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As one of the most promising next-generation memory technologies, phase change
memory (PCM) indeed shows a lot of advantages: high scalability, good compatibility
with current CMOS processes, lower power consumption, fast access time etc.
However, the large reset current is the critical problem which limits the application of
PCM [1,2]. In this paper, we propose an asymmetric structure for PCM cell which is
confirmed to be effective in decreasing the reset current based on our 3-dimentional
electric-thermal simulations using Finite Element Analysis method.

As shown in Fig.1, the difference between the asymmetric and T-type symmetric
structures is that, the upper opening and the bottom opening are not along the same
axis (the central axis of cell) any more in the asymmetric structure. Offset is defined
to be the distance between upper opening axis and the cell central axis. Fig.2 shows
the cross-section temperature distribution in symmetric and asymmetric cells. With
the upper contact opening offsetting, the phase change area deviates from the axis of
phase change hole and becomes near the upper opening. Simulation results show that
stimulated by same electric pulse, the peak temperature obtained in asymmetric cell
with 10nm feature size is higher than that in conventional symmetric one by nearly
40%. Compared both structures, the key point is that in asymmetric cell the current
path and heat dissipating condition are different from those in symmetric cell, which
leads to the remarkable improvement in the electric-thermal conversion efficiency.
Simulation results also suggest a proper offset value which is equal to the feature size
is necessary for obtaining best electric-thermal conversion performance in asymmetric
PCM cell.
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We present a theoretical description of spin-torque switching using AC and DC
spin-currents. Using this description we numerically calculate the spin-current
protocol which minimizes the energy cost associated with switching. This includes
calculations for the optimal AC spin-current strength and frequency, the optimal DC
spin-current pulse strength, and the optimal AC and DC switching times. We also
provide a general analytic formulation for the spin-current protocol which gives the
global minimum Joule heat loss for spin-current pulses composed of purely AC spin-
current, purely DC spin-current, and pulses which are composed of an AC spin-
current followed immediately by a DC spin-current. This gives rise to a well defined
range of parameters where each strategy minimizes the Joule heat loss, see Fig. 1. The
results of this optimization are compared with numerical simulations for specific
cases.
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Fig 1: Shows optima spin-current protocol type (purely AC, purely DC, and AC followed
by DC) as a function of the relative strengths of the easy-plane and easy-axis anisotropy

fields H,, / H,, and easy-plane and easy-axis spin-current polarizations 77, / 77, -
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Electric Control of Exchange Bias Training
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Voltage-controlled exchange bias (EB) is investigated in a Cr203(0001)/PdCo EB
heterosystem. Earlier [1], reversible, room temperature isothermal switching of the EB field
has been demonstrated in this system. Isothermal switching of EB is achieved when an
electric field, E, and magnetic field, H, are simultaneously applied such that E H overcomes a
critical threshold. The EB of the system arises from chromia’s electrically controllable
boundary magnetization (BM). BM is an equilibrium property which emerges at the surface
of magnetoelectric antiferromagnets. The BM couples to the bulk antiferromagnetic (AF)
order parameter and follows the latter during switching. Here we introduce two new
phenomena in electrically controlled magnetism, isothermal voltage-control of EB training
and the isothermal voltage-controlled gradual tuning of equilibrium EB. Voltage-pulses are
used to reverse the AF order parameter of magnetoelectric chromia, and thus continuously
tune the EB of the adjacent PdCo film. Voltage-controlled EB training is initialized by tuning
the AF interface into a non-equilibrium state incommensurate with the underlying bulk. As a
result, EB training, which originates from triggered rearrangements at the AF interface during
consecutively cycled hysteresis loops, can be tuned in a controlled manner between zero and
sizable effects. Fig. 1a shows the EB field for the first and last loop of training sequences at a
given electric tuning field. Large training effects are initialized at the critical switching field
while elsewhere training is absent. We quantify the training effect through best fits of our
Landau-Khalatnikov analytic expression [2] to the EB vs loop number as seen in Fig. 1b. The
E-field dependence of the fitting parameters is interpreted in terms of the hysteretic E-field
dependence of the AF order parameter. Interpretation of these hitherto unreported effects
contributes new understanding to electrically controlled magnetism.
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Figure 1: (a) EB field for first and last (solid and open squares) training loop vs. E (b) One exchange
bias training series. The initial and equilibrium EB values are also illustrated in (a). The solid line is
the best fit of the Landau-Khalatnikov expression
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X. Fong'*, and K. Roy

!School of Electrical and Computer Engineering, Purdue University,
465 Northwestern Ave, West Lafayette, IN 47907

Spin-transfer torque MRAM (STT-MRAM) is prevented from achieving its full
potential due to design issues that may be attributed to its bi-directional write current
requirement and shared read and write current paths [1]. Failure mitigation techniques
have been proposed [2]-[4] but they may become ineffective at scale MTJ
technologies due to different resistive characteristics [5] and asymmetries in MTJ
characteristics [6].

These design issues may be overcome by multi-terminal STT-MRAM (MTSTT),
such as the dual-pillar STT-MRAM (DPSTT, which decouples read and write current
paths [7]) and complementary polarizers STT-MRAM (CPSTT, which uses
complementary spin polarizers [8]), because they expand the design space of
STT-MRAM by adding one more terminal to the basic structure. MTSTT require two
access transistors (ATx’s) but the footprint of MTSTT bit-cells may be smaller than
conventional STT-MRAM after designing for process variations because each ATx in
MTSTT may be much smaller than the ATx in conventional STT-MRAM. For
example, the CPSTT (Fig. 1) based memory cell stores data in one free layer (FL) and
writes data by steering current through one of two complementary polarized pinned
layers (PL). Thus, ATx are never source degenerated and has unidirectional write
current unlike in conventional STT-MRAM. The availability of complementary
polarized PL’s allow the use of self-referencing differential sensing scheme that is
robust against process variations and has short sensing delays. Also,
content-addressable memory functionality may be implemented in CPSTT without
modifications to the memory cell due to its fully-differential nature. Our analysis (Fig.
2) shows that CPSTT memory cells may have up to 25% lower write power at
iso-write margin and cell area, improved sensing margins and read disturb failures.
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Fig. 1. (a) Write and (b) read operation principle of CPSTT memory cell and (c) the
peripheral circuitry for memory array operation. (d) Content-addressable memory (CAM)
implementations may be achieved using additional logic in the read sense amplifier, which is
shared along a column, without modifications to the CPSTT memory cell as compared to 6T

SRAM based CAM.
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Fig. 2. Numerical analysis using the parameters shown in the top left table shows that CPSTT
has better write power efficiency than 1TIMTJ STT-MRAM at iso-write margin (10%) and
iso-cell area (~0.1308pum’). (a) Sensing margin of CPSTT is about 2x that of 1TIMTJ while
(b) torque per read current is also lower in CPSTT.
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Phase change materials (PCM) based memory device is considered as one of the
most promising candidates for next-generation non-volatile solid-state memory [1].
The set and reset states in this device correspond to a low resistance and a high
resistance of the cell, which in-turn correspond to the crystalline and amorphous states
of the phase change material, respectively. The total resistance of a phase change
memory cell, however, consists of the resistance from the PCM and the interfacial
contact resistance of the PCM to the electrodes. Although a large amount research has
been done on characterization of PCM resistance, little attention is paid to study the
contact resistance. Here in this work, the contact resistance of Ge2ShzTes to titanium
nitride (TiN) electrode has been characterized in both set and reset states using a
nanowire structure obtained from spacer etch. This spacer etch is a novel technique
and can be used as a low-cost alternative to E-beam lithography for sub-hundred
nanometre nanowire fabrication. Unlike bottom-up technology, it is compatible with
current CMOS process and the geometry and location of the nanowires can be
precisely controlled. In this case it allows us make long structures with small contact
area to separate the resistive contribution of bulk and interface.

