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MAGNETORESISTANCE EFFECT DEVICE 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[ 0001 ] The present invention relates to a magnetoresis 
tance effect device . 
[ 0002 ] Priority is claimed on Japanese Patent Application 
No . 2016 - 192011 , filed Sep . 29 , 2016 , the content of which 
is incorporated herein by reference . 

Description of Related Art 
[ 0003 ] A giant magnetoresistance ( GMR ) element that is 
made of a multilayer film of a ferromagnetic layer and a 
non - magnetic layer and a tunnel magnetoresistance ( TMR ) 
element that uses an insulating layer ( a tunnel barrier layer 
or a barrier layer ) for a non - magnetic layer are known . These 
elements have been spotlighted as elements for a magnetic 
sensor , a high frequency component , a magnetic head , and 
a non - volatile random access memory ( e . g . , an MRAM ) . 
[ 0004 ] To perform a specific complicated function , inte 
gration of a number of elements into one body has been 
attempted , an example of which is an integrated circuit ( IC ) . 
An integrated circuit in which numerous devices are three 
dimensionally laminated is described in JP - 2008 - 288384A . 
[ 0005 ] Conventionally , a magnetoresistance effect ele 
ment typified by the TMR element or the GMR element was 
frequently used for an application of the magnetic head or 
the like , and that much effort was not put into the integration . 
However , along with the development of an application as 
the memory such as an MRAM , requests to incorporate the 
magnetoresistance effect element into the IC are growing . 

planarizing conductive layer and the insulating layer , and 
sufficient flatness cannot be realized . 
[ 0011 ] The present invention is made under the above 
described circumstances . The object of the present invention 
is to provide a magnetoresistance effect device on which a 
magnetoresistance effect element having an excellent with 
stand voltage characteristic is mounted . 
[ 0012 ] The inventors of the present invention found that , 
if the lamination surface on which the magnetoresistance 
effect element is laminated was not sufficiently flattened , the 
withstand voltage characteristic of the magnetoresistance 
effect element was reduced . 
[ 0013 ] In the TMR element , a voltage is applied to the 
tunnel barrier layer that is the insulating layer . For this 
reason , if a high voltage is applied to the tunnel barrier layer , 
the tunnel barrier layer gives rise to insulation breakdown , 
and the TMR may not function as the magnetoresistance 
effect element . If the flatness of the tunnel barrier layer is 
inferior , it is believed that either a voltage or a current is not 
uniformly applied to the entire tunnel barrier layer , which 
tends to cause the insulation breakdown . 
[ 0014 ] In the magnetoresistance effect element , the tunnel 
barrier layer is the thinnest layer , and ranges from about 0 . 7 
nm to 3 nm . That is , to solve a new problem with an 
improvement in withstand voltage characteristic , higher 
flatness of the lamination surface on which the magnetore 
sistance effect element is laminated is required . 
[ 0015 ] Therefore , the inventors found that , when a Vickers 
hardness difference between an interlayer insulating layer 
and a through electrode on the lamination surface on which 
the magnetoresistance effect element was laminated was 
adjusted appropriately , the lamination surface could be flat 
tened to a level to which the magnetoresistance effect 
element could be laminated . 
[ 0016 ] That is , to solve the above problem , the present 
invention provides the following means . 
100171 ( 1 ) A magnetoresistance effect device including : an 
interlayer insulating layer ; a through electrode that passes 
through the interlayer insulating layer and is exposed on at 
least one surface of the interlayer insulating layer ; and a 
magnetoresistance effect element laminated on the through 
electrode , wherein a Vickers hardness difference between 
the interlayer insulating layer and the through electrode on 
a lamination surface on which the magnetoresistance effect 
element is laminated is 3 GPa or less . 
[ 0018 ] ( 2 ) In the magnetoresistance effect device accord 
ing to the above aspect , a height of the through electrode 
above the interlayer insulating layer from the lamination 
surface may be 1 . 5 nm or less . 
[ 0019 ] ( 3 ) In the magnetoresistance effect device accord 
ing to the above aspect , a convex degree obtained by 
dividing the height by a maximum width of the through 
electrode above the lamination surface may be 0 . 015 or less . 
00201 ( 4 ) In the magnetoresistance effect device accord 
ing to the above aspect , a material constituting the lamina 
tion surface of the through electrode may be a nitride 
containing any one selected from a group consisting of Ti , 
Nb , V , Ta , Zr , and Al . 
[ 0021 ] ( 5 ) In the magnetoresistance effect device accord 
ing to the above aspect , the interlayer insulating layer may 
be either silicon oxide or zirconium oxide . 
[ 0022 ] ( 6 ) In the magnetoresistance effect device accord 
ing to the above aspect , the interlayer insulating layer may 

SUMMARY OF THE INVENTION 
[ 0006 ] The magnetoresistance effect element is an element 
in which layers corresponding to several layers of atoms are 
laminated . For this reason , in comparison with a capacitor , 
a diode , or the like that is incorporated into the conventional 
IC , more accurate control is required for the incorporation 
into the IC . 
[ 0007 ] For example , it is described in JP - 2008 - 288384A 
that , when the elements are three - dimensionally integrated , 
a junction of a wafer on which the elements are laminated is 
made into a flat surface . However , to incorporate the mag 
netoresistance effect element into the IC , a degree of 
required flatness differs . 
[ 0008 ] For example , it is described in JP3790183B that 
subtle asperity of a lamination surface on which the mag 
netoresistance effect element is laminated causes a reduction 
in a rate of change of magnetoresistance of the magnetore 
sistance effect element or a variation in a characteristic 
thereof . In JP3790183B , to flatten the lamination surface on 
which the magnetoresistance effect element is laminated , a 
planarizing conductive layer is provided . 
[ 0009 ] However , to flatten the planarizing conductive 
layer , there is a need to laminate the planarizing conductive 
layer having a sufficient thickness , and there is a problem 
with mass production . In addition , a polished surface needs 
to have the same composition ( see FIG . 4 ( c ) in 
JP3790183B ) . Thus , the approach lacks versatility . 
[ 0010 ) Further , when an insulating layer is formed around 
the planarizing conductive layer , a step ( a difference in the 
level ) is formed occasionally at a boundary between the 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0037 ] Hereinafter , embodiments of the present invention 
will be described in detail with reference to the attached 
drawings . In the description of the drawings , the same 
elements will be given the same reference signs , and dupli 
cate description thereof will be omitted . 

[ Magnetoresistance Effect Device ] 
[ 0038 ] FIG . 1 is a schematic sectional view of a magne 
toresistance effect device according to the present embodi 
ment . A magnetoresistance effect device 100 illustrated in 
FIG . 1 has a substrate 10 , a magnetoresistance effect element 
20 , and a semiconductor element 30 . The magnetoresistance 
effect element 20 and the semiconductor element 30 are 
provided on different surfaces of the substrate 10 , and are 
electrically connected by a through electrode 12 provided 
inside the substrate 10 . 

be silicon oxide ; and a material constituting the lamination 
surface of the through electrode may be vanadium nitride . 
10023 ) ( 7 ) In the magnetoresistance effect device accord 
ing to the above aspect , the interlayer insulating layer may 
be zirconium oxide ; and a material constituting the lamina 
tion surface of the through electrode may be a nitride 
containing any one selected from a group consisting of Nb , 
V , and Al . 
[ 0024 ] ( 8 ) In the magnetoresistance effect device accord 
ing to the above aspect , the interlayer insulating layer may 
be silicon oxide ; and a material constituting the lamination 
surface of the through electrode may be a nitride containing 
any one selected from a group consisting of Nb , Zr , and Al . 
[ 0025 ] ( 9 ) In the magnetoresistance effect device accord 
ing to the above aspect , the interlayer insulating layer may 
be any one of chromium nitride , silicon carbonitride , and 
aluminum oxide ; and a material constituting the lamination 
surface of the through electrode may be a nitride containing 
Ti or Zr . 
[ 0026 ] ( 10 ) In the magnetoresistance effect device accord 
ing to the above aspect , the magnetoresistance effect device 
may further include an insulating part that covers a lateral 
surface of the magnetoresistance effect element , wherein the 
insulating part may be made of a nitride . 
[ 00271 ( 11 ) In the magnetoresistance effect device accord 
ing to the above aspect , the magnetoresistance effect element 
may be a tunnel magnetoresistance effect element , and a 
degree of lattice mismatching between a lattice constant of 
a tunnel barrier layer of the tunnel magnetoresistance effect 
element and a lattice constant of a crystal structure to be 
taken by the through electrode may be 5 % or less . 
[ 0028 ] ( 12 ) In the magnetoresistance effect device accord 
ing to the above aspect , an electrical resistivity of the 
through electrode may be 200 12 . cm or less . 
[ 0029 ] According to the present invention , a magnetore 
sistance effect device on which a magnetoresistance effect 
element having an excellent withstand voltage characteristic 
is mounted can be provided . 

