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(57) ABSTRACT 

A memory cell in a MRAM includes four N channel MOS 
transistors responsive to a Write permit signal attaining an H 
level to connect program lines of ?rst and second tunneling 
magneto-resistance elements betWeen ?rst and second stor 
age nodes and a line of ground potential to Write signals in 
the ?rst and second storage nodes to the ?rst and second 
tunneling magneto-resistance elements. The Writing of sig 
nals to ?rst and second tunneling magneto-resistance ele 
ments can be performed more rapidly than the conventional 
case Where signals in the ?rst and second storage nodes are 
read out, and then Written into the tunneling magneto 
resistance elements via a Write circuit and a Write bit line 
pair. 
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SEMICONDUCTOR MEMORY DEVICE WITH 
LATCH CIRCUIT AND TWO 

MAGNETO-RESISTANCE ELEMENTS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to semiconductor 
memory devices, particularly to a semiconductor memory 
device including a latch circuit and tWo magneto-resistance 
elements. 

[0003] 2. Description of the Background Art 

[0004] As a memory of loW poWer consumption that can 
store data in a non-volatile manner, a MRAM (Magnetic 
Random Access Memory) employing a magneto-resistance 
element is noW attracting attention. FIG. 7 is a circuit block 
diagram shoWing a structure of a memory cell 51 in a 
conventional MRAM. Such a memory cell 51 is disclosed 
in, for example, US. Pat. No. 6,304,477. 

[0005] Referring to FIG. 7, memory cell 51 is arranged at 
the crossing of a Word line WL and a digit line DL, and a bit 
line pair BL, ZBL and a Write bit line pair WBL, ZBL. 
Memory cell 51 includes P channel MOS transistors 52 and 
53, N channel MOS transistors 54-59, and tunneling mag 
neto-resistance elements 13 and 14. 

[0006] N channel MOS transistor 54 is connected betWeen 
bit line BL and a node N51, and has its gate connected to 
Word line WL. N channel MOS transistor 55 is connected 
betWeen bit line ZBL and a node N52, and has its gate 
connected to Word line WL. P channel MOS transistors 52 
and 53 are connected betWeen the line of poWer supply 
potential VDD and storage nodes N51 and N52, respec 
tively, and have their gates connected to nodes N52 and N51, 
respectively. N channel MOS transistors 56 and 57 have 
their drains connected to storage nodes N51 and N52, 
respectively, and their gates connected to storage nodes N52 
and N51, respectively. N channel MOS transistors 58 and 59 
have their drains connected to the sources of N channel 
MOS transistors 56 and 57, respectively, and their sources 
connected to the electrodes at the back face of tunneling 
magneto-resistance elements 60 and 61, respectively. Both 
the gates of N channel MOS transistors 58 and 59 receive a 
signal EN. Program lines PL and ZPL at the front face of 
tunneling magneto-resistance elements 60 and 61 are con 
nected to Write bit lines WBL and ZWBL, respectively. Digit 
line DL is disposed in the proximity of the back face of 
tunneling magneto-resistance elements 60 and 61. 

[0007] When signal EN is driven to an H level (logical 
high) to render N channel MOS transistors 58 and 59 
conductive and Write bit lines WBL and ZWBL are pulled 
doWn to an L level (logical loW), memory cell 51 attains a 
con?guration identical to that of a memory cell of a SRAM 
(Static Random Access Memory). Storage nodes N51 and 
N52 store signals complementary to each other. These 
signals attain either one of an H level and an L level (binary). 
For example, storage nodes N51 and N52 retain an H level 
and an L level, respectively, to store data “1”. Storage nodes 
N51 and N52 retain an L level and an H level, respectively, 
to store data “0”. The Write/read operation of signals of 
storage nodes N51 and N52 is carried out in a manner 
identical to that of a general SRAM. 
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[0008] In the case Where signals of storage nodes N51 and 
N52 are to be Written into tunneling magneto-resistance 
elements 60 and 61, the signals of storage nodes N51 and 
N52 are ?rst temporarily read out to an external source via 
bit line pair BL and ZBL. Then, a predetermined current is 
conducted to digit line DL and Write bit lines WBL and 
ZWBL using a dedicated Write circuit, Whereby signals are 
Written into tunneling magneto-resistance elements 60 and 
61. Each resistance value of tunneling magneto-resistance 
elements 60 and 61 depends upon the logic level of the 
Written signal, and does not change even if poWer supply 
voltage VDD is cut off. 

