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ABSTRACT 
A switching device includes a first electrode and a second 
electrode that are disposed over a substrate , and an electro 
lyte layer disposed between the first electrode and the 
second electrode and including a porous oxide . The switch 
ing device performs threshold switching operation on the 
basis of oxidation - reduction reactions of metal ions that are 
provided from the first electrode or the second electrode to 
the electrolyte layer . 

15 Claims , 10 Drawing Sheets 
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FIG . 2A 
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FIG . 2B 
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FIG . 6 
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FIG . 7 
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SWITCHING DEVICE , METHOD OF According to an embodiment , there is provided a resistive 
FABRICATING THE SAME , AND RESISTIVE memory device . The resistive memory device includes a 
RANDOM ACCESS MEMORY INCLUDING variable resistance device and a selection device that are 
THE SWITCHING DEVICE AS A SELECTION disposed over a substrate . The selection device comprises a 

DEVICE 5 first electrode , a porous oxide layer including metal ions and 
a second electrode . The selection device performs a thresh 

CROSS - REFERENCE TO RELATED old switching operation on the basis of oxidation - reduction 
APPLICATION reaction of the metal ions . 

According to an embodiment , there is provided a method 
The present application claims priority under 33 U . S . C of fabricating a switching device . The method includes 

119 ( a ) to Korean Patent Application No . 10 - 2016 - 0010338 , forming a first electrode layer over a substrate , forming an filed on Jan . 27 , 2016 , which is herein incorporated by electrolyte layer including porous oxide over the first elec 
reference in its entirety . trode layer , forming a second electrode layer over the 

BACKGROUND electrolyte layer and applying heat treatment to the second 
electrode layer to diffuse metal atoms in the second electrode 

1 . Technical Field layer into the electrolyte layer . 
Various embodiments of the present disclosure relate to a BRIEF DESCRIPTION OF THE DRAWINGS semiconductor memory and , more particularly , to a switch 

ing device , a method of fabricating the same , and a resistive 20 
random access memory including the switching device as a Various embodiments of a present disclosure will become 
selection device . more apparent in view of the attached drawings and accom 

2 . Related Art panying detailed description , in which : 
A cross - point memory array structure has been employed FIG . 1 is a cross - sectional view schematically illustrating 

in a cell region of a memory device . More specifically , the 25 a switching device according to an embodiment ; 
cross - point memory array structure has been included in FIGS . 2A and 2B are schematic diagrams illustrating an 
memories , such as a Resistive Random Access Memory operating method of a switching device according to an 
( ReRAM ) , a Phase Change Random Access memory embodiment ; 
( PCRAM ) , a Magnetic Random Access Memory ( MRAM ) FIG . 3 is a flow chart illustrating a method of fabricating 
and so on , as a cell structure having a pillar , the pillar being 30 a switching device according to an embodiment ; 
interposed between electrodes disposed on different planes FIGS . 4 to 7 are cross - sectional views illustrating a 
and intersecting with each other . method of fabricating a switching device according to an 
Meanwhile , in the cross - point memory array structure , embodiment ; 

there may be writing errors or reading errors on cell infor - FIG . 8 is a cross - sectional view illustrating a resistive 
mation due to a sneak current that occurs between adjacent 35 memory device according to an embodiment ; and 
cells . In order to suppress these errors , a selection device has FIG . 9 is a current - voltage ( I - V ) graph illustrating opera 
been employed in a cell . As the selecting devices , switching tional characteristics of a switching device according to an 
devices , such as transistors , diodes , tunnel barrier devices , embodiment . 
and ovonic threshold switches , have been suggested . 

DETAILED DESCRIPTION OF THE 
SUMMARY EMBODIMENTS 

40 

According to an embodiment , there is provided a switch The present disclosure will be described hereinafter with 
ing device . The switching device includes a first electrode reference to the accompanying drawings , in which embodi 
and a second electrode that are disposed over a substrate , 45 ments of the present disclosure are shown . In the drawings , 
and an electrolyte layer disposed between the first electrode the size , widths , and / or thickness of components may be 
and the second electrode , the electrolyte layer including a slightly increased in order to clearly express the components 
porous oxide . The switching device performs a threshold of each device . The drawings are described in the observer ' s 
switching operation on the basis of oxidation - reduction point overall , if an element is referred to be located on 
reaction of metal ions provided from the first electrode or the 50 another element , it may be understood that the element is 
second electrode to the electrolyte layer . directly located on the other element , or an additional 