BRIEF DESCRIPTION OF THE DRAWINGS 
10030 ) FIG . 1 is a schematic sectional view of a magne 
toresistance effect device according to the present embodi 
ment . 
0031 ] FIG . 2 is a view illustrating a lamination surface of 

a substrate before a magnetoresistance effect element is 
laminated . 
[ 0032 ] FIG . 3 is a schematic view in which the vicinity of 
the magnetoresistance effect element of the magnetoresis 
tance effect device is enlarged . 
[ 0033 ] FIG . 4 is a schematic sectional view of another 
example of the magnetoresistance effect device according to 
the present embodiment . 
[ 0034 ] FIG . 5 is a view illustrating a process of fabricating 
the magnetoresistance effect device , and is a view in which 
the vicinity of the magnetoresistance effect element is 
enlarged . 
[ 0035 ] FIG . 6 is a graph illustrating a degree of flatness of 
the lamination surface with respect to a Vickers hardness 
difference between a through electrode and a junction . 
[ 0036 ] FIG . 7 is a graph illustrating a withstand voltage 
characteristic of the magnetoresistance effect element with 
respect to the Vickers hardness difference between the 
through electrode and the junction . 

( Substrate ) 
[ 0039 ] The substrate 10 has an interlayer insulating layer 
11 and the through electrode 12 . The through electrode 12 is 
provided inside the interlayer insulating layer 11 , and passes 
through the interlayer insulating layer 11 . The through 
electrode 12 is electrically connected between a plurality of 
elements spaced by the interlayer insulating layer 11 . In FIG . 
1 , the magnetoresistance effect element 20 and the semi 
conductor element 30 are electrically connected . 
[ 0040 ] The interlayer insulating layer 11 is an insulating 
layer that insulates interconnections of a multilayer inter 
connection or elements from each other . The same materials 
used in semiconductor devices and the like can be used as 
the material of the interlayer insulating layer 11 . For 
example , silicon oxide ( SiO ) , silicon nitride ( SiN , ) , silicon 
carbide ( SiC ) , chromium nitride , silicon carbonitride 
( SiCN ) , silicon oxy - nitride ( SION ) , aluminum oxide 
( A1 , 0z ) , zirconium oxide ( Zroz ) , etc . may be used . 
[ 0041 ] The through electrode 12 in the magnetoresistance 
effect device 100 illustrated in FIG . 1 has a current - carrying 
part 12A and a junction 12B . The junction 12B is a portion 
joined with the magnetoresistance effect element 20 , and the 
current - carrying part 12A is a portion other than the junction 
12B . 
[ 0042 ] The through electrode 12 does not essentially need 
to be divided into the current - carrying part 12A and the 
junction 12B . However , since the junction 12B is limited to 
a selectable material , the through electrode 12 is preferably 
divided into the current - carrying part 12A and the junction 
12B . 
[ 0043 ] A material of which the current - carrying part 12A 
is formed preferably has high conductivity . For example , 
copper , aluminum , silver , etc . are preferably used . 
[ 0044 ] The junction 12B is also required to have conduc 
tivity . The junction 12B may have lower conductivity than 
the current - carrying part 12A , but it preferably has an 
electrical resistivity of 200 2 . cm or lower . 
[ 0045 ] A material of which the junction 12B is formed is 
preferably a nitride that contains any one selected from a 
group consisting of Ti , Nb , V , Ta , Zr , and Al . The magne 
toresistance effect element 20 is laminated on the junction 
12B . For this reason , the junction 12B also functions as an 
underlayer of the magnetoresistance effect element 20 . If 
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these nitrides are used as the underlayer , crystalline charac 
teristics of each layer of the magnetoresistance effect ele 
ment 20 are enhanced . 
[ 0046 ] When the junction 12B is made of a nitride , the 
interlayer insulating layer 11 is preferably any of silicon 
oxide or zirconium oxide . When the interlayer insulating 
layer 11 is an oxide film and the junction 12B is the nitride , 
diffusion of elements is suppressed between the interlayer 
insulating layer 11 and the junction 12B . If elements of the 
junction 12B are diffused , this leads to an increase in 
resistivity of the junction 12B . 
[ 0047 ] The material of which the junction 12B is formed 
is selected according to the material used for the interlayer 
insulating layer 11 . To be specific , the material for the 
junction 12B is selected such that a Vickers hardness dif 
ference between the interlayer insulating layer 11 and the 
junction 12B is 3 GPa or less . If the Vickers hardness 
difference between the interlayer insulating layer 11 and the 
junction 12B is 3 GPa or less , the lamination surface 10a of 
the substrate 10 can be sufficiently flattened . 
10048 ] FIG . 2 is a view illustrating the lamination surface 
10a of the substrate 10 before the magnetoresistance effect 
element 20 is laminated . The lamination surface 10a of the 
substrate 10 is polished and flattened before the magnetore 
sistance effect element 20 is laminated . This polishing 
treatment is also generally preformed on semiconductor 
devices . For example , chemical mechanical polishing 
( CMP ) is known as a technique in which polishing is 
performed in the same way using physical and chemical 
forces even when different substances are present in one 
surface . 
0049 ] However , each of the layers constituting the mag 
netoresistance effect element 20 has a thickness of about 
several nanometers , and even a slight height difference 
therebetween exerts an influence on the characteristics of the 
magnetoresistance effect element 20 . To be specific , the 
withstand voltage characteristic of the magnetoresistance 
effect element 20 is reduced . For this reason , even when 
CMP is simply performed , sufficient flatness for laminating 
the magnetoresistance effect element 20 cannot be realized . 
[ 0050 ] Accordingly , the polished lamination surface 10a is 
homogenized . If the Vickers hardness difference between the 
interlayer insulating layer 11 and the junction 12B is 3 GPa 
or less , a state in which the lamination surface 10a is 
polished by CMP can be made constant , and the lamination 
surface 10a on which the magnetoresistance effect element 
20 is laminated can be flattened . 
[ 0051 ] Here , the sufficient flatness for laminating the mag 
netoresistance effect element 20 preferably satisfies the 
following conditions . 
[ 0052 ] The first condition is that a height H of the through 
electrode 12 from the lamination surface 1la above the 
interlayer insulating layer 11 is 1 . 5 nm or less . This height 
is preferably 1 . 2 nm or less , and more preferably 1 . 0 nm or 
less . 
[ 0053 ] Here , the height H from the lamination surface 11a 
at the interlayer insulating layer 11 of the through electrode 
12 refers to a maximum value of a normal that is drawn from 
a lamination surface 12a of the through electrode 12 to an 
extension surface of the lamination surface 11a . 
[ 0054 ] The second condition is that a convex degree 
obtained by dividing the height H by a maximum width D 
of the through electrode 12 above the lamination surface 12a 