[0009] In the case Where poWer supply potential VDD is 
cut off and applied again, the drive of signal EN to an H level 
causes Write bit lines WBL and ZWBL to go loW. Accord 
ingly, the difference in the resistance betWeen tunneling 
magneto-resistance elements 60 and 61 causes difference in 
the current drivability of pulling doWn storage nodes N51 
and N52 to an L level. Asignal of a logic level corresponding 
to the difference is read out to storage nodes N1 and N2. 
Thus, this MRAM operates as a non-volatile memory. 

[0010] In the case Where the signals of storage nodes N51 
and N52 are to be Written into tunneling magneto-resistance 
elements 60 and 61 in a conventional MRAM, the signals of 
storage nodes N51 and N52 had to be ?rst read out to an 
external source and then Written using a dedicated Write 
circuit and Write bit lines WBL and ZWBL. There Was a 
problem that signal Writing is time-consuming. There Was 
also the problem that the layout area is increased by the 
provision of the dedicated Write circuit and Write bit lines 
WBL and ZW BL. 

SUMMARY OF THE INVENTION 

[0011] In vieW of the foregoing, an object of the present 
invention is to provide a semiconductor memory device of 
a small layout area that can Write a signal in a storage node 
into a magneto-resistance element rapidly. 

[0012] According to an aspect of the present invention, a 
semiconductor memory device includes ?rst and second 
magneto-resistance elements. Each magneto-resistance ele 
ment includes a magnetic material ?lm, and a program line 
and an electrode formed at the front face and back face, 
respectively, of the magnetic material ?lm. In response to a 
current exceeding a predetermined threshold current being 
conducted to the program line, the resistance value across 
the program line and electrode is altered. Abinary signal is 
stored by that resistance value. The semiconductor memory 
device also includes a ?rst inverter driven by a poWer supply 
voltage applied via the program line and electrode of the 
second magneto-resistance element to provide an inverted 
signal of the signal applied to a ?rst storage node to a second 
storage node, a second inverter driven by a poWer supply 
voltage applied via the program line and electrode of the ?rst 
magneto-resistance element to provide an inverted signal of 
the signal applied to the second storage node to the ?rst 
storage node, and a ?rst sWitching circuit responding to a 
Write permit signal permitting Writing of the signals in the 
?rst and second storage nodes to the ?rst and second 
magneto-resistance elements to connect the program lines of 
the ?rst and second magneto-resistance elements betWeen 
the ?rst and second storage nodes, respectively, and the line 
of a reference potential. Since the signal in a storage node is 
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directly Written into a magneto-resistance element, Writing 
of a signal in a storage node to a magneto-resistance element 
can be carried out more rapidly than in the conventional case 
Where the signal in the storage node is ?rst read out to an 
external source and then Written into a magneto-resistance 
element through a Write circuit and Write bit lines. Further 
more, the layout area can be reduced since it is not necessary 
to provide a Write circuit and Write bit lines. 

[0013] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a circuit block diagram shoWing a struc 
ture of a memory cell in a MRAM according to an embodi 
ment of the present invention. 

[0015] FIG. 2 is a circuit block diagram of a structure of 
a tunneling magneto-resistance element shoWn in FIG. 1. 

[0016] FIG. 3 is a block diagram shoWing an entire 
structure of a MRAM including the memory cell shoWn in 
FIG. 1. 

[0017] FIG. 4 is a block diagram of a structure of the 
memory array shoWn in FIG. 3. 

[0018] FIG. 5 is a circuit block diagram of a structure of 
a bit line peripheral circuit and a read/Write circuit shown in 
FIG. 3. 

[0019] FIG. 6 is a circuit block diagram shoWing a modi 
?cation of the embodiment. 

[0020] FIG. 7 is a circuit block diagram of a structure of 
a memory cell of a conventional MRAM. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] FIG. 1 is a circuit block diagram shoWing a struc 
ture of a memory cell 1 of a MRAM according to an 
embodiment of the present invention. Referring to FIG. 1, 
memory cell 1 is disposed at the crossing of a Word line WL 
and a digit line DL, and bit line pair BL and ZBL. Memory 
cell 1 includes P channel MOS transistors 2 and 3, N channel 
MOS transistors 4-12, and tunneling magneto-resistance 
elements 13 and 14. 

