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( 57 ) ABSTRACT 

The present invention relates to a resistance change memory , 
that is , a resistive memory device . By forming a bottom 
electrode from a doped semiconductor different material 
from a conventional one , it is possible to fabricate the 
memory device simultaneously with peripheral circuit ele 
ments . By having one or more electric field concentration 
regions in the bottom electrode , it is possible to reduce the 
power consumption reducing the voltage . The present inven 
tion can be also stacked vertically in any small and apply to 
the synaptic device array recently attracting the great interest 
as the next generation computing technology for realizing 
the neural imitation system . 
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RESISTIVE RANDOM ACCESS MEMORY cells 430 and 440 is detected together with the current of the 
DEVICE FOR 3D STACK AND MEMORY selected cell ( the solid line in FIG . 4 ) . The leakage current 

ARRAY USING THE SAME AND of these adjacent cells 430 and 440 has been the cause of 
FABRICATION METHOD THEREOF errors in the read operation and limited the size of the array . 

In order to solve the leakage current problem of adjacent 
CROSS - REFERENCE TO RELATED cells , Korean Patent No. 10-1257365 discloses a technique 

APPLICATION for simultaneously forming a threshold switch layer and a 
resistance change layer . According to this , the bottom elec 

This application claims priority to Korean Patent Appli trode is platinum ( Pt ) , the top electrode is a transition metal 
cation No. 10-2017-0142238 , filed on Oct. 30 , 2017 , under 10 such as tungsten ( W ) , and the phase change layer between 
35 U.S.C. 119 , the entire contents of which are hereby the electrodes is a niobium oxide ( Nb206 - x ) , a vanadium 
incorporated by reference . oxide ( V206 - x ) or a transition metal oxide formed of Ti , Fe , 

Ni and the like . Applying a voltage to the electrodes to move 
BACKGROUND the oxygen ions in the phase change layer inside the top 

15 electrode , a resistance change layer is formed in the top 
Field of the Invention electrode by the oxidation reaction . And the threshold switch 

layer having the properties of the conductor is formed by 
The present invention relates to a resistive switching growth from the bottom electrode changing the oxygen 

memory , or resistive random access memory ( RRAM ) deficiency ( oxygen vacancies ) state by the thermal energy 
device , and more particularly to a resistive memory device 20 applied with the voltage . Thus , it shows that it is possible to 
for three - dimensional stacking , a memory array using the form two films having different properties in a single form 
same and a fabrication method thereof . ing process . 

By the way , the Registration Patent No. 10-1257365 is a 
Related Art conventional MIM structure , the lower electrode is plati 

25 num , the top electrode is a transition metal such as tungsten , 
NAND flash memory technology is currently leading the and between these electrodes the transition metal oxide is 

mass storage market through continuously scaling down . filled . Applying a voltage to the electrodes it is to move the 
However , in recent years , as the size of the device has been oxygen ions to form the threshold switch layer and the 
reduced to 20 nm or less , several reliability problems have resistance change layer . There is a limit to reduce the size of 
arisen . Therefore , various kinds of next generation memo- 30 the device and it is difficult to implement a three - dimen 
ries are being actively researched to replace NAND flash sional vertical stacked array . And there is a problem that 
memory technology should be prepared in a separate process because it is 

The RRAM having the simplest structure among them is impossible to be fabricated with the array peripheral circuit 
advantageous for miniaturization and is generally formed of elements and is not compatible with the silicon process . 
a metal - insulator - metal ( MIM ) material structure as shown 35 
in FIG . 1. The switching operation of the RRAM is divided SUMMARY 
into three phases . As shown in FIG . 2 , a forming process for 
forming a conductive filament in an initial state to be a low The present invention is to be fabricated simultaneously 
resistance state , a reset operation for increasing the resis with peripheral circuit elements by compatibility with the 
tance of the conductive filament by breaking the conductive 40 conventional CMOS process as well as three - dimensional 
filament , and a set operation to be the low resistance state stacking by forming a bottom electrode from a semiconduc 
again . The forming process is the first operation of the set tor doped unlike the prior art . And it has a structure so that 
operation and requires a higher voltage . the electric field is concentrated on the bottom electrode to 

