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Specifications 
1, Title of Invention:  

Non-volatile Semiconductor Memory 
2, What is claimed is: 
(1) A non-volatile semiconductor memory comprising:

Semiconductor substrate: this semiconductor
substrate is separated by the plaid-shaped groove, 
presenting with multiple pillar-shaped semiconductor 
layers in the matrix arrangement; it has the drain 
diffused layer formed on the various pillar-shaped 
semiconductor layers, common source diffused layer 
formed in the bottom of the aforementioned groove, 
the charge accumulation layer and control gate 
surrounding at least a part of various pillar-shaped 
semiconductor layers around. For the multiple 
pillar-shaped semiconductor layers in one direction, it 
continuously sets multiple electrically erasable 
memory cells with control gates, respectively; the bit 
line connects to the drain diffused layer of multiple 
memory cells in the cross direction with the 
aforementioned control gate line. 
(2) A non-volatile semiconductor memory comprising:

Semiconductor substrate: this semiconductor
substrate is separated by the plaid-shaped groove, 

presenting with multiple pillar-shaped semiconductor 
layers in the matrix arrangement; common source 
diffused layer formed in the bottom of the 
aforementioned groove; the charge accumulation layer 
and control gate surrounding at least the lower part of 
various pillar-shaped semiconductor layers around, for 
the multiple pillar-shaped semiconductor layers in the 
same direction, it continuously sets multiple 
electrically erasable memory transistors with control 
gate, respectively; it has the drain diffused layer 
formed on the various pillar-shaped semiconductor 
layers and gate electrodes surrounding at least the 
upper part of various pillar-shaped semiconductor 
layers, it continuously sets multiple gate transistors 
formed to be word line from this gate electrode in the 
same direction with the aforementioned control gate 
line, respectively; the bit line connects to the drain 
diffused layer of multiple selection gate transistor in 
the cross direction between the aforementioned control 
gate line and word line. 
(3) A non-volatile semiconductor memory comprising:

Semiconductor substrate: this semiconductor
substrate is separated by the plaid-shaped groove, 
presenting with multiple pillar-shaped semiconductor  

-343-
Western Digital Exhibit 1008



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

layers in the matrix arrangement; the common source 

diffused layer formed in the bottom of the 

aforementioned groove; the charge accumulation layer 

and control gate surrounding at least the lower part of 

various pillar-shaped semiconductor layers around, for 

the multiple pillar-shaped semiconductor layers in the 

same direction, it continuously sets multiple 

electrically erasable memory transistors with control 

gates, respectively; it has the drain diffused layer 

formed on the various  pillar-shaped semiconductor 

layers and gate electrode surrounding at least the upper 

part of various  pillar-shaped semiconductor layers, 

for the multiple  pillar-shaped semiconductor layers 

in the same direction, it continuously sets multiple 

gate transistors formed to be word line from this gate 

electrode, respectively; the bit line connects to the 

drain diffused layer of multiple selection gate 

transistor in the cross direction with the 

aforementioned word line. 

and substrate are grounded. Then, relying on the 
tunnel current, it injects electron into the floating gate 
from the substrate. By injecting this electron, the 
threshold voltage of the memory cell moves in the 
positive direction. When it emits the electron from the 
floating gate, the control gate is grounded and the 
positive high voltage is applied to one of source, drain 
diffused layer or substrate. Then, relying on the tunnel 
current, it emits the electron from the floating gate 
toward the substrate. By emitting this electron, the 
threshold voltage of the memory cell moves in the 
negative direction. 

In the above actions, in order to efficiently carry out 
the electron injection and emission, that is to 
efficiently conduct the writing and erasure, the 
relationship of capacitance in combination with 
floating gate, control gate and substrate is very 
important. In other words, the greater the capacitance 
between floating gate and control gate, the more 
effectively it transmits the potential of control gate to 
the floating gate; so that makes the writing and erasure 
of EEPROM memory cell much easier. However, with 
the progress of semiconductor technology in recent 
years, especially due to the progress of 
microfabrication technique, the miniaturization and 

3. Detailed Description of the Invention  

[Purpose of the Invention]  

(Field of the Invention) 

The present invention is about a non-volatile 

electrically erasable semiconductor memory using 

memory transistor with charge accumulation layer and 

control gate ( EEPROM). 

