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(57) ABSTRACT 

A method for nondestructively reading memory cells of an 
MRAM memory, Which includes steps of: determining a 
standard resistance of a memory cell at a voltage at Which a 

resistance of the memory cell is independent of a stored 
content of the memory cell; determining an actual resistance 
or of the memory cell at a voltage at Which the resistance of 
the memory cell is dependent on the stored content of the 
memory cell; obtaining a normalized actual resistance of the 
memory cell by to dividing the actual resistance or by the 
standard resistance; obtaining a comparison result by com 
paring the normalized actual resistance With a reference 
value; and detecting the stored content of the memory cell 
dependent on the comparison result. 
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METHOD FOR NONDESTRUCTIVELY READING 
MEMORY CELLS OF AN MRAM MEMORY 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0001] A memory cell of an MRAM (Magneto-Resistive 
Random Access Memory) is shoWn diagrammatically in 
FIG. 8. In such a memory It cell, the information to be 
stored is stored by the nature of the orientation of the 
magnetic moments in adjacent magnetized layers ML1 and 
ML2, Which are separated from one another by a very thin 
nonmagnetic intermediate layer TL, Which is nonconduc 
tive. This is because the siZe of the electrical AS resistance 
across the memory cell depends on the parallel or antipar 
allel orientation of the magnetic moments in the magnetiZed 
layers ML1 and ML2, that is to say the polariZation thereof. 
In the case of the parallel orientation of the magnetic 
moments in the tWo layers ML1 and ML2, the resistance of 
the memory cell is generally loWer than in the case of their 
antiparallel orientation. This effect is also referred to as 
TMR effect (TMR=“tunneling magnetoresistive”) or as MTJ 
effect (MTJ=“magnetic tunnel junction”). 

[0002] As a result, the memory content of the memory cell 
can be read out by detecting the resistance of the memory 
cell, the resistance being different for a “1” or “0”. Parallel 
magnetiZation of the tWo layers ML1 and ML2 may be 
assigned to a digital Zero, for eXample, in Which case the 
antiparallel magnetiZation of these layers corresponds to a 
digital one. 

[0003] The change in resistance betWeen the parallel and 
the antiparallel orientation of the magnetic moments in the 
magnetiZed layers ML1 and ML2 is physically based on the 
interaction of the electron spins of the conduction electrons 
in the thin nonmagnetic intermediate layer TL With the 
magnetic moments in the magnetiZed layers ML1 and ML2 
of the memory cell. In this case, “thin” is intended to express 
the fact that the conduction electrons can cross the interme 
diate layer TL Without spin scattering processes. 

[0004] Preferably, the magnetiZation of one of the tWo 
magnetiZed layers ML1 and ML2 is coupled to an antifer 
romagnetic support or covering layer, as a result of Which 
the magnetiZation in this magnetiZed layer remains essen 
tially ?xed, While the magnetic moment of the other mag 
netiZed layer can be freely oriented even in the case of small 
magnetic ?elds, as are generated for instance by a current in 
a Word line WL and a bit line BL above and beloW the 
magnetiZed layer. 

[0005] In a memory cell array, programming currents IWL 
and IBL ?oWing through the Word line WL and through the 
bit line BL, respectively, are chosen such that a magnetic 
?eld strong enough for programming prevails only in the 
cell in Which the Word line WL crosses the bit line BL, by 
virtue of the sum of the tWo currents IWL and IBL, While all 
of the other memory cells present on this Word line WL or 
this bit line BL cannot be reprogrammed by the current 
?oWing only through one of these tWo lines. 

[0006] FIG. 8B once again diagrammatically illustrates 
the resistance Rc of the memory cell betWeen a bit line BL 
and a Word line WL. The resistance Rc is larger for the 
antiparallel orientation of the magnetic moments in the 
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layers ML1 and ML2 than for the parallel orientation of the 
magnetic moments, i.e. Rc (“0”)<Rc (“1”), if the above 
assumption for the assignment of a “1” or a “0” is taken as 
a basis. 

