(Transl ati on) SPECI FI CATI ON PERMANENT MAGNET, MAGNETI C CORE USI NG THE
SAME AS MAGNETI CALLY BI ASI NG MAGNET, AND | NDUCTANCE PART USI NG THE CORE
TECHNI CAL FIELD This invention relates to a permanent magnet for

magnetically biasing a nagnetic core (which will hereinu m ' | '
referred to as "core" sinply) which is used in an inductg M]I 'ﬂm]mmmsuch
as a choke coil, transfornmer or the I|ike. Further, this invenisga rel ates
to a magnetic core having a permanent magnet as a magnetically biasing

magnet and an inductance el enent usignélBgonymagnetic coil. BACKGROUND
TECHNI QUE To a choke coil and a tram?orrrer used in, forH‘ﬁFﬂﬂ

switching power supply or the |ike, an AC current is us memmwd
thereto together with a DC current superposed thereto. Thernghgse, a core
used in those choke coil and tragHECIRBCATIONequi red to have a magnetic
characteristic of a good magnetic perneability so that the core is not

magnetical ly saturated by the superposition of the DC current (the
characteristic will be referred to as "DC superposition characteristic" or

sinmply as 'FEMAANENT MAGNET MAGKETIC CORBUSINGIHE SAMEAS n appl i cation
fields wthin high frequency bands, there have been used a ferrite core

and a DQV\UNAGNM_QCAQLYCBIASNHGCMAGNET, ANDI INDUGTANEE PART UWSING dHihysi cal
properties of their materials, the ferrite core 2 has a high intrinsic
magneti c p@GQ@mBEbility and a | ow saturated nagnetic fl ux

TECHNICAL FIELD

This invention relates to a permanent magnet for magnetically biasing a
magnetic core (which will hereinunder be often referred to as “core” simply)
which is used in an inductance element such as a choke coil, transformer or the
like. Further, this invention relates to a magnetic core having a permanent
magnet as a magnetically biasing magnet and an inductance element using the

magnetic coil.

BACKGROUND TECHNIQUE

To a choke coil and a transformer used in, for example, a switching
power supply or the like, an AC current is usually applied thereto together with a
DC current superbosed thereto. Therefore, a core used in those choke coil
and transformer is required to have a magnetic characteristic of a good
magnetic permeability so thét the core is not magnetically saturated by the
superposition of the DC current (the characteristic will be referred to as “DC
superposition characteristic” or simply as “superposition characteristic”.

As magnetic cores in application fields within high frequency bands,
there have been used a ferrite core and a powder magnetic core which have

individual features due to physical properties of their materials, the ferrite core




density while the dust core has a low intrinsic nmagnetic perneability and a
hi gh saturated magnetic flux density. Accordingly, the dust core is often
used as one having a toroidal shape. On the other hand, the ferrite
magneti c core has an E-shape core part having a central leg forned with a
magnetic gap so as to prevent magnetic2saturation from being caused by the
superposition of DC current. Recently, since electronic parts are required
to be small-sized as electronic devices are nore conpact-sized, the

nmagneti c cers amigh irthAsic Magesticparaiedbiity Rl lar IBwWzsstuined ngnetibdiug is a
strong demand for magnetic cores having an increased nmagnetic perneability

agai nst supengigswhil@thetiuscore haseniow iGehsiaiagnetit peembabittysarid/a high t he
dermand to select a magnetic core having a high saturation rmagneti zati on,

that is, teafghReimagnaipiun densitye Weabrdisglytbe dusyoers isafley seidlasat ed by a
hi gh magnetic field applied. The saturation magnetization is inevitably

det er m ned ohg hasirgy a adreidahdhapenoOnlthe wtkr Rend, theyterdte mheghetieicorshas
solution, it has been conventionally proposed to dispose a permanent

magnet in anr@ghepe cogapart biavind a nentratdgg édmmedwith axhagnetiggap so asdor e,
that is, to magnetically bias the nagnetic core, to thereby cancel a DC
magnet i ¢ f pneverd msaghetic saterasiop éropo deingosausiedhy thersuperposition ablgbet i ¢ bi as
by use of the permanent magnet is a good solution to inprove the DC
super posi t icorrephar acteristic, but it have hardly been brought into a
practical use because use of a sintered netalljc magnet resulted in
consi der abl e i ncRegeptlyfsinceceestronisPasts aradequispdia be soiad:-siz@d 88 use of a
ferrite magnet |l ed in unstable superposition characteristic. 3 In order to
resol ve t h&lgfitEmiedgvicesaremnipcempaot-gized. theamggnetis eenegdithithey use, as a
magnetically biasi ng magnet,. a bond et conprisin i
J r%/agnetic gagp is small-sized too. gg,gtﬂere is anEtrong dgmand for magnetic
cores having an increased magnetic permeability against superposition of DC
current.
Generally, it is necessary for the demand to select a magnetic core
having a high saturation magnetization, that is, to select a magnetic core that is
not magnetically saturated by a high magnetic field applied. The saturation
magnetization is inevitably determined by materials and cannot be made as
high as desired.
As a solution, it has been conventionally proposed to dispose a
permanent magnet in a magnetic gap formed in a magnetic path of a magnetic
core, that is, to magnetically bias the magnetic core, to thereby cancel a DC
magnetic flux caused by the superposition of DC current.
The magnetic bias by use of the permanent magnet is a good solution
to improve the DC superposition characteristic, but it have hardly been brought
into a practical use because use of a sintered metallic magnet resulted in
considerable increase of a core loss of the magnetic core, while use of a ferrite

magnet led in unstable superposition characteristic.



rare-earth magnetic powder with a high magnetic coercive force and binder
whi ch are m xed together with each other and conpacted into a shape,

t hereby the DC superposition characteristic and tenperature el evation of
the core being inproved. Recently, a power supply has been nore and nore
strongly required to inprove its power 3ransformation efficiency to such a
high level that it is difficult to determ ne good and bad of magnetic
cores for choke coils and transforners by core tenperatures nmeasured.

Therefore, it is)hReydritdhbsolle tﬁ’@EF‘d%rﬂ@, fof e&é@@ge,f.@-ﬁt P934 a measured

by use of a core-loss neasuring device. Accor o] e study by the

present i N\ REEIOsSs td liseas £ RiHigneliBal Vi Blasing Magrititea beRa hagneé cofiffished

value in cores having the resi'stance val ué disclosed in JP-A 50- 133453. As

el ectroni ¢ relpceEAR r@yfeticasinddriwilie e higHRlagneti@ BdercividiesdeBs@ bidek s are
required smaller and small'er. Accordingly, magnetically biasing nmagnets

are demand giiteh lapé niiked SIERIhET with ehbh olite Shd domipdRed intbf shdpy thdrepgnt |y

been denmands for coil parts of a surface- nount type. Those coil parts are

subj ect ed tthe I lsopesisiion cﬂ@r@ét@ﬂ@ﬁ@aﬁ@te&ﬁperbmrbeeléwﬂmﬁp@ateeseiﬂg a
circuit board. It 1s desired that a magnetic core of the coil part be not

degr aded i nmprevedignetic properties under conditions of the reflow
sol dering process. Further, the magnet is desired to have oxidation
resi stance. |t i SRecentighepoet Bupplymasriidenrmbre andwmale stromgyveyuised tabl e to
a magnetically biasing magnet which i's disposed in the vicinity of at
| east one impyon its pgwer fransiedmiation effinigretyito spahla highdeved gimattit is difficelti n a
smal | -sized inductance part for magnetically bias the core through
opposi t e ertdsleiernmine goodwanschad ofymagnetic ceresrfovbheisa ceifs and gansfoemetson t o
provi de a permanent magnet that can L o
by core temperatures measured. Therefore, it is inevitable to determine it from
core loss data measured by use of a core-loss measuring device. According to
the study by the present inventors, it was confirmed that the core loss has a
degraded value in cores having the resistance value disclosed in JP-A 50-
133453.
As electronic devices have recently been small-sized, inductance parts
are required smaller and smaller. Accordingly, magnetically biasing magnets
are demand smaller and smaller in thickness.
Further, there have recently been demands for coil parts of a surface-
mount type. Those coil parts are subjected to reflow soldering process so as
to be surface-mounted on a circuit board. It is desired that a magnetic core of
the coil part be not degraded in its magnetic properties under conditions of the
reflow soldering process. Further, the magnet is desired to have oxidation
resistance.
It is a theme of this invention to provide a magnet suitable to a
magnetically biasing magnet which is disposed in the vicinity of at least one
magnetic gap formed in a magnetic path of a magnetic core in a smali-sized

inductance part for magnetically bias the core through opposite ends of the



provi de an excell ent DC superposition characteristics and an excell ent
core-loss characteristic to an inductance part in use as a magnetically
bi'asi ng magnet for a magnetic core of the part. It is another object of
this invention to provide a permanent magnet for nmagnetically biasing
magnet that is not degraded in its nmagngtic properties even if it is
subjected to a tenperature in the reflow soldering process. It is yet
anot her object to provide a magnetic core that is excellent in the

magneti c prn?%e{tf-c rpand core-loss characteristic. It is another object of
this inventi oe%d ovi de an inductance part having a magnetic core having

excel l ent DC supgn | A 1St - Lstics.
I R R e g i U L
a per mneniygHdach oRiich SERIeASHIbPLATAbESES SndBH SR coroyter

di spersed in the plastic resin, ereln sard nmagnet has a specific

resi stance Fops ; ' %ni i st rinsic
coercive fodr)' %lre&é%n%?ct)(e)%ﬁrﬂ%?%ﬁ@g%%ﬁrl@%b osilﬂr%t cegf Q‘%\@%égp%nggﬂe,t fgtld a
particle sizZzmabhefdcoHre &AHalpao or less than 150m It is preferable that
the magnetic pdowder has an average particle size is 2.0-50m In the

permanent magnet jt i§aﬁ@fﬂt#!ﬁbjétft&ﬂﬂsﬁv@ﬁﬁibﬁtéﬁﬁd%é§ﬁ@’rﬁ1faﬂéﬁph1‘égngpf’&0r nmor e
on the base of a volunetric percentage. In the permnent magnef, the

nmagneti ¢ poms@ieticallp bissir@maghaf that igHettRigrad S® e magnktic bropgtriéer abl e

that the permanent nagnet is a conpression ratio (or conpressibility
rati o) of 20Rmaf it osubjéoted eoRASHpagatutalin the reflowasoidringggroeess.t he

rare-earth nmagnetic powder used in the
It is yet another object to provide a magnetic core that is excellent in the
magnetic properties and core-loss characteristic.
It is another object of this invention to provide an inductance part having
a magnetic core having excellent DC superposition characteristics and core-

loss characteristics.