(Description of the prior art) 

The well-known structure: As the EEPROM 

memory cell, the MOS transistor structure has charge 

accumulation layer and control gate on the gate, which 

uses tunnel current to conduct injection into the charge 

accumulation layer and emit charge from the charge 

accumulation layer. In this memory cell, it stores 

different threshold voltages due to different charge 

accumulation state of the charge accumulation layer as 

data "0" and "1". For example, as the charge 

accumulation layer, if it is the n channel memory cell 

using the floating gate, when it injects electron into the 

floating gate, it needs to apply positive high voltage to 

the control gate after the source, drain diffused layer  

large capacitance of EEPROM memory cell are 
growing rapidly. So, how to ensure the capacitance 
increase between the floating gate and control gate 
becomes an important subject. 

In order to increase the capacitance between 
floating gate and control gate, it needs to reduce the 
thickness of gate dielectric film between them, or 
increase their dielectric constant, or increase the area 
between floating gate and control in the opposite 
direction. However, reducing the thickness of gate 
dielectric film has a certain limit in the respect of 
reliability. In the respect of increasing dielectric 
constant of gate dielectric film, for example, it may 
consider using silicon nitride film, etc. to replace 
silicon oxide film, however, it still has the problem of 
reliability and it is not practical. So, in order to ensure 
to have sufficient capacitance, it shall ensure the 
overlapping area between the floating gate and control 
gate is above the certain value. This becomes a large 
barrier for achieving the purpose of reducing the area 
of memory cell and enlarging the capacitance of 
EEPROM. 

In addition, in order to apply high voltage to the 
memory cell in case of writing and erasure, it needs to 
conduct the element isolation. So, in the common 
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LOCOS method, the area of isolation region of 
elements become greater, it is also the reason of 
blocking the large capacitance of EEPROM. 

(Problems to be solved by the invention) 
As above, the problems existing in the EEPROM 

are: it is impossible to ensure an enough capacitance 
between floating gate and control gate while reducing 
the occupied area of memory cell. 

The present invention aims to provide an EEPROM 
of resolving this kind of problem, with large 
capacitance and high efficiency of writing and erasure. 

[Constitution] 
(Means for Solving Problems) 
The EEPROM involved in the present invention is a 

memory transistor formed by the side wall of multiple 
pillar-shaped semiconductor layers in matrix 
arrangement, separating by the plaid-shaped groove on 
the semiconductor substrate. That is to say, the 
memory transistor is composed of drain diffused layer 
formed on the various pillar-shaped semiconductor 
layer, common source diffused layer formed at the 
bottom of the aforementioned groove and charge 
accumulation layer and control gate surrounding at 
least a part of various pillar-shaped semiconductor 
layer around, for the multiple pillar-shaped 

semiconductor layer, it can be electrically separated 
completely depending on the groove. Besides, it can 
reduce the area of isolation region of elements, so as to 
make the size of memory cell smaller. So that can 
obtain the EEPROM of large capacitance, integrating 
memory cells with excellent efficiency of writing and 
erasure. 

(Embodiments) 
In the following, refer to the drawing instruction for 

the working example of the present invention. 
Fig. 1 is the plane diagram of EEPROM memory 

cell in such embodiments; Fig. 2(a), (b) are the section 
diagram of A-A’ and B-B’ in Fig. 1 respectively. In this 
embodiment, it uses P-type silicon substrate, it is 
separated by the plaid-shaped groove 3 on the top of it, 
presenting multiple pillar-shaped P-type silicon layers 
in matrix arrangement, the pillar-shaped silicon layer 2 
is changed to be the domain of memory cell, 
respectively. In other words, the oxidation film 4 with 
the specified thickness is implanted and formed at the 
bottom of groove 3, the floating gate 6 is formed on 
the side wall by relying on tunnel oxidation film 5 by 
surrounding the pillar-shaped silicon layer 2, in 
addition, control gate 8 is formed in the outside of it 
through layer dielectric film 7. As shown in Fig. 1 and  

semiconductor layer in the same direction, 
continuously setting control gate lines formed from 
gate electrodes, respectively. In addition, it also sets 
the bit line connecting to the drain diffused layer of 
multiple memory transistors in the cross direction with 
control gate line. 

