Extended Abstracts of the 2008 International Conference on Solid State Devices and Materials, Tsukuba, 2008, pp. 1158-1159

J-8-3 (Invited)

Current Development Status and Future Challenges of Spin Torque Transfer
MRAM Technology

K. Itol, J. Hayakawal, K. Miural:3, M. Yamanouchi?, R. Takemura2?, T. Kawahara2, S. Ikeda3,
H. Hasegawa3, T. Meguro3, R. Sasaki3, H. Takahashi!, H. Matsuokal, and H. Ohno?

' Advanced Research Laboratory, Hitachi, Ltd, 1-280, Higashi-koigakubo, Kokubunji, Tokyo 185-8601, Japan
Phone: +81-42-323-1111 E-mail: kenchi.ito.mb@hitachi.com.
*Central Research Laboratory, Hitachi, Ltd, 1-280, Higashi-koigakubo, Kokubunji, Tokyo 185-8601, Japan
3Laboratory for Nanoelectronics and Spintronics, Research Institute of Electrical Communication, Tohoku University
2-1-1 Katahira, Aoba-ku, Sendai 980-8577, JAPAN

1. Introduction

Spin transfer torque RAM (SPRAM) on TMR technol-
ogy is one of the promising candidates for universal mem-
ory. In this type of memory, the thermal stability factor
(E/kgT) of a TMR cell determines the nonvolatility and the
current through a CMOS transistor determines the threshold
current density (J.¢) for spin transfer torque (STT) writing.
However, both E/kzT and 1., are proportional to TMR cell
size. Therefore it is not easy to realize highly nonvolatile
SPRAM with small write current. In this paper, we pro-
pose a TMR cell with 10-year period of data retention for
SRAM-compatible nonvolatile RAM.

2. Chip specification and estimation of required E/kzT

Figure 1 shows a photograph of the chip and the target
specification for TMR cells for SRAM-compatible opera-
tion with 10-years data retention. The cell size of the is
2.56 um® and is fabricated with 0.2 pm CMOS and 0.1 pm
TMR technology. The maximum drivability of the cell
transistor is about 500 pA.

It is well known that STT switching is the probabilistic
phenomena[l], and it is essential to evaluate switching
probability in ns regime in order to set the proper read and
write current. Figure 2 is an example of the dependence
of switching probability on the applied current density.
The probability was calculated from 100 cycle measure-
ments on each current density. When the pulse duration is
more than 10 ns, which is the time region used for our
SPRAM, we could fit the data using the following equation
for thermal activation regime[1];

P =1 - exp[-t/m exp{ -E/ka(T+AP)*(1-J00)}] (1)

where J is write current, 1, is the attempt time, z, is the
pulse duration, and E, kg, and T are the energy barrier, the
Boltzmann constant, and temperature, respectively. Using
this equation, we have evaluated the target value of E/kpT.
The required E/kpT for a non-destructive read and 10-years
data retention are 56 and 64 under the specification shown
in Fig.1

3. SPRAM chip properties
In order to realize the specifications for both E/kpT and
Jeop, we used the TMR cell has a CoyFegBy syn-

thetic-ferri (SyF) ferromagnetic free layer, MgO barrier
layer, and a pinned layer as shown in Fig. 3 (a). The SyF
free layer consists of a thin Ru spacer and two ferromag-
netic layers. We fabricated TMR cells changing the
thickness of one ferromagnetic layer in a SyF free layer as
shown in Fig. 3 (b).

At first, we optimized E/kpT and J,, of the samples fab-
ricated on thermal oxidized Si wafers. Figure 4 shows the
dependence of E/kzT and J,, on the thickness of the upper
CoyFegByg layer. These indicate that E/kpT is maximum
and J,, is minimum when t, is close to t;. Therefore, we
fabricated the SPRAM chip using TMR cells with a SyF
free layer with the same thickness of 2 nm. Figure 4 (a)
shows the cross-sectional view of a TMR cell and Figure 4
(b) shows the relationship between switching current and
pulse duration. FE/kpT and J,, are evaluated to be 57 and
3.3 x 10° A/em?, respectively. Since we have confirmed
that E/kpT can be increased according to the increase in the
thickness of the free layer without increasing J,4[2], we can
achieve an E/kzT more than 64 and a write current less than
500 pA/cell, when the thickness of the free layer is in-
creased to 2.5 nm.

Figure 6 shows the distribution of the resistances in
both the parallel and aiti-parallel states. The mean values
of the parallel resistance (Rp) and anti-parallel resistance
(Ry4p) are 1.7 kQ and 3.3 kQ. The resistance variations
(£30) in Rp and R p were 400 Q and 600 Q, respectively.
These indicate that there is enough in the resistance for
reading circuits to determine ‘High’ and ‘Low’ state

4. Conclusion

We developed a TMR cell for SRAM compatible non-
volatile RAM. The switching probability with pulse dura-
tion of more than 10 ns can be expressed by thermal fluc-
tuation regime. A thick synthetic ferri ferromagnetic free
layer with CoyFegByg can achieve an E/kzT of 64 and cell
write current of less than 500 pHA.
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Fig.4 CoFeB thickness dependence of E/kpT and J.
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