According to an embodiment , there is provided a switch - element may be interposed between the element and the 
ing device . The switching device includes a first electrode , other element . The same reference numerals refer to the 
a porous oxide layer and a second electrode that are sequen - same elements throughout the specification . 
tially disposed over a substrate . One of the first electrode and 55 In addition , expression of the singular form should be 
the second electrode acts as an ion supplying part that understood to include the plural forms unless clearly used 
provides metal ions to the porous oxide layer . The switching otherwise in the context . It will be understood that the terms 
device is turned on as a conductive bridge is generated in the " comprise " or " have ” are intended to specify the presence of 
porous oxide layer by reduction of metal atoms from the a feature , a number , a step , an operation , an element , a part 
metal ions when an absolute value of an external voltage 60 or combinations thereof , but not used to preclude the pres 
applied between the first electrode and the second electrode ence or possibility of addition one or more other features , 
increases to be greater than or equal to an absolute value of numbers , steps , operations , components , parts or combina 
a turn - on threshold voltage . The switching device is turned tions thereof . In addition , in performing a method or a 
off from the turned on state due to disconnection of at least fabricating method , each step constituting the method may 
a portion of the conductive bridge when the absolute value 65 be performed differently from the specified stipulated order 
of the external voltage decreases to be smaller than or equal as long as a specific sequence is not described apparently in 
to an absolute value of a turn - off threshold voltage . the context . It means that each process may be performed in 
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the same manner as stated order , may be performed sub The second electrode 140 may be formed of a material 
stantially at the same time or may be performed in a reverse having a relatively lower melting point than that of the first 
order . electrode 110 . Accordingly , a bonding force of metal atoms 

In accordance with an embodiment of the present disclo constituting the second electrode 140 may be relatively 
sure , there may be provided a switching device performing 5 weaker than that of metal atoms constituting the first elec 
a threshold switching operation . A threshold switching trode 110 . As a result , metal ions 1 may be relatively easily 
operation of a switching device described in this specifica introduced into the electrolyte layer 120 from the second 
tion will be understood , in which the switching device electrode 140 when an external voltage is applied to the 
sequentially implements a turned - on state and a turned - off switching device 10 . 
state , as described below , when an external voltage applied 10 The electrolyte layer 120 may be disposed between the 
to the switching device varies . first electrode 110 and the second electrode 140 . The elec 
At first , as an absolute value of the external voltage trolyte layer 120 may accept the metal ions 1 introduced 

applied to the switching device gradually increases from an from the second electrode 140 when the external voltage is 
initial state , an operation current of the switching device applied to the switching device 10 . The metal ion 1 may 
may be nonlinearly increased after the applied external 15 include an aluminum ( Al ) ion , a zinc ( Zn ) ion , or a mag 
voltage becomes greater than a predetermined first threshold nesium ( Mg ) ion . The metal ion 1 may be an ion of a metal 
voltage . In accordance with this phenomenon , the switching constituting the second electrode 140 . 
device is turned on . After that , as the absolute value of the In an embodiment , the metal ions 1 may be introduced 
external voltage applied to the switching device gradually into the electrolyte layer 120 before the external voltage is 
decreases from the turn - on state , the operation current of the 20 applied to the switching device 10 , by diffusing metal atoms 
switching device may be nonlinearly decreased after the constituting the second electrode 140 into the electrolyte 
applied external voltage becomes lower than a predeter - layer 120 during a fabricating process that is to be described 
mined second threshold voltage . In accordance with this in connection with FIGS . 3 to 7 . Alternatively , as described 
phenomenon , the switching device is turned off . As such , the above , the metal ions 1 may be introduced into the electro 
switching device performs the threshold switching opera - 25 lyte layer 120 from the second electrode 140 when the 
tion . switching device 10 operates by the applied external volt 

FIG . 1 is a cross - sectional view schematically illustrating age . 
a switching device 10 according to an embodiment . The electrolyte layer 120 may include a material selected 

Referring to FIG . 1 , the switching device 10 includes a from various oxides that are employed to fabricate silicon 
first electrode 110 , an electrolyte layer 120 , and a second 30 integrated circuits . The electrolyte layer 120 may include a 
electrode 140 that are sequentially disposed on a substrate porous oxide . The porous oxide may include a silicon oxide 
105 . Additionally , an adhesion layer 130 may be disposed or an aluminum oxide . In an embodiment , the electrolyte 
between the electrolyte layer 120 and the second electrode layer 120 may include a porous silicon oxide layer or a 
140 . Although not illustrated , an adhesion layer may be porous aluminum oxide layer . The electrolyte layer 120 may 
additionally disposed between the electrolyte layer 120 and 35 include a single silicon oxide layer or a single aluminum 
the first electrode 110 . oxide layer , or may include a stack structure of two or more 

In an embodiment , the substrate 105 may be formed of of the silicon oxide layer and the aluminum oxide layer . The 
silicon ( Si ) or gallium arsenic ( GaAs ) , but embodiments are porous oxide may have an amorphous phase . In addition , the 
not limited thereto . In another embodiment , the substrate porous oxide may have a composition that does not satisfy 
105 may be formed of a ceramic , a polymer , or a metal , 40 the stoichiometric ratio . 
which can be processed by a semiconductor process . The The adhesion layer 130 may be employed to increase an 
substrate 105 may include integrated circuits formed therein . interfacial bonding force between the electrolyte layer 120 

