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MRAM CONFIGURATION 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a magnetoresistive 
random access memory (MRAM) con?guration having a 
multiplicity of tunnel magneto-resistance (TMR) memory 
cells that, in a memory cell ?eld, are connected at their one 
end With bit lines and are connected at their other end to 
Word lines. 

[0003] As is knoWn, an MRAM con?guration is based on 
ferromagnetic storage With the aid of the TMR effect: 
betWeen a Word line and a bit line that cross one another in 
perpendicular fashion, there is located a memory cell formed 
from a layer stack, having a soft magnetic layer, a tunnel 
resistance layer, and a hard magnetic layer. The direction of 
magnetiZation of the hard magnetic layer is predetermined, 
While the direction of magnetiZation of the soft magnetic 
layer can be set by sending corresponding currents in 
particular directions through the Word line and the bit line. 
In this Way, the soft magnetic layer can be magnetiZed 
parallel or antiparallel to the hard magnetic layer. In the case 
of parallel magnetiZation, the resistance value of the layer 
stack is loWer than in the case of antiparallel magnetiZation, 
Which can be evaluated as the state “0” or “1,” or vice versa. 

[0004] Up to noW, essentially tWo fundamentally different 
architectures have been proposed for an MRAM. 

[0005] In What is knoWn as a cross point construction, the 
individual TMR memory cells are located directly betWeen 
printed conductors that cross one another and that form bit 
lines or Word lines. In this construction, no semiconductor 
elements, in particular transistors, are required for the indi 
vidual memory cells, so that a plurality of layers of such 
memory cells can unproblematically be provided in memory 
cell ?elds stacked one over the other. In this Way, very high 
integration densities can be achieved for an MRAM, on the 
order of magnitude of 4 FZ/n, Where n is the number of the 
individual layers of memory cell ?elds stacked one over the 
other and F signi?es the surface of the smallest possible 
structure of the technology used. 

[0006] In such a cross point construction, parasitic cur 
rents necessarily ?oW through memory cells that are not 
selected. For this reason, in large memory cell ?elds the 
individual TMR memory cells must be provided With a very 
high resistance in order to enable the parasitic currents to be 
kept loW. As a result of the high resistance of the individual 
TMR memory cells, the read process is relatively sloW. 

[0007] In the architecture of the prior art, in Which tran 
sistor cells are provided, a sWitching transistor is allocated 
to each individual TMR element With the above layer stack 
(on this subject, see the reference by M. Durlam et al., titled 
“Nonvolatile RAM based on Magnetic Tunnel Junction 
Elements”). In an MRAM having memory cells consisting 
of such TMR elements With sWitching transistors, parasitic 
currents are practically excluded. In this Way, the memory 
cells can be provided With a loW resistance of the TMR 
element, even in large memory cell ?elds. The read process 
is also simpler, so that a faster access is possible than is the 
case given a cross point construction. 

[0008] HoWever, a disadvantage of construction With tran 
sistor memory cells is the considerably larger dimensions, 
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Which run to at least 8 F2 and higher; in addition, no stacking 
can be carried out because a transistor, and thereWith a 
silicon surface, is required for each memory cell in a 
memory cell ?eld. 

SUMMARY OF THE INVENTION 

[0009] It is accordingly an object of the invention to 
provide an MRAM con?guration Which overcomes the 
above-mentioned disadvantages of the prior art devices of 
this general type, in Which the advantages of cross point 
construction are to the greatest possible eXtent present 
together With the advantages of transistor memory cells. 

[0010] With the foregoing and other objects in vieW there 
is provided, in accordance With the invention, a magnetore 
sistive random access memory (MRAM) con?guration. The 
MRAM con?guration contains sWitching transistors With 
gates, bit lines, Word lines, and a memory cell ?eld having 
a multiplicity of tunnel magneto-resistance (TMR) memory 
cells each having a ?rst end connected to the bit lines and a 
second end. The TMR memory cells are divided into groups 
each containing at least tWo of the TMR memory cells 
connected respectively With a same one of the bit lines. The 
second end of each of the TMR memory cells of each of the 
groups are connected With one of the sWitching transistors 
Whose respective gate is connected to a corresponding one 
of the Word lines. 

[0011] In an MRAM con?guration of the type indicated 
above, the object is inventively achieved in that the other 
ends of TMR memory cells connected respectively With the 
same bit line, in groups containing at least tWo TMR 
memory cells, are connected With a sWitching transistor 
Whose gate is connected to the corresponding Word line. 

