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Fig. 1. Schematic configuration of conducting Atomic Force Microscopy
(AFM).
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Table 1. Sputtering conditions for the each layer of the ferromagnetic
tunnel junctions

Layer Ar flow rate Ar pressure Power
(sccm) (mTorr) W)
Ta 50 1 100
Cu 50 1 100
Ta 50 1 100
NiFe 50 1 100
Cu 50 1 100
Mn751r25 22 0.5 100
C070F C30 160 3 100
Al 50 1 50
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Fig. 2. Topography and current image measured simuitaneously.
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Fig. 3. The cross-sectional profiles of the height (broken lines) and current (solid lines) along the lines (a)~(d) in Fig. 2.
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Fig. 4. Typical local I-V characteristics of dark, bright and intermediate
regions of the current image.
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Fig. 6. Calculated probability of currents fitted for the different
experimental results. The barrier heights were assumed to distribute
around the average value @,,,, 1.8 and 1.5 eV, respectively.

ARZFyel fittingA1FHTH 1 fitting A#E Fig. 69 UERIY
o} 3 24 AFAYEVEHCZRE HolR P(barrier
heightye] BAA(@D,)= kel 27 <ol FAEAT. A
8 @) AT secpll YISt fitting A AT WREeE
FE ol AFEXFFS 2 Adst vk fiting?} 7F
B £ AL @, 18cvel UEIN FFHR 67} 02 eV
9] Agolt}, F, FElEol= ¢F 1.6~2.0eVe YoM £X
3l QIthe Aot} 22 Akslzziold AxS edl I
©2RE] 73 P(barrier heightye} & AFAYA-V) X
S 2HE 7% @, W IXET-

A, AR @9 ABAITHG secyll TIEE ArFEvh=, AF
BIFPAS 7 Qs JE Aol 9= Gl spg Z
fittingdh= XA 0,7t THEA Hof low, 53], 147
Z9] A% AR HoZRE e Yot e RS &
2 £ ot A @, 2 1.5eVE F 1.2~1.8eve] F
Aol BE3kn rhe o] "ok AlE @9 A= A3
7} FE31A barrier height’ ¥4 BA= e Fel 3




KATFE=E> vlolazy} 7] ZeyzrPy oz A2 A B YY) SAAESA - a4 - 327 9

Lol B7dha, AR At BEEE barrier height®] %
2 9o AFsN ZEGI AZIFEe] Zt}. o] A, 1.2eV
7} o] gl loir] Aeje] AaX2 =Hu, HEPHA|EA e
TMRH)2] A5E Zefeta dok A4 4 ot 53 2
AFZoAe] BUxE AFEEI DA d(barrier height)?]
Fallo) o)Eskr] o S onslar QITH17). &, d(barrier
thickness)?] EdAe) ¥ & Qg FiEzog AAZFo] v
©@3] gH He FEo| EAH Ho axeE ARV JF
3 7oz Alg®ch

Iv. 4 B

RLSA(Radial Line Slot Antennays ©]8-3+ nloja 23} of
7] =ekzrlE o183l BA BEd JARe AxE F,
contact-mode  AFM(Atomic Force Microscope)= 0|83}
Al A3hte] IhAe 549 WrE 5 ARM B4
AF2AozHE, dojxe TWd AFFS S3HA oF
=t T4 AFAGA-Vve % 2, AREe das
barrier height®] ¥¥& Uehlil Qltke 218 gttt Ast
Azt B A5 AFE 9% A, ARe W &
Z33} barrier height®] ¥ ol AFEA sErha A2
FolAH, o] ARy} AAAHQ TMREIY] HeHE 3L Q)
|= ST 2= Lo =

#Ael 2

h=3
LN

2

T FEH WISAAAIARATAES] Q7R

t

D
A
rot

A

[1} H. F. Hanm M.Oogane, H. Kubota, Y. Ando and T. Miyazaki,
Appl. phys. Lett., 77, 283(1991).

~51—

[2] H. F. Han, T. Daibou, M. Kamijo, K. Yaoita, H.Kubota, Y.
Ando, T. Miyazaki, Jpn. J. Appl. Phys., 39, L439(2000).