Moreover, the EEPROM involved in the present 
invention also forms the charge accumulation layer 
and control gate of the above-mentioned memory 
transistor at the bottom part of the pillar-shaped 
semiconductor layer. In addition, it also sets the 
selection gate transistor that can form the gate 
electrode by surrounding at least the upper part of the 
pillar-shaped semiconductor layer. 

(Functions) 
According to EEPROM memory cell made by the 

present invention, the side wall using pillar-shaped 
semiconductor layer has charge accumulation layer 
and control gate formed by surrounding the 
pillar-shaped semiconductor layer, so it can be 
sufficient to ensure the capacitance increase between 
charge accumulation layer and control gate by using a 
small occupied area. In addition, the drain diffused 
layers connecting to each bit line of memory cell are 
respectively formed on the pillar-shaped  

Fig. 2 (b), for the multiple memory cell in the same 
direction, it continuously sets control gate 8, 
respectively, forming the control gate line, that is word 
line WL (WL 1, WL 2,...). The common source 
diffused layer 9 of memory cell is formed at the 
bottom of groove 3; drain diffused layer 10 of various 
memory cells is formed on various pillar-shaped 
silicon layer 2. CVD oxidation film 11 is covered on 
the top of substrate of memory cell formed therefore, it 
opens contact hole on the top of it, sets bit line (BL 1, 
BL2, ...) of drain diffused layer 10 of memory cell in 
the cross direction with word line WL, forming the AL 
wiring 12 jointly connected. As it forms the control 
gate line, in the position of pillar-shaped silicon layer 
at the end of cell array, a mask is formed by depending 
PEP, the contact segment 14 formed by the 
polycrystalline silicon film connected with control 
gate is remained on the surface of it, contacting with 
the AL wiring 13 of word line with simultaneous 
formation by AL film with bit line BL here. 
In the following, refer to Fig. 3(a) - (e) for the 
instruction of specific manufacturing process example 
used for obtaining such structure. Fig. 3 (a) - (e) are 
the process diagram corresponding to the profile of 
Fig. 1 (a). The P-type silicon layer with low impurity 
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control gate 8 (Fig. 3 (d)). For the longitudinal 
direction of Fig. 1, by presetting the interval of 
pillar-shaped silicon layer 2 below the specified value, 
it needn't adopt the mask process that can act as the 
continuous control gate line in this direction to form 
the control gate 8. At the end of control gate line, it 
uses a mask to leave the polycrystal silicon film in 
advance on the pillar-shaped silicon layer as the 
contact segment 14 of AL wiring. 

Finally, it stacks CVD oxidation film 11 on the 
whole surface, if it is necessary, upon the planarization 
treatment, a contact hole is opened on the top of it, so 
as to form the bit line 12 connecting to various 
memory cell drain diffused layer 10 as well as AL 
wiring 12, 13 connecting to the word line of control 
gate line (Fig. 3 (e)). 

The action of EEPROM can be simply stated 
through this embodiment. By supplying the positive 
potential to the selection word line and selection bit 
line to flow the channel currant on the selected 
memory cell, so as to inject the hot electron formed 
nearby drain electrode into the floating gate. In this 
way, the threshold value of this memory cell moves in 
the positive direction. This is so-called data writing. 
Date erasure means to take the selection word line as 
0V, supply the positive potential to the selection bit  

line, and pull out floating gate electron on the substrate 
depending on the FN tunneling. In this way, the 
threshold value of memory cell moves in the negative 
direction. Data reading means that after reading the 
specified potential, supply the potential to word line, 
judge "0" and "1" by checking whether unit current 
flows or not. 

