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Abstract— An opto-electronic readout of the memory state in
spin transfer torque random access memory (STT-RAM) cells
is proposed. A single optical beam illuminating an array of
STT-RAM cells creates electrical potential along each STT-RAM
cell due to optical rectification that can be further enhanced
through plasmon drag effect (PLDE). Then, the photo-induced
voltage is assumed to be measured by conventional electronics.
Here, a theoretical modeling is performed, where the results
provide an estimate of the photo-induced voltage in each memory
cell and its variation with respect to the changes in state of the
memory cell (parallel vs anti-parallel). Our study shows that
the plasmonic enhancement facilitates ~20 times enhancement
in the voltage change due to state change of the each memory
cell, compared to the case of out-of-resonance excitation. This
enhancement potentially improves the memory readout rate if a
proper supporting electronic circuit is available.

Index Terms—Surface plasmons, plasmon drag effect, optical
rectification, spin transfer torque random access memory, opto-
electronic readout.

I. INTRODUCTION

EADOUT of state of random access memory (RAM)
cells can be performed by electronic or optical
means [1]-[6]. In specific, optical methods are advantageous
for RAM readout, as they improve the memory performance,
facilitate increased data transfer rate between processors and
memory cells, and simplify the readout circuitry. The main
challenge in optical readout systems arises from the fact
that light sources and detectors are based on III-V mate-
rials [1], [2], [5], that are conventionally considered to be
incompatible with CMOS foundries. However, recent devel-
opments in silicon photonics that include silicon-based optical
sources, detectors and optical components may mitigate this
bottleneck [7]-[10].
New memory technologies that allow high density memory
cells, high speed, and low power read and write abilities

Manuscript received June 13, 2021; revised September 1, 2021; accepted
September 7, 2021. Date of publication September 14, 2021; date of
current version September 27, 2021. This work was supported by the
Defense Threat Reduction Agency (DTRA) under Grant HDTRA1-16-1-0025.
(Corresponding author: Parinaz Sadri-Moshkenani.)

Parinaz Sadri-Moshkenani, Mohammad Wahiduzzaman Khan, Md Shafiqul
Islam, and Ozdal Boyraz are with the Department of Electrical Engi-
neering and Computer Science, University of California at Irvine,
Irvine, CA 92697 USA (e-mail: psadrimo@uci.edu; mohammwk@uci.edu;
msislam1 @uci.edu; oboyraz@uci.edu).

Eric Arturo Montoya and Ilya Krivorotov are with the Department
of Physics and Astronomy, University of California at Irvine, Irvine,
CA 92697 USA (e-mail: eric.montoya@uci.edu; ilya.krivorotov@uci.edu).

Color versions of one or more figures in this article are available at
https://doi.org/10.1109/JQE.2021.3112701.

Digital Object Identifier 10.1109/JQE.2021.3112701

are another subject that has been studied extensively. Among
various types of RAM, spin transfer torque random access
memory (STT-RAM) has received considerable attention due
to its scalability (switching current decrease with memory
cell width reduction), low power consumption (100 fJ per
switch), high speed (read and write speed of 1ns to 10ns),
and high endurance [11]-[13]. The conventional method for
STT-RAM readout is to measure the tunnel magnetoresis-
tance, using an electronic readout circuit [4], [12], [14], [15].
However, up to date no study on its potential optical readout
methods has been provided.

In this manuscript, we propose and study a potential
optoelectronic readout method based on optical rectifica-
tion (OR) and its plasmonic enhancement in metallic films in
STT-RAMs [16], [17]. This method brings in the improve-
ments of optical readout mentioned earlier without using
conventional photodetectors.