[0022] As shoWn in FIG. 2, tunneling magneto-resistance 
element 13 includes an electrode 15, a ?xed magnetic layer 
16, a tunneling barrier layer 17, and a free magnetic layer 18 
sequentially layered on the surface of electrode 15, and a 
program line PL formed at the surface of free magnetic layer 
18. Fixed magnetic layer 16 is a ferromagnetic material layer 
having a ?xed constant magnetiZing direction. Tunneling 
barrier layer 17 is formed of an insulator ?lm. Free magnetic 
layer 18 is a ferromagnetic material layer magnetiZed in a 
direction according to an externally applied magnetic ?eld. 
A magnetic tunnel junction is formed by these ?xed mag 
netic layer 16, tunneling barrier layer 17, and free magnetic 
layer 18. A digit line DL is disposed underneath electrode 
15. Digit line DL and program line PL extend in a direction 
orthogonal to each other. 
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[0023] Free magnetic layer 18 is magnetiZed in a direction 
identical to or opposite to ?xed magnetic layer 16 according 
to the logic level of the Write data signal. The electric 
resistance value betWeen program line PL and electrode 15 
attains the smallest value and the largest value When the 
magnetiZing directions of free magnetic layer 18 and ?xed 
magnetic layer 16 are identical and opposite, respectively. 

[0024] Here, it is assumed that the magnetiZing directions 
of free magnetic layer 18 and ?xed magnetic layer 16 are 
identical by applying a high magnetic ?eld at the time of 
fabrication of tunneling magneto-resistance elements 13 and 
14. When a predetermined current is conducted to digit line 
DL and a current exceeding a predetermined threshold 
current is conducted to program line PL, the magnetiZing 
direction of free magnetic layer 18 is reversed, Whereby the 
resistance across program line PL and electrode 15 
increases. It is to be noted that the threshold current required 
to reverse the magnetiZing direction of free magnetic layer 
18 becomes smaller as the current conducted to digit line DL 
becomes larger. Tunneling magneto-resistance element 14 
has a structure identical to that of tunneling magneto 
resistance element 13. 

[0025] Referring to FIG. 1 again, P channel MOS tran 
sistors 2 and 3 are connected betWeen the line of poWer 
supply potential VDD and storage nodes N1 and N2, respec 
tively, and have their gates connected to storage nodes N2 
and N1, respectively. N channel MOS transistor 7 is con 
nected betWeen storage node N1 and one end of the program 
line of tunnel tunneling magneto-resistance element 13, and 
has its gate connected to a storage node N2. N channel MOS 
transistor 8 is connected betWeen storage node N2 and the 
other end of program line PL of tunneling magneto-resis 
tance element 14, and has its gate connected to storage node 
N. The electrodes of tunneling magneto-resistance elements 
13 and 14 are both connected to the line of ground potential 
GND. Each resistance value of tunneling magneto-resis 
tance elements 13 and 14 is 30 k-60 kQ. This resistance 
value is loW enough to retain storage node N1 or N2 at an 
L level. N channel MOS transistor 5 is connected betWeen 
this line BL and storage node N1, and has its gate connected 
to Word line WL. N channel MOS transistor 6 is connected 
betWeen bit line ZBL and storage node N2, and has its gate 
connected to Word line WL. These elements 2, 3, 5-8, 13 and 
14 form the memory cell of a SRAM. 

[0026] P channel MOS transistor 3 and N channel MOS 
transistor 8 form a ?rst inverter that provides an inverted 
signal of the signal applied to storage node N1 to storage 
node N2. P channel MOS transistor 2 and N channel MOS 
transistor 7 form a second inverter that provides to node N1 
an inverted signal of the signal applied to storage node N2. 
The ?rst and second inverters form a latch circuit. Storage 
nodes N1 and N2 latch signals complementary to each other. 
For example, the latching of an H level and an L level at 
storage nodes N1 and N2, respectively, corresponds to the 
storage of data “1”. The latching of an L level and an H level 
in storage nodes N1 and N2, respectively, corresponds to the 
storage of data “0”. 

