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(57) ABSTRACT 

In a magnetic random acceSS memory circuit, the potential 
of all Sense lines 121 to 124 are equalized, and the potential 
of all not-selected word lines 133, 135, 136 are equalized 
and the selected word line 134 is grounded so that a 
previously charged capacitor 114 is discharged by a current 
path passing from the capacitor 114 through a MOS tran 
sistor 118 maintaining the potential of the sense line 122 at 
a constant Voltage lower than a break voltage, through the 
Selected Sense line 122, through the Selected magneto 
resistive element 142 and through the selected word line 
134. Thus, a Voltage applied to the magneto-resistive ele 
ment is maintained at a level Smaller than a Voltage breaking 
the magneto-resistive elements or a voltage remarkably 
deteriorating the characteristics of the magneto-resistive 
elements because of a biasing effect when the tunnel mag 
neto-resistive element is used, and on the other hand, a high 
precise and high Speed reading can be realized. 
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MAGNETIC RANDOMACCESS MEMORY 
CIRCUIT 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a random access 
memory circuit, and more specifically to a magnetic random 
access memory circuit (called a “MRAM circuit” in this 
Specification). 
0002. A magnetic random access memory includes a 
plurality of memory cells located at interSections of word 
lines and bit lines, each memory cell being basically con 
Stituted of a pair of ferromagnetic layerS Separated by an 
insulating or non-magnetic metal layer. Digital information 
is represented by the direction of magnetic vectors in the 
ferromagnetic layers, and is infinitely maintained unless it is 
intentionally rewritten. In order to write or change the State 
of the memory cell, a composite magnetic field which is 
generated by use of a word current and a bit current and 
which is larger than a threshold, is applied to the memory 
cell, So as to reverse the magnetization of the ferromagnetic 
layers. 

0003 U.S. Pat. No. 5,748,519 and IEEE Transaction On 
Components Packaging and Manufacturing Technology 
Part A, Vol. 170, No. 3, pp373-379 (the content of which are 
incorporated by reference in its entirety into this application) 
disclose a first example of the magnetic random acceSS 
memory which includes a number of memory cells config 
ured to utilize a giant magneto-resistive (GMR) effect. 
Referring to FIG. 1, there is shown a layout diagram of a 
simplified MRAM circuit including each memory cell con 
figured to utilize the GMR effect. The MRAM circuit is 
conventionally formed on a Semiconductor Substrate on 
which other circuits are formed, so that the MRAM circuit 
and other circuits are formed on the same Substrate in a 
mixed condition. As shown in FIG. 1, the MRAM circuit 
includes a memory array divided into a first array portion 
604 and a second array portion 605, a decoder consisting of 
a row decoder 602 and a column decoder 603, and a 
comparator 606. 

0004) The row decoder 602 and the column decoder 603 
are connected to an address buS 601, respectively. In a 
reading operation, one of the first array portion 604 and the 
Second array portion 605 is used as a reference cell. In each 
array portion, a plurality of GMR elements are connected in 
Series in each one row. In the reading operation, a current is 
caused to flow in a Selected row of each of the first array 
portion 604 and the second array portion 605, a difference 
between respective Voltages generated in the first array 
portion 604 and the second array portion 605 is detected by 
the comparator. 

0005 U.S. Pat. No. 5,640,343 (the content of which is 
incorporated by reference in its entirety into this application) 
discloses a Second example of the magnetic random acceSS 
memory includes a number of memory cells configured to 
utilize a magnetic tunnel junction (MTJ) effect. Referring to 
FIG. 2, there is shown a MRAM circuit including each 
memory cell configured to utilize the MTJ effect. The shown 
MRAM circuit includes row decoders 701 and 702, column 
decoders 703 and 704, and a matrix circuit having a number 
of MTJ elements 711 to 715 and so on located at intersec 
tions of word lines 705, 706 and 707 extending between the 
row decoders 701 and 702 and bit lines 708, 709 and 710 
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extending between the column decoders 703 and 704. In this 
MRAM circuit, a stored information is distinguished depen 
dent upon whether a Sense current is large or Small. How 
ever, this patent does not disclose a method for detecting the 
magnitude (large or Small) of the Sense current, nor does it 
show how to connect a comparator (sense amplifier). 
0006. In this first prior art example, a resistance of 
Serially connected memory cells is directly detected. How 
ever, the resistance detected includes an on-resistance of a 
transistor connected in Series with the row. 

0007. In addition, a memory cell array and a reference 
cell array are separated or put apart from each other. 
Therefore, a reference Signal is inclined to contain a parasite 
component, with the result that it is difficult to have a 
Sufficient margin in operation Accordingly, a high level of 
equality in characteristics is required for memory cells on 
the same wafer. In addition, Since it is So configured to detect 
the Voltage of a plurality of Serially connected memory cells, 
a magnetically changed component of the resistance is Small 
in comparison with the resistance of the whole of the row, 
with the result that a device variation and a noise resisting 
property are deteriorated. Furthermore, in order to make the 
detecting Sensitivity large, it is necessary to enlarge a 
detecting current or to bring the GMR element into an 
elongated form So as to increase the device resistance. This 
results in an increased power consumption and in an 
increased circuit area. 

0008. In the second prior art example, each memory cell 
includes a diode. Similarly, each memory cell can be easily 
constructed to include a transistor. In the memory cell 
including the diode or the transistor, however, the cell 
construction becomes complicated, and therefore, is difficult 
to integrate the circuit. On the other hand, it is not So easy 
to construct a two-dimensional array with only the magneto 
resistive elements which cannot operate as a complete on-off 
Switch, because a detouring of the current in the cells must 
be considered. 

0009 Furthermore, in conventional GMR elements, since 
the current is caused to flow in parallel to a film Surface, a 
fundamental resistance is equivalent to a wiring resistance. 
Accordingly, if a wiring conductor, a transistor and a mag 
neto-resistive element are connected in Series and the Volt 
age of the whole of the Series-connected circuit is directly 
measured, a Voltage drop occurring acroSS the wiring con 
ductor and the transistor is not negligible, and a highly 
precise reading circuit (Sense amplifier) becomes necessary. 
0010) Journal of Magnetics Society of Japan, Vol. 23, No. 
1-2, pp.55-57 mentions that a tunnel magneto-resistive ele 
ment (TMR element) has such a feature that when a voltage 
applied between opposite ends of the junction increases, the 
magneto-resistive ratio (MR ratio) decreases. This is gener 
ally called a bias effect and is well known to perSons skilled 
in the art. Because of this bias effect, even if a large Voltage 
is applied acroSS the TMR element, the changed component 
of the device Voltage caused by a magnetic field does not 
necessarily proportionally become large. Therefore, a highly 
precise reading circuit becomes necessary. Journal of Mag 
netism and Magnetic Materials, Vol. 198-199, No. 1-2, 
pp164-166 mentions that a large Voltage is applied between 
opposite ends of the TMR element having a thin tunnel 
barrier, there is a problem in which a tunnel barrier is broken 
by an electric field and heat, So that a device lift is shortened. 
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BRIEF SUMMARY OF THE INVENTION 

0011. Accordingly, it is an object of the present invention 
to provide an MRAM circuit having a large operation 
margin, by eliminating influence of variation in character 
istics of magneto-resistive elements depending upon a geo 
graphical location on the same wafer, to the utmost. 
0012 Another object of the present invention is to pro 
vide a highly sensitive MRAM circuit capable of reading at 
a high Speed, by preventing a lowering of the detecting 
Sensitivity of a reading circuit, attributable to a Voltage drop 
caused by the resistance of the wiring conductor and the 
transistor connected in Series with the magneto-resistive 
element. 

0013 Still another object of the present invention is to 
provide an MRAM circuit having a tunnel type magneto 
resistive element, which is a highly Sensitive and can be read 
at a high Speed, by preventing the bias effect of the magneto 
resistance and the breakage of the tunnel barrier. 
0.014) A further object of the present invention is to 
provide an MRAM circuit which can be integrated with a 
high integration density, by eliminating the diode or the 
transistor in the basic memory cell. 
0.015 The above and other objects of the present inven 
tion are achieved in accordance with the present invention 
by a magnetic random access memory circuit comprising: 

0016 a memory cell array having a plurality of 
Sense lines, a plurality of word lines interSecting the 
plurality of Sense lines, a number of magneto-resis 
tive elements located at interSections between the 
plurality of Sense lines and the plurality of word 
lines, each of the magneto-resistive elements being 
connected between one Sense line and one word line; 

0017 a plurality of capacitors of the number corre 
sponding to the number of the plurality of Sense 
lines, the plurality of capacitors being previously 
charged to a high Voltage before a reading operation 
is carried out, each of the plurality of capacitors 
being connected to a corresponding Sense line of the 
plurality of Sense lines through a Voltage drop means 
So that a Voltage lower than the high Voltage charged 
in the capacitorS is applied to the plurality of Sense 
lines, and 

0018 means for equalizing the potential of all the 
plurality of Sense lines and all not-Selected word 
lines of the plurality of word lines and for grounding 
a selected word line of the plurality of word lines so 
that an electric charge previously Stored in the 
capacitor connected through the Voltage drop means 
to a Selected Sense line is discharged through the 
Voltage drop means, the Selected Sense line, a 
Selected magneto-resistive element, and the Selected 
word line, whereby information stored in the 
Selected magneto-resistive element is read out by a 
potential on the capacitor. 

