
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
1 

52
8 

56
9

B
1

��&�����������
(11) EP 1 528 569 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
17.08.2011 Bulletin 2011/33

(21) Application number: 04024947.6

(22) Date of filing: 20.10.2004

(51) Int Cl.:
G11C 11/16 (2006.01)

(54) Magnetoresistive element, magnetic memory cell, and magnetic memory device

Magnetoresistives Element ,  magnetische Speicherzelle und magnetische Speicheranordnung

Elément magnétorésistif,cellule de mémoire magnétique et dispositif de mémoire magnétique

(84) Designated Contracting States: 
DE FR GB

(30) Priority: 21.10.2003 JP 2003361050

(43) Date of publication of application: 
04.05.2005 Bulletin 2005/18

(73) Proprietor: TDK Corporation
Chuo-ku,
Tokyo 103-8272 (JP)

(72) Inventors:  
• Kamijima, Akifumi

Tokyo, 103-8272 (JP)

• Shimazawa, Koji
Tokyo, 103-8272 (JP)

• Hatate, Hitoshi
Tokyo, 103-8272 (JP)

(74) Representative: Müller - Hoffmann & Partner
Patentanwälte 
Innere Wiener Strasse 17
81667 München (DE)

(56) References cited:  
EP-A- 1 246 191 JP-A- 2 093 373
JP-A- 2001 236 781 US-A1- 2001 050 859



EP 1 528 569 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a magnetoresistive element including a magneto-sensitive layer of which
magnetization direction changes according to an external magnetic field, a magnetic memory cell having the magne-
toresistive element, and a magnetic memory device having the magnetic memory cell and recording/reading information
by using a change in the magnetization direction of the magneto-sensitive layer.

2. Description of the Related Art

[0002] Conventionally, as general memories used for information processors such as a computer and a communication
device, volatile memories such as a DRAM (Dynamic Random Access Memory) and an SRAM (Static RAM) are used.
The volatile memories have to be refreshed by always supplying current to hold stored information. When the power
source is turned off, all of information is lost, so that a nonvolatile memory as means for recording information has to be
provided in addition to the volatile memory. For example, a flash EEPROM, a magnetic hard disk drive, or the like is used.
[0003] In the nonvolatile memories, as the speed of information processing increases, increase in speed of an access
is becoming an important subject. Further, as a portable information device is being rapidly spread and the performance
is becoming higher, information device development aiming at so-called ubiquitous computing which means that infor-
mation processing can be performed everywhere at any time is rapidly being progressed. Development of a nonvolatile
memory adapted for higher-speed processing as a key device of such information device development is in strong
demand.
[0004] As a technique effective to increase the speed of the nonvolatile memory, a magnetic random access memory
(MRAM) is known in which magnetic memory elements each for storing information in accordance with the magnetization
direction along the axis of easy magnetization of a ferromagnetic layer are arranged in a matrix. The MRAM stores
information by using a combination of the magnetization directions in two ferromagnetic members. On the other hand,
stored information is read by detecting a resistance change (that is, a change in current or voltage) which occurs between
the case where the magnetization direction is parallel to a reference direction and the case where the magnetization
direction is antiparallel to the reference direction. Since the MRAM operates with the principle, it is important that the
resistance change ratio is as high as possible to perform stable writing and reading in the MRAM.
[0005] The MRAM currently used in practice utilizes the giant magneto-resistive (GMR) effect. The GMR effect is a
phenomenon such that when two magnetic layers are disposed so that their axes of easy magnetization are parallel
with each other, in the case where the magnetization directions of the layers are in parallel to the axis of easy magnet-
ization, the resistance value becomes the minimum. In the case where the magnetization direction is antiparallel to the
axis of easy magnetization, the resistance value becomes the maximum. An MRAM using a GMR element capable of
obtaining such a GMR effect (hereinbelow, described as GMR-MRAM) is disclosed in, for example, U.S. Patent No.
5,343,422.
[0006] Recently, aiming at further improvement in storing speed, access speed, and the like, an MRAM having a TMR
element using tunneling magneto-resistive effect (TMR) is proposed in place of the GMR-MRAM. The TMR effect is an
effect such that the tunnel current passing through an insulating layer changes in accordance with relative angles of the
magnetization directions of two ferromagnetic layers sandwiching a very-thin insulating layer (tunnel barrier layer). When
the magnetization directions of the two ferromagnetic layers are parallel to each other, the resistance value becomes
the minimum. On the contrary, when the magnetization directions are antiparallel to each other, the resistance value
becomes the maximum. In the TMR-MRAM, when the TMR element has a configuration of, for example, "CoFe/aluminum
oxide/CoFe", the resistance change ratio is high as 40% and the resistance value is also large. Consequently, the TMR-
MRAM can be easily matched with a semiconductor device such as an MOSFET. Therefore, the TMR-MRAM can easily
obtain a higher output as compared with the GMR-MRAM, and improvement in storage capacity and access speed is
expected. In the TMR-MRAM, a current magnetic field is generated by passing current to a conductor as a write line
disposed near the TMR element. By using the current magnetic field, the magnetization direction of the magnetic layer
in the TMR element is changed to a predetermined direction, thereby storing information. As a method of reading stored
information, a method of passing current in the direction perpendicular to a tunnel barrier layer and detecting a resistance
change in the TMR element is known. Such TMR-MRAM techniques are disclosed in U.S. Patent No. 5,629,922 and
Japanese Patent Laid-open No. Hei 9-91949.
[0007] Recently, higher packing density of a magnetic memory device is in increasing demand and, accordingly,
reduction in the size of the TMR element is also required. As the TMR element is becoming finer, due to the influence
of a demagnetizing field generated by magnetic poles at both ends of the TMR element, a stronger magnetic field is
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required to align the magnetization direction in a magnetic layer (free magnetization direction layer) for storing information
to a predetermined direction, and write current necessary at the time of writing information is on increasing trend. To
solve the problem, a magnetic memory cell having a closed magnetic circuit layer for forming a closed magnetic circuit
in cooperation with the free magnetization direction layer around a conductor (write line) near the TMR element has
been proposed (refer to, for example, Japanese Patent Laid-open No. 2001-273759). Since the closed magnetic circuit
is constructed by a free magnetization direction layer related to recording, the adverse influence exerted by the demag-
netizing field can be avoided and a magnetic memory device of high packing density can be realized. Further, in this
case, both of two write lines extend in the closed magnetic circuit, so that magnetization can be efficiently inverted.
[0008] However, in the magnetic memory cell having the closed magnetic circuit structure disclosed in Japanese
Patent Laid-open No. 2001-273759, the closed magnetic circuit layer and the free magnetization direction layer are in
contact with each other. Consequently, selection of a material is constrained since a magnetic connection state has to
be considered. There is a possibility that the constraint of selection of a material disturbs improvement in the magnetic
characteristic of the TMR element. To address a demand for higher packing density, the write efficiency has to be
improved.
[0009] From US 2001/0050859 A1 a memory cell array is known wherein a first and second line are provided which
have a crossing point at which a storage element with a magneto-resistive effect is disposed. A yoke surrounds one of
the lines and is disposed in such a way that a magnetic flow is closed substantially through the storage element.
[0010] JP 2001-236781 discloses a magneto-resistive element with a U-shaped conductor corssing a further conductor.
[0011] From EP 1 246 191 A2 a magnetic memory device is known which includes a plurality of magneto-resistive
elements arranged in a matrix form on a plane. A plurality of writing lines are arranged on another plane adjacent to the
magneto-resistive elements.
[0012] JP 2-93373 discloses a magneto-resistive memory device with conductive lines and a surrounding magnetic
yoke.