In a conventional RRAM structure , the interface between reduce the operating voltage for the power consumption . 
the metal and the insulator is flat and so the electric field is 45 To achieve the objectives , a resistive memory device 
evenly distributed when a voltage at both ends is applied . according to the present invention comprises a bottom 
Therefore , in the MIM structure , the conductive filaments electrode formed by doping impurities into a semiconductor 
formed the forming and set operations are formed at material ; a resistance change layer formed on the bottom 
arbitrary positions , there is a limit to the exact control and electrode ; and a top electrode formed on the resistance 
a high reset current is shown . In particular , a unipolar 50 change layer , wherein the bottom electrode has one or more 
RRAM operating as shown in FIG . 3A has a disadvantage electric field concentration regions toward the resistance 
for commercialization in that the dispersion of the switching change layer . 
parameters is uneven and the reset current is high . Therefore , The resistance change layer may be formed of an insu 
recently , a bipolar RRAM operating as shown in FIG . 3B is lating material including at least one of a silicon oxide film , 
more interested . 55 a silicon nitride film , an aluminum oxide film , and a hafnium 
As shown in FIG . 4 , a memory array using the RRAM has oxide film , and the top electrode may be formed of a metal 

a structure vertically intersecting a top electrode and a containing tungsten ( W ) . 
bottom electrode to function as a word line and a bit line , The semiconductor material may be silicon , the bottom 
respectively . To read data , ‘ V / 2 method ' is used . That is , as electrode may be a fin shape vertically and sequentially 
shown in FIG . 4 , a voltage of V is applied to the bit line 200 , 60 stacked with a silicon oxide layer , a doped silicon layer and 
which is the top electrode of the cell 300 to be read , and 0 a silicon oxide layer , the resistance change layer may 
V is applied to the word line 100 of the bottom electrode . surround the fin shape of the bottom electrode , the top 
The other cells 410 , 420 , 430 , and 440 sharing the lines 100 electrode may surround the resistance change layer , and the 
and 200 are applied with only 1/2 V between the top and electric field concentration regions may be the four corners 
bottom electrodes . However , when the cell 300 selected for 65 of the doped silicon layer . 
reading is in the high resistance state ( HRS ) , the leakage The semiconductor material may be silicon , the bottom 
current ( the dashed line in FIG . 4 ) caused by the adjacent electrode may be a doped silicon cylinder , the resistance 
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change layer may surround the doped silicon cylinder , the reducing the voltage . The present invention can be also 
top electrode may surround the resistance change layer , and stacked vertically in any small and apply to the synaptic 
the electric field concentration regions may be portions device array recently attracting the great interest as the next 
surrounded by the resistance change layer in the surface of generation computing technology for realizing the neural 
the doped silicon cylinder constituting the lower electrode . 5 imitation system . 

A resistive memory array according to the present inven 
tion comprises bit lines of a plurality of fin shapes formed by BRIEF DESCRIPTION OF THE DRAWINGS 
repeatedly and alternately stacking a silicon oxide layer and 
a doped silicon layer on a predetermined substrate , respec FIG . 1 is a cross - sectional view showing a basic structure tively and spaced apart from each other by a predetermined 10 of a conventional resistive memory device . 
distance in a first direction ; resistance change layers formed FIG . 2 is a conceptual diagram showing the switching 
to surround the plurality of fin shapes ; and word lines operation characteristics of the resistive memory device surrounding the resistance change layers and spaced apart having the structure of FIG . 1 . from each other in a second direction perpendicular to the FIG . 3 is an electrical characteristic diagram showing the first direction . 

