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Fabrication of Low-Resistance Ferromagnetic Tunnel Junctions Using Plasma Oxidation
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Ferromagnetic tunnel junctions, Ta/Ni Fe, /Cu/Ni  Fe, /
ItMn/Co,_ Fe, /Al-oxide/Co, Fe, /Ni, Fe, /Ta, were fabri-
cated using ICP oxidation, and the detailed annealing tem-
perature dependence of the TMR effect was investigated.
Thickness of the Al layer was varied from 6.6 to 7.7 A be-
fore oxidation, and the oxidation time was optimized for each
thickness. The 1-pum? junctions were microfabricated using
e-beam lithography. When the Al thickness was 6.6 A, the
RA decreased to 60-100 Q - pum? and the TMR ratio be-
came 30%. The lower the RA was, the lower the TMR ratio

became.
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Fig.1 MR curves for a junction formed by a 10 s. oxidation ~ and (b) resistance area product for junctions with various Al
of 6.6-A Al thicknesses and optimum oxidation time.
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Fig. 4 The dependence of (a) resistance area product, (b)
TMR ratio, and (c) barrier height on Al thickness. The white
circles are the data for junctions with Co as the ferromag-
netic electrodes.

BAGBHSYA5E Vol 25, No. 4-2, 2001

ENBW FDTH T T A b EIT D BN A TN
&9V grain boundary 2> HELASEAE Y, #EV T grain
ONEIZM D> THENRBL TN 2 BB LND.
T TS E RS OB O ARMER G 28R Lz & &1,
BIROFAIZ S WHIRA FTHEOWE TEM TEIZBT S
graink RIRE DK E EORREBZIND X 2 1IZ0H LT
BT ENOTRTELW, MEBNEWVES TR L E
FER4T 9 7= grain® P E THENBRE T A5 & TY
BiREraonsd. EhEENCTEETIBREOR
WNEUN = DEVLERZ X TIMRIEDS K& < N3 5. Fhuic
st U CHeitg e A3 LB S CrE, BMERfA 10 sFR B
L RIRFRIC 72 BT DB L ORI RN L < R D, B
HIZL > THEIC D ETOBEL HICEERN. 20
AL DO RA-43 IR RIS/ N EWTMR b, ODfER L Y, EHIT
REIZRB OV TIR XN E70, BRELTESSED
™R t, OEIZONWTH/NEL DT EBHATES D,

B %17 TMR e & RA DBMRIZ DN TAZR4E OE & B Ot
DI N—TOREEZE L, Fig. 6 [TRT61016D K
WA > 1 k Qum? TIXTMR FE28 50 BTV FERIZ K&
REERL TS, R4 <1 k Q un? TEBEA T 5HE
Wb D, RAERD ZRDIT8E5 T IR AR T ML

low ¢
low TMR

low ¢
low TMR

s
e
s

high TMR§

Fig.5 Schematic illustration of the oxidation process for junc-
tions with different Al thicknesses.
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Fig. 6 TMR ratio as a function of resistance area
product. The star and circles indicate our results and

those reported by others, respectively.
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