[0007] In their simplest embodiment, MRAMs include 
interconnects—crossing one another in a matriX form—of 
the Word lines WL and of the bit lines BL, via Which the 
memory cells are addressed. An upper interconnect, for 
eXample the bit line BL (cf. FIG. 8A), is in this case 
connected to the upper magnetiZed layer ML1, eg a ferro 
magnetic layer, While the loWer interconnect, Which forms 
the Word line WL, bears against the loWer magnetiZed layer 
ML2, Which may likeWise be a ferromagnetic layer. If a 
voltage is applied to the memory cell via the tWo intercon 
nects for the Word line WL and the bit line BL, then a 
tunneling current ?oWs through the thin nonmagnetic inter 
mediate layer TL. This thin nonmagnetic intermediate layer 
then forms the resistance Rc (See FIG. 8B) Which, depend 
ing on the parallel or the antiparallel orientation of the 
magnetic moments, that is to say the parallel or the antipar 
allel polariZation of the upper and loWer ferromagnetic 
layers, given a suitable voltage across the memory cell, 
assumes the magnitude Rc (“0”)<Rc (“1”) or Rc (“1”)=Rc 
(“0”)+ARc. 
[0008] FIG. 9 shoWs a memory cell array in Which 
memory cells are con?gured like a matriX at crossover 
points betWeen Word lines WL and bit lines BL. 

[0009] The cell content is indicated diagrammatically here 
depending on the antiparallel or parallel polariZation as a “1” 
or a “0” for tWo memory cells. 

[0010] In a memory cell array as shoWn diagrammatically 
in FIG. 9, not only does a current ?oW via the memory cell 
at the crossover point betWeen a selected Word line WL and 
a selected bit line BL, but undesirable shunt currents also 
occur at further memory cells Which are respectively con 
nected to the selected Word line WL and the selected bit line 
BL. These undesirable shunt currents interfere to a consid 
erable eXtent With the read current Which ?oWs through the 
selected memory cell. 

[0011] Therefore, efforts have already been made to use 
suitable circuitry of the memory cell array to largely separate 
such undesirable shunt currents from the read current, so that 
only the read current through the selected memory cell or the 
read voltage across the memory cell is available for detec 
tion. In this case, hoWever, because of the parasitic currents 
?oWing through the other memory cells, the resistance of the 
memory cells must be chosen to be high, in particular in the 
Mohm range, in order to be able to construct suf?ciently 
large memory cell arrays. 

[0012] Another Way of avoiding the undesirable shunt 
currents is to augment the inherently simply constructed 
MTJ memory cell (cf. FIG. 10a) With a diode D (cf. FIG. 
10b) or With a sWitching transistor T (cf. FIG. 10c) (R. 
Scheuerlain et al., “A 10 ns Read and Write Time Non 
Volatile Memory Array Using a Magnetic Tunnel Junction 
and FET-SWitch in each Cell”, ISSCC Feb. 2000 p. 128/R.c. 
Sousa et al., “Vertical Integration of a spin dependent tunnel 
junction With an amorphous Si diode”, appl. Phys. Letter 
Vol. 74, No. 25, pp. 3893 to 3895). 

[0013] The advantage of such augmentation by a diode or 
a sWitching transistor is that, in the memory cell array, given 
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suitable circuitry, a read current only ?oWs through the 
memory cell that is respectively read, since all of the 
remaining memory cells are inhibited. The resistance of the 
memory cell can then be chosen to be loWer in contrast to a 
pure MTJ cell in accordance With FIG. 10a, as a result of 
Which the read current becomes relatively large and the 
read-out can take place rapidly in the ns range. Such 
additional circuitry With a diode or a transistor has the 
disadvantage, hoWever, that it causes considerable addi 
tional technological and areal outlay. In the current state of 
the art, it is a common feature of all memory cell types that 
it is very dif?cult to detect or evaluate a read signal as “0” 
or “1” since the tunneling resistance formed by the layer 
sequence of the layers ML1, TL and ML2 generally ?uctu 
ates, not only over a Wafer but even in many cases betWeen 
adjacent memory cells, to a much greater eXtent, i.e. up to 
40%, than the difference in the resistance ARC betWeen a “1” 
state and a “0” state, Which is just 15%, for eXample. In other 
Words, these conditions make it considerably more dif?cult 
or even impossible to reliably detect the content of a 
memory cell. 

[0014] In other memory types that differ from MRAMs, a 
“1” or a “0” is detected from a current or a voltage read 
signal by comparing the read signal With either a reference 
current or a reference voltage, Which should have a value 
midWay betWeen the read current or the read voltage for a 
“1” and the read current or the read voltage for a “0” in order 
to achieve the best signal-to-noise ratio in each case for both 
digital values. The reference current or the reference voltage 
can be generated by means of reference sources or, alterna 
tively, by means of reference cells to Which a “1” and a “0” 
have been permanently Written. 

[0015] HoWever, such a procedure can be used at best in 
a limited fashion, if at all, for detecting the read signal in an 
MTJ cell. This is attributable to the great ?uctuation— 
outlined in the introduction—of the tunneling resistance 
from memory cell to memory cell and over the entire Wafer. 