DISCLOSURE OF THE INVENTION

According to this invention, there is provided a permanent magnet
which comprises a plastic resin and magnetic powder dispersed in the plastic
resin, wherein said magnet has a specific resistance of 0.1Q-cm or more and
said magnetic powder has an intrinsic coercive force of 5kOe or more, a Curie
Point Tc of 300°C or more, and a particle size which is equal to or less than
150pm.

It is preferable that the magnetic powder has an average particle size is
2.0-50pm.

In the permanent magnet, a content of the plastic resin is preferably
20% or more on the base of a volumetric percentage.

In the permanent magnet, the magnetic powder is of a rare-earth

magnetic powder.



bond magnet includes silane coupling agent and/or titanium coupling agent
added thereto. The pernmanent nagnet preferably has a magnetic ani sotropy
generated by a nmagnetic alignnent subjected in a production process
thereof. In the pernmanent magnet, it is preferable that the magnetic powder
has a surface coating of surfactant. |H is preferable that the permanent
magnet has a surface having a center-line average profile surface
roughness of 10mor less. It is also preferable that the pernmanent magnet

has a thickness g@fis pferdfid @iat tAs peFranéntiraagetasbastinmmretsioh ratie (mir esent
I nvention, the permanent magnet preferably has a specific resistance of 10

- cm or noiempléssibiRs rEROE 6t 20RWIehorely pombactid.y be produced by nol ding
and/ or hot pressing. "According to another enbodi ment of this invention, the

permanent magnein h‘@p@frﬁdﬂ@klﬂ@e@,ﬂhé@ém-eanh esagnefibpomaipneseddn threef er abl y
produced fromm xed slurry of the plastic resin and the magnetic powder by
a thin fil montionagmet inclades silane bowysling atyerit andfdr diteniomt doagling agenht i ng

nmet hod or the like. The permanent nagnet also has a surface gl oss of 25%
or nore. | madded theretmnent magnet, the plastic resin is preferably at |east
one selected froma group of pol ypropylene resin, 6-nylon resin, 12-nylon
resin, polyin d@heqermaneot yetgmet preferabhi has amiagneticyanisstiapy ganeargted
preferable that the permanent magnet has a surface coating of a heat

resi stant i antnagnetic aignmeat sghjeotedrie ¢ productiomprwcessithareel. st ance
tenperature of 120C or nore. 6 In the permanent magnet, the magnetic powder
i s rare-earth nadmthe permangidmagnaicit isdprefesable habihe HARIRAHGHPOWEEERS and

SneN. According to an aspect of the pernmanent nmagnet of this invention,
t here a surface coating of surfactant.

It is preferable that the permanent magnet has a surface having a
center-line average profile surface roughness of 10um or less.

It is also preferable that the permanent magnet has a thickness of 50-
10000pm.

According to an embodiment of the present invention, the permanent
magnet preferably has a specific resistance of 1Q+cm or more. The
permanent magnet may preferably be produced by molding and/or hot pressing.

According to another embodiment of this invention, the permanent
magnet has a thickness of 500um or less. The magnet is preferably produced
from mixed slurry of the plastic resin and the magnetic powder by a thin fiim
forming process such as a doctor blade method, a printing method or the like.
The permanent magnet also has a surface gloss of 25% or more.

In the permanent magnet, the plastic resin is preferably at least one
selected from a group of polypropylene resin, 6-nylon resin, 12-nylon resin,
polyimide resin, polyethylene resin, and epoxy resin.

It is preferable that the permanent magnet has a surface coating of a
heat resistant paint or a heat resistant resin having a heat resistance

temperature of 120°C or more.



I's provided a permanent nmagnet wherein the magnetic powder has an intrinsic
coercive force of 10kCe or nore, a Curie tenperature of 500C or nore, and
an average particle size of 2.5-50m In the permanent magnet according to
t he aspect, the magnetic powder 1is preferably an SnCo rare-earth magnetic
powder. A preferable one of the SnmCo r#& e-earth powder is one represented
by: Sm ( Cobal FeO. 15- 0. 25Cu0. 05*-0. 06Zr 0. 02*-0. 037.0"-8.5 I n the pernanent
magnet according to the aspect, it is preferable that the content of the

plastic resin is|3{% gérmiBidht Padritt, thaTRagietit POWUETES rake-e e ge. In
t he permanent magnet according to the aspect, it is preferable that the

plastic refgovvde? sBIddiéd fBrPh @duiFofl SHIOH, NUFER) éhdsOiFen.ng poi nt of 250C or

nore. In the permanent magnef according to the aspect, it is preferable

that the plasti qceafdifg k¢ an depectaring pentanbasinagnekst thisiavempm there
carboni zation point of “250C or nore. In the permanent magnet according to

the aspect s brovidedagletimabeat inaghet Wherehrh #st magnetic powslenhat easntriosie
selected forma group of polyimde resin, polyam deimnmde resin, epoxy

resin, pol ypkeedsve esree 9f10kde orghbie; arGurieemperapureys S0P Crarsnore, andm@at i C

pol yam de resin, and liquid crystal polyner. According to another aspect of
t hi s i nventdaveragd partiele sizelof 2i5:60um. magnetic core having at |east one
magnetic gap in a magnetic path thereof and having a nmagnetically biasing
magnet di sposed ilmthéperrnanentingagriettadceording én the aspgst.ftbe magnatigi payvder
magneti c bias from opposite ends of the magnetic gap to the 7 core, wherein
t he magnet iis préferailnanBmeagac-eagh magnetic\nowiscr Ajyefergbleranedittheagnet
according to this invention. It is preferable that the magnetic gap of the
magnet i ¢ cddmOeadare-egeth powder is one represented by:

Sm (CopaFeq 15~0.25CU0.05~0.06Z70.02~0.03)7.0~8.5

In the permanent magnet according to the aspect, it is preferable that
the content of the plastic resin is 30% or more on the base of a volumetric
percentage.

In the permanent magnet according to the aspect, it is preferable that
the plastic resin is a thermo-plastic resin having a softening point of 250°C or
more.

In the permanent magnet according to the aspect, it is preferable that
the plastic resin is a thermosetting plastic resin having a carbonization point of
250°C or more.

In the permanent magnet according to the aspect, it is preferable that
the plastic resin is at least one selected form a group of polyimide resin,
polyamideimide resin, epoxy resin, polyphenylene sulfide, silicone resin,
polyester resin, aromatic polyamide resin, and liquid crystal polymer.

According to another aspect of this invention, there is obtained a
magnetic core having at least one magnetic gap in a magnetic path thereof and
having a magnetically biasing magnet disposed in the vicinity of the magnetic

gap for providing a magnetic bias from opposite ends of the magnetic gap to the




| engt h of about 50-10000m According to an enbodi nent, the nmagnetic gap

has a gap |l ength greater than 500m According to another enbodi nent, the
magnetic gap has a gap length of 500mor |ess. According to yet another
aspect of this invention, there is obtained an inductance part which
conprises the magnetic core having the magnetically biasing nmagnet
according to this invention, and at | east one w nding wound by one or nore
turns on the core. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

per specti V%Q’%%é}%gﬁh@%@ﬁﬁéﬁaﬂ%%gﬁs@gﬁifa?négisttﬂe%fbov@fd&@'rm@@t of this

I nventi on. a front vie duct ance part conprising a

magneti ¢ Cg)re?maﬂgnﬁnﬁgnét AQhrainyitd dhiBgnventied, on the core. Fig. 3 is a
perspective view of a“magnetic Core according to another enbodi nent of

this invention. Figorderdold tRAARARAdnetic Jeprofahe aagrilietions baspegdp |
conprising a magnetic core of Fig. and a wi ndi ng wound on the core. Fig.

5 graphi calibygth i WboliEssH0Rd0MALa AEcdringaakiN émbodinearitatheanagitic gap
superposition characteristic) of a magnetic core with no magnetically

bi asi ng R ghp 6P YRSaet tharnesBaimd  Avpbidiag toanothev ambodimentp treposed
DC magnetic fields Hn Fig. 6 graphically shows neasured data of

per neabi | i tifagiétid gdp Ras alap lenptr picB00umnorlessact eri stic) of a magnetic
core with a ferrite magnet fsanpl e S-1) in exanple 3 as the nagnetically
bi asi ng magnet i rAdcesdingse yebanathenasped ohthps iro@ntion, theres isroiaweddier posed
DC magnetic fields Hm Fig. 7 graphically shows neasured data of

per neabi | i tigdustancepatwifiiCcompisep tise magnetio soexbhaving the nagneticalignet i ¢
core with an SmFe-N nagnet (sanple S-2) in exanple 3 as the magnetically
bi asi ng magresingmagrsi@eserding to this invention, and at least one winding wound by

one or more turns on the core.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a magnetic core according to an
embodiment of this invention.

Fig. 2 is a front view of an inductance part comprising a magnetic core
of Fig. 1 and a winding wound on the core.

Fig. 3 is a perspective view of a magnetic core according to another
embodiment of this invention.

Fig. 4 is a perspective view of an inductance part comprising a magnetic
core of Fig. 3 and a winding wound on the core.

Fig. 5 graphically shows measured data of permeability u variation (DC
superposition characteristic) of a magnetic core with no magnetically biasing
magnet in response to repeated application of various superposed DC magnetic
fields Hm.