Three different lengths (20 um, 25 um and 30 pm) of GezSh2Tes nanowires with
same cross-section area (50 nm x 100 nm) were fabricated by space etching process.
A high-insulating silicon dioxide layer was first patterned by photolithography and
etched to form a step with a depth of 100 nanometers. A 100 nm layer of Ge2Sh2Tes
was deposited by sputtering and anisotropically etched using an ion beam, leaving a
spacer of GezSh.Tes next to the oxide structure (Fig.1a-1c). TiN electrodes with a
thickness of 200 nm were then patterned on both sides of the nanowire by lift-off
(Fig.1d). The electrical characterization reveals the resistivity of the as-deposited
Ge2Sh2Tes nanowire material to be 0.54 Q-m. The specific contact resistance between
the TiN electrode and amorphous Ge2Sh2Tes was extracted to be 9.37x10° Q-m?.
Then nanowires were then thermally switched to crystalline state with resistivity of
3.37x10™* Q-m and specific contact resistance of 7.07x10° Q-m?. Even for these very
long wires, the Rof/Ron ratio of 1.60x10% is partially determined by the contact
resistance (Fig.2). These results indicate that for real memory cell layout, the contact
resistance is the dominant factor in Ge2Sb2Tes phase change memory devices.
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In recent years, the spin pumping where the spin current is injected from a
magnetic material into a nonmagnetic material due to magnetization precession has
been intensively investigated [1, 2]. The processional magnetization induced spin
current from ultra-thin film of CoxoFegoB2o into Ta has been investigated. The
frequency spectrum of the output dc-voltage at magnetic fields of +200, £400, and
+600 is shown in Fig. 1(a) for a CoFeB thickness of 1.6 nm. As can be seen, by
increasing the bias magnetic field, the frequency of the ISH voltage peak position is
shifted toward the higher frequency which is consistent with the frequency response
of a ferromagnetic resonance (FMR). Furthermore, by changing the polarity of the
magnetic field, the polarity of the output dc-voltage altered which is in line with the
spin pumping measurements in Permalloy [3]. In addition, in contrast to the previous
report of the spin pumping characterization, the spin pumping at positive fields has
more than two times larger amplitude than the negative field. We further performed
the measurement at different magnetic fields for various thicknesses of the CoFeB in
MgO/CoFeB/Ta sandwich. The spin pumping frequency as a function of the magnetic
field is shown in the Fig. 1(b). It is clear that by reducing the thickness of the CoFeB
from 10 nm down to 1.6 nm, the spin pumping frequency shows a red-shift behavior.
Furthermore, interestingly the dependence of the frequency over the magnetic field
changes from a quadratic to a linear behavior. Our experimental results suggest that
the reduction of the effective demagnetization field due to the interfacial anisotropy is
responsible for the enhancement of the spin pumping nonreciprocal behavior and
frequency response of the spin pumping spectrum.
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Fig. 1: (a) The frequency spectrum of output dc-voltage measured at magnetic fields of +200,
+400, and +600 Oe for the device with a CoFeB thickness of 1.6 nm that annealed at 300° C.
(b) The frequency spectrum of the output dc-voltage at different magnetic fields for samples
with thickness of 1.6, 1.8, 2.0, 3.0, and 10 nm together with their corresponding curve fitting.

jpwang@umn.edu



2013 13™ Non-Volatile Memory Technology Symposium (NVMTS 2013)
Aug 12" - Aug 14", 2013, Minneapolis, Minnesota, USA
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tunnel junctions with perpendicular magnetic anisotropy
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Ultrafast spin transfer torque (STT) switching in the sub-ns regime is one of the
key issues for STT random access memory (STT-RAM). One of the crucial
limitations for ultrafast switching is the incubation delay induced by pre-switching
oscillation [1]. In this work, ultrafast spin transfer torque (STT) switching in an
in-plane MgO magnetic tunnel junction (MTJ) with 50 nm x150 nm elliptical shape
was demonstrated. Fig. 1(a) shows the R-H loop of a MTJ sample with 2.0 nm free
layer. The switching probability as a function of pulse width is plotted in Fig. 1(b),
where each curve represents the setting same pulse amplitude. The labeled voltage is
the pulse peak voltage on the device at the pulse duration corresponding to 50%
switching probability. We observed 50% switching probability at 165 ps and 98%
switching probability at 190 ps. Moreover, the switching probability curves were very
steep and did not display a switching probability plateau because of the half
precession period jitter as observed in some metallic SVs [1]. Furthermore, the
observed sub-200 ps switching implies that incubation delay did not occur as a result
of pre-switching oscillation.

The same switching probability measurement was also done for AP-P switching.
We plot the pulse amplitude versus pulse width at 50% probability in Fig. 1(c)
together with the breakdown voltage, which was measured from 20 MTJs’ breakdown
point with identical barrier thickness at various pulse widths. With the same applied
voltage, the current through the device in the P state is about twice the value in the AP
state due to the resistance difference in each state. Therefore, for P-AP switching
higher voltages can be reached, thus allowing shorter switching times, as shown in
Fig. 1(c).
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MRSEC. Authors also are grateful to the discussion and help from Drs. Pedram Khalili Amiri, J.A.
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Figure 1. (a) MTJ resistance versus magnetic field loop at room temperature. The red curve is
tested before switching probability measurement and the blue curve is obtained after switching
probability measurement. (b) Switching probability dependence on pulse width with various pulse
amplitudes on P-AP side. Each curve corresponds to the same setting voltage on pulse generator.
The inset figure shows the change in pulse shape from 100 to 400 ps with the same setting
amplitude. Because of the pulse peak attenuation, the labeled voltage in figure 1(b) is the peak
voltage at the pulse duration corresponding to 50% switching probability. (c) Pulse voltage as a
function of pulse width at 50% switching probability for AP-P and P-AP switching. And the
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Experimental Confirmation of Spin filtering