The plurality of fin shapes may be formed by stacking a operation mode of the resistive memory device . FIG . 3A is 
plurality of the doped silicon layers with the silicon oxide a unipolar mode and FIG . 3B is a bipolar mode . 
film interposed therebetween , both sides of each of the FIG . 4 is a schematic diagram illustrating the operation of 
doped silicon layers contacting one of the resistance change a crossed array in which a leakage current of adjacent 
layers , and a plurality of resistive memory devices may be 20 non - selected cells is also detected in a read operation by the 
vertically stacked in each of the word lines , the plurality of ' V / 2 method ' . 
resistive memory devices each having electric field concen FIGS . 5 to 9 are process perspective views showing a 
tration regions in four corners of each side of the doped fabricating process of a resistive memory array according to 
silicon layers contacting one of the resistance change layers . an embodiment of the present invention . 

The silicon oxide layer of each of the fin shapes may be 25 FIG . 10 is a cross - sectional view taken along the line AA ' 
removed at the portions surrounded by the resistance change in FIG . 9 . 
layers under the word lines , the doped silicon layer of each FIGS . 11 to 16 are process perspective views showing a 
of the fin shapes being a silicon columnar shape and con fabricating process of a resistive memory array according to 
tacting one of the resistance change layers at the removed another embodiment of the present invention . portions of the silicon oxide layer , and a plurality of resistive 30 FIG . 17 is a cross - sectional view taken along the line BB ' memory devices may be vertically stacked in each of the in FIG . 16 . 
word lines , the plurality of resistive memory devices each FIG . 18 is a simulation result obtained by comparing the having electric field concentration regions in all around concentration of electric field when the bottom electrode is surface of the silicon columnar shape of the doped silicon grounded and 2V is applied to the top electrode similarly in layer contacting one of the resistance change layers . the resistive memory devices having the structures of FIGS . A fabricating method of a resistive memory array accord 
ing to the present invention comprises a first step of repeat 10 and 17 and the two - dimensional plane structure . 
edly and alternately stacking a silicon oxide layer and a FIGS . 19 to 21 are diagrams showing electrical charac 
silicon layer on a predetermined substrate to form a stacked teristics of a resistive memory in a two - dimensional planar 
structure having a plurality of silicon layers having the 40 resistive memory device composed of tungsten ( W ) / silicon 
silicon oxide layer as an upper or lower layer ; a second step nitride ( SiNx ) / n + doped polysilicon according to another 
of forming a plurality of bit lines by etching the stacked embodiment of the present invention . FIG . 19 is an I - V 
structure to have a plurality of fin shapes spaced a prede curve , FIG . 20 shows the endurance characteristics of the 
termined distance in a first direction ; a third step of forming high resistance state ( HRS ) and the low resistance state 
a resistance change layer on the plurality of fin shapes ; and 45 ( LRS ) during 100 DC sweep cycles , and FIG . 21 shows the 
a fourth step of forming a plurality of word lines in a second retention characteristics of HRS and LRS for 10,000 sec 
direction perpendicular to the first direction by depositing a onds at 100 ° C. 
conductive material on the substrate including the resistance In these drawings , the following reference numbers are 
change layer and etching the conductive material and the used throughout : reference number 10 indicates a silicon 
resistance change layer . 50 oxide film , 20 a silicon layer , 21 and 24 a bottom electrode , 

Step 2-1 and Step 2-2 may further comprise between the 30 and 50 a resistance change layer , 40 a top electrode , 101 
second and the third steps , Step 2-1 being further depositing and 102 an etching mask , 110 , 120 and 130 a fin shape or a 
and etching a mask material on the substrate to form etching bit line , and 210 , 212 , 220 and 222 a word line . 
masks spaced apart in the second direction and surrounding 
the plurality of fin shapes , Step 2-2 being removing silicon 55 DETAILED DESCRIPTION 
oxide films exposed between the etching masks . 

The mask material may be a silicon oxide layer . Detailed descriptions of preferred embodiments of the 
An impurity doping step of the silicon layer may proceed present invention are provided below with accompanying 

at every time the silicon oxide film and the silicon layer are drawings . 
repeatedly stacked in the first step or after the plurality of fin 60 First , referring to FIG . 10 and FIG . 17 , a resistive memory 
shapes in the second step are formed . device of the present invention will be described . 