The two aspects of data reading and erasure also can 
make use of FN tunneling. In this situation, data 
reading is to supply the positive potential to the 
selection word line, provide 0V to the selection bit 
line, on the selected memory cell, it injects the 
electron from one side of substrate into the floating 
gate through FN tunneling. 

It can be seen from this embodiment, if it takes the 
bottom of plaid-shaped groove as separation region, 
arranging the pillar-shaped silicon layer to constitute 
the memory cell of floating gate formed by 
surrounding this pillar-shaped silicon layer, so that can 
obtain the memory cell of EEPROM with small 
occupied area and high integration. Moreover, not only 
can the memory cell have a small occupied area, but 
also it can ensure a sufficient capacitance between 
floating gate and control gate. 

In addition, in the embodiment, it needn't use mask 
to continuously form the control gate of various 
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concentration is epitaxially grown on the P-type 
silicon substrate with high impurity concentration. It 
stacks the mask layer 21 on its surface. It adopts the 
well-known PEP technology to form photoresist 
pattern 22, then uses it to etch mask layer 21 (Fig. 3 
(a)). Then it uses the mask layer 21 to etch the silicon 
layer 2 according to the reactive ion etching method, 
so as to form the plaid-shaped groove 3 reaching the 
depth of substrate 1. In this way, the silicon layer 2 
becomes pillar-shaped and separated into multiple 
island-shaped objects, later it adopts CVD method to 
stack silicon oxide film 23 and leave it on the side wall 
of various pillar-shaped silicon layer 2 through 
anisotropic etching. Then, implant n-type impurity into 
the ion, it respectively forms drain diffused layer 10 on 
the top of various pillar-shaped silicon layer 2; it forms 
common source diffused layer 9 at the bottom of 
groove (Fig. 3 (b)). 

Later, after the etching of oxidation film 23 
surrounding the various pillar-shaped silicon layer 2 
through isotropic etching, in light of requirements, it 
may conduct the injection of ion channel on the side 
wall of various silicon layer 2 by adopting the slant ion 
implantation. It may also stack oxidation film 
containing boron through CVD, replacing channel  

example injection with boron diffusion from its 
oxidation film. Then it stacks CVD silicon oxide film 
4, after etching this silicon oxide film by using the 
method of isotropic etching, it is buried to the bottom 
of groove 3 according to the specified thickness. Then, 
after forming tunnel oxidation film 5 of such as about 
100A through thermal oxidation in the surrounding 
area of various silicon layer 2, it stacks the first layer 
of polycrystalline silicon film. It may etch this first 
layer of polycrystalline silicon film through 
anisotropic etching method, leaving the first layer of 
polycrystalline silicon film only on the side wall of 
various silicon layer 2, so as to form the floating gate 6 
(Fig. 3 (c)). 

Next, it forms the layer dielectric film 7 on the 
surface of floating gate 6 formed around the various 
pillar-shaped silicon layer 2. For example, it may take 
this layer dielectric film 7 as ONO film. Specifically, 
in accordance with the specified thickness of the 
surface of oxidation floating gate 6, it adopts the 
method of stacking silicon oxide with film plasma 
CVD as well as thermal oxidation of its surface to 
form ONO film. Then, by stacking the second layer of 
polycrystalline silicon film, it adopts silicon oxide film 
etching method to etch this film so as to form the  
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memory cells in one direction. This is the first time 
that it can form the aforementioned control gate in 
case of asymmetrical configuration of pillar-shaped 
silicon layer. In other words, by reducing the interval 
of pillar-shaped silicon layer in the direction of the 
word line smaller than the interval of pillar-shaped 
silicon layer in the direction of the bit line, so as to 
make it separated in the direction of bit line and 
automatically obtain the control gate line connecting 
in the direction of the word line under the condition of 
no mask. On the other hand, for example, in case of 
symmetrically configuration of pillar-shaped silicon 
layer, it needs to adopt PEP process. Specifically, it 
thickly stacks the second polycrystalline silicon film, 
with PEP process, the process chooses to conduct 
etching, in order to leave the polycrystalline silicon 
film in the part that makes it taken as the continuous 
control gate line. Then it stacks the third layer of 
polycrystalline silicon film by adopting the same 
method with that described in the embodiment to 
conduct the etching for the side wall left. Even in the 
case of asymmetrical configuration of pillar-shaped 
silicone layer, sometimes it is not the same with the  

