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A New Reference Cell for 1T-1IMTJ MRAM

S. Y. Lee, H. J. Kim, S. J. Lee, and H. S. Shin

Abstract—We propose a novel sensing scheme, which
operates by sensing the difference in voltage between
a memory cell and a reference cell for a magneto-
resistive random access memory (MRAM). A new
midpoint-reference generation circuit is adopted for
the reference cell to improve the sensing margin and
to guarantee correct operation of sensing circuit for
wide range of tunnel magneto resistance (TMR)
voltages. In this scheme, the output voltage of the
reference cell becomes nearly the midpoint between
the cell voltages of high and low states even if the
voltage across the magnetic tunnel junction (MTJ)
varies.

1. INTRODUCTION

A recent advancement in memory devices involves
spintronics, which combines semiconductor technology
of electronics and spin technology of magnetics. The
spin of an electron, rather than the electron charge, is
used to indicate the logic *0’ or logic ’1’. One such
spintronic device is a MRAM, which has several
advantages including nonvolatile storage, unlimited read
and write endurance, low power, high density and high
speed. [1-5] MRAM basically includes giant magneto-
resistive (GMR) element or magnetic tunneling junction
(MTJ) element, bit line, digit line, and word line. The
MRAM employs the magnetic vectors to store memory
states. Magnetic vectors in the layers of GMR or MTJ
are switched very quickly from one direction to an
opposite direction when a magnetic field is applied to the
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magnetic material over a certain threshold or intensity.
But, less current is required to switch the magnetic
vectors in free layer of MTJ that has more large cell
resistance in comparison with GMR. Also, a MTJ
element is more sensitive to the applied field and has
better magneto-resistance (MR) ratio than a GMR
element. [6]

IT-1IMTJ  structure and 2T-2MTJ
representative cell structures in MRAM, the former

structure are

requires less area than the latter. However, MRAM based
on 1T-1MT]J structure needs to have a reference cell so
that the stored information can be sensed. Since the
magneto resistance (MR) ratio depends strongly on the
voltage applied to the MTJ and is reduced considerably
when the voltage across the MTJ reaches a critical
voltage, it is important to improve the reliability and
stability of memory operations. This is especially true in
a MRAM architecture that has a reference voltage
generation circuit for read data decision. In this work, we
propose a new reference cell-sensing scheme for 1T-
IMTJ MRAM and present simulation results based on a
HSPICE macro-model of MTJ that we have developed.

(7]

II. A NEW REFERENCE CELL FOR 1T-IMTJ MRAM

A typical MRAM device includes word lines and
digit lines extended along rows of the memory cells, and
bit lines extended along columns of the memory cells.
Each memory cell is located at a cross point of a digit
line and a bit line and is connected to a pass transistor.
Also, a typical MRAM device based on I|T-1MTJ
structures includes an array of memory cell block, and an
array of reference cell block and a comparator. A
reference cell block generates a reference signal that can
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be used to determine the resistance states of each memory
cell in the array, despite the variations in resistance due to
manufacturing tolerances and other factors such as
temperature gradients across the array, electromagnetic
interference and bias voltages across the MTJ memory
cell. It is especially important characteristics in MRAM
that the MT]J resistance varies with the voltage applied to
the MT]J, and the MR ratio is reduced considerably when
the voltage across the MTJ reaches a critical voltage.

In order to read an MRAM cell based on IT-1MTJ
structure, it is necessary to have a reference cell so that
the stored information can be sensed. Therefore, in
recent technology MRAM cells, the reference cell is
located therein of the memory cell array area, includes
the same structure as a memory cell based on 1T-1MTJ
so that more accurate sensing operation is possible.
However it is still far from perfect because the tunneling
magneto resistance (TMR) varies with the voltage
applied to the MT]J. Figure 1 shows an above-mentioned
characteristic that is about varied magneto-resistances
with the bias voltage across the MTJ. The MR ratio
depends strongly on the voltage applied to the MTJ and
is reduced by half when the applied voltage reaches
400mV, as shown in the figure. Therefore, the reference
resistance is required to be maintained at (R +Ry)/2 even

if the applied bias voltage changes (solid line).
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Fig. 1. Typical MTJ resistance and desired reference resistance

as a function of bias voltage.

