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Fig. 1. Schematic view of fabrication process of a ramp-edge junction.
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Fig. 2. (a) M-H loop and (b) asymmetric tunneling process between
wedge Co pinned layer and NiFe free layer for a ramp-type glass/
NiO(50)/Co(10)/NiO(60)/Si;N4(4)/NiFe(10) (nm) multilayers.
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Fig. 3. The SEM images of (a) junction width, (b) top, and (b) section
view for the ramp-edge junction.
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Fig. 4. TMR curve of ramp-type tunneling junction with SisN, barrier
at bias voltage of +4.5 V. The direction of an applied field and a ramp
junction shape is shown in inset.
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Fig. 5. I-V characteristics of ramp-type tunneling junctions: no field
and an applied magnetic field (+90 Oe) perpendicular to edge line.
Resistance-voltage curve throughout the measured voltage range up to
+ 1.0 V are shown in inset.
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Fig. 6. Bias voltage dependence of tunneling magnetoresistances at
room temperature for ramp-type tunneling junction with Si;N, barrier.

F= A 2 28 65 SN, PSS o8’ B4
H3 274 TMR ko] <I7Hste] Z7lel wlel Q3]
o] o2 Zrishe B4 Hol =3 gk 1 offoll o
wakst 219 e 1) 2RI $4o] etk £rt.
A Bdy AEe] w shie] e3e SN, & Al
23 Azl EZo) Ho BHdE 5AE QVRYl w8
742 9" 29 TMR & FAlshe Aol A€t
A, AY +10 voll 0|27 7R Fviske QP FSeIM
H TMRE FAZeE AR B2w H3aAel dofut
£ o3 AEEd SA4Y + Utk

ol oo oftt

Iv. & 2

A1 BdE HES ol83le] A2 BdR 755 AT
ik Si;N, AHES o]83 A¥e] ts7EE NiO60Y
Co(10)/NiO(60)/Si;N4(2-6)/NiFe(10) (nm)©|AT}. AFSHE- §F}
A3A) Niooll AUE wedge Feje] 14F Cost AHF
SisN, Yol AAR ¥thd 72 x-S NiFe 7+ 23
oj& Edy H3olA dofhe Solgt Fde] & HAM
RAo] 0 0ed Wt HFAAXS F2HEOZ 90 O
o 293 Haxte] AR-FAUEA Fio] @As] 7
A Yeprdth. TMRY 7 Atel&Ade 110 v wi= of
~10%S FRER= PR AR 5498 BT

HAfel =2

E Ay Aib= 2001-2002 A ek ] AtA] 28



CATEES SiN, FHFS o188 ZAHY 241 o) B9 AT 5 - 2L - F2 - o3

el ofsl] $REAT & A7 F3 B =
A RS B oISHUA, seehsh 0|3 mAaA 7
g =1y

=

ok
-
rot

[11 M. Guth, G. Schmerber, and A. Diania, Mater. Sci. Eng. C19,
129(2000).

[2] A.Barthelemy, A. Fert, J. P. Contour, M. Bowen, V. Cros, J. M.
De Teresa, H. Hamzic, J. C. Faini, J. M. George, J. Grollier, G.
Montaigne, F Pailloux, E. Petroff, and C. Vouille, J. Mag.
Mag. Mater. 242-245, 68 (2002).

[3] S.S. Lee, S. X. Wang, C. M. Park, J. R. Rhee, C. S. Yoon, P. J.
Chang, C. and K. Kim, J. Mag. Mag. Mater. 239, 129(2002).

[4] J. H. Lee, I. W. Chang, S. J. Byun, T. K. Hong, K. Rhie, W. Y.

-205-

Lee, K. H. Shin, C. Hwang, S. S. Lee, and B. C. Lee, J. Mag.
Mag. Mater. 240, 137(2002).

[5] R. Popel, D. Hagedorn, T. Weimann, E -Im. Buchholz, and J.
Niemeyer, Supercon. Sci. Technol. 13, 148(2000).

[6] J. Gao, W. A. M. Aamink, G. J. Gerritsma, and H. Rogalla,
Physica C. 171, 126(1990).

{7] J. K. Heinshon, R. Dittmann, J. R. Contreseas, E. Goldobin, A.
M. Klushin, M. Siegel, D. Hagedorn, R. Popel, R. Dolata, F. T.
Buchholz, and J. Niemeyer, J. Appl. Phys. 90, 4623(2001).

[8] S. S. Lee, D. G. Hwang, J. K. Kim, and K. Rhie, J. Kor. Phys.
Soc. 40, 484(2002).

[9] C. Heide, A. L. Krikunov, Y. F. Ogrin, and P. E. Zilberman, J.
Appl. Phys. 87, 5221(2000).

[10} J. G. Simmons, J. Appl. Phys. 34, 2581(1963).
[11] K. M. Chang, C. C. Cheng, and C. C. Lang, Solid-State Elec-
tonics 46, 1399(2002).

Tunneling Magnetoresistance of a Ramp-edge Type Junction
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The tunneling magnetoresistance (TMR) of a ramp-edge type junction has been studied. The samples with a structure of NiO(60)/
Co(10)/NiO(60)/Si;N4(2-6)/NiFe(10) (nm) were prepared by the sputtering and etched by the electron cyclotron (ECR) argon ion
milling. Nonlinear I-V characteristics was obtained from a ramp-type tunneling junctions having the dominant difference between zero
and +90 Oe perpendicular to the junction edge line. The voltage dependence of TMR was stable up to a bias volt of =10 V with a TMR
ratio of about —10%, which may be very peculiar magnetic tunneling properties with asymmetric tunneling process between wedge Co

pinned layer and NiFe free layer.

Keywords: Ramp-edge type junction, Tunneling magnetoresistance (TMR), Barrier Si3Ny, I-V characteristics.