[0027] N channel MOS transistors 9 and 10 are connected 
in parallel to N channel MOS transistors 7 and 8, respec 
tively, and receive a Write permit signal WE at their gates. 
N channel MOS transistors 11 and 12 are connected betWeen 
the other end of program line PL of tunneling magneto 
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resistance elements 13 and 14, respectively, and the line of 
ground potential GND, and receive Write permit signal WE 
at their gates. 

[0028] When signal WE attains an H level of activation, N 
channel MOS transistors 9 and 12 conduct. A large current 
?oWs to the line of ground potential GND from one of 
storage nodes N1 and N2 attaining an H level (for eXample 
node N1) through N channel MOS transistor 9, program line 
PL of tunneling magneto-resistance element 13, and N 
channel MOS transistor 11. The magnetiZing direction of 
free magnetic layer 18 of tunneling magneto-resistance 
element 13 is reversed, Whereby the resistance of tunneling 
magneto-resistance element 13 increases. 

[0029] N channel MOS transistor 4 is connected betWeen 
storage nodes N1 and N2, and receives signal SE at its gate. 
Signal SE goes high When poWer is turned on, and is 
gradually pulled doWn to an L level. Accordingly, the signals 
in tunneling magneto-resistance elements 13 and 14 can be 
read out stably into storage nodes N1 and N2. 

[0030] The operation of memory cell 1 Will be described 
here. Elements 2, 3, 5-8, 13, and 14 form a memory cell of 
a general SRAM. Therefore, Writing a data signal into 
storage nodes N1 and N2 is performed in a manner similar 
to that of a general SRAM. 

[0031] Speci?cally, signals SE and WE are driven to an L 
level, and digit line DL goes loW. Then, Word line WL is 
driven to the selected level of H. According to the Write data 
signal, one of bit lines BL and ZBL (for eXample bit line BL) 
is driven to an H level and the other bit line (in this case, bit 
line ZBL) is driven to an L level. Accordingly, N channel 
MOS transistors 5 and 6 are rendered conductive, and the 
potentials of bit lines BL and ZBL are latched in storage 
nodes N1 and N2, respectively, by MOS transistors 2, 3, 7, 
and 8. By driving Word line WL to the non-selected level of 
L, data is stored in storage nodes N1 and N2. 

[0032] In the case Where the data in storage nodes N1 and 
N2 are to be Written into tunneling magneto-resistance 
elements 13 and 14, signals SE and WE are pulled doWn to 
an L level. Also, Word line WL is pulled doWn to an L level. 
A predetermined current is conducted to digit line DL to 
apply an auXiliary magnetic ?eld in the hard magnetiZing 
direction. Then, signal WE is pulled up to an H level to 
render N channel MOS transistors 9-12 conductive. 

[0033] In the case Where storage nodes N1 and N2 latch an 
H level and an L level, respectively, current ?oWs from the 
line of a poWer supply potential VDD to the line of ground 
potential GND via P channel MOS transistor 2, storage node 
N1, N channel MOS transistor 9, program line PL at the 
surface of tunneling magneto-resistance element 13, and N 
channel MOS transistor 11. By this current, a magnetic ?eld 
in the easy magnetiZing direction is generated to reverse the 
magnetiZing direction of free magnetic layer 18 of tunneling 
magneto-resistance element 13. As a result, the resistance of 
tunneling magneto-resistance element 13 is increased. 

[0034] In the case Where storage nodes N1 and N2 latch an 
L level and an H level, respectively, current ?oWs from the 
line of poWer supply potential VDD to the line of ground 
potential GND via P channel MOS transistor 3, storage node 
N2, N channel MOS transistor 10, program line PL at the 
surface of tunneling magneto-resistance element 14, and N 
channel MOS transistor 12. By this current, a magnetic ?eld 
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in the easy magnetiZing direction is generated to reverse the 
magnetiZing direction of free magnetic layer 18 of tunneling 
magneto-resistance element 14. As a result, the resistance of 
tunneling magneto-resistance element 14 increases. Upon 
signal WE going loW, the data transfer from storage nodes 
N1 and N2 to tunneling magneto-resistance elements 13 and 
14 ends. 

