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Digital M-H Loop Tracer for Soft-Magnetic Thin Films
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Analysis of the measuring sensitivity of a conventional
M-H loop tracer revealed that the sensitivity is limited by
undesirable signals, caused by imbalance of a pick-up coil
pair, use of a non-ideal electronic integrator, and/or the
presence of ambient magnetic or conductive bodies. Most
of these noises are periodic and synchronized with the
exciting magnetic field at 50-60 Hz. This paper proposes a
new scheme utilizing digital signal-processing technique
and virtual instrument software, to reduce such noises
effectively, taking account of the above-mentioned noise
properties. In the scheme, a pick-up coil signal without a
magnetic thin film is first sampled and stored in memory as
a background noise, then another signal with the thin film
is sampled and the stored background noise is reduced. A
pick-up coil pair, linear amplifiers, and digital-signal-
processing software were optimally designed and installed.
A newly designed M-H loop tracer can measure thin soft-
magnetic films with a magnetic moment as small as 2.5 X
107% emu.

Key words: M-H loop tracer, magnetic measurement, soft-
magnetic material, virtual instrument
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Fig. 1 Conventional M-H loop tracer.
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Fig. 2 H-signal and undesirable V-signal without
sample, caused by imbalance of a pick-up coil pair
and the presence of ambient conductive or magnetic
bodies.
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Fig. 3 Functional block diagram of a newly devel-
oped digital M—H loop tracer.
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Fig. 4 Definition of parameters for a pick-up coil
pair and a sample.
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Fig. 5 Sensitivity curve of a pick-up coil pair for the

conventional M-H loop tracer, and definitions of H,

and AH. Parameters: ¢=9 mm, b=16 mm, h=4 mm,

t=3mm, k=2 mm, s=2 mm.
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Fig. 6 Flatness and sensitivity as functions of the
coil aspect ratio @/b. Parameters: 2aX2b=160 mm?,
h=3mm, =6 mm, k=02 mm,d=6 mm, s=2 mm.
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Fig. 7 Flatness and sensitivity as functions of the
gap between pick-up coils. Parameters: =10 mm, b=
4mm, ~=3mm, {=6 mm, s=2 mm, d=6 mm.
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Fig. 8 Flatness and sensitivity as functions of the
coil height, A. Parameters: a=10mm, =4 mm, h Xt=
18 mm? d=6 mm, s=2 mm, £=0.35 mm,
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Fig. 9 Sensitivity curves for new and old pick-up
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Fig. 10 Effect of amplifier phase shift on H. cal-

culated from M-H loops.
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Table 1 Test samples
Sample Composition Thickness Area Moment (")
(rmw) (mee?) (omu)
n Unknown Unknown 1x%7 2.3x107
{B) NiFe 10 7x7 2.5%1904
) NiFe/Ta 3 %7 5.6Xx10°
D) NiFe 7.5 2x2 2.5%10°°

(1) Magnetic moment was measured by a
VSM at the maximum field of 40 Oe.
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Fig. 11 M-H loops in the easy and hard directions
for sample A, with maximum magnetic fields of 10,
40, and 80 Oe.
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Fig. 12 M-H loops in the easy axis direction for
samples B and C, with a maximum magnetic field of
10 Oe.
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Fig. 13 Example of removing the effects of a
magnetic sub-layer.
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(a) The effect of a conductive substrate is included
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Fig. 14 Example of removing the effect of a con-
ductive substrate.
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