Figure 2(a) shows a schematic of conventional
reference cell and current forcing sensing scheme in
MRAM. [8] The stored cell data, either Ry or Ry, is read
by detecting the voltage difference between a memory cell
and a reference cell. In this scheme, Ig supplied by the
current source of reference part is divided into two equal

parts and the voltage across each MTJ of reference cell is
almost half compared with that across a memory cell.
Accordingly, Vggr differs from the midpoint between cell
voltage of high (Vcgr ) and low (Vg L) states.
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Fig. 2. (a) Schematics of the conventional reference cell and
current forcing sensing scheme and (b) schematics of the
conventional reference cell and voltage forcing sensing scheme.

Figure 2(b) shows another schematic of conventional
reference cell and voltage forcing sensing scheme in



112 S.

MRAM. The stored cell data, either Ry or Ry, is read by
detecting the current difference between a memory cell
and a reference cell. In this scheme, Vg supplied by the
voltage source of reference part is divided into two
resistors connected serially and the voltage across each
MT]J of reference cell is almost half compared with that
across a memory cell. Accordingly, Iggr differs from the
midpoint between cell current of high (Icgn) and low
(IcerLy) states. As a result, the reference resistances of
these conventional reference cells deviate from the
medium value, and the sensing margin is reduced. [9]
That may even result in incorrect sensing.

In this work, we propose a new midpoint reference-
cell sensing scheme for 1T-1IMTJ MRAM. As shown in
Fig. 3(a), the reference cell consists of a pair of MTJ
element connected in parallel each of which has a value
of Ry and Ry, respectively. The current source applied to
the reference cell draws twice of the current flowing into
the memory cell and the current driving capability of
reference cell pass-TR is twice as large as that of
memory cell pass-TR. In this case, the reference
resistance remains very close to (R.+Ry)/2 even when
the applied bias voltage varies since the voltage applied
to the MTJ of reference cell is about the same with the
voltage applied to that of the memory cell. Therefore,
Vger becomes nearly (Vepiipt Veewpn)2, which
improves sensing margin and makes a stable sensing
possible. Figure 3(b) shows an array example of
proposed reference cell. A reference cell column is
placed per memory cell block and belongs to both
memory cells. A certain column of memory cell block is
selected by column select-TR positioned at the underside
of circuit and compares with the reference cell column.

We have developed the macro-model for MT]J
applicable to HSPICE circuit simulator. [7] As shown in
Fig. 4(a), the macro-model is realized as a five-terminal
sub-circuit that reproduces MTJ characteristics including
hysteresis, asteroids with thermal variation, and R-V
characteristics. This model includes the nodes of snl,
sn0, wb0, dgl, dg0 and the resistors of Rwb, Rdg, and
Gmtj. Rwb is the bit line resistance per cell and Rdg is
the digit line resistance per cell. Gmtj is the voltage-
controlled resistor and it corresponds to the effective
TMR value. Snl~wb0 is the bit line located above the
MTJ cell, through which write bit line current (Iwb)
flows and dgl~dgO is the digit line located below the
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Fig. 3. (a) Schematics of the proposed reference cell and
current forcing sensing scheme and (b) an array example of the

proposed reference cell.
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MT]J cell, through which digit line current (Idg) flows for
writing operation. Sense current (Isense) flows through
MT]J from snl to snO for reading operation and the pass
transistor is connected to the node sn0.
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Fig. 4. (a) Block diagram and (b) schematic of macro-model

for MT1J.

(i) Embodiments of the hysteresis and the asteroid
curve dependent on the operating temperature of
MTI.

(ii)) Actual TMR values of MTJ having hysteresis,
asteroid curve and R-V characteristics.

(iii) Embodiments of R-V characteristics for MT]J.

Figure 4(b) shows the schematics of the entire sub-
circuits contained in the macro-model. The sub-circuits
can be divided into three parts: (i) comparator circuit, (ii)
effective MTJ corresponding circuit, and (iii) gaussian
fitting circuit. TR! and TR3 outside the box are turned-
on, whereas, TR2 and TR4 outside the box are turned-off
by WR signals for writing operation. In case of reading
operation, TR2 and TR4 are turned-on, whereas, TR1
and TR3 are turned-off by RD signals. The active Gmtj
of part (ii) reproduces the hysteretic and the asteroid
characteristics, shrinking with the increase of operating
temperature, by part (i) during the writing operation.