Interface-Resistance
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Spin Transfer Torque Magnetic Random Access Memory (STT-MRAM) using a
magnetoresistance (TMR) effect in magnetic tunnel junctions (MTJs) has offered
promising application potential as next-generation non-volatile memory. In an
epitaxial Fe/MgO/Fe(001) MT]J, for example, the MgO barrier does not only pass less
spin polarized states with As(pd), A2(d), A2 (d) symmetries among the Bloch states of
electron in Fe (001) electrodes but also perfectly spin polarized states with A1 (spd)
symmetry due to the coherent tunneling [1]. Recently, Autés et al. have predicted by
first principles calculation that MR ratio of Fe/Ag/MgO/Fe(001) MTJ is periodically
enhanced as a function of Ag layer interlayer thickness between positive values in
excess of 2000 % and negative values of the order of -100 % [2]. Furthermore, the
spin-polarized current can pump enough energy into magnetic layer due to spin
filtering, which would reduce the current density for magnetization switching due to
the improvement in spin transfer torque efficiency. This prediction shows clearly why
we focus on spin filter effect using combination between Fe and Ag layers. Although
our epitaxial structure design is that for current-perpendicular-to-plane giant
magnetoresistance (CPP-GMR), which consisting of two ferromagnetic layers (F) and
one nonmagnetic (N) interlayer, it remains an excellent model easily to understand for
spin filtering from asymmetric transmission probabilities of spin-up and spin-down
electrons as Fe(001)/Ag interface. Remarkably large ARA values of > 4.2mQ pm? at
te =5 nm (AR|~8mQ um? ART~ImQ pm? and AR*gn~2.2mQ um? against
theoretical values of 13mQum?, ImQum? and 3.5mQum?, respectively) and MR ratio
of 25 % was obtained from combination of high spin asymmetries and enhanced
interfacial specific resistance in CPP-GMR devices even by using conventional FeCo
alloy and Ag spacer with a thin Fe insertion layer between F and N layers. The
improvement of ARA values of 6 mQ pum? was also obtained from inserted four thin
Fe layer in our CPP-GMR device. We also experimentally investigated the variation
of interfacial resistance (ARrn, AR ) and y v as a function of Fe concentration for
FexCow0x/ Ag interface which is to pave the way for better understanding from
comparing with prediction findings at that interface [3].
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Table. 1 Spin dependent interface resistance

Be 1 F (nm) AR|mQum?) ARTmQum?) Ve AR x(mQum? AR; _\.{mQqu)
b 82 12 3.14 0.34 081 030 0.87
“;111?; ?S?;;frn 082 12 798 108 0.84 0.65 2.17
ot Guag  (unknown) 12.86 1.07 085 097 3.48

Figure 1. The table shows the spin dependent resistance at interface. The upper portion of the
table is our calculated results from modified valet and Fert theory with asymmetric small
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Spin Transfer Torque Programming and Clock Field Effects

for Dipole Coupled Nanomagnetic Arrays

A. Klemm?, , J. Harms!, A. Lyle!, D. Martens?, J.P. Wang**

'Electrical and Computer Engineering Department, University of Minnesota, 200
Union Street SE, Minneapolis, MN 55455
’MRSEC REU Student

Limitations in complementary metal-oxide-semiconductor technology, such as
scalability and power consumption, are increasing the demand for new technologies.
One approach is magnetic quantum cellular automata (MQCA) [1,2], which utilizes
dipole coupled nanomagnets. Recently, magneto-resistance (MR) read out[3] has been
demonstrated. In this study, we demonstrate spin transfer torque programming of
individual dipole coupled nanomagets [4,5], as well as investigate the effects of the
clock field and dipole field on STT programming, both of which are essential to
demonstrating future logic functions, such as the majority gate.

Magnetic tunnel junction pillars were fabricated that were 50nm X 80nm with top
contacts of 50nm or 130nm wide to contact either one or two pillars to study the
clocking field. LLG Micromagnetics Simulator(TM) was used to simulate STT
switching of the dots.

A magnetic field was used to set the initial state of the magnets followed by a pulsed
hard axis clock field to assist with STT programming of the dots. Two cases were
considered. The first case is contacting a single dot and the second case of contacting
two dots for the purpose of studying the dipole interactions. In the single dot case, the
dipole field from neighboring dots reduced the switching current. For the case of
contacting two dots, the dipole field from the neighboring dots counteracts STT
switching, and the required current for switching more than doubled. We
demonstrated the amount of current needed to STT program individual devices with
and without a clocking field, and the effect of spacing and number of elements in an
array on the required current for programming.

Determining the current and clock field values is imperative for proper operation.
This information could be used to aid with the demonstration of STT programming
gates and computation by STT switching individual inputs to see a corresponding
change in output. The experimental demonstration of an electrical based 1/O is a
significant advancement toward applications of MQCA logic devices as it will allow
easier integration with current technologies.

This work was supported partially by the MRSEC Program of the National Science
Foundation under Award Number DMR-0819885 and NSF ECCS (0702264) Parts of
this work were carried out in the Characterization Facility, University of Minnesota,
which receives partial support from NSF through the MRSEC program.
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Voltage Controlled Magnetic Tunnel Junction Based Logic

Architecture

A. Lyle, S. Patil, J. Harms, X. Yao, A. Klemm, D. Lilja, and J.P. Wang*

Electrical and Computer Engineering Department, University of Minnesota, 200
Union Street SE, Minneapolis, MN 55455

Magnetic tunnel junction (MTJ) based logic devices are an attractive technology
since they are non-volatile, high speed, high density, reprogrammable, and have been
successfully integrated with CMOS in commercially available Magnetic Random
Access Memory (MRAM)[1,2]. A significant amount of reprogrammable logic
circuits based on magneto resistance (MR), MTJ and giant magneto resistance (GMR),
have been proposed and demonstrated which realized the primitive Boolean logic
operations[3] and more advanced components such as hybrid flip-flops[4] and full
adders[5]. However, these previous circuits required every MR element to be read
using a sense amplifier. Then the information is passed on to the next stage of
circuitry. The need for this intermediate circuitry hinders fan-out function, adds
integration complexity, power consumption, area and delay overheads to logic
modules.

In this study, we have designed and fabricated a multiple MTJ based logic circuit

which computes logic functions while transferring the data to the next logic gate
without an intermediate sense amplifier. This MTJ logic circuit can perform
Majority, AND, OR, NAND, and NOR operations using spin torque transfer (STT)
switching[6,7]. We supplemented the experimental demonstration with SPICE
simulations of the MTJ circuit. Simulations verified that fan-out to multiple outputs
can be realized using CMOS current mirrors and compared MTJ and SRAM based
circuits[8,9].
This work was supported partially by the MRSEC Program of the National Science
Foundation under Award Number DMR-0819885 and NSF ECCS (0702264) and the
DARPA Non-\Volatile program. Parts of this work were carried out in the
Characterization Facility, University of Minnesota, which receives partial support
from NSF through the MRSEC program
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Fabrication independent from lithography resolution for

lateral phase-change random access memory

T. Lan%?, J. Zhou> 2, W. L. Zhou*2*, X. S. Miao*2

! Department of Electronic Science and Technology, Huazhong University of Science
and Technology, Wuhan 430074, China
2Wuhan National Laboratory for Optoelectronics, Wuhan 430074, China

