter, the use of IGZO channels basically does not require many hole carriers.
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3. Simulation Results and Discussion
3.1. Simulated Structures, Models, and Parameters

In this paper, we used a Synopsys Sentaurus TCAD devices simulator [16] to validate
the proposed structure. First, the Structural Editor tool was used to design the proposed
structure in Figure 2 below. In particular, the cylindrical command of the Sentaurus tool
(Rotate 360 degrees) was able to form a virtual gate-all-around (GAA) structure based on
half the 2D structure in device simulation. Using these features, we were able to simulate
the entire vertical channel 3D NAND string and validate and analyze the overall behavior
of the proposed devices. Next, the configuration of each contact point will be explained.
First, the SUB contact at the bottom controls the voltage of the filler located inside the
channel, and the CSL (Common-Source-Line) contact serves as the ground for the entire
string. And the GSL (Ground-Select-Line) contact located on it controls the contact between
CSL and the channel, and the 10 WL (Word Line) controls the operation of each memory cell.
Finally, the source-select-line (SSL) bit line (BL) controls the contact between the channel,
and the top BL acts as a drain.

Figure 2. Details of the simulated device. (a) Schematic of the 10 stacked memory cells, word lines
WLO0 to WL9, and select transistors, GSL, SSL, BL, and CSL. (b) Expanded view of the simulated
structure with dimensions of the constituent parts.

Figure 2b shows an enlarged view of the dimensions of the elements used in the
simulated device. The oxide, nitride, and block oxide layers of the tunnel were maintained
at4, 7, and 11 nm, respectively. In addition, as verified in previous studies, regardless of the
thinness of the filler, and even if the thickness becomes too thin to deliver the hole carrier, it
is confirmed that the erase operation can be performed up to 5 nm through the 2-step erase
method [15]. Therefore, in this study, the thickness of the filler was set to 5 nm and the
remaining area was filled with M-oxide. Thus, the total diameter of the simulation device is
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100 nm. The word line gate length and the interval between successive word lines were fixed
at 30 nm. While device simulation is in progress, the doping concentration dependence,
high field saturation, and trap scattering mobility models were used. In addition, Shockley-
Read-Hall [17], Auger [18], and Hurkx band-to-band recombination models [19] were also
used to simulate the operation of the transistor in a V-NAND structure. In addition, the
Poole-Frenkel model [20] and the nonlocal tunneling model [16] were used to model the
electron and hole transport in silicon nitride.

Figure 3 shows the doping concentration of the formed structure and additional
information on the SSL and GSL regions. First, in the case of the SSL region shown in
(a), the length of the SSL gate is set to 100 nm, and this is also the case for the GSL in (b).
This is for suppression of leakage current flowing to the BL and CSL, respectively, and
enhancement of gate control capability. It is known that such a structure or a plurality
of gates is used in the actual 3D NAND structure. Second, the doping concentration of
the pillar was set to a lower concentration (5 x 10'® cm™3). This is in consideration of the
difficulties in the process and the change of the threshold voltage due to the increase of the
doping concentration. Lastly, as illustrated in Figure 2, unlike the SP structure of previous
research [16], the lower SUB area is composed of pure metal electrodes.

Figure 3. Details of the doping concentration. Schematic of (a) the overall doping distribution,
(b) the SSL region, and (c) the GSL and sub-region.

These changes can be expected to sacrifice the Peri circuit region in the previous SP
structure and solve temperature problems that may occur during the process. Of course,
this is also a possible structure because it is ironically difficult to deliver a large number of
hole carriers in IGZO channels.

In addition, the parameters described in Table 1 were applied to polysilicon and
silicon nitride for each material trap, and Table 2 shows the voltages applied to each
operation. (Parameters other than the indicated trap parameters were basically applied
from referenced papers [13,15,16]). Additionally, Figure 4 shows the result of simulating
the actual measurement results of ref [21] (Figure 5a, VDS = 0.1 V) with simulated elements
of the same scale by applying the parameters described above. As you can see, there are
some differences, but we can see that the results are similar overall. These results show the
reliability of the IGZO parameter used in this paper.
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Table 1. Trap parameters of each material.
Value
Parameters . N
Polysilicon [16] SizNy [15] IGZO [13]
: -3
Trap concentration (cm™>) 1 % 1021 5 % 1019 1 % 1020
(electro, hole trap)
0.1 (electron) 2.5 (electron) 0.1 (electron)
Energy level(eV) ~0.1 (hole) 1.0 (hole) ~0.1 (hole)
Table 2. The applied voltage for each operation.
Value
Operation Target Non-Targets
(WLS) (Other WLS) SUB csL BL
Program 20V 9V ov ov ov
10V,20V 10V,20V
Erase [16] ov ov 20V (First), (Second)  (First), (Second)
Read —5~8V 5V ov ov 1V

Figure 4. Ipg—V g results between actual measurement and simulation in the TFT device.