[0012] Thus, in a complete departure from the previous 
con?guration using transistor memory cells, in the inventive 
MRAM con?guration it is no longer the case that a sWitch 
ing transistor is allocated to each TMR element. Rather, in 
the inventive MRAM con?guration a plurality of TMR 
memory cells along a bit line are combined to form a group, 
and a sWitching transistor is then assigned to the group. 

[0013] Through the allocation of only one sWitching tran 
sistor to a plurality of TMR memory cells, for eXample three 
TMR memory cells, the space required for the transistors 
can be considerably reduced, so that the architecture used in 
the inventive MRAM con?guration enables a considerable 
increase of the packing density in the memory cell ?eld. 

[0014] The inventive MRAM con?guration also enables a 
space-saving layout of the TMR memory cells and of the 
transistor allocated thereto, by disposing for eXample one 
sWitching transistor under three TMR memory cells. 

[0015] Of course, hoWever, it is also possible to provide 
more than three TMR memory cells for one sWitching 
transistor. In addition, it is also possible for eXample to 
assign only tWo TMR memory cells to one sWitching tran 
sistor. Finally, such an apportioning of the memory cells of 
a memory cell ?eld to sWitching transistors can also be 
carried out in that, exceptionally, allocations of only one 
memory cell to a sWitching transistor can be present. It is 
therefore essential to the present invention that, in a memory 
cell ?eld having a multiplicity of memory cells, sWitching 
transistors are allocated to the cells in such a Way that, for 
a multiplicity of memory cells of the memory cell ?eld, one 
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switching transistor is respectively assigned to a plurality of 
memory cells of a respective bit line. 

[0016] A rapid reading out of the MRAM cells With 
transistors is then ensured if an absolute difference that is as 
great as possible is present in the currents obtained during 
the reading of the tWo states. That is, the current difference 
betWeen a parallel state and an antiparallel state of the tWo 
magnetic layers should be as great as possible. In order to 
achieve this, ?rst the resistance of the TMR memory cell, or 
of the TMR element, should be selected approximately equal 
to the overall resistance, composed of the sWitching tran 
sistor and the resistance of the lines, that is located in series 
to this resistance. The smaller the series resistance of the 
resistance composed of the TMR memory cell and the above 
overall resistance, the greater becomes the absolute read 
signal obtained during reading. 

[0017] As already explained above, in the inventive 
MRAM con?guration, n TMR memory elements are there 
fore connected in parallel along a bit line, and are connected 
at its other end With the sWitching transistor. This has the 
disadvantage that the signal current ?oWing through the n 
TMR memory elements that are located parallel to one 
another is respectively reduced or “thinned” by this factor n. 
HoWever, the disadvantage can be at least partially compen 
sated in that there is easily space for a sWitching transistor 
under a layout surface for only three TMR memory ele 
ments, so that, given an allocation of three TMR memory 
cells to one sWitching transistor, a relatively loW series 
resistance can be ensured. 

[0018] If in this Way the three TMR memory cells are 
connected With one sWitching transistor, then a group of 
three memory cells obtained in this Way occupies a surface 
of approximately 15-16 F2, Which corresponds to a surface 
requirement of 5-5.3 F2 for each memory cell. This value is 
considerably loWer than a value of 7-8 F2, Which is required 
given a con?guration having memory cells each made up of 
a TMR element and a transistor. In such a layout, having one 
sWitching transistor for three TMR memory cells, in contrast 
to a con?guration With one transistor for each memory cell 
it is also possible to use a threefold transistor Width, so that, 
given a corresponding setting of the resistances of the TMR 
elements, the same absolute signal difference betWeen the 
tWo states can be achieved. 

[0019] In accordance With an added feature of the inven 
tion, the sWitching transistors are disposed underneath the 
TMR memory cells. 

[0020] In accordance With an additional feature of the 
invention, tWo metalliZation planes are provided and the 
TMR memory cells are laid betWeen the tWo metalliZation 
planes. 

[0021] In accordance With a further feature of the inven 
tion, the sWitching transistors each have a ground electrode, 
and each of tWo adjacent ones of the sWitching transistors 
share a common ground electrode. 

[0022] Other features Which are considered as character 
istic for the invention are set forth in the appended claims. 

