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Spin-torque [1] Magnetoresistive Random
Access Memory (ST-MRAM) is the subject of intense
investigation since it extends MRAM technology to
densities well beyond those achieved with the exarli
“Toggle” switching approach, and its scalabilityshraade
it a potential successor to high-density DRAM.

An ST-MRAM memory cell, which consists of
an MTJ and a transistor, has the attractive prgpbat if
the critical current density for spin-torque switahn(Jc)
remains constant, then the critical current for negig
tunnel junction (MTJ) switching (Ic) will scale a§
where) is MTJ area. Thus, scaling is highly desirable for
ST-MRAM. At small device size limits, constant cemt
rather than constant current density scaling shapfy;
however, down to 20nm, our MTJ structures appear to
exhibit constant current density scaling behavior.

Scaling is not without challenges, however, and
the ST-MTJ arrays must exhibit sufficient statiatic
margins between reading and writing operations, and
must satisfy other key design properties includajg,
sufficient tunneling magnetoresistance (TMR) far thad
signal, b) compatibility of the MTJ operating powith
CMOS transistor capability, and c¢) a high enougérgyn
barrier for up to 10 years of data retention. Hical
requirement for a practical ST-MRAM is achieving a
critical voltage distribution (Vc) that is well se@mted
from the tunnel barrier voltage breakdown (Vb) asad
out voltage (Vr) distributions.

Early demonstrations of ST-MRAM involved
magnetic layers with magnetization lying in thenfiplane
(in-plane) [2]. This is the low energy configuratifor
most thin-film magnetic materials patterned intésdo
whose lateral size is significantly larger than fila
thickness. However, this in-plane configuratiosulés in
inefficient spin torque switching, causing an ordér
magnitude increase in the switching current forshme
activation energy, when compared to devices fateita
from perpendicularly magnetized materials [3].
Perpendicular magnetization is therefore requiced f
dense ST-MRAM in order to achieve acceptably low
switching currents, e.g., 30 uA. Thus, a significan
research effort has recently been devoted to dpirejo
MTJs with perpendicular magnetic anisotropy (PMA)
materials [4].

The Ta | CoFeB | MgO system has attracted
particular interest since its interface anisotropgllows
the use of thin magnetic free layers, which enédsde
switching, with additional benefits of being akbdebe
grown at room temperature . Measurements on PMA
devices in the diameter range 80 — 140 nm confirthatl
the switching currents were lower than for in-plane
magnetized junctions of the same activation engshy
The high tunneling magnetoresistance and PMA offthe
| CoFeB | MgO system has enabled a basic write
functionality demonstration in fully integrated ST-

MRAM arrays [6].

To improve the spin torque efficiency, it is
necessary to fabricate devices smaller than 50 nm.
Smaller MTJ devices were patterned [7] using an ion
beam etch (IBE) trim to reduce the size of the fiamc
after reactive ion etch (RIE). Transmission elattro
microscopy (TEM) confirmed fabrication of devices
down to 20 nm diameter; Fig. 1 shows an exampke of
25 nm device.

A switching current (Ic0O) of 29 uA and
magnetic thermal activation energy (Eb) of 29.4dre
measured for a 20 nm diameter MTJ [7]. Using Eb&s0
a measure spin torque switching efficiency, efficies
of up to 1.0 kBT/uA were obtained, which were the
highest reported , and close to the expected sawigain
model value. This is extremely encouraging fronegick
point of view, although significant fabrication dleamges
will likely need to be overcome to realize suchleda
MTJs in dense ST-MRAM memory.
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Fig. 1. TEM cross-section of a 25 nm diameter MTJ
device.
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