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(7) ABSTRACT

A read block is formed from a plurality of TMR elements
stacked in the vertical direction. One terminal of each TMR
element in the read block is connected to a source line
through a read select switch. The source line extends in the
Y-direction and is connected to a ground point through a
column select switch. The other terminal of each TMR
element is independently connected to a corresponding one
of read/write bit lines. Each read/write bit line extends in the
Y-direction and is connected to a read circuit through the
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MAGNETIC RANDOM ACCESS MEMORY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from the prior Japanese Patent Application
No. 2001-390549, filed Dec. 21, 2001, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to a magnetic random
access memory (MRAM) which stores “17- and “07”-data
using a magnetoresistive effect.

[0004] 2. Description of the Related Art

[0005] In recent years, many memories which store data
by new principles have been proposed. One of them is a
magnetic random access memory which stores “17”- and
“0”-data using a tunneling magnetoresistive (to be referred
to as TMR hereinafter) effect.

[0006] As a proposal for a magnetic random access
memory, for example, Roy Scheuerlein et al, “A 10ns Read
and Write Non-Volatile Memory Array Using a Magnetic
Tunnel Junction and FET Switch in each Cell”, ISSCC2000
Technical Digest, p. 128 is known.

[0007] A magnetic random access memory stores “1”- and
“0”-data using TMR elements. As the basic structure of a
TMR element, an insulating layer (tunneling barrier) is
sandwiched between two magnetic layers (ferromagnetic
layers).

[0008] Data stored in the TMR element is determined on
the basis of whether the magnetizing states of the two
magnetic layers are parallel or anti-parallel. “Parallel”
means that the two magnetic layers have the same magne-
tizing direction. “Anti-parallel” means that the two magnetic
layers have opposite magnetizing directions.

[0009] Normally, one (fixed layer) of the two magnetic
layers has an anti-ferromagnetic layer. The anti-ferromag-
netic layer serves as a member for fixing the magnetizing
direction of the fixed layer. In fact, data (“1” or “0”) stored
in the TMR element is determined by the magnetizing
direction of the other (free layer) of the two magnetic layers.

[0010] When the magnetizing states in the TMR element
are parallel, the resistance of the insulating layer (tunneling
barrier) sandwiched between the two magnetic layers of the
TMR element is minimized. For example, this state is
defined as a “17-state. When the magnetizing states in the
TMR element are anti-parallel, the resistance of the insu-
lating layer (tunneling barrier) sandwiched between the two
magnetic layers of the TMR element is maximized. For
example, this state is defined as a “0”-state.

[0011] Currently, various kinds of cell array structures
have been examined for a magnetic random access memory
from the viewpoint of increasing the memory capacity or
stabilizing write/read operation.

[0012] For example, currently, a cell array structure in
which one memory cell is formed from one MOS transistor
and one TMR element (or an MTJ (Magnetic Tunnel Junc-

Jul. 3, 2003

tion) element) is known. Additionally, a magnetic random
access memory which has such a cell array structure and
stores 1-bit data using two memory cell arrays so as to
realize stable read operation is also known.

[0013] However, in these magnetic random access memo-
ries, it is difficult to increase the memory capacity. This is
because one MOS transistor corresponds to one TMR ele-
ment in these cell array structures.

BRIEF SUMMARY OF THE INVENTION

[0014] According to an aspect of the present invention,
there is provided a magnetic random access memory com-
prising: a plurality of memory cells which are stacked at a
plurality of stages to store data using a magnetoresistive
effect; a read select switch commonly connected to one
terminal of each of the plurality of memory cells; and a
plurality of bit lines arranged in correspondence with the
plurality of memory cells and extending in a first direction,
wherein each of the plurality of memory cells has the other
terminal independently connected to one of the plurality of
bit lines.

[0015] According to an aspect of the present invention,
there is provided a read method-of a magnetic random
access memory, the magnetic random access memory hav-
ing a read block formed from a plurality of memory cells
which store data using a magnetoresistive effect, and a
plurality of sense amplifiers arranged in correspondence
with the plurality of memory cells, comprising: simulta-
neously and independently supplying a read current to the
plurality of memory cells; detecting data of the plurality of
memory cells by the plurality of sense amplifiers on the basis
of the read current; and simultaneously outputting data of
the plurality of sense amplifiers.

[0016] According to an aspect of the present invention,
there is provided a manufacturing method of a magnetic
random access memory, comprising: forming a read select
switch on a surface region of a semiconductor substrate;
forming a first write word line extending in a first direction
on the read select switch; forming a first MTJ element right
above the first write word line; forming, right above the first
MTJ element, a first read/write bit line which is in contact
with the first MTJ element and extends in a second direction
perpendicular to the first direction; forming a second write
word line extending in the first direction right above the first
write word line; forming a second MTJ element right above
the second write word line; and forming, right above the
second MTJ element, a second read/write bit line which is
in contact with the second MTJ element and extends in the
second direction.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0017] FIG. 1 is a circuit diagram related to a magnetic
random access memory of Structural Example 1 of the
present invention;

[0018] FIG. 2 is a circuit diagram related to the magnetic
random access memory of Structural Example 1 of the
present invention;

[0019] FIG. 3 is a circuit diagram related to a modification
to the magnetic random access memory of Structural
Example 1 of the present invention;
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[0020] FIG. 4 is a sectional view related to the magnetic
random access memory of Structural Example 1 of the
present invention;

[0021] FIG. 5 is a sectional view related to the magnetic
random access memory of Structural Example 1 of the
present invention;

[0022] FIG. 6 is a plan view showing a TMR element of
Structural Example 1 and the layout near the TMR element;

[0023] FIG. 7 is a sectional view showing a structural
example of the TMR element;

[0024] FIG. 8 is a sectional view showing a structural
example of the TMR element;

[0025] FIG. 9 is a sectional view showing a structural
example of the TMR element;

[0026] FIG. 10 is a circuit diagram related to a magnetic
random access memory of Structural Example 2 of the
present invention;

[0027] FIG. 11 is a sectional view related to the magnetic
random access memory of Structural Example 2 of the
present invention;

[0028] FIG. 12 is a sectional view related to the magnetic
random access memory of Structural Example 2 of the
present invention;

[0029] FIG. 13 is a circuit diagram related to a magnetic
random access memory of Structural Example 3 of the
present invention;

[0030] FIG. 14 is a circuit diagram related to the magnetic
random access memory of Structural Example 3 of the
present invention;

[0031] FIG. 15 is a circuit diagram related to a modifi-
cation to the magnetic random access memory of Structural
Example 3 of the present invention;

[0032] FIG. 16 is a circuit diagram related to a modifi-
cation to the magnetic random access memory of Structural
Example 3 of the present invention;

[0033] FIG. 17 is a sectional view related to the magnetic
random access memory of Structural Example 3 of the
present invention;

[0034] FIG. 18 is a sectional view related to the magnetic
random access memory of Structural Example 3 of the
present invention;

[0035] FIG. 19 is a plan view showing a TMR element of
Structural Example 3 and the layout near the TMR element;

[0036] FIG. 20 is a circuit diagram related to a magnetic
random access memory of Structural Example 4 of the
present invention;

[0037] FIG. 21 is a sectional view related to the magnetic
random access memory of Structural Example 4 of the
present invention;

[0038] FIG. 22 is a sectional view related to the magnetic
random access memory of Structural Example 4 of the
present invention;

[0039] FIG. 23 is a circuit diagram related to a magnetic
random access memory of Structural Example 5 of the
present invention;
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[0040] FIG. 24 is a sectional view related to the magnetic
random access memory of Structural Example 5 of the
present invention;

[0041] FIG. 25 is a sectional view related to the magnetic
random access memory of Structural Example 5 of the
present invention;

[0042] FIG. 26 is a circuit diagram related to a magnetic
random access memory of Structural Example 6 of the
present invention;

[0043] FIG. 27 is a sectional view related to the magnetic
random access memory of Structural Example 6 of the
present invention;

[0044] FIG. 28 is a sectional view related to the magnetic
random access memory of Structural Example 6 of the
present invention;

[0045] FIG. 29 is a circuit diagram related to a magnetic
random access memory of Structural Example 7 of the
present invention;

[0046] FIG. 30 is a sectional view related to the magnetic
random access memory of Structural Example 7 of the
present invention;

[0047] FIG. 31 is a circuit diagram related to a magnetic
random access memory of Structural Example 8 of the
present invention;

[0048] FIG. 32 is a sectional view related to the magnetic
random access memory of Structural Example 8 of the
present invention;

[0049] FIG. 33 is a view showing a circuit example of the
write word line driver/sinker;

[0050] FIG. 34 is a view showing a circuit example of the
write bit line driver/sinker;

[0051] FIG. 35 is a view showing a circuit example of the
write bit line driver/sinker;

[0052] FIG. 36 is a view showing a circuit example of the
read word line driver;

[0053] FIG. 37 is a view showing a circuit example of the
read word line driver;

[0054] FIG. 38 is a view showing a circuit example of the
column decoder;

[0055] FIG. 39 is a view showing a circuit example of the
column decoder;

[0056] FIG. 40 is a block diagram of a circuit example of
the read circuit;

[0057] FIG. 41 is a block diagram of a circuit example of
the read circuit;

[0058] FIG. 42 is a view showing a circuit example of the
sense amplifier & bias circuit;

[0059] FIG. 43 is a view showing a circuit example of the
sense amplifier;

[0060] FIG. 44 is a view showing a circuit example of the
reference potential generating circuit;

[0061] FIG. 45 is a view showing a circuit example of an
differential amplifier, the OP in FIGS. 42 and 44 and the S/A
in FIG. 43,
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[0062] FIG. 46 is a view showing a device structure to
which the manufacturing method of the present invention is
applied;

[0063] FIG. 47 is a sectional view showing one step of the
manufacturing method of the present invention;

[0064] FIG. 48 is a sectional view showing one step of the
manufacturing method of the present invention;

[0065] FIG. 49 is a plan view showing one step of the
manufacturing method of the present invention;

[0066] FIG. 50 is a sectional view taken along a line L-L
in FIG. 49,

[0067] FIG. 51 is a sectional view showing one step of the
manufacturing method of the present invention;

[0068] FIG. 52 is a sectional view showing one step of the
manufacturing method of the present invention;

[0069] FIG. 53 is a sectional view showing one step of the
manufacturing method of the present invention;

[0070] FIG. 54 is a sectional view showing one step of the
manufacturing method of the present invention;

[0071] FIG. 55 is a sectional view showing one step of the
manufacturing method of the present invention;

[0072] FIG. 56 is a sectional view showing one step of the
manufacturing method of the present invention;

[0073] FIG. 57 is a plan view showing one step of the
manufacturing method of the present invention;

[0074] FIG. 58 is a sectional view taken along a line
LVII-LVII in FIG. 57;

[0075] FIG. 59 is a plan view showing one step of the
manufacturing method of the present invention;

[0076] FIG. 60 is a sectional view taken along a line
LX-LX in FIG. 59;

[0077] FIG. 61 is a sectional view showing one step of the
manufacturing method of the present invention;

[0078] FIG. 62 is a sectional view showing one step of the
manufacturing method of the present invention;

[0079] FIG. 63 is a sectional view showing one step of the
manufacturing method of the present invention;

[0080] FIG. 64 is a sectional view showing one step of the
manufacturing method of the present invention;

[0081] FIG. 65 is a sectional view showing one step of the
manufacturing method of the present invention;

[0082] FIG. 66 is a sectional view showing one step of the
manufacturing method of the present invention;

[0083] FIG. 67 is a plan view showing one step of the
manufacturing method of the present invention;

[0084] FIG. 68 is a sectional view taken along a line
LXVIII-LXVIII in FIG. 67;

[0085] FIG. 69 is a plan view showing one step of the
manufacturing method of the present invention;

[0086] FIG. 70 is a sectional view taken along a line
LXX-LXX in FIG. 69;
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[0087] FIG. 71 is a sectional view showing one step of the
manufacturing method of the present invention;

[0088] FIG. 72 is a sectional view showing one step of the
manufacturing method of the present invention;

[0089] FIG. 73 is a sectional view showing one step of the
manufacturing method of the present invention;

[0090] FIG. 74 is a sectional view showing one step of the
manufacturing method of the present invention;

[0091] FIG. 75 is a sectional view showing one step of the
manufacturing method of the present invention;

[0092] FIG. 76 is a sectional view showing one step of the
manufacturing method of the present invention;

[0093] FIG. 77 is a plan view showing one step of the
manufacturing method of the present invention;

[0094] FIG. 78 is a sectional view taken along a line
LXXVII-LXXVIII in FIG. 77;

[0095] FIG. 79 is a plan view showing one step of the
manufacturing method of the present invention;

[0096] FIG. 80 is a sectional view taken along a line
LXXX-LXXX in FIG. 79;

[0097] FIG. 81 is a sectional view showing one step of the
manufacturing method of the present invention;

[0098] FIG. 82 is a sectional view showing one step of the
manufacturing method of the present invention;

[0099] FIG. 83 is a sectional view showing one step of the
manufacturing method of the present invention;

[0100] FIG. 84 is a sectional view showing one step of the
manufacturing method of the present invention;

[0101] FIG. 85 is a sectional view showing one step of the
manufacturing method of the present invention;

[0102] FIG. 86 is a sectional view showing one step of the
manufacturing method of the present invention;

[0103] FIG. 87 is a plan view showing one step of the
manufacturing method of the present invention;

[0104] FIG. 88 is a sectional view taken along a line
LXXXVII-LXXXVIII in FIG. 87;

[0105] FIG. 89 is a plan view showing one step of the
manufacturing method of the present invention;

[0106] FIG. 90 is a sectional view taken along a line
XL-XL in FIG. 90,

[0107] FIG. 91 is a sectional view showing one step of the
manufacturing method of the present invention;

[0108] FIG. 92 is a sectional view showing one step of the
manufacturing method of the present invention;

[0109] FIG. 93 is a plan view showing one step of the
manufacturing method of the present invention;

[0110] FIG. 94 is a sectional view taken along a line
XCIV-XCIV in FIG. 93;

[0111] FIG. 95 is a circuit diagram showing a modifica-
tion to Structural Example 1;

[0112] FIG. 96 is a circuit diagram showing a modifica-
tion to Structural Example 1;
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[0113] FIG. 97 is a sectional view showing a modification
to Structural Example 1;

[0114] FIG. 98 is a sectional view showing a modification
to Structural Example 1;

[0115] FIG. 99 is a sectional view showing a modification
to Structural Example 1;

[0116] FIG. 100 is a sectional view showing a modifica-
tion to Structural Example 1;

[0117] FIG. 101 is a circuit diagram showing a modifi-
cation to Structural Example 2;

[0118] FIG. 102 is a sectional view showing a modifica-
tion to Structural Example 2;

[0119] FIG. 103 is a sectional view showing a modifica-
tion to Structural Example 2;

[0120] FIG. 104 is a sectional view showing a modifica-
tion to Structural Example 1;

[0121] FIG. 105 is a sectional view showing a modifica-
tion to Structural Example 1;

[0122] FIG. 106 is a circuit diagram showing a modifi-
cation to Structural Example 3;

[0123] FIG. 107 is a circuit diagram showing a modifi-
cation to Structural Example 3;

[0124] FIG. 108 is a sectional view showing a modifica-
tion to Structural Example 3;

[0125] FIG. 109 is a sectional view showing a modifica-
tion to Structural Example 3;

[0126] FIG. 110 is a sectional view showing a modifica-
tion to Structural Example 3;

[0127] FIG. 111 is a sectional view showing a modifica-
tion to Structural Example 3;

[0128] FIG. 112 is a circuit diagram showing a modifi-
cation to Structural Example 4;

[0129] FIG. 113 is a sectional view showing a modifica-
tion to Structural Example 4;

[0130] FIG. 114 is a sectional view showing a modifica-
tion to Structural Example 4;

[0131] FIG. 115 is a sectional view showing a modifica-
tion to Structural Example 4; and

[0132] FIG. 116 is a sectional view showing a modifica-
tion to Structural Example 4.

DETAILED DESCRIPTION OF THE
INVENTION

[0133] A magnetic random access memory of an aspect of
the present invention will be described below in detail with
reference to the accompanying drawings.

[0134] 1. Cell Array Structure

[0135] First, a cell array structure of a magnetic random
access memory of an aspect of the present invention will be
described below in detail.
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(1) STRUCTURAL EXAMPLE 1

[0136] In Structural Example 1, one read block is formed
from four TMR elements. In this example, a case wherein
the number of TMR elements in one read block is four will
be described. However, the number of TMR elements in one
read block is not limited to four and can be freely set.

[0137] @ Circuit Structure
[0138] The circuit structure will be described first.

[0139] FIG. 1 shows main part of a magnetic random
access memory as Structural Example 1 of the present
invention. FIG. 2 shows an example of a column select
switch shown in FIG. 1.

[0140] A memory cell array 11 has a plurality of TMR
elements 12 arrayed in the X-, Y- and Z-directions. The
Z-direction means a direction perpendicular to the X- and
Y-directions, i.e., a direction perpendicular to the memory
cell array plane.

[0141] In this example, the memory cell array 11 has a cell
array structure formed from j TMR elements 12 arranged in
the X-direction, n TMR elements 12 arranged in the Y-di-
rection, and four TMR elements (MTJ1, MTJ2, MTJ3 and
MTJ4) 12 stacked in the Z-direction.

[0142] In this example, the number of TMR elements 12
stacked in the Z-direction is four. However, the number of
TMR elements is not particularly limited as long as the
number is two or more.

[0143] The four TMR elements 12 stacked in the Z-direc-
tion construct one read block BKik (i=1, 2, . . ., j, k=1, 2,
..., n). In fact, the four TMR elements 12 in the read block
BKik overlap one another in the direction (Z-direction)
perpendicular to the memory cell array plane.

[0144] In this example, one row is constructed by j read
blocks BKik arranged in the X-direction. The memory cell
array 11 has n rows. In addition, one column is constructed
by n read blocks BKik arranged in the Y-direction. The
memory cell array 11 has j columns.

[0145] One terminal of each of the four TMR elements 12
in the block BKik is commonly connected. The terminals are
connected to a source line SLi (i=1, 2, . . ., j) through a read
select switch (block select switch or row select switch) RSW
formed from, e.g., a MOS transistor. The source line SLi
extends in the Y-direction. For example, one source line SLi
is arranged in one column.

[0146] The source line SLi is connected to a ground point
VSS through, e.g., a column select switch 29C formed from
a MOS transistor.

[0147] In read operation, in the selected row, the read
select switches RSW in the read blocks BKik are turned on.
In the selected column, the column select switch 29C is
turned on. For this reason, the potential of the source line
SLi becomes the ground potential VSS. That is, a read
current flows only to the TMR elements 12 in the read block
BKik located at the intersection between the selected row
and the selected column.