The present invention , by forming a bottom electrode A resistive memory device according to the present inven 
from a doped semiconductor , can be fabricated simultane tion comprises , as commonly shown in FIGS . 10 and 17 , a 
ously with peripheral circuit elements due to the compat bottom electrode 21 or 24 formed by doping impurities into 
ibility with the conventional CMOS process . By having one 65 a semiconductor material ; a resistance change layer 30 or 50 
or more electric field concentration regions in the bottom formed on the bottom electrode ; and a top electrode 40 
electrode , it is possible to reduce the power consumption formed on the resistance change layer , wherein the bottom 

35 
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electrode 21 or 24 has one or more electric field concentra FIG . 10 is showing an embodiment of the present inven 
tion regions A , B , C and D , or E toward the resistance tion . The semiconductor material 20 may be silicon , more 
change layer 30 or 50 . specifically , polysilicon . The bottom electrode 21 may be a 
Here , the semiconductor material forming the bottom fin shape vertically and sequentially stacked with a silicon 

electrode 21 or 24 may be any material as long as it can be 5 oxide layer , a doped silicon layer and a silicon oxide layer 
made conductive by doping with impurities . However , mate such as a fin structure of a silicon oxide film ( SiO2 ) 10 / an n + rials such as a semiconductor material used in making circuit or p + doped silicon layer 20 / a silicon oxide film ( SiO2 ) 10 elements as well as the memory device , more specifically , in FIG . 10. The resistance change layer 30 may surround the silicon , silicon germanium , germanium and like are pre fin shape of the bottom electrode 21. The top electrode 40 ferred for process compatibility and economics . may surround the resistance change layer 30. And the In addition , the bottom electrode can be formed not only electric field concentration regions may be the four corners with the substrate itself such as a silicon substrate but also 
with a conductive line doped at a high concentration into a A , B , C , and D of the doped silicon layer 20 constituting the 

bottom electrode 21 . polycrystalline or amorphous semiconductor material when 
stacked vertically . As a preferable example for the latter , the 15 Here , when the resistance change layer 30 is made of 
bottom electrode may be formed of n + or p + polysilicon silicon nitride ( SizN4 ) , the top electrode 40 is made of 
doped with impurities ( n + or p + doped polysilicon ) . tungsten ( W ) , and the bottom electrode 21 is grounded and 

Since the resistance change layers 30 or 50 have a low the top electrode 40 is applied with 2 V , as shown in FIG . 
resistance state LRS and a high resistance state HRS 18A , an electric field is concentrated at the four corners A , 
depending on the formation of a conducting path to perform 20 B , C and D of the silicon layer 20 constituting the bottom 
a memory function of a cell , it may be formed of any electrode 21 , and the strength of the electric field is 5.15 
material as long as a conductive path can be formed . MV / cm . This is much greater than 2.76 MV / cm in FIG . 18C 
However , it is preferably formed of an insulating material showing a resistive memory device having a two - dimen 
containing at least one of silicon oxide ( SiO2 ) , silicon nitride sional planar structure in the same condition . 
( SiNx ) , aluminum oxide ( A102 ) and hafnium oxide ( HfOz ) 25 FIG . 17 is showing another embodiment of the present 
for compatibility of the process . invention . The semiconductor material 20 may be silicon , 

In the present invention , the bottom electrode 21 or 24 more specifically , polysilicon . The bottom electrode 24 may 
may have at least one electric field concentration region A , be a doped silicon cylinder ( e.g. , an n + or p + doped 
B , C , D , or E toward the resistance change layer 30 or 50 . polysilicon cylinder ) . The resistance change layer 30 may 
By having the above structural features , when a high set 30 surround the doped silicon cylinder 24. The top electrode 