And Gmytj reproduces the R-V characteristic by part (iii)
during the reading operation. A plot of the hysteresis
with varying Idg, simulated with HSPICE, is shown in
Fig. 5(a). The left-hand waveform shows the results
simulated while Idg flows from dgl to dg0, and the
right-hand one shows the results simulated while Idg
flows from dg0O to dgl. The hysteresis shrinks as the
magnitude of Idg increases. Similarly, we confirmed that
the hysteresis shrinks as the operating temperature
increases. Figure 5(b) shows the asteroid curve, which is
simulated with various Idgs, while the operating
temperature of the cell varies. As shown in Fig. 5(c), the
circuit macro-model accurately emulates the R-V
characteristic of an actual MTJ. The simulation was done
with varying Isense. It can be observed how well the
reproduces the MTJ
including hysteresis,

macro-model characteristics

asteroids dependent on the

operating temperature, and R-V characteristics.
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Fig. 5. HSPICE simulation results of macro-model.

(a) Hysteresis with varying Idg, when the cell operates at 25°C.
(b) Temperature dependencies of asteroid curve for MTJ.

(c) TMR resistance of MTJ as a function of bias voltage.



114 S. Y. LEE et al : A NEW REFERENCE CELL FOR 1T-IMTJ] MRAM

IH. SIMULATION RESULTS

HSPICE simulations of the new reference cell for 1T-
IMTJ MRAM are performed lising a macro-model that
is able to reproduce the hysteresis, the asteroids
dependent on the operating temperature of the cell, and
the R-V characteristics of MT]J. [7] Figure 6(a), (b) show
reference cell resistances as a function of bias voltages in
the conventional reference cells for current forcing
scheme and voltage forcing scheme, respectively. The
reference cell resistance doesn’t stay at the middle of
high and low resistance. It becomes even greater than the
high resistance when the voltage across MTJ exceeds
300mv, which makes MR ratio worse and even produces
incorrect sensing.

Figure 6(c) shows a reference cell resistance as a
function of bias voltage for the proposed reference cell
scheme. In comparison to the conventional reference cell
schemes, the reference cell resistance of proposed
scheme always maintains at the near of midpoint
between Ry and Ry for a wide range of applied voltage.
It is because the similar amount of voltage is applied to
the memory cell and the reference cell. Table 1 shows
the deviation of reference resistances for conventional
and proposed reference cells from the (Ro+Rp)/2.
Conventional reference cell shows deviations over
16.33%, which increase with the bias voltage across the
MT]J. However, in proposed reference cell, the maximum
deviation is 0.92% when the bias voltage is zero. The
reference resistance of the proposed reference cell
approaches to the (R.+Ru)/2 when the bias voltage
across the MTJ increases. This nearly accurate midpoint
reference resistance improves the sensing margin and
robust sensing operation is possible for wide range of
voltages.

Table 1. The deviations of reference resistances for
conventional reference cell and proposed reference cell from
the (R +Rp)/2.

N [ 50| 400 | 30|20 -100| 6 | 10| 20| 30| 40 | 30

RN | 65| R7 | 00 | 316 | 257 | 264 | 30 | 00 | BD| 2672 | 523
R, | 2640 | 10| 204 | 3143 | 23| 234 | 3155 | 2011 | B35 | :61 | 2514

R 3 0K | 3156 | 214 | 54| 7| 64| 3232 | 31| 318 | 3025 | 035
Propesed(%0 [ 0231 028 | 00 | 066 | Q83 | 02 | 085 | 0D | 053 | 041 | 036
Conventionad (%) | 1608 | 164 | 681 | 285 | 043 | 000 | L57 | 485 | 905 | 1321 | 1633
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Fig. 6. Simulation results of the midpoint-reference generation

circuits.

(a) Reference cell resistance as a function of bias voltage in the
conventional reference cell for current forcing scheme

(b) Reference cell resistance as a function of bias voltage in the
conventional reference cell for voltage forcing scheme

(¢) Reference cell resistance as a function of bias voltage in the
proposed reference cell
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IV. CONCLUSIONS

In this paper, a new midpoint reference generation
circuit for 1T-1IMTJ MRAM utilizing a pair of MTJ
connected in parallel and a current source is proposed. In
comparison to the existing reference cell schemes, the
proposed architecture requires much less area and is
more accurate. In this scheme, the reference resistance
remains very close to (R +Ry)/2 even when the applied
bias voltage varies since the voltage applied to the MTJ
of reference cell is about the same with the voltage
applied to that of the memory cell. Therefore, Vggr
becomes nearly (Vcgippt+ Veenp)/2, which improves
the sensing margin and makes a stable sensing possible.
Consequently, new reference-cell circuit improves the
sensing margin and guarantees correct operation of the
sensing circuit for wide range of TMR voltages.
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