shape of this pillar-shaped silicon layer can be in other 
shapes, for example, as shown in Fig. 5, the 
pillar-shaped silicon layer is formed by quadrangle 
pattern. However, if the size of pillar-shaped silicon 
layer approaches the processing limit too much, even 
if the layout is quadrangle, after rounding, it will 
become similar to Fig. 1 in practice. 

However, in the 1 transistor/1 unit structure in the 
above embodiment, if the memory transistor turns to 
the excessive erasure state, that is to say, if the read 
potential is 0V and threshold turns to negative, the unit 
electric current also will flow even if not selected 
which is not appropriate. In order to practically 
prevent this condition, besides memory transistor, the 
gate transistor may also be used. Such embodiments 
will be explained in the following. 

Fig. 6 is the plane diagram of EEPROM in such 
embodiments; Fig. 7 (a), (b) are the section views of 
A-A’ and B-B’ in Fig. 6 respectively. In these figures, 
when using the same symbols with the corresponding 
part in the previous embodiments, the detailed 
description is omitted. Moreover, in the plane graph of 
Fig. 6, since the selection gate lines that continuously 

embodiment that forms the automatic continuous 
control gate line through its configured interval. Even 
in this situation, it may also form the continuous 
control gate line in one direction by adopting the 
aforementioned mask process. 

Moreover, in the embodiment, although the memory 
cell in floating gate structure is used, the charge 
accumulation layer does not necessarily have to use 
floating gate structure; this objective can also be 
achieved through discharging the charge accumulation 
layer to the trap on the multilayer dielectric film. For 
example, even if it is MNOS structure, the present 
invention is also effective. 

Fig. 4 is the section diagram corresponding to Fig. 2 
which shows the embodiment that uses this MNOS 
structure. The parts corresponding to Fig. 2 attach the 
same symbol, and the detailed description is omitted. 
As the charge accumulation layer, multi-layer insulator 
layer 24 can be the laminated structure of tunnel oxide 
film and silicon nitride film, or the oxide film structure 
further formed on the nitride film surface. 

In Fig. 1, the pillar-shaped silicon layer 2 is cylinder 
shape, that is to say, the upper surface is circular. The 

form the gate electrode of selection gate transistor are 
too complex, they are not shown. 

The same with the previous embodiments, 
depending on groove 3, to separate and arrange to 
form pillar-shaped silicon layer 2, form the drain 
diffused layer 10 above each pillar-shaped silicon 
layer 2 and form the common source diffused layer 9 
in the bottom of groove 3. The memory cell is in the 
bottom of such pillar-shaped silicon layer 2; the same 
with the method of the previous embodiments, the 
floating gate 6 is formed through tunnel oxide film 5; 
then the control gate 8 is formed by layer dielectric 
film 7, thereby constituting memory transistor. And, in 
the upside of pillar-shaped silicon layer 2, the same 
with memory transistor, the gate electrode 32 is set 
through gate oxide film 31 surrounding it, constituting 
selection gate transistor. The same with control gate 8 
of memory cell, gate electrode 32 of this transistor .is 
continuously set in the same direction with control 
gate line to form selection gate line. Through this 
method, in the internal groove, memory transistor and 
selection gate transistor are implanted and formed 
under the state of stack. The same with the previous 
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embodiments, one end of control gate line is left on 
the surface of silicon layer as contact segment 14. 
Moreover, contact segment 15 is left on the selection 
gate line silicon layer which is at the end opposite to 
the control gate, making them to contact AL wiring 13, 
16 which form word line WL and control gate line CG 
respectively. 