Fig. 6 graphically shows measured data of permeability p variation (bC
superposition characteristic) of a magnetic core with a ferrite magnet (sample

S-1) in example 3 as the magnetically biasing magnet in response to repeated



repeated application of various superposed DC magnetic fields Hm Fig. 8
graphi cal ly shows nmeasured data of perneability variation (DC
superposition characteristic) of a magnetic core with an Sm Co magnet
(sanple S-3) in exanple 3 as the magnetically biasing nmagnet in response
to repeated application of various sup8rposed DC magnetic fields Hmn Fig.
9 graphically shows neasured data of a frequency response of a DC
superposition characteristic (pernmeability) 1A of a magnetic core using

each of saEph e BRAS/aTiot buberpBsed DL Ryt foigdkan have dif ferent

pl astic re contents. Fig. 10 graphically shows neasured data of a

frequency respon f h4d {3 i (D f
. aamarY SoP"E T Aen Ry SN TAY S Rl iy naranopiDC ) o

cont ai ni ng sgPeRitfonh=Phctetisid)iol @ magnetid oereagtnan iSmPeaNphagret in
di fferent teE‘p??)gtures. Fi g. ‘ﬁ graphlgcally shows neasured dg%a of a

frequency re5RpRSS-29in @xamplesdpethe piddreticahabiasingrmagnet id pespursiitbi ty)  of
a magnetic core using a nagnetically biasing magnet (sanple S-2)

cont ai ni ng réﬁbﬁédidﬂfﬂﬁamfn of Vaaives superposed RGenagneticiieddpHen.7, in different
tenperatures. Fig. 12 graphically shows neasured data of a frequency
response of a DEig@grapbidally showbaneasiured siata of pennmeseedility utwariationf(D&

magnetic core using a magnetically biasing magnet (sanple S-3) containing
no coupl i ngupgaNdsition citaraoierietic), ofimmaighetic care widhrpar3m @gagriey (saraple
graphically shows nmeasured data of variation of a magnetic flux amunt of
each of a iS6Himexaraple(®agthaimagveticallyhiasingmyagnetdn responseitagersried
anot her bond magnet (S-2) covered with an epoxy coating in response to
g;{ ;e{)?n; \tﬁ){llgﬂf};@h?ﬂﬂ@&&ﬂﬂgmﬁﬂ@_@mﬁggﬂq g &5hi cal |y shows measur ed
of a magnetic Coﬁg.ﬁgr&hi%ly%ﬁ%ﬁv@pnqgéédr%g dcart].':i1 ro? gtfr%rqlusétnlc{/: réé?)%rnrsrg%l?lal 'ty)
DC superposition characteristic (permeability) u of a magnetic core using each
of sample magnets S-1 to S-4 in Example 6 which have different plastic resin
contents.
Fig. 10 graphically shows measured data of a frequency response of a
DC superposition characteristic (permeability) p of a magnetic core using a
magnetically biasing magnet (sample S-1) containing an addition of titanium
coupling agent in Example 7, in different temperatures.
Fig. 11 graphically shows measured data of a frequency response of a
DC superposition characteristic (permeability) p. of a magnetic core using a
magnetically biasing magnet (sample S-2) containing an addition of silane
coupling agent in Example 7, in different temperatures.
Fig. 12 graphically shows measured data of a frequency response of a
DC superposition characteristic (permeability) u of a magnetic core using a
magnetically biasing magnet (sample S-3) containing no coupling agent in
Example 7, in different temperatures.
Fig. 13 graphically shows measured data of variation of a magnetic flux

amount of each of a bond magnet (S-2) uncovered with any plastic coating and



magneti cal |y biasing magnet di sposed in a magnetic gap, the bond nmagnet
(sanmple S-2) uncovered with a plastic coating in Exanple 8, when the core
iS heat treated at different tenperatures. Fig. 15 graphically shows
neasured data of a variation of a DC superposition characteristic
(perneability i) of a magnetic core usifg, as a magnetically biasing
magnet di sposed in a nagnetic gap, the bond magnet (sanple S-1) covered
wi th an epoxy coating in Exanple 8, when the core is heat treated at

di fferent %ﬁ@%@@ﬂ?ﬁagrﬁtg?éﬁcﬂk%ﬂ‘mﬁ'dﬂeﬁd@%aﬁﬁgwfééibodl@éao of

vari ation netic anount to differént heat-treatnment tine

peri ods of |8)g. uncovered with any plastic coating
Hoffed fopAferon

and anot her 'bon covered with an fluorocarbon resin coating

in response to dﬁd;l%}f‘dffaphﬁéﬂy Eh&ws MRststiréd dEesdid arfationi ¢f.a DT gr aphi cal |y

shows neasured dat a variation of a DC superposition characteristic

(per meabi | ishée}r)osﬁtfbndérﬁrgéﬁ%r]%ﬁ(gﬁiﬁrmte[aﬁﬂiWéf & higynelie corsigsing, as aagneti c

core using, as 'a nmagne a I'asi ng negnet disposed in a magnetic gap, a

bond mgnetmé@?éﬂébm{ Biading/Magrer @idpysddinea Magmietic gapathiergondimagnehe core is
heat treated Tor ditferent tinme periods in Exanple 9. Fig. 18 graphically

shows neasysgapras®) Aincaverid with arpladticacdafingsn Exeppsé 8 when fize aoteeisi sti ¢
(permeability f to different heat-treatnment tine periods of a magnetic

core usi ng,heas treatapaadiffe@nt yerhperaturgsmagnet in a  nagnetic gap, a bond
magnet (sanple S-1) covered with a fluorocarbon resin coating when the
core is heat trefigd 5 graptidalgshowstmeasyred idaie of a vesialinn ef ®DG0 Fig. 19
graphically shows neasured data of a variation of a DC superposition
char act er i sgupergqsitioreetaracteyisjic (perdieabditep) oheagagnaig coret'sNGuAbér s of a
magnetic core using, as a magnetically biasing magnet in a nmagnetic gap, a
bond magnetmagaetidadly idsing oraanes disgosee Fea TSNl the bond magne

(sample S-1) covered with an epoxy coating in Example 8, when the core is

heat treated at different temperatures.

Fig. 16 graphically shows measured data of variation of a magnetic flux
amount to different heat-treatment time periods of each of a bond magnet (S-2)
uncovered with any plastic coating and another bond magnet (S-1) covered with
an fluorocarbon resin coating in response to different heat treatments in
Example 9.

Fig. 17 graphically shows measured data of a variation of a DC
superposition characteristic (permeability u) to different heat-treatment time
periods of a magnetic core using, as a magnetically biasing magnet disposed in
a magnetic gap, a bond magnet (sample S-2) uncovered with a plastic coating
when the core is heat treated for different time periods in Example 8.

Fig. 18 graphically shows measured data of a variation of a DC
superposition characteristic (permeability p) to different heat-treatment time
periods of a magnetic core using, as a magnetically biasing magnet ina
magnetic gap, a bond magnet (sample S-1) covered with a fluorocarbon resin

coating when the core is heat treated for different time periods in Example 9.



powder and pol ypropyl ene resin in Exanple 11. Fig. 20 graphically shows
measured data of a variation of a DC superposition characteristic
(permeability ) to different neasuring time nunmbers of a magnetic core
using, as a magnetically biasing magnet in a nmagnetic gap, a bond magnet
conpri sing Sn2Fel7N2 magnetic powder antD 12-nylon resin in Exanple 11.
Fig. 21 graphically shows neasured data of a variation of a DC
superposition characteristic (perneability ) to different neasuring tine

nunbers of a MRgRRY e GABRICHRAY Slows fneasiied 6hiaCeY d Varmtis net in a
magneti c gap, a E@J nsggﬁeltc @%rgrprvivsi ng SILBJa ferrite rr%gneti((s:@p%er and

12-nylon r%ﬁbgrd@it@haéﬂ%{rgctéﬂisﬁd: Wbrm%abﬂif;ﬂﬂhtbccﬁﬁér}éwﬁ%uﬁﬁg&imead data of a

vari ation superposition characteristic (pernmeability ) to

di fferent mRAKIHL DY alrhaBnetRUIB BIMY, 28 RGBALICallybiasingintegmet immagnet i cal |y
bi asing magnet 1n a magnetic gap in Exanple 11. Fig. 23 graphically shows

measur ed dfﬁﬁ@g@@ !l B8ricPaghef(sBimplc STy EAniisig SN Maghetic

(permeabil it re an er a reflow 'soldering treatnment of a

magneti ¢ CioRvdeyian@ poyprapyeaaebsinah Exakipeiing nagnet disposed in a
magneti c g?, each OF% sam%?lg magnets (S- lm?o S-3) in Exanple 17. Fig. 24

gr aphi cal I'y showgigrespsgrapiosity showsaeasured idata of a zafddtiorsap@Dfbsi t i on
characteristic (pernmeability before and after a reflow sol dering

treatment Guparpeiticr ciearactesistic (permebildy phindiffecartinyedswisigrigneragnet
di sposed in a magnetic gap, each of sanple magnets (S-1 to S 3) containing
di fferent urhberdeofa maghatiorpbre using,Fisga ME@Ngtieph kiasing HAGNER! IfBasured dat a
of a variation of a DC superposition characteristic (permeability ) before
and after amaghétiogam|aleond magnet comprisingfSm,reghe magnadicPondei@ndas a
magnetical |y bi asi ng magnet di sposed
12-nylon resin in Example 11.
Fig. 21 graphically shows measured data of a variation of a DC
superposition characteristic (permeability u) to different measuring time
numbers of a magnetic core using, as a magnetically biasing magnetin a
magnetic gap, a bond magnet comprising Ba ferrite magnetic powder and
12-nylon resin in Example 11.
Fig. 22 graphically shows measured data of a variation of a DC
superposition characteristic (permeability p) to different measuring time
numbers of a magnetic core using no magnetically biasing magnet in a
magnetic gap in Example 11.
Fig. 23 graphically shows measured data of a variation of a DC
superposition characteristic (permeability i) before and after a reflow soldering
treatment of a magnetic core using, as a magnetically biasing magnet disposed
in a magnetic gap, each of sample magnets (S-1 to S-3) in Example 17.
Fig. 24 graphically shows measured data of a variation of a DC
superposition characteristic (permeability ) before and after a reflow soldering
treatment of a magnetic core using, as a magnetically biasing magnet disposed

in a magnetic gap, each of sample magnets (S-1 to S-3) containing different



in a magnetic gap, each of sanple magnets (S-1 to S-3) in Exanple 19. Fig.
26 graphically shows nmeasured data of a variation of a DC superposition
characteristic (perneability ) before and after a refl ow sol dering
treatment of a magnetic core using, as a magnetically biasing nagnet

di sposed in a magnetic gap, each of sample magnets (S-1 to S-3) in Exanple
20. Fig. 27 graphically shows measured data of a variation of a DC
superposition characteristic (perneability ) before and after a refl ow

sol dering ti - . e
( bHoee% FeBkafblcAigBgnetic core using, as a magneti cally biasin
magnet di sposed” I1n a kﬁgnetlc gap, each of sanple magnets (S-1 to S- 8)g

using the magnet fg, g@ngq@sgifgil,f:§§6wgwnéas@J%@aa& St d\eariatior bea BCeT age

particle size in 8 graphically shows neasured data of a

variation gpgarp%@fﬂ rQ&%héf’i&@E&nﬁ\%gfsﬂﬁm Béfofe GREAMeARI reflow sbiderigr e and

after a reflow'sol dering treat a magnetic core using, as a

magnet i cal hyihani Hida FRRtic SofPasing, as & riaghaivally bigsirg megeiet dispesen! e
magnets (S-1 ang S?% usi ng differleg’t Sm C%ﬁ%agngt powders in Ega?glpe 23.