Edge

FEmE
Limil]

Figure 5. Description of the three possible cases when the proposed IF structure is fabricated.
(a) shows the most ideal process is assumed, and (b) shows the structure in which the filler structure
edger is formed extremely sharply as a result of the top Chemical Mechanical Polishing (CMP) process
being extremely well done. Finally, (c) shows the form in which spikes are formed on the contact
surface between the filler and the IGZO channel due to various realistic problems occurring in the
manufacturing process.

Spike
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3.2. Simulation Results and Analysis When Applying IF Structure in COP Structure

First of all, we predicted that the following three situations will occur in the erase
operation when real IGZO channels and filler structures are used in 3D NAND Flash
memory through a more detailed simulation study. Figure 5 shows an explanation of the
three possibilities mentioned above: First, as shown in (Figure 5a), if the filler and IGZO
channels are not defective or problematic, the low hole characteristics of IGZO materials
may not be overcome and the hole carriers may not be transferred to the IGZO channel. Of
course, if a voltage much higher than the erase voltage currently in use (~30 V or more) is
applied, the hole carriers may be transferred, but such an operation may be a great problem
for both the channel and the filler.

Next, as shown in (Figure 5b), the uppermost end of the filler will be once the filler
is formed and then planarized by the CMP process. However, in this process, if the CMP
process goes very or extremely well, a very sharp edge will be formed as shown in the red
circle in the figure. At these edges, even if the same voltage is applied, a much larger electric
field will be formed, and thus the transfer of the hole carrier may be possible beyond the
barrier due to the material characteristics of IGZO. Of course, there is a prerequisite that the
quality of the CMP process must be very good in order to achieve this, but this assumption
can also be considered because the current development speed of the CMP process is very
fast. Finally, as shown in (Figure 5¢), it is unlikely that the contact between the filler and the
IGZO channel is absolutely flat and vertical, and rather there is a possibility that spikes may
occur in the direction of the IGZO channel or in the opposite direction due to nonuniformity
in the etching process or deposition process. These spikes may generate an electric field
much stronger than other regions when an erase voltage is applied like the edge described
above (Figure 5b), and through this, hole carriers may be transmitted to the IGZO channel.
Therefore, this study will evaluate and analyze the influence of the erase operation on these
three possibilities.

Figure 6 shows the results of the erase operation according to the interface state
between the IGZO channel and the filler. First, when the interface state of the two materials
is the most ideal, ironically, it shows the slowest erase operation speed. This result means
that the hole carriers were not transferred to the IGZO channel through the filler at all, and
the erase operation was purely an emission of electrons by the E-field. Next, where only
one edge is present at the tip of the filler by the CMP process, it shows a faster operating
speed than the previous result. Therefore, in this result, it can be confirmed that a small
amount of hole carriers were supplied to the IGZO channel through a slight hole emission
at the tip of the filler. Finally, the result of 1 edge + 6 spikes is the result of forming 6 spikes
at arbitrary positions in the structure (Figure 5c) and performing the erase operation.

Figure 6. Erase operation performance change according to filler state change (Vy,: Threshold
voltage).
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Simulation results show the fastest erase operation speed as expected, and this result
shows that hole carriers are discharged due to the same phenomenon in spikes as well as
at the tip of the filler, and the erase operation is performed through it. Therefore, based
on these results and the contents of Figure 1, the interface state between the filler and the
IGZO channel would be ideal in the case where the erase speed in the 3D NAND flash
memory with the IGZO channel and filler structure was the slowest, and in the case of
the fastest, 1 edge +, it can be assumed that it will be in the state of 6 spikes. Of course, in
the actual device, many more spikes may be formed than the simulation result, thereby
releasing many hole carriers.

However, if a certain level of hole carrier is filled in the channel, the voltage of the
channel will increase, and the E-field will be weakened due to the voltage difference between
the filler and the IGZO channel so that the hole carriers cannot move. Therefore, increasing
the spikes does not increase the erase rate indefinitely and it will eventually stagnate.