[0016] To date, there have been only tWo approaches for 
solving the problems evinced above: 

[0017] A ?rst approach (in this respect, cf. R. Scheuerlain 
et al. “A 10 ns Read and Write Time Non-volatile Memory 
Array Using a Magnetic Tunnel Junction and FET-SWitch in 
each Cell”, ISSCC February 2000, p. 128) is suitable for 
MT] cells With a sWitching transistor (cf. FIG. 10c) and 
consists in using tWo adjacent complementary memory cells 
for storing only one cell content. It alWays being the case 
that the memory content is Written to the ?rst memory cell 
and the complement of the memory content, that is to say the 
inverted memory content, is Written to the second memory 
cell. During read-out, both memory cells are read and the 
contents are detected. In this case, the read signal and the 
signal-to-noise ratio are tWice as large as in the customary 
reference method eXplained above. HoWever, the space 
requirement and the technological outlay for tWo memory 
cells and tWo sWitching transistors are also very large, and 
it must be ensured that the resistance ?uctuations betWeen 
the tWo adjacent complementary cells are so small that 
reliable detection can be effected. 

[0018] This precondition is not necessary in the second 
approach, Which is based on self-referencing of a read pure 
MTJ memory cell (cf. FIG. 10a). In this case, the procedure 
is as folloWs: 
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[0019] Firstly, the cell content of a selected memory cell 
is read out and stored. A “0”, for eXample, is then pro 
grammed into this memory cell. The content of the pro 
grammed-in “0” of the memory cell is then read out and 
stored. The cell content stored ?rst is compared With the 
stored knoWn “0” and detected, and the cell content thus 
detected is Written back to the memory cell again. 

[0020] What is disadvantageous about such a procedure is, 
then, that during the detection of the read signal, a pre 
de?ned half read signal has to be added to the “0” that is 
programmed in as a reference and read out again, as a result 
of Which resistance ?uctuations once again enter into the 
detection of the memory cell. 

[0021] In the second approach, then, in order to be totally 
independent of resistance ?uctuations of the memory cells, 
the method just explained has to be completed by Writing in 
a “1”. The folloWing method sequence is then present: 

[0022] (a) The cell content of a selected memory cell is 
read and stored. 

[0023] (b) A “0”, for eXample, is programmed into the 
memory cells. 

[0024] (c) The content of the programmed-in “0” of the 
memory cell is read and stored. 

[0025] (d) A “1”, for eXample, is programmed into the 
memory cell. 

[0026] (e) The content of the programmed-in “1” of the 
memory cell is read and stored. 

[0027] The stored cell content from (a) is compared 
With the stored quantity “1” and “0” from (c) and (e) 
and is detected. This is effected by forming a reference 
voltage Vref from the knoWn “0” and “1”. Only half of 
the read signal difference is available in each case for 
detecting the read “1” or “0”, as is indicated for a read 
“0” in FIG. 11a and for a read “1” in FIG. 11b. 

[0028] (g) Finally, the detected cell content is Written 
back to the memory cell again. Through the Written-in 
and read “1” and “0”, the method according to the 
second approach generates the reference voltage in the 
selected memory cell itself, so that resistance ?uctua 
tions from memory cell to memory cell do not in?uence 
the detection. HoWever, the signal-to-noise ratio of a 
“1” or of a “0” is only half as large as in the ?rst 
described method of the complementary cells accord 
ing to the ?rst approach. The considerable disadvantage 
of the method according to the second approach is that 
a total of three read cycles and three Write cycles and 
also an evaluation cycle are required, as a result of 
Which the read operation becomes very sloW. 

[0029] To summariZe, it can thus be stated that tWice the 
space requirement and small resistance ?uctuations betWeen 
adjacent memory cells are required in the ?rst approach, 
While the second approach, With a total of seven cycles, 
demands a considerable amount of time for a read operation. 

SUMMARY OF THE INVENTION 

[0030] It is accordingly an object of the invention to 
provide a method for nondestructively reading memory cells 
of an MRAM memory Which overcomes the above-men 
tioned disadvantageous of the prior art apparatus and meth 
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ods of this general type. In particular, it is an object of the 
invention, to provide such a method that has a small space 
requirement and that requires less time for each read opera 
tion. 

[0031] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention a method for 
nondestructively reading memory cells of an MRAM 
memory, Which includes steps of: determining a standard 
resistance of a memory cell at a voltage at Which a resistance 
of the memory cell is independent of a stored content of the 
memory cell; determining an actual resistance or of the 
memory cell at a voltage at Which the resistance of the 
memory cell is dependent on the stored content of the 
memory cell; obtaining a normaliZed actual resistance of the 
memory cell by dividing the actual resistance or by the 
standard resistance; obtaining a comparison result by com 
paring the normaliZed actual resistance With a reference 
value; and detecting the stored content of the memory cell 
dependent on the comparison result. 