Fig. 29 grapBimaghatichayedthas santhldaiagrts §S-vaoi S8) imErampleD.
super position cﬁbaracteri stic (pe??eabiﬁty )€sbeforeband arfr?er a reflow

sol dering treat ptoefraphivagpehbwsessured nigta aba aariatipreof a&1Cy bi asi ng
magnet disposed in a nagnetic gap, each of sanple magnets (S-1 to S-3)
usi ng di f f efpeipdditast cisaratwesistis (fermadbiitpihbefore anbbadteplaerefiow ailderirgn
graphi cal ly shows neasured data of a variation of a DC superposition
char act er i stdatmepeohreatadriety coréebimge aamdmagoetically hiasingimagnes dispgsed
treatment of a magnetic core using, as a magnetically biasing nmagnet

di sposed 13niamagnetimgap,ceapnof mmiemmwmtpﬁ%—h@&@r)én Exampihd0s-2) whi ch
are produced by using and non-using an aligning nagnetic field,

res.pe;:ft i vel ]}/ i r!.CFEgaZVpgzamallthgwssmegwsﬁid@é@ Pflaéﬁﬁﬂﬁo'ﬂr@é@&?‘gd data of a
variation of a super position characteristi il

after ar efsmrmﬁitﬂ@? plng'acteristic (permeabilit{lIﬁtble%org%enrdngf?ebrla{ }e:[ﬂ%m) soqgt];r?rgge and

treatment of a magnetic core using, as a magnetically biasing magnet disposed
in a magnetic gap, each of sample magnets (S-1 to S-8) using the magnetic
powder different from each other in the average particle size in Example 21.

Fig. 28 graphically shows measured data of a variation of a DC
superposition characteristic (permeability u) before and after a reflow soldering
treatment of a magnetic core using, as a magnetically biasing magnet disposed
in a magnetic gap, each of sample magnets (S-1 and S-2) using different Sm-
Co magnet powders in Example 23.

Fig. 29 graphically shows measured data of a variation of a DC
superposition characteristic (permeability u) before and after a reflow soldering
treatment of a magnetic core using, as a magnetically biasing magnet disposed
in a magnetic gap, each of sample magnets (S-1 to S-3) using different plastic
resins for the binder in Example 24.

Fig. 30 graphically shows measured data of a variation of a DC
superposition characteristic (permeability u) before and after a reflow soldering

treatment of a magnetic core using, as a magnetically biasing magnet disposed



treatment of a magnetic core using, as a magnetically biasing nagnet

.di sposed in a magnetic gap, each of sanple magnets (S-1 to S-5) magnetized
by different magnetic fields in Exanple 27. Fig. 32 graphically shows
nmeasured data of variation of a magnetic flux anpbunt to different heat
treatments of each of a bond magnet (S-12) uncovered w th any plastic
coating and anot her bond magnet (S-1) covered with an epoxy coating when
the magnets are heat treated in Exanple 28. Fig. 33 graphically shows

measur ed dafa nﬁﬂ%@tigﬁ?ggbbeﬁ o‘PEaﬁﬂg%_agHB‘%r (8% iahdBL2§ ickcarerpratiliced

(permeabil ity netic core using, as a nmagnetically biasing magnet

di sposed ip %gé}ﬁ{hs 9B AN 8IIGNRE nERGHEL field 2eBpECtSeR) inUBxaMplec2B.wi t h
pl astic coaY?jr?g I n a?rpl e928, mnet he coreI is gﬁﬂéat te?)elat ed atp di f:‘Meren'ii

tenperatures. Figig 34 @é?ﬁbhﬁ@&héﬁ@hﬁé&%ufétﬁé%&ﬁ aiwdratioh of /BCi ation of a
DC superposition~characteristic (pernmeability ) of a magnetic core using,

as a migng%?@bgﬁifbi&@rﬁﬁeﬂﬁw*ﬁ?rﬁlbéﬁmw before SBQakEr 8 religw sbhieringnd

magnet (sa covered w an epoxy coating in Exanple 28, when the

core is heghirhemesranrignetit terensing capaneagnetivallfbmsirdpmagaehdispdsed shows

measured data of variation of a magnetic flux anpbunt to different heat

treat ment s ;pf reagietief gap, el dTeangile (raghktu(8d\ter$8) magnktized byl ast i ¢
coating and another bond nagnet covered with a fluorocarbon resin coating

when the nagferbnt magnbgetielts daExdnipte BXanpl e 29. Fig. 36 graphically shows
measured data of a variation of a DC superposition characteristic
(perneability ) ®ig.82graphidatly sbowsmseanyreddata abvariejientaf @ampgneliaiivhg
magnet disposed in a magnetic gap, the bond magnet (sanple S-2) uncovered
wi th any plaasount te different heatiseaimiests2df, eagheof &h@ana@ne%%é&DC%Y%fsged at
different tenperatures. Fig. 37 graphically shows neasur eéj data of a
vari ati on ofitheamCplastic coating and another bond magnet (S-1) covere Wltﬁ an epoxy
coating when the magnets are heat treated in Example 28.
Fig. 33 graphically shows measured data of a variation of a DC
superposition characteristic (permeability p) of a magnetic core using, as a
magnetically biasing magnet disposed in a magnetic gap, the bond magnet
(sample S-2) uncovered with a plastic coating in Example 28, when the core is
heat treated at different temperatures.
'Fig. 34 graphically shows measured data of a variation of a DC
superposition characteristic (permeability ) of a magnetic core using, as a
magnetically biasing magnet disposed in a magnetic gap, the bond magnet
(sample S-1) covered with an epoxy coating in Example 28, when the core is
heat treated at different temperatures.
Fig. 35 graphically shows measured data of variation of a magnetic flux
amount to different heat treatments of each of a bond magnet (S-2) uncovered
with any plastic coating and another bond magnet covered with a fluorocarbon
resin coating when the magnets are heat treated in Example 29.
Fig. 36 graphically shows measured data of a variation of a DC

superposition characteristic (permeability u) of a magnetic core using, as a



superposition characteristic (pernmeability i) of a nmagnetic core using, as
.-a_ magnetically biasing magnet disposed in a nmagnetic gap, the bond magnet
(sanple S-1) covered with the fluorocarbon resin coating in Exanple 29,
when the core is heat treated at different tenperatures. Fig. 38
graphically shows neasured data of a vatdation of a DC superposition
characteristic (permeability ) of a nagnetic core using, as a magnetically
bi asi ng magnet di sposed in a nagnetic gap, a bond magnet (sanple S-1)

V\h. h H . ; . . , . . . . .

m'eﬁh_t ﬁiﬁé@ﬁﬁ. 108 BRI ARBhECA BRI inh ot BRgPiensdy mnggranpl € 31,
raphi ca ; inabdie i i &

grap g?éﬁsg%-ﬁ@ggpﬁﬁegﬂ@w glﬁy plasat IcBhiiNG iIPExa@mple 28 URRsPPE ddren

characteri magneti c core using, as a

magnet i cal Z%’h%?ﬁiﬂgd@g’%rem‘%%&“m-a magneti c gap, a bond magnet

(sanple S conprises Sn® 7 magnetic powder and epoxy resin in

Exanpl e 31, whenpFdie7CeBhically SRERE MbasFEdHat 6Ca Larigtidieeta DC2at ment . Fi g.
40 graphically sho neasured data of a variation of a DC superposition

char act er i s{yherddaftidreairhtieYislic @lermeBAMEL) 6f & Piayridtict@re @8ing, agragnet i cal Iy
bi asi ng magnet 'di sposed in a magnetic gap, a bond magnet (sanmple S-1)

whi ch conprmagseticaly 8l n@mt tisppswdier a avehretic)gap, te bersd magneExanpl e
31, when the core is repeatedly subjected to a heat treatnment. Fig. 41

gr aphi cal | ysamprsSHamvesst withahefluarocarbont iesin cdatmgt Exanmse 295 wheon
characteristic (perneability i) of a magnetic core using, as a

magnet i cal Itjie kbesisiipatapated di difessd témperategset i ¢ gap, a bond magnet
(sanple S-4) whi ch conprises Ba ferrite nagnetic powder and polyimide resin
14 in Exanpl e 31 Figi@hgtaphicallyshowsrregasuredidata abpveristion of a eat
treatment. Fig. 42 graphically shows neasured data of a variation of a DC
super posi t i supecpesitian eharactearistipdpensaasbility y) pf afmagneligrare 4Sie @S@si ng, as a
magnetical |l y biasing magnet di sposed in _a nmagnetjc gap, aJ)ond nmagnet
magnetically biasing magnet disposed in a magnetic gap, a bond magnet
(sample S-1) which comprises Sm,Co,, magnetic powder and polyimide resin
in Example 31, when the core is repeatedly subjected to a heat treatment.
Fig. 39 graphically shows measured data of a variation of a DC
superposition characteristic (permeability u) of a magnetic core using, as a
magnetically biasing magnet disposed in a magnetic gap, a bond magnet
(sample S-2) which comprises Sm,Co,; magnetic powder and epoxy resin in
Example 31, when the core is repeatedly subjected to a heat treatment.
Fig. 40 graphically shows measured data of a variation of a DC
superposition characteristic (permeability p) of a magnetic core using, as a
magnetically biasing magnet disposed in a magnetic gap, a bond magnet
(sample S-1) which comprises Sm,Fe,,N, magnetic powder and polyimide resin
in Example 31, when the core is repeatedly subjected to a heat treatment.
Fig. 41 graphically shows measured data of a variation of a DC
superposition characteristic (permeability y) of a magnetic core using, as a
magnetically biasing magnet disposed in a magnetic gap, a bond magnet

