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1. Introduction

Spin-momentum-transfer (SMT) magnetoresistive ran
dom access memory (MRAM) has received a good deal
of attention recently because of its potential agm@vola-
tile memory with good speed, density, endurance& an
scaling attributes.  Conventional two-terminal SMT
MRAM offers simple fabrication and very dense struc
tures, but will require substantial materials depehent
for it to satisfy all attributes simultaneously.[1Dne can
ease demands on materials by separating the readihg
writing functions of the device with the additiohaothird
terminal. For a modest cost in complexity and devi
size, one can more readily realize a structure ¢hatsi-
multaneously operate at high speed, high operaéng
perature, and with essentially infinite endurarigle.|

2. Embedded 3-terminal SMT MRAM
Motivation

Table | compares various types of memories wiit s
cifics tailored for embedded applications. Hereowe-
sider embedded memories because of the focus en per
formance rather than density and cost. For emlzbdde
SMT (eSMT) memories in particular, higher speed and
higher thermal stability imply higher write currebiut in
2-terminal devices, higher write current is mokeely to
cause magnetic tunnel junction (MTJ) barrier breakal
By removing the MTJ barrier from the write curreatth,
one could drive high write currents without concéon
breakdown of the MTJ barrier.
Device Sructure and Operation

The 3-terminal device structure used in this wisrk
illustrated in Fig. 1. Write current entering thevite
through terminal T1 is shunted through a high catigu
ity nonmagnetic layer to terminal(s) T3 withoutvieas-

ing the MTJ barrier. A thin polarizing magnet been

T1 and the shunt layer preferentially directs theeteon
spins, creating a spin accumulation region direabipve
T1. The spin accumulation region imparts torquehean
free layer magnetization and may induce switching.
With no need to pass high write currents, the Maiibr
can be designed with a relatively high impedanceofs
timal magnetoresistance (MR).

The advantage of this type of structure is regmeed
schematically in Fig. 2. In the 2-terminal deviteuc-
ture, device distributions within an array must @am
rently satisfy the need for read voltage to be thas the
voltage at which the device switches, the writdage to
be greater than the current at which the devicéches,
and the breakdown voltage to be greater than thie wr
voltage. If these distributions overlap (as in.Fxf),
the operation will fail. The 3-terminal device segies
the functions so that one may separately optintizer¢ad
voltage with respect to the breakdown voltage amel t
write voltage with respect to the switching voltage
Device Fabrication

The device illustrated at the top of Fig. 1 imds a
redundant T3 terminal, and may be substantiallyirghr
for improved circuit density. The terminals T1 and
connect to the bottom polarizer layer with sin-
gle-Damascene TaN vias 200nm in diameter. The mag-
netic stack is deposited without breaking vacuuaohuie
ing a seed layer, PtMn-pinned CoFe polarizing lager
Cu(3% N) normal metal shunt — with nitrogen added f
improved smoothness, CoFeB free layer, MgO tunnel
barrier, and a CoFe / Ru / CoFe synthetic antifeargnet
reference layer pinned by a PtMn layer. MTJ shapes
etched to a depth just through the free layer uaiogm-
bination of reactive ion etch (RIE) and ion beamhet

Table | Comparison of Embedded Memories (eMempeethe 90nm Node
eSRAM | eDRAM | eFlash | eFeRAM | ePCM ,\jl';i::a l\‘;gm eﬁTR'il'\\A"T

Size (cell area per bit2F 140 25 020 15 15 40 25 40
Cost (add’l masks) 0 5-9 7-11 2 4 3 1-2 2-3
Read Speed (ns) 1 2 60 40 15 15 30 <5
Write Speed (ns) 1 2 8,000 80 200 30 30 <5
Operating Temp.°C) >120 >85 >100 >125 70 >105 >125 >125
Write Endurance (cycles) >0 >10'° 01e 10'° 016 >10' >10'° 2 >10°
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Fig. 1 3-Terminal device structure perspective)tand
partial cross-section (bottom) views. Dark arravesre-
spond to read and write currents. White arrowscate
magnetization direction.
flowing between T1 and T3 terminals, whereas thehlmu
smaller read current flows between T2 and T3.

(IBE) techniques. The write current shunt layeithisn
defined with RIE and IBE, using a dielectric hardgk.
Self-aligned top contact to the MTJ read elememasie
with dual-Damascene copper wiring in a planarizéd d
electric. A TEM image of the center of a repreatme
device is shown in Fig. 3.
3. Resultsand Conclusions

Successful operation of these devices has been d
onstrated with switching as fast as 1ns. Switching
rent of roughly 7mA was needed to switch in 1ngdak
with thermal energy barrier of 39 kT (see Fig. 47
similar device with energy barrier 64 kT requiredighly
14mA to switch at 1ns. These devices showed egfect
robustness without MTJ barrier breakdown during the
high-current switching tests. Work is continuingthw
investigation of perpendicular anisotropy magneitican
effort to reduce switching current by a factor 6f 1
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Fig. 2 Improvement of operating margins by sepagat

the 2-terminal SMT operations (A) into separatedréd)
and write (C) functions with 3-terminal SMT devices
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Fig. 3 TEM image of the central portion of a 3ntéral
SMT MRAM device.
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Fig. 4 Switching probability map for a roughly 100
150nm device with thermal energy barrier of 39 kT