Each of the first electrode 110 and the second electrode and the second electrode 140 . In an embodiment , the adhe 
140 may include any of a metal , a conductive metal nitride , sion layer 130 may be a silicon layer . In some other 
and a conductive metal oxide . At least one of the first 45 embodiments , the adhesion layer 130 may be disposed 
electrode 110 and the second electrode 140 may function as between the electrolyte layer 120 and the first electrode 110 , 
an ion supplying layer providing metal ions to the electrolyte or between the electrolyte layer 120 and the second elec 
layer 120 . Hereinafter , a case that the second electrode 140 trode 140 , or both . 
disposed on the electrolyte layer 120 functions as the ion In the above - described embodiment , the second electrode 
supplying layer will be described as an embodiment . 50 140 functions as the ion supplying layer . However , in some 

The first electrode 110 may include a conductive material other embodiments , the first electrode 110 adjacent to the 
selected from various metals , metal nitrides , and metal substrate 105 may function as the ion supplying layer 
oxides that are employed in fabricating processes of silicon instead of the second electrode 140 . In this embodiment , the 
integrated circuits . In an embodiment , the first electrode 110 first electrode 110 may include a metal such as aluminum 
may include any of a metal such as aluminum ( Al ) , tungsten 55 ( Al ) , zinc ( Zn ) , or magnesium ( Mg ) , and the first electrode 
( W ) , ruthenium ( Ru ) , or the like , a metal nitride such as 110 may be formed of a material having a lower melting 
titanium nitride ( TiN ) , tantalum nitride ( TaN ) , tungsten point than that of the second electrode 140 . 
nitride ( WN ) , or the like , and a metal oxide such as ruthe FIGS . 2A and 2B are schematic diagrams illustrating an 
nium oxide ( RuO2 ) , or the like . operating method of a switching device according to an 

The second electrode 140 may include a metal such as 60 embodiment . FIG . 2A schematically illustrates an internal 
aluminum ( Al ) , zinc ( Zn ) , or magnesium ( Mg ) . In an structure of the switching device in a turn - on state , and FIG . 
embodiment , the second electrode 140 may include a con 2B schematically illustrates the internal structure of the 
ductive material selected from various metals , metal switching device whose state is changed from the turn - on 
nitrides , and metal oxides that are employed in fabricating state to a turn - off state . Hereinafter , the operating method of 
processes of silicon integrated circuits . In an embodiment , 65 the switching device including a first operation mode and a 
the second electrode 140 may include an aluminum ( Al ) second operation mode will be described using the switching 
layer . device 10 illustrated in FIG . 1 . In this embodiment , the 
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second electrode 140 may function as an ion supplying part electrode 140 , and the first electrode 110 is grounded . While 
providing metal ions into the electrolyte layer 120 . maintaining the polarity of the bias , the external voltage 

Referring to FIG . 2A , an external voltage is applied gradually changes such that an absolute value of the applied 
between the first electrode 110 and the second electrode 140 external voltage increases . Due to the applied external 
of the switching device 10 in an initial state . A power source 5 voltage , an electric field is formed in the electrolyte layer 
20a and a ground line 20b are provided to apply the external 120 . Metal ions 1 distributed in the electrolyte layer 120 and 
voltage to the switching device 10 . electrons provided from the second electrode 140 are com 

In the first operation mode according to an embodiment , bined due to the electric field , and thus , the metal ions 1 may 
a positive bias is applied to the second electrode 140 , and a be reduced into metal atoms 2 . 
negative bias is applied to the first electrode 110 . Alterna - 10 As the absolute value of the applied external voltage 
tively , a positive bias is applied to the second electrode 140 , increases , the reduced metal atoms 2 may be sequentially 
and the first electrode 110 is grounded . While maintaining arranged from the interface of the electrolyte layer 120 and 
the polarity of the bias , the external voltage is applied to the the second electrode 140 to an inner portion of the electro 
switching device 10 so that an absolute value of the applied lyte layer 120 . When the absolute value of the applied 
external voltage gradually increases . Due to the applied 15 external voltage reaches a predetermined first threshold 
external voltage , an electric field is formed in the electrolyte voltage , the arranged metal atoms 2 form a conductive 
layer 120 . Thus , metal ions 1 having positive charges are bridge across the electrolyte layer 120 , such that the first 
introduced from the second electrode 140 into the electrolyte electrode 110 is electrically coupled to the second electrode 
layer 120 by the electric field , and the introduced metal ions 140 via the conductive bridge . When the conductive bridge 
1 may be reduced into metal atoms 2 by electrons provided 20 is formed while the external voltage has the absolute value 
by the first electrode 110 . Then , as the absolute value of the that is greater than or equal to that of the first threshold 
applied external voltage gradually increases , the reduced voltage , the operation current of the switching device 10 
metal atoms 2 may be sequentially arranged from an inter may be nonlinearly increased . This state may be referred to 
face of the electrolyte layer 120 and the first electrode 110 as a turn - on state in the second operation mode of the 
to an inner portion of the electrolyte layer 120 . 25 switching device 10 , and the first threshold voltage may be 
When the applied external voltage reaches a predeter - defined as a turn - on threshold voltage . 