[0032] The method may be more easily understood in 
reference to the folloWing someWhat repetitive description 
in Which reference is made to formulas. In other Words the 
method includes steps of: 

[0033] (a) determining a standard resistance Rstandard 
of a memory cell at a voltage at Which the resistance of 
the memory cell is independent of the cell content 
thereof; 

[0034] (b) determining the actual resistance R(0) or 
R(1) of the memory cell at a voltage at Which the 
resistance of the memory cell is dependent on the cell 
content thereof; 

[0035] (c) normaliZing the actual resistance using the 
standard resistance by forming 

[0036] Rstandard(0)=R(0)/Rstandard or 

[0037] Rstandard(1)=R(1)/Rstandard; 
[0038] (d) comparing Rstandard(0) or Rstandard(1) 

With a normaliZed reference resistance: 

[0039] Rstandardref=(Rstandard(0)ref+ 
Rstandard(1)ref)/2 and 

[0040] (e) detecting the memory cell content as a 0 or as 
a 1 in a manner dependent on the comparison result. 

[0041] The method and a con?guration that is utiliZed 
When performing the method thus exploit a property of MT] 
memory cells to Which hardly any attention has been given 
heretofore. Speci?cally, the value of the tunneling resistance 
of a memory cell is dependent on the voltage across the 
memory cell. In this case, there are voltage ranges in Which 
the tunneling resistance has the same magnitude, that is to 
say is of the same magnitude for a “1” and a “0”, indepen 
dently of the directions of the polariZations in the tWo 
magnetiZed layers. In other voltage ranges, by contrast, in 
the case of antiparallel orientation of the polariZation in the 
tWo magnetiZed layers, the resistance is larger by AR than in 
the case of parallel orientation of the polariZation in these 
layers, so that the cell content can in this case be differen 
tiated according to “0” and “1” at this voltage. 

[0042] The method is based on the fact that in the voltage 
range mentioned ?rst, Which shall be designated by U1, the 
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resistance Rc of the memory cell can be determined inde 
pendently of the content of the memory cell, While in the 
voltage range mentioned second, Which shall be indicated by 
U2, the resistance Rc can be detected depending on the cell 
content. It is thus possible to normaliZe the resistance Rc 
(U2) dependent on the cell content by means of the resis 
tance Rc (U1) independent of the cell content such that the 
content of different memory cells, Which need not be adja 
cent, can be compared With one another again. As a result, 
it is also possible to compare the normaliZed read signal of 
an addressed memory cell With a normaliZed reference 
signal of a reference cell to Which in each case a “0” or a “1” 
is alWays Written, and thus to detect the content of the 
memory cell as “1” or “0”. 

[0043] In accordance With an added feature of the inven 
tion, the method includes: storing the standard resistance of 
the memory cell in a transistor circuit; and connecting the 
memory cell to the transistor circuit. 

[0044] In accordance With an additional feature of the 
invention, the method includes: providing an ampli?er hav 
ing an output; and using a sWitch to connect the transistor 
circuit to the output of the ampli?er. 

[0045] In accordance With another feature of the inven 
tion, the method includes: de?ning the ampli?er as a ?rst 
ampli?er having a ?rst input; providing a second ampli?er 
having an output and a ?rst input; connecting the ?rst input 
of the ?rst ampli?er to the output of the second ampli?er; 
and connecting the ?rst input of the second ampli?er to the 
memory cell. 

[0046] In accordance With a further feature of the inven 
tion, the method includes: providing the ?rst ampli?er With 
a second input and supplying the second input of the ?rst 
ampli?er With a ?rst ?Xed voltage; and providing the second 
ampli?er With a second input and supplying the second input 
of the second ampli?er With a second ?Xed voltage. 

[0047] In accordance With a further added feature of the 
invention, the method includes: providing the transistor 
circuit With tWo transistors having source-drain paths that 
are connected in parallel; and locating the tWo transistors 
betWeen the memory cell and an output. 

[0048] In accordance With a concomitant feature of the 
invention, the method includes: providing the tWo transistors 
With gate terminals; and connecting the gate terminals to a 
sWitch and to a storage capacitor. 

[0049] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0050] Although the invention is illustrated and described 
herein as embodied in a method for the nondestructive 
reading of memory cells of an MRAM memory, 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 inven 
tion and Within the scope and range of equivalents of the 
claims. 

