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METHOD AND APPARATUS FOR SENSING 
RESISTANCE VALUES OF MEMORY CELLS 

This application is a divisional of application Ser. No. 
09/774,798, ?led Feb. 1, 2001 now US. Pat. No. 6,567,297, 
the entire disclosure of Which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to the ?eld of resistor-based 
memory circuits. More particularly, it relates to a method for 
accurately sensing the resistance value of a resistor-based 
memory cell, for example, an MRAM magnetic memory 
cell. 

2. Description of the Related Art 
Aresistor-based memory, such as that depicted in FIG. 1, 

typically consists of a memory cell array 150 having inter 
secting roW lines 100 and column lines 110 connected by 
resistors 120. Aresistor-based memory such as, for example, 
a magnetic random access memory (MRAM), typically 
includes an array of resistor-based, magnetic memory cells. 
A typical magnetic memory cell includes a layer of 

magnetic ?lm in Which magnetiZation is alterable and a layer 
of magnetic ?lm in Which magnetiZation is ?xed or “pinned” 
in a particular direction. The magnetic ?lm having alterable 
magnetiZation may be referred to as a data storage layer and 
the magnetic ?lm Which is pinned may be referred to as a 
reference layer. 

Typically, the logic state of a magnetic memory cell is 
indicated by its resistance Which depends on the relative 
orientations of magnetiZation in its data storage and refer 
ence layers. A magnetic memory cell is typically in a loW 
resistance state if the orientation of magnetiZation in its data 
storage layer is substantially parallel to the orientation of 
magnetiZation in its reference layer. Amagnetic memory cell 
is typically in a high resistance state if the orientation of 
magnetiZation in its data storage layer is substantially anti 
parallel to the orientation of magnetiZation in its reference 
layer. 
A magnetic memory cell is usually Written to a desired 

logic state by applying external magnetic ?elds that rotate 
the orientation of magnetiZation in its data storage layer. 
Typically, the orientation of magnetiZation in the data stor 
age layer aligns along an axis of the data storage layer that 
is commonly referred to as its easy axis. External magnetic 
?elds are applied to ?ip the orientation of magnetiZation in 
the data storage layer along its easy axis to either a parallel 
or anti-parallel orientation With respect to the orientation of 
magnetiZation in the reference layer depending on the 
desired logic state. 
When the orientation of magnetiZation is ?ipped, the 

resistance of the memory cell is altered betWeen tWo differ 
ent values. One resistance value, e.g., the higher value, may 
be selected to signify a logic “HIGH” While the other 
resistance value, e.g., the loWer value, may be selected to 
signify a logic “LOW.” 

The value of each memory cell is determined by measur 
ing the resistance value of the cell so as to determine 
Whether the cell corresponds to a logic “HIGH” or logic 
“LOW.” This measuring process had been made difficult due 
to several factors. 

First, there is typically little to no isolation betWeen 
memory cells. For example, turning to FIG. 2, Which depicts 
a smaller portion of the FIG. 1 memory array, if an array 
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2 
consists of 1024 roWs and 1024 columns, i.e., approximately 
1 million cells, and each cell contains a resistance of 1.2 M9 
or 800 KS2, depending on its logic state, the measured 
resistance When all roWs and all columns, except for those 
associated With the selected cell, are respectively shorted 
together (e.g., during a read operation as depicted by dotted 
lines in FIG. 1) Will be approximately 19, leaving very little 
isolation betWeen cells. LoW isolation renders the measuring 
of the resistance value of a particular memory cell dif?cult. 
Currently available solutions to the isolation problem 
include inserting a metal oxide semiconductor ?eld effect 
transistor (MOSFET) or a diode in the memory cell in order 
to change the resistance value, making it easier to detect. 
This solution is overly complex, increases the siZe of the 
memory cell and complicates the manufacturing process. 

