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Fig. 1. Nano magnetic device applications (magnetic recording head,
MRAM, and Nano-bio sensor).
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Table L. Magnetic tunnel junction based applications.

% MRAM 241 7]& - A9

A - g

R

- 187 -

Magnetic Tunnel Junction

Botiom

ARE
[CoFeSiB,
NiFe8ig}
HEWe
IJEE

HENES

NEe BHLEH e i )
Hilel AEEE 5D MAAM FEEE S FE

Fig, 2. Schematic diagram of MRAM including operating principles
and magnetic tunnel junction structure.
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Table 2. Comparison of memory performances between MRAM and other memories [1].

Memory Type

Property

SRAM DRAM Flash FeRAM MRAM
Read Fast Moderate Fast Moderate Moderate-Fast
Write Fast Moderate Slow Moderate Moderate-Fast
Nonvolatile No No Yes Partially* Yes
Endurance Unlimited Unlimited Limited** Limited Unlimited
Refresh No Yes No No No
Cell Size Large Small Small Medium Small
Low Voltage Yes Limited No Limited Yes

*Destructive read and limited read/write endurance
#*Limited write endurance

Table 3. Forecasting of semiconductor memory market [2, 3].

qlsd ) ghsia) wlzele) A7 ECIRE)

a9 X 2003 2004 2005 2006 2007 2008
WSTS 16,800 21,700 27,200 22,200 N/A NA
DRAM IDC 16,500 20,200 22,200 21,900 24,700 30,900
DQ 17,500 25,200 27,700 19,100 24,000 29,500
WSTS 15,100 15,100 17,200 16,200 N/A NA
Flash IDC 10,800 14,104 13,500 15,204 16,000 17,100
DQ 10,800 15,200 18,000 19,700 23,800 29,400
MRAM NanoMarket N/A 2 87 579 1,383 2,774

Table 4. Forecasting of MRAM application and market projection [3].
S8 okel whE MRAM AANFE(NEES)

2004 2005 2006 2007 2010 2012
Eos) HEE| 0 20 112 304 2,928 6,445
ARG 1 AR E 0 0 156 329 976 1,555
7)el7135E m AEEA 0 0 18 38 678 1,224
Bo)E GPS u,z 1 el 0 23 125 318 1,625 2,602
EA3 7)1ZEA AN W) 0 15 59 165 723 1,218
SRS ARSI ISR e 0 15 42 95 576 1,153
AN, LBz e, RFID B AuAl A)1F 0 2 17 45 471 1,077
T4 A 2 12 50 9 445 828

Z= 4 2 87 379 1,383 8,422 16,102

A Siek oliE B AUEAS IY W DRAM, 83 A7 A9 el HoneywellE Je) Rge.

SRAM, FRAM & 2010812 7|Ho2 Gbg =034, = MRAMS W=E5k glch. IBM2 200081 I1SSCC &H&]o)| A
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A AT 2 olF 1A MRAM ] 7RISR 2008 VLSIBRE] Aol 2R Rencsas Technology
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Fig. 3. (a) Collection of R-H curves for a 10x10 mm? MT]J incorporating various free layers. The TMR ratios are 36, 30, 28, 19 % and H,, values
are 54, 4, 6, and 2 Oe for CoFe, NiFeSiB, CoFeSiB and NiFe, respectively. (b) Size dependence of the switching field obtained by the LLG
simulation with respect to the free layer material. For 40~80 nm cell sizes, the /,,, values of the NiFeSiB and CoFeSiB-MTIJs are about half of the

CoFe-MT]J.
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Fig. 4. (a) TMR ratio and 7, for single and SAF NiFeSiB free layered MTJs. The TMR ratios and H,,, values of SAF (2.5/0.5/4.5), SAF (2.0/0.5/
5.0), and single (7 nm) free layered structures were 27, 28, and 30 % and 6, 6, and 8 Oe, respectively. (b) Size dependence of the switching field
obtained by the LLG simulation for single and SAF NiFeSiB free layered MTls.
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Table 5. The rms surface roughness of top tunnel barrier, resistance, TMR ratio, ¥, and V;, depending on the free layer structure in double

barrier MTIs.
Free Layer Structure (nm) Roughness (nm) Resistance (ohm) TMR Ratio (%) V., (V) Vg (V)
CoFe 7 0.35 250 29 0.7 1.3
NiFeSiB 7 0.17 860 28 1.1 2.0
CoFe 3.5/NiFeSiB 3.5 0.30 280 27 0.8 1.5
NiFeSiB 3.5/CoFe 3.5 0.22 770 27 1.0 1.8
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Fig. 5. HRTEM images of the DMTJs consisting of (a) CoFe 7, and
(b) NiFeSiB 7 nm, respectively. The white layers are top and bottom
tunnel barriers.
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High Density MRAM Device Technology Based on Magnetic Tunnel Junctions
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Ferromagnetic amorphous NijsFesSigB1, and CoqosFeysSiisBrg layers have been devised and incorporated as free layers of
magnetic tunnel junctions (MTJs) to improve MRAM reading and writing performance. The NiFeSiB and CoFeSiB single-layer film
exhibited a lower saturation magnetization (M, = 800 emu/cm>, and 560 emu/cm’, respectively) compared to that of a CogFe (M, =
1400 emu/cm?). Because amorphous ferromagnetic materials have lower M, than crystalline ones, the MTJs incorporating amorphous
ferromagnetic materials offer lower switching field (/H,,,) values than that of the traditional CoFe-based MTJ. The double-barrier MTJ
with an amorphous NiFeSiB free layer offered smooth surface resulting in low bias voltage dependence, and high V}, and V;,

compared with the values of the traditional CoFe-based MTJ.

Key words : magnetic tunnel junction, MRAM, nano-technology, amorphous ferromagnet



