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READ/WRITE ARCHITECTURE FOR MRAM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of copending 
International Application No. PCT/DE00/00026, ?led Jan. 
3, 2000, Which designated the United States. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a read/Write archi 
tecture for a magnetoresistive random access memory 
(MRAM) addressable via Word lines and bit lines. The 
MRAM has a multiplicity of ferromagnetic memory ele 
ments that are disposed at crossovers betWeen Word lines 
and bit lines. The memory elements at the crossovers form 
roWs and columns of a matrix, Which furthermore each 
contain tWo ferromagnetic layers separated by a separating 
layer, and Whose resistance perpendicular to the layer 
sequence is in each case higher than that of the Word lines 
and of the bit lines and depends on the magnetiZation state 
of the ferromagnetic layers. 

[0004] As is knoWn, MRAMS are non-volatile random 
access memories Which, in comparison With other types of 
non-volatile and also volatile memories such as, for 
example, DRAMs, FRAMS (ferroelectric RAMs), 
EEPROMS (electrically erasable and programmable ROMs 
or read-only memories) and FLASH memories, are distin 
guished by advantages such as, in particular, high storage 
densities ranging into the order of magnitude of 100 Gbits/ 
chip or more, simple process architectures and hence loW 
fabrication costs per bit. 

[0005] The cell arrays of MRAMS expediently contain 
metallic Word lines and bit lines, also called Write lines and 
read lines, Which are disposed in a matrix-like manner and 
are disposed one above the other such that they respectively 
run in the x-direction and y-direction in a Cartesian xy 
coordinate system, and betWeen Which the ferromagnetic 
memory elements are provided at the crossovers betWeen the 
Word lines and the bit lines. The ferromagnetic memory 
elements contain at least tWo ferromagnetic layers that lie 
one above the other and are magnetically decoupled, Which 
is effected by a separating layer provided betWeen the 
ferromagnetic layers. The separating layer may be a tunnel 
ing barrier made, for example, of aluminum oxide (A1203) 
or a non-ferromagnetic conductive layer made, for example, 
of copper. 

[0006] The ferromagnetic layers are composed, for 
example, of iron, cobalt, nickel, permalloy (NiFe), etc., it 
being possible for them to contain additions such as plati 
num, for example, Which promote a ?nely crystalline state. 

[0007] The ferromagnetic layers may have a layer thick 
ness of betWeen 3 and 20 nm, While the separating layer 
located betWeen them may have a thickness of 1 to 3 nm. 

[0008] The ferromagnetic layers of each memory element 
have sWitching ?elds of different magnitude and can there 
fore be subjected to magnetiZation reversal independently of 
one another by sWitching currents in the Word lines and bit 
lines, Which form interconnects. In this case, the resistors of 
the individual memory elements have resistances dependent 
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on the relative magnetiZation of the ferromagnetic layers 
that form them. If both ferromagnetic layers are magnetiZed 
parallel to one another, then the memory element has a 
resistance R0, While a resistance RO+AR (AR>0) is present in 
the case of antiparallel magnetiZation of the tWo ferromag 
netic layers. The ratio AR/RO is about 0.1 . . . 0.2. This effect 
is referred to as the magnetoresistance effect. The term 
magnetoresistive memory elements is also customary for the 
ferromagnetic memory elements. 

[0009] These tWo resistances of the ferromagnetic layers, 
that is to say the resistance R0 for parallel magnetiZation and 
the resistance RO+AR for the antiparallel magnetiZation, can 
be assigned the quantities “0” and “1” of binary memories. 

[0010] Writing to MRAMs is simple, in principle, if the 
fact that the requisite sWitching ?eld strengths have to be 
achieved by the interconnects is disregarded. It has proved 
more dif?cult for the information stored as resistances in the 
memory elements to be read out reliably and as simply as 
possible, that is to say Without the assistance of selection 
transistors, Which enlarge the memory cell areas and make 
the fabrication process more complex. 

[0011] Various efforts have already been made to con?g 
ure the read-out securely and reliably Without selection 
transistors. Aprincipal problem in reading the memory cells 
disposed in high memory density With a cell area of 4 F2 
(F=minimum feature siZe) is that each memory cell, that is 
say each resistive element Whose resistance is to be deter 
mined, is “shunted” through a multiplicity of parallel current 
paths, Which makes it problematic to determine the resis 
tance exactly, especially in large memory cell arrays. 