[0035] When the magnetiZing direction of free magnetic 
layer 18 is reversed, the resistance of tunneling magneto 
resistance element 13 or 14 becomes higher by approxi 
mately 20%. HoWever, this does not affect the retention of 
the level at storage nodes N1 and N2. Therefore, reading out 
signals from storage nodes N1 and N2 is carried out in a 
manner similar to that of a general SRAM. 

[0036] Speci?cally, signals SE and WE are pulled doWn to 
an L level. Digit line DL is also pulled doWn to an L level. 
FolloWing the charge of each bit lines BL and ZBL to an H 
level, Word line WL is pulled up to the selected level of H 
to render N channel MOS transistors 5 and 6 conductive. 

[0037] In the case Where storage nodes N1 and N2 are at 
an H level and an L level, respectively, current ?oWs from 
bit line ZBL to the line of ground potential GND via N 
channel MOS transistors 6 and 8 and tunneling magneto 
resistance element 14. As a result, the potential of bit line 
ZBL becomes loWer. 

[0038] In the case Where storage nodes N1 and N2 are at 
an L level and an H level, respectively, current ?oWs from 
bit line BL to the line of ground potential GND via N 
channel MOS transistors 5 and 7 and tunneling magneto 
resistance element 13. As a result, the potential of bit line BL 
becomes loWer. Therefore, by comparing the potentials of 
bit lines BL and ZBL, the signals of storage nodes N1 and 
N2 can be read out. 

[0039] Although the cut off of poWer supply voltage VDD 
Will pull doWn storage nodes N1 and N2 to both an L level 
to result in the loss of the signals in storage nodes N1 and 
N2, the magnetiZing directions of tunneling magneto-resis 
tance elements 13 and 14 do not change. In the case Where 
poWer supply voltage VDD is cut off and poWer is turned on 
again, the signals stored in tunneling magneto-resistance 
elements 13 and 14 are read out to storage nodes N1 and N2 
by the procedure set forth beloW. 

[0040] Signal SE is pulled up to an H level to render N 
channel MOS transistor 4 conductive. The potentials of 
storage nodes N1 and N2 are equalized. Then, signal SE is 
gradually pulled doWn from an H level to an L level. At this 
stage, the difference in the resistances betWeen tunneling 
magneto-resistance elements 13 and 14 (6 k-12 kQ) causes 
difference in the current drivability of pulling doWn storage 
nodes N1 and N2 to an L level. This difference in the current 
drivability is sensed and ampli?ed. 

[0041] In the case Where the resistance value of tunneling 
magneto-resistance element 13 is higher than the resistance 
value of tunneling magneto-resistance element 14, storage 
nodes N1 and N2 attain an H level and an L level, respec 
tively. In the case Where the resistance value of tunneling 
magneto-resistance element 14 is higher than the resistance 
value of tunneling magneto-resistance element 13, storage 
nodes N1 and N2 attain an L level and an H level, respec 
tively. This relationship matches the relationship betWeen 
the potentials of storage nodes N1 and N2 and the resistance 
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values of tunneling magneto-resistance elements 13 and 14 
When the signals in storage nodes N1 and N2 are Written into 
tunneling magneto-resistance elements 13 and 14. There 
fore, this MRAM functions as a non-volatile memory. 

[0042] FIG. 3 is a block diagram of the entire structure of 
a MRAM employing memory cell 1 shoWn in FIGS. 1 and 
2. Referring to FIG. 3, this MRAM includes a memory array 
20, a roW decoder 21, a control circuit 22, a column decoder 
23, a bit line peripheral circuit 24, and a read/Write circuit 
25. 

[0043] Referring to FIG. 4, memory array 20 includes 
n><m memory cells 1 arranged in n roWs and m columns 
(Where each of n and m is an integer of at least 2), n Word 
lines WL1-WLn provided corresponding to the n roWs, 
respectively, digit lines DL1-DLn provided corresponding to 
the n roWs, respectively, n signal lines WSL1-WSLn pro 
vided corresponding to the n roWs, respectively, n signal 
lines SSL1-SSLn provided corresponding to the n roWs, 
respectively, and m bit line pairs BL1, ZBL-BLm, ZBLm 
provided corresponding to the m columns, respectively. 
Each memory cell 1 is connected to Word line WL, digit line 
DL, and signal lines WSL, SSL of the corresponding roW, as 
Well as to bit lines BL and ZBL of the corresponding 
column. 