(sample S-4) which comprises Ba ferrite magnetic powder and polyimide resin



(sanple S-5) which conprises Snm2Col7 magnetic powder and pol ypropyl ene
.resin in Exanple 31, when the core is repeatedly subjected to a heat
treatment. Fig. 43 graphically shows neasured data of a variation of a DC
superposition characteristic (pernmeability ) of a magnetic core using, as a
‘nagnetical ly biasing magnet disposed in1#& magnetic gap, a bond nagnet of
sanple S-2 in Exanple 37, when the core is repeatedly subjected to a heat
treatment. Fig. 44 graphically shows neasured data of a variation of a DC

super posi t ijaMExaMpIaE 1€ WHen the(dore IS Ripdatddly subjeced RN REaLréathteritsi Ny, as a
magneti cal |y biasing magnet di sposed in a magnetic gap, a bond magnet of a

conparati ve sanplfg(42 graphicdllyashiows héasufedatacfeovaiationrafeeRCed| y
subjected to a heat treatnment. Fig. 45 graphically shows neasured data of

a vari at i orsuferpo$ifion shartcteristici (perméabiltyt.q rof s maghetic cembiding,yas abef or e
and after a reflow soldering treatnent of a nagnetic core with use or
wi t hout usemafnetically biasing magridt\dispusadiing magnetic gap,pobend megnetagnet i c
gap, each of bond magnets of S-2 and S-4 in Exanple 39. BEST MODES FOR
CARRYI NG OUsarmiie SNs)EMAIcHtdroprisesnBodCopmagnétic powdenard polyprepylende

described below with reference to the drawings. Referring to Fig. 1, a
magnet i c coesinibcxample 3t wheretheoenrads repsatedly subjesiechta a heabirpaimert. ¢ wo
E-shape ferrite cores 2 butted to each other. There is 15 a gap |eft
bet ween facing erfd9- 3 grarhically shpwsmeagdrad datand & warigtioa A& RS 2, in
whi ch gap a permanent pmagnet 1 is inserted and di sRosed for providing a
bi asi ng magtHRArBOsIfien gharagteristicigetrpeabiyly 1) of@AGNPUC CRAWMSIAG #%Buct ance
E?gt i?nposr%%gﬁéticﬁ@pgiglsiﬂa rﬁag\f\#\étedis%onsgldr}ﬁ a3mgaﬁ(e)tié ng,néaggre](tj 'n?agcnoerteofshown 'n
sample S-2 in Example 37, when the core is repeatedly subjected to a heat
treatment.

Fig. 44 graphically shows measured data of a variation of a DC
superposition characteristic (permeability ) of a magnetic core using, as a
magnetically biasing magnet disposed in a magnetic gap, a bond magnet of a
comparative sample (S-6) in Example 37, when the core is repeatedly subjected
to a heat treatment.

Fig. 45 graphically shows measured data of a variation of a DC
superposition characteristic (permeability u) before and after a reflow soldering
treatment of a magnetic core with use or without use of, as a magnetically
biasing magnet disposed in a magnetic gap, each of bond magnets of S-2 and

S-4 in Example 39.

BEST MODES FOR CARRYING OUT THE INVENTION

Now, embodiments of this invention will be described below with
reference to the drawings.

Referring to Fig. 1, a magnetic core according to an embodiment of this

invention comprises two E-shape ferrite cores 2 butted to each other. There is



Referring to Fig. 3, there is shown a magnetic core according to another
-embodi nent of this invention. The nmagnetic core is a powder nagnetic core 5
of a toroidal-shape which has a gap in a magnetic path thereof in which a
permanent magnet 4 is disposed for providing a biasing magnetic field.
Referring to Fig. 4, there is shown an 1:ductance part which is conposed
by applying a wire winding 6 on the magnetic core of Fig. 3. The present
co-inventors studied a possibility of a permanent magnet for providing a

bi asi ng magnet i gﬁweﬁﬁgﬁﬁg%ﬁw hiade 18gs Bf MdE-shbpé. feffhe cores 2riment or s

resultantly arned a e that a usé of a permanent nmagnet having a

specific resiish 95@% Qérrtankn? magriét @'is [Fveftedriref dispdsed for providinga  nor e)

and an intrinsi oercive force iHc of 5 kOe or nore can provide a

magneti c C@yigsi irﬁ;g\gms,, frarg.excel  ent DC superposition characteristics and a
non-degradedgs(:%\ge-l 0ss characteristic. This neans that the property of the

nmagnet necessary Fié?érrmgttéim'?.rm tR8recis shbwerdn PAustaneeesi coroposethbyct eri sti ¢
is the intrinsic coercive force rather than the energy product. Thus, this

i nvention dapliRg @dwied witiding Bratito ¢ise trizghetibeoresshwn in pigr fanent  magnet
having a high " specific resistance and a high intrinsic coercive force can

provide a suffi ciRaferiny ©IFiGR shpr isshiownoa nEgnedictcore eccardinghie anathemhent
magnet having a high specific resistance and a high intrinsic coercive
force as desabbdieskrakd s rventienr ethé maprsficLoraiea @R paanetigggrRd whi ch
is formed of rare-earth nmagnetic powder having an intrinsic coercive force
of 5 kCe orofrevtozoidabishapie whish heis@ dap dy strmagneticeath doenest inewhichd However
the magnetic powder used is not limted to the rare-earth_ tic powder
but any ki mbqurrmng:lmgrmt ﬁ?&d&ﬂpoﬁﬂd&f m&yldwma@va%mﬁw&“ggg@g such as an
intrinsic coercive force of 5 kOe or nore. The rare-earth magnetic powd
![nﬁl udeshSrrCoI serReferringiieEigs 4, thete ishav §@r'ri‘%£°?aréﬁ?dp%% H’é\’r@?'s Fur t hgr °!
aki ng thermal nagnetic reduction | ' ' [ ’
composegd by applying a wire wilng}n% %H%g errqélagtnle(%irc]:’cotrgI of F—‘Fbg%.et e
The present co-inventors studied a possibility of a permanent magnet
for providing a biasing magnetic field as shown at 1 and 4 in Figs. 1-4. The
co-inventors resultantly obtained a knowledge that a use of a permanent
magnet having a specific resistance of 0.1 ©*cm or more (preferably 1 Q-cm or
more) and an intrinsic coercive force iHc of 5 kOe or more can provide a
magnetic core which has an excellent DC superposition characteristics and a
non-degraded core-loss characteristic. This means that the property of the
magnet necessary for obtaining an excellent DC superposition characteristic is
the intrinsic coercive force rather than the energy product. Thus, this invention
is based on the findings that the use of a permanent magnet having a high
specific resistance and a high intrinsic coercive force can provide a sufficient
high DC superposition characteristic.
The permanent magnet having a high specific resistance and a high
intrinsic coercive force as described above can be realized by a rare-earth bond
magnet which is formed of rare-earth magnetic powder having an intrinsic

coercive force of 5 kOe or more and a binder mixed together, then compacted.




powder used is required to have a Curie point Tc of 300C or nore and an
-intrinsic coercive force of 5 kGCe or nore. The average particle size of the
magneti ¢ powder is desired 50mor |ess at the maxi num because the use of
magneti ¢ powder having the average particle size larger than 50mresults
in degradation of the core-loss charact@ristic. Wile the m ni num val ue of
the average particle size is required 2.0mor nore because the powder
havi ng the average particle size less than 2.0mis significant in
magnet i zat | | Swaer kdd i8MoPlimiteahs tisd RfreCetremalietts i ndi ng.
A constantFﬁﬂgﬁgagﬁgéﬂgqﬂgﬁyieé??ic resistance equal to or higher than 0.1
0ol can RRwcRRloliE 8y Rindlirtabndli fowaéiowhion Hasi Hidhrcdefcide pras suehr esi n.
p

When t he armount o asticresin is less than 20% on t he base of

vol unetri ¢ ;e ﬁ?t‘msiic E06RAR ol 6155 HDEfdraHble. Bheaddé-eafth hgseticp! | ng agent

such as silane coupling agent or titanium coupling agent in the magnetic

powder, or P dRidIides SHEE S&ridd, NdFeBsudies, StPeNiseries, and bthers.ur f act ant
di spersion of the powder iIn the conpact is nmade good or uniformso that

the resul t gnjrtreerERINGTheMaNAhghetc RIJOBESH irk6 cohsidermtion, the maghetc t o
provi de a magnetic core having a high performance. In order to obtain a

hi gher per frosWaRItRedio FEqAidd B HEE dEuriarpdindioosft300°C @mmals gnd ag magnet i c
field to provide a nagnetic anisotropy to the conpact body. 17 In order to
enhance oxiifihsiercoersive foceafd kObermareet, it is preferable to cover the
per manent magnet surface with a heat resistant plastic resin and/or a heat
resistant paint. THeeawdrzge iparticle pizeif he magnetialpowse is desifed $@uroxardat i on
resi stance and the high performance. For the binder, any insulating plastic
resin can Hessiakbthewhagimuwnabesausertheedsavot magnetieragweer bayingdle axa@oe
conpacted, wthout affecting to the . ,
particle size larger than 50pm results in degradation of the core-loss
characteristic. While the minimum value of the average particle size is
required 2.0um or more because the powder having the average particle size
less than 2.0um is significant in magnetization reduction due to oxidation of
particles caused by grinding.
A constant high value of a specific resistance equal to or higher than
0.1Q-cm can be realized by adjusting an amount of binder or a plastic resin.
When the amount of the plastic resin is less than 20% on the base of volumetric
percent, compacting is difficult.
By addition of coupling agent such as silane coupling agent or titanium
coupling agent in the magnetic powder, or by coating surfaces of the powder
particles with a surfactant, dispersion of the powder in the compact is made
good or uniform so that the resultant permanent magnet has properties
improved to enable to provide a magnetic core having a high performance.
In order to obtain a higher performance, compacting may be carried out
in an aligning magnetic field to provide a magnetic anisotropy to the compact

body.