[0148] In the read mode, in an unselected column, the
column select switch 29C is OFF. Hence, the other terminal
of each TMR element 12 in the read blocks BKik in an
unselected column is short-circuited.
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[0149] In this case, if read bit lines BL4(j-1)+1, BL4(j-
1)+2, BL4(j-1)+3 and BL4(j-1)+4 in an unselected column
have different potentials, they may influence the read opera-
tion. To prevent this, the read bit lines BL4(j—1)+1, BL4(j-
1)+2, BL4(j-1)+3 and BL4(j-1)+4 in an unselected column
are set at an equipotential level (e.g., ground potential).

[0150] In the read operation, the read select switches RSW
in an unselected row are OFF. Hence, the other terminal of
each TMR element 12 in the read blocks BKik in an
unselected row is also short-circuited.

[0151] The short circuit between the TMR elements 12 in
the read blocks BKik belonging to the selected column and
unselected rows may influence the read operation of the
TMR elements 12 in the selected read block BKik belonging
to the selected row and column.

[0152] Hence, for example, as shown in FIG. 3, block
select switches BSW each formed from a MOS transistor
may be arranged in each read block BKik. The read bit lines
BL4(-1)+1, BL4(j-1)+2, BL4(j-1)+3 and BL4(j—1)+4 may
be electrically connected only to the TMR elements 12 in the
selected read block BKik belonging to the selected row and
column. In addition, the read current may be supplied only
to these TMR elements.

[0153] The other terminal of each of the four TMR ele-
ments 12 in the read block BKik is independently connected
to a corresponding one of the read bit lines BLA(j-1)+1,
BL4(-1)+2, BL4(j-1)+3 and BL4(j-1)+4. Four read bit
lines BL4(j-1)+1, BL4(j-1)+2, BL4(j-1)+3 and BL4(-
1)+4 are arranged in one column in correspondence with
four TMR elements 12 in one read block BKik.

[0154] The read bit lines BL4(j-1)+1, BLA(-1)+2,
BL4(j-1)+3 and BL4(j-1)+4 extend in the Y-direction. One
end of each read bit line is connected to a common data line
30 through the column select switch (MOS transistor) 29C.
The common data line 30 is connected to a read circuit
(including, e.g., a sense amplifier, selector, and output
buffer) 29B.

[0155] A column select line signal CSLi (i=1,2, . ..,])is
input to the column select switch 29C. A column decoder 32
outputs the column select line signal CSLi.

[0156] In this example, the read bit lines BLA(j-1)+1,
BL4(j-1)+2, BL4(j-1)+3 and BL4(j-1)+4 also function as
write bit lines.

[0157] That is, one end of each of the write/read bit lines
BL4(-1)+1, BL4(j-1)+2, BL4(j-1)+3 and BLA4(j-1)+4 is
connected to a circuit block 29A including a column decoder
and write bit line driver/sinker. The other end is connected
to a circuit block 31 including a column decoder and write
bit line driver/sinker.

[0158] In write operation, the circuit blocks 29A and 31
are set in an operative state. A write current flows to the
write/read bit lines BL4(j-1)+1, BL4(j-1)+2, BL4(j-1)+3
and BL4(j-1)+4 in accordance with write data in a direction
toward the circuit block 29A or 31.

[0159] A plurality of (in this example, four) write word
lines WWL4(n-1)+1, WWL4(n-1)+2, WWL4(n-1)+3 and
WWL4(n-1)+4 that extend in the X-direction and are
stacked in the Z-direction are arranged near the four TMR
elements 12 of the read block BKik. Here, n indicates a row
number (n=1, 2, .. .)
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[0160] In this example, as for the write word lines extend-
ing in the X-direction, one write word line is arranged at one
stage in one row. That is, one write word line corresponds to
one TMR element in the selected read block BKik. In this
case, the number of write word lines in one row extending
in the X-direction is the same as the number of stages of the
stacked TMR elements 12.

[0161] As shown in FIGS. 95 and 96, one write word line
may be shared by a plurality of TMR elements (an upper
TMR element and lower TMR element) in consideration of
planarizing insulating films immediately under the TMR
elements 12 or reducing the manufacturing cost.

[0162] The TMR element in the block and a detailed
structure near it will be described in detail in the section
about the device structure.

[0163] One end of each of the write word lines WWL4(n-
1+1, WWL4(n-1)+2, WWL4(n-1)+3 and WWL4(n-1)+4
is connected to a write word line driver 23A-n. The other end
is connected to a write word line sinker 24-n.

[0164] The gate of the read select switch (MOS transistor)
RSW is connected to a read word line RWLn (n=1, 2, . . .)
One read word line RWLn is arranged in one row, i.e.,
shared by the plurality of blocks BKik arranged in the
X-direction.

[0165] Forexample, when one column has four blocks, the
number of read word lines RWLn is four. Each read word
line RWLn extends in the X-direction. One end of the read
word line RWLn is connected to a read word line driver
23B-n.

[0166] When one read block BKik has a circuit structure
shown in FIG. 3, the read word line RWLn is also connected
to the gates of the block select switches BSW (MOS
transistors).

[0167] That is, when the circuit structure shown in FIG. 3
is employed, only the read select switches RSW and block
select switches BSW in the blocks BKik on the selected row,
i.e., the row for which the potential of the read word line
RWLn is at “H” level, are turned on.

[0168] In the write operation, a row decoder 25-n selects
one of the plurality of rows on the basis of row address
signals. The write word line driver 23A-n supplies write
currents to the write word lines WWL4(n-1)+1, WWL4(n-
1)+2, WWL4(n-1)+3 and WWL4(n-1)+4 in the selected
row. The write currents are absorbed by the write word line
sinker 24-n.

[0169] In the read operation, the row decoder 25-n selects
one of the plurality of rows on the basis of row address
signals. The read word line driver 23B-n supplies a read
voltage (=“H”) to the read word line RWLn in the selected
[OW.

[0170] In the magnetic random access memory of the
present invention, one column is constructed by a plurality
of read blocks. A plurality of TMR elements in each read
block are connected to different read bit lines, respectively.
Hence, data of the plurality of TMR elements in the read
block can be read at once by one read step.

[0171] The plurality of TMR elements in each read block
are stacked to form a plurality of stages on a semiconductor
substrate. Each read bit line also functions as a write bit line.
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That is, since no interconnection that functions only as a
write bit line need be formed in the cell array, the cell array
structure can be simplified.

[0172] Ineach read block, the read select switch RSW and
block select switches (FIG. 3) are arranged. A column select
switch is connected between a source line and the ground
point. In the read operation, the TMR elements in an
unselected read block do not influence the read operation.
Hence, the read operation stabilizes.

[0173] @ Device Structure
[0174] The device structure will be described next.

[0175] FIGS. 4 and 5 show the device structure of one
block of the magnetic random access memory as Structural
Example 1 of the present invention.

[0176] FIG. 4 shows the Y-direction section of one block
of the magnetic random access memory. FIG. § shows the
X-direction section of one block of the magnetic random
access memory. The same reference numerals as in FIGS. 1
to 3 denote the same elements in FIGS. 4 and 5 to show the
correspondence between the elements.

[0177] The read select switch (MOS transistor) RSW is
arranged on the surface region of a semiconductor substrate
41. The source of the read select switch RSW is connected
to the source line SLi through a contact plug 42F. The source
line SLi extends straight, e.g., in the Y-direction and is
connected to the ground supply through a column select
switch arranged at the peripheral portion of the memory cell
array region.

[0178] The gate of the read select switch (MOS transistor)
RSW serves as the read word line RWLn. The read word line
RWLn extends in the X-direction. The four TMR elements
(MTJ (Magnetic Tunnel Junction) elements) MTJ1, MTJ2,
MTI3 and MTJ4 are stacked at a plurality of stages on the
read select switch RSW.

[0179] One end (in this example, the lower end) of each of
the TMR elements MTJ1, MTJ2, MTIJ3 and MTJ4 is con-
nected to a corresponding one of lower electrodes 44A, 44B,
44C and 44D. Contact plugs 42A, 42B, 42C, 42D and 42E
and intermediate layer 43 electrically connect the lower
electrodes 44A, 44B, 44C and 44D to each other and also
electrically connect them to the drain of the read select
switch RSW.

[0180] The other end (in this example, the upper end) of
each of the TMR elements MTI1, MTJ2, MTJ3 and MTJ4
is electrically connected to a corresponding one of read/
write bit lines BL1, BL2, BL3 and BL4. The read/write bit
lines BL1, BL2, BL3 and BL4 extend in the Y-direction.

[0181] The TMR elements MTJ1, MTJ2, MTJ3 and MTJ4
are independently connected to the read/write bit lines BL1,
BL2, BL3 and BL4, respectively. That is, four read/write bit
lines BL1, BL2, BL3 and BL4 are arranged in correspon-
dence with four TMR elements MTI1, MTJ2, MTIJ3 and
MTIJ4.

[0182] Write word lines WWL1, WWL2, WWL3 and
WWL4 are arranged immediately under the TMR elements
MTI1, MTIJ12, MTI3 and MTJ4 and near them. The write
word lines WWL1, WWL2, WWL3 and WWL4 extend in
the X-direction.
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[0183] In this example, four write word lines WWL1,
WWIL2, WWL3 and WW1 4 are arranged in correspondence
with four TMR elements MTJ1, MTJ2, MTIJ3 and MTI4.

[0184] In this example, the read/write bit lines BL1, BL.2,
BL3 and B1 4 extending in the Y-direction are arranged on
the TMR elements MTJ1, MTJ2, MTIJ3 and MTJ4. The
write word lines WWL1, WWL2, WWL3 and WWL4
extending in the X-direction are arranged below the TMR
elements MTJ1, MTJ2, MTJ3 and MTIJ4.

[0185] However, the positional relationship of the read/
write bit lines BL1, BL2, BL3 and BL4 and write word lines
WWL1, WWL2, WWL3 and WWIL4 with respect to the
TMR elements is not limited to this.

[0186] For example, as shown in FIGS. 97 and 98, the
read/write bit lines BL.1, BL.2, BL3 and BL4 extending in the
Y-direction may be arranged under the TMR elements
MTI1, MTJ2, MTIJ3 and MTJ4. The write word lines
WWL1, WWL2, WWIL3 and WWIL4 extending in the
X-direction may be arranged above the TMR elements
MTI1, MTJ2, MTJ3 and MTJ4.

[0187] As shown in FIGS. 99 and 100, one write word
line may be shared by a plurality of TMR elements (an upper
TMR element and lower TMR element) in consideration of
planarizing insulating films right under the TMR elements
12 or reducing the manufacturing cost.

[0188] According to such a device structure, the plurality
of TMR elements MTI1, MTJ2, MTJ3 and MTJ4 in the read
block are connected to the different read/write bit lines BL1,
BL2, BL3 and BL4, respectively. Hence, data of the plurality
of TMR elements MTI1, MTJ2, MTJ3 and MTJ4 in the read
block can be read at once by one read step.

[0189] The plurality of TMR elements MTJ1, MTJ2,
MTI3 and MTJ4 in the read block are stacked at a plurality
of stages on the semiconductor substrate 41. In addition,
only the read/write bit lines BL.1, BL.2, BL.3 and BL4 extend
in the Y-direction. For this reason, even when the number of
stacked TMR elements MTJ1, MTJ2, MTI3 and MTJ4 is
increased, the cell array structure is not complicated.

[0190] FIG. 6 shows the positional relationship between
the TMR elements and the write word lines and read/write
bit lines in the device structure shown in FIGS. 4 and 5.

[0191] Inthe device structure shown in FIGS. 4 and 5, the
lower electrodes 44 A, 44B, 44C and 44D, write word lines
WWL1, WWL2, WWL3 and WWLA4, and read/write bit
lines BL1, BL2, BL.3 and BL4 are arranged at the respective
stages of the plurality of stacked TMR elements MTJ1,
MTIJ2, MTJ3 and MTJ4.

[0192] The layouts of, e.g., the stages of the TMR ele-
ments MTJ1, MTJ2, MTI3 and MTJ4 are set to be identical.

[0193] Each of the lower electrodes 44A, 44B, 44C and
44D has, e.g., a rectangular pattern. They have contact
regions corresponding to the contact plugs 42A to 42E at
partial portions. The lower electrodes 44A, 44B, 44C and
44D have the TMR elements MTJ1, MTJ2, MTJ3 and MTIJ4
at the remaining portions.

[0194] The TMR elements MTJ1, MTJ2, MTJ3 and MTJ4
are arranged at the intersections between the write word
lines WWL1, WWL2, WWL3 and WWL4 and the read/
write bit lines BL1, BL2, BL3 and BL4.
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[0195] @ Structural Example of TMR Element

[0196] FIGS. 7 to 9 show structural examples of the TMR
element.

[0197] The TMR element shown in FIG. 7 has the most
basic structure having two ferromagnetic layers and a tun-
neling barrier layer sandwiched between these layers.

[0198] An anti-ferromagnetic layer for fixing the magne-
tizing direction is added to a fixed layer (pinning layer) of
the two ferromagnetic layers, in which the magnetizing
direction is fixed. The magnetizing direction in a free layer
(storing layer) of the two ferromagnetic layers, in which the
magnetizing direction can be freely changed, is determined
by a synthesized magnetic field formed by a write word line
and write bit line.

[0199] The TMR celement shown in FIG. 8 has two
tunneling barrier layers in it to make the bias voltage higher
than in the TMR element shown in FIG. 7.

[0200] The TMR element shown in FIG. 8 can be
regarded to have a structure (double junction structure) in
which two TMR elements shown in FIG. 7 are connected in
series.

[0201] In this example, the TMR element has three ferro-
magnetic layers. Tunneling barrier layers are inserted
between the ferromagnetic layers. Antiferromagnetic layers
are added to the two ferromagnetic layers (pinning layers) at
two ends. The middle layer in the three ferromagnetic layers
serves as a free layer (storing layer) in which the magne-
tizing direction can be freely changed.

[0202] The TMR element shown in FIG. 9 can easily
close lines of magnetic force in the ferromagnetic layer
serving as a storing layer, as compared to the TMR element
shown in FIG. 7.

[0203] For the TMR element of this example, it can be
regarded that the storing layer of the TMR element shown in
FIG. 7 is replaced with a storing layer formed from two
ferromagnetic layers and a nonmagnetic metal layer (e.g., an
aluminum layer) sandwiched between those layers.

[0204] When the storing layer of the TMR element has a
three-layered structure made of two ferromagnetic layers
and a nonmagnetic metal layer sandwiched between these
layers, lines of magnetic force in the two ferromagnetic
layers of the storing layer readily close. That is, since any
anti-magnetic field component in the two ferromagnetic
layers of the storing layer can be prevented, the MR ratio can
be improved.

[0205] The structural examples of the TMR element have
been described above. In the present invention (circuit
structure, device structure, read operation mechanism, read
circuit, and manufacturing method), the structure of the
TMR element is not particularly limited. The above-de-
scribed three structural examples are mere representative
examples of the TMR element structure.

(2) STRUCTURAL EXAMPLE 2

[0206] Structural Example 2 is a modification to Structural
Example 1. A characteristic feature of Structural Example 2,
which is different from Structural Example 1, is the direction
of a read select switch. That is, in Structural Example 2, the
read select switch of Structural Example 1 is rotated by 90°.
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[0207] @ Circuit Structure
[0208] The circuit structure will be described first.

[0209] FIG. 10 shows main part of a magnetic random
access memory as Structural Example 2 of the present
invention. The circuit diagram of FIG. 10 corresponds to
that of FIG. 2. The outline of the memory cell array and its
peripheral portion in Structural Example 2 is the same as in
FIG. 1.

[0210] One terminal of each of four TMR elements MTJ1,
MTI2, MTI3 and MTJ4 in a block BK11 is connected to a
source line SL1 through a read select switch (block select
switch or row select switch) RSW formed from, e.g., a MOS
transistor.

[0211] The line that connects the source and drain of the
read select switch RSW is parallel to the X-direction. That
is, the channel length of the read select switch RSW is the
X-direction length of the channel of the read select switch
RSW. The channel width is the Y-direction width of the
channel of the read select switch RSW.

[0212] The gate of the read select switch RSW extends in
the Y-direction and is connected, at a predetermined portion,
to a read word line RWLI that extends in the X-direction.

[0213] The source line SL1 extends in the Y-direction. For
example, one source line is arranged in one column. The
source line SL1 is connected to the ground supply through
a column select switch 29C formed from, e.g., a MOS
transistor.

[0214] Assume that the read block BK11 is selected in
read operation. At this time, the read select switch RSW in
the read block BK11 is turned on. In addition, the column
select switch 29C is turned on. For this reason, the potential
of the source line SLL1 changes to the ground potential. That
is, a read current flows to the TMR elements MTJ1, MTIJ2,
MTI3 and MTJ4 in the read block BK11.

[0215] The other terminal of each of the four TMR ele-
ments MTJ1, MTJ2, MTIJ3 and MTJ4 in the read block
BK11 is independently connected to a corresponding one of
read bit lines BL1, B2, BL3 and BL4. That is, four read bit
lines BL1, BL2, BL.3 and BL4 are arranged in correspon-
dence with the four TMR elements MTJT1, MTJ2, MTIJ3 and
MTIJ4 in the read block BK11.

[0216] The read bit lines BL1, B[.2, BL3 and BI.4 extend
in the Y-direction. One end of each read bit line is connected
to a common data line 30 through the column select switch
(MOS transistor) 29C. The common data line 30 is con-
nected to a read circuit (including, e.g., a sense amplifier,
selector and output buffer) 29B.

[0217] A column select line signal CSL1 is input to the
column select switch 29C. A column decoder 32 outputs the
column select line signal CSL1.

[0218] In this example, the read bit lines BL1, BL.2, BL3
and BL4 also function as write bit lines.

[0219] That is, one end of each of the read/write bit lines
BL1, BL2, BL3 and BL4 is connected to a circuit block 29A
including a column decoder and write bit line driver/sinker.
The other end is connected to a circuit block 31 including a
column decoder and write bit line driver/sinker.
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[0220] In write operation, the circuit blocks 29A and 31
are set in an operative state. A write current flows to the
read/write bit lines BL1, BL2, BL3 and BL4 in accordance
with write data in a direction toward the circuit block 29A
or 31.

[0221] A plurality of (in this example, four) write word
lines WWL1, WWL2, WWL3 and WWL4 that extend in the
X-direction and are stacked in the Z-direction are arranged
near the four TMR elements MTJ1, MTJ2, MTI3 and MTJ4
of the read block BK11.

[0222] 1In this example, as for the write word lines extend-
ing in the X-direction, one write word line is arranged at one
stage in one row. That is, one write word line corresponds to
one TMR element in the read block BK11. In this case, the
number of write word lines in one row extending in the
X-direction is the same as the number of stages of the
stacked TMR elements MTJ1, MTJ2, MTIJ3 and MTIJ4.

[0223] As shown in FIG. 101, one write word line may be
shared by a plurality of TMR elements (an upper TMR
element and lower TMR element) in consideration of pla-
narizing insulating films immediately under the TMR ele-
ments MTJ1, MTJ2, MTJ3 and MTJ4 or reducing the
manufacturing cost.