Abstract: Phase-change random access memory (PCRAM) is a promising
candidate for the next-generation nonvolatile memory. Since PCRAM with smaller
feature sizes can usually achieve much better performance, many fabrication
processes have been proposed to scale it down. Different from the most of these
processes which relied on particular costly high resolution lithography, we proposed a
cost-effective process based on angle evaporation to fabricate nanoscale lateral
PCRAM. PCRAM cell with feature size of 80 x 100nm were obtained although the
resolution of the lithography machine in this process was 1um. Their performance is
comparable to reported high-cost method. We successfully demonstrated a
cost-effective scaling down route for PCRAM cell.
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Design of a High Speed and Low Power Sense Amplifier for

Magnetoelectric Random Access Memory (MeRAM)

Hochul Lee'*, J G Alzate?, P Khalili Amiri®, K L Wang

!Electrical Engineering Department, University of California, Los Angeles, CA 90095,
USA

Spin-transfer torque (STT) is a revolutionary mechanism to switch the states in
magnetic tunnel junction (MTJ) devices, and the solid state magnetic memory which
uses STT is one of the most promising candidates for commercialization in next
generation products. However, its current based write method still requires a large
amount of power, limiting the ultimate density [1]. Recently, the demonstration of
voltage-induced magnetization reversal has opened a possibility to replace STT by
electri-field pulses, giving rise to MeRAM as an emerging memory technology with
an unparalleled write energy-efficiency any other non-volatile memories [2].

In this paper, a high speed and low power sense amplifier for magnetoelectric
random access memory (MeRAM) is proposed. The sense amplifier circuit is
designed based on TSMC 65nm technology and a Verilog-A based compact model for
MeRAM which includes both models for current-induced (i.e. STT) and
voltage-induced (i.e. VCMA) control of magnetization. The key point of the proposed
sense amplifier is that read and write operations are optimized for high speed and low
power by utilizing the highly energy-efficient voltage-induced toggle switching
mechanism in MeRAM.

While STT switches MTJ states by changing the direction of critical current, in
case of the toggle switching in MeRAM, its MTJ states always change after a voltage
pulse of the right condition, imposing additional challenges for writing process. By
using the proposed sense amplifier shown in Fig. 1, we are able to handle the toggle
feature and execute write operation in such MeRAM bit with high energy efficiency
(<101J). In order to write MTJ, the sense amplifier compares the data stored in MTJ to
the new data. If both data are different, the sense amplifier gives a write pulse to MTJ
to switch MTJ state. When the data stored in MTJ and the new data are same, the
sense amplifier does not apply write pulse to MTJ, and MTJ remains previous state.

Read operation time is 7ns, and MTJ consumes 1.6uA and 3.3uA in case of
anti-parallel and parallel state, respectively. These small sensing current is favorable
in terms of not only power but also data retention [3]. During the write operation, we
use 1.2V write pulse for 1.2ns, and maximum 9.8uA current flows MTJ, which is 50
times smaller than that of STT-RAM. Furthermore, if the data stored in MTJ and the
new data are same, the circuit does not consume write power. The proposed sense
amplifier maximizes the advantages of MeRAM, low power and high speed, and
guarantees reliable circuit functionality with handling toggle feature of MeRAM.

* Corresponding author: email: chul0524@ucla.edu
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Improved Memory Window of MONQOS Capacitor Memory
with GAON as Charge Storage Layer
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Trap-based MONOS nonvolatile memory has been rapidly developed due to its
compatibility with high-density CMOS technology. GdO is considered as a promising
gate dielectric candidate and its memory properties have been investigated and
reported [1]. In this work, the nitrided GdO is prepared and compared with GdO as
charge storage layer (CSL) to demonstrate validity of nitrogen incorporation into GdO
for improving the memory characteristics. Fig. 1 is the TEM images of the fabricated
MONOS capacitor memory with a stacked gate structure consisting of 2.5-nm thermal
SiO; as tunneling layer, 6-nm high-k GAON or GdO as CSL (deposited by reactive
sputtering of Gd20sin Ar/N. or Ar ambient respectively), 13-nm Al,Oz as blocking
layer (deposited by ALD method), and Al evaporated as gate electrode.

Experimental results in Fig. 2(a) indicate that the GAON sample exhibits a large
memory window of 7.7 V, 5.5 V and 3.1 V at P/E voltages of 15V, £12 V, and £8 V
respectively, indicating that a large quantity of electron traps with deeper levels could
be generated by the N incorporation, giving high electron trapping capability. In Fig.
2(b), the GAON sample exhibits a large memory window for the initial 100 ps,
indicating high P/E speeds, and then the window gradually reaches saturation,
demonstrating the stability of the program/erase states. For the GAO sample, larger
negative shift of Vrg than that of the GAON sample in erasing state indicates that there
could be more pre-existing hole traps in CSL, making excess holes injected during
erasing [2]. So, it can be suggested that the GAON CSL is beneficial to suppressing
the over-erase phenomenon (probably due to role of nitridation). The gradually
increasing trend of the erasing window with P/E cycles (Fig. 2(c)), which results in
little degradation of memory window after 10° P/E cycles, could be due to
newly-generated deep hole traps near the interface induced by the stress during the
P/E operation [3]. For the retention properties, the GAON sample has a larger initial
memory window of 5.6 V and an extrapolated 10-year memory window of 2.3 V, as
compared with 3.0 V and 0.8 V of the GdO sample respectively (Fig. 2(d)). The large
degradation rate at program state implies that those electrons trapped at the shallower
levels near the GAON/SIO: interface are easier to leak out through the thin tunneling
layer. It is expected that improved retention characteristics could be obtained if a
suitable dual tunneling layer of high-k/SiOz is incorporated in the device.
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Analysis of Multilevel Capability of a Filamentary Resistive

Memory Cell
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Conductive bridge random access memory (CBRAM) is being extensively
explored as a promising candidate for the next generation nonvolatile memory [1]. The
resistive switching of CBRAM devices is based on the electrochemical formation and
rupture of a metallic nanofilament. The multilevel cell (MLC) can be implemented by
controlling the ON-state resistance (Ron) of CBRAM. The Ron—lcc relation is
universally wvalid for numerous anode/electrolyte/cathode material systems.
Remarkably, the Ron dependence on Icc spans two physical regimes based on electron
tunneling and radial growth mechanisms [2], [3].

The Ron—Icc plot of MLC is shown in Fig. 1 for our Cu/TaOx/Pt devices. The data
are fitted by Ron = 0.17/Icc, in which the voltage constant K is 0.17 V. After the
compliance current is reached, the voltage across the filament Vcr drops abruptly to a
value significantly lower than Vser and is determined by the final resistance of the cell
Ron. This experimental observation implies that there is a minimum voltage V =
IccRon below which the filament growth comes to a halt. Fig. 2 shows the SET
voltage dependence on the voltage sweep rate v. The linear increase of Vser on In(v) is
only valid for large enough sweep rates. When v is less than 0.01 V/s, the SET voltage
stays more or less constant and a minimum SET voltage is reached. Comparing this
minimum Vser to the voltage constant in Fig. 1, we find K =Vsgrmin)=0.17 V. This
circumstance is universal to all Ron = K/lcc relations in resistive switching cells
reported in literature [4]. The constant K corresponds to the saturated SET voltage,
below which the device cannot be switched ON in a reasonably long time.