Fig. 8 (a)-(g) is the section diagram corresponding 
to Fig. 7 (a) which shows the EEPROM manufacturing 
technique of this embodiment. Wafer is used on the 
P-type silicon substrate 1 to make the P-type silicon 
layer 2 to conduct epitaxial growth; after the mask is 
formed, groove 3 in the plaid-shaped is formed 
through anisotropic etching method; until drain 
diffused layer 10 is formed above each silicon layer 2, 
and the common source diffused layer 9 is formed in 
the bottom of groove; the method is the same as in the 
previous embodiments (Fig.8 (a), (b)). Then after 
tunnel oxide film 5 is formed, accumulate the 1st layer 
polycrystalline silicon film, etch this film through 
anisotropic etching method, leave this film on the side 
wall at the bottom of pillar-shaped silicon layer 2, then 
form floating gate 5 surrounding the shape of silicon 

compared with the control gate 8 of memory cell. The 
reason is that compared with double-layer gate in 
memory transistor part, since selection gate transistor 
is single-layer gate, its gate electrode interval between 
adjacent cells is broader than the control gate interval. 
Therefore, in order to practically connect gate 
electrode 32, it can be made into double-layer 
polycrystalline silicon structure; for the initial 
polycrystalline silicon film, only the part for 
connecting gate electrode is left by mask technique; 
the subsequent polycrystalline silicon film can adopt 
the side wall residual technology. 

Moreover, the control gate line and selection gate 
line are at different ends respectively; in order to form 
contact segment 14, 15 above pillar-shaped silicon 
layer, when conducting the polycrystalline silicon film 
etching, a mask should be formed in advance. 

Finally, deposit CVD oxide film 112, open contact 
holes, through conducting vapor phase deposition and 
pattern formation of aluminum, simultaneously form 
AL wiring 12 that constitutes bit line BL, AL wiring 
13 that constitutes control gate line CG, AL wiring 16 
that constitutes bit line WL (Fig. 8 (g)). 

layer 2 (Fig. 8 (c)). As with the previous embodiments, 
after layer dielectric film 6 is formed, accumulate the 
2nd layer polycrystalline silicon film, etch this film 
through anisotropic etching method, and again form 
control gate 8 at the bottom of pillar-shaped silicon 
layer 2 (Fig. 8 (d)). Control gate 8 continuously forms 
the control gate line in the same direction. And after 
etch and remove the unwanted layer dielectric film 7 
and tunnel oxide film 2 beneath it, deposit CVD oxide 
film 111 and implant the film in the middle of groove 
3 after etching it, that is to say, implant it in the 
position of floating gate 7 and control gate 8 of the 
embedded memory cell (Fig. 8 (e)). Then in the upper 
portion of the uncovered pillar-shaped silicon layer 2, 
after forming about 200A gate oxide film 31 through 
thermal oxidation method, deposit the 3rd layer 
polycrystalline silicon film, etch it through anisotropic 
etching method, and form the gate electrode 32 of 
MOS transistor (Fig. 8 (f)). This gate electrode 32 also 
continuously form pattern in the same direction as 
control gate line and constitute the selection gate line. 
Although the selection gate line can be continuously 
formed by self-alignment method, it is hard to achieve 

Fig. 9 (a) shows that the section structure of a 
memory cell where important parts of EEPROM in 
this embodiment is replaced by a planer structure; it 
shows the equivalent circuit the same as Fig. (b). 

Using Fig. 9 to simply illustrate the actions of 
EEPROM in this embodiment, the content is as 
follows: at first, in the aspect of writing, for example, 
when using hot carrier injection to write, provide high 
positive potential to selection word line WL, and 
provide the specified positive potential to selection 
control gate line CG and selection bit line BL. 
Accordingly, the positive potential is transferred to the 
drain of the memory transistor Qc through the 
selection gate transistor Qs; channel current is flowed 
in memory transistor Qc, conducting hot carrier 
injection. Erasure is regarding selection control gate 
CG as 0V, providing high positive potential to word 
line WL and bit line BL to make it release floating gate 
electron on the drain. In overall erasure, the high 
positive potential can be provided to the common 
source, then making it release electron on the source. 
When conducting reading action, word line WL opens 
the selection gate transistor Qs, reads control gate line  
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CG and provides potential to it; it judges "0" and "1" 
by checking whether the current flows or not. 