0.019 According to another aspect of the present inven 
tion, there is provided a magnetic random access memory 
circuit comprising: 

0020 a memory cell array having a plurality of 
Sense lines, a plurality of word lines interSecting the 
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plurality of Sense lines, a number of magneto-resis 
tive elements located at interSections between the 
plurality of Sense lines and the plurality of word 
lines, each of the magneto-resistive elements being 
connected between one Sense line and one word line; 

0021 an X peripheral circuit connected to the plu 
rality of word lines and including an X decoder 
receiving an X address portion of a given address, 

0022 a Y peripheral circuit connected to the plural 
ity of Sense lines and including a Y decoder receiving 
an Y address portion of the given address, 

0023 wherein the Y peripheral circuit includes a 
plurality of pairs of Series-connected first and Second 
MOS transistors connected to the plurality of sense 
lines, respectively, each first MOS transistor having 
one end connected to a corresponding Sense line of 
the plurality of Sense lines, the other end connected 
to one end of the corresponding second MOS tran 
Sistor, a gate connected to a reference Voltage circuit, 
each second MOS transistor having the other end 
connected to a Voltage Supply and a gate connected 
to receive a corresponding output of the Y decoder, 
a connection node between the first MOS transistor 
and the second MOS transistor being connected to 
one end of a capacitor having the other end con 
nected to ground, 

0024 wherein the X peripheral circuit includes a 
plurality of pairs of Series-connected third and fourth 
MOS transistors having their gate connected to 
receive a corresponding output of the X decoder So 
as to operate complementarily to each other, the third 
MOS transistor having one end connected to a volt 
age Supply and the other end connected to one end of 
the fourth MOS transistor, the other end of the fourth 
MOS transistor being connected to ground, a con 
nection node of the third and fourth MOS transistors 
being connected to a corresponding word line of the 
plurality of word lines. 

0025. In one embodiment of the magnetic random access 
memory circuit, the Y peripheral circuit includes a plurality 
of differential amplifiers, each of the differential amplifiers 
having a pair of inputs connected to a pair of the capacitors 
connected through a pair of the first MOS transistors to a 
pair of adjacent Sense lines, So that one of a pair of 
magneto-resistive elements connected to the same word line 
and to the pair of adjacent Sense lines constitutes a memory 
cell, and the other of the pair of magneto-resistive elements 
constitutes a reference cell which Stores data complementary 
to data Stored in the memory cell, whereby a difference 
between Voltages of the pair of capacitors connected to the 
pair of adjacent sense lines through the pair of first MOS 
transistors, respectively, generated dependently upon 
respective resistance value conditions of the memory cell 
and the reference cell, is detected by the differential ampli 
fier. 

0026. Another embodiment of the magnetic random 
acceSS memory circuit can further includes: 

0027 a second X peripheral circuit provided in 
Symmetry to the first mentioned Xperipheral circuit 
with respect to the Y peripheral circuit, the second Y 
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peripheral circuit having the same construction as 
that of the first mentioned Xperipheral circuit; and 

0028 a second memory cell array provided in sym 
metry to the first mentioned memory cell array with 
respect to the Y peripheral circuit, the Second 
memory cell array having the Same construction as 
that of the first mentioned memory cell array; 

0029 the Y peripheral circuit being in common to 
the first mentioned memory cell array and the Second 
memory cell array, 

0030 each of the first mentioned memory cell array 
and the Second memory cell array including a plu 
rality of reference resistors connected between at 
least one word line and the plurality of Sense lines, 
respectively, 

0031 wherein when a magneto-resistive element 
included in one of the first mentioned memory cell 
array and the Second memory cell array, is Selected 
to be read out, the Voltage of the capacitor connected 
to the Selected magneto-resistive element through 
the first MOS transistor is compared with the voltage 
of the capacitor connected to one reference resistor 
through the first MOS transistor in the other of the 
first mentioned memory cell array and the Second 
memory cell array. 

0.032 Still another embodiment of the magnetic random 
access memory circuit can further includes a plurality of 
comparators each having one input connected to the refer 
ence Voltage circuit, the other input connected to the corre 
sponding Sense line, and an output connected to the gate of 
the corresponding first MOS transistor so that the potential 
on the corresponding Sense line is precisely feedback 
controlled on the basis of a reference Voltage of the reference 
Voltage circuit. 
0.033 According to still another aspect of the present 
invention, there is provided a magnetic random acceSS 
memory circuit comprising: 

0034) a memory cell array having a plurality of 
Sense lines, a plurality of word lines interSecting the 
plurality of Sense lines, a number of magneto-resis 
tive elements located at interSections between the 
plurality of Sense lines and the plurality of word 
lines, each of the magneto-resistive elements being 
connected between one Sense line and one word line; 

0035 an X peripheral circuit connected to the plu 
rality of word lines and including an X decoder 
receiving an X address portion of a given address, 

0036) a Y peripheral circuit connected to the plural 
ity of Sense lines and including a Y decoder receiving 
an Y address portion of the given address, 

0037) 
0038 a plurality of pairs of parallel-connected fifth 
and Sixth MOS transistors having their gate con 
nected to receive corresponding outputs of the Y 
decoder, respectively, each of the pairs of fifth and 
sixth MOS transistors being provided for a corre 
sponding one of the plurality of Sense lines, one end 
of each of the fifth and sixth MOS transistors being 
connected to a Voltage Supply, the other end of the 

wherein the Y peripheral circuit includes: 
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fifth and sixth MOS transistors being connected to 
ground through a first capacitor and a Second capaci 
tor, respectively; 

0039 a plurality of pairs of series-connected sev 
enth and eighth MOS transistors having their gate 
connected to receive a corresponding output of the Y 
decoder So as to operate complementarily to each 
other, each pair of the pairs of Series-connected 
seventh and eighth MOS transistors being connected 
between the other end of the corresponding fifth 
MOS transistor and the other end of the correspond 
ing sixth MOS transistor; and 

0040 a plurality of ninth MOS transistors having 
their gate connected to a reference Voltage circuit, 
each of the plurality of ninth MOS transistors having 
one end connected to a connection node between the 
corresponding Seventh and eighth MOS transistors, 
and the other end connected to a corresponding Sense 
line of the plurality of Sense lines, 

0041 whereby a voltage on the connection node 
between the first capacitor and the corresponding 
fifth MOS transistor and a voltage on the connection 
node between the Second capacitor and the corre 
sponding sixth MOS transistor are compared for 
reading out data on a Selected magneto-resistive 
element connected to the corresponding Sense line, 

0042 wherein the X peripheral circuit includes a 
plurality of pairs of Series-connected tenth and elev 
enth MOS transistors having their gate connected to 
receive a corresponding output of the X decoder So 
as to operate complementarily to each other, the 
tenth MOS transistor having one end connected to a 
Voltage Supply and the other end connected to one 
end of the eleventh MOS transistor, the other end of 
the eleventh MOS transistor being connected to 
ground, a connection node of the tenth and eleventh 
MOS transistors being connected to a corresponding 
word line of the plurality of word lines, 

0043 wherein the magnetic random access memory 
circuit further includes a timing controller for con 
trolling respective operation timings of the X 
decoder and the Y decoder. 

0044 An embodiment of the magnetic random access 
memory circuit can further includes a plurality of compara 
tors each having one input connected to the reference 
Voltage circuit, the other input connected to the correspond 
ing Sense line, and an output connected to the gate of the 
corresponding ninth MOS transistor so that the potential on 
the corresponding Sense line is precisely feedback-con 
trolled on the basis of a reference Voltage of the reference 
Voltage circuit. 
0045. In the above mentioned magnetic random access 
memory circuits in accordance with the present invention, 
each of the magneto-resistive elements can be constituted of 
a tunnel magneto-resistive element or a giant magneto 
resistive element. 