SUMMARY OF THE INVENTION

[0013] The present invention has been achieved in consideration of such problems and its object is to provide a
magneto-resistive element, a magnetic memory cell, and a magnetic memory device to which information can be stably
written by efficiently using a magnetic field generated by current flowing in a conductor (write line) and which have a
high degree of flexibility in designing.
[0014] A magneto-resistive element according to the invention is set out in claim 1. It has: a magnetic yoke disposed
annularly, in a partial region along an extension direction of a conductor, in a circumferential direction so as to surround
the conductor, and having a pair of open ends facing each other while sandwiching a gap provided in a part in the
circumferential direction; and a stacked body including a magneto-sensitive layer of which magnetization direction chang-
es according to an external magnetic field and a pair of end faces, and the stacked body is disposed in the gap so that
each of the pair of end faces and each of the pair of open ends face each other. The phrase "facing each other" denotes
here a state where members face each other without direction contact with each other and without electric connection
to each other.
[0015] A magnetic memory cell according to the invention is set out in claim 6. It is a magnetic memory cell having a
pair of magneto-resistive elements. Each of the magneto-resistive elements has: a magnetic yoke disposed annularly,
in a partial region along an extension direction of a conductor, in a circumferential direction so as to surround the
conductor, and having a pair of open ends facing each other while sandwiching a gap provided in a part in the circum-
ferential direction; and a stacked body including a magneto-sensitive layer of which magnetization direction changes
according to an external magnetic field and a pair of end faces. The stacked body is disposed in the gap so that each
of the pair of end faces and each of the pair of open ends face each other.
[0016] A magnetic memory device according to the invention set out in claim 7. It has: a first write line; a second write
line extended so as to cross the first write line and, in a portion corresponding to an area of intersection with the first
write line, extended parallel to the first write line; and a magnetic memory cell including a pair of magneto-resistive
elements. Each of the pair of magneto-resistive elements has: a magnetic yoke disposed annularly, in a partial region
along an extension direction of the first and second write lines, in a circumferential direction so as to surround the first
and second write lines, and having a pair of open ends facing each other while sandwiching a gap provided in a part in
the circumferential direction; and a stacked body including a magneto-sensitive layer of which magnetization direction
changes according to an external magnetic field and a pair of end faces, and the stacked body is disposed in the gap
so that each of the pair of end faces and each of the pair of open ends face each other.
[0017] In the magneto-resistive element, the magnetic memory cell, and the magnetic memory device according to
the invention, the magnetization of the magneto-sensitive layer is inverted efficiently and, as compared with the case
where the stacked body and the magnetic yoke are in contact with each other, the material of the stacked body can be
selected from a wider range.
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[0018] In the magneto-resistive element, the magnetic memory cell, and the magnetic memory device according to
the invention, an insulating layer is provided between each of the pair of end faces and each of the pair of open ends.
It is also preferable that the area of a cross section orthogonal to the circumferential direction, of the magnetic yoke be
the smallest at the pair of open ends.
[0019] In the magneto-resistive element, the magnetic memory cell, and the magnetic memory device according to
the invention, the magnetic yoke includes: a pair of facing yokes extending in a direction apart from the pair of open
ends and facing each other while sandwiching the gap; a pair of pillar yokes each connected to one end on the side
opposite to the open end, of each of the pair of facing yokes and extending in the layer stack direction of the stacked
body while facing each other; and a beam yoke connected to one end on the side opposite to the pair of facing yokes,
of each of the pair of pillar yokes. The pair of magneto-resistive elements can be constructed so as to share at least one
of the pair of pillar yokes. In this case, it is preferable to provide the magneto-sensitive layer at the same level as that
of the pair of facing yokes.
[0020] Since each of the magneto-resistive element, the magnetic memory cell, and the magnetic memory device
according to the invention has a magnetic yoke disposed annularly, in a partial region along the extension direction of
a conductor (first and second write lines), in a circumferential direction so as to surround the conductor (first and second
write lines), and having a pair of open ends facing each other while sandwiching a gap provided in a part in the circum-
ferential direction; and a stacked body including a magneto-sensitive layer of which magnetization direction changes
according to an external magnetic field and a pair of end faces. The stacked body is disposed in the gap so that each
of the pair of end faces and each of the pair of open ends face each other. With the configuration, magnetization of the
magneto-sensitive layer can be efficiently inverted and, as compared with the case where the stacked body and the
magnetic yoke are in contact with each other, the material of the stacked body can be selected from a wider range and
the magnetic and electric performances of the stacked body can be sufficiently displayed.
[0021] Other and further objects, features and advantages of the invention will appear more fully from the following
description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 is a block diagram showing a general configuration of a magnetic memory device according to an embodiment
of the invention.
FIG. 2 is a plan view showing the configuration of a write line of the magnetic memory device illustrated in FIG. 1.
FIG. 3 is a partial plan view showing the configuration of a main part of a memory cell group in the magnetic memory
device illustrated in FIG. 1.
FIG. 4 is a perspective view showing the configuration of a main part of the memory cell group in the magnetic
memory device illustrated in FIG. 1.
FIG. 5 is a cross section showing the configuration of a plane taken along line V-V of the magnetic memory cell
illustrated in FIG. 3.
FIG. 6 is a cross section showing that the magnetic memory cell in FIG. 5 is conceptually divided into two TMR
elements.
FIG. 7 is another partial plan view showing the configuration of the main part of the memory cell group in the magnetic
memory device illustrated in FIG. 1.
FIG. 8 is a cross section showing the configuration of a plane taken along line VIII-VIII of the memory cell illustrated
in FIG. 7.
FIG. 9 is a circuit diagram showing the circuit configuration of the magnetic memory device illustrated in FIG. 1.
FIG. 10A is a first explanatory diagram showing the relation between a write current direction and a return magnetic
field direction (magnetization direction) in the cross-sectional configuration of the magnetic memory cell illustrated
in FIG. 5.
FIG. 10B is a second explanatory diagram showing the relation between the write current direction and the return
magnetic field direction (magnetization direction) in the cross-sectional configuration of the magnetic memory cell
illustrated in FIG. 5.
FIG. 11A is a first partial enlarged view of the circuit configuration illustrated in FIG. 9.
FIG. 11B is a second partial enlarged view of the circuit configuration illustrated in FIG. 9.
FIG. 12 is an enlarged cross section showing a process in a method of manufacturing the magnetic memory device
illustrated in FIG. 1.
FIG. 13 is an enlarged cross section showing a process subsequent to FIG. 12.
FIG. 14 is an enlarged cross section showing a process subsequent to FIG. 13
FIG. 15 is an enlarged cross section showing a process subsequent to FIG. 14.
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FIG. 16 is an enlarged cross section showing a process subsequent to FIG. 15.
FIG. 17 is an enlarged cross section showing a process subsequent to FIG. 16.
FIG. 18 is an enlarged cross section showing a process subsequent to FIG. 17.
FIG. 19 is an enlarged cross section showing a process subsequent to FIG. 18.
FIG. 20 is a cross section showing the configuration of a main part of a first modification of the magnetic memory
device illustrated in FIG. 1.
FIG. 21 is a cross section showing the configuration of a main part of a second modification of the magnetic memory
device illustrated in FIG. 1.
FIG. 22 is a cross section showing the configuration of a main part of a third modification of the magnetic memory
device illustrated in FIG. 1.