of the through electrode 12 is 0 . 015 or less . The convex 
degree is preferably 0 . 012 or less , and more preferably 0 . 010 
or less . 
[ 0055 ] Here , the convex degree is a convex degree in a 
protruding direction when the through electrode 12 pro 
trudes from the lamination surface 11a at the interlayer 
insulating layer 11 , and is a convex degree in a recessed 
direction when the through electrode 12 is recessed from the 
lamination surface 11a at the interlayer insulating layer 11 . 
In addition , the maximum width D refers to the maximum 
width of the through electrode 12 that is exposed on the 
lamination surface 12a when the lamination surface 12a is 
viewed in the top view . 
100561 . The lamination surface 10a , on which the magne 
toresistance effect element 20 is laminated , needs not nec 
essarily satisfy both the first and second conditions , but it 
preferably satisfies both . By satisfying these together , the 
withstand voltage characteristic of the laminated magnetore 
sistance effect element 20 is enhanced . 
[ 0057 ] A specific combination of the interlayer insulating 
layer 11 and the junction 12B may include the following 
combinations . 
[ 0058 ] For example , when silicon oxide is used for the 
interlayer insulating layer 11 , vanadium nitride is preferably 
used for the junction 12B . 
[ 0059 ] When zirconium oxide is used for the interlayer 
insulating layer 11 , a nitride containing any one selected 
from a group consisting of Nb , V , and Al is preferably used 
for the junction 12B . 
[ 0060 ] When silicon nitride is used for the interlayer 
insulating layer 11 , a nitride containing any one selected 
from a group consisting of Nb , Zr , and Al is preferably used 
for the junction 12B . 
10061 ] When any one of chromium nitride , silicon carbo 
nitride , and aluminum oxide is used for the interlayer 
insulating layer 11 , a nitride containing Ti or Zr is preferably 
used for the junction 12B . 

( Magnetoresistance Effect Element ) 
[ 0062 ] The magnetoresistance effect element 20 includes a 
first ferromagnetic metal layer 21 , a second ferromagnetic 
metal layer 22 , and a non - magnetic layer 23 between them 
( see FIG . 1 ) . 
[ 0063 ] As a material for the first ferromagnetic metal layer 
21 and the second ferromagnetic metal layer 22 , a ferro 
magnetic material , and particularly a soft magnetic material 
is applied . For example , a metal selected from a group 
consisting of Cr , Mn , Co , Fe , and Ni , an alloy containing one 
or more metals selected from this group , or an alloy con 
taining one or numerous metals selected from these and at 
least one element of B , C , and N may be enumerated . To be 
specific , Co — Fe , Co - Fe — B , or Ni - Fe may be given as 
an example . 
[ 0064 . As the material for the first ferromagnetic metal 
layer 21 and the second ferromagnetic metal layer 22 , the 
Heusler alloy such as Co , FeSi may be used . Heusler alloys 
are high in spin polarizability , and can realize a high MR 
ratio . Heusler alloys include intermetallic compounds hav 
ing a chemical composition X , YZ . X is a transition metal 
element of a Co , Fe , Ni , or Cu group or a noble metal 
element on the periodic table . Y is a transition metal of a Mn , 
V , Cr , or Ti group , or may also be one of the elements of X . 
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Z is a representative element from group III to group V . For 
example , Co FeSi , Co2MnSi , Co2Mn1 - Fe , Al , Sil - b , etc . 
may be enumerated . 
[ 0065 ] When directions in which the first and second 
ferromagnetic metal layers 21 and 22 are magnetized are 
perpendicular to the lamination surface , the ferromagnetic 
material is preferably set to 3 nm or less . Perpendicular 
magnetic anisotropy can be added to the first and second 
ferromagnetic metal layers 21 and 22 at interfaces with the 
non - magnetic layer 23 . The perpendicular magnetic anisot 
ropy has an effect attenuated by increasing thicknesses of the 
first and second ferromagnetic metal layers 21 and 22 , and 
thus the thicknesses of the first and second ferromagnetic 
metal layers 21 and 22 are preferably reduced . 
[ 0066 ] To make coercivity greater than the first ferromag 
netic metal layer 21 , an antiferromagnetic material such as 
IrMn , PtMn , etc . may be used as a material that is in contact 
with the second ferromagnetic metal layer 22 . Further , to 
prevent a leakage magnetic field of the second ferromagnetic 
metal layer 22 from affecting the first ferromagnetic metal 
layer 21 , a structure of synthetic antiferromagnetic coupling 
may be used . 
0067 ] When the direction in which the second ferromag 

netic metal layer 22 is magnetized is made perpendicular to 
the lamination surface , laminated films of Co and Pt are 
preferably used . For example , when the second ferromag 
netic metal layer 22 is set to FeB ( 1 . 0 nm ) / Ta ( 0 . 2 nm ) / [ Pt 
( 0 . 16 nm ) Co ( 0 . 16 nm ) ] / Ru ( 0 . 9 nm ) [ Co ( 0 . 24 nm ) / Pt 
( 0 . 16 nm ) ] . from the non - magnetic layer 23 side in turn , the 
direction of magnetization can be made perpendicular . 
[ 0068 ] In general , the first ferromagnetic metal layer 21 is 
called a free layer because the direction of magnetization 
thereof can be more easily changed than that of the second 
ferromagnetic metal layer 22 by an external magnetic field 
or spin torque . The second ferromagnetic metal layer 22 has 
a structure in which the direction of magnetization is fixed , 
and the first ferromagnetic metal layer 21 is called a fixed 
layer . 
[ 0069 ] A publicly known material may be used for the 
non - magnetic layer 23 . For example , Al2O3 , SiO2 , MgO , 
MgA1204 , etc . may be used . In addition to these , a material 
or the like in which one of Al , Si , or Mg is substituted with 
Zn , Be , or the like may be used . Among them , because MgO 
and MgA1 , 04 are materials in which a coherent tunnel can 
be realized , a spin can be efficiently injected . 
10070j . When the non - magnetic layer 23 is a tunnel barrier 
layer , a degree of lattice mismatching between a lattice 
constant of the tunnel barrier layer and a lattice constant of 
a crystal structure which the junction 12B of the through 
electrode 12 can take is preferably within 5 % . 
[ 0071 ] The junction 12B also functions as an underlayer . 
When the junction 12B is selected with respect to the 
non - magnetic layer 23 , the MR ratio of the magnetoresis 
tance effect element 20 is improved . 
[ 0072 ] This result is contrary to conventional common 
knowledge . In general , a nitride film formed by a reactive 
sputtering method is called an amorphous film . The junction 
12B formed into a film by the reactive sputtering method 
becomes an amorphous portion . In actuality , crystallinity of 
the junction 12B is not observed even in a transmission 
electron microscope ( TEM ) image or an electron beam 
diffraction image . 
10073 ] If the junction 12B is completely amorphous , there 
is no crystallographic correlation with a layer thereon . In 

contrast , the MR ratio obtained as a result of examination 
has a correlation with the junction 12B . The reason for this 
is thought to be that the junction 12B functioning as the 
underlayer is neither completely crystallized nor completely 
amorphous . That is , it is thought that atoms are not regularly 
arranged at the junction 12B to such a degree as to obtain an 
image with a TEM or an electron microscope , but that a 
picture locally having a crystalline portion or having loose 
regularity leaving a trace of a crystal structure is approxi 
mate to reality . With respect to a phenomenon in which the 
junction 12B formed into a film by the reactive sputtering 
method is amorphous , adjusting a relation between the 
junction 12B and the tunnel barrier layer opens a new way 
of improving the MR ratio of the magnetoresistance effect 
element . 
[ 0074 ] Here , the crystal structure which the junction 12B 
can take on ” is a crystal structure that can be taken on when 
the material of which the junction 12B is formed is made in 
bulk , and refers to a crystal structure which the junction 12B 
is thought to have . As described above , the junction 12B is 
thought to have an intermediate state between a complete 
crystallized state and an amorphous state . For this reason , it 
cannot be clearly defined what kind of structure the crystal 
structure of the junction 12B has . Meanwhile , the actual 
crystal structure of the junction 12B is not thought to 
significantly differ from the crystal structure that can be 
taken on when the material of which the junction 12B is 
formed is made in bulk . There is a tetragonal structure as the 
crystal structure which the junction 12B can take on . 
[ 0075 ] The degree of lattice mismatching is defined as 
follows . 