[0224] One end of each of the write word lines WWL1,
WWL2, WWL3 and WWL4 is connected to a write word
line driver 23A-n. The other end is connected to a write word
line sinker 24-x.

[0225] The gate of the read select switch (MOS transistor)
RSW is connected to the read word line RWL1. One read
word line RWL1 is arranged in one row, i.e., shared by the
plurality of blocks arranged in the X-direction.

[0226] In the write operation, a row decoder 25-1 selects
one of the plurality of rows on the basis of row address
signals. The write word line driver 23A-n supplies write
currents to the write word lines WWL1, WWL2, WWL3 and
WWLA4 in the selected row. The write currents are absorbed
by the write word line sinker.

[0227] In the read operation, the row decoder 25-1 selects
one of the plurality of rows on the basis of row address
signals. A read word line driver 23B-1 supplies a read
voltage (=“H”) to the read word line RWL1 in the selected
[OW.

[0228] In the magnetic random access memory of the
present invention, one column is constructed by a plurality
of read blocks. A plurality of TMR elements in each read
block are connected to different read bit lines, respectively.
Hence, data of the plurality of TMR elements in the read
block can be read at once by one read step.

[0229] The plurality of TMR elements in each read block
are stacked to form a plurality of stages on a semiconductor
substrate. Each read bit line also functions as a write bit line.
That is, since no interconnection that functions only as a
write bit line need be formed in the cell array, the cell array
structure can be simplified.

[0230] In each read block, the read select switch RSW is
arranged. A column select switch is connected between a
source line and the ground line. In the read operation, the
TMR elements in an unselected read block rarely influence
the read operation. Hence, the read operation stabilizes.
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[0231] @ Device Structure
[0232] The device structure will be described next.

[0233] FIGS. 11 and 12 show the device structure of one
block of the magnetic random access memory as Structural
Example 2 of the present invention.

[0234] FIG. 11 shows the Y-direction section of one block
of the magnetic random access memory. FIG. 12 shows the
X-direction section of one block of the magnetic random
access memory. The same reference numerals as in FIG. 9
denote the same elements in FIGS. 11 and 12 to show the
correspondence between the elements.

[0235] The read select switch (MOS transistor) RSW is
arranged on the surface region of a semiconductor substrate
41. The source of the read select switch RSW is connected
to the source line SLi through a contact plug 42F. The source
line SLi extends straight, e.g., in the Y-direction and is
connected to the ground supply through a column select
switch arranged at the peripheral portion of the memory cell
array region.

[0236] The gate of the read select switch (MOS transistor)
RSW serves as the read word line RWLn. The read word line
RWLn extends in the X-direction. The four TMR elements
(MTJ (Magnetic Tunnel Junction) elements) MTJ1, MTJ2,
MTI3 and MTJ4 are stacked at a plurality of stages on the
read select switch RSW.

[0237] One end (in this example, the lower end) of each of
the TMR elements MTJ1, MTJ2, MTIJ3 and MTJ4 is con-
nected to a corresponding one of lower electrodes 44A, 44B,
44C and 44D. Contact plugs 42A, 42B, 42C, 42D and 42E
and intermediate layer 43 electrically connect the lower
electrodes 44A, 44B, 44C and 44D to each other and also
electrically connect them to the drain of the read select
switch RSW.

[0238] The other end (in this example, the upper end) of
each of the TMR elements MTJ1, MTJ2, MTJ3 and MTJ4
is electrically connected to a corresponding one of the
read/write bit lines BL1, BL2, BL3 and BL4. The read/write
bit lines BL1, BL2, BL3 and BL4 extend in the Y-direction.

[0239] The TMR elements MTJ1, MTJ2, MTJ3 and MTJ4
are independently connected to the read/write bit lines BL1,
BL2, BL3 and BL4, respectively. That is, four read/write bit
lines BL1, BL2, BL.3 and BL4 are arranged in correspon-
dence with four TMR elements MTIJ1, MTJ2, MTIJ3 and
MTIJ4.

[0240] The write word lines WWL1, WWL2, WWL3 and
WWI 4 are arranged right under the TMR elements MTJ1,
MTI2, MTIJ3 and MTJ4 and near them. The write word lines
WWL1, WWL2, WWL3 and WWL4 extend in the X-direc-
tion.

[0241] In this example, four write word lines WWL1,
WWIL2, WWL3 and WW1 4 are arranged in correspondence
with four TMR elements MTJ1, MTJ2, MTIJ3 and MTI4.

[0242] In this example, the read/write bit lines BL1, BL.2,
BL3 and B1 4 extending in the Y-direction are arranged on
the TMR elements MTJ1, MTJ2, MTIJ3 and MTJ4. The
write word lines WWL1, WWL2, WWL3 and WWL4
extending in the X-direction are arranged below the TMR
elements MTJ1, MTJ2, MTJ3 and MTIJ4.
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[0243] However, the positional relationship of the read/
write bit lines BL1, BL2, BL3 and BL4 and write word lines
WWL1, WWL2, WWL3 and WWL4 with respect to the
TMR elements is not limited to this.

[0244] For example, as shown in FIGS. 102 and 103, the
read/write bit lines BL.1, BL.2, BL3 and BL4 extending in the
Y-direction may be arranged under the TMR elements
MTI1, MTJ2, MTIJ3 and MTJ4. The write word lines
WWL1, WWL2, WWIL3 and WWIL4 extending in the
X-direction may be arranged above the TMR elements
MTI1, MTJ2, MTI3 and MTJ4.

[0245] As shown in FIGS. 104 and 105, one write word
line may be shared by a plurality of TMR elements (an upper
TMR element and lower TMR element) in consideration of
planarizing insulating films immediately under the TMR
elements 12 or reducing the manufacturing cost.

[0246] According to such a device structure, the plurality
of TMR elements MTJT1, MTJ2, MTJ3 and MTJ4 in the read
block are connected to the different read/write bit lines BL1,
BL2, BL3 and BL4, respectively. Hence, data of the plurality
of TMR elements MTJT1, MTJ2, MTJ3 and MTJ4 in the read
block can be read at once by one read step.

[0247] The plurality of TMR elements MTJ1, MTJ2,
MTI3 and MTJ4 in the read block are stacked at a plurality
of stages on the semiconductor substrate 41. In addition,
only the read/write bit lines BL.1, BL.2, BL.3 and BL4 extend
in the Y-direction. For this reason, even when the number of
stacked TMR elements MTJ1, MTJ2, MTI3 and MTJ4 is
increased, the cell array structure is not complicated.

(3) STRUCTURAL EXAMPLE 3

[0248] Structural Example 3 is a modification to Structural
Example 1. A characteristic feature of Structural Example 3,
which is different from Structural Example 1, is the inter-
connection connected to the gate and source of a read select
switch.

[0249] That is, in Structural Example 3, the gate of the
read select switch is connected to a decode line, and its
source is connected to a read word line. The read select
switch in a read block is selected by column address signals.

[0250] @ Circuit Structure
[0251] The circuit structure will be described first.

[0252] FIG. 13 shows main part of a magnetic random
access memory as Structural Example 3 of the present
invention. FIG. 14 shows an example of a column select
switch shown in FIG. 13.

[0253] A memory cell array 11 has a plurality of TMR
elements 12 arrayed in the X-, Y- and Z-directions. The
Z-direction means a direction perpendicular to the X- and
Y-directions, i.e., a direction perpendicular to the memory
cell array plane.

[0254] The memory cell array 11 has a cell array structure
formed from j TMR elements 12 arranged in the X-direction,
n TMR elements 12 arranged in the Y-direction, and four
TMR elements 12 stacked in the Z-direction. The number of
TMR elements 12 stacked in the Z-direction is four. How-
ever, the number of TMR elements is not particularly limited
as long as the number is two or more.
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[0255] The four TMR elements 12 stacked in the Z-direc-
tion construct one read block BKik (i=1, 2, . . ., j, k=1, 2,
..., n). In fact, the four TMR elements 12 in the read block
BKik overlap one another in the direction (Z-direction)
perpendicular to the memory cell array plane.

[0256] In this example, one row is constructed by j read
blocks BKik arranged in the X-direction. The memory cell
array 11 has n rows. In addition, one column is constructed
by n read blocks BKik arranged in the Y-direction. The
memory cell array 11 has j columns.

[0257] One terminal of each of the four TMR elements 12
in the block BKik is connected to a read word line RWLn
(n=1, 2, . . . ) through a read select switch (block select
switch or row select switch) RSW formed from, e.g., a MOS
transistor. The read word line RWLn extends in the X-di-
rection. For example, one read word line RWLn is arranged
in one row.

[0258] The gate of the read select switch RSW is con-
nected to a decode line DLi (i=1, 2, . . . ) The decode line
DLi extends in the Y-direction. For example, one decode line
is arranged in one column. One end of the decode line DLi
is connected to a column decoder 32.

[0259] In this example, the decode line DLi is connected
to the column decoder 32. That is, a column select switch
and read select switches in read blocks, which are present on
a single column, execute the same operation.

[0260] For example, when the column decoder 32 sets a
column select signal CSL1 at “H” level, the column select
switch of the column to which the read blocks BK11, . . .,
BK1# belong is turned on. At the same time, the read select
switches RSW in the read blocks BK11, . . . , BKlx are
turned on.

[0261] In this example, both a column select switch 29C
and the read select switch RSW in the read block BKik are
controlled using a column select signal CSLi (i=1, 2, . . .)
output from the column decoder 32.

[0262] Instead, for example, as shown in FIG. 15, the
column select switch 29C and the read select switch RSW in
the read block BKik may be controlled by different signals.

[0263] That is, in the example shown in FIG. 15, the
column select switch 29C is controlled by the column select
signal CSL1 output from a column decoder 32A. The read
select switch RSW in the read block BK11 is controlled by
a block select signal BSL1 output from a column decoder
32B.

[0264] The column decoders 32A and 32B have identical
structures, as will be described in the section about the read
circuit.

[0265] In read operation, in the selected row, the potential
of the read word line RWLn changes to “L” level. In the
selected column, the read select switches RSW in the read
blocks BKik are turned on, as described above.

[0266] Hence, a read current flows only to the TMR
elements 12 in the read block BKik located at the intersec-
tion between the selected row and the selected column.

[0267] Inthe read mode, in an unselected column, the read
select switches RSW in the read blocks BKik are OFF.



US 2003/0123271 Al

Hence, the other terminal of each TMR element 12 in the
read blocks BKik in an unselected column is short-circuited.

[0268] In this case, if read bit lines BL4(j-1)+1, BL4(j-
1)+2, BL4(j-1)+3 and BL4(j-1)+4 in an unselected column
have different potentials, they may influence the read opera-
tion. To prevent this, the read bit lines BL4(j—1)+1, BL4(j-
1)+2, BL4(j-1)+3 and BL4(j-1)+4 in an unselected column
are set at an equipotential level (e.g., ground potential).

[0269] In the read operation, in the selected column and
unselected rows, for example, the read word lines RWLn are
set in the floating state (fixed potential; it may be the same
potential as that of the selected bit line). In this case, in the
selected column and unselected rows, since the read select
switches RSW in the read blocks BKik are ON, the other
terminal of each TMR element 12 in the blocks BKik is
short-circuited.

[0270] The short circuit between the TMR elements 12 in
the read blocks BKik belonging to the selected column and
unselected rows may influence the read operation of the
TMR elements 12 in the selected read block BKik belonging
to the selected row and column.

[0271] Hence, for example, as shown in FIG. 16, block
select switches BSW each formed from a MOS transistor
may be arranged in each read block BKik. The read bit lines
BL4(-1)+1, BL4(j-1)+2, BL4(j-1)+3 and BL4(j—1)+4 may
be electrically connected only to the TMR elements 12 in the
selected read block BKik belonging to the selected row and
column. In addition, the read current may be supplied only
to these TMR elements.

[0272] The other terminal of each of the four TMR ele-
ments 12 in the read block BKik is independently connected
to a corresponding one of the read bit lines BLA(j-1)+1,
BL4(-1)+2, BL4(j-1)+3 and BL4(j-1)+4. Four read bit
lines BL4(j-1)+1, BL4(j-1)+2, BL4(j-1)+3 and BL4(-
1)+4 are arranged in one column in correspondence with
four TMR elements 12 in one read block BKik.

[0273] The read bit lines BL4(-1)+1, BLA(-1)+2,
BL4(j-1)+3 and BL4(j-1)+4 extend in the Y-direction. One
end of each read bit line is connected to a common data line
30 through the column select switch (MOS transistor) 29C.
The common data line 30 is connected to a read circuit
(including, e.g., a sense amplifier, selector and output buffer)
29B.

[0274] A column select line signal CSLi (i=1,2, . ..,])is
input to the column select switch 29C. The column decoder
32 outputs the column select line signal CSLi.

[0275] In this example, the read bit lines BLA(j-1)+1,
BL4(j-1)+2, BL4(j-1)+3 and BL4(j-1)+4 also function as
write bit lines.

[0276] That is, one end of each of the write/read bit lines
BL4(-1)+1, BL4(j-1)+2, BL4(j-1)+3 and BLA4(j-1)+4 is
connected to a circuit block 29A including a column decoder
and write bit line driver/sinker. The other end is connected
to a circuit block 31 including a column decoder and write
bit line driver/sinker.

[0277] In write operation, the circuit blocks 29A and 31
are set in an operative state. A write current flows to the
write/read bit lines BL4(j-1)+1, BL4(j-1)+2, BL4(j-1)+3
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and BL4(j—1)+4 in accordance with write data in a direction
toward the circuit block 29A or 31.

[0278] A plurality of (in this example, four) write word
lines WWL4(n-1)+1, WWL4(n-1)+2, WWL4(n-1)+3 and
WWIL4(n-1)+4 that extend in the X-direction and are
stacked in the Z-direction are arranged near the four TMR
elements 12 of the read block BKik. Here, n indicates a row
number (n=1, 2, .. .)

[0279] In this example, as for the write word lines extend-
ing in the X-direction, one write word line is arranged at one
stage in one row. That is, one write word line corresponds to
one TMR element in the selected read block BKik. In this
case, the number of write word lines in one row extending
in the X-direction is the same as the number of stages of the
stacked TMR elements 12.

[0280] As shown in FIGS. 106 and 107, one write word
line may be shared by a plurality of TMR elements (an upper
TMR element and lower TMR element) in consideration of
planarizing insulating films right under the TMR elements
12 or reducing the manufacturing cost.

[0281] The TMR element in the block and a detailed
structure near it will be described in detail in the section
about the device structure.

[0282] One end of each of the write word lines WWL4(n-
1+1, WWL4(n-1)+2, WWL4(n-1)+3 and WWL4(n-1)+4
is connected to a write word line driver 23A-n. The other end
is connected to a write word line sinker 24-n.

[0283] The source of the read select switch (MOS tran-
sistor) RSW is connected to the read word line RWLn (n=1,
2, ...) One read word line RWLn is arranged in one row,
i.e., shared by the plurality of blocks BKik arranged in the
X-direction.

[0284] When one read block BKik has a circuit structure
shown in FIG. 16, the read word line RWLn is also
connected to the gates of the block select switches BSW
(MOS transistors) through, e.g., an inverter.

[0285] That is, when the circuit structure shown in FIG.
16 is employed, the block select switches BSW in the blocks
BKik on the selected row, i.e., the row for which the
potential of the read word line RWLn is at “L” level, are
turned on.

[0286] The potential of the read word line RWLn of the
selected row changes to “L” level. In addition, the read
select switches RSW in the read blocks BKik of the selected
column are turned on. For this reason, the read bit lines
BL4(-1)+1, BL4(j-1)+2, BL4(j-1)+3 and BL4(j-1)+4 are
electrically connected only to the TMR elements 12 in the
selected read block BKik belonging to the selected row and
column. In addition, the read current flows only to these
TMR elements.

[0287] In the write operation, a row decoder 25-n selects
one of the plurality of rows on the basis of row address
signals. The write word line driver 23A-n supplies write
currents to the write word lines WWL4(n-1)+1, WWL4(n-
1)+2, WWL4(n-1)+3 and WWL4(n-1)+4 in the selected
row. The write currents are absorbed by the write word line
sinker 24-n.

[0288] In the read operation, the row decoder 25-n selects
one of the plurality of rows on the basis of row address
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signals. The read word line driver 23B-n supplies a read
voltage (=“L”) to the read word line RWLn in the selected
[OW.

[0289] In the magnetic random access memory of the
present invention, one column is constructed by a plurality
of read blocks. A plurality of TMR elements in each read
block are connected to different read bit lines, respectively.
Hence, data of the plurality of TMR elements in the read
block can be read at once by one read step.

[0290] The plurality of TMR elements in each read block
are stacked to form a plurality of stages on a semiconductor
substrate. Each read bit line also functions as a write bit line.
That is, since no interconnection that functions only as a
write bit line need be formed in the cell array, the cell array
structure can be simplified.

[0291] Ineach read block, the read select switch RSW and
block select switches (FIG. 16) are arranged. The read select
switch is controlled by the output signal from the column
decoder. The block select switch is controlled by the output
from the row decoder. Hence, in the read operation, the TMR
elements in an unselected read block do not influence the
read operation. For this reason, the read operation stabilizes.

[0292] @ Device Structure
[0293] The device structure will be described next.

[0294] FIGS. 17 and 18 show the device structure of one
block of the magnetic random access memory as Structural
Example 3 of the present invention.

[0295] FIG. 17 shows the Y-direction section of one block
of the magnetic random access memory. FIG. 18 shows the
X-direction section of one block of the magnetic random
access memory. The same reference numerals as in FIGS. 13
to 16 denote the same elements in FIGS. 17 and 18 to show
the correspondence between the elements.

[0296] The read select switch (MOS transistor) RSW is
arranged on the surface region of a semiconductor substrate
41. The source of the read select switch RSW is connected
to the read word line RWLn through a contact plug 42F. The
read word line RWLn extends straight, e.g., in the X-direc-
tion and is connected to the read word line driver arranged
at the peripheral portion of the memory cell array region.

[0297] The gate of the read select switch (MOS transistor)
RSW serves as a decode line DLj. The decode line DLj
extends in the Y-direction at a portion other than the sections
shown in FIGS. 17 and 18. The four TMR elements (MTJ
(Magnetic Tunnel Junction) elements) MTJ1, MTJ2, MTJ3
and MTJ4 are stacked at a plurality of stages on the read
select switch RSW.

[0298] One end (in this example, the lower end) of each of
the TMR elements MTJ1, MTJ2, MTIJ3 and MTJ4 is con-
nected to a corresponding one of lower electrodes 44A, 44B,
44C and 44D. Contact plugs 42A, 42B, 42C, 42D and 42E
and intermediate layer 43 electrically connect the lower
electrodes 44A, 44B, 44C and 44D to each other and also
electrically connect them to the drain of the read select
switch RSW.

