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Application of nanocrystalline soft magnetic F e—M-B (M=Zr, Nb) alloys
to choke coils

Y. Naitoh, T. Bitoh, T. Hatanai, and A. Makino
Central Res. Lab., Alps Electric Co., Ltd., Nagaoka 940, Japan

A. Inoue
Institute for Materials Research, Tohoku University, Sendai 980-77, Japan

We have developed a choke coil made of new nanocrystalline soft mageetdd B8 (M =Zr, Nb)
alloys(“NANOPERM™ " material) which exhibit high saturation magnetic inductidBj, above

1.5 T, excellent soft magnetic properties and zero magnetostriction. A choke coil made of
NANOPERM™ material exhibits good dc bias characteristics of inductance because of tig high
Furthermore, the choke coil made from NANOPERM™ material showed 1/3rd the temperature rise
shown by a core made from Fe—Si—B amorphous alloy. The low core loss andBhigi
NANOPERM™ material allow the reduction of the core size. It is concluded that NANOPERM™
is suitable as a core material for choke coils. 1©®98 American Institute of Physics.
[S0021-897€98)36611-9

. INTRODUCTION oidal cores with 38 mm in outer diameter, 23 mm in inner

In increasing instances the reactors of phase modifyingglameter and 15 mm in height. The annealing treatment of

equipment are disabled by line current which contains highe h5e3c:2rfosrvt\;%% Csaérl\rllzﬂl ggég'\\/ﬁﬁ)u%? ;{yézzer')(mf%rth?ezcirses at
harmonic distortion generated by switching regulators, etc )

. ; : ! : - (Fe—Si—B amorphous allpy The annealed cores were en-
Line current correction to sinusoidal wave by using active - .
capsulation in an epoxy resin. Then the cores were processed

filters is a useful method to prevent distortion in the reactors : . . . . .
Hi : L : by cutting a 2 mm air gap anthserting an insulating mate-
igh saturation magnetic inductioB{) and low core loss rial in the gap

are required for the core material of choke coils as active . .
Measurements of core losses were carried out using an

filters because high frequency current with large amplitude i . .
superimposed on direct current flows into the choke coil 12 B-H ‘analyzer after annealing, after encapsulation, and
has been reported by us that new nanocrystalline soft ma@lf;reerdm;;?;uiﬂ; g datjnci?:r g;p;idrc l:;as characteristics were mea-
netic Fe—M—B (M =2Zr, Nb) alloys (“NANOPERM™ " ma- 9 9ap.
teria) show highBg above 1.5 T, excellent soft magnetic

properties, low core losses and sufficiently smalllll. RESULTS AND DISCUSSION

. . _4 . .
magnetostnct_l(_)r’f. Figure 1 shows the relatlonTSeMeBg Table Il shows the size, the lamination factor and the
and permeability &¢) at 1 kHz for NANOPERM TrSatenaI_ effective cross section of the cores. The size of the cores is
and other soft magnetic materials. NANOPERM mate”alalmost the same. Figure 2 shows the change in core loss of

is found to be situated in the top right comer of the figure.jo ¢ores after annealing, encapsulation, and introducing an
NANOPERM™ material is therefore expected to be used as

core material for choke coils as active filters. In this article,

we report the characteristics of the choke coil made of L SN N S A A w e
NANOPERM™ material. | Co-based amorphous alloys ]
= i NANOPERM ™ |
Il. EXPERIMENTAL PROCEDURE T 10°F E
The FeuZrs; Nb; BsCu; alloy was selected an example ‘:’? ]
of NANOPERM™ material in this study. The = | Ni-Fe alloys Fe ALSi ﬂ
NANOPERM™ ribbon with 20um in thickness was pro- o alloys
duced by using a single-roller melt-spinning method in an Ar g 104 2 oervsialing
atmosphere. In order to compare the magnetic properties, a > - Fe—Si-B{Nb-CuE
commercial FgSigB,3 amorphous alloyMETGLAS® alloy o - amorphous sllays alloys >
2605 S-2 ribbon with the same thickness as the | M znrite Silicon steels T
NANOPERM™ material was prepared. Table | shows typi- 3 b v e
cal magnetic properties for the alloy8. 0 05 10 15 20 25
Toroidal samples were prepared as follows. A mixture of Saturation induction, B, (T)

MgQ powders af‘d sodium §|I|ca solutiqwater glas}syvas FIG. 1. Relationship betweeB, and u, at 1 kHz for NANOPERM™, the
applied to both Sld'eS of the ”bb(_)ns to prevent eleCtr"Cal CONRpanocrystalline Fe-iSB—Nb—Cu alloys (Ref. 5 and conventional soft
tact between the ribbons. The ribbons were wound into tormagnetic materials.
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TABLE I. Typical example of the saturation inductioB4), permeability(x), core loss ), and saturation
magnetostrictionX) for the alloys(Refs. 3 and §

|l W (W/kg)
Alloys B«(T) 1kHz 100kHz 1kHz, 1T 100 kHz, 0.1 T A (10 ©)
NANOPERM™ 153 100000 18000 11 15 ~0
Fe—Si—B amorphous alloy 1.56 10 000 5000 4.0 48 +27

TABLE 1. Outer diameter(OD), inner diametexID), height(H), lamina- &I gap. The core loss of NANOPERM™ core after anneal-
tion factor (K), and effective cross sectiorsy. ing is about 1/3rd as large as that of the Fe—Si—B core. After

