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# 1. Comparison of Memory Technologies

MRAM DRAM SRAM FLASH FRAM
I TR+ ITRA+
Cell Structure 1 TMR | Capacitor 6(4) TR. 1 TR. 1TR.
Density High High Low Very high High
Power for data None Required Required None None
Rotrosh None Required None None None
Very Fast Very Fast
Read speed (~3ns)* Fast(~60ns} (~2ns) Fast(10ns} Fast(60ns)
. Very Fast Very Fast Very Slow
Write speed (~3ns)* Fast(~60ns) (~2ns) {0.25~200ms) Fast{~60ns)
Power
dissipation Small Small Large Very small Small
Non-volatility o X X Q o
Application Main memory- Main memory Cache memory BIOS memory BIOS memory

* Obtained in a unit cell.
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&l 1. Schematic of (a} a number of GMR MRAM cells
connected in series along a common bit line,
and (b) a number of MTJ MRAM cells aranged
alang a common word line at the cross points
with corresponding upper bit lines.”
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38 2. Schematic of structure of magnetic tunneling
junction for MRAM. Parailel and antiparallel
configurations of magnetizations in two mag-
netic tavers represent "0" and 17, respectively.
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Parallel Configuration Antiparalle! Configuration

8 3. Energy band structures and spin-polarized elec-
tron tunneling for parallel and antiparallel con-
figurations of magnetizations in a magnetic
tunneling junction.
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3% 4. Two types of magnetic tunneling junction by
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3% 6. Structure of exchange-biased magnetic tunnel-
ing junction under study at KiST.
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a8 6. (a) Structure of MBAM module consisting of a
magnetic cell and two conducting wires, and
(b) R-H curve of & magnetic tunneling junction.
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(a) Cross-point matrix of bit
and digit lines

D1 D2

W1 ¥ W27 W3

{b) MRAM using Magnetic Tunnet Junction
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1% 10. (a) Cross-point matrix MRAM and (b) cross-
sectional view of magnetic tunneling junction
under development at Motorola.
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. ) . IBM Promising for
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TM RAM . . . o Motaorola next-generation
-Easy reading/Writing -High switching field
HP memory
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38 12. (a) 1 Mb MRAM chip using GMR and 1 Kb MBAM chip using TMR.
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