[0299] The other end (in this example, the upper end) of
each of the TMR elements MTI1, MTJ2, MTJ3 and MTJ4
is electrically connected to a corresponding one of read/
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write bit lines BL1, BL.2, BL3 and BL4. The read/write bit
lines BL1, BL2, BL3 and BL4 extend in the Y-direction.

[0300] The TMR elements MTJ1, MTJ2, MTJ3 and MTJ4
are independently connected to the read/write bit lines BL1,
BL2, BL3 and BL4, respectively. That is, four read/write bit
lines BL1, BL2, BL.3 and BL4 are arranged in correspon-
dence with four TMR elements MTIJ1, MTJ2, MTIJ3 and
MTIJ4.

[0301] Write word lines WWL1, WWL2, WWL3 and
WWI 4 are arranged immediately under the TMR elements
MTI1, MTJ2, MTI3 and MTJ4 and near them. The write
word lines WWL1, WWL2, WWL3 and WWL4 extend in
the X-direction.

[0302] In this example, four write word lines WWLI,
WWIL2, WWL3 and WW1 4 are arranged in correspondence
with four TMR elements MTJ1, MTJ2, MTIJ3 and MTI4.

[0303] In this example, the read/write bit lines BL1, BL.2,
BL3 and B1 4 extending in the Y-direction are arranged on
the TMR elements. The write word lines WWL1, WWL2,
WWIL3 and WWI4 extending in the X-direction are
arranged below the TMR elements. However, the positional
relationship of the read/write bit lines BL1, BL.2, BL3 and
BL4 and write word lines WWL1, WWL2, WWL3 and
WWIL 4 with respect to the TMR elements is not limited to
this.

[0304] For example, as shown in FIGS. 108 and 109, the
read/write bit lines BL.1, BL.2, BL3 and BL4 extending in the
Y-direction may be arranged under the TMR elements.

[0305] The write word lines WWL1, WWL2, WWL3 and
WWI4 extending in the X-direction may be arranged above
the TMR elements.

[0306] As shown in FIGS. 110 and 111, one write word
line may be shared by a plurality of TMR elements (an upper
TMR element and lower TMR element) in consideration of
planarizing insulating films immediately under the TMR
elements 12 or reducing the manufacturing cost. According
to such a device structure, the plurality of TMR elements
MTI1, MTJ2, MTIJ3 and MTIJ4 in the read block are
connected to the different read/write bit lines BL1, BL2,
BL3 and BL4, respectively. Hence, data of the plurality of
TMR elements MTI1, MTJ2, MTIJ3 and MTJ4 in the read
block can be read at once by one read step.

[0307] The plurality of TMR elements MTJ1, MTJ2,
MTI3 and MTJ4 in the read block are stacked at a plurality
of stages on the semiconductor substrate 41. In addition,
only the read/write bit lines BL.1, BL.2, BL.3 and BL4 extend
in the Y-direction. For this reason, even when the number of
stacked TMR elements MTJ1, MTJ2, MTI3 and MTJ4 is
increased, the cell array structure is not complicated.

[0308] FIG. 19 shows the positional relationship between
the TMR elements and the write word lines and read/write
bit lines in the device structure shown in FIGS. 17 and 18.

[0309] In the device structure shown in FIGS. 17 and 18,
the lower electrodes 44A, 44B, 44C and 44D, write word
lines WWL1, WWL2, WWL3 and WWL4, and read/write
bit lines BL1, BL2, BL3 and BL4 are arranged at the
respective stages of the plurality of stacked TMR elements
MTI1, MTJ2, MTJ3 and MTJ4.
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[0310] The layouts of, e.g., the stages of the TMR ele-
ments MTJ1, MTJ2, MTI3 and MTJ4 are set to be identical.

[0311] The lower electrodes 44A, 44B, 44C and 44D have,
e.g., a rectangular pattern. They have contact regions cor-
responding to the contact plugs 42A to 42E at partial
portions. The lower electrodes 44A, 44B, 44C and 44D have
the TMR elements MTJ1, MTJ2, MTIJ3 and MTJ4 at the
remaining portions.

[0312] The TMR elements MTI1, MTJ2, MTJ3 and MTJ4
are arranged at the intersections between the write word
lines WWL1, WWL2, WWL3 and WWL4 and the read/
write bit lines BL1, BL2, BL3 and BLA4.

(4) STRUCTURAL EXAMPLE 4
[0313] Structural Example 4 is a modification to

[0314] Structural Example 3. A characteristic feature of
Structural Example 4, which is different from Structural
Example 3, is the direction of a read select switch. That is,
in Structural Example 4, the read select switch of Structural
Example 3 is rotated by 90°.

[0315] @ Circuit Structure
[0316] The circuit structure will be described first.

[0317] FIG. 20 shows main part of a magnetic random
access memory as Structural Example 4 of the present
invention. The circuit diagram of FIG. 20 corresponds to
that of FIG. 14. The outline of the memory cell array and its
peripheral portion in Structural Example 4 is the same as in
FIG. 13.

[0318] One terminal of each of four TMR elements MTJ1,
MTI2, MTJ3 and MTJ4 in a block BK11 is connected to a
read word line RWL1 through a read select switch (block
select switch or row select switch) RSW formed from, e.g.,
a MOS transistor. The read word line RWLI1 extends in the
X-direction.

[0319] The line that connects the source and drain of the
read select switch RSW is parallel to the X-direction. That
is, the channel length of the read select switch RSW is the
X-direction length of the channel of the read select switch
RSW. The channel width is the Y-direction width of the
channel of the read select switch RSW.

[0320] The gate of the read select switch RSW is con-
nected to a decode line DL1. The decode line DL1 extends
in the Y-direction. The decode line DL1 is connected to a
column decoder 32. That is, the read select switch RSW is
controlled by a decode signal CSL1 obtained by decoding a
column address signal.

[0321] Assume that the read block BK11 is selected in
read operation. At this time, since CSL1 changes to “H”, the
read select switch RSW in the read block BK11 is turned on.
In addition, the read word line RWL1 changes to “L (ground
potential VSS)”. Furthermore, a column select switch 29C is
turned on.

[0322] Hence, a read current flows to the TMR elements
MTI1, MTJ2, MTIJ3 and MTJ4 in the read block BK11.

[0323] The other terminal of each of the four TMR ele-
ments MTJ1, MTJ2, MTIJ3 and MTIJ4 in the read block
BK11 is independently connected to a corresponding one of
read bit lines BL1, BL.2, BL3 and BL4. That is, four read bit
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lines BL1, BL2, BL.3 and BL4 are arranged in correspon-
dence with the four TMR elements MTJT1, MTJ2, MTIJ3 and
MTIJ4 in the read block BK11.

[0324] The read bit lines BL1, B[.2, BL3 and BI.4 extend
in the Y-direction. One end of each read bit line is connected
to a common data line 30 through the column select switch
(MOS transistor) 29C. The common data line 30 is con-
nected to a read circuit (including, e.g., a sense amplifier,
selector and output buffer) 29B.

[0325] A column select line signal CSL1 is input to the
column select switch 29C. The column decoder 32 outputs
the column select line signal CSL1.

[0326] In this example, the read bit lines BL1, BL.2, BL3
and BL4 also function as write bit lines.

[0327] That is, one end of each of the read/write bit lines
BL1, BL2, BL3 and BL4 is connected to a circuit block 29A
including a column decoder and write bit line driver/sinker.
The other end is connected to a circuit block 31 including a
column decoder and write bit line driver/sinker.

[0328] In write operation, the circuit blocks 29A and 31
are set in an operative state. A write current flows to the
read/write bit lines BL1, BL2, BL3 and BL4 in accordance
with write data in a direction toward the circuit block 29A
or 31.

[0329] A plurality of (in this example, four) write word
lines WWL1, WWL2, WWL3 and WWL4 that extend in the
X-direction and are stacked in the Z-direction are arranged
near the four TMR elements MTJ1, MTJ2, MTI3 and MTJ4
of the read block BK11.

[0330] In this example, as for the write word lines extend-
ing in the X-direction, one write word line is arranged at one
stage in one row. That is, one write word line corresponds to
one TMR element in the read block BK11. In this case, the
number of write word lines in one row extending in the
X-direction is the same as the number of stages of the
stacked TMR elements MTJ1, MTIJ2, MTJ3 and MTI4.

[0331] As shown in FIG. 112, one write word line may be
shared by a plurality of TMR elements (an upper TMR
element and lower TMR element) in consideration of pla-
narizing insulating films right under the TMR elements
MTI1, MTJ2, MTJ3 and MTJ4 or reducing the manufac-
turing cost.

[0332] One end of each of the write word lines WWL1,
WWIL2, WWL3 and WWL4 is connected to a write word
line driver 23A-n. The other end is connected to a write word
line sinker 24-x.

[0333] The gate of the read select switch (MOS transistor)
RSW is connected to the read word line RWL1. One read
word line RWL1 is arranged in one row, i.e., shared by the
plurality of blocks arranged in the X-direction.

[0334] In the write operation, a row decoder 25-1 selects
one of the plurality of rows on the basis of row address
signals. The write word line driver 23A-n supplies write
currents to the write word lines WWL1, WWL2, WWL3 and
WWILA in the selected row. The write currents are absorbed
by the write word line sinker.

[0335] In the read operation, the row decoder 25-1 selects
one of the plurality of rows on the basis of row address
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signals. A read word line driver 23B-1 supplies a read
voltage (=“uL”) to the read word line RWL1 in the selected
[OW.

[0336] In the magnetic random access memory of the
present invention, one column is constructed by a plurality
of read blocks. A plurality of TMR elements in each read
block are connected to different read bit lines, respectively.
Hence, data of the plurality of TMR elements in the read
block can be read at once by one read step.

[0337] The plurality of TMR elements in each read block
are stacked to form a plurality of stages on a semiconductor
substrate. Each read bit line also functions as a write bit line.
That is, since no interconnection that functions only as a
write bit line need be formed in the cell array, the cell array
structure can be simplified.

[0338] In each read block, the read select switch RSW is
arranged. The read select switch RSW is controlled by the
decode signal CSL1 obtained by decoding a column address
signal. The source of the read select switch RSW is con-
nected to the read word line. Hence, the read operation can
be stably done with the simple arrangement.

[0339] @ Device Structure
[0340] The device structure will be described next.

[0341] FIGS. 21 and 22 show the device structure of one
block of the magnetic random access memory as Structural
Example 4 of the present invention.

[0342] FIG. 21 shows the Y-direction section of one block
of the magnetic random access memory. FIG. 22 shows the
X-direction section of one block of the magnetic random
access memory. The same reference numerals as in FIG. 20
denote the same elements in FIGS. 21 and 22 to show the
correspondence between the elements.

[0343] The read select switch (MOS transistor) RSW is
arranged on the surface region of a semiconductor substrate
41. The source of the read select switch RSW is connected
to the read word line RWLn through a contact plug 42F. The
read word line RWLn extends, e.g., in the X-direction and is
connected to the read word line driver arranged at the
peripheral portion of the memory cell array region.

[0344] The gate of the read select switch (MOS transistor)
RSW serves as a decode line DLj. The decode line DLj
extends in the Y-direction. The decode line DLj is connected
to the column decoder arranged at the peripheral portion of
the memory cell array region. The four TMR elements (MTJ
(Magnetic Tunnel Junction) elements) MTJ1, MTJ2, MTJ3
and MTJ4 are stacked at a plurality of stages on the read
select switch RSW.

[0345] One end (in this example, the lower end) of each of
the TMR elements MTJ1, MTJ2, MTIJ3 and MTJ4 is con-
nected to a corresponding one of lower electrodes 44A, 44B,
44C and 44D. Contact plugs 42A, 42B, 42C, 42D and 42E
and intermediate layer 43 electrically connect the lower
electrodes 44A, 44B, 44C and 44D to each other and also
electrically connect them to the drain of the read select
switch RSW.

[0346] The other end (in this example, the upper end) of
each of the TMR elements MTI1, MTJ2, MTJ3 and MTJ4
is electrically connected to a corresponding one of the
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read/write bit lines BL1, BL2, BL3 and BL4. The read/write
bit lines BL1, BL2, BL3 and BL4 extend in the Y-direction.

[0347] The TMR elements MTJ1, MTJ2, MTJ3 and MTJ4
are independently connected to the read/write bit lines BL1,
BL2, BL3 and BL4, respectively. That is, four read/write bit
lines BL1, BL2, BL.3 and BL4 are arranged in correspon-
dence with four TMR elements MTIJ1, MTJ2, MTIJ3 and
MTIJ4.

[0348] The write word lines WWL1, WWL2, WWL3 and
WWI 4 are arranged immediately under the TMR elements
MTI1, MTJ2, MTI3 and MTJ4 and near them. The write
word lines WWL1, WWL2, WWL3 and WWL4 extend in
the X-direction.

[0349] In this example, four write word lines WWL1,
WWIL2, WWL3 and WW1 4 are arranged in correspondence
with four TMR elements MTJ1, MTJ2, MTIJ3 and MTI4.

[0350] In this example, the read/write bit lines BL1, BL.2,
BL3 and B1 4 extending in the Y-direction are arranged on
the TMR elements. The write word lines WWL1, WWL2,
WWIL3 and WWI4 extending in the X-direction are
arranged below the TMR elements.

[0351] However, the positional relationship of the read/
write bit lines BL1, BL2, BL3 and BL4 and write word lines
WWL1, WWL2, WWL3 and WWIL4 with respect to the
TMR elements is not limited to this.

[0352] For example, as shown in FIGS. 113 and 114, the
read/write bit lines BL.1, BL.2, BL3 and BL4 extending in the
Y-direction may be arranged under the TMR elements. The
write word lines WWL1, WWL2, WWL3 and WWL4
extending in the X-direction may be arranged above the
TMR elements.

[0353] As shown in FIGS. 115 and 116, one write word
line may be shared by a plurality of TMR elements (an upper
TMR element and lower TMR element) in consideration of
planarizing insulating films right under the TMR elements
12 or reducing the manufacturing cost.

[0354] According to such a device structure, the plurality
of TMR elements MTI1, MTJ2, MTJ3 and MTJ4 in the read
block are connected to the different read/write bit lines BL1,
BL2, BL3 and BL4, respectively. Hence, data of the plurality
of TMR elements MTI1, MTJ2, MTJ3 and MTJ4 in the read
block can be read at once by one read step.

[0355] The plurality of TMR elements MTJ1, MTJ2,
MTI3 and MTJ4 in the read block are stacked at a plurality
of stages on the semiconductor substrate 41. In addition,
only the read/write bit lines BL.1, BL.2, BL.3 and BL4 extend
in the Y-direction. For this reason, even when the number of
stacked TMR elements MTJ1, MTJ2, MTI3 and MTJ4 is
increased, the cell array structure is not complicated.

(5) STRUCTURAL EXAMPLES 5, 6, 7 And 8

@ STRUCTURAL EXAMPLE 5

[0356] Structural Example 5 is a modification to Structural
Examples 1, 2, 3 and 4.

[0357] FIGS. 23, 24 and 25 show Structural Example 5.

[0358] The circuit diagram of FIG. 23 corresponds to that
of FIG. 1 or 13. The sectional view of the device structure
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shown in FIG. 24 corresponds to that in FIGS. 4, 11, 17 and
21. The sectional view of the device structure shown in FIG.
25 corresponds to that in FIGS. 5, 12, 18 and 22.

[0359] Structural Example 5 is different from Structural
Examples 1, 2, 3 and 4 in the element that implements the
read select switch.

[0360] In Structural Examples 1, 2, 3 and 4, the read select
switch is formed from a MOS transistor. In Structural
Example 5, however, the read select switch is formed from
a diode DI.

[0361] The anode of the diode DI is connected to one
terminal of each of TMR elements MTJ1, MTJ2, MTJ3 and
MTIJ4 in a read block BKik. The cathode of the diode DI is
connected to a read word line RWLn (n=1, 2, . . .)

[0362] When the structure of this example is employed, in
read operation, the read word line RWLn of the selected row
is set at “L”, i.e., the ground potential. With this operation,
a read current can be supplied to the TMR elements MTJ1,
MTI2, MTI3 and MTJ4 in the blocks of the selected row.

[0363] The device structure of Structural Example 5 can
be regarded to be substantially the same as that of Structural
Example 1, 2, 3 or 4 except that the element formed on the
surface region of a semiconductor substrate 41 is the diode
DI.

@ STRUCTURAL EXAMPLE 6

[0364] Structural Example 6 is also a modification to
Structural Examples 1, 2, 3 and 4.

[0365] FIGS. 26, 27 and 28 show Structural Example 6.

[0366] The circuit diagram of FIG. 26 corresponds to that
of FIG. 1 or 13. The sectional view of the device structure
shown in FIG. 27 corresponds to that in FIGS. 4, 11, 17 and
21. The sectional view of the device structure shown in FIG.
28 corresponds to that in FIGS. 5, 12, 18 and 22.

[0367] As a characteristic feature of Structural Example 6,
it is different from Structural Examples 1, 2, 3 and 4 in the
element that implements the read select switch. More spe-
cifically, in Structural Example 6, the direction of a diode DI
of Structural Example 5 is changed.

[0368] That is, in Structural Example 6, the cathode of the
diode DI is connected to one terminal of each of TMR
elements MTJ1, MTJ2, MTJ3 and MTJ4 in a read block
BKik. The anode of the diode DI is connected to a read word
line RWLn (n=1, 2, .. .)

[0369] When the structure of this example is employed, in
read operation, the read word line RWLn of the selected row
is set at “H”. With this operation, a read current can be
supplied to the TMR elements MTJ1, MTJ2, MTJ3 and
MTJ4 in the blocks of the selected row.

[0370] In Structural Example 5, the read current flows for
a read circuit 29B to the diode DI through the TMR
elements. In Structural Example 6, however, the read current
flows from the diode DI to the read circuit 29B through the
TMR elements.

[0371] In Structural Examples 1, 2, 3 and 4, the direction
of the read current was not specifically described. This is
because in these structural examples, the read current can be
supplied either in the direction in which the current is output
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from the read circuit 29B or in the direction in which the
current is absorbed by the read circuit 29B.

@ STRUCTURAL EXAMPLE 7

[0372] Structural Example 7 is a modification to Structural
Examples 1 and 2.

[0373] FIGS. 29 and 30 show Structural Example 7.

[0374] The circuit diagram of FIG. 29 corresponds to that
of FIG. 1. The sectional view of the device structure shown
in FIG. 30 corresponds to that in FIGS. 4 and 11.

[0375] As a characteristic feature of Structural Example 7,
it is different from Structural Examples 1 and 2 in the
element that implements the read select switch.

[0376] In Structural Examples 1 and 2, the read select
switch is formed from a MOS transistor. In Structural
Example 7, however, the read select switch is formed from
a bipolar transistor BT.

[0377] InStructural Example 7, the collector of the bipolar
transistor BT is connected to one terminal of each of TMR
elements MTJ1, MTJ2, MTJ3 and MTJ4 in a read block
BKik. The emitter of the bipolar transistor BT is connected
to a source line SLi (i=1, 2, . . ., j). The base of the bipolar
transistor BT is connected to a read word line RWLn (n=1,
2,...)