Alloys

encapsulation in the epoxy resin, the core loss of the Fe—
Si—B core showed a large increase due to stress from the
resin. Since the magnetostriction of the Fe—Si—B amorphous

oD ID H K S
(mm)  (mm)  (mm) (%) (mm2

NANOPERM™ 371 232 155 771 790 alloy is large, the soft magnetic properties are inferior in the
Fe-Si-B amorphous  36.9 229 155 658 714  giressed state. On the other hand, the NANOPERM™ core

alloy exhibits almost the same low core loss value as that of the
core before encapsulation because of its zero magnetostric-
tion. The encapsulation treatment is necessary to cut an air
gap. It can be said that the zero magnetostriction is necessary
for the toroidal core with a gap to exhibit a low core loss.
After introducing an air gap, the core loss increase in both
NANOPERM™ and Fe-Si-B alloys. However, the
NANOPERM™ core exhibits smaller core loss which is only
300 1/5th that of the Fe—Si—B core.
f_kaH' B 04T ‘ l Figure 3 shows dc bias characteristics of the gapped
’-3, 250 7 “ Zm Phs cores with 25 turn coil. The inductance of the
2 200 | L - NANOPERM™ and the Fe—Si—B cores show a decrease
@ Fe-Si-Balloy _~ aroundN X 1=700 AT because the saturation magnetic in-
S 150 | . . ) .
o . ductions of both the core materials are almost equal. When
5 “ NANOPERM™ - :
g 100 - -n \ i leakage flux from the air gap can be neglected, inductance
50 qt, -~ Q////,,.() (L) of the gapped core can be written as
Aft anneal i i -1 I
er annealing After encapsulation After processing L=N23s 9 + -9 (1)
the air gap o Mol

FIG. 2. Change in the core loss of the cores with annealing, encapsulatiorw

Process
herel, is gap length| is length of magnetic pathy is

and processing the air gap. permeability of material, ang is permeability of vacuum.

80

B 2]
(=3 o

Inductance, L (uH)
N
o

FIG. 3. Change of inductance as a function of dc bias currkp) {imes

When w is much larger tham,, a term of (—14)/u can be
neglected. Therefore, the inductance of the gapped core is
independ ofu. However, although the NANOPERM™ and
the Fe—Si—B cores have the same size and the same gap
length, the inductance of the NANOPERM™ core is 10%

T M T T T

NANOPERM™ larger than that of the Fe—Si—B core at a dc bias current of

zero. The difference in inductances is caused by the differ-
— ence in effective cross sections of the cores. As shown in
Table I, the effective cross section of the NANOPERM™
core is 14% larger than that of the Fe—Si—B core, which is in
good agreement with the difference in inductances.

Next, we have examined the relation between the choke
coil loss and temperature risaT) of the choke cores. The
miniaturization of the core is limited bBg and by the core
loss of the core material. If the core loss is large, the core

Fe-Si-B alloy “ 1

f=100 kHz

L volume should be increased because maximum magnetic in-

0 200 400 600 800 duction B,,) should be decreased to reduad. Figure 4

lac x N (AT) shows theB,,, dependence of the choke coil loss which con-
sists of the core loss and the copper loss. The operating fre-

number of turns i) for choke coils made of NANOPERM™ and Fe—si—B duency is 50 kHz an8,, is changed from 0.01t0 0.1 T. The

alloy.

choke coil loss is 4.2 W for Fe—Si-B alloy, and is 1.3 W for
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FIG. 4. B,, dependence of the choke coil loss, which consists of the core FIG. 5. AT of the choke coils as a function &,.

loss and the copper loss.

size of the choke coils can be significantly reduced by re-
NANOPERM™ material aB,,=0.1 T. Figure 5 showdT placing the core material from Fe—Si—B amorphous alloys to
of the choke coils as a function &,,. WhenB,,=0.1T, NANOPERM™. Therefore, NANOPERM™ material is suit-

AT is 34 K for the Fe=Si—B choke coil and 11 K for the able as core material for the choke coils of active filters.
NANOPERM™ choke coil, respectively. ThAT of the
NANOPERM™ choke coil is only 32% that of the Fe—Si—B K. Suzuki, N. Kataoka, A. Inoue, A. Makino, and T. Masumoto, Mater.
one. In order to achieve a smallT of 11 K for Fe—Si—B Trans., JIM31, 743(1990.
core, it is necessary to reduce tBg, value to 0.05 T. This 2A. Makino, K. Suzuki, A. Inoue and T. Masumoto, Mater. Trans., B&/

’ ' ' . 551(1997).
means th.at core volume should be doubled for the Fe—Si—B,_ ,\E,akin]i,, A. Inoue, and T. Masumoto, Mater. Trans., JB6, 924
choke caoil. (1995.

NANOPERM™ shows a higB which is comparable to 4A. Makino, T. Hatanai, A. Inoue, and T. Masumoto, Mater. Sci. Eng., A

i ; ; . 226-228 594 (1997).

that of Fe-Si-B amorp_hous a”OyS’ and its choke coil loss ISSY. Yoshizawa, S. Oguma, A. Hiraki and K. Yamauchi, Hitachi Metals
only 1/3rd that of Fe—Si—B amorphous alloys. The very low tech. Revs, 13 (1989.

loss allows a reduction in core size. It is concluded that the®R. Hasegawa, J. Non-Cryst. Solifl$—62, 725 (1984).
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