0046) The above and other objects, features and advan 
tages of the present invention will be apparent from the 
following description of preferred embodiments of the 
invention with reference to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0047 FIG. 1 is a circuit diagram of a layout diagram of 
a simplified MRAM circuit which includes a number of 
memory cells configured to utilize the GMR effect; 
0048 FIG. 2 is a circuit diagram of a MRAM circuit 
which includes a number of memory cells configured to 
utilize the MTJ effect; 
0049 FIG. 3 is a circuit diagram of a first embodiment of 
the MRAM circuit in accordance with the present invention; 
0050 FIG. 4 is a circuit diagram showing a details of the 
inverter shown in FIG. 3; 
0051 FIG. 5 is a circuit diagram of a second embodiment 
of the MRAM circuit in accordance with the present inven 
tion; 
0.052 FIG. 6 is a circuit diagram of a third embodiment 
of the MRAM circuit in accordance with the present inven 
tion; 
0053 FIG. 7 is a circuit diagram of a fourth embodiment 
of the MRAM circuit in accordance with the present inven 
tion; and 
0054 FIG. 8 is a circuit diagram of a fifth embodiment 
of the MRAM circuit in accordance with the present inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0055. Now, embodiments of the MRAM circuit in accor 
dance with the present invention will be described with 
reference to the drawings. 
0056 Referring to FIG. 3, there is shown a circuit 
diagram of a first embodiment of the MRAM circuit in 
accordance with the present invention. For simplification of 
the drawing, a 4x4 bit MRAM circuit is shown as an 
example, but it would be apparent to perSons skilled in the 
art that an “m'x'n' bit MRAM circuit can be constructed if 
necessary, where “m' and “n” are natural numbers not leSS 
than 2. 

0057 The shown MRAM circuit in accordance with the 
present invention includes a Y-peripheral circuit 102 having 
a Y decoder 101 receiving a Yaddress portion of an address, 
an X-peripheral circuit 104 having an X decoder 103 receiv 
ing an X address portion of the address, and a cell array 105. 
0058. The Y-peripheral circuit 102 comprises the Y 
decoder 101, MOS transistors 109 to 112 having their gate 
connected to the Y decoder 101, a voltage supply 106 
connected to one end (source) of the MOS transistors 109 to 
112, MOS transistors 117 to 120 having their gate connected 
to an output of a reference Voltage circuit 107 and capacitors 
113 to 116 having their one end connected to ground. The 
other end (drain) of the MOS transistors 109 to 112 are 
connected to an inputside end (drain) of the MOS transistors 
117 to 120 and the other end of the capacitors 113 to 116, 
respectively. These connection nodes are connected through 
output lines 152 to 156 to a Succeeding Stage of output 
circuit (not shown), respectively, in order to detect a poten 
tial on the capacitors 113 to 116. An outputside end (source) 
of the MOS transistors 117 to 120 are connected to sense 
lines 121 to 124 in the cell array 105, respectively. 
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0059) The X-peripheral circuit 104 comprises the X 
decoder 103, Source-grounded MOS transistors 129 to 132 
having their gate connected to the X decoder 103, MOS 
transistors 125 to 128 having their source connected to a 
drain of the MOS transistors 129 to 132, respectively, and 
their gate connected through an inverter to the gate of the 
corresponding MOS transistors 129 to 132, so as to operate 
in a condition complementary to that of the MOS transistors 
129 to 132, and a voltage Supply 108 connected to a drain 
of the MOS transistors 125 to 128, respectively. Respective 
connection nodes between the MOS transistors 125 to 128 
and the MOS transistors 129 to 132 are connected to word 
lines 133 to 136 of the cell array 105, respectively. 

0060. The cell array 105 includes the sense lines 121 to 
124, the word lines 133 to 136 and magneto-resistive 
elements 137 to 152 located at intersections between the 
sense lines 121 to 124 and the word lines 133 to 136, 
respectively, each of the magneto-resistive elements 137 to 
152 being connected between one Sense line and one word 
line. The magneto-resistive elements 137 to 152 is formed of 
a tunnel type magneto-resistive element or a giant magneto 
resistive effect element. 

0061. When the MRAM circuit is in a standby condition, 
the MOS transistors 109 to 112 are maintained in an ON 
condition, So that the capacitorS 113 to 116 are charged to a 
predetermined initial Voltage V. Similarly, the input Side 
of the MOS transistors 117 to 120 connected to the capaci 
tors 113 to 116 is at the predetermined initial voltage V. 
At this time, accordingly, the Voltage Vo is outputted 
through the output lines 153 to 156, respectively. The MOS 
transistors 117 to 120 are provided to hold the sense lines 
121 to 124 at a constant low voltage. A voltage (Vs) at the 
output side of the MOS transistors 117 to 120 is determined 
by a reference Voltage (V) generated in the reference 
voltage circuit 107 and a constant drop voltage (Vdrp) 
determined by a threshold characteristics of the MOS tran 
sistors 117 to 120, and therefore, even if the voltage (V) of 
the inputside of the MOS transistors 117 to 120 varies, the 
output side voltage (Vs) of the MOS transistors 117 to 120 
does not vary. Here, the following relation established 
among Vs, Vref and Vdrp: 

Vs=Vier-V (where VD>Vs) (1) 
0062 Accordingly, the voltage of all the sense lines 121 
to 124 are at an equal potential (Vs). 
0063) On the other hand, the MOS transistors 125 to 128 
and the MOS transistors 129 to 132 operate complementa 
rily to each other, in response to a signal Supplied from the 
X decoder 103. When the MRAM circuit is in the standby 
condition, the MOS transistors 125 to 128 are in an ON 
condition and the MOS transistors 129 to 132 are in an OFF 
condition. At this time, the voltage supply 108 is connected 
to the word lines 133 to 136 through the MOS transistors 
125 to 128, so that all the word lines 133 to 136 are 
maintained to be at an equal potential (Vs), Similarly to the 
sense lines 121 to 124. 

0064. In order to maintain the word lines 133 to 136 at a 
potential VS equal to that of the sense lines 121 to 124, 
Several methods can be considered. Specifically, for 
example, if Vs is given from the voltage supply 108 in FIG. 
3, it is possible to maintain the word lines 133 to 136 at the 
potential Vs. In another method, the inventor 157 connected 
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to the gate of the MOS transistor 125 is constituted of a 
PMOS transistor 158 and a source-grounded NMOS tran 
sistor 159 having a drain connected to a drain of the PMOS 
transistor 158, as shown in FIG. 4. In this case, a Source of 
the PMOS transistor 158 is connected to the reference 
voltage circuit 107, and a connection node between the 
PMOS transistor 158 and the NMOS transistor 159 is 
connected to the gate of the MOS transistor 125. Thus, 
because of a threshold characteristics of the MOS transistor 
125, it is possible to maintain the word line 133 at the 
potential Vs., similarly to the sense lines 121 to 124. These 
two examples are a mere example for maintaining the word 
lines 133 to 136 at the potential Vs., and therefore, the 
present invention is in no way limited to these examples. 

0065. Now, explanation will be described on a case that 
data held in for example the magneto-resistive element 142 
is read out. The magneto-resistive element 142 is positioned 
at a second row and a second column in the cell array 105. 
First, the MOS transistor 130 is turned on in response to a 
signal from the X decoder 103, and at the same time, the 
MOS transistor 126 is turned off. Accordingly, the word line 
134 of the second row is grounded through the MOS 
transistor 130. Thus, an electric current flows from the 
voltage supply 106 through the MOS transistors 110, the 
MOS transistor 118, the sense line 122, the magneto 
resistive element 142, the word line 134 and the MOS 
transistor 130. At this time, a current also flows through the 
magneto-resistive elements 141, 143 and 144 connected to 
the same word line 134. This current will be described 
hereinafter. 

0.066 Here, an important point is that (1) all the sense 
lines 121 to 124 are maintained at the equal potential (Vs) 
by action of the MOS transistors 117 to 120, and (2) the 
not-selected word lines 133, 135 and 136 are maintained at 
the equal potential (Vs) by action of the MOS transistors 
125, 127 and 128. Therefore, without using either the MOS 
transistor or the diode in each cell, it is possible to prevent 
a current from being flowed from an not-intended path, So 
that the current of the magnitude determined by the Voltage 
Vs and the resistance value of the respective magneto 
resistive elements 141 to 144 flow through the sense lines 
121 to 124. 

0067 Succeeding to the selection of the word line 134 of 
the Second row, the Sense line 122 of the Second column is 
selected by a signal from the Y decoder 101. At this time, the 
MOS transistor 110 is turned off So that the sense line 122 
of the Second column is isolated from the Voltage Supply 
106, but the electric charges charged in the capacitor 114 is 
discharged, So that the current continues to flow through the 
magneto-resistive element 142. As a result, the Voltage of 
the capacitor 114, namely, the inputside voltage of the MOS 
transistor 118 lowers. However, since the outputside voltage 
(Vs) of the MOS transistor 118 is determined by the above 
mentioned equation (1), the output Side voltage (Vs) of the 
MOS transistor 118 does not change and therefore is main 
tained at a constant level. 