DETAILED DESCRIPTION OF THE PRFERRED EMBODIMENTS

[0023] An embodiment of the invention will be described in detail hereinbelow by referring to the drawings.
[0024] First, by referring to FIGs. 1 to 9, the configuration of a magnetic memory device according to an embodiment
of the invention will be described. FIG. 1 is a conceptual diagram showing a general configuration of a magnetic memory
device in the embodiment. The magnetic memory device of the embodiment has an address buffer 51, a data buffer 52,
a control logic part 53, a memory cell group 54, a first drive control circuit part 56, a second drive control circuit part 58,
external address input terminals A0 to A20, and external data terminals D0 to D7.
[0025] The memory cell group 54 has a matrix structure in which a number of memory cells 1 each having a pair of
tunneling magneto-resistive elements (hereinbelow, called TMR elements) are arranged in a word line direction (X-
direction) and a bit line direction (Y-direction) which are orthogonal to each other. The memory cell 1 is the minimum
unit for storing data in the magnetic memory device and is a concrete example corresponding to a "magnetic memory
cell" in the invention. The memory cell 1 will be described in detail later.
[0026] The first drive control circuit part 56 has an address decoder circuit 56A, a sense amplification circuit 56B, and
a current drive circuit 56C in the Y-direction. The second drive control circuit part 58 has an address decoder circuit 58A,
a constant current circuit 58B, and a current drive circuit 58C in the X-direction.
[0027] The address decoder circuits 56A and 58A are to select a word decode line 72 (which will be described later)
and a bit decode line 71 (which will be described later) according to an input address signal. The Y-direction sense
amplification circuit 56B and the X-direction constant current circuit 58B are circuits driven at the time of performing
reading operation. The Y-direction and X-direction current drive circuits 56C and 58C are circuits driven at the time of
performing writing operation.
[0028] The Y-direction sense amplification circuit 56B and the memory cell group 54 are connected to each other via
a plurality of bit decode lines 71 in which the sense current flows at the time of reading operation. Similarly, the X-direction
constant current circuit 58B and the memory cell group 54 are connected to each other via a plurality of word decode
lines 72 in which the sense current flows at the time of reading operation.
[0029] The Y-direction current drive circuit 56C and the memory cell group 54 are connected to each other via write
bit lines 5 (which will be described later) necessary at the time of writing operation. Similarly, the X-direction current
drive circuit 58C and the memory cell group 54 are connected to each other via write word lines 6 (which will be described
later) necessary at the time of writing operation.
[0030] The address buffer 51 has the external address input terminals A0 to A20 and is connected to the Y-direction
address decoder circuit 56A in the first drive control circuit part 56 via a Y-direction address line 57 and to the X-direction
address decoder circuit 58A in the second drive control circuit part 58 via an X-direction address line 55. The address
buffer 51 receives an address signal from the outside via the external address input terminals A0 to A20 and amplifies
the address signal to a voltage level required in the Y-direction address decoder circuit 56A and the X-direction address
decoder circuit 58A by a buffer amplifier (not shown) provided in the address buffer 51. Further, the address buffer 51
functions to divide the amplified address signal into two signals and output the signals to the Y-direction address decoder
circuit 56A via the Y-direction address line 57 and to the X-direction address decoder circuit 58A via the X-direction
address line 55.
[0031] The data buffer 52 is constructed by an input buffer 52A and an output buffer 52B, has the external data
terminals D0 to D7, is connected to the control logic part 53, and operates by an output control signal 53A from the
control logic part 53. The input buffer 52A is connected to the Y-direction current drive circuit 56C in the first drive control
circuit part 56 and the X-direction current drive circuit 58C in the second drive control circuit part 58 via a Y-direction
write data bus 61 and an X-direction write data bus 60, respectively. At the time of performing an operation of writing
data to the memory cell group 54, the input buffer 52A functions to receive signal voltages of the external data terminals
D0 to D7, amplify the signal voltage to a required voltage level by an internal buffer amplifier (not shown), and transmit
the resultant voltage to the X-direction current drive circuit 58C and the Y-direction current drive circuit 56C via the X-
direction write data bus 60 and the Y-direction write data bus 61, respectively. The output buffer 52B is connected to
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the sense amplification circuit 56B via a Y-direction read data bus 62. At the time of reading an information signal stored
in the memory cell group 54, the output buffer 52B functions to amplify the information signal supplied from the sense
amplification circuit 56B by an internally provided buffer amplifier (not shown) and to output the resultant signal with low
impedance to the external data terminals D0 to D7.
[0032] The control logic part 53 has a chip select terminal CS and a write enable terminal WE and is connected to the
data buffer 52. The control logic part 53 functions to receive a signal voltage from the chip select terminal CS for selecting
a memory cell to be subject to reading/writing from the group 54 of memory cells and a signal voltage from the write
enable terminal WE for outputting a write permit signal and to output the output control signal 53A to the data buffer 52.
[0033] The configuration related to information writing operation in the magnetic memory device shown in FIG. 1 will
now be described.
[0034] FIG. 2 is a conceptual diagram showing a configuration in plan view of a main part related to the writing operation
in the memory cell group 54. As shown in FIG. 2, the magnetic memory device of the embodiment includes a plurality
of write bit lines 5a and 5b and a plurality of write word lines 6 extending so as to cross the plurality of write bit lines 5a
and 5b. Each region where the write bit lines 5a and 5b and the write word line 6 cross each other includes a parallel
part 10a in which the write bit line 5a and the write word line 6 extend parallel with each other and a parallel part 10b in
which the write bit line 5b and the write word line 6 extend parallel with each other. Concretely, as shown in FIG. 2, the
write word lines 6 extend in the X-direction in a rectangular wave shape and the write bit lines 5a and 5b extend in the
Y-direction alternately and linearly. The rising and falling portions of the rectangular wave shape of the write word lines
6 form the plurality of parallel parts 10a and 10b in cooperation with the write bit lines 5a and 5b. The memory cell 1 is
provided in each of the regions where the write bit lines 5a and 5b cross the write word line 6 so as to include at least
a part of the parallel parts 10a and 10b. The memory cell 1 is constructed by TMR elements 1a and 1b, the TMR element
1a is provided in a region where the write bit line 5a and the write word line 6 cross each other, and the other TMR
element 1b is provided in the region where the write bit line 5b and the write word line 6 cross each other. The TMR
elements 1a and 1b are a concrete example of "a pair of magneto-resistive elements" of the invention.
[0035] To the write bit lines 5a and 5b and the write word line 6, currents from the Y-direction current drive circuit 56C
and the X-direction current drive circuit 58C flow. The current flowing in the write bit line 5a and the current flowing in
the write bit line 5b are always in the opposite directions. For example, as shown by the arrows in FIG. 2, when the
current direction in the write bit lines 5a is set as +Y direction, the current direction in the write bit lines 5b is -Y direction.
Therefore, in this case, when the current directions in the write word lines 6 are set as +X direction as a whole (from left
to right in the drawing sheet), the direction of current in the write bit line 5a and that in the write word line 6 in the TMR
element 1a are parallel with each other. The direction of current in the write bit line 5b and that in the write word line 6
flowing in the other TMR element 1b are also parallel with each other. In the following, if it is unnecessary to discriminate
the current directions from each other, the write bit lines 5a and 5b will be simply referred to as the write bit lines 5. The
write word line 6 is a concrete example corresponding to a "first write line" of the invention, and the write bit line 5 is a
concrete example corresponding to a "second write line" of the invention.
[0036] FIG. 3 shows the configuration in plan view of the main part of the memory cell group 54 more specifically. The
write bit lines 5a and 5b, write word lines 6, and memory cells 1 (TMR elements 1a and 1b) shown in FIG. 3 correspond
to those in FIG. 2. The TMR elements 1a and 1b are disposed in the parallel parts 10a and 10b of the write bit lines 5a
and 5b and the write word lines 6. The TMR elements 1a and 1b have stacked bodies S20a and S20b each including
a magneto-sensitive layer and the magnetic yokes 4a and 4b, respectively, and the magnetization direction of the
magneto-sensitive layer changes according to the magnetic field generated by the currents flowing in the write bit lines
5a and 5b and the write word lines 6 in the parallel parts 10a and 10b (that is, the external magnetic field in the magnetic
yokes 4a and 4b). The write word line 6 includes two parts of a part of a first level 6F provided in the same layer (first
level L1 which will be described later) as that of the write bit lines 5a and 5b and a part of a second level 6S which is
different from the part of the first level 6F and is formed in the second level L2 (to described later). The parts of the first
and second levels 6F and 6S are electrically connected to each other via a connection layer 6T (which will be described
later) made of a conductive material such as aluminum (Al) or copper (Cu). With the configuration, the write word line
6 extends in the X-direction over the write bit lines 5a and 5b extending in the Y-direction and functions as a single
conductive line extending in the X-direction as a whole. In this case, the write bit lines 5a and 5b and the part of the first
level 6F are provided in the first level L1 in the parallel parts 10a and 10b and are electrically insulated from each other.
[0037] At both ends of each write bit line 5, write bit line lead electrodes 47 are provided. One of the write bit line lead
electrodes 47 is connected to the Y-direction current drive circuit 56C and the other one is connected so as to be finally
grounded. Similarly, write word line lead electrodes 46 are provided at both ends of each write word line 6. One of the
write word line lead electrodes 46 is connected to the X-direction current drive circuit 58C and the other one is connected
so as to be finally grounded.
[0038] FIG. 4 is an enlarged perspective view of the memory cell 1. FIG. 5 shows a schematic sectional configuration
of the memory cell 1, which is taken along line V-V of FIG. 3. FIG. 6 shows that the memory cell 1 in FIG. 5 is conceptually
divided into the TMR elements 1a and 1b. FIGs. 5 and 6 are schematic views for clarifying the detailed configuration.
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The size ratio and shape of the memory cell 1 in FIGs. 5 and 6 do not always coincide with those of FIG. 4.
[0039] As shown in FIGs. 4 to 6, the memory cell 1 has the pair of TMR elements 1a and 1b having magnetic yokes
4a and 4b and stacked bodies S20a and S20b, respectively. The write bit lines 5a and 5b and the write word line 6 (part
of first level 6F) are arranged so as to be adjacent to each other in the first level L1 parallel with the layer stack face of
the stacked bodies S20a and S20b in a region surrounded by the magnetic yokes 4a and 4b (FIG. 5). The write word
line 6 (part of first level 6F), write bit lines 5a and 5b and magnetic yokes 4a and 4b are electrically insulated from each
other via insulating films 7a and 7b. The stacked body S20a is disposed in a gap in the magnetic yoke 4a so that a pair
of end faces K20a (K21 and K22) face a pair of open ends K4a (K41 and K42). Between the pair of end faces K20a and
the pair of open ends K4a, an insulating layer (not shown) made of, for example, aluminum oxide (Al2O3) is formed.
Similarly, the stacked body S20b is disposed in a gap in the magnetic yoke 4b so that a pair of end faces K20b (K23
and K24) face a pair of open ends K4b (K43 and K44). Between the pair of end faces K20b and the pair of open ends
K4b, an insulating layer (not shown) made of, for example, aluminum oxide (Al2O3) is formed. The pair of stacked bodies
S20a and S20b is sandwiched between a projection 32T and conductive layers 36a and 36b (which will be described
later) and is electrically connected to the conductive layers 36a and 36b in the layer stack direction (Z direction). The
pair of conductive layers 36a and 36b is a part of a pair of Schottky diodes 75a and 75b (which will be described later)
and the other ends of the Schottky diodes 75a and 75b are connected to read bit lines 33a and 33b (which will be
described later) extending in the Y-direction. The Schottky diodes 75a and 75b are buried in a substrate 31 (which will
be described later). The surface opposite to the surface which is in contact with the pair of conductive layers 36a and
36b, of the stacked bodies S20a and S20b, that is, the surface on the side of the region surrounded by the magnetic
yokes 4a and 4b is in contact with the projection 32T extending in the Y-direction. The projection 32T is a part of a read
word line 32 extending in the X-direction. Although the projection 32T is in contact with the magnetic yokes 4a and 4b
in FIG. 5, they may be electrically insulated from each other via an insulating film. The write word line 6 (part of first level
6F) and the write bit lines 5a and 5b are electrically insulated from the read word line 32 (projection 32T).
[0040] The TMR element 1a in the memory cell 1 has: the magnetic yoke 4a disposed in the circumferential direction
so as to surround the periphery of the write bit line 5a and the part of the first level 6F in a partial area in the extending
direction of the write bit line 5a and the write word line 6, specifically, an area (parallel part 10a) where the write bit line
5a and the write word line 6 extend parallel to each other, and having the pair of open ends K4a (K41 and K42) facing
each other over a gap provided in a part of the circumferential direction; and the stacked body S20a including a second
magnetic layer 8a as a magneto-sensitive layer of which magnetization direction changes according to an external
magnetic field and constructed so that current flows in the direction perpendicular to the stacked face. The pair of open
ends K4a is provided so as to face each other over the stacked body S20a in the X-direction. The other TMR element
1b has: the magnetic yoke 4b disposed in the circumferential direction so as to surround the periphery of the write bit
line 5b and the part of the first level 6F in a partial area in the extending direction of the write bit line 5b and the write
word line 6, specifically, an area (parallel part 10b) where the write bit line 5b and the write word line 6 extend parallel
to each other, and having the pair of open ends K4b (K43 and K44) facing each other over a gap provided in a part of
the circumferential direction; and the stacked body S20b including a second magnetic layer 8b as a magneto-sensitive
layer of which magnetization direction changes according to an external magnetic field and constructed so that current
flows in the direction perpendicular to the stacked face. The pair of open ends K4b is provided so as to face each other
over the stacked body S20b in the X-direction. The TMR elements 1a and 1b share a common part 34 as a part of the
magnetic yokes 4a and 4b.
[0041] As shown in FIGs. 5 and 6, the stacked bodies S20a and S20b are TMR films including, in order from the side
of the write bit line 5 and the write word line 6, the second magnetic layers 8a and 8b, tunnel barrier layers 3a and 3b,
and first magnetic layers 2a and 2b whose magnetization direction is fixed, respectively, and constructed so that current
flows in the direction perpendicular to the stack layer face. In FIGs. 5 and 6, to clarify the configuration of the stacked
bodies S20a and S20b, the stacked bodies S20a and S20b are exaggerated so as to be larger relative to the peripheral
parts.
[0042] In the case of inverting the magnetization directions of the second magnetic layers 8a and 8b so as to be
antiparallel to each other in the pair of TMR elements 1a and 1b, the directions of return magnetic fields formed so as
to pass in the pair of magnetic yokes 4a and 4b by the write bit lines 5a and 5b and the write word line 6 become the
same in the common part 34, and the magnetic flux density increases. Consequently, the return magnetic field can be
used more efficiently, and the current necessary to invert the magnetization directions of the magnetic yokes 4a and 4b
and the second magnetic layers 8a and 8b can be further decreased. Since a part of the magnetic yoke 4 is shared, the
pair of TMR elements 1a and 1b can be easily formed, the formation area of the memory cell 1 can be reduced, and
capacity of stored information can be increased.
[0043] In the stacked bodies S20a and S20b, when a voltage is applied in the direction perpendicular to the layer
stack face between the first magnetic layers 2a and 2b and the second magnetic layers 8a and 8b, for example, electrons
in the first magnetic layers 2a and 2b pass through the tunnel barrier layers 3a and 3b and move to the second magnetic
layers 8a and 8b, and tunnel current flows. The tunnel current changes according to a relative angle between the spin
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in the first magnetic layers 2a and 2b in the interface with the tunnel barrier layer 3 and the spin in the second magnetic
layers 8a and 8b. Specifically, when the spin of the first magnetic layers 2a and 2b and that of the second magnetic
layers 8a and 8b are parallel to each other, the resistance value becomes the minimum. When they are antiparallel to
each other, the resistance value becomes the maximum. By using the resistance values, the magneto-resistance change
ratio (MR ratio) is defined as Equation (1).