voltage is applied between the top electrode 40 and the may surround the resistance change layer 50. And the 
bottom electrode 21 or 24 , the electric field concentrates on electric field concentration regions may be portions E sur 
the electric field concentration regions A , B , C , D and E of rounded by the resistance change layer 50 in the surface of 
the bottom electrode . As a result , electrons thermally accel the doped silicon cylinder 24 constituting the bottom elec 
erated by a high electric field toward the top electrode 40 35 trode 24 . 
break covalent bonds of the material forming the resistance In this case , when the resistance change layer 30 is made 
change layer 30 or 50 to cause dangling bonds . These of silicon nitride ( SizN_ ) , the top electrode 40 is made of 
dangling bonds are made of many traps in the direction of tungsten ( W ) , and the bottom electrode 24 is grounded and 
the top electrode 40 to form a conduction path , which the top electrode 40 is applied with 2 V , as shown in FIG . 
facilitates the low resistance state LRS . When the reset 40 18B , an electric field is concentrated on the surface E of the 
voltage is applied to the negative voltage , the amount of the silicon cylinder constituting the lower electrode 24 , and the 
traps is reduced . And the conduction path is broken into a strength of the electric field is 3.25 MV / cm . This is also 
high resistance state HRS . much greater than 2.76 MV / cm in FIG . 18C showing a 

Therefore , by the electric field concentration regions A , B , resistive memory device having a two - dimensional planar 
C , D and E of the bottom electrode 21 or 24 , a silicon oxide 45 structure in the same condition . 
film ( SiO2 ) having ordinary dangling bonds at an interface As another embodiment of the present invention , the 
can also be used to form the resistance change layer 30 or 50 . resistive memory have a two - dimensional planar 
Of cause , it is preferable that the resistance change layer 30 structure as shown in FIG . 18C where the bottom electrode 
or 50 is formed of a high dielectric material having a 21 is a doped polysilicon ( i.e. , an n + or p + doped polysili 
dielectric constant higher than that of the silicon oxide film 50 con ) , the resistance change layer 30 is made of silicon nitride 
such as aluminum oxide ( A10x ) and hafnium oxide ( HfOx ) ( SizN4 ) , and the top electrode 40 is made of a metal such as 
because the high dielectric material can make electrons tungsten ( W ) . In this case , the electric field of the bottom 
further collected in the electric field concentration regions A , electrode is 2.76 MV / cm , which is smaller than in the 
B , C , D and E of the bottom electrode 21 or 24 . previous two embodiments , but it has electrical character 

Furthermore , since the conduction path in the resistance 55 istics of an excellent resistive memory as shown in FIGS . 19 
change layer 30 or 50 is formed as a trap existing in the to 21 . 
resistance change layer , it is possible to form the conduction FIGS . 19 to 21 show electrical characteristics of a resis 
path without a separate forming process . Thus , it is prefer tive memory device having a two - dimensional planar struc 
able to form the resistance change layer 30 or 50 with ture composed of tungsten ( W ) / silicon nitride film ( SizN _ ) / 
nitride . 60 n + doped polysilicon as a third embodiment mentioned 
Here , the nitride may be a material having a composition above . FIG . 19 is an I - V curve . FIG . 20 is an endurance 

such as SiNx , AIN ,, ZrNx , NiNx , WNx , or HfN , in addition characteristic diagram of a high resistance state ( HRS ) and 
to SizN4 , but the silicon nitride film ( SizN4 ) is preferred for a low resistance state ( LRS ) during 100 DC sweep cycles , 
compatibility of the process . and FIG . 21 is a retention characteristic diagram of HRS and 

The top electrode 40 may be formed of a metal such as W , 65 LRS for 10,000 seconds at 100 ° C. 
Ni , Ti , or Ti which is widely used in a conventional CMOS Next , referring to FIGS . 9 and 16 , a resistive memory 
process because of easy etching . array of the present invention is described . 