mined first threshold voltage , the arranged metal atoms 2 After that , the applied external voltage gradually changes , 
form a conductive bridge across the electrolyte layer 120 , and thus the absolute value of the external voltage applied 
such that the first electrode 110 is electrically coupled to the between the first electrode 110 and the second electrode 140 
second electrode 140 via the conductive bridge . When the 30 of the switching device 10 in the turned - on state may 
conductive bridge is formed at a voltage greater than or gradually decrease . When the absolute value of the applied 
equal to the first threshold voltage , the operation current of external voltage reaches a predetermined second threshold 
the switching device 10 may be increased nonlinearly . This voltage , the reduced metal atoms 2 may be re - oxidized , such 
state may be referred to as a turn - on state in the first that the reduced metal atoms 2 may be emitted into the 
operation mode of the switching device 10 , and the first 35 electrolyte layer 120 in the form of metal ions 1 . Accord 
threshold voltage may be defined as a turn - on threshold ingly , as illustrated in FIG . 2B , when the absolute value of 
voltage . the applied external voltage becomes smaller than or equal 

After that , the absolute value of the external voltage to the second threshold voltage , at least a portion of the 
applied between the first electrode 110 and the second conductive bridge is disconnected , and the operation current 
electrode 140 of the switching device 10 in the turn - on state 40 of the switching device 10 may be decreased nonlinearly . 
may gradually decrease . When the applied external voltage This state may be referred to as a turn - off state in the second 
reaches a predetermined second threshold voltage , the operation mode of the switching device 10 , and the second 
reduced metal atoms 2 are re - oxidized , such that the reduced threshold voltage may be defined as a turn - off threshold 
metal atoms 2 may be emitted into the electrolyte layer 120 voltage . At this time , the absolute value of the turn - off 
in the form of metal ions 1 . Accordingly , as illustrated in 45 threshold voltage may be smaller than the absolute value of 
FIG . 2B , when the applied external voltage becomes smaller the turn - on threshold voltage . In other embodiments , the 
than or equal to the second threshold voltage , at least a turn - off threshold voltage may be equal to the turn - on 
portion of the conductive bridge is disconnected , and thus threshold voltage . 
the operation current of the switching device 10 may be With respect to the re - oxidation of the reduced metal 
decreased nonlinearly . This state can be referred to as a 50 atoms 2 , as described above in the first operation mode , the 
turn - off state , and the second threshold voltage can be re - oxidation of the reduced metal atoms 2 may occur by the 
defined as a turn - off threshold voltage . The turn - off thresh repulsive force generated between the reduced metal atoms 
old voltage may be smaller than the turn - on threshold 2 and the oxide of the electrolyte layer 120 . 
voltage . In other embodiments , the turn - off threshold volt . In an embodiment , in the first or second operation mode , 
age may be equal to the turn - on threshold voltage . 55 although the external voltage is not applied between the first 

With respect to the re - oxidation of the reduced metal electrode 110 and the second electrode 140 , metal ions 1 
atoms 2 , it cannot be explicitly described by a particular may be distributed in the electrolyte layer 120 in a sufficient 
theory . According to an example theory , as an external density to perform the threshold switching operation . As 
driving force to reduce the metal ion 1 is eliminated , a illustrated in FIGS . 3 to 7 , the metal ions 1 may be provided 
repulsive force generated between the reduced metal atoms 60 into the electrolyte layer 120 by applying a heat treatment to 
2 and the oxide of the electrolyte layer 120 is increased , and the second electrode 140 of the switching device 10 such 
thus , the re - oxidation of the reduced metal atoms 2 may that metal atoms in the second electrode 140 are diffused 
occur . into the electrolyte layer 120 . 

In the second operation mode according to an embodi - The metal ions 1 provided to the electrolyte layer 120 by 
ment , a negative bias is applied to the second electrode 140 , 65 the heat treatment may react with electrons supplied from 
and a positive bias is applied to the first electrode 110 . the second electrode 140 in the second operation mode , and 
Alternatively , a negative bias is applied to the second thus the metal ions 1 may be reduced into the metal atoms 
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2 . That is , even though the second operation mode is Referring to FIGS . 3 and 6 , the second electrode layer 440 
performed prior to the first operation mode , the threshold is formed over the electrolyte layer 420 at step 330 . The 
switching operation of the switching device 10 can be second electrode layer 440 may function as an ion supplying 
normally performed by the metal ions 1 that the heat layer . The second electrode layer 440 may be formed of a 
treatment distributed in the electrolyte layer 120 . 5 material having a lower melting point than that of the first 

In another embodiment , the second operation mode can electrode layer 410 . Accordingly , a bonding energy of atoms 
be performed after the first operation mode is performed at constituting the second electrode layer 440 may be relatively 
least one time . Accordingly , after the first operation mode is lower than a bonding energy of atoms constituting the first 
performed , the metal ions 1 emitted into the electrolyte layer electrode layer 410 . In an embodiment , the second electrode 
120 may react with electrons provided from the second 10 layer 440 may include one of an aluminum ( Al ) layer , a zinc 
electrode 140 in the second operation mode , and thus the ( Zn ) layer , a magnesium ( Mg ) layer , and a combination 
metal ions 1 may be reduced into the metal atoms 2 . thereof . In an embodiment , the second electrode layer 440 