where "dR" denotes the difference between the resistance value in the case where the spins are parallel to each other
and that in the case where the spins are antiparallel to each other, and "R" indicates the resistance value in the case
where the spins are parallel to each other.
[0044] The resistance value against the tunnel current (hereinbelow, called tunnel resistance Rt) strongly depends
on the thickness T of the tunnel barrier layer 3. In a low voltage region, as shown in Equation (2), the tunnel resistance
Rt exponentially increases with the thickness T of the tunnel barrier layer 3.

where φ denotes the height of the barrier, "m*" denotes effective mass of electrons, "Ef" indicates Fermi energy, and h
indicates a Planck’s constant. Generally, in a memory element using the TMR element, to match with a semiconductor
device such as a transistor, it is said that the proper tunnel resistance Rt is about tens kΩ · (Pm)2. However, to realize
higher packing density in the magnetic memory device and higher operating speed, the tunnel resistance Rt is set to,
preferably, 10 kΩ · (Pm)2 or less, more preferably, 1kΩ · (Pm)2 or less. Therefore, to realize the tunnel resistance Rt, it
is desirable to set the thickness T of the tunnel barrier layer 3 to 2 nm or less, more preferably, 1.5 nm or less.
[0045] By reducing the thickness T of the tunnel barrier layers 3a and 3b, the tunnel resistance Rt can be reduced but
on the other hand, a leak current occurs due to roughness of the junction interfaces with the first magnetic layers 2a
and 2b and the second magnetic layers 8a and 8b so that the MR ratio deteriorates. To prevent this, the thickness T of
the tunnel barrier layers 3a and 3b has to be large to an extent that leak current does not flow. Concretely, the thickness
T is desirably 0.3 nm or larger.
[0046] Desirably, the stacked bodies S20a and S20b have a coercive force differential structure and the coercive force
of the first magnetic layers 2a and 2b is larger than that of the second magnetic layers 8a and 8b. Concretely, the coercive
force of the first magnetic layer 2 is preferably larger than (50/4π)x103A/m, more preferably, (100/4π)�103 A/m. With
the configuration, the magnetization direction of the first magnetic layers 2a and 2b can be prevented from being influenced
by unnecessary magnetic fields such as external scattered magnetic fields or the like. The first magnetic layers 2a and
2b are made of, for example, cobalt iron alloy (CoFe) and have a thickness of 5 nm. Alternately, cobalt (Co), cobalt
platinum alloy (CoPt), nickel iron cobalt alloy (NiFeCo), or the like can be applied to the first magnetic layers 2a and 2b.
The second magnetic layers 8a and 8b are made of, for example, cobalt (Co), cobalt iron alloy (CoFe), cobalt platinum
alloy (CoPt), nickel iron alloy (NiFe), or nickel iron cobalt alloy (NiFeCo). The axes of easy magnetization of the first
magnetic layers 2a and 2b and the second magnetic layers 8a and 8b are preferably parallel to each other so that the
magnetization direction of the first magnetic layers 2a and 2b and that of the second magnetic layers 8a and 8b are
stabilized in a parallel or antiparallel state.
[0047] The magnetic yokes 4a and 4b extend so as to annularly surround at least a part of the parallel parts 10a and
10b in the write bit lines 5a and 5b and the write word line 6 and are constructed so that a return magnetic field passing
in the magnetic yokes 4a and 4b is generated by current flowing in the parallel parts 10a and 10b. More specifically, as
shown in FIG. 6, the magnetic yoke 4a includes: a pair of facing yokes 41a (411 and 412) extending from the pair of
open ends K4a (K41 and K42) and facing each other while sandwiching a gap; a pair of pillar yokes 42a (421 and 422)
connected to one ends on the side opposite to the open ends K41 (K41 and K42), of the pair of facing yokes 41a (411
and 412) and extending in the layer stacking direction (Z direction) of the stacked body S20a while facing each other;
and a beam yoke 43a connected to one ends on the side opposite to the pair of facing yokes 41a (411 and 412), of the
pair of pillar yokes 42a (421 and 422). It is constructed so that the second magnetic layer 8a in the stacked body S20a
is in the same level as that of the pair of facing yokes 41a (411 and 412). The other magnetic yoke 4b includes: a pair
of facing yokes 41b (413 and 414) extending from the pair of open ends K4b (K43 and K44) and facing each other while
sandwiching a gap; a pair of pillar yokes 42b (422 and 423) connected to one ends on the side opposite to the open
ends K4b (K43 and K44), of the pair of facing yokes 41b (413 and 414) and extending in the layer stacking direction (Z
direction) of the stacked body S20b while facing each other; and a beam yoke 43b connected to one ends on the side
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opposite to the pair of facing yokes 41b (413 and 414), of the pair of pillar yokes 42b (422 and 423). It is constructed so
that the second magnetic layer 8b in the stacked body S20b is in the same level as that of the pair of facing yokes 41b
(413 and 414). The TMR elements 1a and 1b share the pillar yoke 422, and the common part 34 is formed as shown in
FIG. 5. The beam yokes 43a and 43b are provided in the second level L2 as that of the part of the second level 6S.
[0048] The magnetization direction of each of such magnetic yokes 4a and 4b is inverted by the return magnetic field
generated so as to pass the inside of the magnetic yokes 4a and 4b. Accompanying the inversion of the magnetization
direction of the magnetic yokes 4a and 4b by the return magnetic field, the magnetization direction of the second magnetic
layers 8a and 8b is inverted, so that the second magnetic layers 8a and 8b function as storage layers for storing
information. The magnetic yokes 4a and 4b are made of, for example, a metal containing at least one of nickel (Ni), iron
(Fe), and cobalt (Co). The area of the cross section orthogonal to the circumference direction in the magnetic yokes 4a
and 4b is the smallest in the pair of open ends K4a and K4b. Concretely, for example, as shown in FIG. 4, the width in
the Y-direction of the pair of facing yokes 41a and 41b in the magnetic yokes 4a and 4b decreases toward the stacked
bodies S20a and S20b and becomes the minimum in the pair of open ends K4a and K4b. With the configuration, write
current flows to the write bit lines 5a and 5b and the write word line 6. When the return magnetic field passing through
the magnetic yokes 4a and 4b is generated, the highest and stable magnetic flux density can be obtained in the stacked
bodies S20a and S20b (particularly, the second magnetic layers 8a and 8b). Thus, writing operation can be performed
efficiently and stably even with small write current.
[0049] The magnetic permeability of the magnetic yokes 4a and 4b is preferably high to make the return magnetic
field generated by the write bit lines 5a and 5b and the write word line 6 concentrated on the magnetic yokes 4a and 4b.
To be concrete, the magnetic permeability is 2,000 or higher and, more preferably, 6,000 or higher.
[0050] Each of the write bit lines 5a and 5b and the part of the first level 6F has a structure in which a film of titanium
(Ti) having a thickness of 10 nm, a film of titanium nitride (TiN) having a thickness of 10 nm, and a film of aluminum (Al)
having a thickness of 500 nm are sequentially stacked. The part of the second level 6S and the connection layer 6T are
made of the same kind of material as that of the magnetic yokes 4a and 4b, for example, NiFe. The write bit line 5 and
the write word line 6 are not limited to the configuration described above but may be made of at least one of, for example,
aluminum (Al), copper (Cu), and tungsten (W). The details of the operation of writing information to the memory cell 1
by using the write bit line 5 and the write word line 6 will be described later.
[0051] As described above, since the write bit lines 5a and 5b and the write word line 6 are disposed so as to be
adjacent to each other in the first level L1 parallel to the layer stack face of the stacked bodies S20a and S20b in the
region surrounded by the magnetic yokes 4a and 4gb, the magnetic memory device of the embodiment has a simpler
configuration in the layer stacking direction. In addition, the stacked body S20a is disposed in the gap of the magnetic
yoke 4a so that the pair of end faces K20a and the pair of open ends K4a face each other and, similarly, the stacked
body S20b is disposed in the gap of the magnetic yoke 4b so that the pair of end faces K20b and the pair of open ends
K4b face each other. Consequently, it is less subjected to the constraints such as a magnetic coupling state as compared
with the case where the stacked body and the magnetic yoke are in contact with each other and the material of the
stacked body S20b can be selected from a wide range. Thus, the stacked bodies S20a and S20b fully displaying the