[0378] When the structure of this example is employed, in
read operation, the read word line RWLn of the selected row
is set at “H”. With this operation, a read current can be
supplied to the TMR elements MTJ1, MTJ2, MTJ3 and
MTJ4 in the blocks of the selected row.

[0379] The device structure of Structural Example 7 can
be regarded to be substantially the same as that of Structural
Example 1 and 2 except that the element formed on the
surface region of a semiconductor substrate 41 is the bipolar
transistor BT.

[0380] In the structure of this example, all transistors of a
memory cell array 11 and its peripheral circuits may be
bipolar transistors, or some of them may be bipolar transis-
tors.

@ STRUCTURAL EXAMPLE 8

[0381] Structural Example 8 is a modification to Structural
Examples 3 and 4.

[0382] FIGS. 31 and 32 show Structural Example 7.

[0383] The circuit diagram of FIG. 31 corresponds to that
of FIG. 13. The sectional view of the device structure shown
in FIG. 32 corresponds to that in FIGS. 17 and 21.

[0384] As a characteristic feature of Structural Example 8,
it is different from Structural Examples 3 and 4 in the
element that implements the read select switch.

[0385] In Structural Examples 3 and 4, the read select
switch is formed from a MOS transistor. In Structural
Example 8, however, the read select switch is formed from
a bipolar transistor BT.

[0386] In Structural Example 8, the collector of the bipolar
transistor BT is connected to one terminal of each of TMR
elements MTJ1, MTJ2, MTJ3 and MTJ4 in a read block
BKik. The emitter of the bipolar transistor BT is connected
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to a read word line RWLn (n=1, 2, . . . ) The base of the
bipolar transistor BT is connected to a decode line DL (i=1,

2, .., 0)

[0387] When the structure of this example is employed, in
read operation, the read word line RWLn of the selected row
is set at “L”. With this operation, a read current can be
supplied to the TMR elements MTJ1, MTJ2, MTJ3 and
MTJ4 in the blocks of the selected row.

[0388] The device structure of Structural Example 8 can
be regarded to be substantially the same as that of Structural
Example 3 and 4 except that the element formed on the
surface region of a semiconductor substrate 41 is the bipolar
transistor BT.

[0389] In the structure of this example, all transistors of a
memory cell array 11 and its peripheral circuits may be
bipolar transistors, or some of them may be bipolar transis-
tors.

[0390] (6) Others

[0391] In Structural Examples 1 to 8, read bit lines and
write bit lines are put together into read/write bit lines.
However, the present invention is not limited to this struc-
ture as long as TMR elements in a read block are connected
to different read bit lines.

[0392] Forexample, in Structural Examples 1 to 8, read bit
lines and write bit lines may be separately arranged. Alter-
natively, write word lines may be used as read word lines.

[0393] 2. Write/Read Operation Mechanism

[0394] The write/read operation mechanism of the mag-
netic random access memory of the present invention will be
briefly described.

[0395] (1) Write Operation Mechanism

[0396] A write in TMR elements is executed at random.
For example, one row is selected by row address signals.
One column is selected by high order column address
signals. One of a plurality of TMR elements in read blocks
in the selected row is selected by low order column address
signals.

[0397] To write data in the selected TMR element, a write
current is supplied to a write word line arranged right under
the selected TMR element. In addition, the write current is
also supplied to a read/write bit line arranged on the selected
TMR element. The direction of write current to be supplied
to the read/write bit line is determined in accordance with
the write data.

[0398] The magnetizing direction in the free layer (storing
layer) of the selected TMR element is determined by a
synthesized magnetic field formed by the write current
flowing to the write word line and the write current flowing
to the read/write bit line, thereby storing “17/“0” informa-
tion in the TMR element.

[0399] (2) Read Operation Mechanism

[0400] A read from TMR elements is executed for each
read block. For example, one row is selected by row address
signals. One column is selected by high order column
address signals.

[0401] To read data from a plurality of TMR elements in
the selected read block that is present on the selected row
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and column, a read current is supplied to a plurality of
read/write bit lines arranged in the selected column. The
direction of read current to be supplied to the read/write bit
lines is not particularly limited.

[0402] At this time, the plurality of read/write bit lines
arranged on the selected column are preferably electrically
connected only to the selected read block (for example, the
circuit example shown in FIG. 3).

[0403] The potentials of the plurality of read/write bit lines
have values corresponding to the data of the plurality of
TMR elements in the read block. These potentials are sensed
by a sense amplifier.

[0404] The data of the plurality of TMR elements in the
selected read block are sensed by the sense amplifier and
then output from the magnetic random access memory. The
bit data of the plurality of TMR elements may be output one
by one or simultaneously.

[0405] To sequentially output the bit data of the plurality
of TMR elements one by one, one of the plurality of TMR
elements is selected using, e.g., low order column address
signals.

[0406] 3. Examples of Peripheral Circuits

[0407] A circuit example of the write word line driver/
sinker, a circuit example of the write bit line driver/sinker,
circuit examples of the read word line driver, a circuit
example of the column decoder, and a circuit example of a
read circuit (including a sense amplifier) will be sequentially
described below.

[0408] (1) Write Word Line Driver/Sinker

[0409] FIG. 33 shows a circuit example of the write word
line driver/sinker.

[0410] In this example, assume that a read block is formed
from four TMR elements that are stacked at four stages, and
each of the four TMR elements in the read block is selected
by CA0 and CALl of low order column address signals. FIG.
33 shows a write word line driver/sinker of only one row.

[0411] The write word line driver 23A-1 includes PMOS
transistors QP1, QP2, QP3 and QP4, and NAND gate
circuits ND1, ND2, ND3 and ND4. The write word line
sinker 24-1 is formed from NMOS transistors QN1, QN2,
QN3 and QN4.

[0412] The PMOS transistor QP1 is connected between a
power supply terminal VDD and one end of the write word
line WWL1 at the lowermost stage (first stage). The output
signal from the NAND gate circuit ND1 is supplied to the
gate of the PMOS transistor QP1. The NMOS transistor
QN1 is connected between the other end of the write word
line WWL1 at the lowermost stage and the ground terminal
VSS.

[0413] When the output signal from the NAND gate
circuit ND1 is “0”, a write current flows to the write word
line WWL1.

[0414] The PMOS transistor QP2 is connected between
the power supply terminal VDD and one end of the write
word line WWL.2 at the second stage. The output signal from
the NAND gate circuit ND2 is supplied to the gate of the
PMOS transistor QP2. The NMOS transistor QN2 is con-
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nected between the other end of the write word line WW1.2
at the second stage and the ground terminal VSS.

[0415] When the output signal from the NAND gate
circuit ND2 is “0”, a write current flows to the write word
line WWL2.

[0416] The PMOS transistor QP3 is connected between
the power supply terminal VDD and one end of the write
word line WWL3 at the third stage. The output signal from
the NAND gate circuit ND3 is supplied to the gate of the
PMOS transistor QP3. The NMOS transistor QN3 is con-
nected between the other end of the write word line WWL3
at the third stage and the ground terminal VSS.

[0417] When the output signal from the NAND gate
circuit ND3 is “0”, a write current flows to the write word
line WWL3.

[0418] The PMOS transistor QP4 is connected between
the power supply terminal VDD and one end of the write
word line WWL4 at the uppermost stage-(fourth stage). The
output signal from the NAND gate circuit ND4 is supplied
to the gate of the PMOS transistor QP4. The NMOS
transistor QN4 is connected between the other end of the
write word line WWIL4 at the uppermost stage and the
ground terminal VSS.

[0419] When the output signal from the NAND gate
circuit ND4 is “0”, a write current flows to the write word
line WWL4.

[0420] Since the write word lines WWL1, WWL2, WWL3
and WWL4 belong to the same row, the same row address
signals is input to the NAND gate circuits ND1, ND2, ND3
and ND4. In the sclected row, all bits of the row address
signals are “H”.

[0421] A write signal is input to the NAND gate circuits
ND1, ND2, ND3 and ND4. In the write operation, the write
signal changes to “H”. In addition, different low order
column address signals are input to the NAND gate circuits
ND1, ND2, ND3 and ND4.

[0422] That is, in this example, column address signals
bCAO0 and bCA1 are used to select the write word line
WWLL1 at the lowermost stage (first stage) and input to the
NAND gate circuit ND1.

[0423] The column address signals CAQ and bCA1 are
used to select the write word line WWL2 at the second stage
and input to the NAND gate circuit ND2. The column
address signals bCAQ and CA1 are used to select the write
word line WWL3 at the third stage and input to the NAND
gate circuit ND3. The column address signals CAQ and CA1
are used to select the write word line WWL2 at the upper-
most stage (fourth stage) and input to the NAND gate circuit
ND4.

[0424] Note that the signals bCAOQ and bCAL1 are inverted
signals with inverted levels of CA0O and CALl.

[0425] In this write word line driver/sinker, in the write
operation, a write signal WRITE is “1”. For example, one of
the output signals from the four NAND gate circuits ND1,
ND2, ND3 and ND4 changes to “L.”.

[0426] For example, when both CAQ and CA1 are “07, all
input signals to the NAND gate circuit ND1 are “1”. The
output signal from the NAND gate circuit ND1 is “0”. As a
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result, the PMOS transistor QP1 is turned on. The write
current flows to the write word line WWL1.

[0427] When CAOis “1” and CAl is “07, all input signals
to the NAND gate circuit ND2 are “1”. The output signal
from the NAND gate circuit ND2 is “0”. As a result, the
PMOS transistor QP2 is turned on. The write current flows
to the write word line WWIL2.

[0428] When CAO is “0” and CAl is “17, all input signals
to the NAND gate circuit ND3 are “1”. The output signal
from the NAND gate circuit ND3 is “0”. As a result, the
PMOS transistor QP3 is turned on. The write current flows
to the write word line WWIL3.

[0429] When both CAO and CA1 are “17, all input signals
to the NAND gate circuit ND4 are “1”. The output signal
from the NAND gate circuit ND4 is “0”. As a result, the
PMOS transistor QP4 is turned on. The write current flows
to the write word line WWIL4.

[0430] (2) Write Bit Line Driver/Sinker

[0431] FIGS. 34 and 35 show a circuit example of the
write bit line driver/sinker.

[0432] In this example, assume that a read block is formed
from four TMR elements that are stacked at four stages, and
each of the four TMR elements in the read block is selected
by CA0 and CA1 of low order column address signals. In
addition, a column of the memory cell array is selected by
high order column address signals, i.e., column address
signals except low order two column address signals.

[0433] FIGS. 34 and 35 show a write bit line driver/sinker
of only one column.

[0434] The write bit line driver/sinker 29A is formed from
PMOS transistors QP5, QP6, QP7 and QP8, NMOS tran-
sistors QNS5, QN6, QN7 and QN8, NAND gate circuits
NDS, ND6, ND7 and ND8, AND gate circuits AD1, AD2,
AD3 and AD4, and inverters INV1, INV2, INV3 and INV4.

[0435] The PMOS transistor QPS5 is connected between
the power supply terminal VDD and one end of the write bit
line BL1 at the lowermost stage (first stage). The output
signal from the NAND gate circuit NDS is supplied to the
gate of the PMOS transistor QP5. The NMOS transistor
QNS5 is connected between one end of the write bit line BLL1
at the lowermost stage and the ground terminal VSS. The
output signal from the AND gate circuit AD1 is supplied to
the gate of the NMOS transistor QNS.

[0436] The PMOS transistor QP6 is connected between
the power supply terminal VDD and one end of the write bit
line BL2 at the second stage. The output signal from the
NAND gate circuit ND#é is supplied to the gate of the PMOS
transistor QP6. The NMOS transistor QN6 is connected
between one end of the write bit line BL.2 at the second stage
and the ground terminal VSS. The output signal from the
AND gate circuit AD2 is supplied to the gate of the NMOS
transistor QN6.

[0437] The PMOS transistor QP7 is connected between
the power supply terminal VDD and one end of the write bit
line BL3 at the third stage. The output signal from the
NAND gate circuit ND7 is supplied to the gate of the PMOS
transistor QP7. The NMOS transistor QN7 is connected
between one end of the write bit line BL3 at the third stage
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and the ground terminal VSS. The output signal from the
AND gate circuit AD3 is supplied to the gate of the NMOS
transistor QN7.

[0438] The PMOS transistor QP8 is connected between
the power supply terminal VDD and one end of the write bit
line BL4 at the uppermost stage (fourth stage). The output
signal from the NAND gate circuit NDS§ is supplied to the
gate of the PMOS transistor QP8. The NMOS transistor
QNS is connected between one end of the write bit line BL4
at the uppermost stage and the ground terminal VSS. The
output signal from the AND gate circuit AD4 is supplied to
the gate of the NMOS transistor QNS.

[0439] The write bit line driver/sinker 31 is formed from
PMOS transistors QP9, QP10, QP11 and QP12, NMOS
transistors QN9, QN10, QN11 and QN12, NAND gate
circuits ND9, ND10, ND11 and ND12, AND gate circuits
ADS5, AD6, AD7 and ADS, and inverters INV5,INV6, INV7
and INVS.

[0440] The PMOS transistor QP9 is connected between
the power supply terminal VDD and the other end of the
write bit line BL1 at the lowermost stage (first stage). The
output signal from the NAND gate circuit ND9 is supplied
to the gate of the PMOS transistor QP9. The NMOS
transistor QN9 is connected between the other end of the
write bit line BL1 at the lowermost stage and the ground
terminal VSS. The output signal from the AND gate circuit
ADS is supplied to the gate of the NMOS transistor QN9.

[0441] The PMOS transistor QP10 is connected between
the power supply terminal VDD and the other end of the
write bit line BL2 at the second stage. The output signal
from the NAND gate circuit ND10 is supplied to the gate of
the PMOS transistor QP10. The NMOS transistor QN10 is
connected between the other end of the write bit line BL2 at
the second stage and the ground terminal VSS. The output
signal from the AND gate circuit AD6 is supplied to the gate
of the NMOS transistor QN10.

[0442] The PMOS transistor QP11 is connected between
the power supply terminal VDD and the other end of the
write bit line BL3 at the third stage. The output signal from
the NAND gate circuit ND11 is supplied to the gate of the
PMOS transistor QP11. The NMOS transistor QN11 is
connected between the other end of the write bit line BL3 at
the third stage and the ground terminal VSS. The output
signal from the AND gate circuit AD7 is supplied to the gate
of the NMOS transistor QN11.

[0443] The PMOS transistor QP12 is connected between
the power supply terminal VDD and the other end of the
write bit line BL4 at the uppermost stage (fourth stage). The
output signal from the NAND gate circuit ND12 is supplied
to the gate of the PMOS transistor QP12. The NMOS
transistor QN12 is connected between the other end of the
write bit line BL4 at the uppermost stage and the ground
terminal VSS. The output signal from the AND gate circuit
ADS is supplied to the gate of the NMOS transistor QN12.

[0444] Inthe write bit line drivers/sinkers 29A and 31 with
the above structures, when the output signal from the NAND
gate circuit NDS5 is “0”, and the output signal from the AND
gate circuit ADS is “1”, a write current from the write bit line
driver/sinker 29A to the write bit line driver/sinker 31 flows
to the write bit line BL1. When the output signal from the
NAND gate circuit ND9 is “0”, and the output signal from
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the AND gate circuit AD1 is “17, a write current from the
write bit line driver/sinker 31 to the write bit line driver/
sinker 29A flows to the write bit line BL1.

[0445] When the output signal from the NAND gate
circuit ND6 is “0”, and the output signal from the AND gate
circuit AD6 is “1”, a write current from the write bit line
driver/sinker 29A to the write bit line driver/sinker 31 flows
to the write bit line BL2.

[0446] When the output signal from the NAND gate
circuit ND10 is “0”, and the output signal from the AND
gate circuit AD2 is “1”, a write current from the write bit line
driver/sinker 31 to the write bit line driver/sinker 29A flows
to the write bit line BL.2.

[0447] When the output signal from the NAND gate
circuit ND7 is “0”, and the output signal from the AND gate
circuit AD7 is “1”, a write current from the write bit line
driver/sinker 29A to the write bit line driver/sinker 31 flows
to the write bit line BL3.

[0448] When the output signal from the NAND gate
circuit ND11 is “0”, and the output signal from the AND gate
circuit AD3 is “1”, a write current from the write bit line
driver/sinker 31 to the write bit line driver/sinker 29A flows
to the write bit line BL3.

[0449] When the output signal from the NAND gate
circuit ND8 is “0”, and the output signal from the AND gate
circuit AD8 is “1”, a write current from the write bit line
driver/sinker 29A to the write bit line driver/sinker 31 flows
to the write bit line BL4.

[0450] When the output signal from the NAND gate
circuit ND12 is “0”, and the output signal from the AND
gate circuit AD4 is “1”, a write current from the write bit line
driver/sinker 31 to the write bit line driver/sinker 29A flows
to the write bit line BL.4.

[0451] In the write bit line drivers/sinkers 29A and 31, in
the write operation, the write signal WRITE is “1”. In the
selected column, high order column address signals, i.e., all
of the column address signals except the low order two
column address signals CA0 and CAl are “17.

[0452] The low order column address signals CAO and
CA1 are used to select one of the four write bit lines BL1,
BL2, BL3 and BL4 in the selected column. A write current
having a direction corresponding to the value of write data
DATA flows to the selected bit line.

[0453] The direction of write current flowing to the
selected write bit line in the selected column is determined
in accordance with the value of the write data DATA.

[0454] For example, when the write bit line BL1 is
selected (when CA0=“0" and CA1=“0"), and the write data
DATA is “17, the output signal from the NAND gate circuit
NDS5 is “0”. The output signal from the AND gate circuit
ADS5is “1”. As a result, a write current from the write bit line
driver/sinker 29A to the write bit line driver/sinker 31 flows
to the write bit line BL1.

[0455] Conversely, when the write data DATA is “0”, the
output signal from the NAND gate circuit ND9 is “0”. The
output signal from the AND gate circuit AD1 is “1”. As a
result, a write current from the write bit line driver/sinker 31
to the write bit line driver/sinker 29A flows to the write bit
line BL1.
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[0456] When the write bit line BL2 is selected (when
CA0=“1" and CA1=“0"), and the write data DATA is “17,
the output signal from the NAND gate circuit NDé6 is “0”.
The output signal from the AND gate circuit AD6 is “1”. As
a result, a write current from the write bit line driver/sinker
29A to the write bit line driver/sinker 31 flows to the write
bit line BL2.

[0457] Conversely, when the write data DATA is “0”, the
output signal from the NAND gate circuit ND10 is “0”. The
output signal from the AND gate circuit AD2 is “1”. As a
result, a write current from the write bit line driver/sinker 31
to the write bit line driver/sinker 29A flows to the write bit
line BL2.