[0012] In order to overcome these dif?culties, tWo read 
out methods have previously been disclosed for MRAMS. 

[0013] In the ?rst method, the Word lines and the bit lines 
are electrically insulated from one another, and the read 
current ?oWs through a relatively small number, for example 
ten, of memory elements connected in series. The resistance 
of a relevant memory element can then be inferred from the 
change in the read current by a relatively complex circuit (in 
this respect, see the reference by D. D. Tang, P. K. Wang, V. 
S. Speriosu, S. Le, R. E. Fontana, S. Rishton, IEDM 
95-997). 
[0014] The method requires Write currents through the tWo 
interconnects (Word line and bit line) Which cross at the 
relevant memory element. The number of memory elements 
connected in series is limited by the relative change in the 
total resistance, Which change becomes ever smaller as the 
number increases, and the measurement of the current 
change, Which measurement becomes more dif?cult. The 
small number of memory elements that can be connected in 
series With one another necessitates a large outlay on cir 
cuitry for the periphery of the memory array and thus results 
in a large area requirement for the read electronics. 

[0015] The second read-out method consists in all Word 
lines and bit lines, With the exception of the Word line 
connected to the selected memory cell, being put at “0” 
potential. A potential not equal to Zero is applied to the 
selected Word line, While the selected bit line and all other 
bit lines are brought to a “virtual” Zero potential by using an 
operational ampli?er for current measurement (in this 
respect, see Published, Non-Prosecuted German Patent 
Application DE 197 40 942 A1). 
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[0016] Both methods have the disadvantage that they are 
based on the determination of the absolute value of the 
resistance of the individual memory elements, as a result of 
Which very stringent technological requirements are placed 
on accurate, reproducible and homogeneous setting of the 
resistances over the entire memory cell array and also over 
a semiconductor Wafer or a plurality of semiconductor 
Wafers. Equally, it must be taken into consideration here that 
in the case of the relatively small changes of AR/RO, 
temperature ?uctuations can bring about changes in the 
resistance Which make it more dif?cult to reliably determine 
the magnetiZation states of individual memory elements and 
hence to read the latter. In addition, in the second method, 
the ?nite bit line resistances have the effect that the condition 
of a virtual Zero potential is met only at the ends of the bit 
lines, With the result that parasitic shunt currents have an 
adverse effect in the case of long bit lines. 

SUMMARY OF THE INVENTION 

[0017] It is accordingly an object of the invention to 
provide a read/Write architecture for a MRAM that over 
comes the above-mentioned disadvantages of the prior art 
devices of this general type, Which, in conjunction With a 
simple construction, alloWs reliable reading of the memory 
cell array and does not place unrealistically stringent 
requirements on the eXact, reproducible and homogeneous 
setting of the resistances of the individual memory cells. 

[0018] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, a read/Write 
architecture for a magnetoresistive random access memory 
(MRAM). The read/Write architecture contains bit lines, 
Word lines crossing over the bit lines, and a multiplicity of 
ferromagnetic memory elements disposed at the crossover 
points of the Word lines and the bit lines and forming roWs 
and columns of a matrix. Each of the ferromagnetic memory 
elements contains a layered sequence having a separating 
layer and tWo ferromagnetic layers separated by the sepa 
rating layer. The ferromagnetic memory elements have a 
resistance perpendicular to the layer sequence in each case 
higher than that of the Word lines and of the bit lines and 
depends on a magnetiZation state of the ferromagnetic 
layers. The ferromagnetic memory elements are each con 
nected betWeen one of the Word lines and one of the bit lines. 
At least one of the ferromagnetic memory elements func 
tions as a reference memory element having a knoWn 
magnetiZation state. 

[0019] Connections betWeen the reference memory ele 
ment and each of the ferromagnetic memory elements 
de?nes taps of resistance bridges and a resistance ratio of 
each of the ferromagnetic memory elements to the reference 
memory element can be determined by the resistance 
bridges. Each of the resistance bridges includes the reference 
memory element and one of the ferromagnetic memory 
elements. 