The results in Figure 7 can specifically explain the previously assumed content. First,
in (Figure 7a—c), it can be observed that the interface where many spikes are generated
delivers more hole carriers to the IGZO channel than the ideal interface. However, this
does not mean that all hole carriers are filled in the channel like the Polysilicon channel,
and as shown in the cross-sectional result (Figure 7c), the density at which hole carriers
can actually transmit voltage is filled to only 2 nm near 40 nm, which is the interface with
the tunnel oxide. Therefore, as shown in the voltage distribution from (Figure 7d—f), the
voltage drop is of course very severe in the ideal interface state, but even in the presence of
spikes, the voltage rise increased by only 6.3 V. Therefore, it can be seen that the channel
voltage at this time, specifically the voltage at the tunnel oxide contact surface, is 13.7 V,
and the difference from the filler voltage of 18 V is only about 4.3 V. In other words, when
such a small voltage difference is formed, it can be confirmed that the hole carriers can
no longer overcome the low hole characteristics of IGZO and cannot be transmitted to
the channel.

Figure 7. Comparison of Hole Density and Electric potential (E-potential) Change among the
erase operation characteristics according to the state of the interface in the proposed IF structure.
(a,b) show the hole carrier density when the erase operation proceeds to 10 ps. (c) shows cross-
sectional results on the channel. Next, (d,e) show the voltage distribution at the same erase operation
time. And (f) shows cross-sectional results.

These results indicate, as we explained earlier, that it is meaningless to form many
spikes to increase the erase operation efficiency, and also why it is not necessary to supply
the hole carrier from the crystal sub to the filler at the expense of the peri circuit area.
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Simply put, hole carriers that can be transferred to the IGZO channel or necessary hole
carriers can only fill a thickness of 1-2 nm at the interface between the tunnel oxide and
the channel, and these filled hole carriers increase the voltage of the channel but at the
same time reduce the voltage difference between the filler and the channel. This reduced
voltage difference eventually makes it impossible to transfer the hole carrier to the channel,
and the increase in the hole carrier density of the channel becomes stagnant. Thus, the
interface state of the filler and IGZO channels in the proposed structure should not be
an unconditional ideal state, but it also does not require numerous spikes for hole carrier
transmission. Currently, it is difficult to control the process for forming these spikes due
to process limitations, but if process technology develops thereafter, it will be possible to
precisely control the proper formation of the spike and secure maximum erasing efficiency.

Through the previous results, we confirmed that even if realistic process conditions
are applied, the proposed structure overcomes the adverse hole-related characteristics of
IGZO in the 3D NAND flash memory structure to which the IGZO channel is applied and
enables a fast erase operation. Next, we will examine the points that may be of concern
with respect to the application of the IGZO channel and the filler structure. The first thing
to be considered before applying the proposed IF structure is whether the leakage current
increases. This is because, although considered and verified in the IP structure of previous
studies, when the pillar and the channel are in direct contact, the pillar itself becomes a
pass for the leakage current and there is a possibility of increasing the leakage current.

First, as illustrated in Figure 8a, the leakage current in the reading operation is about
1015 A, which is well maintained at low leakage current characteristics. This is one of the
advantages of IGZO materials, compared to the existing 3D NAND Flash structure using
the PolySilicon channel that is about 10713 A [15]. In particular, a leakage current to the
SUB contact is 10720 A, which is actually 0, and if the filler thickness is sufficiently thin, it
is expected that the leakage current would not occur in this direction regardless of the filler
doping concentration.

Figure 8. Verification results of problems that may arise when the IF structure performs operations
other than erase operation. (a) Analysis results of the correlation between leakage current passing
through the filler in the read operation and another leakage current of BL, CSL and SUB. (b) It shows
that the channel potential is increased through self-boosting in certain cell strings that are in the
program inhibited Mode.

Next, the channel potential change shown in (b) represents a channel-boosting perfor-
mance change to inhibit programming behavior on an unselected string when the program
operation is performed on the selected string in the 3D NAND structure [22]. This “self-
boosting” technique is an operation of increasing a channel voltage within a string sharing
the same BL among strings to be programmed to suppress programming behavior [22].

Assuming the string to which the corresponding action is applied, it can be observed
that when the filler thickness is 5 nm in the proposed IGZO channel + IF structure, the
channel potential is 1.5 V lower than the general 3D NAND structure. This phenomenon is
thought to be affected by the channel potential directly connected to the column because
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the sub-contact connected to the column is in the ground state. On top of that, since the
IGZO channel itself has a weak N-type characteristic and an average carrier density of
about 10" cm~3, it is considered that an additional voltage drop occurs. However, even in
the IGZO channel + Filler structure, the channel voltage could be raised to 14.2 V through
the self-boosting technique, and at this voltage, the difference from the program operating
voltage of 20 V is only 5.8 V, so it seems that the original role of preventing program
operation can be sufficiently performed.