The configuration we propose for this method is a parallel
readout where an array of STT-RAM cells is illuminated by
a pulsed laser beam (Fig. 1(a)). As a result of the optical
illumination, an optical rectification voltage (OR voltage) is
induced across each memory cell. We show that the magnitude
of the OR voltage in each cell depends on the memory state
of that cell. Therefore, it can be used as a means to detect
the memory cells state (parallel (P) vs anti-parallel (AP)).
This eliminates the need for electrical injection of current into
the memory cells. Given that STT-RAM typically includes
layers of plasmonic metal as electrodes [12], it is possible
to facilitate the excitation of plasmonic modes in its structure.
Previously we have shown that strong plasmonic field local-
ization in STT-RAM multilayer is very sensitive to changes
in its structure [18]-[20]. Here, we utilize similar effect to
enhance the OR voltage and its sensitivity to changes in state
of the memory cell, a phenomenon known as plasmon drag
effect (PLDE) [21]-[23]. This in turn facilitates enhancement
of memory readout rate. Our calculations show that if accom-
panying electronic circuit support it, the proposed readout
method based on OR voltage with plasmonic enhancement can
achieve up to more than 400 times increase in readout speed,
compared to the case where the system operates at off reso-
nance and does not take advantage of the plasmonic resonance.

In what follows, we first discuss the excitation of a localized
plasmon resonance (LSPR) mode in STT-RAM cells. Next,
we explain our model for calculation of the OR voltage
with and without plasmonic enhancement, and also based on
the state of the STT-RAM cell. Afterwards, we investigate
the effect of dimensions of the STT-RAM memory cell on the
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LSPR resonance and the potentially achievable memory read-
out rate. Finally, we study the effect of adding a transparent
electrode, to accommodate probing of the memory cells.

II. LOCALIZED SURFACE PLASMON
RESONANCE IN STT-RAM ARRAY

The main building block in the structure of STT-RAM
is a magnetic tunnel junction (MTJ), consisting of a ferro-
magnet (CoFeB) / dielectric (MgO) / ferromagnet (CoFeB)
multilayer stack, all placed between two metal layers as
electrodes (Au) (Fig. 1(b)) [12]. Here, we focus on excitation
of a localized surface plasmon resonance (LSPR) mode in
each cell to enhance the OR voltage (Vor). We choose
LSPR because in comparison with surface plasmon polari-
ton (SPP) modes, LSPR modes are more sensitive to the
changes in the optical properties of materials, such as
changes in optical properties due to the switching of memory
state [24]. In addition, an LSPR mode enables interaction
between light and individual memory cells without causing
any cross coupling between adjacent memory cells. This
makes the proposed method reliable for a cell-by-cell readout,
instead of a collective response that an SPP mode would
provide.

We design STT-RAM array structure resonant around
1.5 um wavelength to study the optical rectification effect and
its enhancement by LSPR excitation. To perform the numerical
simulations for the STT-RAM array, COMSOL Multiphysics
5.6 is used, where a linearly polarized normally incident
plane wave is defined as optical illumination, as illustrated
in Fig. 1(b). Since the structure is symmetric, we simulate only
half of the unit cell shown in Fig. 1(a), while using periodic
and symmetry boundary conditions. As for the material data
in our simulations, we take data for Au from [25], and we
set the refractive index of MgO to 1.73 [26]. For the CoFeB
layers, we use the thin-film material data provided in [27],
which we extend to wavelengths larger than 1.6 um via curve
fitting. We assume that the material properties of all the layers
are independent of their thickness.

To achieve plasmonic enhancement of the OR voltage and
therefore enhanced memory readout speed, the STT-RAM
array should be designed to support a plasmonic resonance
with its maximum absorption at the design wavelength and
a strong field localization in the MgO layer, where most
of the resistance changes occur as the state of the memory
switches. As a demonstration of such plasmonic resonance,
we design an STT-RAM array with dimensions listed in the
caption of the Fig. 1 to achieve an LSPR mode excitation at
1.5 um. The main design parameters are the diameter of the
nanodiscs in the structure of the unit cell (d), which tunes
the resonance wavelength (wavelength at the peak absorption
and highest field localization), and the unit cell period (p),
which determines the fill factor of the memory cell and the
resonance strength accordingly. We note that the thickness
of the Au ground plane is fixed at ¢ 100 nm throughout
this manuscript, which is much larger than the skin depth of
gold (<23.5nm) in the wavelength range of the simulations.
Therefore, there is no need to include the underlying dielectric
substrate in the simulations.
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Fig. 1. (a) Schematic of the proposed optoelectronic readout method for
STT-RAM array (b) Unit cell geometry of STT-RAM array (c) STT-RAM
array spectra for optical absorption and average of electric field magnitude in
MgO layer (d) Cross-sectional view of unit cell field distribution at resonance
(STT-RAM array dimensions p 200nm, d = 100nm, tp, = 60nm,
icoreB = 0.9nm, tvgo = 2nm, t = 100nm).