Turning noW to FIG. 3, a typical resistance sensing circuit 
is depicted. The unknoWn parallel paths are represented by 
an equivalent resistance 300 of approximately 1 K9. The 
resistive element 210 of the selected cell is 1.2 M9. The 
column line 230 and the unused roW lines are maintained at 
some knoWn voltage. The current through the resistance 300 
of the unused roW lines is kept as close to Zero as practical 
by maintaining a Zero difference of potential across the 
resistance 300. The voltage across the 1.2MQ resistance 210 
to ground (at node A) is then read. One of the problems 
associated With the FIG. 3 circuit is that it is very dif?cult to 
maintain a Zero difference of potential across the unused 
resistors 300, and, therefore, there is alWays a non-Zero 
current ?oW through resistance 300, thus affecting the volt 
age reading at node A and making the reading of resistance 
210 dif?cult and unreliable. For example, if the difference of 
potential across points A and B, that is, across resistor 300, 
is 2 mV, then the current through resistance 300 is approxi 
mately 2 pA and if the voltage at node A to ground is 
maintained at e.g., 2V, the current through resistance 210 is 
approximately 1.7 MA. Since the voltage differences betWeen 
points A and B are not stable, the current through resistor 
300 varies, thereby posing serious problems When reading 
the contents of a memory cell. 

Another concern is that since the resistance values of each 
cell are so high (e.g., approximately 1 M9), large (RC) time 
constants Will be experienced in the parasitic paths (i.e., for 
the unused cells). As knoWn in the art, these large RC 
constants increase the time required to read out the contents 
of a memory cell. For example, the inherent discharge times 
can be undesirably long When all of the roWs, except for the 
one being read out, and columns are pre-charged to some 
voltage. Furthermore, large resistance variations are typi 
cally experienced from cell to cell depending upon the 
processing employed during manufacturing, thus leading to 
less reliability during the measurement process. At least for 
those reasons described above, a simpli?ed, more reliable 
method of sensing the resistance value of a resistor-based 
memory cell is desirable. 

SUMMARY OF THE INVENTION 

The present invention overcomes the problems associated 
With the prior art and provides a simpli?ed and reliable 
method for sensing the resistance value of a resistor-based 
memory cell. A current is driven through all unused roW 
lines of a memory array While grounding the roW line 
associated With the selected cell, thereby forcing the current 
through a comparatively loW equivalent resistance (e.g., 1 
K9) and also through a comparatively high resistance (e.g., 
1.2 M9 or 800 KQ) of the selected memory cell. The 
voltage on the column line corresponding to the selected 
memory cell is then measured to ground. The voltage level 
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corresponds to either one of tWo resistance values (i.e., 
signifying either a logic “HIGH” or a logic “LOW”). 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and other advantages and features of the 
invention Will become more apparent from the detailed 
description of preferred embodiments of the invention given 
beloW With reference to the accompanying draWings in 
Which: 

FIG. 1 illustrates a typical resistor-based memory cell 
array; 

FIG. 2 illustrates a desired cell of the FIG. 1 memory cell 
array; 

FIG. 3 illustrates a typical resistance sensing circuit; 
FIG. 4 illustrates a resistance sensing circuit in accor 

dance With a ?rst exemplary embodiment of the invention; 
FIG. 5 illustrates a resistance sensing circuit in accor 

dance With the ?rst exemplary embodiment of the invention; 
FIG. 6 depicts a ?oWchart of an operational How in 

accordance With an exemplary embodiment of the invention; 
FIG. 7 illustrates an RC circuit for use With sensing 

resistance in accordance With a second exemplary embodi 
ment of the invention; 

FIG. 8 is a graphical representation of voltage levels 
measured using the FIG. 7 circuit; 

FIG. 9 illustrates a control system in accordance With a 
third exemplary embodiment of the invention; 

FIG. 10 illustrates reference columns for use With a 
memory array in accordance With a fourth exemplary 
embodiment of the invention; 

FIG. 11 illustrates a reference voltage detecting circuit in 
accordance With a ?fth exemplary embodiment of the inven 
tion; 

FIG. 12 illustrates a sense ampli?er for use With the 
exemplary embodiments of the invention; 

FIG. 13 illustrates a schematic diagram of the FIG. 12 
sense ampli?er; and 

FIG. 14 illustrates a clamp circuit for use With a memory 
array in accordance With a sixth exemplary embodiment of 
the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

The present invention Will be described as set forth in 
exemplary embodiments illustrated in FIGS. 4—14. Other 
embodiments may be realiZed and other changes may be 
made to the disclosed embodiments Without departing from 
the spirit or scope of the present invention. 