Finally, Table 3 shows the results of comparing the typical 3D NAND with the strengths
and weaknesses of the proposed structure. First, in the case of program operation speed,
it is expected that all three structures to be compared will be almost the same. This is
because the voltage of the channel in the program operation is fixed in the GND state,
so the factors that affect the program operation performance are the type and quality of
the ONO layer and WL metal, and basically, all three structures are the same structure
and process. Second, in the case of erase operation speed, it can be seen that the pro-
posed IF structure is absolutely excellent. In particular, these advantages will be able to
stably solve the problem of erasure speed degradation that may occur when gate stacks of
300 to 500 or more are used due to future technological advances. This is because the
filler that supplies hole carriers in the proposed IF structure is basically doped with P-type,
so it is hardly affected by the increase in height. Third, the leakage current, which was
feared to be a problem of directly coupling the filler to the channel, confirmed a very
small leakage current of 10 A by properly controlling the doping concentration of the
filler in addition to the inherent low leakage current characteristics of the IGZO material.
This can be expected to dramatically reduce standby power consumption, one of the most
important considerations, especially for mobile devices. Forth, it has been confirmed that
the self-boosting performance is about 1.5 V lower than that of a typical 3D NAND flash
structure. However, this lowered channel boosting voltage is only a 5.8 V difference from
the program voltage, so it is expected that the original role of preventing the program from
operating will be performed without any problems.

Table 3. Various comparison results between previously announced structures and the proposed

structure.
Comparison Proposed Structures
Items 3D NAND SP [15] IF [This Work]
Program performance Normal Normal Normal
gemp (~8 ps) (~8 ps) (~8 ps)
Erase performance Slow Fast Fast
P (~10 ms) (10~100 ps) (10~100 ps)
Leakage current Normal Normal Very small
i (~1071° A) (~1071 A) (lower 10715 A)
Self-boosting performance Normal Very little bad Little bad
i (~16 V) (15~14 V) (14 V)
Peri circuit area reduction None reduced None
; Very Expensive Expensive
Manufacturing cost Normal (2 filler formation) (1 filler formation)

Finally, if you compare the three structures in terms of the manufacturing process, the
SP structure proposed in the previous study first needs to deliver hole carriers to the filler
from the crystal sub-area at the bottom, so two types of filler structures are required for this.
Therefore, there was a problem that the Peri circuit area was sacrificed and the process cost
was greatly increased compared to the existing 3D NAND structure. However, in the case
of the new IF structure proposed this time, the erase operation is possible with only a small
amount of hole carriers by reversely using the material properties of IGZO, so the cost of
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increasing the process can be minimized because only one filler adjacent to the channel
is sufficient.

4. Conclusions

In this paper, we proposed an improved IF structure that can be used for 3D NAND
structures with recent COP structures based on IP structures that could supply holes in
channels in crystal bulk regions such as TCAT published in previous studies and validated
and analyzed them through device simulations. In particular, despite IGZOs very poor
hole-related properties, the proposed structure shows that hole carriers present in the filler
can be delivered to the channel through spikes that can occur in a realistic process, and it
has been confirmed that hole carriers can be delivered to the channel without sacrificing
the area of the peri circuit. At this time, the hole erase operation speed of the IF structure is
about 100 ps, and the erase operation is performed only by the filler adjacent to the channel.
In addition, the leakage current characteristics of the IGZO channel can be maintained
without being affected by the filler, and the channel voltage is reduced by 1.5 V compared
to the existing structure, but the difference from the program voltage is only 5.8 V, so the
original purpose of preventing the program operation can be fully achieved. In conclusion,
the proposed IF structure is judged to be the optimal solution for using IGZO material as a
channel for 3D NAND Flash memory. In particular, we believe that this structure is the best
approach because it can overcome the poor hole carrier properties of IGZO and deliver
hole carriers essential for the erase operation of CTF memory. Therefore, if the structure
proposed in this paper is applied to the 3D NAND Flash structure, IGZO channels that
were not available in the 3D NAND Flash structure can be used, which will solve problems
(leak current, temperature instability, etc.) in the current 3D NAND Flash structure at once.
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