[0051] 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. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIG. 1 shows the dependence of the tunneling 
resistance for parallel (RP) and antiparallel (RA) polariZa 
tion of the magnetized layers of a memory cell as a function 
of the voltage applied to the memory cell, V=VtOp—VbOttOm, 
in curves I and the resistance ratio MR=(RA—RP)/RP in a 
curve II; 

[0053] FIG. 2 shoWs a schematic illustration for further 
elucidating the dependence of the resistance of a memory 
cell on the voltage across the memory cell, in this case the 
sheet resistance is plotted as a function of the contact 
voltage; 
[0054] FIG. 3 shoWs a schematic circuit diagram for an 
exemplary embodiment of a basic circuit for normaliZing a 
read signal; 

[0055] FIGS. 4a to 4c shoW schematic circuit diagrams 
for elucidating the sequence of the self-normaliZing method 
using the example of a memory cell array with MT] memory 
cells; 
[0056] FIG. 5 shoWs a schematic circuit diagram for 
elucidating the referencing of a normaliZed read signal by 
means of normaliZed reference signals for “1” and “0”; 

[0057] FIG. 6 shoWs a schematic circuit diagram for 
elucidating the implementation of self-normaliZed detection 
of a cell signal; 

[0058] FIG. 7 shoWs a concrete circuit for detecting the 
cell signal; 

[0059] FIG. 8A shoWs a schematic illustration of an MTJ 
memory cell; 

[0060] FIG. 8B shoWs With an equivalent circuit diagram 
of the MT] memory cell shoWn in FIG. 8A; 

[0061] FIG. 9 shoWs a schematic illustration of the cell 
architecture for an MTJ memory cell; 

[0062] FIGS. 10a to 10c shoW equivalent circuit diagrams 
of an MTJ memory cell, an MTJ memory cell With a diode, 
and an MTJ memory cell With a transistor; and 

[0063] FIGS. 11a and 11b shoW schematic illustrations for 
elucidating the detection of a “0” and of a “1” in a knoWn 
method. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0064] Referring noW to the ?gures of the draWing in 
detail and ?rst, particularly, to FIG. 1 thereof, there is shoWn 
the sheet resistance value R* of the tunneling resistance of 
a memory cell as a function of the voltage applied to the 
memory cell, V=Vto —Vbottom, Where Vtop is present, for 
example, on the bit ine BL and Vbottom is present on the 
Word line WL (cf. FIGS. 8A and 8B). In a voltage range 
betWeen about —0.6 V and +0.6 V, the resistance RA given 
antiparallel polariZation of the magnetiZed layers is greater 
than the resistance RP given parallel polariZation of the 
layers. By contrast, in voltage ranges betWeen —1.0 V and 
—0.6 V and betWeen 0.6 V and 1.0 V, the resistances for 
antiparallel polariZation and parallel polariZation of the 
magnetiZed layers have approximately the same magnitude. 
For a voltage U2=0.2 V, RA is thus greater than RP, While 
for a voltage U1=0.6 V, approximately RP (U1)=RA (U1) 
holds true. For U2, by contrast, RA (U2)=RP (U2)+AR holds 
true. 
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[0065] In other Words, at the voltage U2 it is possible to 
detect the content of a memory cell, Whereas When the 
voltage U1 is applied, a resistance Which is identical for 
parallel and antiparallel polariZation of the magnetiZed lay 
ers is obtained, Which resistance can be used for normaliZing 
the resistance of the memory cell. 

[0066] The method is based, in principle, on the fact that, 
at the voltage U1, the resistance Rc (U1) of the memory cell 
can be determined independently of the cell content, While 
at the voltage U2, the resistance Rc (U2) of the memory cell 
can be detected depending on the cell content. This means 
that it is possible to normaliZe the resistance Rc (U2) 
dependent on the cell content by means of the resistance Rc 
(U1) that is independent of the cell content. That is to say to 
form Rc (U2)/Rc (U1), so that the cell content of different 
memory cells, Which need not be adjacent to one another, 
can be compared With one another again. The method thus 
makes it possible to compare the normaliZed read signal of 
an addressed memory cell With normaliZed reference signals 
of, for example, reference memory cells to Which in each 
case a “0” and a “1” are alWays Written, so that the cell 
content of the addressed memory cell can be detected as “1” 
or “0”. 

[0067] This operation Will be explained again in more 
detail With reference to FIG. 2, in Which the sheet resistance 
R* is again plotted as a function of the contact voltage V. 

