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Fig. 1. (Color online) X-ray diffraction patterns of 5nm MgO(100)/
7nm Fe(100)/2 nm MgO(100)/10 nm CuPc multilayers grown on
HF-etched Si(100) substrate; Inset: AFM image of as-grown CuPc

10 nm thick film beyond the epitaxtid MgO(100) layer of 2nm
thickness.
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Fig. 2. Magnetoresistance characteristics of the Si(100)/MgO(100)/
Fe(100)/MgO(100)/Co tunne junction with MgO barrier thickness of
2nm messured at 77 K.
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Fig. 3. Magnetoresistance characterigtics of the Si(100)/MgO(100)/

Fe(100)/M gO(100)/CuPc/Co tunnd junction with a nomind thickness
of 2 nm of CuPc measured at 77 K.
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Fig. 4. V-l characteristics of the Si(100)/MgO(100)/Fe(100)/

MgO(100)/CuPc/Co junction with a nomina thickness of 10 nm of
CuPc measured at a) 77 K b) 240K and c) 275 K.

7] ARete] 55l EHAN 0 olZel® Eakgel
739 AYSHE AL AATE 2 5 Aok BEY ol
Fae 208 olzi WA 247 B fAsl0] A
4 R B He),

oIS WL wE HAk Lelvy 53 200K o))
23] 45Is1o] 275 Kelre AP FeiMgO(100) o

HE F92 49(-30nA <1 <09} Jog Co HFoFHE



<F=E> Cu-Phthaocyanine 71739 7|l whe 2@laate] X714 52 wist Fd — w4 - ol dF - ZH

TAEE A90<1<+30nA) Fdo] T2 Bt Aol AA
3] ZslE . SE Bt dRle=E oA dgd
FARTTZY et o] Folgt AduAlFERE <)
e JYEx mlzejx|e] AxE 1 F VR FE
UE Aotk T3, Aol G 275 KX BlS F5i3)
21 HItfg/dS otk 71kt CuPe WiFellA] Heke olF
% (charge mobility)®] 2% &7 E A S Aoz 2
o}, ok ofe}, gk Atslet Mgodll 1gH CuPce] AW
of], Co = Zoll QIS Avz= vl o2 T[T ¥
AElo] T HFAl] s2= R el wet MR e
Aste] Yt 5 wzpEe] WS 7FsAE e 5
k. 3k, o] 10nm FA19] CuPc A o] WEH A}
o] A7 A tigh Aol Jake He #EAHA 249
ot o] AT VIS HE ABET s HEE e
2 349 HgaAmd Ayl Rud F gle xpEstd
HItH A V-| S4F41E o83l AR 0E HAsA7]
AR 545 A Alojsks Ae] ol F71-f7] HAa
Pt Aol gk olsfel] 3ol wig- T8
yels] ssls) &=

P = il

Iv. 8 =

3 A7oIAE MO} CuPe 57)-f7] Bule] Z3l o
3 7o) MR L 2UIARIE 71859
Aol o)zt 1712 AF ek P st 4
RO Frg f7ltle] MgOE Tl 2F BT
Aol AQE B9 249 F AT 3l B2E AFED
Wl Sga v ST NIk e ek, o] ul
e Apgaet Fe(100)sh 57194 C

o= 5T MgO FES AUste] fEshich. of
APAIE EF AAPRAE A4S PIIA, Beh o
49l aSS] MIPY 2909 24 AT Urke 7}
S A o BE o) ARSAe] A4 53
E83 AR B ohjel 29 B A3 FUu S5
227 wpze] oig olslE AT E 4 9L Aow
Zichect & A7se H2 sAlsk AP e Bl w
T Qe fUIEARAA RS A 7] Bl A7
=, o] Holo] Az YuE A Fckewl oot 3l
oL shck. ®eh A 2 Rl A 54 of
sishapd Folark AMey 5ol Adl HAE al in