Optical simulation results for the designed STT-RAM array
are presented in Fig. 1(c), where the absorption spectrum
shows a peak at the design wavelength. In addition, the plas-
monic field localization is shown to be mainly in the MgO
layer, as illustrated in Fig. 1(d). We also calculate the spatial
average of electric field magnitude (| E|) throughout the MgO
layer, normalized to the incident electric field (red curve
in Fig. 1(c)), with its peak around the wavelength of the
peak absorption. Therefore, one can use either the absorption
coefficient or the normalized | E| average in the MgO layer to
determine the resonance in the design process. In the rest of
the manuscript, we use the absorption coefficient to define
resonance. The strong field localization in the MgO layer
caused by the LSPR resonance helps enhance the change in
the OR voltage due to the memory state change modeled as
a material change in the MgO layer. Further details regarding
the modeling of each memory state and calculation of Vppr
are presented in the following section.

III. CALCULATION OF OR VOLTAGE IN STT-RAM ARRAY

Calculation of the OR voltage across each STT-RAM cell
can be performed by adopting the formulation derived in [17],
where the OR voltage for each cell is calculated as the time
average of the photo-induced voltage (DC voltage) along z
direction:

1
OM

dz

Vor —
A.(z)

| [ asEEiE@m)
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Here, n©) is the zeroth-order electron density in the metal
layers, q is the electron charge (1.6 x 10719 C), a is the
polarizability of the metal layer across which the voltage is
induced, and ap is the real part of it. A,(z) is the cross
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Fig. 2. (a) Calculated OR voltage for memory cell in STT-RAM array

without taking the memory cell state into account (b) Calculated OR voltage
change with the state change of memory cell for the STT-RAM array
(STT-RAM array dimensions p = 200nm, d = 100nm, tpy = 60nm,
icoreB = 0.9nm, tMgo = 2nm, t = 100nm, laser incident peak power of
3kW and illumination beam spot size of 20 um x20 um).

section of the metallic structure in xy plane at each z location,
and 7(z) is an outward unit vector perpendicular to the metal
surface at each z location. Finally, E(z) is the complex
optical electric field vector, and E(z~), is the component
of it perpendicular to the metal surface at a depth equal
to Thomas-Fermi screening length of the metal (I7r). For
calculation of Vpgr in one unit cell of STT-RAM array using
equation (1), we use COMSOL Livelink with MATLAB to
define several cut planes across the metal layers and capture
the electric field data on them after running the numerical sim-
ulation and post-process it afterwards. For calculations in this
paper, we use n©® = 59%x10%8m3 for Au, from which we
)]

calculate its screening length as I7F ~ % (—0)) = 0.583 A,

n(

where aq is the Bohr radius [28], [29]. For CoFeB, we use
n©® = 17 x 102 m=3 and I7F = 1.3 A, approximating by
the parameters for Fe [30]. This is a reasonable approximation
for the case of CoxogFegoB2g, which is one of the generic forms
used in MTJ structures, mostly consisting of Fe [31].

To show the plasmonic enhancement of the Vor in each
memory cell of the STT-RAM array, we use equation (1)
to calculate Vor versus wavelength for one unit cell of the
STT-RAM array with the same dimensions as mentioned
in section II. We note that this calculation is performed
assuming a pulsed laser with peak power of 3kW and a
beam area of 20 um x 20 um illuminating the STT-RAM array.
Fig. 2(a) includes the result of such calculation, where Vogr
reaches its maximum (Vor max) at the wavelength of plasmonic
resonance at around 1.5 um, confirming the contribution of
such resonance in increasing Vog.