If using FN tunneling in the aspect of electron 
injection, the high positive potential is provided to 
selection control gate line CG and selection word line 
WL; the selection bit line BL is regarded as 0V; the 
electron is injected into floating gate from substrate. 

According to this embodiment, since it has selection 
gate transistor, even if in the excessive erasure state, it 
can also obtain the EEPROM without failure. 

However, in this embodiment, as shown in Fig. 9 
(a), there is no diffusion zone between the selection 
gate transistor Qs and memory transistor Qc. This is 
because that it is very hard for a diffused layer to be 
selectively formed on the side of pillar-shaped silicon 
layer. Therefore, in the structure of Fig. 7(a), (b), it is 
best to make the separating oxidation film between the 
gate part of memory transistor and the gate part of 
selection transistor to be thin. Especially when 
utilizing hot electron injection, in order to convey 
enough "H" level potential to the drain part of memory 
transistor, the thickness of this separating oxidation 
film shall be controlled at about 300-400A. Such a tiny 

type memory cell on a pillar-shaped silicon layer. In 
the parts corresponding to the previous embodiments, 
for the parts having the same symbols with the 
aforementioned embodiments, the detailed description 
is omitted. In this embodiment, the selection gate 
transistor Qsl is formed in the lowermost of 
pillar-shaped silicon layer 2; three memory transistors 
Qc1, Qc2 and Qc3 are overlapped above it, and the 
selection gate transistor Qs2 is also formed above it. 
Basically, this structure can be achieved through 
repeatedly conducting the previously explained 
manufacturing technique. 

Fig. 13 (a), (b) are the section views corresponding 
to Fig. 7 (a), (b) respectively in the previous 
embodiments. In this embodiment, the control gate 8 
of memory transistor and gate electrode 32 of selection 
gate transistor are continuously formed. 

Fig. 14 (a) - (e) are the section diagram of 
manufacturing technique in this embodiment. Mask is 
used in the same wafer as the previous embodiments; 
groove 3 is formed by etching; after forming source 
diffused layer 9 and drain diffused layer 10, tunnel 
oxide film 5 is formed, floating gate 6 is formed at the 
bottom of pillar-shaped silicon layer 2; the above 

interval, it's hard to implant oxide film only adopting 
the mentioned CVD in the previous manufacturing 
technique in practice. Therefore, for the method of 
implanting CVD oxidation film, it's best to adopt the 
following method: make floating gate 6 and control 
gate 8 to be exposed, adopt the gate oxidation which is 
used for selection gate transistor, simultaneously form 
thin oxide film in the exposed part of floating gate 6 
and control gate 8. 

Fig. 10 is an embodiment that regards the memory 
transistor in the aforementioned embodiment as the 
same MNOS structure as embodiment in Fig. 4. 

Fig. 11 is an embodiment that reverses the 
memory transistor and selection gate transistor of the 
aforementioned embodiment, that is to say, it is the 
section diagram corresponding to Fig. 7(a) which is an 
embodiment, in which selection gate transistor is 
formed in the bottom of pillar-shaped silicon layer 2, 
and memory transistor is formed in the upside. When 
regarding the hot electron injection mode as the 
writing mode, the structure of setting selection gate 
transistor in common source can be adopted. 