magnetic characteristics of the TMR elements 1a and 1b while having the magnetic yokes 4a and 4b as a closed magnetic
circuit through which the return magnetic field passes can be obtained.
[0052] The configuration related to information reading operation, in the magnetic memory device shown in FIG. 1 will
now be described by referring to FIGs. 7 and 8. FIG. 7 is a plan view showing the configuration of a main part related
to the reading operation of the memory cell group 54 and corresponds to FIG. 3. FIG. 8 is a cross section taken along
line XIII-XIII of FIG. 7.
[0053] As shown in FIG. 7, each memory cell 1 is disposed at a position corresponding to each of the intersecting
points of the plurality of read word lines 32 and the plurality of read bit lines 33a and 33b in the XY plane. The under
face of the stacked bodies S20a and S20b in the memory cell 1 is in contact with the pair of read bit lines 33a and 33b
via the pair of Schottky diodes 75a and 75b (hereinbelow, simply called diodes 75a and 75b), and the top face of the
stacked bodies S20a and S20b is in contact with the read word line 32. The read bit lines 33a and 33b supply read
current to the pair of TMR elements 1a and 1b in each memory cell 1 and the read word line 32 leads the read current
passed to the TMR elements 1a and 1b to the ground. At both ends of each read bit line 33, read bit line lead electrodes
49 are provided. On the other hand, at both ends of each read word line 32, read word line lead electrodes 48 are provided.
[0054] As shown in FIG. 8, the magnetic memory device of the embodiment is constructed so that, in a region including
the memory cell 1, a pair of stacked bodies S20a and S20b and the magnetic yokes 4a and 4b each having a pair of
open ends facing each other while sandwiching the stacked body are formed over the substrate 31 provided with the
pair of diodes 75a and 75b functioning as a rectifier.
[0055] The pair of diodes 75a and 75b have the conductive layers 36a and 36b, an epitaxial layer 37, and a substrate
38 in order from the side of the stacked bodies S20a and S20b. Between the conductive layers 36a and 36b and the
epitaxial layer 37, a Schottky barrier is formed. The conductive layers 36a and 36b are in contact with the stacked bodies
S20a and S20b in a part of the face opposite to the epitaxial layer 37, and the other part is surrounded by insulating
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layers 31A and 17. The diodes 75a and 75b do not have parts electrically connected to each other except for connection
to the magnetic layers 4a and 4b while sandwiching the stacked bodies S20a and S20b. The substrate 38 is an n type
silicon wafer. Generally, in the n type silicon wafer, an impurity of phosphorus (P) is diffused. As the substrate 38, a
wafer of an n++ type obtained by being highly doped with phosphorus is used. As the epitaxial layer 37, a wafer of the
n· type obtained by being lightly doped with phosphorus is used. By making the epitaxial layer 37 as an n· type semi-
conductor and the conductive layers 36a and 36b made of a metal come into contact with each other, a band gap is
created and a Schottky barrier is formed. Further, the pair of diodes 75a and 75b is connected to the read bit lines 33a
and 33b, respectively, via a connection layer 33T.
[0056] Referring now to FIG. 9, the circuit configuration related to the reading operation in the magnetic memory device
of the embodiment will be described.
[0057] FIG. 9 is a configuration diagram of a circuit system constructed by the memory cell group 54 and a read circuit.
In the read circuit system, the memory cell 1 is of a differential amplifier type constructed by the pair of TMR elements
1a and 1b. Information in the memory cell 1 is read by outputting a differential value of read currents passed to the TMR
elements 1a and 1b (currents passed from the read bit lines 33a and 33b to the TMR elements 1a and 1b and output
to the common read word line 32).
[0058] In FIG. 9, a unit read circuit 80 (..., 80n, 80n+1, ...) as a unit of repetition of the read circuit is constructed by
the memory cells 1 of each bit line in the memory cell group 54 and a part of the read circuit including the sense
amplification circuit 56B, and the unit read circuits 80n are arranged in the bit line direction. Each of the unit read circuits
80n is connected to the Y-direction address decoder circuit 56A via the bit decode line 71 (..., 71n, 71n+1, ...) and is
connected to the output buffer 52B via the Y-direction read data bus 62.
[0059] In the memory cell group 54, the read word lines 32 (..., 32m, 32m+1, ...) arranged in the X-direction and the
pair of read bit lines 33a and 33b arranged in the Y-direction are disposed in a matrix. Each of the memory cells 1 is
disposed at a position intersecting with the read word line 32 in a region sandwiched by the pair of read bit lines 33a
and 33b. One ends of the TMR elements 1a and 1b in each memory cell 1 are connected to the read bit lines 33a and
33b via the pair of diodes 75a and 75b, respectively, and the other ends are connected to the common read word line 32.
[0060] One end of each read word line 32 is connected to a read switch 83 (..., 83m, 83m+1, ...) via the read word line
lead electrode 48 and is also connected to a common X-direction constant current circuit 58B. Each read switch 83 is
connected to the X-direction address decoder circuit 58A via the word decode line 72 (..., 72m, 72m+1, ...). The read
switch 83 is made conductive when a selection signal from the X-direction address decoder circuit 58A is supplied. The
X-direction constant current circuit 58B has the function of making the current flowing in the read word line 32 constant.
[0061] One end of each read bit line 33 is connected to the Y-direction sense amplification circuit 56B via the read bit
line lead electrode 49, and the other end is finally grounded. One Y-direction sense amplification circuit 56B is provided
per unit read circuit 80 and has the function of receiving the potential difference between the pair of read bit lines 33a
and 33b in each unit read circuit 80 and amplifying the potential difference. The Y-direction sense amplification circuit
56B is connected to the output line 82 (..., 82n, 82n+1, ...) and is finally connected to the output buffer 52B via the Y-
direction read data bus 62.
[0062] The operation in the magnetic memory device of the embodiment will now be described.
[0063] First, by referring to FIG. 2 and FIGs. 10A and 10B, the operation of writing information in the memory cell 1
will be described. FIGs. 10A and 10B express the relation between the write current direction and the return magnetic
field direction (magnetization direction) in the cross-sectional configuration of the memory cell 1 shown in FIG. 5. The
arrows indicated in magnetic layers in FIGs. 10A and 10B indicate the magnetization directions of the magnetic layers.
With respect to the magnetic yokes 4a and 4b, the magnetic field directions of a magnetic path formed on the inside are
also shown. The magnetization of the first magnetic layers 2a and 2b is fixed to the -X direction. FIGs. 10A and 10B
show the case where write current flows in the same direction to the write bit line 5 and the part of the first level 6F which
extend in the memory cell 1 and are parallel to each other. FIG. 10A corresponds to the write current direction shown
in FIG. 2. FIG. 10A shows a case where write current flows from this side to the depth in the direction perpendicular to
the drawing sheet (to the +Y direction) in the TMR element 1a, a return magnetic field 16a is generated in the clockwise
direction so as to pass the inside of the magnetic yoke 4a surrounding the write bit line 5a and the part of the first level
6F, write current flows from the depth to this in the direction perpendicular to the drawing sheet side (to the Y direction)
in the TMR element 1b, and a return magnetic field 16b is generated in the counterclockwise direction so as to pass the
inside of the magnetic yoke 4b surrounding the write bit line 5b and the part of the first level 6F. In this case, the
magnetization direction of the second magnetic layer 8a is the -X direction and the magnetization direction of the second
magnetic layer 8b is the +X direction. FIG. 10B corresponds to the case where the directions of current flowing in the
write bit line 5 and the part of the first level 6F are opposite to those shown in FIG. 10A. Specifically, FIG. 10B shows a
case where write current flows from the depth to this side in the direction perpendicular to the drawing sheet (to the -Y
direction) in the TMR element 1a, the return magnetic field 16a is generated in the counterclockwise direction so as to
pass the inside of the magnetic yoke 4a surrounding the write bit line 5a and the part of the first level 6F, write current
flows from this side to the depth in the direction perpendicular to the drawing sheet (to the +Y direction) in the TMR