=

o,

- 165-

stu Aejoll M o] AlEART ¥ @S AW) B4 59 HE
o] daAzog Qg 7o), A metastable de-excitation
spectroscopy(MDS)2} metastable induced electron spectroscopy
(MIES) 5% ©]&3F MgO(100)/CuPc AlHe] AA71% 54
of thgh A+ Hgk Xs=|ar gt

HAlel 2

o] AFe FFATAITL] V|Z2ITALAIFY] IukdTAL
A7 (NRF-2010-006749) 74 AR A (NRF-2012-
0005237)2] Aol ofsl] =] Aet. wEgh, 22} v A
A v 7128} Sl Y AR (2012H1A8A1670731)
o] e FAfslE vlelot,

I
rot

k!

[1] K. Al-Sharmery, H.-G Rubahn, and H. Sitter, Eds., Organic
Nanosturctures for Next Generation Devices, Springer, Berlin
(2007) pp. 263-345.

[2] F Sawano, I. Terasaki, H. Mori, T. Mori, M. Watanabe, N.
Ikeda, Y. Nogami, and Y. Noda, Nature 437, 522 (2005).

[3] Y-S La, C-H. Tu, and D.-L. Kwong, Appl. Phys. Lett. 87,
122101 (2005).

[4] V. A. Dediu, L. E. Hueso, |. Bergenti, and C. Tdiani, Nature
Mater. 8, 707 (2009).

[5] Z.H. Xiong, D. Wu, Z. V. Vardeny, and J. Shi, Nature 427, 821
(2004).

[6] J-W. Yoo, C.-Y. Chen, H. W. Jang, C. W. Bark, V. N. Prigo-
din, C. B. Eom, and A. J. Epstein, Nature Mater. 9, 638 (2010).

[7] W.J. M. Naber, S. Faez, and W. G van der Wid, J. Phys. D 40,
R205 (2007).

[8] Y. Q. Zhan, X. J. Liu, E. Carlegrim, F. H. Li, I. Bergenti, P
Graziod, V. Dediu, and M. Fahlman, Appl. Phys. Lett. 94,
053301 (2009).

[9] H.W. Choai, S. Y. Kim, W. Kim, H. Hong, and J. Lee, J. Appl.
Phys. 100, 064106 (2006).

[10] I. Bergenti, V. Dediu, E. Arig, T. Mertelj, M. Murgia, A. Rimi-
nucci, G. Ruani, M. Solzi, and C. Talian, Org. Electron. 5, 309
(2004).

[11] S. Yuasa, T. Nagaham, A. Fukushima, Y. Suzuki, and K. Ando,
Nature Mater. 3, 868, (2004); W. H. Butler, X.-G Zhang, T. C.
Schulthess, and J. M. Maclaren, Phys. Rev. B 63, 054416
(2001).

[12] Y.J Bee N. J Lee T. H. Kim, H. Cho, C. Lee, L. Flest, and
A. Hirohata, submitted to Nanoscale Research Letters (2012).



— 166 - 21718k38) 7] A 227 55, 20121 109

Electrical Characteristics of Magnetic Tunnel Junctions
with Different Cu-Phthalocyanine Barrier Thicknesses
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V-l characterigtics of Fe(100)/MgO(100)/Cu-phthalocyanine (CuPc)/Co hybrid magnetic tunnel junctions were investigated at
different temperatures. Fe(100) and Co ferromagnetic layers were separated by an organic-inorganic hybrid barrier consisting of
different thickness of CuPc thin film grown on a 2 nm thick epitaxiad MgO(100) layer. As the CuPc thickness increases from 0 to
10 nm, a bistable switching behavior due to strong charging effects was observed, while a very large magenetoresi stance was shown at
77K for the junctions without the CuPc barrier. This switching behavior decreases with the increase in temperature, and finaly
disappears beyond 240 K. In this work, high-potentia future applications of the MgO(100)/CuPc bilayer were discussed for hybrid
spintronic devices as well as polymer random access memories (PORAMS).

Keywords: organic-inorganic hybrid structure, PORAM, spintronic devices, charge transport phenomena
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