magneti c powder. Exenplarily, those resins include polypropyl ene resin,
-6-nylon resin, 12-nylon resin, polyimde resin, polyethylene resin, and
epoxy resin. Now, description will be made as regards a magnetically

bi asi ng magnet for a magnetic core used in an inductance part
'surface-nounted by a reflow soldering firocess, as described above.
Considering a tenperature in the refl ow sol dering process, the nmagnetic
powder used is necessary to have an intrinsic coercive force iHc of 10 kCe

or nore and a ql'fcgr'ﬂnsg% BhndifeePbxiadin Risi @eofﬁe@ﬂagﬁf&mﬂi@pﬁéfer@bﬁ

; )
magnetic powder, magnet 1s recomended anong vafrious rare-earth

magnet s. TE&?C@\Yéﬁ'rtEQ?eﬂﬂéﬁéﬁﬂ ﬁaghéﬁstﬂfa&hﬁt%%&‘t résidantpashiestin and/orat the
1 S 1I'S becaus [

mninmum T e the powder snmaller than it is oxidized at a powder

heat treat gB{Uat384lstant Féi‘n?.‘_"’ FIRErABY DB PUSRARS fo AMizE IHOMIE BY tHeesaation

significant 1 n magnetlzation reduction. Further, The plastic resin content

i s pref er abbfstaR% @hdTRE BigNpéRemmas®. of the vol umetric percent, taking
into consideration a condition of tenperature in the reflow sol dering

process and a Ferﬁmeebiﬁégi?%‘hyiirﬁlﬂjlaﬁgﬂpliadﬁé réEdn thatbetusedphaishicantmsi n i s
nei t her carboni zed nor softenéd at the tenperature in the reflow sol dering

process, i imik&d Withftheahagnédtie peeder arideompactbtij witheltasftecting éstive havi ng a
carboni zati on point of 250C or nore or a thernoplastic resin having a

sof teni ng peaghetielpoddE. 0Examptarily, 8héseergsire includet palgeropglenasesingl ude
pol yi m de resin, polyanideinide resin, epoxy resin, polyphenylene sulfide,
si | i cone r @shylon pesiget2-eyloneeisin, pahyimite resin polyathyene easim,a adyqui d
crystal pol yner. The perrmanent magnet can be enhanced in the heat
resi stancereginuse of a surface coating of thernmosetting plastic resin (for
exanpl e, epoxy resin or fluorocarbon resin) or a heat resistant paint
havi ng a heat r edNaw,dieseription will be made as regards a magnetically biasing magnet

for a magnetic core used in an inductance part surface-mounted by a reflow

soldering process, as described above.

Considering a temperature in the reflow soldering process, the magnetic
powder used is necessary to have an intrinsic coercive force iHc of 10 kOe or
more and a Curie point Tc of 500°C or more. As an example of the magnetic
powder, SmCo magnet is recommended among various rare-earth magnets.

The average particle size of the magnetic powder needs 2.5um at the
minimum. This is because the powder smaller than it is oxidized at a powder
heat treatment and a reflow soldering process and thereby becomes significant
in magnetization reduction.

Further, The plastic resin content is preferably 30% or more on the base
of the volumetric percent, taking into consideration a condition of temperature in
the reflow soldering process and a reliable compacting.

Considering that the plastic resin is neither carbonized nor softened at
the temperature in the reflow soldering process, it is preferable to use a
thermosetting plastic resin having a carbonization point of 250°C or more or a

thermoplastic resin having a softening point of 250°C or more.



tenperature of 270C or nore. The average particle size of the magnetic
-powder is nore preferably 2.5-25m If it is larger than the value, profile
surface roughness excessively beconme large to thereby |ower the magnetic
biasing amount. It is preferable that the nmagnet is 10mor less in a
‘center-line average profile surface rolghness. Wien the surface is
excessively rough, gaps are |left between the soft nmagnetic core and the
thin plate magnet to thereby |ower a perneance constant so that a magnetic
flux density eff E&br@wertmqrﬂ@@r@mscin@m(j@ pdlyiridevessiel. polyamigierhide resing for a
choke coil or a transformer can be effectively made of any kind of

material s ‘é’?bﬁ‘lj‘ ré?rﬁ,mcﬂyéﬁéﬁylé’f@é\ﬂfidémilic@ié&béinl, polyeprrkesig, atoneatizat eri al s

i nclude ferrite of Zn series or N Zn series, powder nagnetic core,

silicon st eplyaphidbesiANBRONQUE cPystal pslymer.Further, the magnetic core is
not limted to a special shape but the pernmanent magnet according to this

i nvention can beThegsbrimanant@igekt cars be@nhanced irathei Hdat resistasbaby usech as
toroidal core, E-E core, E-1 core or others. Each of these nagnetic core

has at | eatta suMacee@ting ©f geerniosetted) plasiic eesimfoeexampla, Bpoxy wsirchr gap t he
per mmnent magnet is disposed. Although the gap is not restricted in a
| engt h t herfizotocdrben réXinsome hpatiesistantaeantttaving 8 hieat resigtageerded when t he
gap length is excessively small. Wien the gap length is, on the other
hand, excegsinpetatuteaot270%her mpee.neability is |owered. Accordingly, the gap
length is determned 19 autonatically. It is ?r eferably 50-10000m In order
to make a whol e Jihecavsrage perticlasaige|of the magnetie powaer ifamore peaierably
preferably 5001lim In the case, the permanent magnet Now, exanples
accor di ng” t525ugn.i ni #ris lasgeninan the vahies pPrefile sudaesyoughiness %E&S'Yﬁlv owi ngs
are applied if no special notice is given., Size of [ :

become Iarge to thereby lower the gr’nagnetic iasPTng am%ur;r]?gnet ‘¢ core

It is preferable that the magnet is 10um or less in a center-line average

profile surface roughness. When the surface is excessively rough, gaps are

left between the soft magnetic core and the thin plate magnet to thereby lower a

permeance constant so that a magnetic flux density effecting the magnetic core

is lowered.

A magnetic core for a choke coil or a transformer can be effectively

made of any kind of materials which have a soft magnetism. Generally

speaking, the materials include ferrite of MnZn series or NiZn series, powder

magnetic core, silicon steel plate, amorphous or others. Further, the magnetic

core is not limited to a special shape but the permanent magnet according to

this invention can be used in a magnetic core having a different shape such as

toroidal core, E-E core, E-1 core or others. Each of these magnetic core has at

least one magnetic gap formed in its magnetic path in which gap the permanent

magnet is disposed. Although the gap is not restricted in a length thereof, the

DC superposition characteristic is degraded when the gap length is excessively

small. When the gap length is, on the other hand, excessively large, the

permeability is lowered. Accordingly, the gap length is determined



In a E-E core, a length of a magnetic path is 7.5cm an effective
-sectional area is 0.74cnR2, and a gap length is given by G Pernmanent
magnet: Its sectional size and shape is simlar to those of the nagnetic
core, and its thickness is given by T. Production nmethod of the permanent
nagnet: The nmagnetic powder and the plat@ic resin are m xed and a bond
magnet having a predeterm ned size and shape is forned by nol di ng and/ or
hot pressing, or by a doctor blade nethod as a thin filmform ng process.

An al i gni n%gli@,g é'"&_ef |t§é gréféra%gpbb-ﬁ‘%bﬁwint. is required. In the Doctor

bl ade met hod, nxtu uspended in a solvent to forma slurry. The
slurry is appliegh Bygefss ntdkePa WPRIPSIZE R Or® shidlliMadingt Slethegapaengthvibi ch s

cut into a predetermned size, and then being hot pressed if it is

required. YABIPSODRET € lh Gh@ EABE thé PBrmbAENT Mapeetcoer cive force: A test
piece is f rérr%d V\Xi cgahas a di aneter ?i]? 10nm ang a thickness of 10mm and

I's measured by aNefw,BxEnftéy acddramertotihis ifedraion wikt bet desonibed belaw,coer ci ve
force (iHc). Measuring a specific resistance: The test piece is nmeasured by

a so cal | edyfgreithé eslIBwWings 8RS Apsliedihas epetiabneticecisigives are applied to
opposite ends of the test piece, a constant DC 20 current is flown across

the two el 3ipé oflamadraticatorehe test piece, and a voltage potential

difference is neasured between two points on a nmddle area of the test

peace, from whi chn&leBeeme| hilength of straagreticspatbtiai7 fatn, ameffeativeati on: A

magnetic piece is disposed in a magnetic gap of a magnetic core and is

magnet i zed ggttibhal aregie i, hndfa gapelengtieistgivemby e of an el ect r onagnet
Permanent magnet:

Its sectional size and shape is similar to those of the magnetic core, and
its thickness is given by T.

Production method of the permanent magnet.

The magnetic powder and the plastic resin are mixed and a bond
magnet having a predetermined size and shape is formed by molding and/or hot
pressing, or by a doctor blade method as a thin film forming process.

An aligning magnetic field is applied if it is required.

In the Doctor blade method, mixture is suspended in a solvent to form a
slurry. The slurry is applied by use of a doctor blade to form a green sheet,
which is cut into a predetermined size, and then being hot pressed if it is
required.

M , " _

Intrinsic coercive force: A test piece is formed which has a diameter of
10mm and a thickness of 10mm and is measured by a DC B-H curve tracer to
determine its intrinsic coercive force (iHc).