0068. At this time, a change in time V(t) of the voltage 
on the capacitor 114 after a time “t” can be expressed by the 
following equation (2): 
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1 Vs (2) 
WD(t) = WD) - ?ldt = WDo- CR 

0069 where 
0070 Vo: initial voltage; 
0071 C: capacitance of the capacitor 114; 
0072) 
122; 

0073 Vs: the output side voltage of the MOS 
transistor 118; 

Is: current flowing through the Sense line 

0.074 R: composite resistance of the sense line 
122 (becoming a load resistance of the MOS 
transistor 118), the magneto-resistive element 142, 
the word line 134 and the MOS transistor 130 

0075. As seen from the equation (2), the rate of the 
change in time V(t) of the Voltage on the capacitor 114 
varies dependently upon the resistance of the magneto 
resistive element 142. Namely, when the magneto-resistive 
element 142 is in a high resistance condition, the change in 
time of the voltage on the capacitor 114 is small. On the 
other hand, when the magneto-resistive element 142 is in a 
low resistance condition, the change in time of the Voltage 
on the capacitor 114 is large. Thus, by detecting the change 
in time of the Voltage on the capacitor 114 or the Voltage 
itself on the capacitor 114 through the output line 154 after 
a given constant time has been elapsed, it is possible to 
detect the resistance condition of the magneto-resistive 
element 142, namely, the data held in the magneto-resistive 
element 142. 

0076. In the MRAM circuit in accordance with the 
present invention, Since the Voltage applied to the magneto 
resistive element 142 is Vs, the Voltage applied to the 
magneto-resistive element 142 can be maintained to be 
Smaller than a Voltage breaking the magneto-resistive ele 
ment 142 or a Voltage remarkably deteriorating the charac 
teristics of the magneto-resistive element 142 because of the 
bias dependency. However, by action of the capacitor 114, 
the Voltage appearing on the output line 154 can be enlarged 
to a degree enough to be Sufficiently detected by a Succeed 
ing Stage of detecting circuit. 

0077. In addition, in the MRAM circuit in accordance 
with the present invention, even if the resistance of the 
wiring conductor and/or the MOS transistor 130 connected 
in Series with the magneto-resistive element 142 is large, or 
even if the magneto-resistance ratio of the magneto-resistive 
element 142 is not Sufficiently large, a Sufficient reading 
Voltage can be obtained by optimizing the capacitance C of 
the capacitors 113 to 116, the voltage Vs applied to the 
magneto-resistive elements, an electric resistance value of 
the magneto-resistive elements 137 to 152, and the time “t” 
required for discharging the capacitor, included in the equa 
tion (2). 
0078. In the MRAM circuit in accordance with the 
present invention, Since the Structure of the memory cell is 
very Simple, it is easy to elevate the integration density. The 
reading Speed is determined by the capacitance C of the 
capacitors 113 to 116, the electric resistance value of the 
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magneto-resistive elements 137 to 152, and the voltage Vs 
applied to the magneto-resistive elements 137 to 152. There 
fore, by optimizing these parameters, it is possible to realize 
the reading at a very high Speed. On the other hand, the 
capacitorS 113 to 116 are charged in the Standby condition, 
and therefore, the charging of the capacitorS 113 to 116 does 
not influence the reading Speed. 
0079. Furthermore, as mentioned hereinbefore, in the 
circuit of this embodiment, the electric current also flows 
through the magneto-resistive elements 141, 143 and 144 
connected to the word line 134 connected to the selected 
memory cell. Accordingly, by turning off the MOS transis 
tors 109, 111 and 112 similarly to the MOS transistor 110, it 
is possible to read out information recorded in the magneto 
resistive elements 141,143 and 144, through the output lines 
153, 155 and 156, in parallel, at the same time as the 
information recorded in the magneto-resistive element 142 
is read out. 

0080 Moreover, an electric power consumed for the 
reading is basically the amount for charging and discharging 
the capacitors, and therefore, is very Small. In particular, if 
the parallel reading is carried out as mentioned above, the 
efficiency of the power consumption to the read-out data 
amount becomes further high. 
0081. In addition, in the above mentioned sequence for 
the data reading, the MOS transistor 130 is first turned on, 
and simultaneously, the MOS transistor 126 is turned off, 
and thereafter, the MOS transistor 110 is turned off. How 
ever, this on-off Switching sequence of the MOS transistors 
can be inverted, or alternatively, the on-off Switching of the 
MOS transistors can be executed at the same time. 

0082) Referring to FIG. 5, there is shown a circuit 
diagram of a second embodiment of the MRAM circuit in 
accordance with the present invention. In FIG. 5, elements 
similar to those shown in FIG. 3 are given the Reference 
Number obtained by adding “100” to the Reference Number 
given to the corresponding element shown in FIG. 3, and 
explanation will be omitted as a general rule. 
0083) The MRAM circuit shown in FIG. 5 basically 
operates similarly to the MRAM circuit shown in FIG. 3, 
but is characterized in that two magneto-resistive elements 
connected to the Same word line and also connected to a pair 
of adjacent Sense lines, respectively, are paired So that a pair 
of complementary data is written into the pair of magneto 
resistive elements. Namely, respective directions of the 
magnetization in the pair of magneto-resistive elements are 
So Set that, when one of the pair of magneto-resistive 
elements is in a high resistance condition, the other of the 
pair of magneto-resistive elements is in a low resistance 
condition without exception. In this connection, when the 
stored data is “1”, it is possible to arbitrarily determine 
which of the pair of magneto-resistive elements is to be in 
the high resistance condition, on a circuit basis. Each of the 
pair of magneto-resistive elements is connected through the 
Sense line and the MOS transistor to the capacitor, and 
respective Voltages of the two capacitors are compared to 
each other by use of a differential amplifier (253 or 254), so 
that an output of this differential amplifier is outputted as a 
data output. In this embodiment, Since information of one bit 
is Stored by using a pair of magneto-resistive elements, the 
MRAM circuit shown in FIG. 5 shows an example of the 
circuit configured to store “4x2' bits. 
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0084. Now, explanation will be made on a case that data 
Stored in for example a pair of magneto-resistive elements 
241 and 242 is read out. 

0085. The magneto-resistive element 241 is positioned at 
a Second row and at a first column in the cell array, and the 
magneto-resistive element 242 is positioned at the Second 
row and at a Second column in the cell array. First, in 
response to a signal Supplied from the X decoder 203, the 
MOS transistor 230 is turned on, and simultaneously, the 
MOS transistor 226 is turned off, so that the word line 234 
of the second row is grounded through the MOS transistor 
230, and an electric current flows from the voltage supply 
206 through the MOS transistor 209, the MOS transistor 
217, the sense line 221, the magneto-resistive element 241, 
the word line 234 and the MOS transistor 230. At the same 
time, an electric current flows from the voltage Supply 206 
through the MOS transistor 210, the MOS transistor 218, the 
Sense line 222, the magneto-resistive element 242, the word 
line 234 and the MOS transistor 230. 

0086 All the sense lines 221 to 224 are maintained at the 
equal potential (Vs) by action of the MOS transistors 217 to 
220, and the not-selected word lines 233, 235 and 236 are 
also maintained at the equal potential (Vs) by action of the 
MOS transistors 225, 227 and 228. Therefore, without using 
either the MOS transistor or the diode in each cell, it is 
possible to prevent a current from being flowed from an 
not-intended path, So that the current of the magnitude 
determined by the Voltage Vs and the resistance value of the 
respective magneto-resistive elements 241 to 244 flow 
through the sense lines 221 to 224. 
0087 Succeeding to the selection of the word line 234 of 
the second row, the sense line 221 of the first column and the 
Sense line 222 of the Second column are Selected by Signals 
from the Y decoder 201. At this time, the MOS transistors 
209 and 210 are turned off So that the sense line 221 of the 
first column and the Sense line 222 of the Second column are 
isolated from the Voltage Supply 206, but the electric charges 
charged in the capacitorS 213 and 214 are discharged, So that 
the current continues to flow through the magneto-resistive 
elements 241 and 242. As a result, the voltage of the 
capacitorS 213 and 214, namely, the input Side Voltage of the 
MOS transistors 217 and 218 lowers. However, since the 
outputside voltage (Vs) of the MOS transistors 217 and 218 
is determined by the above mentioned equation (1), the 
outputside voltage (Vs) of the MOS transistors 217 and 218 
does not change and therefore is maintained at a constant 
level. 

0088 At this time, a change in time V(t) of the voltage 
on the capacitors 213 and 214 after a time “t' can be 
expressed by the above mentioned equation (2). 
0089 As seen from the equation (2), the rate of the 
change in time V(t) of the Voltage on the capacitors 213 
and 214 varies dependently upon the resistance of the 
magneto-resistive elements 241 and 242. For example, 
assume that when the Stored data is “1”, the magneto 
resistive element 241 is in the high resistance condition, and 
the magneto-resistive element 242 is in the low resistance 
condition. At this time, the rate of the change in time V(t) 
of the Voltage drop of the capacitor 214 is larger than the rate 
of the change in time V(t) of the Voltage drop of the 
capacitor 213. To the contrary, when the stored data is “0”, 
the magneto-resistive element 241 is in the low resistance 
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condition, and the magneto-resistive element 242 is in the 
high resistance condition. At this time, the rate of the change 
in time V(t) of the Voltage drop of the capacitor 214 is 
Smaller than the rate of the change in time V(t) of the 
Voltage drop of the capacitor 213. Thus, after a given 
constant time has been elapsed, a difference between the 
Voltage of the capacitor 213 and the Voltage of the capacitor 
214 is detected by action of the differential amplifier 253, 
and the result of the detection is outputted as a read-out data 
through the output line 255. 