[0020] In the case of a read/Write architecture according to 
the invention, the object is achieved by virtue of the fact that 
the ferromagnetic memory elements are each connected 
betWeen one of the Word lines and one of the bit lines, at 
least one reference memory element has a knoWn magneti 
Zation state, and the resistance ratio of each memory element 
to the reference memory element can be determined by 
resistance bridges. 
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[0021] In the case of the read/Write architecture according 
to the invention, then, by use of special external circuitry of 
the memory cell array, Which forms a “resistor grid”, the 
magnetiZation state of the individual memory elements, that 
is to say the parallel or antiparallel magnetiZation of the 
ferromagnetic layers, is not determined by absolute mea 
surement of the resistance—the customary procedure hith 
erto in the prior art—but rather by resistance comparison 
With memory elements of a knoWn magnetiZation state. In 
this case, at least one memory element must be provided as 
a reference memory element, in Which case a Whole column 
and/or a Whole roW of memory elements may eXpediently 
also have a knoWn magnetiZation state. In this case, such a 
knoWn magnetiZation state is, for eXample, a parallel mag 
netiZation of both ferromagnetic layers With the loW resis 
tance R0 or an antiparallel magnetiZation of the tWo resistive 
layers With the resistance RO+AR (AR>0). The knoWn mag 
netiZation state should be Written in before the actual read 
process. 

[0022] The resistances are compared by resistance 
bridges, namely half-bridges or full-bridges, Which are pro 
duced by the abovementioned eXternal circuitry of the 
resistor grid. 

[0023] At the center taps of the resistance bridges, volt 
ages arise Which make it possible to infer the relative 
magnitude of the resistances in the resistance bridges and 
thus the information stored in the individual memory ele 
ments, that is to say “0”0 (for eXample parallel magnetiZa 
tion) or “1” (for eXample antiparallel magnetization). 

[0024] With vanishing shunt voltage across the resistance 
bridges, the resistances correspond and both have the value 
R0, for eXample. HoWever, if the shunt voltage differs from 
Zero, then the resistance sought has a value that deviates 
from the resistance of the reference memory element, 
namely RO+AR, for eXample. 

[0025] During reading, by Way of eXample, a voltage —V/2 
can be applied to the reference memory element, While the 
voltage +V/2 can then be applied to a memory element to be 
read. 

[0026] The materials for the individual memory elements 
are the same as has already been mentioned above. The 
separating layer betWeen the ferromagnetic layers may be 
composed of, for eXample A1203 (i.e. a barrier layer) or of 
copper and have a layer thickness of betWeen 1 and 3 nm, 
While the ferromagnetic layers themselves are constructed in 
a customary manner from iron, cobalt, nickel, permalloy 
With corresponding additions (for eXample platinum) and 
have a layer thickness of betWeen 3 and 20 nm. 

[0027] An advantageous development of the invention 
provides for current folloWers or ampli?ers to be used for 
resistance comparison purposes in the individual resistance 
bridges and for their output voltage to be independent of the 
number m of Word lines in the resistor grid. As a result, it is 
possible to use large cell arrays, so that the area ratio of the 
memory cell array to the read-out electronic also increases. 

[0028] An essential advantage of the invention is that it 
enables a large memory cell array With memory cells With 
out selection transistors, even the measurement signal 
obtained When reading a memory cell being able to be made 
independent of the siZe of the memory cell array With the aid 
of the abovementioned current folloWer. 
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[0029] Additional advantages that can be attained by the 
invention can be summarized as follows. The read-out 
electronics are constructed comparatively simply and 
merely have the task of distinguishing betWeen symmetry or 
asymmetry of the individual resistance bridges. In contrast 
to the prior art, the measurement signal is completely 
independent of the absolute value of the individual resistive 
elements; it merely depends on the voltages applied to the 
memory cell array and the magnetoresistance effect AR/RO 
of the individual memory elements. The technological 
requirements placed on accuracy, reproducibility and homo 
geneity in the fabrication of the memory cell array are 
reduced since reading is based solely on the comparison of 
resistors that are closely adjacent to one another Within the 
memory cell array. In contrast to the absolute value deter 
mination of the resistances Which is customary in the case of 
the prior art, in the case of the read/Write architecture 
according to the invention the measurement signal is used in 
its full magnitude for distinguishing the tWo resistance states 
and is not just contained in a small change in the measure 
ment quantity. Temperature-dictated changes in resistance 
have no in?uence on the read signal since they cancel out in 
the bridge circuit. It is possible to read relatively large 
memory cell arrays Without selection transistors, Which 
results in considerable advantages in respect of storage 
density, process simplicity and costs per bit. Line resistances 
of the Word lines and of the bit lines are at last partly 
ineffectual for symmetry reasons. 

