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Fabrications of Microstructures of Magentic Materials
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I. Nakatani, National Research Institute for Metals

Microfabrication techniques for magnetic materials
will open a new field of research and application of
magnetic materials, and will become a crucial process
for future magnetic devices which include high-density
magnetic recording heads, high-density patterned
media, magnetic quantum devices, micromagnetic
devices, etc. The microfabication technique consist of
the process of pattern definition, e g. electron-beam
writing, followed by the process of the pattern trans-
fer. Critical issues of the microfabrication process for
magnetic materials is the pattern transfer technique of
the reactive-ion etching. This paper reviews the recent
advance of the microfabrication for the magnetic
materials. An emphasis is given to the reactive-
ion etching methods that has been tried in the past
experiments and that has been newly developed in
recent experiments.

Key words: magnetic material, microfabrication, elec-
tron-beam writing, reactive-ion etching
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Fig. 1 Schematic representation of lithography processes: Dresist resin; @magnetic film; @substrate.
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Fig. 2 Schematic illustration of (a) an isotropic
and (b) an anisotropic etching.

Wet chemical Reactive-ion
etching: etching:
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low damage, fairy low damage,
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Fig. 3 Reactive-ion etching combines the
chemical and the physical etching.
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Fig. 4 Schematic view of the reactive-ion
etching.
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Fig. 5 A diagram of the reactive-ion etching
reactor equipped for magnetic materials: @
reaction chamber (steel); @inner wall plate (Ti);
@grounded electrode (Ti}; @sample susceptor
(Ti); ®powered electrode (Ti); ®earth shield (Ti);
(Dreaction gas nozzie (Ti); ®13.56 MHz rf power;
@coolant.
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Fig. 6 Etching rate vs. pressure: The reactor is
operated at 3.7 X 10* W/m?
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Photo. 1 Reactive-ion etching profiles: (a) (a’) Fe, (b) (b") Co—10%Cr, and (c) (¢') Ni-20%Fe; (a) (b) {c} etched
by the rf power of 2.5 X 10* W/m? and (a’) (b") (¢') etched by 3.7X10* W/m?
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Fig. 7 Schematic illustration of the redeposition.

(@) " (b)

Photo. 2 Redeposition layers on side walls of
small rectangular permalloy dots etched with
plasma (a) CO/(CO+NH3)=0.53 and (b) 0.75: @
titanium mask; @permalloy; @redeposition layer.

1388

PETBEVWHIERETH B,

(ERUEHE PN BE RSB O MGV R TTHFE S 5 HhiE
HRBICOVWTHEBELIE L TRE SV, HiEkicktd 3
Ty F Uy IHEEERELLLVE R, $KEBSBERS
EFBRFVLRRF—NVBIDORINEEZRWVWS T &ido —
F a4 v IIROEPOFE LBV, v —FA v IERIC
X5z F v IESORDER S eI, B UBIEESD
AFEET L0, REOKINEN R E2EBA LS, Kbk
S[EPEZER VI THR T2 ETH B, '
43 vA/00—-F 4 vUHR
%®D—74/7ﬁ%i?x«7bﬁbﬁ%m%ﬁwm
TARLEDETELECHWHBNBHRTRET S, D
HREI~A 700 —-F 1 v IR EFEINTVW S, FZE
Fig. 8 IT/RT & 91T, ZERIICEIRES Nicificle~T, #
ERADL o F v TIHEIBZEDT R b HOBERITEEWVE
C OBIR & Rk ERE D PLEDS
EEEASTEIREN B 1o»IckEZ 5BHE ThH 5. Photo. 3
12 Ni-Fe 548D CO-NH; SUGHEA 4 v v F v 7
BOTHIEOBERE 72T NEL 2EZESEEZFRICT »
F VI EToTCTHBRULILBEERETH 5. %13 573K Photo.
3(a) X LT, BHEL K Photo. 3(b) TR v F v 7
DRI HENT EPRDONG, UBERELLRKEICBL
BEAWAENNSC, BT~ OBEER B
BEFICRONZDR, FELAKETRETRS chiEERE
FEWRZL, A% viEdssgOyIENR o F v 7 OER%
ZUBLHEELLND.

44 <2A0bLUFUY
BOINLAIT-o1& %, Fig 9limd k5%, R T
BONIMERORBENSEID Sk kS I ATNEE
KB LELERONEG., CoRBE<AI70b L yF oy

Mask

\

v

\\;

//

Fig. 8 Schematic illustration of the mlcroloadmg
effect.
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(b)

Photo. 3 Representation of a microloading
effect: (a) widely separated features; (b) narrow
features.

BAIGHABSF S Vol. 22, No. 11, 1998

NI | -El ectronic Library Service



The Magnetics Society of Japan

Grazing angle
collision of

-, \
= Vo
N

Microtrench

Fig. 9 Schematic illustration of microtrenching.
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Fig. 10 Schematic illustration of notching.
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