M , i : ,

The test piece is measured by a so called four terminal method, where

two electrodes are applied to opposite ends of the test piece, a constant DC




or a pul se magnetizing machine. Measuring a core-loss of a magnetic core:

‘It is nmeasured by use of an AC B-H curve tracer (SY-8232 by |wasaki

Tsushi nki K. K.) under a condition where an AC current (frequency f and an

AC magnetic field Ha) is flown through a wire w nding wound on a magnetic
core. Measuring a DC superposition cha@cteristics: A permanent magnet is
di sposed in a gap of a magnetic core of an inductance part, an AC current
(frequency f) is rovvn through a coil together with a DC current

superposedgghgprgg i oS WRE 1O BRALBBES Hrblgh e fediBiddd, and & vatelgeon

opposite t e per Fanent rragnet) to neasure an

| nduct ance %¥ rf2f alifefertle 8 \?reérff\WB BBt 0f MRS beca Glaheresti | ity

of the magr? coreis calcu ate erring to core constants and a

W ndi ng ”“?él eoffr?HWhrﬁﬂlt!l\e 5pedlfit Eésﬁétﬂﬁcé feothGirdper posi tion

characteri CS Ic permeability). Measuring gloss: The gloss is a
val ue repr strength of reflection froma sheet surface

i rradi ated%géé}iélpau'ﬁ?‘, and is given by a ratio of a nmeasured strength of a
light reflected g ﬁ%gﬁeﬁ@?tecé% disposee lr&a tiedgays ofea gidgnetic gote ghd
reflected from a gl 0ss standard pl ate. asuring surface magnetic fl ux
(flux): 11 i4 %é@‘?eﬁké@% e magﬁlengpathvarthat:ombprhause okamelentropfagnedxanpl e,
TDF-5 made b which is connected to a search coil through which a
test piece drSa pmgéa@gndwzﬁc@maolgmeent er-line average profile surface
roughness: Irregul arltles of a surface of a test piece are neasured by a
needl e comnylasgd yrfee curve, on which a centerline is

drawn to equali ze t ot aI ar eas upper and |l ower of the centerline. A
di stance from t hdtis measured by use of an AC B-H curve tracer (SY-8232 by Iwasaki

Tsushinki K.K.) under a condition where an AC current (frequency f and an AC
magnetic field Ha) is flown through a wire winding wound on a magnetic core.
M , DC ition cf teristics:

A permanent magnet is disposed in a gap of a magnetic core of an
inductance part, an AC current (frequency f) is flown through a coil together with
a DC current superposed (to generate a superposed magnetic field Hmina
direction opposite to a magnetized direction of the permanent magnet) to
measure an inductance by the use of an LCR meter, from which a magnetic
permeability of the magnetic core is calculated referring to core constants and a
winding number of the coil to determine the DC superposition characteristics
(magnetic permeability).

Measuring gloss:

The gloss is a value representing a strength of refiection from a sheet

surface irradiated by a light, and is given by a ratio of a measured strength of a

light reflected from a test portion to a measured strength of a light reflected from

a gloss standard plate.



centerline at a position is neasured. A nmean square root deviation of the
-di stances at different many points is cal culated. The deviation fromthe
centerline is given as a centerline surface roughness. Exanples are as
follows. Exanple 1 Relation between specific resistance and core-|o0ss
‘Magnetic powder: SnPFel7N3 Average partRtle size: 31AmIntrinsic coercive
force iHc: 10.5 kGe Curie point Tc: 470C Bi nder: Epoxy resin Anmpunt

(Vol une 9 : Adjusted to obtain follow ng specific resistances Production
met hod of agaa] & rfH daOmanh&ftoMix @luxgni ng magnetic field Magnet:

Thi ckness Shape and™ Ar ea: correspondlng to a mddle | eg of E-shape

core Specific r PS5 YotdiRed bireadifly a ﬁari'atlo@i dhla flud métet (foPerample23DF-4: 10

S-5: 100 Intrinsic coercive forcel 5 kCe or nore Magnetlzatlon

El ect r omagngadd/by TOEKR wiidteis dorireeficeto(ds@4rch Jcoﬂfiﬁiro&bh Wil aftest pitee is
Magnetic gap length G 1.5mm Measuring core-loss: f=OOkHz, Ha=0.1 T
(Tesl a) Mearigsedg DC superposition characteristics: f 100k|—|z Hm=100( Ce)
The sane magnetic core |s used for each of sanples and the core-1o0ss

nmeasured i Measuitinecante e SvéeraaelgrolliB&Sure DL Y] Eabl e 1.

Irreqularities of a surface of a test piece are measured by a needle
contact method to obtain a profile curve, on which a centerline is drawn to
equalize total areas upper and lower of the centerline. A distance from the
centerline at a position is measured. A mean square root deviation of the
distances at different many points is calculated. The deviation from the

centerline is given as a centerline surface roughness.

Examples are as follows.

Magnetic powder: SmyFe ;N3
Average particle size: 3um
Intrinsic coercive force iHc: 10.5 kOe
Curie point Tc:  470°C
Binder: Epoxy resin
Amount (Volume %): Adjusted to obtain following specific resistances
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness T: 1.5mm
Shape and Area: corresponding to a middle leg of E-shape core
Specific resistance (2-cm): S-1: 0.01
S-2:. 01
S-3: 1



Tabl e 1 Sanpl eS-1S-2S-3S-4S-5 Speci ficNon-use resi stancenmagnet 0. 010.1110100
‘(Q cm(only gap) Core-loss kWnB)801, 5004201009085 It is seen fromTable 1
that the core-loss rapidly increases when the specific resistance is bel ow
0.1 Q- cmand rapidly decreases at 1 Q- cmor nore. Therefore, it is
desired that the specific resistance is59.10 - cm preferably 19 cmor
nore, at the mninmum Wen no nagnet is used in the magnetic gap, the
core-loss is 80 (kWnB) which is |lower than that in use of the magnet.
However, the DC superposition characterkf%jc énagnetic perneability) was
15, which is very low 23 Exanple 2 Rel at¥ b8t ween particle size of
magneti ¢ powder and core-loss Magnetic E? Sn2Col7: Curie point Tc:
810C Energy Product: 28M30e S-1: Maxinu %gr P%Ie size: 200m Intrinsic

coercive force i Hc: r eS|ze 175miIntrinsic
: : In@'\i&oeé\%fc@?‘ nrgJui%B%rtfﬁ Lo

coercive force iHe: mpartlclee size: 150m Intrinsic
coor el ve g diior KR T perl o sz 100am Intrinsic
Magnetic core: E-E core (Figs. 1 and 2), MnZn ferrite
Magnetic gap length G:  1.5mm
Measuring core-loss: f=100kHz, Ha=0.1 T (Tesla)
Measuring DC superposition characteristics: f=100kHz, Hm=100(Oe)

The same magnetic core is used for each of samples and the core-loss

measured in each sample is shown in the following Table 1.

Table 1
Sample S-1 S-2 S-3 S-4 S-5
Specific Non-use
resistance magnet 0.01 0.1 1 10 100
(Q-cm) | (only gap)
Core-loss
(kW/m®) 80 1,500 420 100 920 85

It is seen from Table 1 that the core-loss rapidly increases when the
specific resistance is below 0.1Q2*cm and rapidly decreases at 1Q-cm or more.
Therefore, it is desired that the specific resistance is 0.1Q°cm, preferably 1Q-
cm or more, at the minimum.

When no magnet is used in the magnetic gap, the core-loss is 80
(kW/m?®) which is lower than that in use of the magnet. However, the DC

superposition characteristic (magnetic permeability) was 15, which is very low.



Intrinsic coercive force iHc: 11 kOe Binder: Epoxy resin Amount: 10 wei ght
‘% in each of sanples Production nethod of Magnet: Mol ding, w thout aligning
magnetic field WMagnetization: Electromagnet Magnet: Thickness T: 0.5mm
Shape and Area: 7mm x 10mm Specific resistance: S-1. 1.20-cm S-2: 1.5Qcm
'S-3: 2.052 cm S-4: 3.052 cm S-5: 5.98-cmintrinsic coercive force: Same
as magneti c powder Magnetic core: toroidal core (Figs. 3 and 4), Fe-Si-A
dust core (Sendust 24 (tradenark)) Sl ze: Quter diameter: 28mm |nner

di aneter: _ Afspagiet , e R dwdar ?‘dSéHIrél}@%SUI‘Ing
core-loss: T= ; pOSTtIon characteristics:

f =100kHz, CE@F%’#]& core | oss neasured in each sanple is shown in the
foll owi ng Ta 2 e 2 Sanpl eS-5S-4S-3S-2S-1

Parti cl eNo- 50m 0K 150, 1 . ' gnet Core-|oss
2@b1 7 @-u:hé%l : 58 1@&3
Energy Product: 28MGOe

S-1:  Maximum particle size: 200um
Intrinsic coercive force iHc: 12 kOe
S-2: Maximum particle size: 175pm
Intrinsic coercive force iHc: 12 kOe
S-3: Maximum particle size: 150um
Intrinsic coercive force iHe: 12 kOe
S-4: Maximum particle size: 100um
Intrinsic coercive force iHc: 12 kOe
S-5: Maximum particle size;: 50um
Intrinsic coercive force iHc: 11 kOe
Binder: Epoxy resin
Amount: 10 weight % in each of samples
Production method of Magnet: Molding, without aligning magnetic field
Magnetization: Electromagnet
Magnet: Thickness T: 0.5mm
Shape and Area: 7mm x 10mm

Specific resistance:  S-1: 1.2Q-cm

S-2: 1.5Q-cm
S-3: 2.0Q+cm
S-4. 3.0Q-cm
S-5: 5.0Q+-cm

Intrinsic coercive force: Same as magnetic powder

Magnetic core: toroidal core (Figs. 3 and 4), Fe-Si-Al dust core (Sendust




100110125150250500 (kWnB) It is seen from Table 2 that the core-|oss
‘rapidly increases when the maxinmum particle size of the magnetic powder
excesses 150m When no nagnet is used in the nagnetic gap, the core-loss is
100 (kWnB) which is lower than that in use of the magnet. However, the DC
super position characteristic (nmagnetic krneability) was 15, which is very

| ow. Exanple 3 Rel ation between coercive force of magnet and DC

superposition characteristics (perneability) Magnetic powder: S-1: Ba
ferrite Intrinsic coerciyadbRiap@)i Hc: 4.0 kCe Curie point Tc: 450C 25 S 2:
SmPFel7N3 Intrinsic coercive force iHc: 5.0 kGe Curie point Tc: 470C S 3:

Sn2Col7 Intrinsic coercigigef oOuter digmeldt: 02Bfn, Curie point Tc: 810C
Particle size (Average): 3.0min all sanples Binder : Polypropyl ene resin
(Sof teni ng point 80C) in eachimrrpligmetéroidrhm, afdvol une % Producti on net hod
of Magnet: Mol ding, without aligning magnetic field Magnet: Thickness T:
1.5mm Secti onal shape and ar eBeignmeiasnthat of a mddle |eg of the core
Specific resistance: S-1: 104 U cm S-2: 103 p. cm

Magnetic gap length G:  0.5mm

Measuring core-loss: f=100kHz, Hm=0.1 T

Measuring DC superposition characteristics: f=100kHz, Hm=200(Oe)

The core-loss measured in each sample is shown in the following Table 2.