[0030] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0031] Although the invention is illustrated and described 
herein as embodied in a read/Write architecture for a 
MRAM, it is nevertheless not intended to be limited to the 
details shoWn, since various modi?cations and structural 
changes may be made therein Without departing from the 
spirit of the invention and Within the scope and range of 
equivalents of the claims. 

[0032] The construction and method of operation of the 
invention, hoWever, together With additional objects and 
advantages thereof Will be best understood from the folloW 
ing description of speci?c embodiments When read in con 
nection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a diagrammatic, perspective vieW of a 
memory cell array of a MRAM Without selection transistors 
according to the invention; 

[0034] FIG. 2 is a circuit diagram of the memory cell 
array in accordance With FIG. 1; 

[0035] FIG. 3 is a circuit diagram of the memory cell 
array shoWn in FIG. 2 in the case of a read-out operation; 

[0036] FIG. 4 is a circuit diagram of an electrical circuit 
of half-bridges When voltages —V/2 and +V/2 are present on 
Word lines; 

[0037] FIG. 5 is a circuit diagram of a circuit of the 
half-bridges When voltages of —V/2 and +V/2 are present on 
the bit lines; 

[0038] FIGS. 6 to 8 are circuit diagrams of the bridge 
circuits for elucidating the voltages respectively tapped off 
at the bridges; 
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[0039] FIG. 9 is a circuit diagram of the bridge circuit that 
is used to elucidate hoW different logic states can be obtained 
depending on the resistances; 

[0040] FIG. 10 is a circuit diagram of the bridge circuit 
With current folloWers in accordance With a particularly 
advantageous eXemplary embodiment; and 

[0041] FIGS. 11 and 12 are circuit diagrams shoWing a 
comparison betWeen the bridge circuit Without a current 
folloWer (FIG. 11) and the bridge circuit With the current 
folloWer (FIG. 12). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] In all the ?gures of the draWing, sub-features and 
integral parts that correspond to one another bear the same 
reference symbol in each case. Referring noW to the ?gures 
of the draWing in detail and ?rst, particularly, to FIG. 1 
thereof, there is shoWn a memory cell array of a magne 
toresistive random access memory (MRAM) Without selec 
tion transistors With so-called “4 F2” memory cells contain 
ing ferromagnetic memory elements 1, Word lines WL and 
bit lines BL. In this case, the memory cells 1 are located at 
crossovers betWeen the Word lines WL and the bit lines BL 
and each contain ferromagnetic layers 2, 3, betWeen Which 
a separating layer 4 is provided. The separating layer 4 may 
be a tunneling barrier made, for eXample, of aluminum 
oxide, or a non-ferromagnetic conductive layer made, for 
eXample, of copper. 

[0043] The Word lines WL and the bit lines BL run in the 
y-direction and X-direction, respectively, With the result that 
the memory cells 1 form a matrix-like resistor grid. 

[0044] The resistance of the individual memory cells 1 
depends on the magnetiZation directions of the tWo ferro 
magnetic layers 2, 3. In the case of parallel magnetiZation of 
the ferromagnetic layers 2, 3 With respect to one another, the 
resistance is small and has a value R0, While in the case of 
antiparallel magnetiZation of the resistive layers 2, 3, the 
resistance has a magnitude RO+AR, AR>0. 

[0045] The Word lines WL and the bit lines BL, Which 
form interconnects, may be composed of aluminum, for 
eXample. Preferred layer thicknesses for the ferromagnetic 
layers 2, 3 are 3 to 20 nm, for eXample, and for the separating 
layers 4 are 1 to 3 nm, for eXample. 

[0046] Application of corresponding electric voltages to a 
speci?c Word line WL and a speci?c bit line BL enables the 
ferromagnetic layers 2, 3 of a memory element 1 located at 
the crossover point betWeen the Word line WL and the bit 
line BL to be magnetiZed in a parallel or antiparallel manner. 