Fig. 12 is an embodiment that constitutes NAND 

technique is the same with the previous embodiments 
(Fig. 14 (a) - (c)). After that, for example, layer 
dielectric film 7 on floating gate 6 and gate oxide film 
31 of selection gate transistor part are simultaneously 
formed through thermal oxidation; control gate 8 part 
and gate electrode 32 part are consecutively formed 
through the accumulation of the 2nd layer 
polycrystalline silicon film and anisotropic etching 
(Fig. 14 (d)). Then CVD oxide film 11 is adopted to 
conduct the whole surface coverage, and contact hole 
is opened on it to form AL wiring 12 (Fig. 14 (e). 

Fig. 15 shows the section diagram structure of 
important part of memory cell in this embodiment, 
which is corresponding to Fig. 8 (a). 

The EEPROM action conducted through this 
embodiment is basically the same with the previous 
embodiments. But, since the control gate of memory 
transistor and the gate electrode of selection gate 
transistor are common, therefore, providing positive 
potential to common source S, regarding word line 
WL (that is, control gate line CG) as 0V, through 
making it to release floating gate electron on source 
diffused layer, the erasure action is conducted. 

According to this embodiment, the same effect as 
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the previous embodiments can also be obtained. 

Even if in the embodiments illustrated in Fig. 13 

and Fig. 14, MNOS structure absolutely can be used to 

replace floating gate structure as memory transistor. 

[Effect of the invention] 

As mentioned above, according to the present 

invention, utilizing the side wall of pillar-shaped 

semiconductor layer separated by the plaid-shaped 

groove, through constituting and using the memory 

cell of memory transistor with charge accumulation 

layer and control gate, it can fully ensure the 

capacitance between control gate and charge 

accumulation layer, and can also reduce the occupying 

space of memory cell, therefore can obtain the 

EEPROM that can realize high centralization. 

4. Brief description for the drawings 

Fig. 1 is the plane diagram of EEPROM provided 

by an embodiment of the present invention; 

Fig. 2 (a), (b) are the section diagrams of A-A’ and 

B-B’ in Fig. 1; 

Fig. 12 is the section diagram of EEPROM in the 

embodiment which acts as NAND structure; 

Fig. 13 (a), (b) are the section diagrams that make 

the EEPROM in another other embodiment correspond 

to Fig. 7(a), (b). 

Fig. 14 (a)-(e) are the section diagrams showing its 

manufacturing technique; 

Fig. 15 is the section diagrams showing replacing 

the plane structure. 

1: P-type silicon substrate, 2: P-type silicon layer, 3: 

plaid-shaped groove, 4: silicon oxide film, 5: tunnel 

oxide film, 6: floating gate, 7: layer dielectric film, 8: 

control gate, 9: common source diffused layer, 10: 

drain diffused layer, 11: CVD oxide layer, 12: AL 

wiring (bit line), 13: AL wiring (word line), 14, 15: 

contact segment, 31: gate oxide film, 32: gate 

electrode, 24: multi-layer insulator layer. 

 

Agent:     Attorney   Takehiko Suzue 

Fig. 3 (a)-(e) are the section diagrams showing the 

manufacturing technique; 

Fig. 4 is the section view of EEPROM in the 

embodiment which uses MNOS structure; 

Fig. 5 is the plane diagram of EEPROM in other 

embodiment; 

Fig. 6 is the plane diagram of EEPROM in another 

other embodiment; 

Fig. 7 (a), (b) are the section diagrams of A-A’ and 

B-B’ in Fig. 6; 

Fig. 8 (a)-(g) are the section diagrams showing the 

manufacturing technique; 

Fig. 9 (a), (b) are the section diagrams showing 

replacing the plane structure and the equivalent circuit 

diagram; 

Fig. 10 is the section diagram of EEPROM in the 

embodiment which uses MNOS structure; 

Fig. 11 is the section diagram of EEPROM in the 

embodiment that reverses the configuration of the 

memory transistor and the selection gate transistor; 
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Fig. 4 

Fig. 5 
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Fig. 6 

Fig. 7 

Fig. 8 

Fig. 8 
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Fig. 8 Fig. 9 

Fig. 11 
Fig. 12 

Fig. 10 
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Fig. 14 
Fig. 15 

Fig. 13 Fig. 14 

Fig. 14 
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