As described above , a switching device according to an may be formed using a physical vapor deposition ( PVD ) 
embodiment shows a threshold switching characteristic in itching characteristic in method , a chemical vapor deposition ( CVD ) method , or an 
which its operation current varies nonlinearly as an applied 15 atomic layer deposition ( ALD ) method . The second elec 
external voltage reaches a turn - on threshold voltage or a external voltage reaches a turn - on threshold voltage or a trode layer 440 may have a thickness of about 5 nm to about 
turn - off threshold voltage . 20 nm . FIG . 3 is a flow chart schematically illustrating a method Referring to FIGS . 3 and 7 , a heat treatment may be of fabricating a switching device according to an embodi applied to the second electrode layer 440 at step 340 . ment . FIGS . 4 to 7 are cross - sectional views schematically cally 20 Through the heat treatment , metal atoms in the second illustrating the method of fabricating the switching device . electrode layer 440 may be diffused into the electrolyte layer Referring to FIGS . 3 and 4 , a first electrode layer 410 is 420 . The metal atoms diffused into the electrolyte layer 420 formed on a substrate 405 at step 310 . The substrate 405 may may be accepted into the electrolyte layer 420 in the form of be formed of silicon ( Si ) , gallium arsenide ( GaAs ) , or the metal ions 1 . The heat treatment applied to the second 
like , but embodiments are not limited thereto . The substrate os electrode layer 440 may be carried out at a temperature of 405 may be formed of a ceramic , a polymer , or a metal , 25 about 100° C . to about 500° C . The heat treatment may be which can be processed by a semiconductor process . The carried out in an inert gas ambience . substrate 405 may include integrated circuits formed therein . Then , the first electrode layer 410 , the electrolyte layer The first electrode layer 410 may include any one of a 420 , the adhesion layer 430 , and the second electrolyte layer 
metal , a conductive nitride , and a conductive oxide . The first 420 are patterned to fabricate the switching device 10 
electrode layer 410 may include a conductive material 30 de 30 described above with reference to FIGS . 1 , 2A , and 2B . selected from various metals , metal nitrides , and metal According to an embodiment , the first electrode layer 410 , oxides , which are employed in fabricating processes of the electrolyte layer 420 , the adhesion layer 430 , and the silicon integrated circuits . second electrode layer 440 may be formed of materials that In an embodiment , the first electrode layer 410 may can be applied to a conventional process of fabricating include any of aluminum ( Al ) , tungsten ( W ) , ruthenium 35 runenium 35 silicon integrated circuits . In an embodiment , the first elec ( Ru ) , titanium nitride ( TIN ) , tantalum nitride ( TaN ) , tung trode layer 410 may be a titanium nitride ( TiN ) layer , the sten nitride ( WN ) , ruthenium oxide ( RuO2 ) , and the like . electrolyte layer 420 may be a porous silicon oxide layer , the The first electrode layer 410 may include a single layer or a adhesion layer 430 may be a silicon ( Si ) layer , and the 
stacked structure of two or more of the above materials . In second electrode layer 440 may be an aluminum ( Al ) layer . an embodiment , the first electrode layer 410 may be formed 40 . Meanwhile , in some other embodiments , the heat treat using any of a chemical vapor deposition ( CVD ) method , a ment may be omitted . In this embodiment , metal ions may sputtering method , an atomic layer deposition ( ALD ) be supplied into an electrolyte layer by applying an external method , and the like . The first electrode layer 410 may have voltage to a switching device in a first operation mode , as a thickness of over about 50 nm . described above with reference to FIGS . 1 , 2A , and 2B . Referring to FIGS . 3 and 5 , an electrolyte layer 420 is As described above , in the method of fabricating the formed on the first electrode layer 410 at step 320 . The 45 switching device according to the embodiment , structural electrolyte layer 420 may include a porous silicon oxide reliability of the switching device with respect to a material 
layer or a porous aluminum oxide layer . In an embodiment , may be achieved by employing materials that can be applied the electrolyte layer 420 may be formed using a physical to a conventional process of fabricating silicon integrated vapor deposition ( PVD ) method or an atomic layer deposi circuits . In addition , since the conventional process of tion ( ALD ) method . The process for forming the electrolyte 50 fabricating the sili yte 50 fabricating the silicon integrated circuits is reliable , it is layer 420 may be carried out at a temperature of about 50° possible to improve the productivity in fabrication of the C . to about 300° C . The electrolyte layer 420 formed through switching device . the above process does not satisfy the stoichiometric ratio , FIG . 8 is a cross - sectional view schematically illustrating and may include a porous oxide having an amorphous phase . a resistive memory device 20 according to an embodiment . In an embodiment , the electrolyte layer 420 may have a 55 Yle layer 420 may have a 55 Referring to FIG . 8 , the resistive memory device 20 Re 
thickness of about 2 nm to about 30 nm . includes a variable resistance device 21 and a selection An adhesion layer 430 may be formed on the electrolyte device 22 that are disposed on a substrate 105 . The variable layer 420 . The adhesion layer 430 may increase an interfa resistance device 21 includes a first memory electrode 810 , cial bonding force between the electrolyte layer 420 and a a resistance change memory layer 820 , and a second second electrode layer 440 to be formed on the adhesion 
laver 430 . In an embodiment , the adhesion laver 430 may be 60 memory electrode 830 that are sequentially disposed on the 
a silicon layer . In an embodiment , the adhesion layer 430 substrate 105 . The variable resistance device 21 may have a 
may be formed using any of a chemical vapor deposition memory characteristic in which resistance of the device 21 
( CVD ) method , a sputtering method , an atomic layer depo varies depending on an external voltage applied thereto and 
sition ( ALD ) method , and the like . In an embodiment , the the varied resistance is stored in the device 21 when the 
adhesion layer 430 may have a thickness of about 1 nm to 65 applied external voltage is eliminated . In an embodiment , 
about 5 nm . In some other embodiments , the adhesion layer the variable resistance device 21 may be included in a 
430 may be omitted . memory cell of a random access memory ( RRAM ) , a phase 
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change random access memory ( PRAM ) , or a magnetic 20 including the variable resistance device 21 and the 
random access memory ( MRAM ) . selection device 22 of FIG . 8 may be manufactured on the 