The domain of validity for the Ron—Icc relation has also been identified. Once the
lower resistance limit Rmin is reached, the voltage drop on the filament cannot support
further decrease of Ron. Here Rmin comprises the resistances of filament, electrodes,
contacts, and interconnects. The limitation implies that the Ron—Icc relation can be
justified only for lcc < K/Rmin and not for arbitrarily high Icc. The measured lower
bound of Ron on our Cu/TaOx/Pt devices is several hundred ohms. Therefore the
device resistance saturates for the compliance current above 1 mA instead of following
the K/Icc behavior. This constitutes a critical constraint for the design and operation of
a multilevel cell.
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A Serial Load Circuit Model for Low Resistance State in

Resistance Switching Memory

Yang Lu?, Xiang Yang' and I-Wei Chen'”
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Resistive random access memory (RRAM) stores “0” and “1” through two different
resistance levels: high resistance state (HRS) and low resistance state (LRS). It is regarded as
a promising candidate for the next generation memory technology capable of excellent
memory performance such as fast switching speed, low operating voltage and high density
3D integration [1]. In applications, an extraneous load resistance is often utilized to protect
RRAM from hard breakdown and to control resistance values [2]. An easily adjustable,
sufficiently large LRS resistance (Rirs), which includes the load resistance, is generally
required to achieve low power consumption and uniform device performance. Although
several models have been proposed to elucidate the LRS characteristics during switching
[3-4], there is still a need for a simple relation that predicts Rirs as a function of applied
voltage and load. In this work, we present a serial load circuit model for such purpose. The
model divides Rirs into three parts: film resistance, internal load (including bottom electrode
resistance Rpe and spreading resistance Rs) and external load Rex. To validate the model,
four-point and two-point measurements with and without an external load are performed on a
recently developed nanometallic RRAM [5], and fittings are performed for all the data with
the same model parameters. Comparison of the two-point and four-point resistance reveals an
Rs that is area insensitive (Figure 1a). Meanwhile, Rex is found to efficiently tune the
nanometallic film resistance over many orders of magnitude (Figure 2a). Model fitting of the
voltage and Rex dependence determines Rpe and confirms a constant switching voltage V*
(Figure 1b) [6]. With these parameters known, the model can correctly predict Rirs as a
function of voltage and Rex (Figure 2b). Because of the tunability of film resistance, at large
voltages Rirs asymptotically approaches the total load, Rye + Rs + Rex, Which has a weak size
dependence. The model can be easily applied to explain multi-level switching without current
compliance and to interpret LRS characteristics of other types of RRAM. It also provides
design and operation guidelines for nanometallic RRAM devices.
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Spin-Transfer Torque Switching Above Room-Temperature

Hui Zhao, Yisong Zhang, Andrew Lyle, Yang Lv and Jian-Ping Wang

Dept. of Electrical and Computer Engineering, University of Minnesota, Minneapolis

The temperature dependent spin transfer torque (STT) switching measurement is
crucial for spin transfer torque random access memory (STT-RAM) application since
the device works in a heated environment. In this work, we investigate the MgO MTJ
performance from 25 °C to 80 °C. The particular temperature range is chosen to
imitate the real working environment of STT-RAM application. The thermal stability
and critical current density are studied. In particular, we report the STT switching
current mean and distribution from 1 ns to 0.1 s at various temperatures. The effect of
the environmental temperature on critical current highly depends on the switching
time due to different switching mechanisms. Critical current reduction with
temperature is only found in long pulse regime (>1us) caused by thermal activation
switching. The distribution of critical current does not have strong dependence on
temperature, but increases rapidly with the decrease of switching time.

Figure 1 (a) and (b) show the critical current density value at 50% switching
probability in the short time regime and long time regime, respectively. It’s clear that
in the ns time scale, the critical current densities at three temperatures overlap with
each other, while in the long time regime (>1us), there is an obvious critical current
density reduction with the increase of temperature. The longer the switching time, the
more the critical current decreases. The result verifies the classic STT switching
theory. In the long time regime, the free layer reversal happens by STT assisted
thermal activation. Therefore, the environmental temperature has more contribution
during thermal agitation. On the other hand, in the short time regime, it’s a dynamic
precessional switching process determined by the spin momentum transfer through
STT, relatively independent from environmental temperature. We also estimate the
thermal stability factor at three temperatures by the data in Fig. 2(b) according to Ref.
[1]. The fitted thermal stability factors are 47 (at 25°C), 46 (at 50°C), and 41 (at 70°C)
for Sample A and 32 (at 25°C), 30 (at 50°C), and 28 (at 70°C) for Sample B.

The measured 100 ms, 10 us and 10 ns STT switching probability CDF curve of
Sample A under three temperatures are shown in figure 2 (a). The derivative of CDF
curve, the probability density function (PDF), are plotted in figure 2 (b). Here we can
see not only the median point of critical current density reduces with the increase of
the temperature as mentioned before, but the whole switching PDF also shifts together
to the left when the sample is heated. And this shift is more obvious for long pulses
too. The width of the switching PDF keeps almost constant at all temperatures. The
switching PDFs are fitted according to Ref. [2], indicated by the solid curve in figure
2 (b). The mean and standard deviation (1c) of critical switching current in Sample A
from 10 ns to 0.1 s are summarized in figure 2 (¢) and (d). The standard deviation
increases dramatically as the pulse width reduces. We can also see that the decreased
energy barrier, as a result of elevated environmental temperature, has more impact on
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determining the median point rather than the variation of critical current in the long
pulse regime.
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Reactive molecular dynamics of switching in conductive

bridge random access memory

N. Onofrio'*, D. Guzman?, A. Strachan?
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In the search of new memory devices, conductive bridge random access
memory [1] (CBRAM) have been of particular interest due to their low power
consumption, fast write/read capability, high endurance and scaling limits reaching
nanometers [2]. These devices consist of a metal-insulator-metal structure and
switch between high and low conductivity states with the application of voltage due to
the formation and dissolution of a metallic conductive bridge. We present the first
molecular dynamics (MD) simulations of switching in nanoscale devices based on Cu
as the active electrode and amorphous SiO2 electrolyte. The interactions between
atoms are described by the reactive force field [3] ReaxFF and the charges are
calculated self-consistently at each step of the simulation using the charge
equilibration formalism [4]. We developed a rigorous method to describe the voltage
applied between two electrodes via a modification of the atomic electronegativity in
the electrode atoms identified on-the-fly during the simulation via cluster analysis.

Our simulations described the ionic dissolution of the active electrode into the
solid electrolyte, the electric field-driven diffusion of the dissolved ions and their
electro-deposition into the inactive electrode. We observed the creation of (single and
multi) conductive filament growing sequentially from the active and/or from the
inactive electrode and we have been able to switch and open the devices (see
snapshots on Figure 1). Preliminary results suggest an avalanche effect in the copper
diffusion leading to the switching process. The mechanical stress on the solid
electrolyte is investigated as well as the localization of the growing filament.