[0023] Although the invention is illustrated and described 
herein as embodied in an MRAM con?guration, it is nev 
ertheless not intended to be limited to the details shoWn, 
since various modi?cations and structural changes may be 
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made therein Without departing from the spirit of the inven 
tion and Within the scope and range of equivalents of the 
claims. 

[0024] 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 

[0025] FIG. 1 is a schematic sWitching diagram for 
explaining an MRAM con?guration according to the inven 
tion; 
[0026] FIGS. 2a to 2d are sectional vieWs shoWing a 
layout for a group in Which three memory cells are each 
connected With one sWitching transistor; and 

[0027] FIGS. 3a to 3c are sectional vieWs shoWing vari 
ous steps for the explanation of the manufacture of the 
MRAM con?guration. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] 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 an MRAM con?guration having a bit 
line BL and Word lines WL1 and WL2, Which cross the bit 
line BL essentially perpendicularly, at a distance from one 
another. Tunnel magneto-resistance (TMR) memory cells 1, 
2, 3 and 4 are located betWeen the bit line BL and the Word 
line WL1, and TMR memory cells 5, 6, 7, and 8 are located 
betWeen the bit line BL and the Word line WL2. The memory 
cells 1-8 are each constructed in the standard manner 
explained above, from a soft magnetic layer, a tunnel 
resistance layer, and a hard magnetic layer. 

[0029] The ends situated opposite the bit line BL of the 
TMR memory cells 1 to 4 are connected With a drain or 
source of a sWitching transistor Tr1, While the ends situated 
opposite the bit line BL of sWitching transistors 5 to 8 are 
connected to a drain or source of a sWitching transistor Tr2. 
A gate of sWitching transistor Tr1 is connected to the Word 
line WL1, and a gate of sWitching transistor Tr2 is connected 
to the Word line WL2. The source or drain of the sWitching 
transistors Tr1 and Tr2 are grounded. In the exemplary 
embodiment of FIG. 1, the four TMR memory cells 1 to 4 
or 5 to 8 are each allocated to one of the sWitching transistors 
Tr1 or Tr2. Instead of these four TMR memory cells, tWo or 
three memory cells, or more than four memory cells, can 
also be assigned to one sWitching transistor. 

[0030] During a read process, a predetermined voltage of 
1 to 2 V is applied to the bit line BL. The transistors of all 
the Word lines, except for the transistors of a particular Word 
line, are thereby blocked. It is here assumed that in the 
present example the transistors of the Word line WL1 
conduct, i.e., in the present example the sWitching transistor 
Tr1 is supposed to be sWitched through. 

[0031] If noW, for example, the TMR memory cell 2 is in 
a loW-ohmic state (parallel magnetiZation of the tWo mag 
netic layers), While the remaining TMR memory cells 1, 3 
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and 4 are in a high-ohmic state (antiparallel magnetization of 
the magnetic layers), on the Word line WL1 a corresponding 
signal is obtained that differs from the signal that is present 
on the Word line WL1 When all the TMR memory cells 1-4 
are in a high-ohmic state. 

[0032] In order to determine Which of the memory cells 1 
to 4 is in the loW-ohmic state, there takes place similar to the 
procedure in a DRAM a back-Writing of the information into 
the respective memory cells and a comparison With the 
previously obtained signal. In this Way, it can be determined 
that the TMR memory cell 2 is in the loW-ohmic state, While 
the memory cells 1, 3 and 4 have a high-ohmic state. In other 
Words, a “1” can for example be allocated to memory cell 2, 
While memory cells 1, 3 and 4 contain an item of information 
“0;, 

[0033] FIGS. 2a to 2d indicate the layout for the MRAM 
con?guration of FIG. 1. 

[0034] As is indicated in FIG. 2a, in an active region AA 
of a silicon semiconductor element, a source S and a drain 
D of each of the tWo transistors Tr1 and Tr2 are provided and 
are connected With a contact K1 or K2 through a corre 

sponding diffusion. Transistor Tr1 has a gate electrode G1, 
and transistor Tr2 has a gate electrode G2. The gate electrode 
G1 is connected With the Word line WL1, While gate 
electrode G2 is connected to the Word line WL2. Moreover, 
in FIG. 2a another ground electrode Gr of the tWo transis 
tors Tr1 and Tr2 is shoWn. 