[0458] When the write bit line BL3 is selected (when
CA0=“0" and CA1=*1"), and the write data DATA is “17,
the output signal from the NAND gate circuit ND7 is “0”.
The output signal from the AND gate circuit AD7 is “1”. As
a result, a write current from the write bit line driver/sinker
29A to the write bit line driver/sinker 31 flows to the write
bit line BL3.

[0459] Conversely, when the write data DATA is “0”, the
output signal from the NAND gate circuit ND11 is “0”. The
output signal from the AND gate circuit AD3 is “1”. As a
result, a write current from the write bit line driver/sinker 31
to the write bit line driver/sinker 29A flows to the write bit
line BL3.

[0460] When the write bit line BL4 is selected (when
CA0=“1" and CA1=*1"), and the write data DATA is “17,
the output signal from the NAND gate circuit ND8 is “0”.
The output signal from the AND gate circuit AD8 is “1”. As
a result, a write current from the write bit line driver/sinker
29A to the write bit line driver/sinker 31 flows to the write
bit line BL4.

[0461] Conversely, when the write data DATA is “0”, the
output signal from the NAND gate circuit ND12 is “0”. The
output signal from the AND gate circuit AD4 is “1”. As a
result, a write current from the write bit line driver/sinker 31

to the write bit line driver/sinker 29A flows to the write bit
line BL4.

[0462] (3) Read Word Line Driver

[0463] FIGS. 36 and 37 show circuit examples of the read
word line driver.

[0464] The read word line driver applied to Structural
Examples 1, 2, 6 and 7 has a circuit structure different from
that of the read word line driver applied to Structural
Examples 3, 4, 5 and 8.

[0465] FIG. 36 shows an example of the read word line
driver applied to Structural Examples 1, 2, 6 and 7.

[0466] The read word line driver 23B-1 is formed from an
AND gate circuit AD9. Aread signal READ and row address
signals are input to the AND gate circuit AD9.

[0467] In the read operation, the read signal is “1”. The
row address signals are the same as that in the write word
line driver/sinker (FIG. 33).

[0468] In the read operation, in the selected row, all of the
row address signals are “1”. Hence, the potential of the read
word line RWL1 is “1”.
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[0469] FIG. 37 shows an example of the read word line
driver applied to Structural Examples 3, 4, 5 and 8.

[0470] The read word line driver 23B-1 is formed from a
NAND gate circuit ND13. The read signal READ and row
address signal are input to the NAND gate circuit ND13.

[0471] In the read operation, the read signal is “1”. The
row address signals are the same as that in the write word
line driver/sinker (FIG. 33). n the read operation, in the
selected row, all of the row address signals are “1”. Hence,
the potential of the read word line RWL1 is “0”.

[0472] (4) Column Decoder

[0473] FIGS. 38 and 39 show a circuit example of the
column decoder.

[0474] Each of the column decoders 32, 32A and 32B is
formed from an AND gate circuit AD10. The read signal
READ and high order column address signals are input to
the AND gate circuit AD10. In the read operation, the read
signal is “1”. In the selected column, all of the high order
column address signals are “1”.

[0475] Hence, in the column decoder 32 or 32A, the
potential of the column select signal CSLj as its output
signal is set to “1”. In the column decoder 32B, the decode
signal DL1 as its output signal is set to “1”.

[0476] (5) Read Circuit

[0477] FIG. 40 shows an example of the block diagram of
the read circuit.

[0478] In this example, assume that, four TMR elements
are arranged in one read block of one column, and the TMR
elements are independently connected to read bit lines. That
is, four read bit lines are arranged on one column. These read
bit lines are connected to the read circuit 29B through the
column select switch.

[0479] The read circuit 29B of this example is applied to
a 1-I/O-type magnetic random access memory which out-
puts read data bits one by one.

[0480] Hence, the read circuit 29B has four sense ampli-
fiers & bias circuits 29B11, 29B12, 29B13 and 29B14, a
selector 29B2, and an output buffer 29B3.

[0481] In the read operation, read data are simultancously
read from four TMR elements in the selected read block.
These four read data are input to and sensed by the sense
amplifiers & bias circuits 29B11,29B12, 29B13 and 29B14,
respectively.

[0482] On the basis of the low order column address signal
CAO0 and CALl, the selector 29B2 selects one of the four read
data output from the sense amplifiers & bias circuits 29B11,
29B12, 29B13 and 29B14. The selected read data is output
from the magnetic random access memory as output data
through the output buffer 29B3.

[0483] In this example, the read circuit 29B is applied to
a 1-1/O-type magnetic random access memory.

[0484] However, when the read circuit 29B is applied to,
e.g., a 4-1/O-type magnetic random access memory which
outputs 4-bit read data, the selector 29B2 can be omitted. To
the contrary, four output buffers 29B3 are required in
correspondence with the sense amplifiers & bias circuits
29B11, 29B12, 29B13 and 29B14.
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[0485] FIG. 41 shows an example of the block diagram of
the read circuit applied to a 4-I/O-type magnetic random
access memory.

[0486] The read circuit 29B has four sense amplifiers &
bias circuits 29B11, 29B12, 29B13 and 29B14 and four
output buffers 29B31, 29B32, 29B33 and 29B34.

[0487] In the read operation, read data are simultaneously
read from four TMR elements in the selected read block.
These four read data are input to and sensed by the sense
amplifiers & bias circuits 29B11,29B12, 29B13 and 29B14,
respectively.

[0488] The output data from the sense amplifiers & bias
circuits 29B11, 29B12, 29B13 and 29B14 are output from
the magnetic random access memory through the output
buffers 29B31, 29B32, 29B33 and 29B34.

[0489] FIG. 42 shows a circuit example of the sense
amplifier & bias circuit.

[0490] This sense amplifier & bias circuit corresponds to
one of the four sense amplifiers & bias circuits shown in
FIG. 40 or 41.

[0491] A sense amplifier S/A is formed from, e.g., a
differential amplifier.

[0492] A PMOS transistor QP14 and NMOS transistor
QN13 are connected in series between the power supply
terminal VDD and the column select switch 29C. The
negative input terminal of a differential amplifier OP is
connected to a node n2. The output terminal of the differ-
ential amplifier OP is connected to the gate of the NMOS
transistor QN13. A clamp potential VC is input to the
positive input terminal of the differential amplifier OP.

[0493] The differential amplifier OP equalizes the poten-
tial of the node n2 with the clamp potential VC. The clamp
potential VC is set to a predetermined positive value.

[0494] A constant current source Isl generates a read
current Iread. The read current Iread flows to a bit line BLi
through a current mirror circuit formed from a PMOS
transistor QP13 and the PMOS transistor QP14. The sense
amplifier formed from, e.g., a differential amplifier senses
the data of a memory cell (TMR element) on the basis of the
potential of a node n1 when the read current Iread is flowing.

[0495] FIG. 43 shows a circuit example of the sense
amplifier. FIG. 44 shows a circuit example of the reference
potential generating circuit of the sense amplifier.

[0496] The sense amplifier S/A is formed from, e.g., a
differential amplifier shown in FIG. 45. The sense amplifier
S/A compares a potential Vnl of the node nl with a
reference potential Vref.

[0497] The reference potential Vref is generated by a TMR
element which stores “1” data and a TMR element which
stores “0” data.

[0498] A PMOS transistor QP16 and NMOS transistors
QN14 and QN1S5 are connected in series between the power
supply terminal VDD and the TMR element which stores
“1” data. A PMOS transistor QP17 and NMOS transistors
QN16 and QN17 are connected in series between the power
supply terminal VDD and the TMR element which stores
“0” data.
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[0499] The drains of the PMOS transistors QP16 and
QP17 are connected to each other. The drains of the NMOS
transistors QN15 and QN17 are also connected to each other.

[0500] The differential amplifier OP equalizes the poten-
tial of a node n4 with the clamp potential VC. A constant
current source Is2 generates the read current Iread. The read
current Iread flows to the TMR element which stores “1”
data and TMR element which stores “0” data through a
current mirror circuit formed from the PMOS transistors
QP15 and QP16.

[0501] The reference potential Vref is output from a node
n3.

[0502] Assume that Is1=Is2, the transistors QP13, QP14,
QP15, QP16 and QP17 have the same size, the transistors
OQN13, QN14 and QN16 have the same size, and the
transistors QN15 and QN17 and NMOS transistors to which
CSL1, CSL2, . .. are input have the same size. In this case,
the reference potential Vref can be set to the intermediate
value between the potential Vnl when “1” data is output and
that when “0” data is output.

[0503] FIG. 45 shows a circuit example of the differential
amplifier OP shown in FIGS. 42 and 44.

[0504] The differential amplifier OP is formed from
PMOS transistors QP18 and QP19 and NMOS transistors
QN18, ON19 and QN20. When an enable signal Enable
changes to “H”, the differential amplifier OP is set in an
operative state.

[0505] 4. Manufacturing Method

[0506] The cell array structure, read operation mechanism,
and read circuit of the magnetic random access memory of
the present invention have been described above. Finally, a
manufacturing method for implementing the magnetic ran-
dom access memory of the present invention will be
described.

[0507] The manufacturing method to be described below
is related to Structural Example 1. Structural Examples 2 to
8 can also easily be formed using the following manufac-
turing method.

[0508] Structural Example 2 is different from Structural
Example 1 only in the direction of read select switch.
Structural Examples 3 and 4 are different from Structural
Example 1 only in the type (purpose) of interconnection
connected to the read select switch. Structural Examples 5 to
8 are different from Structural Example 1 only in the element
that constructs the read select switch.

[0509] (1) Cell Array Structure to be Manufactured

[0510] The cell array structure completed by the manu-
facturing method of the present invention will be briefly
described first. Then, the manufacturing method of the cell
array structure will be described.

[0511] FIG. 46 shows the cell array structure related to
Structural Example 1.

[0512] Inthiscell array structure, one read block is formed
by four TMR elements MTJ1, MTJ2, MTJ3 and MTJ4 that
are vertically stacked.

[0513] Read select switches (MOS transistors) RSW are
arranged on the surface region of a semiconductor substrate
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51. The read select switches RSW in two read blocks
adjacent in the Y-direction share one source. The source of
the read select switch RSW is connected to a source line SL.
The source line SL extends straight in, e.g., the Y-direction
and is commonly connected to the read select switches RSW
in a plurality of read blocks arranged in one column.

[0514] The gates of the read select switches (MOS tran-
sistors) RSW serve as read word lines RWL1, RWL2 and
RWL3. The read word lines RWL1, RWL2 and RWL3
extend in the X-direction. The four TMR elements MTI1,
MTI2, MTI3 and MTJ4 are stacked on each read select
switch RSW.

[0515] Each of the TMR elements MTJ1, MTJ2, MTJ3
and MTJ4 has, e.g., the structure shown in FIG. 7, 8 or 9.
As for the vertical direction of the TMR elements MTJ1,
MTIJ2, MTJ3 and MTJ4, for example, the free layer (storing
layer) is separated equidistantly from the write word line and
read/write bit line as much as possible. Its axis of easy
magnetization is set to be parallel to, e.g., the X-direction.

[0516] The lower surfaces of the TMR elements MTI1,
MTI2, MTJ3 and MTJ4 are connected to lower electrodes.
The lower electrodes are connected to the drain of the read
select switch (MOS transistor) RSW through contact plugs.

[0517] Write word lines WWL1, WWL2, WWL3 and
WWL4 extending in the X-direction are arranged right
under the TMR elements MTJ1, MTJ2, MTIJ3 and MTI4,
respectively. The upper surfaces of the TMR elements
MTI1, MTJ2, MTIJ3 and MTJ4 are in contact with read/
write bit lines BL1, BL2, BL3 and BL4 extending in the
Y-direction.

[0518] When the cell array structure is viewed from the
upper side of the semiconductor substrate 51, for example,
the TMR elements MTJ1, MTJ2, MTIJ3 and MTJ4 are laid
out to overlap each other. The write word lines WWLI1,
WWL2, WWL3 and WWIL 4 are also laid out to overlap each
other. The read/write bit lines BL1, BL.2, BL3 and BL4 are
also laid out to overlap each other.

[0519] The contact plugs for connecting the terminals of
the TMR elements MTJ1, MTJ2, MTJ3 and MTJ4 to the
drain of the read select switch RSW are laid out not to
overlap the write word lines WWL1, WWL2, WWL3 and
WWL4 and read/write bit lines BL1, BL2, BL3 and BLA4.

[0520] (2) Steps in Manufacturing Method

[0521] The manufacturing method for implementing the
cell array structure shown in FIG. 46 will be described
below. A detailed manufacturing method (e.g., employment
of a dual damascene process) will be described here. Hence,
note that elements that are not illustrated in the cell array
structure of FIG. 46 will be mentioned. However, the outline
of the finally completed cell array structure is almost the
same as that shown in FIG. 46.

[0522] [1] Active Region Isolation Step

[0523] First, as shown in FIG. 47, active areas are isolated
by the shallow trench isolation (STI) method in the semi-
conductor substrate 51.

[0524] Field oxide films 52 are filled in shallow trenches,
e.g., the following process.
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[0525] A mask pattern (e.g., a silicon nitride film) is
formed on the semiconductor substrate 51 by PEP (Photo
Engraving Process). The semiconductor substrate 51 is
etched by RIE (Reactive Ion Etching) using the mask pattern
as a mask to form trenches in the semiconductor substrate
51. These trenches are filled with an insulating material (e.g.,
a silicon oxide) using, e.g., CVD (Chemical Vapor Deposi-
tion) and CMP (Chemical Mechanical Polishing).

[0526] After that, p-type impurities (e.g., B or BF,) or
n-type impurities (e.g., P or As) are doped into the semi-
conductor substrate by, e.g., the ion implantation technique,
as needed, to form p-type well regions or n-type well
regions.

[0527] [2] MOSFET Forming Step

[0528] Next, as shown in FIG. 48, MOS transistors
including the read select switches are formed on the surface
region of the semiconductor substrate 51.

[0529] The MOS transistors can be formed by, e.g., the
following process.

[0530] Impurities for controlling the threshold value of the
MOS transistors are ion-implanted into necessitate channel
portions in active areas surrounding by field oxides 52. A
gate insulating film (e.g., a silicon oxide film) 53 is formed
in the active areas by thermal oxidation. A gate electrode
material (e.g., polysilicon containing impurities) and cap
insulating film (e.g., a silicon nitride film) 55 are formed on
the gate insulating film 53 by CVD.

[0531] The cap insulating film 55 is patterned by PEP.
Then, the gate electrode material and gate insulating film 53
are processed (etched) by RIE using the cap insulating film
55 as a mask. As a consequence, gate electrodes 54 extend-
ing in the X-direction are formed on the semiconductor
substrate S1.

[0532] P- or n-type impurities is doped into the semicon-
ductor substrate 51 by ion implantation using the cap
insulating film 55 and gate electrodes 54 as a mask. Lightly-
doped impurity regions (LDD regions or extension regions)
are formed in the semiconductor substrate.

[0533] An insulating film (e.g., a silicon nitride film) is
formed on the entire surface of the semiconductor substrate
51 by CVD. After that, the insulating film is etched by RIE
to form sidewall insulating layers 57 on the side surfaces of
the gate electrodes 54 and cap insulating films 55. P- or
n-type impurities is doped into the semiconductor substrate
51 by ion implantation using the cap insulating films 55, gate
electrodes 54, and sidewall insulating layers 57 as a mask.
As a result, source regions 56A and drain regions 56B are
formed in the semiconductor substrate 51.

[0534] After that, a dielectric interlayer (e.g., a silicon
oxide layer) 58 that completely covers the MOS transistors
is formed on the entire surface of the semiconductor sub-
strate 51 by CVD. In addition, the surface of the dielectric
interlayer 58 is planarized by CMP.

[0535] [3] Contact Hole Forming Step

[0536] Next, as shown in FIGS. 49 and 50, contact holes
59 that reach the source regions 56A and drain regions 56B
of MOS transistors are formed in the dielectric interlayer 58
on the semiconductor substrate S1.
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[0537] The contact holes 59 can easily be formed by, e.g.,
forming a photoresist pattern on the dielectric interlayer 58
by PEP and etching the dielectric interlayer 58 by RIE using
the photoresist pattern as a mark. After etching, the photo-
resist pattern is removed.

[0538] [4] Interconnection Trench Forming Step

[0539] As shown in FIG. 51, interconnection trenches 60
are formed in the dielectric interlayer 58 on the semicon-
ductor substrate 51. In this example, the interconnection
trenches 60 extend in the Y-direction. The contact holes 59
on the source regions 56A, the contact holes 59 on the drain
regions 56B, and the interconnection trenches 60 do not
simultaneously appear in the same section (a section
obtained by cutting the device along a straight line that
extends in the Y-direction).

[0540] The interconnection trenches 60 are indicated by
broken lines in FIG. 51.

[0541] The interconnection trenches 60 can easily be
formed by, e.g., forming a photoresist pattern on the dielec-
tric interlayer 58 by PEP and etching the dielectric interlayer
58 by RIE using the photoresist pattern as a mark. After
etching, the photoresist pattern is removed.

[0542] [5] First Interconnection Layer Forming Step

[0543] As shown in FIG. 52, a barrier metal layer (e.g., a
multi-layer of Ti and TiN) 61 is formed on the dielectric
interlayer 58, the inner surfaces of the contact holes 59, and
the inner surfaces of the interconnection trenches 60 by, e.g.,
sputtering. Subsequently, a metal layer (e.g., a W layer) 62
that completely fills the contact holes 59 and interconnection
trenches 60 is formed on the barrier metal layer 61 by, e.g.,
sputtering.

[0544] After that, as shown in FIG. 53, the metal layer 62
is polished by, e.g., CMP and left only in the contact holes
59 and interconnection trenches 60. The metal layer 62
remaining in each contact hole 59 forms a contact plug 62A.
The metal layer 62 remaining in each interconnection trench
60 forms a first interconnection layer (source line or decode
line) 62B. A dielectric interlayer (e.g., a silicon oxide layer)
63 is formed on the dielectric interlayer 58 by CVD.

[0545] The step comprising the contact hole forming step,
the interconnection trench forming step, and the first inter-
connection layer forming step is called the dual damascene
process.

[0546] Actually, the contact plugs 62A and first intercon-
nection layers 62B do not simultaneously appear in the same
section (a section obtained by cutting the device along a
straight line that extends in the Y-direction). However, FIG.
53 and subsequent drawings from FIG. 54 (to be described
below) show not only the contact plugs 62A but also the first
interconnection layers 62B that do not actually appear as a
section.

[0547] [6] Interconnection Trench Forming Step

[0548] Next, as shown in FIG. 54, interconnection
trenches 64 are formed in the dielectric interlayer 63. In this
example, the interconnection trenches 64 serve as trenches
used to form write word lines and extend in the X-direction.
If the metal layer material is Cu, sidewall insulating layers
(such as silicon nitride) are needed for preventing from Cu

Jul. 3, 2003

diffusion and corrosion are formed on the side surfaces of
the interconnection trenches 64.