[0044] As shoWn in FIGS. 1 and 2, each of digit lines 
DL1-DLn passes the neighborhood at the back face of 
tunneling magneto-resistance elements 13 and 14 of each 
memory cell 1 of the corresponding roW. Digit lines DL1 
DLn each have one end connected to roW decoder 21 and the 
other end connected to ground directly or via a resistance 
element or the like that has a predetermined resistance value. 

[0045] Referring to FIG. 3 again, roW decoder 21 
responds to a roW address signal RA and an internal control 
signal from control circuit 22 to drive Word line WL, digit 
line DL and signal lines WSL, SSL. Speci?cally, roW 
decoder 21 in a normal Write/read operation mode selects 
any of the n Word lines WL1-WLn according to roW address 
signal RA and drives that Word line WL to the selected level 
of H to render active each memory cell 1 corresponding to 
that selected Word line WL. 

[0046] In the case Where the signals in storage nodes N1 
and N2 are to be Written into tunneling magneto-resistance 
elements 13 and 14, roW decoder 21 conducts a predeter 
mined current to each digit line DL. In the case Where the 
data signals of tunneling magneto-resistance elements 13 
and 14 are to be read out to storage nodes N1 and N2 When 
poWer is turned on, roW decoder 21 provides signal SE to 
each memory cell 1 of the relevant roW via signal line SSL. 
Signal SE attains an H level in response to the application of 
poWer supply potential VDD, and is then gradually pulled 
doWn from the H level to an L level. 

[0047] Control circuit 22 generates various internal con 
trol signals /BLEQ, WE, SE, . . . , according to an eXternal 

control signal CNT to provide entire control of the MRAM 
according to the generated internal control signals /BLEQ, 
WE, SE, . . . . Column decoder 23 selects any of the m 

column select lines CSL1-CSLm that Will be described 
afterWards according to a column address signal CA. That 
column select line CSL is pulled up to an H level corre 
sponding to the selected level. 

[0048] Referring to FIG. 5, bit line peripheral circuit 24 
includes a bit line load 30 provided corresponding to each bit 
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line BL or ZBL, and an equaliZer 31 provided corresponding 
to each bit line pair BL and ZBL. Bit line load 30 includes 
a diode-connected N channel MOS transistor betWeen the 
line of poWer supply potential VDD and one end of the 
corresponding bit line BL or ZBL to charge the correspond 
ing bit line BL and or ZBL to an H level. EqualiZer 31 
includes a P channel MOS transistor connected betWeen 
corresponding bit line pair BL and ZBL, receiving bit line 
equaliZe signal [BLEQ at its gate. When bit line equaliZe 
signal [BLEQ attains an activation level of L, the P channel 
MOS transistor is rendered conductive, Whereby the poten 
tials of bit lines BL and ZBL are equalized. 

[0049] Read/Write circuit 25 includes data input/output 
line pair IO and ZIO, N channel MOS transistors 32 and 33 
provided corresponding to each bit line pair BL, ZBL, a 
Write circuit 34, and a read circuit 35. N channel MOS 
transistor 32 is connected betWeen the other end of the 
corresponding bit line BL and one end of data input/output 
line IO, and have its gate connected to a corresponding 
column select line CSL. N channel MOS transistor 33 is 
connected betWeen the other end of the corresponding bit 
line ZBL and one end of data input/output line ZIO, and has 
its gate connected to a corresponding column select line 
CSL. Write circuit 34 and read circuit 35 are both connected 
to the other end of data input/output line pair IO and ZIO. 
Write circuit 34 Writes externally applied data into memory 
cell 1 selected by roW decoder 21 and column decoder 22. 
Read circuit 35 outputs the data read out from memory cell 
1 selected by roW decoder 21 and column decoder 22. 

[0050] The operation of the MRAM shoWn in FIGS. 3-5 
Will be described here. In a normal Write operation mode, 
Word line WL1, for eXample, is pulled up to the select level 
of “H” by roW decoder 21, Whereby m memory cells 1 
corresponding to that Word line WL are rendered active. 
Then, column select line CSL1, for eXample, is pulled up to 
the selected level of H by column decoder 22, Whereby N 
channel MOS transistors 32 and 33 of that column are 
rendered conductive. Memory cell 1 rendered active is 
connected to Write circuit 34 via bit line pair BL1, ZBL1 and 
data input/output line pair IO, ZIO. 