device may 
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The resistive memory array of the present invention uses silicon layer 20 completely surrounded by the word line 40 
the above - described resistive memory device of the present and the resistance change layer 50 . 
invention as a unit cell element . As commonly exemplified FIG . 18 is a simulation result obtained by comparing the 
in FIGS . 9 and 16 , a resistive memory array according to the concentration of electric field when the bottom electrode is 
present invention comprises bit lines 110 and 120 of a 5 grounded and 2V is applied to the top electrode similarly in 
plurality of fin shapes formed by repeatedly and alternately the resistive memory devices having the structures of FIGS . 
stacking a silicon oxide layer ( SiO2 ) 10 and a doped silicon 10 and 17 and the two - dimensional plane structure . 
layer ( e.g. , an n + or p + doped polysilicon ) 20 on a prede Next , a fabricating method of the resistive memory array 
termined substrate ( not shown ) , respectively and spaced of the present invention is described with reference to FIGS . 
apart from each other by a predetermined distance in a first 10 5 to 17 . 
direction ( e.g. , y - axis direction ) ; resistance change layers 30 First , as shown in FIGS . 5 and 11 , a silicon oxide film 
or 50 formed to surround the plurality of fin shapes ; and ( SiO2 ) 10 and a silicon layer ( e.g. , polysilicon layer ) 20 are 
word lines 210 and 220 or 212 and 222 surrounding the repeatedly and alternately stacked on predetermined sub 
resistance change layers and spaced apart from each other in strate ( not shown ) to form a stacked structure having a 
a second direction ( e.g. , X - axis direction ) perpendicular to 15 plurality of silicon layers having the silicon oxide layer as an 
the first direction . upper or lower layer ( Step 1 ) . 
By being configured as described above , it is possible to The substrate may be any material capable of supporting 

form bit lines as many as the number of the silicon layer ( n + and forming the stacked structure , but a silicon substrate is 
or p + doped polysilicon ) 20 stacked with the silicon oxide preferable in view of process compatibility and the like . 
film ( SiO2 ) 10 interposed therebetween because the fin 20 In the embodiment of FIG . 5 , the silicon oxide film ( SiO2 ) 
shapes 110 , 120 , and 130 are the stacked bit lines respec 10 and the silicon layer 20 are stacked in this order , and in 
tively . Thus , high integration of the resistive memory can be the embodiment of FIG . 11 , they are stacked in the reverse 
easily achieved even in the conventional CMOS process . In order . The latter can also be implemented by the method of 
addition , by using the above - described resistive memory the former . 
device of the present invention as a unit cell element , the 25 However , in the case of FIG . 11 , there is an advantage that 
operation voltage and power consumption can be reduced . the silicon substrate can be used as the lowest silicon layer 

Therefore , the resistive memory array of the present 20. In this case , the lowest silicon layer 20 is formed to have 
invention can be stacked vertically in any small for a low a conductivity type different from the silicon substrate . 
power driving , it can be applied to a synaptic device array The impurity doping process may be performed at every 
for realizing the neural imitation system . 30 time the silicon oxide film and the silicon layer are repeat 

FIG . 9 is showing an embodiment of the resistive memory edly stacked . However , as described later , it can be per 
array of the present invention . The plurality of fin shapes 110 formed after a plurality of fin shapes are formed . 
and 120 may be each formed by stacking a plurality of the as shown in FIGS . 6 and 12 , the stacked structure 
doped silicon layers ( e.g. , n + or p + doped polysilicon layers ) is etched to have a plurality of fin shapes 110 , 120 , and 130 
20 with the silicon oxide film ( SiO2 ) 10 interposed therebe- 35 spaced a predetermined distance in a first direction ( e.g. , y 
tween . Both sides of each of the doped silicon layers 20 axis direction ) ( Step 2 ) . 
contact one of the resistance change layers 30. In each of the If the impurity doping process is performed after forming 
word lines 210 and 220 , a plurality of resistive memory the plurality of fin shapes 110 , 120 and 130 , it takes 
devices may be vertically stacked . And the plurality of advantages of being able to complete the process by one 
resistive memory devices each may have electric field 40 time . 
concentration regions in four corners A , B , C , and D of each Then , as shown in FIG . 7 , the resistance change layer 30 
side of the doped silicon layers contacting one of the is formed on the plurality of fin shapes 110 and 120 ( Step 3 ) . 
resistance change layers . Here , the resistance change layer 30 may be formed of an 

FIG . 10 is a cross - sectional view taken along line AA ' of insulating material containing at least one of the above 
FIG . 9 and showing the structure of a resistive memory 45 described silicon oxide ( SiO2 ) , silicon nitride ( SiNx ) , alu 
device having electric field concentration regions at four minum oxide ( A10x ) , and hafnium oxide ( HfOz ) . 
corners A , B , C , and D of the doped silicon layer 20 Thereafter , as shown in FIG . 8 , a conductive material 40 
described above . is deposited on the substrate and the resistance change layer 