Degree of lattice mismatching = | A - nB \ / nB 

[ 0076 ] In Formula ( 1 ) above , A is the lattice constant of 
the non - magnetic layer 23 , and B is the lattice constant of the 
crystal structure which the junction 12B can take on . In 
addition , n is a positive integer or 1 / a positive integer . 
10077 ] When the non - magnetic layer 23 is MgA1 , 04 or 
ZnA1204 , the junction 12B is preferably a nitride containing 
any one selected from a group consisting of Ti , V , and Al . 
[ 0078 ] When the non - magnetic layer 23 is MgO , the 
junction 12B is preferably a nitride containing any one 
selected from a group consisting of Ti , Nb , V , and Ta . 
[ 0079 ] When the non - magnetic layer 23 is y - A1203 or 
Mgo 5A1 , 04 , the junction 12B is preferably a nitride con 
taining any one selected from a group consisting of V and 
Al . 
[ 0080 ] When the non - magnetic layer 23 is MgGa204 or 
ZnGa 04 , the junction 12B is preferably a nitride containing 
any one selected from a group consisting of Ti , V , Ta , and Al . 
[ 0081 ] When the non - magnetic layer 23 is ZnIn 04 , the 
junction 12B is preferably a nitride containing any one 
selected from a group consisting of Nb , Ta , and Zr . 
10082 ] When the non - magnetic layer 23 is CdAi , O , or 
CdGa , O . , the junction 12B is preferably a nitride containing 
any one selected from a group consisting of Ti , Nb , V , and 
Ta . 
10083 ] . The magnetoresistance effect element 20 may have 
a publicly known layer other than the first ferromagnetic 
metal layer 21 , the non - magnetic layer 23 , and the second 
ferromagnetic metal layer 22 . For example , the magnetore 
sistance effect element 20 may have a cap layer or the like 
for enhancing crystal orientation or stability of magnetism . 

( 1 ) 
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layer insulating layer 11 . Even in this case , the laminated 
magnetoresistance effect element 20 is affected by a convex 
degree of the junction 12B and a height difference in a 
boundary between the junction 12B and the interlayer insu 
lating layer 11 , and thus there is a need to sufficiently 
planarize a lamination surface 10a . 

[ 0084 ] The magnetoresistance effect element 20 illustrated 
in FIG . 1 is given as an example of a so - called top pin 
structure in which the first ferromagnetic metal layer 21 is 
used as a magnetized free layer and the second ferromag - 
netic metal layer 22 is used as a magnetized fixed layer . 
However , the structure of the magnetoresistance effect ele 
ment 20 is not particularly limited . 
[ 0085 ] The magnetized fixed layer is typically made up of 
a plurality of layers . Thus , in the case of the magnetized 
fixed layer , the first ferromagnetic metal layer 21 sand 
wiches many layers between the junction 12B and the 
non - magnetic layer 23 , and thereby a relation between the 
junction 12B and the non - magnetic layer 23 is reduced . In 
contrast , in the case of the top pin structure , a coercivity of 
the first ferromagnetic metal layer 21 is reduced , but the first 
ferromagnetic metal layer 21 merely sandwiches a magne 
tized free layer that is a single layer between the junction 
12B and the non - magnetic layer 23 , and an influence which 
the junction 12B exerts on the non - magnetic layer 23 is 
increased . For this reason , a so - called bottom pin structure 
in which , depending on the material of which the junction 
12B is formed , the first ferromagnetic metal layer 21 is used 
as a magnetized fixed layer and the second ferromagnetic 
metal layer 22 is used as a magnetized free layer may be 
used . 
[ 0086 ] FIG . 3 is a schematic view in which the vicinity of 
the magnetoresistance effect element of the magnetoresis 
tance effect device is enlarged . When an element or the like 
is further laminated on the magnetoresistance effect element 
20 , an insulating part 40 may be provided on a lateral surface 
of the magnetoresistance effect element 20 as illustrated in 
FIG . 3 . The insulating part 40 prevents the magnetoresis 
tance effect element 20 from being short - circuited from a 
lateral surface side . Here , the lateral surface of the magne 
toresistance effect element 20 is a surface that is exposed in 
an in - plane direction perpendicular to the laminating direc 
tion of the magnetoresistance effect element 20 . 
10087 ] The same material as the interlayer insulating layer 
11 in the substrate 10 can be used for the insulating part 40 . 
When the non - magnetic layer 23 is a tunnel barrier layer of 
MgO or MgA1204 , the material of which the insulating part 
40 is formed is preferably a nitride having an insulation 
property . The insulating part 40 is made of a nitride , and 
thereby oxygen or Mg ions constituting the tunnel barrier 
layer are prevented from being diffused to the insulating part 
40 . 

( Method of Fabricating the Magnetoresistance Effect 
Device ) 
[ 0091 ] Next , a method of fabricating the magnetoresis 
tance effect device will be described on the basis of FIG . 1 . 
[ 0092 ] First , a semiconductor element 30 is prepared . The 
semiconductor element 30 may be an element purchased on 
the market or may be fabricated by a publicly known 
method . For example , a semiconductor substrate is prepared , 
a metal film is formed on one surface thereof , and a gate 
electrode 34 is made . Ions are injected into a part of the 
semiconductor substrate , and thereby a source electrode 31 
and a drain electrode 32 are made . 
[ 0093 ] Next , a substrate 10 is formed on the semiconduc 
tor element 30 . The substrate 10 is made by a photolitho 
graphic method . First , a metal layer is laminated on one 
surface of the semiconductor element 30 , and an unneces 
sary portion is removed by pattern etching . An insulator is 
laminated at the removed portion . This is repeated more than 
once , and thereby an interlayer insulating layer 11 and a 
through electrode 12 are made . The through electrode 12 and 
the interlayer insulating layer 11 may be laminated by means 
such as sputtering . 
[ 0094 ] A lamination surface 10a of the made substrate 10 
is polished . The polishing may be performed by , for 
instance , CMP . Since the interlayer insulating layer 11 and 
the through electrode 12 have a Vickers hardness difference 
of 3 GPa or lower , the lamination surface 10a is polished and 
flattened to a level to which a magnetoresistance effect 
element 20 can be laminated . 
[ 0095 ] Finally , the magnetoresistance effect element 20 is 
laminated on the flattened lamination surface 10a . The 
magnetoresistance effect element 20 may be made by a 
publicly known method . For example , a first ferromagnetic 
metal layer 21 , a non - magnetic layer 23 , and a second 
ferromagnetic metal layer 22 are laminated by means such 
as sputtering , and then are subjected to heat treatment . 
Crystallization of each layer is accelerated by the heat 
treatment . The non - magnetic layer 23 is made into a tunnel 
barrier layer by sputtering a metal thin film and performing 
plasma oxidation or spontaneous oxidation caused by oxy 
gen introduction . 
[ 0096 ] The magnetoresistance effect element 20 fabricated 
by the heat treatment has an improved MR ratio compared 
to the magnetoresistance effect element 20 fabricated with 
out the heat treatment . The heat treatment is preferably 
performed under conditions of a temperature of 300° C . or 
higher and 500° C . or lower , and a heating time of 5 minutes 
or more and 100 minutes or less in an inert atmosphere of Ar 
or the like , and then under conditions of a temperature of 
100° C . or higher and 500° C . or lower , and a heating time 
of 1 hour or more and 10 hours or less in a state in which a 
magnetic field of 2 koe or higher and 10 koe or lower is 
applied . 
[ 0097 ] As described above , according to the magnetore 
sistance effect device 100 relating to the present embodi 
ment , the lamination surface 10a on which the magnetore 
sistance effect element 20 is laminated can be flattened with 