0090 Here, the difference Vout(t) between the voltage of 
the capacitor 213 and the Voltage of the capacitor 214 after 
the given constant time “t has been elapsed, can be 
expressed as follows, on the basis of the equation (2): 

Vout(t)=(Vs/C){(1/R)-(1/R)t (3) 

0091 where 

0092 R is a load resistance of the MOS transistor 
(composite resistance of the Sense line, the magneto 
resistive element and the MOS transistor 230, which 
become a load) when the magneto-resistive element 
in the low resistance condition; and 

0093 R is a load resistance of the MOS transistor 
(composite resistance of the Sense line, the magneto 
resistive element and the MOS transistor 230, which 
become a load) when the magneto-resistive element 
in the high resistance condition. 

0094) For example, assume that the capacitance C of the 
capacitor is 1 pF, the output side voltage Vs of the MOS 
transistor is 250 mV, the resistance R of the magneto 
resistive element in the low resistance condition is 10 kS2, 
the resistance R of the magneto-resistive element in the low 
resistance condition is 12 kS2, which are easily feasible. 
Furthermore, assume that a discharge time (the given con 
stant time “t” mentioned above) of the capacitors 213 and 
214 is 24 nsec. It would be seen from the equation (3) that 
Vout(24 nsec) of +100 mV can be obtained dependently 
upon whether the stored data is “1” or “0”. Since an input 
voltage (detectable voltage) of the Sense amplifier (differ 
ential amplifier) in existing semiconductor DRAMs is on the 
order of 100 mV, this value of +100 mV can be easily 
detected. 

0095. In the MRAM circuit of this embodiment, since the 
Voltage applied to the magneto-resistive elements 241 and 
242 is Vs, the Voltage applied to the magneto-resistive 
elements can be maintained to be Smaller than a Voltage 
breaking the magneto-resistive elements 241 and 242 or a 
Voltage remarkably deteriorating the characteristics of the 
magneto-resistive elements 241 and 242. However, by 
action of the capacitors 231 and 214, the voltage difference 
applied to the differential amplifier (detector) 253 can be 
enlarged to a degree enough to be Sufficiently detected by a 
conventional detecting circuit (differential amplifier). 
0096. The reading speed is mainly determined by the 
capacitance C of the capacitors, the electric resistance value 
of the magneto-resistive elements, and the Voltage Vs 
applied to the magneto-resistive elements. Therefore, by 
optimizing these parameters, it is possible to realize the 
reading at a very high Speed. On the other hand, Since the 
capacitors are charged in the Standby condition, the charging 
of the capacitorS does not influence the reading Speed. 
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0097. In addition, since the structure of the memory cell 
is very Simple, it is easy to elevate the integration density. 
Moreover, Since the Signal from an adjacent magneto 
resistive element is utilized as a reference data, Stability of 
a circuit operation against a proceSS Variation is excellent. 
0098. In addition, in the MRAM circuit of this embodi 
ment, even if the resistance of the wiring conductor and/or 
the MOS transistor connected in series with the magneto 
resistive element is large, or even if the magneto-resistance 
ratio of the magneto-resistive element is not Sufficiently 
large, a Sufficient reading Voltage can be obtained by opti 
mizing the capacitance C of the capacitors, the Voltage Vs 
applied to the magneto-resistive elements, an electric resis 
tance value of the magneto-resistive elements, and the time 
“t required for discharging the capacitor, included in the 
equation (2). 
0099 Furthermore, as mentioned hereinbefore, in the 
circuit of this embodiment, the electric current also flows 
through the magneto-resistive elements 243 and 244 con 
nected to the word line 234 connected to the selected pair of 
memory cells. Accordingly, by turning off the MOS transis 
tors 211 and 212 similarly to the MOS transistors 209 and 
210, it is possible to read out information recorded in the pair 
of magneto-resistive elements 243 and 244, by action of the 
differential amplifier (detector) 254, at the same time as the 
information recorded in the pair of magneto-resistive ele 
ments 241 and 242 is read out. 

0100 Moreover, an electric power consumed for the 
reading is basically the amount for charging and discharging 
the capacitors, and therefore, is very Small. In particular, if 
the parallel reading is carried out as mentioned above, the 
efficiency of the power consumption to the read-out data 
amount becomes further high. In addition, the above men 
tioned Sequence for the data reading is merely one example, 
but another Sequence for the data reading can be arbitrarily 
adopted. 

0101 Referring to FIG. 6, there is shown a circuit 
diagram of a third embodiment of the MRAM circuit in 
accordance with the present invention. The MRAM circuit 
shown in FIG. 6 basically operates similarly to the MRAM 
circuit shown in FIG. 5, but is characterized in that a 
reference signal to be compared by a differential amplifier is 
not obtained from the magneto-resistive element Storing a 
complementary data, but is obtained from a reference resis 
tance. 

0102) The shown MRAM circuit of this embodiment 
includes a Y peripheral circuit 302 having a Y decoder 301, 
a first Xperipheral circuit 304 having a first X decoder 303, 
a first cell array 305, a second X peripheral circuit 307 
having a second X decoder 306, a second cell array 308. The 
second X peripheral circuit 307 and the second cell array 
308 are located in symmetry to the first X peripheral circuit 
304 and the first cell array 305, with respect to the Y 
peripheral circuit 302. In each of the cell arrays 305 and 308, 
reference resistors are connected to at least one word line. In 
the embodiment shown in FIG. 6, reference resistors 315 to 
318 are connected to a word line 313 in the first cell array 
305, and reference resistors 328 to 331 are connected to a 
word line 327 in the second cell array 308. Excepting these 
reference resistors, each of the first and Second cell arrayS 
305 and 308 is similar to the cell array 105 in the first 
embodiment shown in FIG. 3. 
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0103) In this embodiment, for example, when informa 
tion of the magneto-resistive element 320 connected 
between a sense line 310 and a word line 314 in the first cell 
array 305 is read out, a signal from the reference resistor 329 
connected between a sense line 324 and a word line 327 in 
the Second cell array 308 is used as a reference Signal, and 
a signal read out from the magneto-resistive element 320 is 
compared with the reference Signal by action of a differential 
amplifier 333, similarly to the MRAM circuit of the second 
embodiment. At this time, information Stored in the mag 
neto-resistive elements 319, 321 and 322 can be read out by 
being compared with a Signal from the reference resistors 
328, 330 and 331 by action of differential amplifiers 332, 
334 and 335, respectively. 
0104. As seen from the above, when information is read 
out from any magneto-resistive element in the first cell array 
305, the word line 327 is selected by a reference resistor 
selection circuit “REF SEL in the second X decoder 306, 
So that a corresponding one or all of the reference resistors 
328 to 331 connected to the word line 327 are utilized to 
generate the reference Signal. On the other hand, when 
information is read out from any magneto-resistive element 
in the second cell array 308, the word line 313 is selected by 
a reference resistor selection circuit “REF SEL in the first 
X decoder 303, so that a corresponding one or all of the 
reference resistors 315 to 318 connected to the word line 313 
are utilized to generate the reference Signal. Therefore, 
excepting the reference resistor Selection circuit “REF 
SEL', each of the first and second Xperipheral circuits 304 
and 307 is similar to the Xperipheral circuit 104 shown in 
FIG 3. 

0105. The Y peripheral circuit 302 is composed of a 
combination of a Y peripheral circuit portion Similar to the 
Y peripheral circuit 102 shown in FIG. 3, associated to the 
first cell array 305, and another Yperipheral circuit portion 
similar to the Y peripheral circuit 102 shown in FIG. 3, 
associated to the second cell array 308, but only one Y 
decoder 301 is provided in common to the two Y peripheral 
circuit portions. In addition, the four differential amplifiers 
332 to 335 are provided to compare between a signal from 
the first cell array 305 and a signal from the second cell array 
3O8. 

0106. In the MRAM circuit of this embodiment, since the 
Structure of the memory cell is very Simple, it is easy to 
elevate the integration density. Moreover, Since the Signal 
from the reference resistors 315 to 318 and 328 to 331 is 
utilized as a reference data, the area efficiency of the chip is 
high So that a high integration density can be obtained. In 
addition, Stability of a circuit operation against a proceSS 
variation is excellent. 