Memory readout can be performed if we distinguish the
state of the memory cells by using the OR voltage. To quantify
this, we introduce the effect of memory cell state into our
model by assigning a conductivity value to the MgO layer
for each memory state. This is a valid assumption, since the
conductivity values we use for STT-RAM in this manuscript,
are more than three orders of magnitude smaller than the
conductivity of CoFeB and Au [32], [33]. To calculate the
MgO conductivity for each state (AP vs P), we use mea-
surement data from [34], which reports values of resistance
area (RA) product and tunnel magnetoresistance (TMR) ratio
for a fabricated STT-RAM cell as RA = 2.9Qum? and
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TMR = 165%, respectively. Considering the 2nm thick-
ness of the MgO layer in our model, the conductiv-
ity assigned to MgO for parallel state would be op =
tMgo/RA%690S.m_1. Using this and TMR = (op —
oap)/oap, the MgO conductivity for anti-parallel state is
calculated to be o4 p &~ 260 S.m~!. By using these conductivity
values for the MgO layer in our simulations, we calculate
the OR voltage change caused by the memory state change
(AVoR). The results are presented in Fig. 2(b), where the peak
voltage change of the memory cell is AVoR, max ~27.26 4V.

We can calculate the maximum potentially achievable mem-
ory readout rate for the designed STT-RAM array using the
calculated AVpr value. Since PLDE is an extremely fast
phenomenon (femtosecond scale) [35], it can easily respond
to an incident laser with MHz-range pulse repetition rate.
Howeyver, to calculate the readout rate, one should consider the
maximum laser pulse repetition rate allowed for differentiating
between the two states of the memory cell and multiply it
by the number of memory cells for which the readout is
performed for each laser pulse. The maximum allowable laser
pulse repetition rate can be calculated using the value of
AVor obtained from the simulations, the noise equivalent
power (NEP) of the system, including the noise from the
readout circuit and the MTJ thermal and magnetic noise,
and the desired signal-to-noise ratio (SNR) for the output
signal. Using the calculated value of AVpor and knowing
the NEP of the system and the desired SNR at the output,
the maximum allowable repetition rate of the pulsed laser can
be determined by calculating the required detection bandwidth

for detecting the voltage change as BW = S}\+R %‘EO;}

Considering the 20 umx20 um spot size and the unit cell
period of 200nm in our design, the proposed method can
perform parallel activation of 10000 memory cells per laser
pulse for the designed STT-RAM array. This may potentially
contribute to a high memory readout speed. However, one
should note that there will be limitations from the electronic
circuit in the system in terms of maximum number of cells that
can be measured in parallel due to the total noise performance
of the system. In this manuscript, we focus on the optical
rectification and its potential application to parallel activation
of STT-RAM cells for fast read out. Hence, without making
assumptions regarding the N E P value and maximum number
of cells that can be electrically measured in parallel per laser
pulse, here we focus on plasmonic enhancement of AVor
and its contribution to the potentially achievable readout rate.
For the designed STT-RAM array, such enhancement occurs
around 1.5 um wavelength, shown in Fig. 2(b), providing a
288-fold increase in the potentially achievable readout rate
compared to the off-resonance case of 1.3 um wavelength.

IV. IMPACT OF DIMENSIONS ON OR VOLTAGE

To increase VoR, i.e. the potentially achievable readout rate,
further, one can increase the incident peak power or engineer
the STT-RAM dimensions. To demonstrate the impact of the
power, we increase the incident power while keeping the illu-
mination area the same, which means an increase in the
incident intensity. Using the model explained in the previous
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Fig. 3. Effect of changing the incident peak power upon the STT-RAM 4y Apsorption peak and resonance wavelength (b) Maximum OR voltage

array on (a) Maximum OR voltage across each memory cell for parallel and
anti-parallel memory states (b) Maximum OR voltage change with the state
change of memory cell (STT-RAM array dimensions p = 200nm, d =
100nm, tay = 60nm, tcope = 0.9nm, MgO = 2nm, t = 100nm,
illumination beam spot size of 20 um x20 um).

section, Vor, max for different values of incident peak power
is calculated for each state of the memory cell (Fig. 3(a)).
The results show a linear change of VoRr max versus the
incident peak power. Such linear behavior is expected from
OR effect and is consistent with the results provided in [36].
The results of our calculation also show a linear trend in
changes of AVoR max While increasing the incident peak
power (Fig. 3(b)). This in turn creates a quadratic trend for
the potentially achievable memory readout rate, since it is
proportional to square of AVOR, max-