EP 1 528 569 B1

11

5

10

15

20

25

30

35

40

45

50

55

element 1b, and the return magnetic field 16b is generated in the clockwise direction so as to pass the inside of the
magnetic yoke 4b surrounding the write bit line 5b and the part of the first level 6F. In this case, the magnetization
direction of the second magnetic layer 8a is the +X direction and the magnetization direction of the second magnetic
layer 8b is the -X direction.
[0064] In the cases of FIGs. 10A and 10B, the current direction of the write bit line 5a and the part of the first level 6F
penetrating the TMR element 1a and that of the write bit line 5b and the part of the first level 6F penetrating the TMR
element 1b are opposite to each other. Consequently, the directions of the return magnetic fields 16a and 16b flowing
in the pillar yoke 422 (refer to FIG. 6) corresponding to the common part 34 of the magnetic yokes 4a and 4b can be
made the same (the -Z direction in FIG. 10A and the +Z direction in FIG. 10B).
[0065] As obvious from FIGs. 10A and 10B, according to the directions of the return magnetic fields 16a and 16b
generated by the currents flowing in the write bit line 5 and the write word line 6 penetrating the magnetic yokes 4a and
4b, the magnetization direction of the second magnetic layer 8a and that of the second magnetic layer 8b change so as
to be opposite to each other. By using the phenomenon, information can be stored in the memory cell 1.
[0066] To be specific, when current flows in the same direction in the write bit line 5 and the write word line 6, the
magnetization directions of the magnetic yokes 4a and 4b are inverted and, accompanying the inversion, the magneti-
zation directions of the second magnetic layers 8a and 8b change, thereby enabling binary information of "0" or "1" to
be stored. In the case where "0" corresponds to, for example, the state of FIG. 10A, specifically, the state where the
second magnetic layer 8a is magnetized in the -X direction and the other second magnetic layer 8b is magnetized in
the +X direction, "1" corresponds to the state of FIG. 10B, specifically, the state where the second magnetic layer 8a is
magnetized in the +X direction and the second magnetic layer 8b is magnetized in the -X direction. In such a manner,
information can be stored.
[0067] In this case, in the TMR elements 1a and 1b, when the magnetization direction of the first magnetic layers 2a
and 2b and that of the second magnetic layers 8a and 8b are parallel, a low resistance state in which large tunnel current
flows is obtained. When they are antiparallel to each other, a high resistance state in which only small tunnel current
flows is obtained. That is, one of the pair of TMR elements 1a and 1b is always in the low resistance state and the other
one is in the high resistance state, thereby storing information. In the case where the write currents flow in the opposite
directions in the write bit lines 5a and 5b and the write word line 6 or in the case where the write current flows only in
the write bit lines 5a and 5b or the write word line 6, the magnetization direction of each of the second magnetic layers
8a and 8b is not inverted and the data is not rewritten.
[0068] In the memory cell 1 in the magnetic memory device of the embodiment having the configuration as described
above, by passing the currents in the same direction to both of the write bit lines 5a and 5b and the write word line 6,
the direction of the current magnetic field generated by the write bit lines 5a and 5b and that of the current magnetic
field generated by the write word line 6 become the same in the magnetic yokes 4a and 4b, so that a synthetic magnetic
field can be generated. Consequently, as compared with the case where the magnetic yokes 4a and 4b are not provided
and the case where the write bit lines 5a and 5b and the write word line 6 perpendicularly cross each other, higher
magnetic flux density is obtained. Thus, the current magnetic field can be used more efficiently and the current necessary
to invert the magnetization in the second magnetic layers 8a and 8b can be reduced.
[0069] In the magnetic memory device of the embodiment, the pair of open ends K4a faces the pair of end faces K20a,
and the pair of open ends K4b faces the pair of end faces K20b. Consequently, the stack bodies S20a and S20b are
disposed in the closed magnetic circuit formed in the magnetic yokes 4a and 4b by passing current to both of the write
bit lines 5a and 5b and the write word line 6. Therefore, magnetization inversion in the magnetic yokes 4a and 4b in the
TMR elements 1a and 1b can be performed more efficiently and a magnetic influence on memory cells adjacent to the
memory cell 1 to be subject to writing can be reduced. Further, by the shield effect by the magnetic yokes 4a and 4b,
neighboring memory cells can be disposed on the substrate at narrower intervals. Thus, it is advantageous for realizing
higher integration and higher packing density of the magnetic memory device. In particular, the second magnetic layer
8a is disposed so as to be in the same level as the pair of facing yokes 411 and 412 and the second magnetic layer 8b
is disposed so as to be in the same level as the pair of facing yokes 413 and 414. Consequently, the magnetic flux
density of the return magnetic fields passing the second magnetic layers 8a and 8b becomes higher and magnetization
inversion in the second magnetic layers 8a and 8b can be performed more efficiently.
[0070] Referring now to FIGs. 1, 9, 11A, and 11B, the reading operation in the magnetic memory device of the
embodiment will be described.
[0071] First, one of the plurality of bit decode lines 71 is selected by the Y-direction address decoder circuit 56A in
the first drive control circuit part 56 and a control signal is transmitted to the corresponding Y-direction sense amplification
circuit 56B. As a result, read current flows in the read bit lines 33a and 33b and the positive potential is given to the side
of the stacked bodies S20a and S20b in the TMR elements 1a and 1b. Similarly, by the X-direction address decoder
circuit 58A in the second drive control circuit part 58, one of the plurality of word decode lines 72 is selected and the
read switch 83 in the corresponding part is driven. The selected read switch 83 is energized, read current flows in the
corresponding read word line 32, and a negative potential is given to the side opposite to that of the stacked bodies
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S20a and S20b. Therefore, read current necessary for reading can be passed to one memory cell 1 selected by the Y-
direction address decoder circuit 56A and the X-direction address decoder circuit 58A. Based on the read current, the
magnetization directions of the pair of second magnetic layers 8a and 8b are detected, thereby enabling stored information
to be read.
[0072] FIGs. 11A and 11B are circuit diagrams each showing a portion around the memory cell 1. The magnetization
directions of the first magnetic layers 2a and 2b in the stacked bodies S20a and S20b are indicated by hollow arrows
and those of the second magnetic layers 8a and 8b are indicated by solid arrows. Both of the magnetization directions
of the first magnetic layers 2a and 2b are fixed to the left directions. In FIG. 11A, the magnetization direction of the first
magnetic layer 2a and that in the second magnetic layer 2b in the stacked body S20a are parallel, and the magnetization
direction of the first magnetic layer 2b and that of the second magnetic layer 2b in the other stacked body S20b are
antiparallel to each other. In this case, the stacked body S20a is in the low resistance state, and the stacked body S20b
is in the high resistance state. This case corresponds to, for example, "0". In the other case of FIG. 11B, different from
the case of FIG. 11A, the stacked body S20a is in the high resistance state and the stacked body S20b is in the low
resistance state. This case corresponds to, for example, "1". Such binary information can be obtained by utilizing the
fact that the resistance values of the stacked bodies S20a and S20b are different from each other and detecting the
difference between the values of currents flowing in the stacked bodies S20a and S20b.
[0073] A method of manufacturing the magnetic memory device of the embodiment having the configuration as de-
scribed above will now be explained.
[0074] The method of manufacturing the magnetic memory device of the embodiment includes: a stacked body forming
step of forming the pair of stacked bodies S20a and S20b over the substrate 31 provided with the pair of diodes 75a
and 75b; a bottom yoke forming step of forming bottom yokes 4B so as to face each other while sandwiching each of
the pair of stacked bodies S20a and S20b; a write line forming step of simultaneously forming the pair of parts of the
first level 6F and the write bit lines 5a and 5b so as to be disposed adjacent to each other in the first level L1 including
the same plane parallel to the layer stack face of the stacked bodies S20a and S20b via the read word line 32 (projection
32T) and an insulating film 7A over the bottom yoke 4B; and a magnetic yoke forming step of forming the pair of magnetic
yokes 4a and 4b which are disposed in the circumferential direction so as to surround the pair of write word lines 6B
and the write bit lines 5a and 5b in cooperation with the bottom yokes 4B by providing a top yoke 4U around the pair of
parts of the first level 6F and the write bit lines 5a and 5b via an insulating film 7B and which share a part each other.
The method will be described in detail hereinbelow by referring to the drawings.
[0075] A method of manufacturing, mainly, the memory cell 1 in the magnetic memory device will be concretely
described hereinbelow by referring to FIGs. 12 to 19. FIGs. 12 to 19 are cross sections taken along line α-α’-α shown
in FIG. 3 and show manufacturing processes in order. Although only the TMR 1a in the memory cell 1 is shown and the