[0047] A parallel magnetiZation With loW resistance can 
then be assigned to a logic “0”, for eXample, While an 
antiparallel magnetiZation With high resistance corresponds 
to a logic “1”. 

[0048] FIG. 2 shoWs an electrical circuit diagram of the 
memory cell array shoWn in FIG. 1, in Which case voltages 
U1, U2, . . . , Urn are present on m Word lines WL and 

voltages U1‘, U2‘, . . . , Un‘ are present on n bit lines BL. The 

individual memory cells are illustrated by resistors R11, 
R21, . . . , R12, R22, . . . Rik, . . . , Rmn. FIG. 2 shoWs hoW 

the individual memory cells form a resistor grid, the resis 
tances of the individual resistors Rik depending on the 
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magnetization state thereof (parallel magnetization With loW 
resistance or antiparallel magnetiZation With high resis 
tance). 
[0049] Avoltage of —V/2 and of +V/2 is then respectively 
applied to tWo arbitrary Word lines WL, With the result that 
Ui=—V/2 and Uk=+V/2 (FIG. 3). Apotential “0” is present 
on the remaining Word lines WL. This situation is illustrated 
in FIG. 3 for the case i=1 and k=2. 

[0050] The parallel short circuit of the resistors R31, 
R41, . . . , R32, R42, . . . , R31‘, R41“, . . . , Rmn—at potential 

“0”—of each bit line BL gives rise to half-bridges, as is 
illustrated diagrammatically in FIG. 4, in Which case the 
resistor R1‘ denotes the resistance of the resistors R31, 
R41, . . . , Rm1 connected in parallel With one another. The 

same applies correspondingly to the resistors R2‘ and R3‘. 

[0051] The voltages U1‘, U2‘, U3‘, . . . , Ui‘ (i=1, 2, . . . , n) 
depend on a ratio of the tWo resistances in each half-bridge: 
by Way of example, if R11=R21, then U1‘=0. If U1‘<0, then 
R1‘<R21. By contrast U1‘>0 is assigned to R11>R21. 

[0052] For the shunt resistors Ri‘, across Which the volt 
ages Ul‘, . . . Ui‘ are dropped, the folloWing holds true: 

[0053] The loWer limit RO/(m—2) is present if all the 
resistors R3i, R4i, . . . , Rrni exhibit a parallel magnetiZation 

of the ferromagnetic layers, While the upper limit (RO+AR/ 
(m-2) is applicable if the resistors are all magnetiZed in an 
antiparallel manner. 

[0054] Instead of the voltages —V/2 and +V/2 respectively 
being applied to tWo Word lines WL, it is also possible for 
tWo bit lines BL to be connected to the voltages. This case 
is illustrated diagrammatically in FIG. 5, in Which case the 
voltages U1, U2, . . . , Ui (i=1, 2, . . . , m) then provide 

information about the resistance ratios Rik/Rik+1 (i=1, 2, . . . , 

m, k-1 . . . n). 

[0055] In this Way, it is possible to compare any desired 
roWs or columns With one another. 

[0056] When Writing to such a MRAM, currents of suit 
able magnitude are simultaneously sent through a respective 
Word line WL and bit line BL. As a result, the memory 
element located at the crossover betWeen the Word line and 
the bit line can be transferred to a parallel-magnetized state 
or antiparallel-magnetized state of its ferromagnetic layers 
2, 3, Which corresponds to a logic “0” or “1”. 

[0057] A subsequent read-out then presupposes that, for 
example, all the memory elements of a Word line, such as the 
?rst Word line With the voltage Ui, are transferred to a knoWn 
magnetiZation state, that is to say, for example, to a parallel 
magnetiZation of the ferromagnetic layers 2, 3, but the 
corresponding resistance RO need not be knoWn. 

[0058] During reading, the potentials —V/2 and +V/2 are 
respectively applied to tWo Word lines, for example the ?rst 
and the second Word line With the voltages U1 and U2, 
respectively, in FIGS. 2 to 4. The center contact of the 
voltage source is at Zero potential just like the remaining 
Word lines WL3 to WLm connected to one another With loW 
resistance. Only shunt resistors Ri‘ of the resultant half 
bridges are formed by the resistors R3i to Rrni (i=1, 2, . . . n) 
connected to each bit line BL being connected in parallel. 
The voltages Ui‘ (i=1, 2, . . . , n) are dropped across these 
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resistors R‘, which lie Within the interval given above by 
equation (1), Which voltages alloW a comparison of the 
resistors R2i With the resistors Rli, as can be shoWn dia 
grammatically using FIGS. 6 to 8. 