[0035] FIG. 2b shoWs a ?rst metalliZation plane (Metal 1) 
for the con?guration of FIG. 2a, With corresponding met 
alliZations 9 (for the contact K1), 10 (for the drain D of the 
transistor Tr1), 11 (for the ground Gr of the tWo transistors 
Tr1 and Tr2), 12 (for the drain of the transistor Tr2), and 13 
(for the contact K2 of transistor Tr2). MetalliZations 14 and 
15 are allocated to adjacent groups of transistors or TMR 
memory cells. 

[0036] As is shoWn in FIG. 2c, on the ?rst metalliZation 
plane (“Metal 1”) of FIG. 2b there are located strip con 
?gurations (“Straps”) 16, 17, each having TMR memory 
cells 1, 2 and 3, or 1‘, 2‘ and 3‘. As is shoWn in FIG. 2d, the 
TMR memory cells 1 to 3 or 1‘ to 3‘ are allocated to the bit 
line BL, Which runs in a plane above a second metalliZation 
plane (“Metal 2”). This is indicated in FIG. 2a' in that both 
strips of the second metalliZation plane are provided With the 
reference character BL. 

[0037] It is to be noted that in the exemplary embodiment 
of FIGS. 2a to 2d, only three of the TMR memory cells are 
allocated to each transistor Tr1 or Tr2, While in the exem 
plary embodiment of FIG. 1 each of the transistors Tr1 or 
Tr2 respectively has four of the TMR memory cells 1 to 4 
or 5 to 8. 

[0038] FIGS. 3a to 3c illustrate, in schematic sections, a 
method for manufacturing the TMR memory cells or ele 
ments 1-8. 

[0039] On a semiconductor element having a CMOS tran 
sistor as a sWitching transistor and a ?rst metalliZation plane 
(“Metal 1’; see FIG. 2b), there are located silicon dioxide 
layers 18, 19 in Which printed conductors L1, L2 and L3 are 
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provided. The printed conductors L1 and L2 are used as lines 
for Writing to tWo of the TMR memory cells, for example 
memory cells 1 and 2. In a contact hole KL, Which is 
provided With a corresponding metalliZation, the printed 
conductor L3 is for example connected With the contact K1 
of the transistor Tr1, Which is located there under and is 
embedded in the silicon semiconductor element. 

[0040] In addition, as shoWn in FIG. 3b, the printed 
conductor L3 is connected With the TMR elements 1 and 2 
via a metalliZation 20. The metalliZation 20 and the TMR 
elements or memory cells 1 and 2 are manufactured in the 
standard manner, photolithographically and through etching. 

[0041] After the deposition of an additional silicon dioxide 
layer 21 and the second metalliZation plane through a 
metalliZation 22, the con?guration shoWn in FIG. 3c is 
?nally obtained. 

[0042] Writing to the memory cells 1 and 2 takes place in 
that corresponding signals are applied to the metalliZations 
L1 or L2 and to the metalliZation 22, resulting in an 
antiparallel or parallel magnetiZation of the tWo magnetic 
layers of the memory cells 1 and 2. 

We claim: 
1. A magneto-resistive random access memory (MRAM) 

con?guration, comprising: 
sWitching transistors With gates; 

bit lines; 

Word lines; and 

a memory cell ?eld having a multiplicity of tunnel mag 
neto-resistance (TMR) memory cells each having a ?rst 
end connected to said bit lines and a second end, said 
TMR memory cells divided into groups each contain 
ing at least tWo of said TMR memory cells connected 
respectively With a same one of said bit lines, said 
second end of each of said TMR memory cells of each 
of said groups connected With one of said sWitching 
transistors Whose respective gate is connected to a 
corresponding one of said Word lines. 

2. The MRAM con?guration according to claim 1, 
Wherein each of said TMR memory cells has a resistance 
corresponding approximately to an overall resistance com 
posed of said one of said sWitching transistors and allocated 
line resistances. 

3. The MRAM con?guration according to claim 1, 
Wherein each of said sWitching transistors is connected to 
said second end of three of said TMR memory cells. 

4. The MRAM con?guration according to claim 1, 
Wherein said sWitching transistors are disposed underneath 
said TMR memory cells. 

5. The MRAM con?guration according to claim 1, includ 
ing tWo metalliZation planes and said TMR memory cells are 
laid betWeen said tWo metalliZation planes. 

6. The MRAM con?guration according to claim 1, 
Wherein said sWitching transistors each have a ground 
electrode, and each of tWo adjacent ones of said sWitching 
transistors share a common ground electrode. 

* * * * * 