TMR 1b is not shown in FIGs. 12 to 19, the manufacturing method forms the TMRs 1a and 1b simultaneously.
[0076] In the bottom yoke forming step, the bottom yoke 4B (specifically, the facing yokes 41a and 41b and part of
pillar yokes 421 to 423) is formed over the substrate 31 so as to face each other while sandwiching each of the stacked
bodies S20a and S20b. First, as shown in FIG. 12, the substrate 31 in which the diodes 75a and 75b are buried and on
which the stacked bodies S20a and S20b and the insulating film 17A surrounding the stacked bodies S20a and S20b
and the periphery of the stacked bodies S20a and S20b are formed is prepared. In FIGs. 13 to 19 following FIG. 12, the
details of the substrate 31 will be omitted. Subsequently, as shown in FIG. 13, a resist pattern 30A is selectively formed.
The resist pattern 30A is used as a mask and the insulating film 17A in not-protected regions is etched to at least a depth
corresponding to the thickness of the second magnetic layers 8a and 8b in the stacked bodies S20a and S20b by reactive
ion etching (RIE) or the like. After that, the bottom yokes 4B facing each other while sandwiching the stacked bodies
S20a and S20b are formed by, for example, sputtering to the level which is the same as that of the top face of the stacked
bodies S20a and S20b so as to fill in the etched regions in the insulating film 17A.
[0077] In the following write line forming step, the write bit lines 5a and 5b and the parts of the first level 6F are formed
so as to be disposed adjacent to each other in the first level L1. First, as shown in FIG. 14, after the resist pattern 30A
is removed, the read word line 32 (projection 32T) is selectively formed so as to be in contact with the top face of the
stacked bodies S20a and S20b. Next, the insulating film 7A and an underplating film 56S are sequentially formed on
the whole surface. Concretely, for example, by using a CVD apparatus, the insulating film 7A made of aluminum oxide
(Al2O3) or the like is formed and, after that, the underplating film 56S made of a conductive material such as copper
(Cu) is formed by sputtering or the like. After that, as shown in FIG. 15, a resist pattern 30B is selectively formed on the
underplating film 56S. The resist pattern 30B is formed so as not to cover regions in which the write bit lines 5a and 5b
and the parts of the first level 6F are to be formed. The resultant is soaked in a plating bath and a plating process using
the underplating film 56S as an electrode is performed, thereby simultaneously forming the write bit lines 5a and 5b and
the parts of the first level 6F. After the plating process, as shown in FIG. 16, the resist pattern 30B is removed and,
further, the exposed underplating film 56S is removed by milling or the like. Generally, such a thin film patterning method
is called a frame plating method.
[0078] In the following magnetic yoke forming step, the top magnetic yoke 4U (specifically, a pair of pillar yokes 42
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and a second beam yoke 43) and the parts of the second level 6S are formed. First, as shown in FIG. 17, the insulating
film 7B made of Al2O3 is formed by sputtering or the like on the whole surface and, after that, a resist pattern 30C is
selectively formed on the insulating film 7B. Concretely, the resist pattern 30C is formed so as not to cover parts
corresponding to parts on both sides of the regions in which the write bit lines 5a and 5b and the parts of the first level
6F are formed in the region where the bottom yoke 4B is formed and parts corresponding to the parts of the first level
6F in the region where the bottom yoke 4B is not formed. After that, the resist pattern 30C is used as a mask and the
insulating films 7A and 7B in the not-protected regions are removed by reactive ion etching (RIE) or the like. By the
operation, as shown in FIG. 18, through holes 7H1 and 7H2 are formed, and regions in which the bottom yoke 4B is
exposed and a region in which a part of the parts of the first level 6F is exposed appear on both sides of the write bit
lines 5a and 5b and the parts of the first level 6F covered with the insulating film 7B. After that, as shown in FIG. 19, a
resist pattern 30D having a predetermined shape is formed. By performing a plating process using the resist pattern
30D as a frame, the top yoke 4U and the part of the second level 6S can be formed simultaneously in the second level
L2. The formation of the magnetic yoke 4 and the write word line 6 is completed and the memory cell 1 is completed.
After completion of the memory cell 1, the read word line 32 having a desired width is formed so as to be electrically
connected to the top yoke 4U.
[0079] After that, the write word line lead electrodes 46 are formed at both ends of the write word line 6, the write bit
line lead electrodes 47 are formed at both ends of the write bit line 5, the read word line lead electrodes 48 are formed
at both ends of the read word line 32 and, further, the read bit line lead electrodes 49 are formed at both ends of the
read bit line 33.
[0080] In such a manner, formation of the memory cell group 54 including the memory cells 1 is completed.
[0081] Further, by performing a process of forming a protection layer made of silicon oxide (SiO2), Al2O3, or the like
by a sputtering apparatus, a CVD apparatus, or the like and a process of polishing the protection layer to expose the
lead electrodes 46 to 49, manufacture of the magnetic memory device is completed.
[0082] As described above, the method of manufacturing the magnetic memory device of the embodiment includes
the process of simultaneously forming the write bit lines 5a and 5b and the parts of the first level 6F. Consequently, as
compared with the case of forming the write bit lines 5a and 5b and the parts of the first level 6F separately, the memory
cell 1 can be formed by the smaller number of processes. In particular, the magnetic yoke forming step includes the
step of forming the part of the second level 6S simultaneously with the top magnetic yoke 4U in regions other than the
regions surrounded by the magnetic yokes 4a and 4b, so that the manufacturing process can be further simplified.
[0083] Although the invention has been described above by the embodiment and examples, the invention is not limited
to the foregoing embodiment but can be variously modified. For example, the configuration of the stacked body is not
limited to that of the stacked bodies S20a and S20b shown in FIG. 5 in the foregoing embodiment. Like stacked bodies
S21a and S21b of a memory cell 121 (first modification) shown in FIG. 20, the second magnetic layers 8a and 8b as
magneto-sensitive layers may have a two-layer structure including first free magnetization layers 181a and 181b and
second free magnetization layers 182a and 182b having a coercive force larger than that of the first free magnetization
layers 181a and 181b, respectively. Although not shown, it is also possible to provide an antiferromagnetic layer on the
side opposite to the tunnel barrier layers 3a and 3b, of the first magnetic layers 2a and 2b in the stacked bodies S20a
and S20b or the stacked bodies S21a and S21b to thereby stabilize magnetization of the first magnetic layers 2a and
2b. The stacked body is not limited to the configuration that current flows in the direction orthogonal to the layer stack
face but may be constructed so that current flows along the layer stack face.
[0084] Like a memory cell 122 in a magnetic memory device as a second modification shown in FIG. 21, part of the
projection 32T in the read word line 32 may also serve as a magneto-sensitive layer of the stacked body. Specifically,
in the TMR elements 122a and 122b, connection parts 183a and 183b as part of the projections 32T also function as
magneto-sensitive layers in stacked bodies S22a and S22b. Consequently, the second magnetic layers 8a and 8b
provided in the TMR elements 1a and 1b in the foregoing embodiment can be omitted and the memory cell 122 having
a configuration simpler than that of the memory cell 1 can be obtained. In the second embodiment, it is desirable to form
the projection 32T by using, for example, NiFe (permalloy) in consideration of conductivity and a soft magnetic property.
[0085] Although the magnetic memory cell having the pair of magnetoresistive elements has been described above
in the foregoing embodiment, the invention is not limited to the configuration. For example, like a TMR element 123 in
a magnetic memory device as a third modification shown in FIG. 22, a single TMR element having one magnetic yoke
4 and one stacked body S20 may be used as the magnetic memory device.
[0086] Obviously many modifications and variations of the present invention are possible in the light of the above
teachings. It is therefore to be understood that within the scope of the appended claims, the invention may be practiced
otherwise than as specifically described.
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Claims

1. A magneto-resistive element comprising:

a magnetic yoke (4a. 4b) disposed annularly, in a partial region along an extension direction of a conductor, in
a circumferential direction so as to surround the conductor, and having a pair of open ends (K4a, K4b) facing
each other while sandwiching a gap provided in a part in the circumferential direction; and
a stacked body (S20a, S20b) including a magneto-sensitive layer of which magnetization direction changes
according to an external magnetic field and a pair of end faces (K20a, K20b), wherein the stacked body (S20a,
S20b) is disposed in the gap so that each of the pair of end faces (K20a. K20b) and each of the pair of open
ends (K4a, K4b) face each other, characterized by
a pair of electrodes passing a sense current in a layer stack direction of the stacked body (S20a, S20b), with
respect to the stacked body (S20a, S20b),
wherein the conductor, the stacked body (S20a, S20b) and the magnetic yoke (4a. 4b) are insulated from each
other.

