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• Current density ~ 7 X 108 A/cm2

(peak)

• Over 1010 switching cycles!

• For (20nm)3 cell estimate:
Scaled switching energy ~3.5fJ, 
switching current ~10s of µA

E3S Retreat, Berkeley



A Science & Technology Center

Does switching scale to nano
dimensions?
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AOS of Nanoscale GdCo Dots
Laser MOKE experiment (200 nm)
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Smaller GdCo Dots Switch Faster!
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Projection for 20 nm:

Almost complete reversal 
in 2 ps!

A. El-Ghazaly, et al., APL vol. 114, p. 232407, 2019.
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Single-shot all-optical switching of a 
ferromagnet

E3S Retreat, Berkeley Page 69/19/19
Single-Shot switching of Co/Pt!
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• Co/Pt MLs are ferromagnetically coupled for 0.25, 0.5 and 1
nm Pt spacer thickness

• Exhibits single shot helicity independent all-optical switching
(HI-AOS).

Co/Pt FM Switching by CoGd
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Depth resolved time resolved magnetization dynamics

Si-substrate

Pt 2 nm
[Co/Pt]x2/Co
Pt spacer 1 nm

Co38Gd62
Cap layer

Co/Pt MLs

CoGd

Magnetization of CoGd and Co/Pt reverses within ~3-4 ps time scale. 

Coupled ferro-ferri sample
Pt spacer 1 nm
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All-Electrical Switching and Readout of 
GdFeCo Nanodots

• Fabricate AHE/Transmission Line with Auston switch on LT-GaAs 
substrate for single GFC dot

• Test magnetization switching using a sub-picosecond electrical 
current pulse

• Measure electrical resistance after switching using the AHE 
cross bars

Auston
switch Hall Cross

GdFeCo nanodot
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Current propagation in CPW with a Hall bar 
(using HFSS)
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Substrate/seed

MgO

Pinned layer

GdFeCo

Ferromagnet

Cap

Spacer

• Ferromagnetic layer coupled with 
GdFeCo and interfaced with MgO
tunnel barrier

• Stack with reasonably high TMR 
for electrical reading

• Applications: High level cache 
and non-volatile logic
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Integrate MTJ Readout
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Full Integration of Ultrafast Memory 
System

Can it be integrated for minimal current consumption?

Complete integration of GdFeCo nanodot MTJ 
into CMOS with picosecond pulse generator.

DENG et al.: RRAM CROSSBAR ARRAY WITH CELL SELECTION DEVICE 721

Fig. 2. Fitted I–V curves and experimental data from [20] of (a) RRAM and
(b) selector based on the analytical device model. The simulated I–V curves
can fit the data well. (c) Simulated I–V curves of a 1S1R memory cell. The
current of low-resistance state is strongly constrained by the selector device in
the 1S1R cell compared with the case without the selector.

Fig. 3. (a) Schematic of the RRAM crossbar array. (Inset) Cell structure at
each cross point of bit lines and word lines. The memory cell is composed
of RRAM and a selection device. (b) Schematic of the leakage paths in the
crossbar array. The current from (pink arrow) the voltage source may flow
into (green arrows) the selected cell and (red arrows) the unselected cells. The
current flowing into the unselected cells may cause output signal degradation
and crosstalk problem.

Fig. 4. Schematic of the crossbar array circuit. The memory cell, interconnect
resistance, and Rsense are shown in the figure. V1 and V2 represent the voltage
applied on the unselected word lines and bit lines. The unselected cells can be
divided into three groups as B1, B2, and B3. The memory cells in the same
group share the same resistance state, whereas in different groups, they can be
different.

During the write operation, the voltage drop on the interconnect
caused by the leakage path may cause the voltage drop on
the selected cell insufficient to write successfully. Moreover,
the crosstalk disturbance may cause some reliability problems
such as misprogramming and electric stress-induced retention
failure. All these problems will degrade the performance of the
crossbar array and have to be investigated in detail.

In order to understand these device and circuit interaction
issues in the RRAM crossbar array, a circuit simulation is used
in this paper. The analytical model is put into the circuit using
Verilog-A, whereas the SPICE simulation is used to study the
performance of the array.

C. Read and Write Operations

The crossbar memory array is schematically shown in Fig. 4.
In the circuit, Vdd represents the voltage source that is applied
on the selected word line. The selected bit line is grounded.
All the unselected word lines and bit lines are set to be V1 and
V2, respectively, as shown in Fig. 4. Different bias methods
can be used to read or write the selected memory cell in the
array, such as 0 (for read operation only), floating, 1/2 V, and
1/3 V methods [34], which corresponds to different bias modes
applied on unselected word lines V1 and bit lines V2. In 0,
floating, and 1/2 V methods, all the unselected word lines and
bit lines are set to be grounded, floating, and half of the voltage
value of the selected word line, respectively. All the unselected
word lines and bit lines are set to be 1/3 and 2/3 of the voltage
value of the selected word line in the 1/3 V method.

To guarantee a successful write operation, the voltage drop
on the RRAM of the selected cell must be larger than the
switching voltage, whereas the voltage drop on the unselected
cell should be lower than the switching voltage to avoid
misprogramming.

During the read operation, to make sure that the reading
process is nondestructive, the voltage drop on all the RRAM
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