Changing the dimensions of the STT-RAM array affects
the strength of the aforementioned LSPR mode. This changes
the values of VoRr, max. To study the effect of STT-RAM
dimensions changes on the OR voltage, we fix the incident
intensity to 3 kW divided by the spot size (20 um x20 um).
The main design dimensions are the cell diameter (d), thick-
ness of the Au nanodisc (a,), and the unit cell period (p). For
all the studies performed in this section, we fix the thickness
of the Au plane to + = 100nm which is much larger than
the Au skin depth, and thickness of the CoFeB layers and the
MgO layer to tcore = 0.9nm and tmgo = 2nm. We note
that the thickness of the CoFeB layers and the MgO layer
cannot be changed much, since they should stay in the typical
range for efficient operation of the STT-RAM cells. However,
since an asymmetry in the structure is shown to be a source of
enhancement of OR voltage [17], at the end of this section we
also study the effect of slight changes in the thickness of one
of the CoFeB layers. This is to see if relative improvement
in AVOR, max can be achieved by the additional asymmetry
created.

Changing the unit cell period of the STT-RAM array
(p) has a direct effect on the efficiency of excitation of
the plasmonic mode. By increasing p, the fill factor of the
nanodiscs in the unit cell decreases, which results in a smaller
peak absorption coefficient, as Fig. 4(a) shows (red curve).
In addition, the resonance wavelength does not change with
changing p, for values larger than a critical p value (the blue
curve in Fig. 4(a)). This supports our claim that the excited
plasmonic mode is an LSPR mode. Only for the case of
p = 150nm, a slight red-shift in the resonance wavelength
occurs, which is caused by the slight optical coupling between
the memory cells. From memory readout point of view, our
interest is in evaluating A Vor, max in each memory cell, merely

change caused by the state change in each memory cell, and normalized
AVOR, max by the unit cell area (STT-RAM array dimensions d = 100 nm,
tau = 60nm, tcopes = 0.9nm, t\go = 2nm, t = 100nm, incident peak
power of 3kW and illumination beam spot size of 20 um x20 um).

caused by the state change in that same cell, without being
affected by the memory state of the adjacent cells. Therefore,
a larger value of period should be selected to avoid such
coupling.

Although the absorption peak decreases by increasing
p, which means weakening of plasmonic resonance, larger
AVOR, max Values are observed for larger periods. This is
because in our simulations, the incident intensity stays the
same, as mentioned earlier. In other words, the incident power
per unit cell is larger for a larger period, which in turn
increases AVoR, max (blue curve in Fig. 4(b)). To show this,
one can normalize the value of AVoR max to the unit cell
area, where a reducing trend with the increase of the period
can be seen (green curve in Fig. 4(b)). On the other hand,
increasing p leads to a smaller number of STT-RAM cells
being illuminated at a time, since we assume a fixed beam
spot size for our calculations.

The cell diameter (d) in the STT-RAM cell is the major
decision-maker for the resonance wavelength, where increas-
ing it results in a red shift (Fig. 5(a)). This is expected,
since d determines the extent of confinement of the optical
field in y direction, which is the major field component
of the LSPR mode. Furthermore, an increase in d leads to
a stronger plasmonic resonance (shown by absorption peak
increase in Fig. 5(a)), which is due to larger fill factor of the
nanodiscs. On the other hand, it also increases the cross section
area of the nanodiscs, which has a reducing effect on Vor, max.,
according to equation (1), where the cross section area is
in the denominator. These two contradictory effects result in
smaller AVoR, max values for cell diameters larger and smaller
than an optimal value (d = 100nm as shown in Fig. 5(b)).
Similar trend is expected for the potentially achievable readout
rate.