These simulations provide key information regarding the atomic processes that
govern the formation and dissolution of the conductive filament and consequently
switching and we believe will eventually help in the design of improved devices and
in the assessment of their ultimate scalability.
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Fig. 1. Snapshot of a copper/a-SiOz(hidden)/copper device in its initial (left) and switched
(right) state (after 0.5 ns under 8 V potential). The separation between the tip of the active and
the inactive electrode is 1 nm.
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Investigation of dielectric for dual floating gate MOSFET
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Flash memories have been vastly studied to enhance program and erase
characteristics [1-2]. Similarly, one of the key issues of DRAM has been to overcome
leaky capacitor [3]. While several attempts have been made to improve the
performance of flash and DRAM separately, but an energy efficient circuit could be
realized where both of them are combined in a single transistor. In this regard, dual
floating gate transistors are seen as a potential memory candidate where the benefits
of reduced circuit area and computational architecture can be achieved [4]. Depending
upon the voltage applied to gate of the transistor, it can be used to store dynamic bit
and non-volatile bit simultaneously.

Dual floating gate MOS capacitors were fabricated with following gate stack:
n-Si/SiO2(7 nm)/TaN(4 nm)/IMD/TaN(4 nm)/HfAIO(21 nm), where IMD stands for
intermediate dielectric. TaN/W serves as gate. At lower gate bias, electrons from
bottom floating gate are injected into top floating gate, thereby reducing the flatband
voltage (Vrs), which corresponds to dynamic operation. Whereas at higher gate bias,
electrons from substrate tunnel into floating gates and get redistributed resulting in
increased Vg, which is equivalent of storing a non-volatile bit. Fig. 1 shows the
change in Vrs w.rt pulse voltage with various IMD of same equivalent oxide
thicknesses. Al>Os, which has higher barrier height and lower k-value, was observed
to show negligible dynamic window. This can be attributed to low dielectric thickness,
which fails to retain the charge on top floating gate after dynamic program. On the
other hand, HfO., which has relatively higher k-value, showed a narrow dynamic
window because of higher oxide thickness which limits the charge transfer between
floating gates. Interestingly, HFAIO showed higher dynamic window than HfO. and
Al>;0s. Al>O3 content of HFAIO provides suitable barrier height, whereas HfO> content
provides higher oxide thickness.

Following the results from MOS capacitor, dual floating gate transistor was
fabricated with 4.5 nm HfAIO serving as IMD. Fig. 2(a) shows the CV measurement
of the transistor at 1IMHz frequency. Anti-clockwise hysteresis is observed till +9V
sweep confirming dynamic operation of the device, whereas hysteresis is clockwise at
+15V sweep which shows non-volatile mode of operation. Fig. 2(b) shows the
increase in drain current after applying dynamic programming pulse at gate signifying
a reduction in threshold voltage (V) after the programming. Fig. 2(c) shows the IV
characteristics of the transistor for non-volatile programming and erasing. Significant
change in V7 is observed which is similar to conventional flash memories.

In conclusion, various dielectrics were investigated to find a potential candidate for
intermediate dielectric of dual floating gate MOSFET. Transistor was then fabricated
which showed to have dynamic and non-volatile bit storage capacity.

* Corresponding author: email: bsarkar@ncsu.edu
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SpinRAM as a Storage Class Memory

Alexander Shukh'*

1Spingate Technology, Minneapolis, MN 55378

Magnetic random access memory employing a spin torque transfer switching mechanism
and magnetic materials with perpendicular anisotropy (STT-MRAM) might replace DRAM
in the near future. Existing perpendicular magnetic materials suggest that STT-MRAM can be
scaled down to technology node F=8 nm. Functional samples of the STT-MRAM with
magnetic tunnel junctions (MTJ) of 20-30 nm in diameter were demonstrated recently [1, 2].
The demonstrated STT-MRAMs have 1T-1MTJ cell design and cell size predetermined by
area of the selection transistor that can be about 6F2. The STT-MRAM has a density and
endurance problems which are limited by a selection transistor and high density of a
spin-polarized current, respectively. Furthermore, there is an issue with an error rate.

The above problems can be solved by using proposed SpinRAM technology [3-5]. The
SpinRAM employs a hybrid write mechanism and 1T-nMTJ cell design. The hybrid write
mechanism utilizes a simultaneous application to MTJ of the spin-polarized current and bias
magnetic field directed along a hard magnetic axis of a free layer. The schematic view of the
memory cell employing the hybrid write is shown in Fig.1. Use of the bias current cannot
cause an increase of the write energy per bit due to a reduction of the spin-polarized current
and possibility to write simultaneously to several MTJs located along a biased line. Moreover,
the hybrid write mechanism can provides a substantial error rate reduction.

Fig.2 illustrates a schematic view of the 2D SpinRAM. It has a crossbar architecture with
selection transistors located along a perimeter of MTJ array. This architecture provides the
cell size of 4F2. The transistors can be built with larger technology node than that of the
MTJs to prevent their saturation during writing. The SpinRAM can be easily arranged into
3D-architecture. The 3D SpinRAM can effectively compete with NAND flash and hard disk
drives (HDD) for enterprise applications in density and price/bit. For example, the enterprise
HDD areal density of 500 Gb/in? can be achieved by 2D SpinRAM built with the technology
node F=18 nm. The 3D SpinRAM can provide the same density using two layers of MTJs
with F=25 nm. Number of the MTJ layers can be reduced twice by using multi-bit
perpendicular MTJ [6]. The SpinRAM represents a novel type of storage class memories.
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Tuning the Néel Temperature of Magnetoelectric Chromium

Oxide for Voltage-Controlled Spintronics

M. Street”, Ch. Binek
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Department of Physics and Astronomy and Nebraska Center for Materials and
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This research is part of an effort to utilize voltage-controlled boundary
magnetization in the magnetoelectric (ME) antiferromagnetic (AFM) material Cr203
for voltage-controlled ultra-low power nonvolatile magnetic random access memories
and spintronic device applications with memory and logical functionality. We exploit
the electric switchable interface magnetic moment of magnetoelectric antiferromagnets
[1,2]. The net magnetic moment at the interface can be useful to electrically manipulate
the magnetic states of an adjacent exchange-coupled ferromagnetic (FM) material [1].
Using a FM Pd/Co multilayer deposited on the (0001) surface of Cr20s, reversible,
room-temperature isothermal switching of the exchange bias field between positive and
negative values by reversing the electric field while maintaining a permanent magnetic
field has been achieved [1]. This FM layer acts as the state variable in a discrete logical
system. However, to use voltage-controlled boundary magnetization as a key spintronic
material for devices operating at room temperature, the Néel temperature Ty of the
magnetoelectric antiferromagnet must be increased substantially above the bulk value
of Tn =307 K of pure Cr20:s. First principles calculations show that substitutional boron
doping of Cr203 can increase Tn by roughly 10% per 1% O site substitution by B [3].
From this, we will attempt to boron dope Cr.Os samples via a gaseous molecular
decaborane (BioH1s4) background atmosphere. In this poster, we diagram the
characterization of pure chromium oxide grown on sapphire (0001) via pulsed laser
deposition (PLD). In addition we present results of our preparatory investigations which
explore the variation of the structural and magnetic properties of Cr.Oz on doping with
Al>Oz such as Ty reduction and increase of the spin-flop field before ultimately focusing
on boron doping.

