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Improvement of Current Induced Magnetization Switching Devices for
Ultra-High Density Magnetoresistive Random Access Memory

Kyung-Ho Shin*

Nano Device Research Center, Korea Institute of Science and Technology, Seoul 130-650, Korea

The current induced magnetization switching effect at room temperature in various type of structure has been
systematically investigated. We report that the effect can be enhanced by an insertion of a copper layer between
the free cobalt and the gold capping layer, by the deposition of a ruthenium layer onto a substrate as a
buffer layer, by the use of an exchange biased spin valve structure, and by a formation of a nano oxide
layer in the middle of a thick cobalt pmned layer. The critical switching current of the nano-sized junction
device measures as small as 7.5x10° A/em” and the magnetoresistance as large as 2.5 % even in an exchange

biased spin valve structure.
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Fig. 2. Schematics of cross-sectional view of the nano sized CIMS(Current Induced Magnetization Switching) junctions.

(a) a simple spin valve, (b) a simple spin valve with a Cu interlayer between a gold(Au) capping layer and a thin Co free layer, (¢) a simple spin
valve with a ruthenium(Ru) buffer layer and a Cu interlayer, (d) an exchange biased spin valve by an antiferreomagnetic IrMn layer, and (e) an
exchange biased spin valve with a nano oxide layer.



68 K. -H. Shin

Pl B Ao M 7| EERAA Co A2 f7]5HE=

2Rl REY QIS HAstelr] fl8te, Co AH-37 Au
W83 Areloll Cu ASIZS AFdskaitt. -+ WA Bl
Cu(50 nm) /Co(11 nm) / Cu(6 nm) / Co(2 nm) / Cu(2 nm) /
Au(5 nm)°] ATHZE 2(b) #Z).

T8 Co 18 Z0] A3 2H4FTo=N CIMS &
a17] f18iA Al A Bt ol A= Ru M#E-2 Cu
kS 7|9l F&balr] Aol Aestdct Al HA B
Ru(10 nm) / Cu(50 nm) / Co(11 nm) / Cu(6 nm) / Co(2 nm) /
Cu(2 nm)/ Au(5 nm)®] AZFF2E 7HIth2E 2(c) ).

9, e HaA W T R AdFel mE AT
(single domain)E 7FA| 3L )& W, CIMS &35 Sd3}e
T ATz A= vk Ak gF A AT Be, 28
gk o] FAeIBA S T U Afo| 2R SE Y te
XN YA A DATE E o, FAe g A}
qZo] A9 SRR 7] 7E golskA] &t Bk 9
FAg oM AY S A7 SJsiA T e A
A apatol| A o] 2pshilaks A& e stA vg st
22 o, = 7HA 9] AsPE 7T Bt st #e2]E o
AoJoF MR &3 52 CIMS &3S =4 9< 5 Atk A

L2 =
=2 o

Substrate

1. Deposition

——————

4. EBLitho

Substrate

2. Photolitho

5. Ion Mill

718] 5 7HA] o)y, & GA I ASPYH e F
HE Sl sk fI8iA st FAR Y A F
S WA A (antiferromagnet) 2 w32 3 wlo]o] 2 AlF]
t}. Ru(10 nm) / Py(6 nm) / tMn(8 nm) / Co(11 nm)/ Cu(6 nm)
/Co(2 nm) / Cu(2 nm) / Au(5 nm)2] Z+ZE 7] 59|
ul 1A BFJolth(d 2(d) 7). GA A AFs e
= FHE SAl F+3st7] fleiretr]= skAlRE, =
& I AT S WIAIA R AT vlolol i Al S
735, 2AQ WA 2 AR B2A ") oy, F
Ag Co A FZ AUHA 3 2 oz AyEg=d A
27 BEAA S FHElEA T KU EE FojHE =
229, “depolarization’ @’dS 77 Hh. & AFelM = v
77 A BrekE E YA 02N SHEHSE 52
= A7t A S 20 ‘depolari-zation” 84S A e
5 stod CIMS &7t F4 381 Zadte AL WA ekt
npR|Eko 2 247]€] ‘depolarization’ §/¢-S LA 2 2}
w3sh7] f8te] T2 Co I Wl Y= 4Hsl5-(NOL;
nano oxide layer)S 49 3t Th. =S
WA A & F2sHHA “depolarization” &
FOHES 7] flsiAfeltt. o] vhie 4tskE Au=E A

)
3. Ion-mill + PR removing

6. Passivation

7. Liftoff

8. Photolitho

o

9. Deposition

10. Liftoff

PR layer
— Electrode
I Junction multilayer

EBR layer

Insulating layer

Fig. 3. Main steps of the device fabrication process.
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Fig. 4. SEM image of a nano-sized junction.

Table 1. E-beam lithography done with various resists for CIMS junctions at nanoscale

ER Tone Mllhng Smallest !unctlon stz Problem to solve Remark
resistance got electrical contact
Mill-rate: No undercut structure for
- i ) ful 1
ma-N2403 Negative 266 A/s 200 nm Jifi-off for many cases Need more careful contro
After milling: . .
. fficul 1 the lift-
PMMA*  Positive very weak 200 nm - sticking strongly to substrate Very difficu tto.cont'ro t © ift
A N off process and junction size
- shrinking junction size
JEpE* Positive Mill-rate: 200 nm - Getting smaller and controllable Promising if “positive’ one is

0.84 A/s~0.96 A/s

junction sizes

applicable

*Small and noisy CPP-GMR signalswere obtained.
**CPP-GMR signals were obtained.
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Fig. 11. MR and CIMS signals of the exchange biased spin valve with a nano oxide layer.
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Table 2. Comparison of CIMS effects with those reported by two leading groups
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junction Size Simpel SV SAF SV EXB SV
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ATS WA vloloj2 A7l EBSV £&A}9} Co IR Z
o Uiz 2k3}ekS 41913 NOL-EBSV 42218] 734, v 9]
ARFEES & A71AERE Al 7+ = AU
2 AFeA A2 CIMS Lzpel tist A A= Al A A1
HepAT 259 1A He}) T AY o 5% 2
olw, 3t 20 8.°F v aksd
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