FIG. 4 illustrates a resistance sensing circuit for sensing 
the resistance value of a resistor-based memory cell, in 
accordance With a ?rst exemplary embodiment of the inven 
tion. A current source 400 delivers a small current (e.g., 1 
mA) to the memory array 150 such that each of the unused 
roW lines 450 of the memory array 150 conducts approxi 
mately 1 pA (i.e., assuming a 1024x1024 array). The roW 
line 500 associated With a selected cell 460 is driven to 
ground. Each of the unused roW lines 450 coupled to the 
column line 230 associated With the selected cell 460 is 
shorted to the others so that an equivalent resistance of 
approximately 1 K9 is read at column line 230. 

Turning to FIG. 5, an equivalent circuit schematic dia 
gram of the FIG. 4 resistance sensing circuit is depicted. The 
1.2 M9 or 800 KQ resistance of the selected cell 460 is 
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4 
coupled betWeen the column line 230 and the roW line 500 
Which is driven to ground. For purposes of discussion, it is 
assumed that the resistance value for cell 460 is 1.2 M9. The 
equivalent resistance 300 of the unused memory cells is 
represented as 1 K9 in series With the 1.2 MQ resistance of 
the desired cell 460. The current source 400 drives approxi 
mately 1 pA through each of the unused roW lines 450 so that 
a voltage drop appears at each of the resistors 300, 210. The 
value of the voltage read across the resistance of the desired 
cell 460 is fed to a sense ampli?er 480 Where a determina 
tion is made as to the logic value of the selected memory cell 
460. That is, unlike the prior art con?gurations of FIGS. 2—3, 
the FIG. 4 embodiment drives a constant, knoWn current 
through both resistances 300 and 210, thereby making the 
measurement of resistance 210 both easier and more reli 
able. 

Turning noW to FIG. 6, a ?oWchart of an operational How 
of an exemplary resistance memory containing the memory 
cell reading circuit of FIGS. 4, 5 is depicted. The How begins 
at process segment 6000. At segment 6100, a cell 460 is 
selected. One side of the resistor 210 of the selected memory 
cell 460 is grounded by grounding the associated Wordline 
(roW) at segment 6200. At segment 6300, a current is driven 
through all unselected roW lines. At segment 6400, a voltage 
measurement is taken from the column line 230 that is 
associated With the selected memory cell 460 to ground. The 
measured voltage is compared With a reference voltage at 
segment 6500 to determine the cell resistance value and, 
ultimately, the logic value stored in the cell 460. The process 
How ends at segment 6600. 

Turning noW to FIG. 7, an RC circuit for use With a 
resistance sensing circuit is depicted in accordance With a 
second embodiment of the invention. The FIG. 7 circuit may 
be employed to carry out the current driving described above 
With reference to segment 6300 of the FIG. 6 ?oWchart. The 
FIG. 7 circuit may be desirable in lieu of a constant current 
source When the rate of charging of the array 150 is 
comparatively sloW. For example, if the capacitance of the 
column line 230 is 500 fF and the current being driven by 
constant current source 400 is approximately 1 MA, since 
i=C(dv/dt), the rate of charging the array 150 is 2 mV/ns 
(i.e., very sloW). 
An alternative to driving these very small constant cur 