Changing the Au nanodisc thickness (fay) has an effect
on the excitation of the LSPR mode as shown in Fig. 6(a),
where a larger absorption peak can be observed for larger
fay values, meaning a stronger plasmonic resonance. This
increasing trend slows down as 74, becomes larger. In addition,
for taoy values smaller than a critical value (60 nm), a red shift
in the resonance wavelength occurs (blue curve in Fig. 6(a)),
which is due to the skin effect of gold. The enhancement of
plasmonic excitation by increasing fa, causes an increase in
AVOR, max, While it follows a similar trend as the absorption
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Fig. 5. Effect of changing the cell diameter of STT-RAM array on
(a) Absorption peak and resonance wavelength (b) Maximum OR voltage
change caused by the state change in each memory cell (STT-RAM array
dimensions p = 200nm, tpy = 60nm, icopep = 0.9nm, ivgo = 2nm,
t = 100nm, incident peak power of 3 kW and illumination beam spot size
of 20 umx20 pum).
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peak. This is shown in Fig. 6(b), where the AVor, max value
converges to ~31 uV for tpo, = 105nm.

Finally, we study the effect of changing the thickness of
one of the CoFeB layers, to see if the asymmetry caused
by it can provide further enhancement of AVoRr, max. To do
so, we slightly increase the thickness of the top CoFeB layer
(tcoFeB, top) from 0.9nm to 1.8 nm (staying in the range of
typical CoFeB thicknesses for STT-RAM), while fixing the
thickness of the bottom CoFeB layer at fcoFeB, top = 0.9 nm.
We calculate the absorption spectra as well as OR voltage
change for different values of 7copeB, top- The results are shown
in Fig. 7. A reduction of absorption peak is observed when
increasing fcoFeB, top» Which is due to the losses of CoFeB.
As the rest of the plots in Fig. 7 show, a thicker top CoFeB
layer causes reduction of AVoR, max, resulting in a decrease
in potentially achievable readout rate. This means that the
effect of losses introduced by the extra thickness of the top
CoFeB layer is dominant, and no enhancement of VOR, max
occurs by introducing such asymmetry in the structure. Similar
results are obtained when changing the thickness of the bottom
CoFeB layer while keeping the thickness of the top one
constant, which are not included here to avoid redundancy.

V. ADDING A TRANSPARENT ELECTRODE
LAYER TO STT-RAM ARRAY

Once the STT-RAM array dimensions are selected to obtain
a larger AVOR, max value, one also needs to consider the
impact of transparent electrodes that will couple the Vor

Fig. 7. Effect of changing the thickness of the top CoFeB layer of STT-RAM
array on (a) Absorption peak and resonance wavelength (b) Maximum OR
voltage change caused by the state change in each memory cell (STT-RAM
array dimensions p = 200nm,d = 100nm, tpoy = 60 nm, tCoFeB, bottom =
09nm, MO = 2nm, t = 100nm, incident peak power of 3kW and
illumination beam spot size of 20 um x20 um).

to the rest of the electrical circuitry. The photonics part of
the design is especially interested in the impact of electrodes
made of materials like ITO placed on top of the Au nanodisc
in the unit cell structure as shown in Fig. 8(a). The space
between the ITO layer and the Au plane at the bottom of
the memory cell is filled with SiO» to support the ITO layer.
As for the dimensions of the STT-RAM array, we choose the
set that provide the highest AVor max value based on the
results given in the previous section (listed in the caption of
Fig. 8). We use the ITO optical material data given in [37]
and set its thickness to 10 nm for our calculations here. Using
the calculated voltages for the two states of memory cell,
we obtain A VoRr, max for different wavelengths. For calculation
of the OR voltage across one memory cell, including the
voltage induced in the ITO layer, electron density and the
screening length of ITO are needed, which we set to n(® =
10> m™ and Itp = 1.4A [38].

Looking at the absorption spectrum of the structure and
comparing it with the previous case where no ITO and SiO»
are present (blue curves in Fig. 8(b)), a 30% increase in
absorption peak is calculated, which means a stronger plas-
monic resonance. This in turn increases the field localization
around the MgO layer, and results in further enhancement of
AVoRr. As it can be seen in Fig. 8(b) (red curve), the maximum
value of AVpr for this structure is ~41 uV, which is ~32%
larger than the case without ITO and SiO;. Through further
investigation of the data (results not included here), we have
verified that such enhancement is mainly due to the added
SiO; around the memory cell, and the ITO layer has a minor
effect, which is due to its small absorption. We note that
the plasmonic enhancement of A Vor is ~20 times compared
to the off-resonance wavelength of 1.3 um. This results in
enhancement of the potentially achievable readout rate by
more than 400 times.