( Semiconductor Element ) 
[ 0088 ] The semiconductor element 30 illustrated in FIG . 1 
is an FET transistor having a source electrode 31 , a drain 
electrode 32 , a semiconductor part 33 , and a gate electrode 
34 . The semiconductor element 30 is electrically connected 
with the magnetoresistance effect element 20 via the through 
electrode 12 . 
[ 0089 ] The semiconductor element 30 is not limited to the 
FET transistor illustrated in FIG . 1 , and may be a resistor 
element , a capacitor , or the like . In place of the semicon 
ductor element 30 , another element and another member 
may be connected . 
[ 0090 ] FIG . 4 is a schematic sectional view of another 
example of the magnetoresistance effect device according to 
the present embodiment . A magnetoresistance effect device 
101 illustrated in FIG . 4 has a magnetoresistance effect 
element 20 laminated across a junction 12B and an inter 
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higher accuracy . As a result , the magnetoresistance effect 
element 20 is made homogeneously , and the withstand 
voltage characteristic is enhanced . 
[ 0098 ] Although a preferred embodiment of the present 
invention has been described in detail , the present invention 
is not limited to a specific embodiment , and can be changed 
and modified in various ways without departing from the 
spirit and scope of the present invention described in the 
claims . 

photolithography , and a columnar magnetoresistance effect 
element 20 having a diameter of 80 nm was made ( FIG . 
5 ( e ) ) . 
[ 0105 ] Further , an insulator was laminated to cover the 
magnetoresistance effect element 20 . A lamination surface 
of the insulator was polished by CMP until one surface of the 
magnetoresistance effect element 20 was exposed , and an 
insulating part 40 was made . A material of which the 
insulating part 40 was formed was identical to that of the 
second insulating layer 11B . 
[ 0106 ] Finally , an upper electrode 50 was made on 
exposed surfaces of the insulating part 40 and the magne 
toresistance effect element 20 . A material of which the upper 
electrode 50 was formed was Ru ( a thickness of 3 nm ) / Ta ( a 
thickness of 5 nm ) / Cu ( a thickness of 200 nm ) . 

Examples 

< Relation Between the Through Electrode and the Interlayer 
Insulating Layer > 

[ 0099 ] The materials used for the through electrode and 
the interlayer insulating layer were modified to obtain a 
height H from the lamination surface and a convex degree ( a 
height H / a maximum width D ) at the interlayer insulating 
layer of the through electrode . The magnetoresistance effect 
element was laminated on the lamination surface , and char 
acteristics of the magnetoresistance effect element were 
evaluated . The results of the evaluation are summarized in 
Tables 1 and 2 below . 

( Determination of the Lattice Constant of the Junction ) 
[ 0107 ] A lattice constant of the junction ( the underlayer ) 
was obtained using a site of “ Atom Work , ” ( Retrieved on 
August 23 , Hei28 ( 2016 ) , URL : http : / / crystdb . nims . go . jp / ) 
provided by National Institute for Materials Science ( Japan ) . 
The junction using the nitride of the present example was an 
amorphous structure , and a crystal structure thereof cannot 
be analyzed . To verify a relation between crystal lattices of 
the tunnel barrier layer and the junction , in the respective 
nitrides from the site of " Atom Work , ” ( Retrieved on August 
23 , Hei28 ( 2016 ) , URL : http : / / crystdb . nims . go . jp / ) provided 
by National Institute for Materials Science ( Japan ) , the 
lattice constant of the result in which a crystal structure was 
a NaCl structure and a space group was Fm - 3m was as 
shown in Tables 1 and 2 . 

( Constitution of the Magnetoresistance Effect Device ) 
( 0100 ] The magnetoresistance effect device used for 
examination of the examples will be described on the basis 
of FIG . 5 . FIG . 5 is a view illustrating a process of 
fabricating the magnetoresistance effect device , and is a 
view in which the vicinity of the magnetoresistance effect 
element is enlarged . 
[ 0101 ] First , a current - carrying part 12 A that is connected 
to a source electrode of a FET transistor and is made of Cu 
and a first insulating layer 11A made of silicon oxide were 
made by photolithography ( FIG . 5 ( a ) ) . 
[ 0102 ] Next , a layer having a thickness of 5 nm was 
laminated on the current - carrying part 12A and the interlayer 
insulating part 11A . A resist film was formed on the lami 
nated layer , and an unnecessary portion was removed to 
form a junction 12B having a diameter of 100 nm ( FIG . 
5 ( b ) ) . That is , a maximum width D of a through electrode 12 
was 100 nm . A material of the junction 12B for each of the 
examples and comparative examples is represented in Tables 
1 and 2 . 
[ 0103 ] Next , a second insulating layer 11B was laminated 
to cover the junction 12B ( FIG . 5 ( c ) ) , and a material of the 
second insulating layer 11B for each of the examples and 
comparative examples was the interlayer insulating layer 
shown in Tables 1 and 2 . A lamination surface of the second 
insulating layer 11B was polished by CMP until the junction 
12B was exposed ( FIG . 5 ( d ) ) . The interlayer insulating layer 
was made up of the first insulating layer 11A and the second 
insulating layer 11B . 
[ 0104 ] Then , C074Fe26 ( a thickness of 2 nm ) acting as a 
first ferromagnetic metal layer 21 , MgO or MgA1 , 04 ( a 
thickness of 1 . 8 nm ) acting as a non - magnetic layer , CoFe 
( a thickness of 7 nm ) / Ru ( a thickness of 0 . 8 nm ) / CoFe ( a 
thickness of 10 nm / IrMn ( a thickness of 12 nm ) acting as 
a second ferromagnetic metal layer , and Ru ( a thickness of 
3 nm ) / Ta ( a thickness of 5 nm ) acting as a cap layer were 
laminated in turn . An unnecessary portion was removed by 

( Determination of the Lattice Constant of the Tunnel Barrier 
Layer ) 
10108 ] . For a structure analysis of the tunnel barrier layer , 
a crystal structure and a lattice constant were evaluated . 
0109 The crystal structure was evaluated by an electron 
diffraction pattern using a transmission electron beam . In a 
case in which spinel materials other than MgO were used , 
when a structure of the barrier layer was checked by this 
method , there was no reflection from { 022 } planes repre 
sented with an ordered spinel structure . In this case , the 
barrier layer was regarded to have a spinel structure in which 
cubic cations were disordered ( a Sukenel structure ) . 
[ 0110 ] The lattice constant of the tunnel barrier layer was 
evaluated using a four - axis X - ray diffractometer . In the 
evaluation of the lattice constant , it was difficult to decide 
the lattice constant with a thickness of the tunnel barrier 
layer of the example . 
[ 0111 ] For this reason , to obtain the lattice constant as 
preliminary measurement , a substrate in which the tunnel 
barrier layer ( a thickness of 100 nm ) was formed on a Si 
substrate with a thermally oxidized film was used . The Si 
substrate with a thermally oxidized film had a surface that 
was amorphous SiOx , and was hardly affected when the 
tunnel barrier layer was formed . The tunnel barrier layer ( a 
thickness of 100 nm ) had a film thickness at which an 
influence on lattice distortion caused by the substrate was 
sufficiently relieved , and at which X - ray strength for a 
sufficient structure analysis could be obtained . 
[ 0112 ] Further , in the example , an underlayer , a first 
ferromagnetic metal layer , and a tunnel barrier layer were 
formed in turn . 
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evaluation could not be performed . When the test load was 
excessively reduced , the dent formed in the layer corre 
sponding to the junction gave rise to elastic recovery , and the 
Vickers hardness was estimated to be great because a real 
dent and an experimental value were different . 