rents through the array 150 is to charge the array 150 up to 
a predetermined voltage. In the FIG. 5 schematic, the 
equivalent resistance 300 is coupled to the resistance 210 of 
the selected cell 460; hoWever, in the FIG. 7 embodiment, 
the capacitance 610 of the roW line 500 associated With the 
selected cell 460 and the capacitance 600 of the column line 
230 associated With the selected cell 460 form tWo RC 
circuits. In accordance With the second embodiment of the 
invention, rather than forcing a current through the array 150 
With a constant current source (as in FIG. 5), the array is 
charged to a predetermined voltage (e.g., by charging both 
capacitors 600 and 610 to 1V), then sWitches 740 and 750 
are closed and capacitors 600, 610 are respectively dis 
charged across resistors 300, 210. The voltage measured at 
point C is then fed into sense ampli?er 480 Where it is 
compared With a reference voltage in order to determine the 
value of the resistor 210, the reference voltage being of a 
value halfWay betWeen a voltage expected for an 800 KQ 
resistor and a 1.2 MQ resistor. 

Turning noW to FIG. 8, exemplary discharge curves for a 
1.2 MQ resistor and an 800 KQ resistor as tWo possible 
resistance values for a cell are depicted. Here the voltages of 
the tWo resistors are monitored at a predetermined time 
period (t1). The measured voltages Will differ proportionally 
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at time t1, depending upon the value of the resistance (e.g., 
800 KQ vs. 1.2 M9). The difference in voltage AV is used 
to determine the logic level being stored in the memory cell 
460. 

Turning to FIG. 9, a control circuit is depicted in accor 
dance With a third exemplary embodiment of the invention. 
A constant current source 400 is coupled to memory array 
150 in the manner shoWn in the FIG. 5 embodiment. A 
monitor 810 is coupled to a column line (e.g., 230) associ 
ated With a predetermined memory cell (e.g., 460) of array 
150 for detecting the voltage being measured at the column 
line 230. Monitor 810 contains, e.g., a comparator 905. An 
input of comparator 905 receives the voltage on column line 
230 and a second input of comparator 905 receives a 
reference voltage Vref. If the voltage being measured at the 
selected memory cell (e.g., at 230), or cells, is above or 
beloW a predetermined value (Vre ), the monitor 810 sends 
a control signal to constant current source 400 to increase or 
decrease the current level being delivered to the array 150 
and being driven through the unused roW lines of the 
memory array 150. For example, if in the FIG. 4 schematic 
diagram, a voltage corresponding to a 1.2 MQ resistor falls 
beloW a predetermined threshold level (e.g., 1.0 V), the FIG. 
9 control system ensures that the output level of the constant 
current source 400 is increased by an amount sufficient to 
maintain the voltage reading across the 1.2 MQ resistors at 
the predetermined threshold level (e.g., 1.0 V). 

Turning noW to FIG. 10, reference columns 1150, 1160 
for use With the sense reference ampli?ers 480 (of FIGS. 4 
and 5) are depicted. Each of the reference columns 1150, 
1160 is coupled to one end of each of a plurality of reference 
resistors 1170 and 1180. The other end of reference resistors 
1170 and 1180 is coupled to the roW lines of the memory 
array 150. The resistance values of resistors 1170 are the 
same and the resistance values of resistors 1180 are the 
same. That is, a column of reference “1” is Written into the 
cells associated With column 1150 and a column of reference 
“0” is Written into the cells associated With column 1160. 

The reference resistors 1170 and 1180 are then converted 
into a reference voltage level (as Will be described in 
connection With FIG. 11) and fed into one input of a sense 
ampli?er 480 for determining the logic levels of a selected 
cell 460. Resistance values may vary over the span of a 
given memory array and the transmission of a reference 
value (or voltage) across a memory array 150 for compari 
son With a selected memory cell 460 can detrimentally affect 
the integrity of the reference value and compromise the 
comparison. Therefore, it is recommended that the fre 
quency and placement of the reference columns 1150, 1160 
in the array 150 be Whatever is practical depending upon the 
operating conditions and spatial considerations (e.g., noise 
from the substrate, decoders, siZe of the array, etc.) of the 
memory array 150. 