[0059] FIGS. 6 to 8 shoW the bridge voltages Ui‘ (i=1, . . . , 
n) for the example of the topmost half-bridge in FIG. 4. The 
current I through the resistor R1‘ (see FIG. 6) results from 
superposition of the currents I1 (see FIG. 7) and I2 (see FIG. 
8), Which are generated independently of one another by the 
tWo voltage sources U1 and U2, in each case the other 
voltage source being replaced by a short-circuiting bridge 
(see FIGS. 7 and 8). The current I generates a voltage U1‘ 
across the resistor R1‘, Which voltage permits comparative 
statements about the resistances of the resistors R11 and R21. 

[0060] In detail, the currents I1, I2 and I are given by: 

[0061] From this there then folloWs for the voltage U1‘: 

X Ri(R11— R21) (5) 
2 

[0062] For the voltage U1‘, the folloWing values are 
obtained depending on the resistors RM and R21 or the 
magnetiZation resistances of the ferromagnetic layers 2, 3: 

[0063] In general, the folloWing relationships hold true for 
the comparison of the matrix resistors RJ-i With the resistors 
R1i on the ?rst Word line WL1: 

[0064] After the resistances have been ascertained for the 
?rst tWo Word lines, for example by comparators on the bit 
lines BL, the operation can be successively repeated With 
further Word line pairs, that is to say, for example, the Word 
lines WL1 and WL3, WL1 and WL4, . . . , WL1 and WLm, 
until the magnetiZation states of all the resistors in the matrix 
have been determined. 
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[0065] In this case, the following generally holds true for 
the voltages Ui‘: 

[0066] With the relationship (1) already mentioned, there 
folloWs from this: 

[0067] As an example, for a memory cell array having 
1000 bit lines BL (n=1000) and 100 Word lines WL 
(m=100), a magnetoresistance effect AR/RO=0.2 and voltage 
sources of 1 V in each case, the folloWing are obtained: 

[0068] Ui‘=0 for like resistors in the i-th half-bridge, 

[0069] Ui‘<0 Where 1.67 mV§|Ui‘|§2.00 mV for 
unlike resistors in the i-th half-bridge independently 
of the resistance R0. 

[0070] The loading on the current sources is in this case 
1000><10 pA=10 mA for RO=100 kohm and 1000><1 pA=1 
mA for RO=1 Mohm. 

[0071] FIG. 9 shoWs a case in Which the parallel magne 
tiZation state of the ferromagnetic layers 2, 3 With the loW 
resistance RO has been Written in for all the memory ele 
ments of the ?rst Word line WL1. From vanishing values of 
the bridge voltages Ui‘=0, it then folloWs that the other 
resistors of the half-bridges also have the value R0. If their 
value is negative, hoWever, then these resistors have the 
higher value RO+AR. The folloWing relationship is thus 
present: 

[0072] In the exemplary embodiments above, the shunt 
voltages are used to distinguish the small resistance (parallel 
magnetiZation) and the large resistance (antiparallel magne 
tiZation). In this case, With memory cell arrays having a large 
number m of Word lines and/or n of bit lines, the signals 
become small approximately proportionally to m (and/or n). 
In order to avoid this disadvantage, for resistance compari 
son purposes, current folloWers are inserted into the indi 
vidual resistance bridges, the output voltages of Which 
current folloWers are then independent of the number m of 
Word lines (and/or the number n of bit lines) in the resistor 
grid. 
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[0073] This entails the additional advantage that large 
memory cell arrays can be used, Which results in that the 
area ratio of memory cell array to read-out electronics 
increases. 

[0074] FIG. 10 shoWs an exemplary embodiment in Which 
current folloWers 5 are provided at the outputs of the 
individual resistance bridges. 

[0075] Such current folloWers make it possible to avoid 
the disadvantage that the voltage Ui‘ tends toWard Zero if the 
number of Word lines m becomes larger and larger. This 
relationship Will be explained beloW ?rst With reference to 
FIG. 11. 