Each of the first memory electrode 810 and the second substrate 105 . 
memory electrode 830 may include a metal , a conductive The layers for the variable resistance device may be 
nitride , a conductive oxide , or the like . In an embodiment , 5 formed using any of a known chemical vapor deposition 
each of the first memory electrode 810 and the second ( CVD ) method , a sputtering method , an atomic layer depo 
memory electrode 830 may include any of gold ( Au ) , sition ( ALD ) method , and the like . Also , the layers for the 
platinum ( Pt ) , copper ( Cu ) , silver ( Ag ) , ruthenium ( Ru ) , selection device may be formed using the method described 
titanium ( Ti ) , iridium ( Ir ) , tungsten ( W ) , titanium nitride above with reference to FIGS . 3 to 7 . 
( TIN ) , tantalum nitride ( TaN ) , and a combination thereof . 10 FIG . 9 is a current - voltage ( I - V ) graph illustrating opera 

In an embodiment , the resistance change memory layer tional characteristics of a switching device according to an 
820 may include a metal oxide such as a titanium oxide embodiment . The current - voltage ( I - V ) graph was obtained 
( TiO ) , an aluminum oxide ( A1 , 0z ) , a nickel oxide ( NiO ) , by performing the following experiment . 
a copper oxide ( Cu O ) , a zirconium oxide ( ZrO2 ) , a man - A titanium nitride ( TiN ) layer was formed on an insulative 
ganese oxide ( MnO2 ) , a hafnium oxide ( HfO2 ) , a tungsten 15 substrate as a first electrode layer using a sputtering method , 
oxide ( WO3 ) , a tantalum oxide ( Ta 05 - x ) , a niobium oxide and had a thickness of about 100 nm . A silicon oxide ( SiO2 ) 
( N6 , 05 ) , an iron oxide ( Fe2O4 ) , or the like . In another layer was formed as an electrolyte layer , and had a thickness 
embodiment , the resistance change memory layer 820 may of about 30 nm . The silicon oxide ( SiO2 ) layer was formed 
include a perovskite material such as PCMO using an ALD method at a temperature of about 300° C . A 
( Pro . Cao . 3MnO3 ) , LCMO ( Lal - Ca MnO3 ) , BSCFO 20 silicon ( Si ) layer was formed on the silicon oxide ( SiO2 ) 
( Bao . Sro . sCoo . gFe . . 203 - 8 ) , YBCO ( YBa2Cu3O7 - x ) , ( Ba , Sr ) layer as an adhesion layer in a thickness of about 5 nm . The 
TiO3 ( Cr , Nb - doped ) , SrZrO3 ( Cr , V - doped ) , ( La , Sr ) Mn03 , silicon ( Si ) layer was formed using the ALD method . An 
Sri - La , TiOz , La - Sr _ FeOz , La - Sr , Cooz , SrFeO2 . 7 . aluminum ( Al ) layer was formed on the silicon ( Si ) layer as 
LaC003 , RuSr GdCu 03 , YBa2Cu3O7 , or the like . In still a second electrode layer . The aluminum ( Al ) layer func 
another embodiment , the resistance change memory layer 25 tioned as an ion supplying layer . The aluminum ( Al ) layer 
820 may include a material of a selenide series such as was formed in a thickness of about 5 nm . After that , the 
Ge Se - ( Ag , Cu , Te - doped ) , or a metal sulfide such as Ag S , titanium nitride ( TiN ) layer , the silicon oxide ( SiO2 ) layer , 
Cu , S , CdS , ZnS , or the like . the silicon ( Si ) layer , and the aluminum ( Al ) layer were 