0107 Furthermore, in the MRAM circuit of this embodi 
ment, Since the Voltage applied to the magneto-resistive 
elements is Vs, the Voltage applied to the magneto-resistive 
elements can be maintained to be Smaller than a Voltage 
breaking the magneto-resistive elements or a Voltage 
remarkably deteriorating the characteristics of the magneto 
resistive elements. However, by action of the capacitors, the 
Voltage difference applied to the differential amplifier 
(detector) can be enlarged to a degree enough to be Suffi 
ciently detected by a conventional detecting circuit (differ 
ential amplifier). 
0108. The reading speed is mainly determined by the 
capacitance C of the capacitors, the electric resistance value 
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of the magneto-resistive elements, and the Voltage Vs 
applied to the magneto-resistive elements. Therefore, by 
optimizing these parameters, it is possible to realize the 
reading at a very high Speed. On the other hand, Since the 
capacitors are charged in the Standby condition, the charging 
of the capacitors does not influence the reading Speed. 
0109) In addition, in the MRAM circuit of this embodi 
ment, even if the resistance of the wiring conductor and/or 
the MOS transistor connected in series with the magneto 
resistive element is large, or even if the magneto-resistance 
ratio of the magneto-resistive element is not Sufficiently 
large, a Sufficient reading Voltage can be obtained by opti 
mizing the capacitance C of the capacitors, the voltage Vs 
applied to the magneto-resistive elements, an electric resis 
tance value of the magneto-resistive elements, and the time 
“t required for discharging the capacitor, included in the 
equation (2). 
0110 Moreover, an electric power consumed for the 
reading is basically the amount for charging and discharging 
the capacitors, and therefore, is very Small. In particular, if 
the parallel reading is carried out as mentioned above, the 
efficiency of the power consumption to the read-out data 
amount becomes further high. In addition, the above men 
tioned Sequence for the data reading is merely one example, 
but another Sequence for the data reading can be arbitrarily 
adopted. 

0111 Referring to FIG. 7, there is shown a circuit 
diagram of a fourth embodiment of the MRAM circuit in 
accordance with the present invention. The MRAM circuit 
shown in FIG. 7 basically operates similarly to the MRAM 
circuit shown in FIG. 5, but is characterized in adopting a 
Self-reference type reading method in that a Signal generated 
by changing the State of a magneto-resistive element to be 
read out, is used as a reference Signal for a differential 
amplifier. 

0112 The shown MRAM circuit of this embodiment 
includes a Y peripheral circuit 402 having a Y decoder 401, 
an X peripheral circuit 404 having an X decoder 403, and a 
cell array 405. An operation timing of the Y decoder 401 and 
the X decoder 403 is controlled by a timing controller 406. 
Since the Xperipheral circuit 404 and the cell array 405 are 
similar to the Xperipheral circuit 104 and the cell array 105 
shown in FIG. 3, explanation thereof will be omitted. 
0113. On the other hand, the Y peripheral circuit 402 
includes, in addition to the Y decoder 40, fifth MOS tran 
sistors 410 and 412 and sixth MOS transistors 411 and 413 
having their gate connected to the Y decoder 401, a Voltage 
supply 407 connected to a source of the fifth MOS transis 
tors 410 and 412 and the sixth MOS transistors 411 and 413, 
seventh MOS transistors 418 and 420 having their gate 
connected to the Y decoder 401 and eighth MOS transistors 
419 and 421 having their gate connected to the Y decoder 
401 through an inverter, the seventh and eighth MOS 
transistors 418 and 419 being connected in series between a 
drain of the fifth MOS transistor 410 and a drain of the sixth 
MOS transistor 411, the seventh and eighth MOS transistors 
420 and 421 being connected in series between a drain of the 
fifth MOS transistor 412 and a drain of the sixth MOS 
transistor 413, ninth MOS transistors 422 and 423 having 
their gate connected to a reference Voltage circuit 408 and 
their source connected to sense lines 424 and 425 of the cell 
array 405, respectively, a drain of the ninth MOS transistors 
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422 being connected to a connection node between the 
seventh and eighth MOS transistors 418 and 419, a drain of 
the ninth MOS transistors 423 being connected to a con 
nection node between the seventh and eighth MOS transis 
tors 420 and 421, capacitors 414 to 417 having one end 
connected to ground and the other end connected to the drain 
of the fifth MOS transistors 410 and 412 and the Sixth MOS 
transistors 411 and 413, respectively, and differential ampli 
fiers 446 and 447. The differential amplifier 446 has a pair 
of inputs connected to the other end of the capacitors 414 
and 415, respectively, and the differential amplifier 447 has 
a pair of inputs connected to the other end of the capacitors 
416 and 417, respectively. 

0114. When the MRAM circuit is in a standby condition, 
the MOS transistors 410 to 413 are maintained in an ON 
condition, So that the capacitors 414 to 417 are charged to a 
predetermined initial voltage V. At this time, the MOS 
transistors 418 and 420 are maintained in an ON condition, 
and the MOS transistors 419 and 421 are maintained in an 
OFF condition. Accordingly, the inputside of the ninth MOS 
transistors 422 and 423 connected to the capacitors 414 and 
416 through the MOS transistors 418 and 420, respectively, 
is at the predetermined initial voltage The ninth MOS 
transistors 422 and 423 are provided to hold the sense lines 
424 and 425 at a constant low voltage. 

0115) A voltage (Vs) at the outputside of the ninth MOS 
transistors 422 and 423 is determined by a reference voltage 
(V) generated in the reference Voltage circuit 408 and a 
constant drop voltage (Vdrp) determined by a threshold 
characteristics of the ninth MOS transistors 422 and 423, 
and therefore, even if the Voltage (V) of the input side of 
the ninth MOS transistors 422 and 423 varies, the output 
side voltage (Vs) of the ninth MOS transistors 422 and 423 
does not vary, and is determined by the equation (1). 
Accordingly, all the Sense lines 424 and 425 are at an equal 
potential (Vs). Similarly, in the Standby condition, all the 
word lines 434 to 437 are maintained at an equal potential 
(Vs) by action of the tenth transistors 426 to 429 in the X 
peripheral circuit 404. 

0116 Now, explanation will be described on a case that 
data held in for example the magneto-resistive element 440 
is read out. In response to a signal from the X decoder 403, 
the tenth MOS transistor 431 is turned on, and at the same 
time, the eleventh MOS transistor 427 is turned off. Accord 
ingly, an electric current flows from the voltage Supply 407 
through the MOS transistors 410, the MOS transistor 418, 
the MOS transistor 422, the sense line 424, the magneto 
resistive element 440, the word line 435 and the MOS 
transistor 431. At this time, all the sense lines 424 and 425 
are maintained at the equal potential (Vs) by action of the 
MOS transistors 422 and 423, and the not-selected word 
lines 434, 436 and 437 are maintained at the equal potential 
(Vs) by action of the MOS transistors 426, 428 and 429. 
Therefore, without using either the MOS transistor or the 
diode in each cell, it is possible to prevent a current from 
being flowed from an not-intended path, So that the current 
of the magnitude determined by the Voltage Vs and the 
resistance value of the respective magneto-resistive ele 
ments 440 and 441 flow through the sense lines 424 and 425. 
0117 Succeedingly, in response to a signal from the Y 
decoder 401, the MOS transistor 410 is turned off So that the 
electric charges charged in the capacitor 414 is discharged to 
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cause the current to continue to flow through the magneto 
resistive element 440. AS a result, the Voltage of the capaci 
tor 414 drops in accordance with the equation (2). 
0118. After a given constant time has elapsed, the elev 
enth MOS transistor 431 is temporarily turned off and 
simultaneously the tenth MOS transistor 427 is turned on, so 
that the current flowing through the magneto-resistive ele 
ment 440 is Stopped. Thereafter, a writing circuit is operated 
to write “1” or “0” into the magneto-resistive element 440 as 
a reference data, or alternatively to temporarily maintain the 
magneto-resistive element in an intermediate condition. On 
the other hand, the MOS transistor 418 is turned off and the 
MOS transistor 427 is turned on. Furthermore, the MOS 
transistor 431 is turned on, again, and Simultaneously the 
tenth MOS transistor 427 is turned off, so that an electric 
current flows from the voltage Supply 407 through the MOS 
transistors 411, the MOS transistor 419, the MOS transistor 
422, the sense line 424, the magneto-resistive element 440, 
the word line 435 and the MOS transistor 431. Then, if the 
MOS transistor 411 is turned off, so that the electric charges 
charged in the capacitor 415 is discharged to cause the 
current to continue to flow through the magneto-resistive 
element 440. As a result, the voltage of the capacitor 415 
drops in accordance with the reference condition of the 
magneto-resistive element 440. 
0119) Again, after a given constant time has elapsed, the 
eleventh MOS transistor 431 is turned off and simulta 
neously the tenth MOS transistor 427 is turned on, so that the 
current flowing through the magneto-resistive element 440 
is stopped. Thus, a different between the voltage on the 
capacitor 414 and the Voltage on the capacitor 414 is 
detected by use of the differential amplifier 446. Finally, by 
Writing an original data into the magneto-resistive element 
440 or by returning the temporary intermediate condition to 
a steady condition, a non-destructive data reading can be 
realized in the whole of the MRAM circuit. 