2. A magneto-resistive element according to claim 1,
wherein an insulating layer is provided between each of the pair of end faces (K20a, K20b) and each of the pair of
open ends (K4a, K4b).

3. A magneto-resistive element according to claim 1, wherein area of a cross section orthogonal to the circumferential
direction, of the magnetic yoke (4a, 4b) is the smallest at the pair of open ends (K4a. K4b).

4. A magneto-resistive element according claim 1, wherein the magnetic yoke (4a, 4b) includes:

a pair of facing yokes (41a, 41b) extending in a direction apart from the pair of open ends (K4a, K4b) and facing
each other while sandwiching the gap;
a pair of pillar yokes (42a. 42b) each connected to one end on the side opposite to the open end (K4a. K4b),
of each of the pair of facing yokes (41a, 41b) and extending in the layer stack direction of the stacked body
(S20a, S20b) while facing each other; and
a beam yoke connected to one end on the side opposite to the pair of facing yokes (41a, 41b), of each of the
pair of pillar yokes.

5. A magneto-resistive element according to claim 4, wherein the magneto-sensitive layer is provided at the same
level as that of the pair of facing yokes (41a, 41b).

6. A magnetic memory cell having a pair of magneto-resistive elements according to one of claims 1 to 5.

7. A magnetic memory device comprising:

a first write line;
a second write line extended so as to cross the first write line and, in a portion corresponding to an area of
intersection with the first write line, extended parallel to the first write line; and
a magnetic memory cell including a pair of magneto-resistive elements according to one of claims 1 to 5.

8. A magnetic memory device according to claim 7, further comprising a read line electrically connected to the stacked
body (S20a. S20b) in a region in which the first and second write lines are surrounded by the magnetic yoke (4a, 4b).

Patentansprüche

1. Magnetoresistives Element, mit:

einem Magnetjoch (4a, 4b), das ringförmig in einem Teilbereich längs einer Erstreckungsrichtung eines Leiters
in einer Umfangsrichtung angeordnet ist, um den Leiter zu umgeben, und das ein Paar offener Enden (K4a,
K4b) besitzt, die einander zugewandt sind und dabei einen Luftspalt zwischen sich bilden, der in einem Teil in
der Umfangsrichtung vorgesehen ist; und
einem Stapelkörper (S20a, S20b), der eine magnetosensitive Schicht enthält, wovon sich eine Magnetisie-
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rungsrichtung in Übereinstimmung mit einem äußeren Magnetfeld ändert und ein Paar Stirnflächen (K20a,
K20b) aufweist, wobei der Stapelkörper (S20a, S20b) in dem Luftspalt angeordnet ist, so dass jede der beiden
Stirnflächen (K20a, K20b) und jedes der offenen Enden (K4a, K4b) einander zugewandt sind, gekennzeichnet
durch
ein Paar Elektroden, die einen Lesestrom in einer Schichtstapelrichtung des Stapelkörpers (S20a, S20b) in
Bezug auf den Stapelkörper (S20a, S20b) durchlassen,
wobei der Leiter, der Stapelkörper (S20a, S20b) und das Magnetjoch (4a, 4b) voneinander isoliert sind.

2. Magnetoresistives Element nach Anspruch 1,
wobei zwischen jeder der beiden Stirnflächen (K20a, K20b) und jedem der beiden offenen Enden (K4a, K4b) eine
Isolierschicht vorgesehen ist.

3. Magnetoresistives Element nach Anspruch 1, wobei die Fläche eines Querschnitts senkrecht zu der Umfangsrichtung
des Magnetjochs (4a, 4b) bei den beiden offenen Enden (K4a, K4b) am kleinsten ist.

4. Magnetoresistives Element nach Anspruch 1, wobei das Magnetjoch (4a, 4b) enthält:

ein Paar einander zugewandter Joche (41a, 41b), die sich in einer Richtung weg von den beiden offenen Enden
(K4a, K4b) erstrecken und einander zugewandt sind und dabei zwischen sich den Luftspalt bilden;
ein Paar Säulenjoche (42a, 42b), die jeweils mit einem Ende auf der dem offenen Ende (K4a, K4b) gegenüber-
liegenden Seite jedes der beiden einander zugewandten Joche (41a, 41b) verbunden sind und sich in der
Schichtstapelrichtung des Stapelkörpers (S20a, S20b) erstrecken und dabei einander zugewandt sind; und
ein Balkenjoch, das mit einem Ende auf der Seite gegenüber der beiden einander zugewandten Joche (41a,
41b) jedes der beiden Säulenjoche verbunden ist.

5. Magnetoresistives Element nach Anspruch 4, wobei die magnetosensitive Schicht auf der gleichen Höhe wie jene
der beiden einander zugewandten Joche (41a, 41b) vorgesehen ist.

6. Magnetische Speicherzelle, die ein Paar magnetoresistiver Elemente nach einem der Ansprüche 1 bis 5 besitzt.

7. Magnetische Speichervorrichtung, mit:

einer ersten Schreibleitung;
einer zweiten Schreibleitung, die sich in der Weise erstreckt, dass sie die erste Schreibleitung quert, und sich
in einem Abschnitt, der einem Schnittbereich mit der ersten Schreibleitung entspricht, parallel zu der ersten
Schreibleitung erstreckt; und
einer magnetischen Speicherzelle, die ein paar magnetoresistiver Elemente nach einem der Ansprüche 1 bis
5 enthält.

8. Magnetische Speichervorrichtung nach Anspruch 7, ferner mit einer Leseleitung, die mit dem Stapelkörper (S20a,
S20b) in einem Bereich elektrisch verbunden ist, in dem die erste und die zweite Schreibleitung von den Magnet-
jochen (4a, 4b) umgeben sind.

Revendications

1. Élément magnétorésistif comprenant :

une culasse magnétique (4a, 4b) disposée de manière annulaire, dans une zone partielle le long d’une direction
d’extension d’un conducteur, dans une direction circonférentielle de façon à entourer le conducteur, et possédant
un couple d’extrémités ouvertes (K4a, K4b) se faisant face tout en prenant en sandwich un entrefer disposé
dans une partie dans la direction circonférentielle ; et
un corps empilé (S20a, S20b) incluant une couche magnéto-sensible dont une direction de magnétisation
change selon un champ magnétique externe, et un couple de faces d’extrémité (K20a, K20b) dans lequel le
corps empilé (S20a, S20b) est disposé dans l’entrefer de sorte que chaque face du couple de faces d’extrémité
(K20a, K20b) et chaque extrémité du couple d’extrémités ouvertes (K4a, K4b) se font face, caractérisé par
un couple d’électrodes passant un courant de lecture dans une direction d’empilement de couche du corps
empilé (S20a, S20b), par rapport au corps empilé (S20a, S20b),
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dans lequel le conducteur, le corps empilé (S20a, S20b) et la culasse magnétique (4a, 4b) sont isolés les uns
des autres.

2. Élément magnétorésistif selon la revendication 1,
dans lequel une couche d’isolation est prévue entre chaque face du couple de faces d’extrémité (K20a, K20b) et
chaque extrémité du couple d’extrémités ouvertes (K4a, K4b).

3. Élément magnétorésistif selon la revendication 1, dans lequel une surface d’une section transversale, orthogonale
à la direction circonférentielle, de la culasse magnétique (4a, 4b) est la plus petite au niveau du couple d’extrémités
ouvertes (K4a, K4b).

4. Élément magnétorésistif selon la revendication 1, dans lequel la culasse magnétique (4a, 4b) inclut :

un couple de culasses se faisant face (41a, 41b) s’étendant dans un sens s’écartant du couple d’extrémités
ouvertes (K4a, K4b) et se faisant face tout en prenant en sandwich l’entrefer ;
un couple de culasses colonnaires (42a, 42b), chacune reliée à une extrémité sur le côté opposé à l’extrémité
ouverte (K4a, K4b) de chaque culasse du couple de culasses se faisant face (41a, 41b) et s’étendant dans la
direction d’empilement de couche du corps empilé (S20a, S20b) tout en se faisant face ; et
une culasse droite reliée à une extrémité sur le côté opposé au couple de culasses se faisant face (41a, 41b),
de chaque culasse du couple de culasses colonnaires.

5. Élément magnétorésistif selon la revendication 4, dans lequel la couche magnéto-sensible est disposée au même
niveau que celui du couple de culasses se faisant face (41a, 41b).

6. Cellule de mémoire magnétique ayant un couple d’éléments magnétorésistifs selon l’une des revendications 1 à 5.

7. Dispositif de mémoire magnétique comprenant :

une première ligne d’écriture ;
une seconde ligne d’écriture étendue de façon à croiser la première ligne d’écriture et, dans une partie corres-
pondant à une zone d’intersection avec la première ligne d’écriture, étendue parallèlement à la première ligne
d’écriture ; et
une cellule de mémoire magnétique incluant un couple d’éléments magnétorésistifs selon l’une des revendica-
tions 1 à 5.

8. Dispositif de mémoire magnétique selon la revendication 7, comprenant en outre une ligne de lecture électriquement
reliée au corps empilé (S20a, S20b) dans une région dans laquelle les première et seconde lignes d’écriture sont
entourées par la culasse magnétique (4a, 4b).
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