[0068] First, the standard resistance Rstandard is deter 
mined at the voltage U1=0.6 V, for example, and is stored. 
FolloWing, at the voltage U2=0.2 V, the cell content is 
de?ned With the resistance R(0) and R(1) depending on the 
antiparallel (R(1)) and parallel (R(0)) polariZation of the 
magnetiZed layers. FolloWing, R(0) and R(1) are normaliZed 
to Rstandard, i.e. Rstandard(0)=R(0)/Rstandard and Rstan 
dard(1)=R(1)/Rstandard are formed. This is folloWed by 
comparing Rstandard(0) and Rstandard(1) With a reference 
resistance Rstandardref=(Rstandard(0)ref+ 
Rstandard(1)ref)/2 of a reference memory cell, Which has 
previously been de?ned. Finally, the cell content is detected 
as “0” or “1” as a result of this comparison. 

[0069] As Will be explained in more detail further beloW 
using the exemplary embodiment of FIG. 3, the method can 
be implemented in tWo time steps for the voltages U1 and 
U2. 

[0070] Thus, the method provides, in particular, the fol 
loWing advantages: 
[0071] The method can be carried out independently of the 
variation of the resistances of memory cells. Its execution 
requires only tWo time steps. The normaliZation of the read 
signal enables a comparison With external reference signals. 
It is thus superior in every respect to the existing methods 
explained in the introduction. Finally, the inventive method 
can be applied to all types of the various MTJ memory cells, 
that is to say to pure MTJ memory cells, to MT] memory 
cells With diodes, and MT] memory cells With transistors. 

[0072] FIG. 3 shoWs an exemplary embodiment of a 
con?guration for carrying out the inventive method. This 
con?guration enables, in principle, the normaliZation of a 
read signal. The con?guration has, in particular, a memory 
cell With a resistance Rcell, Which is connected via a sWitch 
S1, for example a transistor, to a Word line voltage VWL of 
0.4 V or 0.8 V. A?rst differential ampli?er V1 has a negative 
input that is connected to the end of the resistance Rcell 
Which is opposite to the sWitch S1. The ?rst differential 
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ampli?er V1 has a positive input connected to a voltage of, 
for example, about 1 V. A second differential ampli?er V2 
has a negative is input that is connected to the output of the 
?rst differential ampli?er V1 and has a positive input con 
nected to a voltage of 1.6 V. A p-channel MOS ?eld-effect 
transistor, a storage capacitor Cmemory, and also a further 
sWitch S2 are shoWn. An n-channel MOS ?eld-effect tran 
sistor M1 is additionally shoWn in FIG. 3 (and FIGS. 4a to 
4c). If this ?eld-effect transistor M1 is used instead of the 
?eld-effect transistor M2, then the (+) and (—) inputs of the 
second differential ampli?er V2 must be interchanged. 

[0073] It is assumed beloW that only the transistor M2 is 
present, While the transistor M1 is not provided. 

[0074] The circuit including the tWo transistors M1 and 
M2, the storage capacitor Cmemory and the isolating sWitch 
S2 serves for buffer storing the normaliZation resistance 
Rstandard=Rcell(U1). 
[0075] Parasitic resistances Rpara of other memory cells 
are additionally represented by broken lines. The voltage of 
1 V (positive) as an “offset” compensation is present at the 
positive (+) input of the ?rst ampli?er V1 in such a Way that 
0 V are dropped betWeen the positive input and the negative 
(—) input of the ampli?er V1. In other Words, exactly 1 V is 
present at the negative input of the ?rst ampli?er V1. The 
remaining lines of the memory cell array With the exception 
of the selected lines are also at 1 V, for example. 

[0076] At the positive input of the second ampli?er V2, 
the voltage is prescribed such that the voltage at the output 
of the ?rst ampli?er V1 reaches the voltage at the negative 
input of the ?rst ampli?er V1. That is to say 1 V for example, 
plus the voltage Ucell dropped across Rcell, that is to say 0.6 
V for example, Which is present for determining the nor 
maliZation resistance Rstandard across the addressed 
memory cell. In other Words, 1 V+0.6 V=1.6 V, for example, 
are present at the positive input of the second ampli?er V2. 

[0077] The effect achieved by these voltage speci?cations 
is that the second ampli?er V2 drives transistor M2 With 
sWitch S2 closed in such a Way that exactly the same voltage 
of 0.6 V, for example, is dropped across the transistor M2 as 
is dropped across the memory cell. In other Words, the 
voltage Ucell is likeWise present across the transistor. 

[0078] As a result, the same current ?oWs through the 
transistor M2 as ?oWs through the memory cell. In other 
Words, the transistor M2 simulates the normaliZation resis 
tance Rstandard. If the sWitch S2 is then opened, the 
resistance Rstandard remains stored in the transistor M2 or 
in the storage capacitor Cmemory. 