[0051] According to externally applied data, Write circuit 
34 pulls up one of data input/output lines IO and ZIO to an 
H level and the other of data input/output lines IO and ZIO 
to an L level to Write data into memory cell 1. When Word 
line WL1 and column select line CSL1 is pulled doWn to an 
L level, data is stored in one memory cell 1. 

[0052] In a normal read operation mode, column select 
line CSL1, for eXample, is pulled up to the selected level of 
H by column decoder 22, Whereby N channel MOS transis 
tors 32 and 33 of that column are rendered conductive. Bit 
line pair BL1, ZBL1 is connected to read circuit 35 via data 
input/output line pair IO, ZIO. Then, bit line equaliZe signal 
[BLEQ is pulled doWn to an L level of activation. Each 
equaliZer 31 is rendered conductive, Whereby the potentials 
of bit lines BL and ZBL are equaliZed. FolloWing the drive 
of bit line equaliZe signal [BLEQ to an H level of inactiva 
tion to render equaliZer 31 non-conductive, Word line WL1, 
for eXample, is pulled up to the selected level of H by 
column decoder 21. As a result, m memory cells 1 corre 
sponding to that Word line WL1 are rendered active. Accord 
ingly, current flows from one of bit lines BL1 and ZBL1 to 
memory cell 1 according to the data stored in memory cell 
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1. In response, the potential of one of data input/output lines 
IO and ZIO is reduced. Read circuit 35 compares the 
potentials betWeen data input output lines IO and ZIO to 
output data of a logic corresponding to the comparison 
result. 

[0053] The Writing of data in storage nodes N1 and N2 
into tunneling magneto-resistance elements 13 and 14 as 
Well as reading out data in tunneling magneto-resistance 
elements 13 and 14 to storage nodes N1 and N2 have already 
been described in detail With reference to FIGS. 1 and 2. 
Therefore, description thereof Will not be repeated here. 

[0054] According to the present invention, the signals in 
storage nodes N1 and N2 are directly Written into tunneling 
magneto-resistance elements 13 and 14 by driving Write 
permit signal WE to an H level to render N channel MOS 
transistors 9-12 conductive. Therefore, the Writing of signals 
in storage nodes N1 and N2 to tunneling magneto-resistance 
elements 13 and 14 can be conducted more rapidly than the 
conventional case Where the signals in storage nodes N51 
and N52 are read out to an external source via bit line pair 
BL and ZBL and then Written into tunneling magneto 
resistance elements 60 and 61 via a Write circuit and a Write 
bit line pair WBL, ZWBL. 

[0055] Furthermore, the layout area can be reduced since 
it is not necessary to provide the Write circuit and Write bit 
line pair WBL, ZW BL required in conventional cases. 

[0056] FIG. 6 is directed to clarify the siZe difference in 
MOS transistors 2-12 of memory cell 1. The siZe of the 
symbol of each MOS transistor indicates the siZe, i.e., the 
current drivability, of that MOS transistor. The siZes of N 
channel MOS transistors 9-12 under control of signal WE 
are set larger than the siZes of other MOS transistors 2-8. 
This is because a large current must be conducted to N 
channel MOS transistors 9 and 11 or 10 and 12 When the 
magnetiZing direction of free magnetic layer 18 of tunneling 
magneto-resistance elements 13 and 14 is to be altered. 
MOS transistors 2-8 may be set small since only the poten 
tials of storage nodes N1 and N2 are to be retained. By 
optimiZing the siZe of each of MOS transistors 2-12 corre 
sponding to the function of that MOS transistor, a stable 
latch operation and Write operation can be realiZed. Further 
more, the layout area of memory cell 1 can be suppressed. 