[ 0113 ] In this case , a crystal lattice of the underlayer 
exerted an influence on the tunnel barrier layer via the first 
ferromagnetic metal layer . Therefore , when the first ferro 
magnetic metal layer was not affected by the crystal lattice 
from the underlayer , no influence was exerted on the tunnel 
barrier layer . In the present example , a thickness of the first 
ferromagnetic metal layer was at least set to 10 nm or less , 
and was set to a thickness at which the influence of the 
crystal lattice of the underlayer exerted an influence on the 
tunnel barrier layer via the first ferromagnetic metal layer . To 
be specific , a thickness of the tunnel barrier layer was set to 
5 nm . 
0114 . Therefore , the film thickness obtained in the 
example was not completely consistent with the preliminary 
measurement , but conditions other than the fact that the 
influence from the underlayer and the film thickness were 
different were consistent . The lattice constant obtained from 
the preliminary measurement can be regarded as the lattice 
constant obtained in the example . The lattice constant was 
obtained by setting the tunnel barrier layer as a rock salt type 
structure in the case of MgO and otherwise as a Sukenel 
structure in the cases of MgA1204 , ZnA1204 , and y - A1204 
( Method for Obtaining the Vickers Hardness ) 
[ 0115 ] The Vickers hardness was obtained by a micro 
Vickers hardness test . A layer of the same material as the 
junction having a thickness of 5 um was formed on a Si 
substrate . The Si substrate was removed by chemical etch 
ing , ion milling , or polishing , and the layer of the same 
material as the junction was obtained . The Vickers hardness 
was obtained by bringing a diamond square pyramid inden 
tor having a facing angle of 136 degrees into contact with the 
made layer . The Vickers hardness H was a value obtained by 
dividing a load F [ N ] by a dented surface area S [ m² ] , and 
General Formula ( 2 ) below was obtained from a dented 
diagonal length d [ m ] to be measured . 

( Method for Evaluating the Withstand Voltage ) 
[ 0117 ] A withstand voltage characteristic of the magne 
toresistance effect element 20 was evaluated by connecting 
a current source 71 and a voltmeter 72 to the upper electrode 
50 and the junction 12B , and applying a fixed voltage to the 
magnetoresistance effect element 20 . A current flowing to 
the magnetoresistance effect element 20 was observed , and 
thereby a withstand voltage was obtained . 
[ 0118 ] The withstand voltage was defined as a voltage at 
which the function of the magnetoresistance effect element 
20 failed because the voltage was applied to the magnetore 
sistance effect element 20 , the element was broken , and a 
magnetoresistance effect was not discovered , or because the 
non - magnetic layer 23 was broken and electric resistance 
was greatly changed . 
[ 0119 ] The applied voltage was increased from 0 . 1 V in 
units of 0 . 1 V . The voltage applied to the magnetoresistance 
effect element 20 was set to 10 ns as an applied time , and 
was applied 10 times at measurement intervals of 1 ms or 
more in single measurement . In a case in which the non 
magnetic layer of the magnetoresistance effect element 20 
was a tunnel barrier layer , when a current flowed , the 
magnetoresistance effect element 20 generated heat . The 
generation of heat exerted an influence on a magnetoresis 
tance ratio or a critical current for magnetization reversal , 
and there was a fear of an influence on the withstand voltage 
characteristic . Since it was known that an effect of gener 
ating heat became remarkable when the applied time 
exceeded 10 ms , the single measurement was set to 10 ns , 
and a measurement interval was set to 1 ms or more in order 
to secure a sufficient time for heat radiation . 
[ 0120 ] In each example , the evaluation of the withstand 
voltage was performed on 10 elements measured in the same 
way . Currents were evaluated with the respective voltages , 
and the evaluation was performed with an applied voltage 
from 0 . 1 V to 3 V . Among the 10 elements , the element 
broken down obviously at a lower voltage than the other 
elements was presumed to be broken by pinholes of the 
tunnel barrier layer , and was excluded from the results of the 
evaluation of the withstand voltage , and new results of the 
alternative element were used . When the applied voltage 
was increased in all the elements , a large current flowed 
abruptly . However , a phenomenon in which no current 
flowed was observed , and a voltage at which this phenom 
enon was observed was used as the withstand voltage . 

H = = = 1 . 854x 
[ 0116 ] In the micro - Vickers hardness test , there was a need 
to take into account a relation between a depth of a dent and 
a thickness of the made layer . A test load varied between 
1x10 - 2 N and 20 N , and a region in which a hardness was 
nearly constant was defined as a Vickers hardness of the 
made layer , that is , a Vickers hardness of the junction . A 
thickness of a layer corresponding to the junction for evalu 
ation was thin , and the layer corresponding to the junction 
cracked when the test load was increased , and therefore the 

TABLE 1 

Interlayer 
insulating layer 

Vickers 
hardness Junction 

Non - magnetic 
layer 
Material 

Vickers 
hardness 

( Hv ) 

Vickers 
hardness 

( Hv ) 

difference 
( absolute 
value ) 

Height H 
( nm ) 

Convex Withstand 
degree voltage 
H / D ( V ) Material Material 

SiOx 9 . 8 9 . 8 TIN 
NON 

Comparative Example 1 - 1 MgAl204 
Comparative Example 1 - 2 
Example 1 - 1 
Comparative Example 1 - 3 

20 . 1 
14 . 3 
12 . 8 
23 . 7 

10 . 3 
4 . 5 
3 . 0 

13 . 9 

2 . 80 
1 . 79 
1 . 10 
3 . 00 

0 . 0280 
0 . 0179 
0 . 0110 
0 . 0300 1121494 2 . 04 

2 . 25 
2 . 56 
1 . 98 

VN 
TaN 
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TABLE 1 - continued 
Interlayer 

insulating layer Junction 
Vickers 
hardness 

Non - magnetic 
layer 
Material 

Vickers 
hardness 

( Hv ) 

Vickers 
hardness 

( Hv ) 

difference 
( absolute 
value ) 

Height H 
( nm ) 

Convex Withstand 
degree voltage 
HD ( V ) Material Material 

6 . 7 
4 . 2 

SiNx 16 . 0 4 . 1 

3 . 2 

0 . 5 
2 . 0 

Sic 

Comparative Example 1 - 4 
Comparative Example 1 - 5 
Comparative Example 2 - 1 Mgo 
Example 2 - 1 
Comparative Example 2 - 2 
Comparative Example 2 - 3 
Example 2 - 2 
Example 2 - 3 
Example 3 - 1 Mgo 
Comparative Example 3 - 1 
Comparative Example 3 - 2 
Example 3 - 2 MgA1204 
Comparative Example 3 - 3 
Comparative Example 3 - 4 
Example 4 - 1 MgA1204 
Comparative Example 4 - 1 
Comparative Example 4 - 2 
Comparative Example 4 - 3 
Example 4 - 2 
Comparative Example 4 - 4 

23 . 0 

ZrN 
AIN 
TIN 
NON 
VN 
TaN 
ZrN 
AIN 
TIN 
NON 
VN 
TaN 
ZrN 
AIN 
TIN 
NON 
VN 
TaN 
ZrN 
AIN 

16 . 5 
14 . 0 
20 . 1 
14 . 3 
12 . 8 
23 . 7 
16 . 5 
14 . 0 
20 . 1 
14 . 3 
12 . 8 
23 . 7 
16 . 5 
14 . 0 
20 . 1 
14 . 3 
12 . 8 
23 . 7 
16 . 5 
14 . 0 

2 . 26 
2 . 32 
1 . 90 
2 . 18 
1 . 87 
1 . 84 
2 . 20 
2 . 08 
2 . 00 
1 . 83 
1 . 72 
2 . 96 
2 . 10 
1 . 94 
2 . 78 
2 . 28 

2 . 10 
1 . 96 
1 . 70 
0 . 83 
1 . 67 
2 . 53 
0 . 54 
0 . 65 
1 . 16 
3 . 12 
3 . 45 
0 . 58 
2 . 88 
3 . 32 
0 . 83 
1 . 80 
2 . 75 
2 . 50 
0 . 85 
1 . 90 

2 . 9 
8 . 7 

0 . 0210 
0 . 0196 
0 . 0170 
0 . 0083 
0 . 0167 
0 . 0253 
0 . 0054 
0 . 0065 
0 . 0116 
0 . 0312 
0 . 0345 
0 . 0058 
0 . 0288 
0 . 0332 
0 . 0083 
0 . 0180 
0 . 0275 
0 . 0250 
0 . 0085 
0 . 0190 

10 . 2 
0 . 7 

20 . 1 CrN CEN 18 . 0 18 . 0 

Au uwNba UNNO 2 . 15 
2 . 30 
2 . 74 
2 . 03 

TABLE 2 

Junction 
Interlayer insulating 

layer 
Vickers 
hardness 

Non - magnetic 
layer 
Material 

Vickers 
hardness 

( Hv ) 

Vickers 
hardness 

( Hv ) 

difference 
( absolute 
value ) 

Convex Withstand 
degree voltage 
H / D ( V ) Material 

Height H 
( nm ) Material 

SICN 19 . 0 1 . 1 
? 