Turning noW to FIG. 11, a reference voltage detecting 
circuit is depicted for determining a reference voltage from 
reference columns 1150, 1160 (of FIG. 10), in accordance 
With a fourth exemplary embodiment of the invention. A 
constant current (e.g., 1 MA) is driven through each of the 
reference resistances 1020, 1030 by a respective current 
source 1000, 1010. It should be apparent that current sources 
1000, 1010 may be combined into a single current source. 
The reference voltage is measured on reference line 1050 
and is intended to be half-Way betWeen a voltage corre 
sponding to a “0” reference and a voltage corresponding to 
a “1” reference. As shoWn in FIG. 12, the reference voltage 
value measured at line 1050 is then fed into an input of a 
sense ampli?er 480 Where it is compared With a voltage 
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6 
measured across a resistor in a selected cell 460. If the 
measured voltage is greater than the reference voltage, a 
logic HIGH (e.g., “1”) is measured in the cell. Alternatively, 
if the measured voltage is loWer than the reference voltage, 
a logic LOW (e.g., “0”) is measured in the cell. It should be 
apparent that the opposite conditions/states may hold true if 
so desired by the circuit designer. 
The sense ampli?er 480 has a ?rst input line 230 for 

receiving a sense voltage measured across a resistor 210 of 
a selected resistor-based memory cell 460. Input line 230 is 
the column line of the selected cell 460. The ?rst input line 
230 is also referred to as “Digit” in the interest of being 
consistent With conventional dynamic random access 
memory (DRAM) terminology. Sense ampli?er 480 also has 
a second input line 1050 for receiving a reference voltage 
from a reference voltage detecting circuit (e.g., as in FIG. 
11). The second input line 1050 is referred to as “Digit*” in 
order to be consistent With DRAM terminology. The sense 
ampli?er has tWo output lines I/O 1105 and I/O* 1100. The 
purpose of output lines I/O 1105 and I/O* 1100 is Well 
knoWn in the art and, therefore, only a brief description of 
their function Will be described in connection With FIG. 13. 

Turning noW to FIG. 13, an exemplary sense ampli?er 
480 for use With the described embodiments of the invention 
is depicted. The operation of sense ampli?ers, in general, is 
Well knoWn in the art, and therefore, only a brief description 
Will be provided herein. First respective terminals of p-type 
MOSFETs 1305 and 1310 are connected to VDD. The gate 
of MOSFET 1310 is coupled to I/O*, a second terminal of 
MOSFET 1305, a ?rst terminal of MOSFET 1315, a ?rst 
terminal of MOSFET 1320, a ?rst terminal of MOSFET 
1345 and the gate of MOSFET 1325. The gate of MOSFET 
1305 is coupled to I/O, a second terminal of MOSFET 1310, 
a second terminal of MOSFET 1315, a ?rst terminal of 
MOSFET 1325, a ?rst terminal of MOSFET 1335 and the 
gate of MOSFET 1320. The gate of MOSFET 1315 is 
coupled to “Latch.” A second terminal of MOSFET 1345 is 
coupled to a ?rst terminal of MOSFET 1350 and the gate of 
MOSFET 1345 is coupled to “Digit.” A second terminal of 
MOSFET 1350 is coupled to ground. A second terminal of 
MOSFET 1335 is coupled to a ?rst terminal of MOSFET 
1340 and the gate of MOSFET 1335 is coupled to “Digit*.” 
The gates of MOSFET 1350 and MOSFET 1340 are coupled 
to “Sense.” Second respective terminals of MOSFET 1320 
and MOSFET 1325 are coupled together and also coupled to 
a ?rst terminal of MOSFET 1330. A second terminal of 
MOSFET 1330 is coupled to ground and the gate of MOS 
FET 1330 is coupled to “Latch.” 

Both “Sense” and “Latch” are started at logic LOW. The 
U0 lines are equilibrated and MOSFET 1315 is activated. 
When “Sense” is made logic “HIGH,” the sense ampli?er 
480 begins sensing the resistance of the selected cell 460. 
When “Latch” goes logic “HIGH” the I/O lines are driven to 
VDD and ground. Also, since “Sense” is logic “HIGH,” I/O 
cannot go all the Way to VDD. When “Sense” goes logic 
“LOW,” and “Latch” is logic “HIGH,” I/O goes all the Way 
to VDD, and there is no static poWer dissipation. 