*Corresponding author: email: mstreet@huskers.unl.edu
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Logic-in-memory based Big-data Computing by Nonvolatile

Domain-wall Nanowire Devices
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Domain-wall nanowire, also known as racetrack memory [1], is a newly introduced
non-volatile memory device in which multiple bits of information are stored in single
ferromagnetic nanowire. Shown in Fig. 1(a), each bit is denoted by the magnetization
direction, and adjacent bits are separated by domain walls. The magnetization in the
domains can be altered or detected at sandwich-like magnetic tunneling junction. By
applying a current through the shift port at the two ends of the nanowire, the domain
walls are able to move left or right while the bits in the domains are preserved.

In this paper, domain-wall nanowire device is studied for a non-volatile
memory-based big-data computing platform, where all three parts, general purpose
logic, special logic and data storage are all implemented by domain-wall nanowire
devices. Specifically, reconfigurable general purpose logic is implemented by
non-volatile look-up table (LUT); special logic like shift or XOR, shown in Fig. 2(a),
exploits the nature of domain-wall devices and is attainable by the proposed
architecture.

Evaluation and validation of the proposed platform is in twofold. Firstly, a compact
domain-wall nanowire circuit-level behavior model is developed with SPICE-level
accuracy [2] and is implemented as a SPICE-like simulator nvmspice [3], which
enables device level transient analysis for accurate special logic performance
evaluation. Secondly, the circuit and system level model for domain wall nanowire
based memory are provided for the performance evaluation of LUT based general
logic as well as XOR based special logic. Our experiment results show that 90%
leakage reduction can be achieved by the non-volatile domain-wall nanowire based
big-data computing platform.
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Growth and Characterization of Magnetoelectric

FeoTeOs Thin Films
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Motivated by the prospective of voltage-controlled interface magnetization [1] in
future ultra-low power post-CMOS technology, we report on the first success in
growth of a functional thin film of the magnetoelectric antiferromagnet Fe>TeOs, a
representative in a class of materials where dissipationless switching of boundary
magnetization is feasible through pure voltage-control. This provides experimental
evidence of the theoretical prediction [2] that boundary magnetization is a universal
property of magnetoelectric antiferromagnets. Single phased Fe,TeOs powder sample
was prepared by solid state reaction. Magnetic characterization of the powder
provides initial insights in the critical behavior of the antiferromagnetic to
paramagnetic transition. Highly (110) textured Fe>TeOg thin films are grown by
pulsed laser deposition. Magnetic DC susceptibility measurements of Fe,TeOeg thin
film samples reveal antiferromagnetic long-range order and also its in-plane magnetic
anisotropy. X-ray photoemission spectroscopy provides evidence for a Te-O
termination at the (110) surface. We interpret the unexpected termination in terms of a
surface reconstruction. Finally, measurements of X-ray magnetic circular dichroism
combined with photoemission electron microscopy (XMCD-PEEM) provide a lower
bound to the spin and angular magnetic moment of the surface Fe-ions. Our
XMCD-PEEM data reveal the functionality of Fe,TeOs as a magnetoelectric
antiferromagnet with voltage-controllable boundary magnetization.
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Probing boundary magnetization through exchange bias in

heterostructures with competing anisotropy

Yi Wang"*, Christian Binek?

!Department of Physics and Astronomy, University of Nebraska-Lincoln,

Cr203 (chromia) is a magnetoelectric antiferromagnet with a bulk Tn of 307 K. It has
been utilized for electrically controlled exchange bias (EB) which enables voltage
controlled spintronic applications such as non-volatile ultra-low power MRAM
devices. Electrically controlled EB takes advantage of voltage-controllable boundary
magnetization (BM) occurring as a generic property in magnetoelctric single domain
antiferromagnets [1]. In the perpendicular Cr.O3(0001)/CoPd EB system the EB-field
shows an order parameter type T-dependence close to Tn reflecting the T-dependence
of the BM. At about 150K a decrease of the EB-field sets in with decreasing
temperature suggesting canting of the BM. To evidence this mechanism we use EB as
a probe. Specifically, we investigate EB in Permalloy(5nm)/ (0001)Cr20s (100nm)
with Permalloy and chromia having competing anisotropies. We measure easy axis
magnetic hysteresis loops via longitudinal magneto-optical Kerr effect for various
temperatures after perpendicular and in-plane magnetic field-cooling. The
T-dependence of the EB field supports the canting mechanism. In addition to the all
thin film EB system, we explore a Permalloy(10nm)/Cr.0O3(0001 single crystal)
heterostructure where magnetoelectric annealing allows selecting Cr20s single
domain states. Here the effect of T-dependent canting of the BM is compared with
findings in the complementary perpendicular EB system. Understanding the
T-dependence of BM is critical for the development of chromia based ultra-low power
MRAMs where dissipationless writing of high/low resistance states of a perpendicular
magnetic tunnel junction is envisioned.
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High-k LaYON as Charge Storage Layer
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The challenges for nonvolatile MONOS memory are achieving high program/erase
(P/E) speeds at low operating voltage, large memory window, good endurance and
10-year data retention simultaneously. Since high-«k dielectrics as charge storage layer
(CSL) trap electrons in spatially isolated energy levels and possess discrete traps, the
use of high-k films could improve the memory characteristics [1]. In this work, two
stacked gate structures are fabricated, with 3-nm thermal SiO2 as tunneling layer,
10-nm high-k LaYON or LaYO as CSL (deposited by reactive co-sputtering of La203
and Y targets in Ar/N2/O2 or Ar/O2 ambient respectively), 12-nm Al2Os as blocking
layer (deposited by ALD method), and Al evaporated as gate electrode, to investigate
properties of LaYON and LaYO as the CSL of MONOS memory devices.