[0079] By applying a voltage other than 1.6 V to the 
positive input of the second ampli?er V2, such as, for 
example, by applying 1.3 V to the input, it is possible to 
adjust the gain of the ?rst ampli?er V1, Which is a feedback 
ampli?er, to for example, a double gain at 1.3 V. 

[0080] The method of operation of the circuit con?gura 
tion of FIG. 3 can be summariZed as folloWs using the 
voltage values of the example of FIG. 2: 

[0081] First, the Word line shall be at 1 V, so that VWL=1 
V is present. The sWitches S1 and S2 are closed, so that 1 V 
is thus present on all of the lines of the memory cell array. 
At the negative input of the ?rst ampli?er V1, 1 V shall 
likeWise be present for the purpose of “offset” compensa 
tion. This state in Which a current I=0 ?oWs into a memory 
cell array A including m><n MTJ memory cells is illustrated 
in FIG. 4a. 
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[0082] Avoltage UWL1=0.4 V is then applied to the Word 
lines, so that the voltage dropped across the resistance Rcell 
of a memory cell is 1 V (bit line)—0.4 V (Word line)=0.6 
V=U1. The second ampli?er V2 regulates the transistor M2 
in such a Way that exactly 0.6 V is likeWise dropped across 
the transistor. Acurrent IRcell through the memory cell is thus 
equal to the current through the transistor M2, so that Rcell 
(U1=0.6 V)=RM2‘=Rstandard is present. The sWitch S2 is 
then opened, as a result of Which Rstandard is stored in the 
transistor M2 and also in the storage capacitor Cmemory. 

[0083] The state that has noW been reached is shoWn 
schematically in FIG. 4b. 

[0084] The Word line is noW brought to a voltage of 0.8 V, 
for example, so that UWL2=0.8 V is present. The voltage 
across the resistance Rcell of a memory cell is then 1.0 V (bit 
line)—0.8 V (Word line)=0.2 V. The ?rst ampli?er V1 thus 
supplies a normaliZed read signal UoutO)1=1 
V+U2(Rstandard/Rcell0)1). 
[0085] The state that has noW been reached is illustrated in 
FIG. 4c. 

[0086] Finally, Uouto>1 is compared With a reference volt 
age and detected as “1” or “0” signal. 

[0087] FIG. 5 shoWs an example of a circuit con?guration 
for possible referencing of a read signal With the aid of 
reference cells Rrefo and Rrefl, to Which respectively a “0” 
and a “1” are permanently Written. In this case, the same 
voltage UWL as applied to the cell Rcell to be read is applied 
to the reference cell Rrefl, to Which a “1”, Was previously 
Written, and to the reference cell Rrefo, to Which a “0” Was 
previously Written. In this case, the reference cells Rrefo and 
Rrefl and the cell Rcell to be read are respectively connected 
to an ampli?er “ampli?er(ref1)”, an ampli?er “ampli?er 
(ref0)” and an ampli?er “ampli?er(cell)”, in order in each 
case to generate a normaliZed signal Ustandard(ref1), Ustan 
dard(ref0) and Ustandard(cell). Ustandard(ref1)=1 
V+(UBL—UWL)*(Rstandard1/Rref1), Ustandard(ref0)=1 
V+(UBL—UWL)*(Rstandard0/Rref0) and Ustandard 
(cell)=1 V+(UBL—UWL)*(Rstandardcell/Rrefcell). By 
comparing the normaliZed cell signal With the reference 
signal obtained from the normaliZed reference cell signals 
Ustandard(ref0) and Ustandard(ref1), Ustandardref=(Ustan 
dard(ref0)+Ustandard(ref1))/2, it is then possible, as is 
shoWn in FIG. 6, to detect the cell content of the cell Rcell 
in the memory array A in an evaluation step. 

[0088] Finally, FIG. 7 illustrates an example of a possible 
evaluation circuit Which performs the evaluation in FIG. 6. 
In 1t this case, transistors T of this circuit are to be 
dimensioned such that a “1” or a “0” is indicated at an output 
OUT of the evaluation circuit depending on the content 
stored in a memory cell. 

[0089] In this case, the evaluation circuit shoWn in FIG. 7 
is connected betWeen supply voltages UCC and a current 
source I. The cell content Ustandard(cell) is fed to this 
evaluation circuit at an input IN and compared With (Ustan 
dard(ref0)+Ustandard(ref1))/2 and is output via an ampli?er 
V to the output OUT. 