It is important to mention that depending on how large
the laser pulse repetition frequency is, the 41uV voltage
difference achieved through our design can be too small for
the reading error to be negligible in practice. Typically, for a
reliable measurement given a MHz-range laser pulse repetition
frequency, the voltage difference should be in the order of
millivolts. By playing with the key parameters of plasmonics,
which are shape and dimensions, one can increase the voltage
levels. For instance, further increase of the OR voltage may be
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Fig. 8. (a) Schematic of STT-RAM array unit cell with added ITO electrode
and SiOy (b) Absorption coefficient of the STT-RAM array with and without
ITO and SiO; and the OR voltage change caused by the state change in each
memory cell of the STT-RAM array with added ITO and SiO, (STT-RAM
array dimensions p 200 nm, d 100 nm, tay 105 nm, tcopeB =
0.9nm, tygo = 2nm, t = 100nm, iro = 10nm, incident peak power of
3kW and illumination beam spot size of 20 um x20 um).

possible through implementation of other plasmonic structures,
such as nanodisc dimers and bowtie antennas and optimizing
their dimensions [20], [39].

VI. DISCUSSION AND SUMMARY

When it comes to memory readout in practice, in addition
to readout rate, it is important to study the possibility of
unwanted switching of the memory cells due to readout. Under
pulsed laser illumination, all-optical switching is known to
occur through the so-called inverse Faraday effect, where mag-
netic coupling is induced by using a circularly polarized light,
and thermal effects [40], [41]. In our case, we use linearly
polarized light for the proposed readout method, which cannot
create any magnetic moment to perform switching based on
inverse Faraday effect. For linearly polarized light, however,
thermal demagnetization can happen [42]. To estimate the
impact of laser-induced heating in our design, we perform
calculations based on illumination with a pulsed laser with
100 M H z repetition rate and 1 ps pulse width at 1550 nm.
Considering our previous assumptions of 3 kW peak power
and 20 um x20 um beam area, pulse energy would be 3 nJ for
a rectangular pulse (0.3 pJ per cell). With these assumptions,
we have performed a simplified numerical analysis using
COMSOL Multiphysics 5.6, assuming Au instead of CoFeB
and MgO layers in the cell structure shown in Fig. 8(a), using
a rectangular pulsed heat source assuming 100 percent of
the laser energy is converted into heat. Our model shows
that the temperature increase due to laser heating is about
13 K, which is much lower than the Curie temperature of
CoFeB thin film (728 K for a 1.1 nm-thick CoFeB film [43]).
This means that the laser illumination in the proposed readout
method is unlikely to demagnetize the free CoFeB layer in the
STT-RAM cell and deteriorate its magnetic state. However, for
an accurate estimate of the temperature, further study should
be performed for a rigorous modeling which accounts for
the effect of nanostructure shape, thermal resistance of the
material interfaces, heat dissipation to the surrounding media,
and transient dynamics of heating in the structure.

In conclusion, an opto-electronic readout method is pro-
posed for parallel readout of STT-RAM cells, to simplify
the readout circuitry without using conventional photodetec-
tors. In this method, a single optical beam is utilized for
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illumination of an STT-RAM array, where the photo-induced
voltage is assumed to be measured by conventional electronics.
Such memory readout is performed based on optical rectifi-
cation phenomenon, and enhancement of it is demonstrated
through excitation of a localized plasmon resonance mode.
Theoretical modeling of the structure is performed to calculate
the photo-induced voltage in each memory cell in the array and
the voltage variation with change of state in the memory cell.
The effect of incident peak power and changes in dimensions
of STT-RAM array on the photo-induced voltage and memory
readout rate is studied. Furthermore, addition of an ITO layer
as a transparent conductive electrode to facilitate probing
of the photo-induced voltage is suggested and studied. Our
model shows that in the proposed readout method, plasmonic
enhancement helps increase the potentially achievable readout
speed by more than 400 times.
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