FIG . 16 is showing another embodiment of the resistive 30 and , as FIG.9 , the conductive material and the resistance 
memory array of the present invention . The silicon oxide 50 change layer are etched to form a plurality of word lines 210 
layer ( SiO2 ) 10 of each of the fin shapes 130 is removed at and 220 in a second direction ( e.g. , x axis direction ) per 
the portions surrounded by the resistance change layers 50 pendicular to the first direction ( Step 4 ) 
under the word lines 212 and 222. The doped silicon layer Here , the conductive material 40 may be a metal such as 
( e.g. , n + or p + doped polysilicon layer ) 20 of each of the fin W , Ni , Ti , or TiN as the top electrode material . 
shapes 130 may be a silicon columnar shape and contact one 55 As another embodiment , Step 2-1 and Step 2-2 further 
of the resistance change layers 50 at the removed portions of may comprise between the second and the third steps . Here , 
the silicon oxide layer 10. In each of the word lines 212 and Step 2-1 is further depositing and etching a mask material on 
222 , a plurality of resistive memory devices may be verti the substrate to form etching masks spaced apart in the 
cally stacked . Each of the plurality of resistive memory second direction and surrounding the plurality of fin shapes . 
devices may have electric field concentration regions in all 60 And Step 2-2 is removing silicon oxide films exposed 
around surface of the silicon columnar shape of the doped between the etching masks . 
silicon layer 20 contacting one of the resistance change At this time , the mask material 101 is preferably formed 
layers 50 . of the same silicon oxide layer ( SiO2 ) as the silicon oxide 

FIG . 17 is a cross - sectional view taken along line BB ' of layer 10 between the silicon layers 20. In this way , while 
FIG . 16 and showing the structure of a resistive memory 65 removing the silicon oxide film 10 between the silicon layers 
device having electric field concentration regions in all 20 of the fin shape 130 with the etching masks 101 formed 
around surface E of the silicon columnar shape of the doped thicker in FIG . 13 , the etching masks 101 become smaller as 



US 10,741,760 B2 
9 10 

102 in FIG . 14. Then , the silicon layer 20 exposed between cylinder , wherein the resistance change layer surrounds 
the etching masks 102 can be etched from the corners to the doped silicon cylinder , wherein the top electrode 
have a rounded surface so that a desired silicon cylinder surrounds the resistance change layer , and wherein the 
shape 24 is formed . electric field concentration regions are portions sur 
And then , as shown in FIGS . 14 and 15 , the resistance 5 rounded by the resistance change layer in the surface of 

change layer 50 is formed on the silicon cylinder shape 24 the doped silicon cylinder constituting the lower elec 
exposed and etched between the etching masks 102 by trode . 
removing the silicon oxide film in the fin shape . 4. A resistive memory device of claim 2 , comprising : 

As shown in FIG . 16 , the word lines 212 and 222 of the a bottom electrode formed by doping impurities into a 
fourth step are formed by filling the space between the 10 semiconductor material ; 
etching masks 102 with the conductive material 40 to a resistance change layer formed on the bottom electrode ; 
surround the resistance change layer 50 . and 
As described above , the method of fabricating a resistive a top electrode formed on the resistance change layer , 

memory array according to the present invention enables wherein the bottom electrode has one or more electric 
simultaneous manufacture of peripheral circuit elements 15 field concentration regions toward the resistance 
with compatibility with the conventional CMOS processes change layer , wherein the resistance change layer is 
as well as three - dimensional stacking , formed of an insulating material including at least one 
What is claimed is : of a silicon oxide film , a silicon nitride film , an alumi 
1. A resistive memory device comprising : num oxide film , and a hafnium oxide film , and wherein 
a bottom electrode formed by doping impurities into a 20 the top electrode is formed of a metal containing 

semiconductor material ; tungsten ( W ) , wherein the semiconductor material is 
a resistance change layer formed on the bottom electrode ; silicon , wherein the bottom electrode is a doped silicon 