? 

? 

? ? 

Al2O3 

2 . 86 
2 . 13 
2 . 00 
2 . 34 
2 . 66 
2 . 46 
2 . 66 
2 . 10 
2 . 13 
2 . 33 

UNNN 
NNNXO 18 . 0 ? 

Example 5 - 1 MgAl204 
Comparative Example 5 - 1 
Comparative Example 5 - 2 
Comparative Example 5 - 3 
Example 5 - 2 
Comparative Example 5 - 4 
Example 6 - 1 MgAl204 
Comparative Example 6 - 1 
Comparative Example 6 - 2 
Comparative Example 6 - 3 
Example 6 - 2 
Comparative Example 6 - 4 
Comparative Example 7 - 1 Mgo 
Example 7 - 1 
Example 7 - 2 
Comparative Example 7 - 2 
Comparative Example 7 - 3 
Example 7 - 3 
Comparative Example 8 - 1 Mgo 
Comparative Example 8 - 2 MgA1204 

TIN 
NÜN 
VN 
TaN 
ZrN 
AIN 
TIN 
NON 
VN 
Tan 
ZrN 
AIN 
TiN 
NON 
VN 
TaN 
ZrN 
AIN 

?? ?? 

20 . 1 
14 . 3 
12 . 8 
23 . 7 
16 . 5 
14 . 0 
20 . 1 
14 . 3 
12 . 8 
23 . 7 
16 . 5 
14 . 0 
20 . 1 
14 . 3 
12 . 8 
23 . 7 
16 . 5 
14 . 0 
0 . 8 0 . 8 

0 . 73 
2 . 34 
2 . 43 
2 . 00 
0 . 91 
2 . 00 
0 . 86 
1 . 54 
2 . 32 
2 . 14 
0 . 84 
2 . 10 
2 . 40 
0 . 78 
0 . 64 
2 . 86 
1 . 85 
0 . 92 
3 . 80 
3 . 90 

0 . 0073 
0 . 0234 
0 . 0243 
0 . 0200 
0 . 0091 
0 . 0200 
0 . 0086 
0 . 0154 
0 . 0232 
0 . 0214 
0 . 0084 
0 . 0210 
0 . 0240 
0 . 0078 
0 . 0064 
0 . 0286 
0 . 0185 
0 . 0092 
0 . 0380 
0 . 0390 

2 . 83 1 . 5 
4 . 0 

ZrO2 12 . 0 8 . 1 
2 . 3 
0 . 8 
11 . 7 

2 . 21 
1 . 83 
1 . 95 
2 . 15 
1 . 80 
1 . 87 
2 . 04 
1 . 78 
2 . 04 

4 . 5 

Cu SiOx SiOx 9 . 8 9 . 8 
2 . 0 
9 . 0 
9 . 0 Cu Cu 0 . 8 

[ 0121 ] As represented in Tables 1 and 2 , if the Vickers 
hardness difference is 3 GPa or less , the height H is reduced 
close to 1 nm , and the lamination surface is sufficiently 
flattened . Due to the planarization of the lamination surface , 
even when a voltage exceeding 1 . 90 V is applied when the 
non - magnetic layer is Mgo , the magnetoresistance effect 
element can withstand the voltage , and even when a voltage 
exceeding 2 . 50 V is applied when the non - magnetic layer is 
MgA1204 , the magnetoresistance effect element can with 
stand the voltage . That is , the withstand voltage character 
istic of the magnetoresistance effect element is improved . 
MgA1204 had a disordered spinel structure . 

[ 0122 ] The results of Tables 1 and 2 are outlined in a graph 
in FIGS . 6 and 7 . FIG . 6 is a graph illustrating a degree of 
flatness of the lamination surface with respect to the Vickers 
hardness difference between the through electrode and the 
junction , and FIG . 7 is a graph illustrating the withstand 
voltage characteristic of the magnetoresistance effect ele 
ment with respect to the Vickers hardness difference 
between the through electrode and the junction . 
( Relation Between the Junction and the Non - Magnetic 
Layer ) 
f0123 ] A degree of lattice mismatching was calculated by 
modifying the junction and the non - magnetic layer . A lattice 
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constant was obtained on the presumption that the junction 
had a tetragonal structure . In the case of the non - magnetic 
layer , a lattice constant was obtained on the presumption that 
MgO had a rock salt type structure and the other materials 
had a Sukenel structure . 

TABLE 3 

Lattice constant Lattice constant 
[ nm ] Junction Non - magnetic layer 

TIN 
NON 
VN 
TaN 
ZrN 
AIN 
CeN 

0 . 4241 
0 . 4391 
0 . 4135 
0 . 4330 
0 . 4573 
0 . 3956 
0 . 5021 

MgO 
MgAl , 04 
Y - Al204 
ZnAl204 
Mg0 . 5A1204 
MgGa204 
ZnGa204 
ZnIn204 
CdAl204 
CdGa204 

0 . 4213 
0 . 4042 
0 . 3955 
0 . 4031 
0 . 3999 
0 . 4142 
0 . 4168 
0 . 4465 
0 . 4178 
0 . 4308 

[ 0127 ] Next , comparing Example 1 - 1 , Comparative 
Example 1 - 1 , and Comparative Example 1 - 3 , it is found that , 
when the degree of lattice mismatching is increased , the MR 
ratio is improved . That is , in Table 3 above , if the degree of 
lattice mismatching is 5 % or less , the MR ratio can be 
realized . If the degree of lattice mismatching is 3 % or less , 
a very high MR ratio can be realized . Example 1 - 1 also has 
an excellent withstand voltage characteristic in Table 1 , and 
can be said to be especially preferred as a combination of the 
junction ( the underlayer ) , the interlayer insulating layer , and 
the tunnel barrier layer . In addition to this , the combinations 
of Example 2 - 1 , Example 3 - 1 , Example 7 - 2 , and Example 
7 - 3 can be said to be excellent combinations in which the 
degree of lattice mismatching is high and the withstand 
voltage characteristic is also high . 
[ 0128 ] While preferred embodiments of the invention 
have been described and illustrated above , it should be 
understood that these are exemplary of the invention and are 
not to be considered as limiting . Additions , omissions , 
substitutions , and other modifications can be made without 
departing from the spirit or scope of the present invention . 
Accordingly , the invention is not to be considered as being 
limited by the foregoing description , and is only limited by 
the scope of the appended claims . 

[ 0124 ] A degree of lattice mismatching between the under 
layer and the tunnel barrier layer was obtained from the 
results of the lattice constants represented in Table 3 . The 
results are represented in Table 4 . 

TABLE 4 
Junction 

TIN NÀN VN TIN ZIN AIN CPN 
4 . 1 

?? ?? ? 

0 . 7 
4 . 7 
6 . 7 
5 . 0 
5 . 7 

Non - MgO 
magnet - MgAl204 

icy - Al204 
layer ZnAl 04 

Mgo . 5Al204 
MgGa204 
ZnGa204 
ZnIn , 04 
CdAl , 04 
CdGa204 

2 . 5 
3 . 3 
0 . 2 

6 . 9 
7 . 7 

7 . 9 
11 . 6 
13 . 5 
11 . 9 
12 . 6 
9 . 4 : ?? 