[3] T. Miyazaki and N. Tezuka, J. Magn. Magn. Mater., 139, L.231
(1995).

(4] S. Tehrani, J. M. Slaughter, E.Chen, N. Durlam, J. Shi and M.
Deherrera, IEEE Trans. Magn., 35, 2814(1999).

[5] J. S. Moodera, Lisa R. Kinder, Terrilyn M. Wong and R.
Meservey, Phys. Rev. Lett., 74, 3278(1995).

[6] M. Hayashi, Y. Ando, H. Kubota and T. Miyazaki, J. Magn. Soc.
Japan, 25, 759(2001).

[71 N. Goto and M. Yamamoto, Inst. Electr. Commnu. Eng. Tech.
Rep., AP80-57, 43(1980).

[8] T. Yamamoto, N. T. Chien, M. Ando, N. Goto, M. Hirayama
and T. Ohmi, Jpn. J. Appl. Phys., 38, 2082(1999).

[9] Y. Saito, K. Sekine, M. Hirayama and T. Ohmi, Jpn. J. Appl.
Phys., 38, 2329(1999).

[10] T. Ohmi and S. Sugawa, M. Hirayama and Y. Saito, Jpn. J. Appl.
Phys., 69, 1200(2000).

[11] K. Nishikawa, S. Ogata, T. Syoyama, W. S. Cho, T. S. Yoon.
M. Tsunoda and M. Takahashi, Journal of Magnetics, 7(3), 63
(2002).

[12] R. Wiesendanger, M. Bode, R. Dombrowski, M. Getzlaff, M.
Morgenstern and C. Wittneven, Jpn. J. Appl. Lett., 37, 3765
(1998).

{13] H. Tomiye, T. Yao, H. Kawami and T. Hayase, Appl. Phys. Lett..
69, 4050(1986).

[14] A. Olbrich, B. Ebersberger and C. Boit, Appl. Phys. Lett., 73.
3114(1998).

[15] V. Da Costa, F. Bardou, C. Beal, Y. Henry, J. P. Bucher and K
Ounadjela, J. Appl. Phys., 83, 6703(1998).

[16] F. Houze, R. Meyer, O. Schnnegans and L. Boyer, Appl. Phys
Lett., 69, 1975(1996).

[17] Y. Ando, H. Kameda, M. Hayashi, H. Kubota and T. Miyazaki
J. Magn. Soc. Japan, 24, 611(2000).

[18] Y. Ando, H. Kameda, H. Kubota and T. Miyazaki, J. Appl
Phys., 87, 5206(2000).

{19] Y. Ando, H. Kameda, H. Kubota and T. Miyazaki, Jpn. J. Appl
Phys., 38, L737(1999).




-52- = 2}71843)A] Volume 13, Number 2, April 2003

Local Current Distribution in a Ferromagnetic Tunnel Junction
Fabricated Using Microwave Excited Plasma Method
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Ferromagnetic tunnel junctions were fabricated by dc magnetron sputtering and plasma oxidation process. The local transport
properties of the ferromagnetic tunnel junctions were studied using contact-mode Atomic Force Microscopy (AFM) and the local
current-voltage analysis. Tunnel junctions with the structure of sub./Ta/Cu/Ta/NiFe/Cu/Mny;slr,s/CoqoFes/Al-oxide were prepared on
thermally oxidized Si wafers. Al-oxide layers were formed with microwave excited plasma using radial line slot antenna (RLSA) for 5
and 7 sec. Kr gas was used as the inert gas mixed with O, gas for the plasma oxidization. No correlation between topography and
current image was observed while they were measured simultaneously. The local current distribution was well identified with the
distribution of local barrier height. Assuming the gaussian distribution of the local barrier height, the ferromagnetic tunnel junction
with longer oxidation time was well fitted with the experimental results. As contrast, in the case of the shorter time oxidation junction,
the current mainly flow through the low barrier height area for its insufficient oxygen. Such leakage current might result in the
decrease of tunnel magnetoresistance (TMR) ratio.

Key words : Local transport, Contact AFM, RLSA, Topography image, Current image, TMR