Referring noW to FIG. 14, a current limiting circuit Which 
may be used With the memory array current driver 400 is 
depicted. A clamp transistor 1300 is placed betWeen a 
constant current source 400 and the memory array 150 such 
that When biasing the input current to the memory array 150, 
any excess current is diverted to ground rather than the array 
150. This circuit prevents overcurrent to the array 150 Which 
may cause problems including inadvertently reWriting of the 
values of the memory cells. 

The present invention provides a method by Which the 
resistance value of a resistor-based memory cell is sensed in 
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a reliable manner that enables the determination of the logic 
value stored by the cell. A simple circuit is disclosed 
employing a current source 400 that drives a current through 
both the unused roW lines and the resistor of the selected 
memory cell 460 and to ground. The voltage across the 
resistor of the selected cell 460 is measured from the column 
line 230 associated With the selected cell 460 to ground. The 
measured voltage is fed into a sense ampli?er 480 Where it 
is compared With a reference voltage and a determination is 
made as to the logic level being stored by the memory cell 
460. 

In another embodiment, the capacitance of the roW line 
500 and column line 230 associated With the selected cell are 
charged to a predetermined voltage. The capacitors arc then 
discharged across both the combined resistance 300 of the 
unselected cell, and the resistor 210 associated With the 
selected cell 460, thereby replacing the constant current 
source 400. 

Additionally, a feedback control loop may be utiliZed to 
monitor the voltage being measured at the resistor 210 
associated With the selected cell 460, such that if the voltage 
deviates from a predetermined value, the current being 
delivered to the memory array may be increased or 
decreased. Another Way to limit the current delivered to the 
memory array 150 is to introduce a current clamp 1300 
betWeen the current source 400 and the memory array 150. 

While the invention has been described in detail in 
connection With preferred embodiments knoWn at the time, 
it should be readily understood that the invention is not 
limited to the disclosed embodiments. Rather, the invention 
can be modi?ed to incorporate any number of variations, 
alterations, substitutions or equivalent arrangements not 
heretofore described, but Which are commensurate With the 
spirit and scope of the invention. For example, although the 
invention has been described in the context of MRAM, it 
may be used for sensing the resistance value of any system 
in Which maintaining a resistance level is critical. In 
addition, While speci?c values of current, voltage capaci 
tance and resistance have been used to describe the illus 
trated embodiments, it should be apparent that different 
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values may be used in their place Without deviating from the 
scope of the described embodiments. Accordingly, the 
invention is not limited by the foregoing description or 
draWings, but is only limited by the scope of the appended 
claims. 

What is claimed as neW and desired to be protected by 
Letters Patent of the United States is: 

1. A memory array comprising: 

a ?rst reference cell containing a ?rst resistor of a ?rst 
resistance value; 

a second reference cell containing a second resistor of a 
second resistance value, Wherein a current source is 
coupled to said ?rst and second reference cells for 
passing a current through said ?rst and second refer 
ence cells, and Wherein 

said ?rst and second reference cells are coupled to each 
other so as to enable a detection of a reference voltage 
to be fed into an input of a comparator for comparing 
said reference voltage With a voltage sensed from a 
selected memory cell of said memory array. 

2. The memory array of claim 1, Wherein said comparator 
comprises a sense ampli?er. 

3. The memory array of claim 1, Wherein said ?rst and 
second resistors are connected in parallel, each of said ?rst 
and second resistors respectively passing a current driven by 
said current source, Wherein said reference voltage is mea 
sured at a point betWeen said current source and said 
resistors. 

4. The memory array of claim 1, further comprising at 
least tWo reference columns, a ?rst one of Which contains a 
?rst plurality of reference cells including said ?rst reference 
cell, a second one of Which contains a second plurality of 
reference cells including said second reference cell. 

5. The memory array of claim 1, Wherein said memory 
array comprises a random access memory 

6. The memory array of claim 1, Wherein said RAM 
comprises a magnetic RAM. 

* * * * * 