The selection device 22 includes a first electrode 830 , a patterned to fabricate the switching device . 
porous oxide layer 840 , and a second electrode 850 . The first 30 In a first operation mode of the switching device , a 
electrode 830 may be the second memory electrode 830 of positive external voltage was applied to the second elec 
the variable resistance device 21 . However , in some other trode , and the first electrode was grounded . The external 
embodiments , another electrode may be disposed on the voltage applied to the second electrode gradually varied in 
second memory electrode 830 of the variable resistance a range of O V to 5 V . An operation current of the switching 
device 21 , and may be used as a first electrode of the 35 device was measured while the external voltage varied . At 
selection device 22 . this time , a compliance current , i . e . , an upper limit of the 

The selection device 22 may have substantially the same operation current , was limited to 30 °A . After the switching 
configuration as the switching device 10 of the embodiment device was turned on by the external voltage in the range of 
described above with reference to FIGS . 1 , 2A , and 2B . In O V to 5 V , the operation current of the switching device was 
this embodiment , the porous oxide layer 840 may corre - 40 measured while the external voltage decreased from the 
spond to the electrolyte layer 120 of the switching device 10 . turned - on state . 
The porous oxide layer 840 may accept metal ions provided In addition , in a second operation mode of the switching 
from an ion supplying layer that is one of the first electrode device , a negative external voltage was applied to the second 
830 and the second electrode 850 . When an external voltage electrode , the first electrode was grounded , and the external 
is applied to the selection device 22 , a conductive bridge is 45 voltage gradually varied in a rage of 0 V to - 5 V . The 
generated or disconnected in the porous oxide layer 840 due operation current of the switching device was measured 
to oxidation or reduction of the metal ions accepted by the while the external voltage varied . At this time , the compli 
porous oxide layer 840 , and thus the selection device 22 may ance current was limited to 30 UA . After the switching 
perform a threshold switching operation . Although it is not device was turned on by the applied external voltage in the 
illustrated , an adhesion layer may be disposed between the 50 range of 0 V to - 5 V , the operation current of the switching 
porous oxide layer 840 and the second electrode 850 , device was measured while an absolute value of the external 
between the porous oxide layer 840 and the first electrode voltage decreased from the turned - on state . 
830 , or both . Referring to FIG . 9 , reference numerals 1 and 2 show 

The resistive memory device 20 includes a structure in current - voltage graphs in the first operation mode , and 
which the variable resistance device 21 and the selection 55 reference numerals 3 and 4 show current - voltage graphs 
device 22 are sequentially stacked on the substrate 105 . In in the second operation mode . 
another embodiment , the selection device 22 and the vari - In the first operation mode , as the external voltage 
able resistance device 21 may be sequentially stacked on the increased , the operation current rapidly increased when the 
substrate 105 . That is , the selection device 22 is disposed applied external voltage reached 4 V , and it means that 4 V 
between the variable resistance device 21 and the substrate 60 is a turn - on threshold voltage . Also , as the applied external 
105 . In this embodiment , the second electrode of the selec - voltage decreased from the turn - on threshold voltage , the 
tion device 22 may be the first memory electrode of the operation current rapidly decreased when the applied exter 
variable resistance device 21 . nal voltage reached 0 . 3 V , and therefore , it means that 0 . 3 V 

In a fabricating method of the resistive memory device 20 , is a turn - off threshold voltage . 
the layers for the variable resistance device and the layers for 65 In the second operation mode , as an absolute value of the 
the selection device are formed on the substrate , and then the external voltage increased , the operation current rapidly 
layers are patterned . As a result , the resistive memory device increased when the external voltage reached - 4 . 2 V , and 
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therefore , - 4 . 2 V becomes a turn - on threshold voltage . Also , 
as the absolute value of the external voltage decreased from 
the turn - on threshold voltage , the operation current rapidly 
decreased when the external voltage reached - 0 . 3 V , there 
fore , - 0 . 3 V becomes a turn - off threshold voltage . As such , 5 
the switching device of the embodiment can be found to 
represent a threshold switching characteristic in both of the 
first and second operation modes . 

Embodiments of the present disclosure have been dis 
closed above for illustrative purposes . Those skilled in the 10 
art will appreciate that various modifications , additions and 
substitutions are possible , without departing from the scope 
and spirit of the present disclosure as disclosed in the 
accompanying claims . 
What is claimed is : 15 
1 . A switching device comprising : 
a first electrode and a second electrode that are disposed 

over a substrate ; 
an electrolyte layer disposed between the first electrode 

and the second electrode , the electrolyte layer including 20 
a porous oxide layer , and 

at least one adhesion layer disposed between the electro 
lyte layer and the first electrode , between the electrolyte 
layer and the second electrode , or both , 

wherein at least one of the first electrode and the second 25 
electrode acts as an ion supplying part that provides 
metal ions to the porous oxide layer , 

wherein the at least one adhesion layer is disposed 
between the one or more ion supplying parts and the 
porous oxide layer , 

wherein the switching device performs a threshold 
switching operation on the basis of oxidation - reduction 
reactions of metal ions provided from the first electrode 
or the second electrode to the electrolyte layer , 

wherein the switching device is turned on when an 35 
absolute value of a varying external voltage applied 
between the first electrode and the second electrode 
increases to be greater than or equal to an absolute 
value of a turn - on threshold voltage , 

wherein the switching device is turned off from the 40 
turned - on state when the absolute value of the varying 
external voltage applied between the first electrode and 
the second electrode decreases to be smaller than or 
equal to an absolute value of a turn - off threshold 
voltage , and 

wherein the turn - on state corresponds to a low resistance 
state , and the turn - off state corresponds to a high 
resistance state . 