9 . 9 
8 . 2 
9 . 0 
5 . 7 
5 . 1 
1 . 7 
4 . 9 
1 . 9 

6 . 5 
2 . 2 
0 . 0 
1 . 9 
1 . 1 
4 . 7 
5 . 3 

12 . 9 
5 . 6 
8 . 9 

NOON 

16 . 1 
19 . 5 
21 . 2 
19 . 7 
20 . 4 
17 . 5 
17 . 0 
11 . 0 
16 . 8 
14 . 2 

1 . 8 
5 . 3 
1 . 5 
1 . 6 

? . 

8 . 0 
1 . 0 
4 . 2 

3 . 1 
3 . 5 
0 . 5 

2 . 4 
8 . 6 
5 . 8 

[ 0125 ] Next , a resistance area ( RA ) and an MR ratio of the 
magnetoresistance effect element for some of the above 
examples and comparative examples were measured . A 
relation between the measured MR ratio and the degree of 
lattice mismatching is represented in Table 5 . 
[ 0126 ] The RA is standardized with a resistance value in 
a unit area by dividing a resistance value , which is obtained 
by dividing an applied bias voltage by a current flowing in 
the laminating direction of the magnetoresistance effect 
element , by an area of a surface on which each layer is 
joined , and a unit thereof is 22 . um . The applied bias voltage 
and a value of the current flowing in the laminating direction 
of the magnetoresistance effect element can be measured 
and obtained by a voltmeter and an ammeter . 

EXPLANATION OF REFERENCES 
[ 0129 ] 10 : Substrate 
[ 0130 ] 11 : Interlayer insulating layer 
[ 0131 ] 11A : First insulating layer 
[ 0132 ] 11B : Second insulating layer 
10133 ] 12 : Through electrode 
[ 0134 ] 12A : Current - carrying part 
[ 0135 ] 12B : Junction 
[ 0136 ] 20 : Magnetoresistance effect element 
[ 0137 ] 21 : First ferromagnetic metal layer 
[ 0138 ] 22 : Second ferromagnetic metal layer 
0139 23 : Non - magnetic layer 
10140 ] 30 : Semiconductor element 
[ 0141 ] 31 : Source electrode 
10142 ] 32 : Drain electrode 
[ 0143 ] 33 : Semiconductor part 
10144 ] 34 : Gate electrode 
10145 ] 10a , 11a , 12a : Lamination surface 
101461 40 : Insulating part 
[ 0147 ] 50 : Upper electrode 
What is claimed is : 
1 . A magnetoresistance effect device comprising : 
an interlayer insulating layer ; 
a through electrode that passes through the interlayer 

insulating layer and is exposed on at least one surface 
of the interlayer insulating layer ; and 

a magnetoresistance effect element laminated on the 
through electrode , 

wherein a Vickers hardness difference between the inter 
layer insulating layer and the through electrode on a 
lamination surface on which the magnetoresistance 
effect element is laminated is 3 GPa or less . 

2 . The magnetoresistance effect device according to claim 
1 , wherein a height of the through electrode above the 
interlayer insulating layer from the lamination surface is 1 . 5 
nm or less . 

3 . The magnetoresistance effect device according to claim 
2 , wherein a convex degree obtained by dividing the height 

TABLE 5 
Tunnel barrier 

Junction layer 
Degree of lattice 
mismatching 

MR 
ratio RA 

MgA1204 
MgA1204 4 . 7 

0 . 6 
0 . 69 

120 . 8 
106 . 8 

Example 1 - 1 VN 
Comparative TiN 
Example 1 - 1 
Comparative TaN 
Example 1 - 3 

MgAl204 6 . 7 0 . 73 68 . 2 
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by a maximum width of the through electrode above the 
lamination surface is 0 . 015 or less . 

4 . The magnetoresistance effect device according to claim 
1 , wherein a material constituting the lamination surface of 
the through electrode is a nitride containing any one selected 
from a group consisting of Ti , Nb , V , Ta , Zr , and Al . 

5 . The magnetoresistance effect device according to claim 
2 , wherein a material constituting the lamination surface of 
the through electrode is a nitride containing any one selected 
from a group consisting of Ti , Nb , V , Ta , Zr , and Al . 

6 . The magnetoresistance effect device according to claim 
3 , wherein a material constituting the lamination surface of 
the through electrode is a nitride containing any one selected 
from a group consisting of Ti , Nb , V , Ta , Zr , and Al . 

7 . The magnetoresistance effect device according to claim 
1 , wherein the interlayer insulating layer is either silicon 
oxide or zirconium oxide . 

8 . The magnetoresistance effect device according to claim 
1 , wherein , 

the interlayer insulating layer is silicon oxide ; and 
a material constituting the lamination surface of the 

through electrode is vanadium nitride . 
9 . The magnetoresistance effect device according to claim 

2 , wherein , 
the interlayer insulating layer is silicon oxide ; and 
a material constituting the lamination surface of the 

through electrode is vanadium nitride . 
10 . The magnetoresistance effect device according to 

claim 3 , wherein , 
the interlayer insulating layer is silicon oxide ; and 
a material constituting the lamination surface of the 

through electrode is vanadium nitride . 
11 . The magnetoresistance effect device according to 

claim 1 , wherein , 
the interlayer insulating layer is zirconium oxide ; and 
a material constituting the lamination surface of the 

through electrode is a nitride containing any one 
selected from a group consisting of Nb , V , and Al . 

12 . The magnetoresistance effect device according to 
claim 2 , wherein , 

the interlayer insulating layer is zirconium oxide ; and 
a material constituting the lamination surface of the 

through electrode is a nitride containing any one 
selected from a group consisting of Nb , V , and Al . 

13 . The magnetoresistance effect device according to 
claim 3 , wherein , 

the interlayer insulating layer is zirconium oxide ; and 
a material constituting the lamination surface of the 

through electrode is a nitride containing any one 
selected from a group consisting of Nb , V , and Al . 

14 . The magnetoresistance effect device according to 
claim 1 , wherein , 

the interlayer insulating layer is silicon oxide ; and 
a material constituting the lamination surface of the 

through electrode is a nitride containing any one 
selected from a group consisting of Nb , Zr , and Al . 

15 . The magnetoresistance effect device according to 
claim 2 , wherein , 

the interlayer insulating layer is silicon oxide ; and 
a material constituting the lamination surface of the 

through electrode is a nitride containing any one 
selected from a group consisting of Nb , Zr , and Al . 

16 . The magnetoresistance effect device according to 
claim 3 , wherein , 

the interlayer insulating layer is silicon oxide ; and 
a material constituting the lamination surface of the 

through electrode is a nitride containing any one 
selected from a group consisting of Nb , Zr , and Al . 

17 . The magnetoresistance effect device according to 
claim 1 , wherein , 

the interlayer insulating layer is any one of chromium 
nitride , silicon carbonitride , and aluminum oxide ; and 

a material constituting the lamination surface of the 
through electrode is a nitride containing Ti or Zr . 

18 . The magnetoresistance effect device according to 
claim 1 , further comprising an insulating part that covers a 
lateral surface of the magnetoresistance effect element , 

wherein the insulating part is made of a nitride . 
19 . The magnetoresistance effect device according to 

claim 1 , wherein , 
the magnetoresistance effect element is a tunnel magne 

toresistance effect element , and 
a degree of lattice mismatching between a lattice constant 
of a tunnel barrier layer of the tunnel magnetoresistance 
effect element and a lattice constant of a crystal struc 
ture to be taken by the through electrode is 5 % or less . 

20 . The magnetoresistance effect device according to 
claim 1 , wherein an electrical resistivity of the through 
electrode is 200 2 . cm or less . 

* * * * * 