[0549] The interconnection trenches 64 can easily be
formed by, e.g., forming a photoresist pattern on the dielec-
tric interlayer 63 by PEP and etching the dielectric interlayer
63 by RIE using the photoresist pattern as a mask. After
etching, the photoresist pattern is removed.

[0550] The sidewall insulating layers 65 can easily be
formed by forming an insulating film (e.g., a silicon nitride
film) on the entire surface of the dielectric interlayer 63 by
CVD and etching the insulating film by RIE.

[0551] [7] Second Interconnection Layer Forming Step

[0552] As shown in FIG. 55, a barrier metal layer (e.g., a
multi-layer of Ta and TaN) 66 is formed on the dielectric
interlayer 63, the inner surfaces of the interconnection
trenches 64, and the sidewall insulating layers 65 by, e.g.,
sputtering. Subsequently, a metal layer (e.g., a Cu layer) 67
that completely fills the interconnection trenches 64 is
formed on the barrier metal layer 66 by, e.g., sputtering or
electroplating.

[0553] After that, as shown in FIG. 56, the metal layer 67
is polished by, e.g., CMP and left only in the interconnection
trenches 64. The metal layer 67 remaining in each intercon-
nection trench 64 forms a second interconnection layer that
functions as a write word line.

[0554] An insulating layer (e.g., a silicon nitride layer) 68
is formed on the dielectric interlayer 63 by CVD. If needed,
the insulating layer 68 is polished by CMP and left only on
the metal layers 67 serving as the second interconnection
layers. In addition, a dielectric interlayer (e.g., a silicon
oxide layer) 69 that completely covers the metal layers 67
serving as the second interconnection layers is formed on the
dielectric interlayer 63.

[0555] The step comprising the interconnection trench
forming step and the second interconnection layer forming
step is called the damascene process.

[0556] [8] Step of Forming Lower Electrode of First MTJ
Element

[0557] Next, as shown in FIGS. 57 and 58, contact holes
that reach the metal layers 62A and 62B serving as the first
interconnection layers are formed in the dielectric interlayer
69.

[0558] These contact holes can easily be formed by, e.g.,
forming a photoresist pattern on the dielectric interlayer 69
by PEP and etching the dielectric interlayers 63 and 69 by
RIE using the photoresist pattern as a mask. After etching,
the photoresist pattern is removed.

[0559] Inaddition, a barrier metal layer (e.g., a multi-layer
of Ti and TiN) 70 is formed on the inner surfaces of the
contact holes by, e.g., sputtering. Subsequently, a metal layer
(e.g., a W layer) 71 that completely fills the contact holes is
formed on the barrier metal layer 70 by, e.g., sputtering.

[0560] After that, the metal layer 71 is polished by, e.g.,
CMP and left only in the contact holes. The metal layer 71
remaining in each contact hole forms a contact plug. In
addition, metal layers (e.g., Ta layers) 72 serving as the
lower electrodes of the first MTJ elements are formed on the
dielectric interlayer 69 by CVD.
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[0561] [9] First MTJ Element Forming Step

[0562] As shown in FIGS. 59 and 60, first MTJ elements
73 are formed on the metal layers 72. Each first MTJ element
73 has, as its main portion, a tunneling barrier and two
ferromagnetic layers that sandwich the tunneling barrier, and
has, e.g., the structure as shown in FIG. 7.

[0563] The lower electrodes 72 of the first MTJ elements
73 are patterned.

[0564] The lower electrodes 72 of the first MTJ elements
73 can easily be patterned by forming a photoresist pattern
on the lower electrodes 72 by PEP and etching the lower
electrodes 72 by RIE using the photoresist pattern as a mask.
Then, the photoresist pattern is removed.

[0565] After that, a dielectric interlayer 75 that completely
covers the first MTJ elements 73 is formed by CVD.

[0566] [10] Interconnection Trench Forming Step

[0567] As shown in FIG. 61, interconnection trenches
75A are formed in the dielectric interlayer 75. In this
example, the interconnection trenches 75A serve as trenches
used to form read/write bit lines and extend in the Y-direc-
tion. If the metal layer material is Cu, sidewall insulating
layers (such as silicon nitride) are needed for preventing
from Cu diffusion and corrosion are formed on the side
surfaces of the interconnection trenches 75A.

[0568] The interconnection trenches 75A can easily be
formed by, e.g., forming a photoresist pattern on the dielec-
tric interlayer 75 by PEP and etching the dielectric interlayer
75 by RIE using the photoresist pattern as a mask. After
etching, the photoresist pattern is removed.

[0569] The sidewall insulating layers can easily be formed
by forming an insulating film (e.g., a silicon nitride film) on
the entire surface of the dielectric interlayer 75 by CVD and
etching the insulating film by RIE.

[0570] [11] Third Interconnection Layer Forming Step

[0571] As shown in FIG. 62, a barrier metal layer (e.g., a
multi-layer of Ta and TaN) 76 is formed on the dielectric
interlayer 75, the inner surfaces of the interconnection
trenches 75A, and the sidewall insulating layers by, e.g.,
sputtering. Subsequently, a metal layer (e.g., a Cu layer) 77
that completely fills the interconnection trenches 75A is
formed on the barrier metal layer 76 by, e.g., sputtering or
electroplating.

[0572] After that, as shown in FIG. 63, the metal layer 77
is polished by, e.g., CMP and left only in the interconnection
trenches 75A. The metal layer 77 remaining in each inter-
connection trench 75A forms a third interconnection layer
that functions as a read/write bit line.

[0573] An insulating layer (e.g., a silicon nitride layer) 78
is formed on the dielectric interlayer 75 by CVD. If needed,
the insulating layer 78 is polished by CMP and left only on
the metal layers 77 serving as the third interconnection
layers. In addition, a dielectric interlayer (e.g., a silicon
oxide layer) 79 that completely covers the metal layers 77
serving as the third interconnection layers is formed on the
dielectric interlayer 75.
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[0574] [12] Interconnection Trench Forming Step

[0575] Next, as shown in FIG. 64, interconnection
trenches 87 are formed in the dielectric interlayer 79. In this
example, the interconnection trenches 87 serve as trenches
used to form write word lines and extend in the X-direction.
If the metal layer material is Cu, sidewall insulating layers
(such as silicon nitride) are needed for preventing from Cu
diffusion and corrosion are formed on the side surfaces of
the interconnection trenches 87.

[0576] The interconnection trenches 87 can easily be
formed by, e.g., forming a photoresist pattern on a dielectric
interlayer 86 by PEP and etching the dielectric interlayer 86
by RIE using the photoresist pattern as a mask. After
etching, the photoresist pattern is removed.

[0577] The sidewall insulating layers 88 can easily be
formed by forming an insulating film (e.g., a silicon nitride
film) on the entire surface of the dielectric interlayer 86 by
CVD and etching the insulating film by RIE.

[0578] [13] Fourth Interconnection Layer Forming Step

[0579] As shown in FIG. 65, a barrier metal layer (e.g., a
multi-layer of Ta and TaN) 89 is formed on the dielectric
interlayer 79, the inner surfaces of the interconnection
trenches 87, and the sidewall insulating layers 88 by, e.g.,
sputtering. Subsequently, a metal layer (e.g., a Cu layer) 91
that completely fills the interconnection trenches 87 is
formed on the barrier metal layer 89 by, e.g., sputtering or
electroplating.

[0580] After that, as shown in FIG. 66, the metal layer 91
is polished by, e.g., CMP and left only in the interconnection
trenches 87. The metal layer 91 remaining in each intercon-
nection trench 87 forms a fourth interconnection layer that
functions as a write word line.

[0581] An insulating layer (e.g., a silicon nitride layer) 92
is formed on the dielectric interlayer 86 by CVD. If needed,
the insulating layer 92 is polished by CMP and left only on
the metal layers 91 serving as the fourth interconnection
layers. In addition, a dielectric interlayer (e.g., a silicon
oxide layer) 93 that completely covers the metal layers 91
serving as the fourth interconnection layers is formed on the
dielectric interlayer 86.

[0582] [14] Step of Forming Lower Electrode of Second
MTJ Element

[0583] Next, as shown in FIGS. 67 and 68, contact holes
that reach the lower electrodes 72 of the first MTJ elements
are formed in the dielectric interlayers 79 and 93.

[0584] These contact holes can easily be formed by, e.g.,
forming a photoresist pattern on the dielectric interlayer 93
by PEP and etching the dielectric interlayers 79 and 93 by
RIE using the photoresist pattern as a mask. After etching,
the photoresist pattern is removed.

[0585] Inaddition, a barrier metal layer (e.g., a multi-layer
of Ti and TiN) 94 is formed on the inner surfaces of the
contact holes by, e.g., sputtering. Subsequently, a metal layer
(e.g., a W layer) 95 that completely fills the contact holes is
formed on the barrier metal layer 94 by, e.g., sputtering.

[0586] After that, the metal layer 95 is polished by, e.g.,
CMP and left only in the contact holes. The metal layer 95
remaining in each contact hole forms a contact plug. In
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addition, metal layers (e.g., Ta layers) 96 serving as the
lower electrodes of the second MTJ elements are formed on
the dielectric interlayer 93 by sputtering.

[0587] [15] Second MTJ Element Forming Step

[0588] As shown in FIGS. 69 and 70, second MTJ
elements 97 are formed on the metal layers 96. Each second
MTIJ element 97 has, as its main portion, a tunneling barrier
and two ferromagnetic layers that sandwich the tunneling
barrier, and has, e.g., the structure as shown in FIG. 7.

[0589] The lower electrodes 96 of the second MTJ ele-
ments 97 are patterned.

[0590] The lower electrodes 96 of the second MTJ ele-
ments 97 can easily be patterned by forming a photoresist
pattern on the lower electrodes 96 by PEP and etching the
lower electrodes 96 by RIE using the photoresist pattern as
a mask. Then, the photoresist pattern is removed.

[0591] After that, a dielectric interlayer 100 that com-
pletely covers the second MTJ elements 97 is formed by
CVD.

[0592] [16] Interconnection Trench Forming Step

[0593] As shown in FIG. 71, interconnection trenches
100A are formed in the dielectric interlayer 100. In this
example, the interconnection trenches 100A serve as
trenches used to form read/write bit lines and extend in the
Y-direction. If the metal layer material is Cu, sidewall
insulating layers (such as silicon nitride) are needed for
preventing from Cu diffusion and corrosion are formed on
the side surfaces of the interconnection trenches 100A.

[0594] The interconnection trenches 100A can easily be
formed by, e.g., forming a photoresist pattern on the dielec-
tric interlayer 100 by PEP and etching the dielectric inter-
layer 100 by RIE using the photoresist pattern as a mask.
After etching, the photoresist pattern is removed.

[0595] The sidewall insulating layers can easily be formed
by forming an insulating film (e.g., a silicon nitride film) on
the entire surface of the dielectric interlayer 100 by CVD
and etching the insulating film by RIE.

[0596] [17] Fifth Interconnection Layer Forming Step

[0597] As shown in FIG. 72, a barrier metal layer (e.g., a
multi-layer of Ta and TaN) 101 is formed on the dielectric
interlayer 100, the inner surfaces of the interconnection
trenches 100A, and the sidewall insulating layers by, e.g.,
sputtering. Subsequently, a metal layer (e.g., a Cu layer) 102
that completely fills the interconnection trenches 100A is
formed on the barrier metal layer 101 by, e.g., sputtering or
electroplating.

[0598] After that, as shown in FIG. 73, the metal layer 102
is polished by, e.g., CMP and left only in the interconnection
trenches 100A. The metal layer 102 remaining in each
interconnection trench 100A forms a fifth interconnection
layer that functions as a read/write bit line.

[0599] An insulating layer (e.g., a silicon nitride layer)
103 is formed on the dielectric interlayer 100 by CVD. If
needed, the insulating layer 103 is polished by CMP and left
only on the metal layers 102 serving as the fifth intercon-
nection layers. In addition, a dielectric interlayer (e.g., a
silicon oxide layer) 104 that completely covers the metal
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layers 102 serving as the fifth interconnection layers is
formed on the dielectric interlayer 100.

[0600] [18] Interconnection Trench Forming Step

[0601] Next, as shown in FIG. 74, interconnection
trenches 112 are formed in the dielectric interlayer 104. In
this example, the interconnection trenches 112 serve as
trenches used to form write word lines and extend in the
X-direction. If the metal layer material is Cu, sidewall
insulating layers (such as silicon nitride) are needed for
preventing from Cu diffusion and corrosion are formed on
the side surfaces of the interconnection trenches 112.

[0602] The interconnection trenches 112 can easily be
formed by, e.g., forming a photoresist pattern on the dielec-
tric interlayer 104 by PEP and etching the dielectric inter-
layer 104 by RIE using the photoresist pattern as a mask.
After etching, the photoresist pattern is removed.

[0603] The sidewall insulating layers 113 can easily be
formed by forming an insulating film (e.g., a silicon nitride
film) on the entire surface of the dielectric interlayer 104 by
CVD and etching the insulating film by RIE.

[0604] [19] Sixth Interconnection Layer Forming Step

[0605] As shown in FIG. 75, a barrier metal layer (e.g., a
multi-layer of Ta and TaN) 114 is formed on the dielectric
interlayer 104, the inner surfaces of the interconnection
trenches 112, and the sidewall insulating layers 113 by, e.g.,
sputtering. Subsequently, a metal layer (e.g., a Cu layer) 115
that completely fills the interconnection trenches 112 is
formed on the barrier metal layer 114 by, e.g., sputtering or
electroplating.

[0606] After that, as shown in FIG. 76, the metal layer 115
is polished by, e.g., CMP and left only in the interconnection
trenches 112. The metal layer 115 remaining in each inter-
connection trench 112 forms a sixth interconnection layer
that functions as a write word line.

[0607] An insulating layer (e.g., a silicon nitride layer) 116
is formed on the dielectric interlayer 104 by CVD. If needed,
the insulating layer 116 is polished by CMP and left only on
the metal layers 115 serving as the sixth interconnection
layers. In addition, a dielectric interlayer (e.g., a silicon
oxide layer) 117 that completely covers the metal layers 115
serving as the sixth interconnection layers is formed on the
dielectric interlayer 104.

[0608] [20] Step of Forming Lower Electrode of Third
MTJ Element

[0609] Next, as shown in FIGS. 77 and 78, contact holes
that reach the lower electrodes 96 of the second MTJ
elements are formed in the dielectric interlayers 100 and
104.

[0610] These contact holes can easily be formed by, e.g.,
forming a photoresist pattern on the dielectric interlayer 104
by PEP and etching the dielectric interlayers 100 and 104 by
RIE using the photoresist pattern as a mask. After etching,
the photoresist pattern is removed.

[0611] In addition, a barrier metal layer (e.g., a multi-layer
of Ti and TiN) 118 is formed on the inner surfaces of the
contact holes by, e.g., sputtering. Subsequently, a metal layer
(e.g., a W layer) 119 that completely fills the contact holes
is formed on the barrier metal layer 118 by, e.g., sputtering.
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[0612] After that, the metal layer 119 is polished by, e.g.,
CMP and left only in the contact holes. The metal layer 119
remaining in each contact hole forms a contact plug. In
addition, metal layers (e.g., Ta layers) 120 serving as the
lower electrodes of the third MTJ elements are formed on
the dielectric interlayer 117 by sputtering.

[0613] [21] Third MTJ Element Forming Step

[0614] As shown in FIGS. 79 and 80, third MTJ elements
121 are formed on the metal layers 120. Each third MTJ
element 121 has, as its main portion, a tunneling barrier and
two ferromagnetic layers that sandwich the tunneling bar-
rier, and has, e.g., the structure as shown in FIG. 7.

[0615] The lower electrodes 120 of the third MTJ ele-
ments 121 are patterned.

[0616] The lower electrodes 120 of the third MTJ ele-
ments 121 can easily be patterned by forming a photoresist
pattern on the lower electrodes 120 by PEP and etching the
lower electrodes 120 by RIE using the photoresist pattern as
a mask. Then, the photoresist pattern is removed.

[0617] After that, a dielectric interlayer 122 that com-
pletely covers the third MTJ elements 121 is formed by
CVD.

[0618] [22] Interconnection Trench Forming Step

[0619] As shown in FIG. 81, interconnection trenches
122A are formed in the dielectric interlayer 122. In this
example, the interconnection trenches 122A serve as
trenches used to form read/write bit lines and extend in the
Y-direction. If the metal layer material is Cu, sidewall
insulating layers (such as silicon nitride) are needed for
preventing from Cu diffusion and corrosion are formed on
the side surfaces of the interconnection trenches 122A.

[0620] The interconnection trenches 122A can easily be
formed by, e.g., forming a photoresist pattern on the dielec-
tric interlayer 122 by PEP and etching the dielectric inter-
layer 122 by RIE using the photoresist pattern as a mask.
After etching, the photoresist pattern is removed.

[0621] The sidewall insulating layers can easily be formed
by forming an insulating film (e.g., a silicon nitride film) on
the entire surface of the dielectric interlayer 122 by CVD
and etching the insulating film by RIE.

[0622] [23] Seventh Interconnection Layer Forming Step

[0623] As shown in FIG. 82, a barrier metal layer (e.g., a
multi-layer of Ta and TaN) 123 is formed on the dielectric
interlayer 122, the inner surfaces of the interconnection
trenches 122A, and the sidewall insulating layers by, e.g.,
sputtering. Subsequently, a metal layer (e.g., a Cu layer) 124
that completely fills the interconnection trenches 122A is
formed on the barrier metal layer 123 by, e.g., sputtering or
electroplating.

[0624] After that, as shown in FIG. 83, the metal layer 124
is polished by, e.g., CMP and left only in the interconnection
trenches 122A. The metal layer 124 remaining in each
interconnection trench 122A forms a seventh interconnec-
tion layer that functions as a read/write bit line.

[0625] An insulating layer (e.g., a silicon nitride layer)
125 is formed on the dielectric interlayer 122 by CVD. If
needed, the insulating layer 125 is polished by CMP and left
only on the metal layers 124 serving as the seventh inter-
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connection layers. In addition, a dielectric interlayer (e.g., a
silicon oxide layer) 126 that completely covers the metal
layers 124 serving as the seventh interconnection layers is
formed on the dielectric interlayer 122.

[0626] [24] Interconnection Trench Forming Step

[0627] Next, as shown in FIG. 84, interconnection
trenches 127 are formed in the dielectric interlayer 126. In
this example, the interconnection trenches 127 serve as
trenches used to form write word lines and extend in the
X-direction. If the metal layer material is Cu, sidewall
insulating layers (such as silicon nitride) are needed for
preventing from Cu diffusion and corrosion are formed on
the side surfaces of the interconnection trenches 127.

[0628] The interconnection trenches 127 can easily be
formed by, e.g., forming a photoresist pattern on the dielec-
tric interlayer 126 by PEP and etching the dielectric inter-
layer 126 by RIE using the photoresist pattern as a mask.
After etching, the photoresist pattern is removed.

[0629] The sidewall insulating layers 128 can easily be
formed by forming an insulating film (e.g., a silicon nitride
film) on the entire surface of the dielectric interlayer 126 by
CVD and etching the insulating film by RIE.