We claim: 
1. Amethod for nondestructively reading memory cells of 

an MRAM memory, Which comprises: 

determining a standard resistance of a memory cell at a 
voltage at Which a resistance of the memory cell is 
independent of a stored content of the memory cell; 
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determining an actual resistance or of the memory cell at 
a voltage at Which the resistance of the memory cell is 
dependent on the stored content of the memory cell; 

obtaining a normaliZed actual resistance of the memory 
cell by dividing the actual resistance or by the standard 
resistance; 

obtaining a comparison result by comparing the normal 
iZed actual resistance With a reference value; and 

detecting the stored content of the memory cell dependent 
on the comparison result. 

2. The method according to claim 1, Which comprises: 

determining a standard resistance of a reference memory 
cell at a voltage at Which a resistance of the reference 
memory cell is independent of a stored content of the 
reference memory cell; 

storing a logic 1 in the reference memory cell and 
determining a ?rst actual resistance of the reference 
memory cell at a voltage at Which the resistance of the 
reference memory cell is dependent on the logic 1 
stored in the reference memory cell; 

storing a logic 0 in the reference memory cell and 
determining a second actual resistance of the reference 
memory cell at a voltage at Which the resistance of the 
reference memory cell is dependent on the logic 1 
stored in the reference memory cell; 

obtaining a ?rst normaliZed actual resistance of the ref 
erence memory cell by dividing the ?rst actual resis 
tance of the reference memory cell by the standard 
resistance of the reference memory cell; 

obtaining a second normaliZed actual resistance of the 
reference memory cell by dividing the second actual 
resistance of the reference memory cell by the standard 
resistance of the reference memory cell; 

adding the ?rst normaliZed actual resistance of the refer 
ence memory cell and the second normaliZed actual 
resistance of the reference memory cell to obtain a 
result and dividing the result by tWo to obtain a 
normaliZed reference resistance; and 

using the normaliZed reference resistance as the reference 
value in performing the step of obtaining the compari 
son result. 

3. The method according to claim 2, Which comprises 
using a voltage of betWeen 0.6 V and 0.8 V as the voltage 
at Which the resistance of the memory cell is independent of 
the stored content of the memory cell. 

4. The method according to claim 1, Which comprises 
using a voltage of betWeen 0.6 V and 0.8 V as the voltage 
at Which the resistance of the memory cell is independent of 
the stored content of the memory cell. 

5. The method according to claim 1, Which comprises 
using a voltage of approximately 0.2 V as the voltage at 
Which the resistance of the memory cell is dependent on the 
stored content of the memory cell. 
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6. The method according to claim 1, Wherein the stored 
content of the memory cell is a logic 1 When the step of 
determining the actual resistance of the memory cell is 
performed. 

7. The method according to claim 1, Wherein the stored 
content of the memory cell is a logic 0 When the step of 
determining the actual resistance of the memory cell is 
performed. 

8. The method according to claim 1, Which comprises: 

storing the standard resistance of the memory cell in a 
transistor circuit; and 

connecting the memory cell to the transistor circuit. 
9. The method according to claim 8, Which comprises: 

providing an ampli?er having an output; and 

using a sWitch to connect the transistor circuit to the 
output of the ampli?er. 

10. The method according to claim 9, Which comprises: 

de?ning the ampli?er as a ?rst ampli?er having a ?rst 
input; 

providing a second ampli?er having an output and a ?rst 
input; 

connecting the ?rst input of the ?rst ampli?er to the output 
of the second ampli?er; and 

connecting the ?rst input of the second ampli?er to the 
memory cell. 

11. The method according to claim 8, Which comprises: 

de?ning the ampli?er as a ?rst ampli?er having a ?rst 
input; 

providing a second ampli?er having an output and a ?rst 
input; 

connecting the ?rst input of the ?rst ampli?er to the output 
of the second ampli?er; and 

connecting the ?rst input of the second ampli?er to the 
memory cell. 

12. The method according to claim 11, Which comprises: 

providing the ?rst ampli?er With a second input and 
supplying the second input of the ?rst ampli?er With a 
?rst ?Xed voltage; and 

providing the second ampli?er With a second input and 
supplying the second input of the second ampli?er With 
a second ?Xed voltage. 

13. The method according to claim 8, Which comprises: 

providing the transistor circuit With tWo transistors having 
source-drain paths that are connected in parallel; and 

locating the tWo transistors betWeen the memory cell and 
an output. 

14. The method according to claim 13, Which comprises: 

providing the tWo transistors With gate terminals; and 

connecting the gate terminals to a sWitch and to a storage 
capacitor. 