[0057] Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by Way of illustration and eXample only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. A semiconductor memory device comprising: 

?rst and second magneto-resistance elements, each 
including a magnetic material ?lm, and a program line 
and an electrode formed at a front face and a back face, 
respectively, of said magnetic material ?lm, and having 
a resistance value betWeen said program line and said 
electrode altered according to a current exceeding a 
predetermined threshold current being conducted to 
said program line, and storing a binary signal by the 
resistance value; 
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a ?rst inverter driven by a poWer supply voltage applied 
via the program line and electrode of said second 
magneto-resistance element to provide an inverted sig 
nal of a signal applied to a ?rst storage node to a second 
storage node; 

a second inverter driven by said poWer supply voltage 
applied via the program line and electrode of said ?rst 
magneto-resistance element to provide an inverted sig 
nal of a signal applied to said second storage node to 
said ?rst storage node; and 

a ?rst sWitch circuit connecting the program lines of said 
?rst and second magneto-resistance elements betWeen 
said ?rst and second storage nodes, respectively, and a 
line of a reference potential in response to a Write 
permit signal permitting Writing of signals in said ?rst 
and second storage nodes to said ?rst and second 
magneto-resistance elements. 

2. The semiconductor memory device according to claim 
1, Wherein said ?rst inverter comprises 

a ?rst P type transistor connected betWeen a line of poWer 
supply potential and said second storage node, and 
having its gate connected to said ?rst storage node, and 

a ?rst N type transistor connected betWeen said second 
storage node and the program line of said second 
magneto-resistance element, and having its gate con 
nected to said ?rst storage node, 

Wherein said second inverter comprises 

a second P type transistor connected betWeen the line of 
said poWer supply potential and said ?rst storage 
node, and having its gate connected to said second 
storage node, and 

a second N type transistor connected betWeen said ?rst 
storage node and the program line of said ?rst 
magneto-resistance element, and having its gate con 
nected to said second storage node, 

said ?rst and second magneto-resistance elements hav 
ing both their electrodes connected to a line of 
ground potential, 

said reference potential being said ground potential, 

Wherein said ?rst sWitch circuit comprises 

a third N type transistor connected betWeen said ?rst 
storage node and one end of the program line of 
said ?rst magneto-resistance element, 

a fourth N type transistor connected betWeen said 
second storage node and one end of the program 
line of said second magneto-resistance element, 
and 

?fth and siXth N type transistors connected betWeen 
the other ends of the program lines of said ?rst and 
second magneto-resistance elements, respectively, 
and the line of said ground potential, 

each of said third-sixth N type transistors being 
rendered conductive in response to said Write 
permit signal, 

each of said third-sixth N type transistors having its 
current drivability set larger than a current driv 
ability of each of said ?rst and second N type 
transistors. 
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3. The semiconductor memory device according to claim 
1, further comprising: 

a transistor connected betWeen said ?rst and second 
storage nodes; and 

a read control circuit rendering said transistor conductive 
in response to said poWer supply voltage being applied, 
and then gradually raising a resistance value of said 
transistor to render said transistor nonconductive, and 
reading out signals stored in said ?rst and second 
magneto-resistance elements to said ?rst and second 
storage nodes. 

4. The semiconductor memory device according to claim 
3, further comprising: 

a digit line extending close to the back face of said ?rst 
and second magneto-resistance elements; 

a Write control circuit conducting a predetermined current 
to said digit line to form an auXiliary magnetic ?eld 
When signals in said ?rst and second storage nodes are 
to be Written into said ?rst and second magneto 
resistance elements; 

a Word line; 

a bit line pair including ?rst and second bit lines; and 

a second sWitch circuit connecting said ?rst storage node 
and said ?rst bit line as Well as said second storage node 
and said second bit line in response to said Word line 
attaining a selected level; 
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said ?rst magneto-resistance element, said second mag 
neto-resistance element, said ?rst inverter, said second 
inverter, said ?rst sWitch circuit, said transistor, and 
said second sWitch circuit forming one memory cell, 

a plurality of memory cells being arranged in a plurality 
of roWs and columns, 

a ?rst signal line to transmit said Write permit signal, a 
second signal line to transmit an output signal from said 
read control circuit, said digit line, and said Word line 
being provided corresponding to each roW, 

said bit line pair being provided corresponding to each 
column, 

said semiconductor memory device further comprising: 

a roW select circuit selecting any of said plurality of 
Word lines according to a roW address signal to 
render the selected Word line to said selected level; 

a column select circuit selecting any of said plurality of 
bit line pairs according to a column address signal; 
and 

a read/Write circuit performing reading/Writing of sig 
nals in said ?rst and second storage nodes With 
respect to a memory cell corresponding to a Word 
line selected by said roW select circuit via a bit line 
pair selected by said column select circuit. 

* * * * * 