0120 In the MRAM circuit of this embodiment, since the 
Structure of the memory cell is very simple, it is easy to 
elevate the integration density. In addition, Since data can be 
detected by the Self-reference type, the area efficiency of the 
chip is high So that a high integration density can be 
obtained. In addition, Stability of a circuit operation against 
a process variation is excellent. 
0121 Furthermore, in the MRAM circuit of this embodi 
ment, Since the Voltage applied to the magneto-resistive 
elements is Vs, the Voltage applied to the magneto-resistive 
elements can be maintained to be Smaller than a Voltage 
breaking the magneto-resistive elements or a Voltage 
remarkably deteriorating the characteristics of the magneto 
resistive elements. However, by action of the capacitors, the 
Voltage difference applied to the differential amplifier 
(detector) can be enlarged to a degree enough to be Suffi 
ciently detected by a conventional detecting circuit (differ 
ential amplifier). 
0.122 The reading speed is mainly determined by the 
capacitance C of the capacitors, the electric resistance value 
of the magneto-resistive elements, and the Voltage Vs 
applied to the magneto-resistive elements. Therefore, by 
optimizing these parameters, it is possible to realize the 
reading at a very high Speed. On the other hand, Since the 
capacitors are charged in the Standby condition, the charging 
of the capacitors does not influence the reading Speed. 
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0123. In addition, in the MRAM circuit of this embodi 
ment, even if the resistance of the wiring conductor and/or 
the MOS transistor connected in series with the magneto 
resistive element is large, or even if the magneto-resistance 
ratio of the magneto-resistive element is not Sufficiently 
large, a Sufficient reading Voltage can be obtained by opti 
mizing the capacitance C of the capacitors, the voltage Vs 
applied to the magneto-resistive elements, an electric resis 
tance value of the magneto-resistive elements, and the time 
“t required for discharging the capacitor, included in the 
equation (2). 

0.124. In addition, since a current similarly flows through 
the magneto-resistive element 441 connected to the same 
word line 435, data can simultaneously be read out from the 
magneto-resistive element 441 in parallel to the magneto 
resistive element 440. 

0.125 Moreover, an electric power consumed for the 
reading is basically the amount for charging and discharging 
the capacitors, and therefore, is very Small. In particular, if 
the parallel reading is carried out as mentioned above, the 
efficiency of the power consumption to the read-out data 
amount becomes further high. In addition, the above men 
tioned Sequence for the data reading is merely one example, 
but another Sequence for the data reading can be arbitrarily 
adopted. 

0.126 Referring to FIG. 8, there is shown a circuit 
diagram of a fifth embodiment of the MRAM circuit in 
accordance with the present invention. The MRAM circuit 
shown in FIG. 8 basically operates similarly to the MRAM 
circuit shown in FIG. 3, and therefore, in FIG. 8, no 
Reference Number is given to elements similar to those 
shown in FIG. 3. The MRAM circuit shown in FIG. 8 is 
characterized in that comparators 510 to 513 are provided to 
precisely control the potential of sense lines 506 to 509, and 
an output of the comparators 510 to 513 is connected to a 
gate of MOS transistors 501 to 505, respectively, which 
correspond to the MOS transistors 117 to 120 shown in FIG. 
3. 

0127. A non-inverting input of each of the comparators 
510 to 513 is connected to a reference voltage circuit 505, 
and an inverting input of the comparators 510 to 513 are 
connected to the corresponding sense lines 506 to 509, 
respectively (negative feedback). With this arrangement, if 
the potential of any Sense line is lower than a reference 
voltage given by the reference voltage circuit 505, a corre 
sponding comparator elevates a gate Voltage of the MOS 
transistor connected to the Sense line whose Voltage is lower 
than the reference Voltage, with the result that the potential 
of the Sense line is elevated to become equal to the reference 
Voltage. To the contrary, if the potential of any Sense line is 
higher than the reference Voltage given by the reference 
Voltage circuit 505, a corresponding comparator lowers a 
gate Voltage of the MOS transistor connected to the Sense 
line whose Voltage is higher than the reference Voltage, with 
the result that the potential of the sense line is lowered to 
become equal to the reference Voltage. In any case, the 
potential of all the Sense lines can be precisely maintained at 
a constant level. 

0128. This MRAM circuit of this embodiment stably 
operates against a process variation. In addition, Since the 
variation of the voltage of the sense lines 506 to 509 caused 
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by a mutual conductance of the MOS transistors 501 to 504 
can be minimized, a stable operation can be obtained with a 
very wide operation margin. 
0129. In this embodiment, the comparators 510 to 513 for 
realizing the feedback control in the operation of the MRAM 
circuit are provided. However, a similar advantage can be 
obtained by using a comparator having a pre-calibration 
function for equalizing the potential of the Sense lines and 
the word lines before a reading operation is carried out in the 
memory circuit. In this case, it is effective if a comparator is 
used which can nonvolatilizably hold a calibrated circuit 
parameter by using for example a magneto-resistive ele 
ment. 

0130. In the embodiment shown in FIG. 8, in order to 
precisely control the potential of the sense lines 506 to 509, 
the comparators 510 to 513 are connected to the reference 
voltage circuit 505 and the MOS transistors 501 to 504. It 
would be apparent to perSons Skilled in the art that a 
comparator having a similar construction can be connected 
between the reference voltage circuit 207 and the MOS 
transistors 217 to 220 shown in FIG. 5, or between the 
reference voltage circuit 397 and the MOS transistors 347 to 
350 and between the reference voltage circuit 398 and the 
MOS transistors 377 to 380 shown in FIG. 6, or alterna 
tively between the reference voltage circuit 408 and the 
MOS transistors 422 and 423 shown in FIG. 7, so that the 
potential of all the Sense lines can be maintained at a 
COnStant. 

0131) As seen from the above, in the MRAM circuit in 
accordance with the present invention, particularly, in the 
MRAM circuit using the tunnel magneto-resistive element 
(TMR element), the Voltage applied to the magneto-resistive 
elements can be maintained to be Smaller than a Voltage 
breaking the magneto-resistive elements or a Voltage 
remarkably deteriorating the characteristics of the magneto 
resistive elements because of a biasing effect. On the other 
hand, by action of the capacitors, the Voltage difference 
applied to the differential amplifier (detector) can be 
enlarged to a degree enough to be Sufficiently detected by a 
conventional detecting circuit (differential amplifier). 
0.132. In the MRAM circuit in accordance with the 
present invention, the reading Speed is mainly determined by 
the capacitance C of the capacitors, the electric resistance 
value of the magneto-resistive elements, and the Voltage Vs 
applied to the magneto-resistive elements. Therefore, by 
optimizing these parameters, it is possible to realize the 
reading at a very high Speed. On the other hand, Since the 
capacitors are charged in the Standby condition, the charging 
of the capacitors does not influence the reading Speed. 
Furthermore, data can be read out from the magneto-resis 
tive elements connected to the same word lines, Simulta 
neously and in parallel, So that a further high Speed reading 
can be realized. 

0133. In addition, in the MRAM circuit in accordance 
with the present invention, even if the resistance of the 
wiring conductor and/or the MOS transistor connected in 
Series with the magneto-resistive element is large, or even if 
the magneto-resistance ratio of the magneto-resistive ele 
ment is not Sufficiently large, a Sufficient reading Voltage can 
be obtained by optimizing the capacitance C of the capaci 
tors, the Voltage Vs applied to the magneto-resistive ele 
ments, an electric resistance value of the magneto-resistive 
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elements, and the time “t' required for discharging the 
capacitor, included in the equation (2). 
0134) Furthermore, if a suitable reference cell is pro 
vided, the MRAM circuit having a high chip area efficiency, 
a high integration density and an excellent Stability in a 
circuit operation against a process variation can be obtained. 
0135) Moreover, in the MRAM circuit in accordance with 
the present invention, it is possible to eliminate the MOS 
transistor or the diode in each unitary memory cell, by 
equalizing the potential of the Sense lines and the word lines, 
with the result that the structure of the memory cell becomes 
very simple, and it becomes easy to elevate the integration 
density. 

0136. In the MRAM circuit in accordance with the 
present invention, in addition, the electric power consumed 
for the reading is basically the amount for charging and 
discharging the capacitors, and therefore, is very Small. In 
particular, if the parallel reading is carried out as mentioned 
above, the efficiency of the power consumption to the 
read-out data amount becomes further high. 
0.137 The invention has thus been shown and described 
with reference to the specific embodiments. However, it 
should be noted that the present invention is in no way 
limited to the details of the illustrated Structures but changes 
and modifications may be made within the Scope of the 
appended claims. 