[0076] In accordance With equation (5), the folloWing ?rst 
holds true: 

[0077] With R11=RO and R21=RO+AR, it folloWs from this 
that: 

R (12) 

[0078] With RO/(m—2)§|R1‘|§(RO+AR)/(m—2), the fol 
loWing then results: 

[0079] It then folloWs from this that: 

[0080] As an example, With m=100 Word lines, AR/RO=0.2 
and U=2 V, the folloWing are obtained: 

[0081] Ui‘=0 for like resistors in the i-th half-bridge, 
and 

[0082] Ui‘<0 for different resistors in the i-th half 
bridge Where 1.67 mV<|U1‘|<2.0 mV. 

[0083] FIG. 12 shoWs the advantage, by comparison 
thereWith, Which can be attained With the use of the current 
folloWer 5. 

[0084] The folloWing ?rst holds true for the currents: 

v v (15) 
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[0085] With R11=RO, R21=RO+AR, the following is 
obtained: 

V V 

[0086] With Uia‘=—Rf~I, it follows that: 

U, _R v AR _Rfv AR/R0 (17) 
"a _ f5R0(R0+AR) _ R—05(1+AR/R0) 

[0087] It can be seen from equation (17) that the output 
voltage U1,‘ is independent of m and hence independent of 
the number of word lines. 

[0088] A concrete example where AR/RO=0.2, U=2 V and 
Rf=RO (Rf is the resistance of the current follower 5 produces 
the following: 

[0089] U1a‘=0 for like resistors in the i-th half-bridge 
and 

[0090] U1a‘=0.2/1.2 V=0.166 V for different resistors 
in the i-th half-bridge, independently of m. 

We claim: 
1. Aread/write architecture for a magnetoresistive random 

access memory (MRAM), comprising: 

bit lines; 

word lines crossing over said bit lines; and 

a multiplicity of ferromagnetic memory elements dis 
posed at crossover points of said word lines and said bit 
lines and forming rows and columns of a matrix, each 
of said ferromagnetic memory elements containing a 
layered sequence having a separating layer and two 
ferromagnetic layers separated by said separating layer, 
said ferromagnetic memory elements having a resis 
tance perpendicular to said layer sequence in each case 
higher than that of said word lines and of said bit lines 
and depends on a magnetiZation state of said ferromag 
netic layers, said ferromagnetic memory elements each 
being connected between one of said word lines and 
one of said bit lines; 
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at least one of said ferromagnetic memory elements 
functioning as a reference memory element having a 
known magnetiZation state, connections between said 
reference memory element and each of said ferromag 
netic memory elements de?ning taps of resistance 
bridges and a resistance ratio of each of said ferromag 
netic memory elements to said reference memory ele 
ment can be determined by said resistance bridges, 
each of said resistance bridges including said reference 
memory element and one of said ferromagnetic 
memory elements. 

2. The read/write architecture according to claim 1, 
wherein said reference memory element is one of a plurality 
of reference memory elements, and said ferromagnetic 
memory elements of at least one of said rows and said 
columns of said matriX are said reference memory elements. 

3. The read/write architecture according to claim 1, 
wherein said resistance bridges are selected from the group 
consisting of half-bridges and full-bridges. 

4. The read/write architecture according to claim 1, 
wherein voltages —V/2 and +V/2 can be respectively applied 
to said reference memory element and to a further one of 
said ferromagnetic memory elements. 

5. The read/write architecture according to claim 1, 
wherein said separating layer is a layer selected from the 
group consisting of a barrier layer and a conductive layer 
made of non-ferroelectric material. 

6. The read/write architecture according to claim 5, 
wherein said barrier layer is composed of A1203. 

7. The read/write architecture according to claim 5, 
wherein said separating layer is composed of copper. 

8. The read/write architecture according to claim 1, 
wherein said separating layer has a layer thickness of 1 to 3 
nm. 

9. The read/write architecture according to claim 1, 
wherein said ferromagnetic layers have a layer thickness of 
3 to 20 nm. 

10. The read/write architecture according to claim 1, 
including current followers connected to said resistance 
bridges. 

11. The read/write architecture according to claim 10, 
wherein one of said current followers is provided for each of 
said rows and each of said columns, respectively. 