[0630] [25] Eighth Interconnection Layer Forming Step

[0631] As shown in FIG. 85, a barrier metal layer (e.g., a
multi-layer of Ta and TaN) 129 is formed on the dielectric
interlayer 126, the inner surfaces of the interconnection
trenches 127, and the sidewall insulating layers 128 by, e.g.,
sputtering. Subsequently, a metal layer (e.g., a Cu layer) 130
that completely fills the interconnection trenches 127 is
formed on the barrier metal layer 129 by, e.g., sputtering or
electroplating.

[0632] After that, as shown in FIG. 86, the metal layer 130
is polished by, e.g., CMP and left only in the interconnection
trenches 127. The metal layer 130 remaining in each inter-
connection trench 127 forms an eighth interconnection layer
that functions as a write word line.

[0633] An insulating layer (e.g., a silicon nitride layer)
131 is formed on the dielectric interlayer 126 by CVD. If
needed, the insulating layer 131 is polished by CMP and left
only on the metal layers 130 serving as the eighth intercon-
nection layers. In addition, a dielectric interlayer (e.g., a
silicon oxide layer) 132 that completely covers the metal
layers 130 serving as the eighth interconnection layers is
formed on the dielectric interlayer 126.

[0634] [26] Step of Forming Lower Electrode of Fourth
MTJ Element

[0635] Next, as shown in FIGS. 87 and 88, contact holes
that reach the lower electrodes 120 of the third MTJ ele-
ments are formed in the dielectric interlayers 122 and 126.

[0636] These contact holes can easily be formed by, e.g.,
forming a photoresist pattern on the dielectric interlayer 126
by PEP and etching the dielectric interlayers 122 and 126 by
RIE using the photoresist pattern as a mask. After etching,
the photoresist pattern is removed.

[0637] Inaddition, a barrier metal layer (e.g., a multi-layer
of Ti and TiN) 133 is formed on the inner surfaces of the
contact holes by, e.g., sputtering. Subsequently, a metal layer
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(e.g., a W layer) 134 that completely fills the contact holes
is formed on the barrier metal layer 133 by, e.g., sputtering.

[0638] After that, the metal layer 134 is polished by, e.g.,
CMP and left only in the contact holes. The metal layer 134
remaining in each contact hole forms a contact plug. In
addition, metal layers (e.g., Ta layers) 135 serving as the
lower electrodes of the fourth MTJ elements are formed on
the dielectric interlayer 132 by sputtering.

[0639] [27] Fourth MTJ Element Forming Step

[0640] As shown in FIGS. 89 and 90, fourth MTJ ele-
ments 136 are formed on the metal layers 135. Each fourth
MT1J element 136 has, as its main portion, a tunneling barrier
and two ferromagnetic layers that sandwich the tunneling
barrier, and has, e.g., the structure as shown in FIG. 7.

[0641] The lower electrodes 135 of the fourth MTJ ele-
ments 136 are patterned.

[0642] The lower electrodes 135 of the fourth MTJ ele-
ments 136 can easily be patterned by forming a photoresist
pattern on the lower electrodes 135 by PEP and etching the
lower electrodes 135 by RIE using the photoresist pattern as
a mask. Then, the photoresist pattern is removed.

[0643] After that, a dielectric interlayer 137 that com-
pletely covers the fourth MTJ elements 136 is formed by
CVD.

[0644] [28] Interconnection Trench Forming Step

[0645] As shown in FIG. 91, interconnection trenches
137A are formed in the dielectric interlayer 137. In this
example, the interconnection trenches 137A serve as
trenches used to form read/write bit lines and extend in the
Y-direction. If the metal layer material is Cu, sidewall
insulating layers (such as silicon nitride) are needed for
preventing from Cu diffusion and corrosion are formed on
the side surfaces of the interconnection trenches 137A.

[0646] The interconnection trenches 137A can easily be
formed by, e.g., forming a photoresist pattern on the dielec-
tric interlayer 137 by PEP and etching the dielectric inter-
layer 137 by RIE using the photoresist pattern as a mask.
After etching, the photoresist pattern is removed.

[0647] The sidewall insulating layers can easily be formed
by forming an insulating film (e.g., a silicon nitride film) on
the entire surface of the dielectric interlayer 137 by CVD
and etching the insulating film by RIE.

[0648] [29] Ninth Interconnection Layer Forming Step

[0649] As shown in FIG. 92, a barrier metal layer (e.g., a
multi-layer of Ta and TaN) 138 is formed on the dielectric
interlayer 137, the inner surfaces of the interconnection
trenches 137A, and the sidewall insulating layers by, e.g.,
sputtering. Subsequently, a metal layer (e.g., a Cu layer) 139
that completely fills the interconnection trenches 137A is
formed on the barrier metal layer 138 by, e.g., sputtering or
electroplating.

[0650] After that, as shown in FIGS. 93 and 94, the metal
layer 139 is polished by, e.g., CMP and left only in the
interconnection trenches 137A. The metal layer 139 remain-
ing in each interconnection trench 137A forms a ninth
interconnection layer that functions as a read/write bit line.
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[0651] An insulating layer (e.g., a silicon nitride layer)
140 is formed on the dielectric interlayer 137 by CVD. If
needed, the insulating layer 140 is polished by CMP and left
only on the metal layers 139 serving as the ninth intercon-
nection layers.

[0652] Finally, for example, a dielectric interlayer (e.g., a
silicon oxide layer) that completely covers the metal layers
139 serving as the ninth interconnection layers is formed on
the dielectric interlayer 137.

[0653] (3) Conclusion

[0654] According to this manufacturing method, a cell
array structure (1-switch/n-MTJ structure) in which a read
block is formed from a plurality of TMR elements stacked
at a plurality of stages, and the plurality of TMR elements
are independently connected to read bit lines can be realized.

[0655] In this example, to form an interconnection layer,
the damascene process and dual damascene process are
employed. Instead, for example, a process of forming an
interconnection layer by etching may be employed.

[0656] 5. Others

[0657] Inthe above description, a TMR element is used as
a memory cell of the magnetic random access memory.
However, even when the memory cell is formed from a
GMR (Giant MagnetoResistance) element, the present
invention, i.e., various kinds of cell array structures, the read
operation mechanism, and the detailed example of the read
circuit can be applied.

[0658] The structure of a TMR element or GMR element
and the materials thereof are not particularly limited in
applying the present invention. In this example, the number
of TMR elements in one read block is four. However, the
number of TMR elements in one read block is not limited to
four and can freely be set.

[0659] As a read select switch of the magnetic random
access memory, a MOS transistor, bipolar transistor, or
diode is used. However, any other switch element such as a
MIS (Metal Insulator Semiconductor) transistor (including a
MOSFET), MES (Metal Semiconductor) transistor, or junc-
tion transistor can also be used as a read select switch.

[0660] According to the present invention, a magnetic
random access memory having a new cell array structure
suitable for an increase in memory capacity and a manufac-
turing method thereof can be provided.

[0661] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

What is claimed is:
1. A magnetic random access memory comprising:

memory cells which are stacked at stages to store data
using a magnetoresistive effect;

a read select switch which commonly connect to one
terminal of each of said memory cells; and
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bit lines which arrange in correspondence with said
memory cells and extend in a first direction,

wherein each of said memory cells has the other terminal
independently connected to one of said bit lines, and
said bit lines are electrically isolated each other in read
mode.

2. A memory according to claim 1, wherein said read
select switch is arranged right under said memory cells.

3. A memory according to claim 1, further comprising
contact plugs each of which connects one terminal of one of
said memory cells to said read select switch, and said contact
plugs are overlapped each other.

4. A memory according to claim 1, further comprising a
source line that extends in the first direction and is connected
to said read select switch.

5. A memory according to claim 4, further comprising

a power supply terminal, and

a column select switch connected between said source

line and said power supply terminal.

6. A memory according to claim 4, further comprising a
read word line which is connected to a control terminal of
said read select switch and extends in a second direction
perpendicular to the first direction.

7. A memory according to claim 6, wherein said read
select switch is controlled by a row address signal.

8. A memory according to claim 1, further comprising a
read word line which is connected to said read select switch
and extends in a second direction perpendicular to the first
direction.

9. A memory according to claim 8, further comprising a
decode line which is connected to a control terminal of said
read select switch and extends in the first direction.

10. A memory according to claim 9, wherein said read
select switch is controlled by a column address signal.

11. A memory according to claim 1, further comprising

a read circuit, and

a column select switch connected between said bit lines

and said read circuit.

12. A memory according to claim 11, wherein said read
select switch and said column select switch execute the same
operation.

13. A memory according to claim 11, wherein said read
circuit is constituted by sense amplifiers arranged in corre-
spondence with said bit lines and output buffers arranged in
correspondence with said sense amplifiers.

14. A memory according to claim 11, wherein said read
circuit is constituted by sense amplifiers arranged in corre-
spondence with said bit lines, an output buffer which outputs
one data of said sense amplifiers, and a selector which is
connected between said sense amplifiers and said output
buffer.

15. A memory according to claim 1, further comprising a
write bit line driver/sinker which is connected to two ends of
each of said bit lines to flow, to said bit lines, a write current
in a direction corresponding to write data.

16. A memory according to claim 1, wherein said bit lines
function as read bit lines and write bit lines.

17. A memory according to claim 1, further comprising
write word lines which are arranged in correspondence with
said memory cells and extend in a second direction perpen-
dicular to the first direction.
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18. Amemory according to claim 17, wherein each of said
write word lines is arranged on one terminal side of a
corresponding one of said memory cells.

19. A memory according to claim 1, further comprising
block select switches each connected between the other
terminal of a corresponding one of said memory cells and a
corresponding one of said bit lines.

20. A memory according to claim 19, wherein said block
select switch is controlled by a row address signal.

21. A memory according to claim 19, wherein said read
select switch and said block select switch execute the same
operation.

22. Amemory according to claim 1, wherein said memory
cells construct one read block, and data of said memory cells
are simultaneously read.

23. A memory according to claim 1, wherein each of said
memory cells is formed from a magnetic memory element
including a pinning layer having a fixed magnetizing direc-
tion, a storing layer whose magnetizing direction changes in
accordance with write data, and a tunneling barrier layer
arranged between said pinning layer and said storing layer.

24. A memory according to claim 23, wherein an axis of
easy magnetization of said magnetic memory element is
directed in a second direction perpendicular to the first
direction.

25. A memory according to claim 1, wherein said read
select switch is formed from one of a MIS transistor, a MES
transistor, a junction transistor, a bipolar transistor, and a
diode.

26. A magnetic random access memory comprising:

memory cells which are stacked at stages to store data
using a magnetoresistive effect;

a read select switch which commonly connect to one
terminal of each of said memory cells; and

bit lines which arrange in correspondence with said
memory cells and extend in a first direction,

wherein each of said memory cells has the other terminal
independently connected to one of said bit lines, and
storing data of said memory cells are decided with
according to directions of currents which flow in said
bit lines.
27. A memory according to claim 26, wherein said read
select switch is arranged right under said memory cells.
28. A memory according to claim 26, further comprising
contact plugs each of which connects one terminal of one of
said memory cells to said read select switch, and said contact
plugs are overlapped each other.
29. A memory according to claim 26, further comprising
a source line that extends in the first direction and is
connected to said read select switch.
30. A memory according to claim 29, further comprising

a power supply terminal, and

a column select switch connected between said source
line and said power supply terminal.

31. A memory according to claim 29, further comprising
a read word line which is connected to a control terminal of
said read select switch and extends in a second direction
perpendicular to the first direction.

32. A memory according to claim 31, wherein said read
select switch is controlled by a row address signal.
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33. A memory according to claim 26, further comprising
a read word line which is connected to said read select
switch and extends in a second direction perpendicular to the
first direction.

34. A memory according to claim 33, further comprising
a decode line which is connected to a control terminal of said
read select switch and extends in the first direction.

35. A memory according to claim 34, wherein said read
select switch is controlled by a column address signal.

36. A memory according to claim 26, further comprising

a read circuit, and

a column select switch connected between said bit lines

and said read circuit.

37. A memory according to claim 36, wherein said read
select switch and said column select switch execute the same
operation.

38. A memory according to claim 36, wherein said read
circuit is constituted by sense amplifiers arranged in corre-
spondence with said bit lines and output buffers arranged in
correspondence with said sense amplifiers.

39. A memory according to claim 36, wherein said read
circuit is constituted by sense amplifiers arranged in corre-
spondence with said bit lines, an output buffer which outputs
one data of said sense amplifiers, and a selector which is
connected between said sense amplifiers and said output
buffer.

40. A memory according to claim 26, further comprising
a write bit line driver/sinker which is connected to two ends
of each of said bit lines to flow, to said bit lines, a write
current in a direction corresponding to write data.

41. A memory according to claim 26, wherein said bit
lines function as read bit lines and write bit lines.

42. A memory according to claim 26, further comprising
write word lines which are arranged in correspondence with
said memory cells and extend in a second direction perpen-
dicular to the first direction.

43. Amemory according to claim 42, wherein each of said
write word lines is arranged on one terminal side of a
corresponding one of said memory cells.

44. A memory according to claim 26, further comprising
block select switches each connected between the other
terminal of a corresponding one of said memory cells and a
corresponding one of said bit lines.

45. A memory according to claim 44, wherein said block
select switch is controlled by a row address signal.

46. A memory according to claim 44, wherein said read
select switch and said block select switch execute the same
operation.

47. A memory according to claim 26, wherein said
memory cells construct one read block, and data of said
memory cells are simultaneously read.

48. A memory according to claim 26, wherein each of said
memory cells is formed from a magnetic memory element
including a pinning layer having a fixed magnetizing direc-
tion, a storing layer whose magnetizing direction changes in
accordance with write data, and a tunneling barrier layer
arranged between said pinning layer and said storing layer.

49. A memory according to claim 48, wherein an axis of
easy magnetization of said magnetic memory element is
directed in a second direction perpendicular to the first
direction.
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50. A memory according to claim 26, wherein said read
select switch is formed from one of a MIS transistor, a MES
transistor, a junction transistor, a bipolar transistor, and a
diode.

51. A magnetic random access memory comprising:

first and second memory cells which are stacked to store
data using a magnetoresistive effect;

a read select switch which connect to one terminal of each
of said first and second memories;

a first bit line which connect to the other terminal of said
first memory cell; and

a second bit line which connect to the other terminal of
said second memory cell,

wherein said first and second bit lines are electrically
isolated each other in read mode.

52. A magnetic random access memory comprising:

first and second memory cells which are stacked to store
data using a magnetoresistive effect;

a read select switch which connect to one terminal of each
of said first and second memories;

a first bit line which connect to the other terminal of said
first memory cell; and

a second bit line which connect to the other terminal of
said second memory cell,

wherein a storing data of said first memory cell is decided
with according to a direction of a current which flows
in said first bit line, and a storing data of said second
memory cell is decided with according to a direction of
a current which flows in said second bit line.

53. A read method of a magnetic random access memory,
the magnetic random access memory having a read block
formed from memory cells which are stacked each other and
which store data using a magnetoresistive effect, and sense
amplifiers arranged in correspondence with the memory
cells, comprising:

simultaneously and independently supplying a read cur-
rent to the memory cells in the read block;

detecting data of the memory cells by the sense amplifiers
on the basis of the read current; and

simultaneously outputting data of the sense amplifiers.

54. A method according to claim 53, wherein the data of
the memory cells are independently detected by the sense
amplifiers.

55. A method according to claim 53, wherein

the other terminal of each of the memory cells is short-
circuited, and

the read current flows for one terminal side to the other

terminal side of each of the memory cells.

56. A method according to claim 53, wherein the sense
amplifiers compare a read potential generated from the read
current with a reference potential, thereby detecting the data
of the memory cells.

57. A method according to claim 56, wherein the refer-
ence potential is generated using a resistive element having
the same structure as that of the memory cell.
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58. A method according to claim 53, wherein when the
data of the memory cells are to be read, a ground potential
is applied to one terminal of each of the memory cells.

59. A method according to claim 53, wherein when the
data of the memory cells are not to be read, one terminal of
each of the memory cells is set in a short-circuited state, and
the other terminal is set in a floating state.

60. A read method of a magnetic random access memory,
the magnetic random access memory having a read block
formed from memory cells which are stacked each other and
which store data using a magnetoresistive effect, and sense
amplifiers arranged in correspondence with the memory
cells, comprising:

simultaneously and independently supplying a read cur-
rent to the memory cells in the read block;

detecting data of the memory cells by the sense amplifiers
on the basis of the read current; and

selectively outputting one of data of the sense amplifiers.

61. A method according to claim 60, wherein the data of
the memory cells are independently detected by the sense
amplifiers.

62. A method according to claim 60, wherein

the other terminal of each of the memory cells is short-
circuited, and

the read current flows for one terminal side to the other
terminal side of each of the memory cells.

63. A method according to claim 60, wherein the sense
amplifiers compare a read potential generated from the read
current with a reference potential, thereby detecting the data
of the memory cells.

64. A method according to claim 63, wherein the refer-
ence potential is generated using a resistive element having
the same structure as that of the memory cell.

65. A method according to claim 60, wherein when the
data of the memory cells are to be read, a ground potential
is applied to one terminal of each of the memory cells.

66. A method according to claim 60, wherein when the
data of the memory cells are not to be read, one terminal of
each of the memory cells is set in a short-circuited state, and
the other terminal is set in a floating state.
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67. A manufacturing method of a magnetic random access
memory, comprising:
forming a read select switch on a surface region of a
semiconductor substrate;

forming a first write word line extending in a first direc-
tion on the read select switch;

forming a first MTJ element right above the first write
word line;

forming, right above the first MTJ element, a first read/
write bit line which is in contact with the first MTJ
element and extends in a second direction perpendicu-
lar to the first direction;

forming a second write word line extending in the first
direction right above the first write word line;

forming a second MTJ element right above the second
write word line; and

forming, right above the second MTJ element, a second
read/write bit line which is in contact with the second
MTJ element and extends in the second direction.

wherein, out of said first and second write word lines and
said first and second read/write bit lines, at least metal
lines under MTJs, are formed by a damascene process.

68. A method according to claim 67, wherein, out of the
first and second write word lines and the first and second
read/write bit lines, at least metal lines under MTIS, are
formed by steps of forming an interconnection trench in an
insulating layer, forming a metal layer that completely fills
the interconnection trench, and removing the metal layer
except that in the interconnection trench.

69. A method according to claim 68, further comprising,
before formation of the metal layer, a step of forming a
barrier metal layer.

70 A method according to claim 69, further comprising
steps of, before formation of the barrier metal layer, forming
a sidewall insulating layer on a side surface of the intercon-
nection trench, and after removal of the metal layer except
that in the interconnection trench, forming a cap insulating
layer made of the same material as that of the sidewall
insulating layer on the metal layer.

71. A method according to claim 70, wherein the sidewall
insulating layer and the cap insulating layer are made of
silicon nitride.