1. A magnetic random access memory circuit comprising: 
a memory cell array having a plurality of Sense lines, a 

plurality of word lines interSecting Said plurality of 
Sense lines, a number of magneto-resistive elements 
located at interSections between Said plurality of Sense 
lines and Said plurality of word lines, each of Said 
magneto-resistive elements being connected between 
one Sense line and one word line; 

a plurality of capacitors of the number corresponding to 
the number of Said plurality of Sense lines, Said plural 
ity of capacitors being previously charged to a high 
Voltage before a reading operation is carried out, each 
of Said plurality of capacitors being connected to a 
corresponding Sense line of Said plurality of Sense lines 
through a voltage drop means So that a Voltage lower 
than Said high Voltage charged in Said capacitorS is 
applied to Said plurality of Sense lines, and 

means for equalizing the potential of all Said plurality of 
Sense lines and all not-Selected word lines of Said 
plurality of word lines and for grounding a Selected 
word line of said plurality of word lines so that an 
electric charge previously Stored in Said capacitor con 
nected through said Voltage drop means to a Selected 
Sense line is discharged through said Voltage drop 
means, said Selected Sense line, a Selected magneto 
resistive element, and Said Selected word line, whereby 
information Stored in Said Selected magneto-resistive 
element is read out by a potential on Said capacitor. 

2. A magnetic random access memory circuit comprising: 
a memory cell array having a plurality of Sense lines, a 

plurality of word lines interSecting Said plurality of 
Sense lines, a number of magneto-resistive elements 
located at interSections between Said plurality of Sense 
lines and Said plurality of word lines, each of Said 
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magneto-resistive elements being connected between 
one Sense line and one word line; 

an Xperipheral circuit connected to Said plurality of word 
lines and including an X decoder receiving an X 
address portion of a given address, 

a Y peripheral circuit connected to Said plurality of Sense 
lines and including a Y decoder receiving an Y address 
portion of Said given address, 

wherein Said Y peripheral circuit includes a plurality of 
pairs of series-connected first and second MOS tran 
Sistors connected to Said plurality of Sense lines, 
respectively, each first MOS transistor having one end 
connected to a corresponding Sense line of Said plural 
ity of Sense lines, the other end connected to one end of 
the corresponding Second MOS transistor, a gate con 
nected to a reference Voltage circuit, each Second MOS 
transistor having the other end connected to a Voltage 
Supply and a gate connected to receive a corresponding 
output of Said Y decoder, a connection node between 
said first MOS transistor and said second MOS tran 
Sistor being connected to one end of a capacitor having 
the other end connected to ground, 

wherein Said X peripheral circuit includes a plurality of 
pairs of series-connected third and fourth MOS tran 
Sistors having their gate connected to receive a corre 
sponding output of Said X decoder So as to operate 
complementarily to each other, said third MOS tran 
Sistor having one end connected to a Voltage Supply and 
the other end connected to one end of Said fourth MOS 
transistor, the other end of said fourth MOS transistor 
being connected to ground, a connection node of Said 
third and fourth MOS transistors being connected to a 
corresponding word line of Said plurality of word lines. 

3. A magnetic random access memory circuit claimed in 
claim 2 wherein Said Yperipheral circuit includes a plurality 
of differential amplifiers, each of said differential amplifiers 
having a pair of inputs connected to a pair of Said capacitors 
connected through a pair of said first MOS transistors to a 
pair of adjacent Sense lines, So that one of a pair of 
magneto-resistive elements connected to the same word line 
and to Said pair of adjacent Sense lines constitutes a memory 
cell, and the other of Said pair of magneto-resistive elements 
constitutes a reference cell which Stores data complementary 
to data Stored in Said memory cell, whereby a difference 
between Voltages of Said pair of capacitors connected to Said 
pair of adjacent sense lines through said pair of first MOS 
transistors, respectively, generated dependently upon 
respective resistance value conditions of Said memory cell 
and Said reference cell, is detected by Said differential 
amplifier. 

4. A magnetic random access memory circuit claimed in 
claim 2, further including: 

a Second Xperipheral circuit provided in Symmetry to the 
first mentioned Xperipheral circuit with respect to Said 
Y peripheral circuit, Said Second Y peripheral circuit 
having the same construction as that of the first men 
tioned Xperipheral circuit; and 

a Second memory cell array provided in Symmetry to the 
first mentioned memory cell array with respect to Said 
Y peripheral circuit, Said Second memory cell array 
having the same construction as that of the first men 
tioned memory cell array; 
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Said Y peripheral circuit being in common to the first 
mentioned memory cell array and Said Second memory 
cell array, 

each of the first mentioned memory cell array and Said 
Second memory cell array including a plurality of 
reference resistorS- connected between at least one 
word line and Said plurality of Sense lines, respectively, 

wherein when a magneto-resistive element included in 
one of the first mentioned memory cell array and Said 
Second memory cell array, is Selected to be read out, the 
Voltage of Said capacitor connected to Said Selected 
magneto-resistive element through said first MOS tran 
Sistor is compared with the Voltage of Said capacitor 
connected to one reference resistor through Said first 
MOS transistor in the other of the first mentioned 
memory cell array and Said Second memory cell array. 

5. A magnetic random access memory circuit claimed in 
claim 2, further including a plurality of comparators each 
having one input connected to Said reference Voltage circuit, 
the other input connected to the corresponding Sense line, 
and an output connected to Said gate of the corresponding 
first MOS transistor so that the potential on said correspond 
ing Sense line is precisely feedback-controlled on the basis 
of a reference Voltage of Said reference Voltage circuit. 

6. A magnetic random access memory circuit claimed in 
claim 2, wherein each of Said magneto-resistive elements is 
constituted of a tunnel magneto-resistive element. 

7. A magnetic random access memory circuit claimed in 
claim 2, wherein each of Said magneto-resistive elements is 
constituted of a giant magneto-resistive element. 

8. A magnetic random access memory circuit comprising: 
a memory cell array having a plurality of Sense lines, a 

plurality of word lines interSecting Said plurality of 
Sense lines, a number of magneto-resistive elements 
located at interSections between Said plurality of Sense 
lines and Said plurality of word lines, each of Said 
magneto-resistive elements being connected between 
one Sense line and one word line; 

an Xperipheral circuit connected to Said plurality of word 
lines and including an X decoder receiving an X 
address portion of a given address, 

a Y peripheral circuit connected to Said plurality of Sense 
lines and including a Y decoder receiving an Y address 
portion of Said given address, 

wherein Said Y peripheral circuit includes: 
a plurality of pairs of parallel-connected fifth and Sixth 
MOS transistors having their gate connected to receive 
corresponding outputs of Said Y decoder, respectively, 
each of said pairs of fifth and sixth MOS transistors 
being provided for a corresponding one of Said plurality 
of Sense lines, one end of each of Said fifth and Sixth 
MOS transistors being connected to a Voltage Supply, 
the other end of Said fifth and sixth MOS transistors 
being connected to ground through a first capacitor and 
a Second capacitor, respectively; 
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a plurality of pairs of Series-connected Seventh and eighth 
MOS transistors having their gate connected to receive 
a corresponding output of Said Y decoder So as to 
operate complementarily to each other, each pair of 
said pairs of series-connected seventh and eighth MOS 
transistors being connected between the other end of 
the corresponding fifth MOS transistor and the other 
end of the corresponding sixth MOS transistor; and 

a plurality of ninth MOS transistors having their gate 
connected to a reference Voltage circuit, each of Said 
plurality of ninth MOS transistors having one end 
connected to a connection node between the corre 
sponding Seventh and eighth MOS transistors, and the 
other end connected to a corresponding Sense line of 
Said plurality of Sense lines, 

whereby a Voltage on the connection node between Said 
first capacitor and the corresponding fifth MOS tran 
Sistor and a Voltage on the connection node between 
Said Second capacitor and the corresponding sixth MOS 
transistor are compared for reading out data on a 
Selected magneto-resistive element connected to the 
corresponding Sense line, 

wherein Said X peripheral circuit includes a plurality of 
pairs of series-connected tenth and eleventh MOS 
transistors having their gate connected to receive a 
corresponding output of Said X decoder So as to operate 
complementarily to each other, said tenth MOS tran 
Sistor having one end connected to a voltage Supply and 
the other end connected to one end of Said eleventh 
MOS transistor, the other end of said eleventh MOS 
transistor being connected to ground, a connection 
node of said tenth and eleventh MOS transistors being 
connected to a corresponding word line of Said plurality 
of word lines, 

wherein the magnetic random acceSS memory circuit 
further includes a timing controller for controlling 
respective operation timings of Said X decoder and Said 
Y decoder. 

9. A magnetic random access memory circuit claimed in 
claim 8, further including a plurality of comparators each 
having one input connected to Said reference Voltage circuit, 
the other input connected to the corresponding Sense line, 
and an output connected to Said gate of the corresponding 
ninth MOS transistor so that the potential on said corre 
sponding Sense line is precisely feedback-controlled on the 
basis of a reference Voltage of Said reference Voltage circuit. 

10. A magnetic random acceSS memory circuit claimed in 
claim 8, wherein each of Said magneto-resistive elements is 
constituted of a tunnel magneto-resistive element. 

11. A magnetic random acceSS memory circuit claimed in 
claim 8, wherein each of Said magneto-resistive elements is 
constituted of a giant magneto-resistive element. 