2 . The switching device of claim 1 , 
wherein the porous oxide layer comprises a porous silicon 50 

oxide layer or a porous aluminum oxide layer , and 
wherein the metal ion comprises any one of an aluminum 

ion , a zinc ion , and a magnesium ion . 
3 . The switching device of claim 1 , wherein the absolute 

value of the turn - off threshold voltage is smaller than the 55 
absolute value of the turn - on threshold voltage . 

4 . The switching device of claim 1 , wherein the absolute 
value of the turn - off threshold voltage is equal to the 
absolute value of the turn - on threshold voltage . 

5 . The switching device of claim 1 , 60 
wherein the switching device is turned on by generation 

of a conductive bridge in the electrolyte layer when the 
absolute value of the varying external voltage is greater 
than or equal to the absolute value of the turn - on 
threshold voltage , and 65 

wherein the switching device is turned off by a discon 
nection of at least a portion of the conductive bridge 

when the absolute value of the varying external voltage 
is smaller than or equal to the absolute value of the 
turn - off threshold voltage . 

6 . The switching device of claim 5 , 
wherein the conductive bridge is generated in the elec 

trolyte layer by the reduction of metal atoms from the 
metal ions , and 

wherein the conductive bridge is disconnected due to the 
oxidation of the metal atoms into the metal ions . 

7 . A switching device comprising : 
a first electrode , an electrolyte layer , and a second elec 

trode that are sequentially disposed over a substrate , the 
electrolyte layer including a porous oxide layer , and 

an adhesion layer , 
wherein one of the first electrode and the second electrode 

acts as an ion supplying part that provides metal ions to 
the porous oxide layer , 

wherein the adhesion layer is disposed between the 
porous oxide layer and the ion supplying part , 

wherein the switching device is turned on as a conductive 
bridge is generated in the porous oxide layer by reduc 
tion of metal atoms from the metal ions when an 
absolute value of a varying external voltage applied 
between the first electrode and the second electrode 
increases to be greater than or equal to an absolute 
value of a turn - on threshold voltage , and 

wherein the switching device is turned off from the 
turned - on state due to disconnection of at least a 
portion of the conductive bridge when the absolute 
value of the varying external voltage decreases to be 
smaller than or equal to an absolute value of a turn - off 
threshold voltage . 

8 . The switching device of claim 7 , 
wherein the porous oxide layer comprises a porous silicon 

oxide layer or a porous aluminum oxide layer , and 
wherein the ion supplying part comprises any one of an 

aluminum layer , a magnesium layer , and a zinc layer . 
9 . A method of fabricating a switching device , the method 

comprising : 
forming a first electrode layer over a substrate ; 
forming an electrolyte layer including a porous oxide 

layer over the first electrode layer ; 
forming a second electrode layer over the electrolyte 

layer ; 
applying heat treatment to the second electrode layer to 

diffuse metal atoms in the second electrode layer into 
the electrolyte layer , and 

wherein the method further comprises forming an adhe 
sion layer between the electrolyte layer and the second 
electrode layer , the adhesion layer including a silicon 
layer , 

wherein the switching device is turned on when an 
absolute value of a varying external voltage applied 
between the first electrode layer and the second elec 
trode layer increases to be greater than or equal to an 
absolute value of a turn - on threshold voltage , 

wherein the switching device is turned off from the 
turned - on state when the absolute value of the varying 
external voltage applied between the first electrode 
layer and the second electrode layer decreases to be 
smaller than or equal to an absolute value of a turn - off 
threshold voltage , and 

wherein the turn - on state corresponds to a low resistance 
state , and the turn - off state corresponds to a high 
resistance state . 

60 
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10 . The method of claim 9 , wherein the first electrode 
layer comprises any one of a metal , a conductive nitride , and 
a conductive oxide . 

11 . The method of claim 9 , wherein forming the electro 
lyte layer comprises forming a porous silicon oxide layer or 5 
a porous aluminum oxide layer over the first electrode layer . 

12 . The method of claim 9 , wherein forming the electro 
lyte layer is performed using a physical vapor deposition 
( PVD ) or an atomic layer deposition ( ALD ) at a temperature 
of about 50° C . to about 300° C . 

13 . The method of claim 9 , wherein forming the second 
electrode layer is performed using any one of a physical 
vapor deposition ( PVD ) , a chemical vapor deposition 
( CVD ) , and an atomic layer deposition ( ALD ) . 

14 . The method of claim 9 , wherein forming the second 15 
electrode layer comprises forming any one of an aluminum 
layer , a zinc layer , and a magnesium layer . 

15 . The method of claim 9 , wherein applying the heat 
treatment to the second electrode layer is performed at a 
temperature of about 100° C . to about 500° C . in an inert gas 20 
ambience . 

* * * * * 