and cylinder , wherein the resistance change layer surrounds 
a top electrode formed on the resistance change layer , the doped silicon cylinder , wherein the top electrode 
wherein the bottom electrode has one or more electric 25 surrounds the resistance change layer , and wherein the 

field concentration regions toward the resistance electric field concentration regions are portions sur 
change layer , wherein the semiconductor material is rounded by the resistance change layer in the surface of 
silicon , wherein the bottom electrode is a fin shape the doped silicon cylinder constituting the lower elec 
vertically and sequentially stacked with a silicon oxide trode . 
layer , a doped silicon layer and a silicon oxide layer , 30 5. A resistive memory array comprising : 
wherein the resistance change layer surrounds the fin bit lines of a plurality of fin shapes formed by repeatedly 
shape of the bottom electrode , wherein the top elec and alternately stacking a silicon oxide layer and a 
trode surrounds the resistance change layer , and doped silicon layer on a predetermined substrate , 
wherein the electric field concentration regions are the respectively and spaced apart from each other by a 
four corners of the doped silicon layer . predetermined distance in a first direction ; 

2. A resistive memory device comprising : resistance change layers formed to surround the plurality 
a bottom electrode formed by doping impurities into a of fin shapes ; and 

semiconductor material ; word lines surrounding the resistance change layers and 
a resistance change layer formed on the bottom electrode ; spaced apart from each other in a second direction 
and perpendicular to the first direction , 

a top electrode formed on the resistance change layer , wherein the plurality of fin shapes are formed by stacking 
wherein the bottom electrode has one or more electric a plurality of the doped silicon layers with the silicon 

field concentration regions toward the resistance oxide film interposed therebetween , both sides of each 
change layer , wherein the resistance change layer is of the doped silicon layers contacting one of the 
formed of an insulating material including at least one 45 resistance change layers , and wherein a plurality of 
of a silicon oxide film , a silicon nitride film , an alumi resistive memory devices are vertically stacked in each 
num oxide film , and a hafnium oxide film , and wherein of the word lines , the plurality of resistive memory 
the top electrode is formed of a metal containing devices each having electric field concentration regions 
tungsten ( W ) , wherein the semiconductor material is in four corners of each side of the doped silicon layers 
silicon , wherein the bottom electrode is a fin shape 50 contacting one of the resistance change layers . 
vertically and sequentially stacked with a silicon oxide 6. A resistive memory array comprising : 
layer , a doped silicon layer and a silicon oxide layer , bit lines of a plurality of fin shapes formed by repeatedly 
wherein the resistance change layer surrounds the fin and alternately stacking a silicon oxide layer and a 
shape of the bottom electrode , wherein the top elec doped silicon layer on a predetermined substrate , 
trode surrounds the resistance change layer , and 55 respectively and spaced apart from each other by a 
wherein the electric field concentration regions are the predetermined distance in a first direction ; 
four corners of the doped silicon layer . resistance change layers formed to surround the plurality 

3. A resistive memory device of claim 1 , comprising : of fin shapes ; and 
a bottom electrode formed by doping impurities into a word lines surrounding the resistance change layers and 
semiconductor material ; spaced apart from each other in a second direction 

a resistance change layer formed on the bottom electrode ; perpendicular to the first direction , 
and wherein the silicon oxide layer of each of the fin shapes 

a top electrode formed on the resistance change layer , is removed at the portions surrounded by the resistance 
wherein the bottom electrode has one or more electric change layers under the word lines , the doped silicon 

field concentration regions toward the resistance 65 layer of each of the fin shapes being a silicon columnar 
change layer , wherein the semiconductor material is shape and contacting one of the resistance change 
silicon , wherein the bottom electrode is a doped silicon layers at the removed portions of the silicon oxide 
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layer , and wherein a plurality of resistive memory 
devices are vertically stacked in each of the word lines , 
the plurality of resistive memory devices each having 
electric field concentration regions in all around surface 
of the silicon columnar shape of the doped silicon layer 5 
contacting one of the resistance change layers . 