Experimental results in Fig. 1 indicate that the stacked gate structure with LaYON
CSL exhibits a large memory window of 5.1V, 5.0 V, 4.5 V and 3.6 V at P/E voltages
of £15V, £12 V, £10 V and %8 V, respectively. The window becomes 3.5V, 3.0V, 1.8
V and 0.5 V under the same P/E voltages for the device with LaYO CSL. The better
program characteristics of the device with LaYON as CSL are ascribed to nitrogen
incorporation in the CSL which leads to higher density of traps with deeper levels [2]
and thus higher trapping efficiency. Moreover, the nitrogen incorporation near the
LaYON/SIOz interface could effectively block the inter-diffusions of Si, O, La and Y
atoms and give a stable LaYONY/SiOz interface [3], thus reducing the interface traps
and enhancing the efficiency of the trapped electrons in CSL tunneling back to the
substrate under a negative voltage, and giving rise to better erase characteristics. The
introduction of Y and N into La2Os can increase its permittivity [4], resulting in a
higher electric field across the SiO2 under an operating voltage, and thus the higher
program/erase speeds for the device with LaYON as CSL, as shown in Fig. 2(a).
Compared with the device with LaYO CSL, the device with LaYON CSL can achieve
better endurance properties with a memory window of 4.5 V after 10° P/E cycles at
+/-12 V for 100 ps/1 ms and improved retention characteristics with an extrapolated
10-year memory window of 4.0 V after removing 1-ms P/E voltages of +/-12 V, as
shown in Figs. 2(b) and 2(c), which is probably due to the stronger La-N and Y-N
bonds, more stable atomic structure and less traps near/at the LaYON/SiO: interface
in the device with LaYON CSL. Therefore, LaYON dielectric is a potential candidate
as the CSL of MONOS non-volatile memory devices.
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Voltage-Time Invariance in Nanometallic RRAM
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Nanometallic RRAM (Figure 1) is a recently developed digital memory which
implements information storage by tuning electron localization length through a
trapping/detrapping process [1]. Nanometallic RRAM is typically composed of an
amorphous insulating matrix and atomically dispersed metals with optional metal
inclusions, and it exhibits superior memory properties such as >10 year retention
[2-4], >10° cycle endurance, <1 pW power operation [5], multi-level switching [6],
and extreme uniformity [2]. The lack of ionic participation in nanometallic switching
is already evident from the small current/voltage responses [7]. In this work, we
present threshold (set/reset) voltage data to further distinguish nanometallic RRAMSs
from typical ionic/filamentary RRAMSs: they are independent of temperature,
thickness and metal concentration in nanometallic RRAM—Dbut not in other RRAMs.
We also demonstrate that, in small area (2x2 um?) devices, the threshold voltage is an
intrinsic property independent of pulse width ranging from 1 s to 20 ns (Figure 2).
This is in sharp contrast with the reports on other RRAM in which the switching
voltage typically increases by many folds when the switching time decreases from 1
us to 1 ns. These results lead us to conclude that nanometallic switching proceeds by
a purely energy-controlled athermal electronic process, with a critical energy/energy
barrier that is insensitive to input power, duration or temperature. More generally, the
RC delay of the load resistance and the cell or parasitic capacitance in the circuit sets
a lower limit for excitation-voltage’s pulse width (Figure 2), above which the
threshold voltage of nanometallic RRAM remains constant. Such voltage-time
invariance is a hallmark feature of nanometallic RRAM, and we believe it should
continue to hold from the ns to the ps range if the RC delay of the circuit can be
commensurably reduced.
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Structural variety of amorphous GeTe ultrathin films
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We demonstrate the drastic effect of film thickness on the local order of Ge sites in
amorphous GeTe (a-GeTe) thin films by Surface Enhanced Raman scattering study [1]. The
relative intensity of the two prominent peaks around 125cm-1 and 160cm-1 changes greatly
along with the film thickness decreased from 100nm to 3nm [2]. We suggest that this change
originates from the variation of the fraction of Ge sites in two different environments, namely,
tetrahedral- and defective octahedral-like sites [3]. Ab initio Molecular Dynamics simulations
are performed to show the structural difference between bulk a-GeTe and a-GeTe ultrathin
film. Comparison of the local order parameter [4] for Ge atoms of the two models indicates
that more Ge atoms are tetrahedrally coordinated in ultrathin film, which is consistent with
the experimental observation of Raman spectroscopy.

Unlike the structure of amorphous bulk model having configurations of many
octahedral-like Ge sites, which recall the local environment of crystalline GeTe, the presence
of substantial Ge atoms in tetrahedral coordination in amorphous GeTe ultrathin film
illustrates the larger difference of local order with the rhombohedra structure of crystalline
phase. This may give a microscopic explanation of the ultimate limit of the fast phase
transition due to the increased crystallization temperature for ultrathin films of phase change
materials [5] and gives insights on the development of materials showing potential of
scalability.
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Flash memory has been widely used in mobile and embedded systems because of
non-volatility, low power consumption, shock resistance, lightweight, small size, and
fast access speed. However, flash memory has two disadvantages. One is that data
cannot be overwritten before erase in advance. The other is that each erasable unit of
flash memory has the limitation of possible number of erase operations: generally
100,000 program/erase cycles. So in NAND Flash-based storage systems, an
intermediate software layer called a Flash Translation Layer (FTL) is usually
employed to hide the erase-before-write characteristic of NAND Flash memory. This
paper presents a novel Flash Translation Layer that is specially designed for
embedded mass storage systems based on Multi-Level Cell NAND Flash memory, but
which have very variable capacity. For example, in some systems based on 8-bits
MCU, such as MCS-8051, the internal RAM resource is so inadequate which has only
256 bytes that it can’t afford the traditional FTL algorithm.

Keywords — FTL; Low variable cost; NAND Flash;
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Simulation study on the information storage

mechanism of STT-MRAM
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Huazhong University of Science and Technology, Wuhan 430074, China

Spin transfer torque magnetic random access memory(STT-MRAM )[1-3] is a new
type of memory that reversing the magnetic moment of nano-magnet by
spin-polarized current directly to realize data storage. Based on the LLGS equation[4,
5], the information storage mechanism of STT-MRAM is studied, and the precession
reversal of the magnetic moment in the free layer of magnetic tunnel junction(MTJ) is
simulated in this paper. As simulation results clearly showed, the time needed to
reverse the magnetic moment, the current density and the magnetic moment’s motion
track are influenced by the saturation magnetization, thickness, shape and damping of
the free layer. Under the condition of reasonable parameter values, the writing time
can be controlled in the range of 1~5 ns, while the programming current density at the
level of 108 A/cm?,
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This is the sample abstract for abstract submission to NVMTS 2013 to be held in
Minnesota, USA from Aug 12"- Aug 14", 2013. Please prepare your abstract in
English according to the following guidelines.

Perpendicular exchange coupled composite (ECC) films comprise L1o-FePt as
the hard layer to store the data, and Co based multilayers as the soft layers to assist the
magnetization reversal of L1o-FePt. The L1o-FePt was firstly deposited on the heated
MgO (100) substrate at 500-550 °C, and (001) orientation is revealed by the x-ray
diffraction. After it cooling down to room temperature, [Co/Ni]n was then deposited
on FePt. Both easy axes of the hard and soft layers are perpendicular to the film plane,
as well as their magnetization. Perpendicular ECC FePt/[Co/Ni]n films have higher
thermal stability than that of FePt/Fe. This is due to the easy axis of Fe layer is in the
film plane, and its magnetization tilts from the normal direction without applied field
[1]. By insert a thin Pt layer between the FePt and [Co/Ni]n, magnetization reversal of
the composite changes from incoherent rotation to assisted domain-wall motion with
the thickness of Co/Ni multilayer increases from 2.4 nm to 8 nm. When the soft layer
is thin, the insertion of Pt interlayer can decrease the switching field of the composite
by reducing the exchange coupling between FePt and [Co/Ni]s. However, reduction of
the exchange coupling will increase the switching field of FePt/[Co/Ni]wo, as it
weakens the assistance of the soft layer. In order to prevent the formation of
ledge-type ECC structure [2], an Ag interlayer is inserted in the L1o-FePt layer. Well
isolated grain structure is observed for all [FePt-Ag]/[Co/Ni]n films with N varied
from 3 to 30, and the average grain size keeps constant.
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