Table 2
Sample S-5 S-4 S-3 S-2 S-1
Particle No
size mégnet '50P«m -1 Ool’-m -1 Soum -1 75H-m -200um
Core-loss
1 250 500
(kW/m3) 100 110 125 50

It is seen from Table 2 that the core-loss rapidly increases when the

maximum particle size of the magnetic powder excesses 150um.

When no magnet is used in the magnetic gap, the core-loss is 100

(kW/m®) which is lower than that in use of the magnet. However, the DC

superposition characteristic (magnetic permeability) was 15, which is very low.

Magnetic powder:

S-1:

Ba ferrite

Curie point Te:

Intrinsic coercive force iHc:

450°C

4.0 kOe




S-3: 103 Q cmintrinsic coercive force: Sanme as nagnetic powder

-Magneti zati on: Pul se magneti zati on machi ne Magnetic core: E-E core (Figs. 1
and 2), Mhzn ferrite Magnetic gap length G 1.5mm Measuring DC
superposition characteristics: f=100kHz, HwO to 200(Ce) varied Using the
'same magnetic core, the measurenent is 2®peated by five tinmes in each
sanpl e, and the neasured DC superposition characteristic is shown in Figs.
5-8. It is seen fromthese figures that DC superposition characteristics is
significantly degra i,n jjhe core attached with a ferrite magnet having a
coercive force%g?' onﬁ?ﬁpf‘ﬂ% as the measuring tines are repeated. On the

contrary, when a bonginegn@er&idy ftYdeaHtar 9@ oerci ve force is attached to
the 26 core, it is not so varied I n repeated neasurenents but shows a very

stable characteri sidh g pbiht T& WPt andabl e from these results that the
ferrite magnet s denmagnetized or magnetized in a reversed direction by an
opposi te nagnetd.q. fgnqezlghappl ied to the magnet because it is lowin the
coercive force so that°thé DC superposition characteristics is degraded.

Further, it is seen |hitinkicadoersivelibreetiHcDC1810pe@eosi ti on characteri stics can
be obtai ned when a magnet disposed in the core is a rare-earth bond nagnet

havi ng a coercive f Q@R péinST&g;Oeeuerr e. Exanple 4 Rel ation between
particle size of magnetic powder and core-loss as well as surface fl ux
Magneti c powderParfioRGide (Averagee [B0pmdhallsamplés): S-1: 1 .0 S 2: 2.0
> S-B?ﬁdSrO: Polypropylene resin (Softening point 80°C) in each sample
Amount: 50 volume %
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness T: 1.5mm
Sectional shape and area: same as that of a middle leg of the core
Specific resistance: S-1: 10*Q-cm
s-2: 10°Q-cm
S-3: 10°Q-cm
Intrinsic coercive force: Same as magnetic powder
Magnetization: Pulse magnetization machine
Magnetic core: E-E core (Figs. 1 and 2), MnZn ferrite
Magnetic gap length G:  1.5mm
Measuring DC superposition characteristics: f=100kHz, Hm=0 to 200(Oe) varied
Using the same magnetic core, the measurement is repeated by five
times in each sample, and the measured DC superposition characteristic is
shown in Figs. 5-8.
It is seen from these figures that DC superposition characteristics is
significantly degraded in the core attached with a ferrite magnet having a

coercive force of only 4 kOe as the measuring times are repeated. On the

contrary, when a bond magnet having a large coercive force is attached to the



S-5: 55 S-6: 75 Binder : Polyethylene resin Anount: 40 volunme %
-Producti on net hod of Magnet: Mol ding, w thout aligning nmagnetic field
Magnet : Thi ckness: 1. 5mm Shape and Area: sane as those of a mddle | eg of
E-shape core Specific resistance: 0.1 to 100 Q cm (by adjusting content
of the plastic resin) Intrinsic coerci2@ force: 5 kCe or nore in all

sanpl es Magnetization: Ml ding, wthout aligning nmagnetic field Magnetic
core: E-E core (Figs. 1 and 2), MizZn ferrite 27 Magnetic gap length G

1. 5nm The gHfd %G8 n%?ga%hédfﬂl Hebe@?@'d Hﬁ%ls@%rﬂeh@%t%ﬁ@%@%rg%tﬁﬁéh sanpl e
are shown in the followmng Tabl'e 3. Table 3 Sanpl eS-1S-2S-35-4S-5S-6

particle sicgg M&téf?éil@@t 11tG2 uﬂ@é@%ﬁb@l@ﬁ&&ﬂh@ﬁé%s@@tﬁat the ferrite magnet
| 0ss520650530535555650870 (kW nB) Surface flux of

nmagnet - 130208a2PagReRALOPmagRbtzad iffd Rivensss directiont byoan bbposite malgnetic t he
magnetically biasing magnet 1 is renmoved fromthe core 2, and the surface
magneti c f g &pliddetothe Medgndecause it is low in the coercive force so that the DC
superposition characteristics is degraded. Further, it is seen that an excellent
DC superposition characteristics can be obtained when a magnet disposed in

the core is a rare-earth bond magnet having a coercive force of 5 kOe or more.

Magnetic powder: Sm,Co;5

Average particle size (um): S-1: 1.0

S-2: 20
S-3: 25
S-4: 50
S-5. 55
S-6: 75

Binder : Polyethylene resin
Amount: 40 volume %
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness: 1.5mm
Shape and Area: same as those of a middle leg of E-shape core
Specific resistance: 0.1 to 100 Q°cm (by adjusting content of the
plastic resin)
Intrinsic coercive force: 5 kOe or more in all samples
Magnetization: Molding, without aligning magnetic field

Magnetic core: E-E core (Figs. 1 and 2), MnZn ferrite



measured by use of TDF-5 made by TCElI. The surface fluxes were cal cul ated
‘fromthe neasured values and a size of the magnet and are shown in Table 3.
In Table 3, the core-loss for an average particle size of 1.0mis
relatively large. This is because that the oxidation of the powder was
accel erated due to a large surface are%f the powder. Further, the
core-loss for an average particle size of 55mor nore is relatively large.
This is because that the eddy current |oss was increased as the average
particle size of the po nétikcdpAiength Gur tifBmm the surface magnetic flux
of Sanple S-1 of an average particle "size of 1.0mis relatively small.
This is because that the powder is oxidized in grinding or drying so that
the magnetic portion to be magnetized is reduced. 28 Exanple 5 Relation

bet ween resin comhguriate mageetic flux &7l hectre-less mebbures in@aehisasipléhagnet i ¢
powder : Sm2Fel7N3 Average particle size: 5.0mlIntrinsic coercive force iHc:
5 kCe Curi gr@ehsivnTs M ffloRimgiTable®.nyl on resin S-1: 10 Resin
content(Volune %9: S-2: 15 S-3: 20 S-4: 32 S-5: 42 Production method of

Magnet: Mol ding, without aligning magnetic field Magnet: Thickness T:
1. 5nm Shape and Area: corresponding to a mddle | eg of E-shape core
Table 3
Sample S-1] S-2 S-3 S-4 S-5 S-6
particle size | No magnet
1.0 20 25 50 55 75
(um) (Gap only)
Core loss
(kW/m®) 520 650 | 530 535 555 650 870
Surface flux
of magnet - 130 | 200 203 205 206 209
(Gauss)

After measurement of the core-loss, the magnetically biasing magnet 1
is removed from the core 2, and the surface magnetic flux of the magnet was
measured by use of TDF-5 made by TOEI. The surface fluxes were calculated
from the measured values and a size of the magnet and are shown in Table 3.

In Table 3, the core-loss for an average particle size of 1.0um is
relatively large. This is because that the oxidation of the powder was
accelerated due to a large surface area of the powder. Further, the core-loss
for an average particle size of 55um or more is relatively large. This is
because that the eddy current loss was increased as the average particle size
of the powder increases.

Further, the surface magnetic flux of Sample S-1 of an average particle
size of 1.0um is relatively small. This is because that the powder is oxidized in

grinding or drying so that the magnetic portion to be magnetized is reduced.



Specific resistance (9-cm: See Table 4 Intrinsic coercive force: 5 kCe or
‘nore in all sanples Magnetization: Electromagnet Magnetic core: E-E core
(Figs. 1 and 2), MiZn ferrite Magnetic gap length G 1.5mm Core-| oss:
Measured at f=100kHz/Ha=0.1 T The core-loss neasured in each sanple is
'shown in the followi ng Table 4. 29 Tabl 884 Sanpl eS-1S-2S-3S-4S-5

Speci fi cNon-use resi stancemagnet 0. 010. 11. 010100 (Q - cm (only gap) Resin
content-1015203242 (wt % Core-loss 801, 500420959085 kWnB It is seen from
Table 4 thyg Helatdnaween Resin ke t @Pdrspeel iSweEl as
and specific resistance of 152 - cm or rmre the core exh| blts an
excel l ent goieidgss. Exanple 6 Rel ation between resin content and DC
superposition characteristics Magnetic powder: SnR2Fel7N3 Average particle

si ze: 5m | MagReticCpONgEL! \Snfry 0, i He: 5.0 kGe  Curie point Tc: 470C Bi nder
: 12-nylon resin

Average particie size: 5.0um
Intrinsic coercive force iHc: 5 kOe
Curie point Tc:  470°C

Binder: 6-nylon resin

Resin content(Volume %): S-1: 10

S-2; 15
S-3: 20
S-4. 32
S-5: 42

Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness T: 1.5mm

Shape and Area: corresponding to a middle leg of E-shape core

Specific resistance (2-cm): See Table 4

Intrinsic coercive force: 5 kOe or more in all samples
Magnetization: Electromagnet
Magnetic core: E-E core (Figs. 1 and 2), MnZn ferrite

Magnetic gap length G:  1.5mm

Core-loss: Measured at f=100kHz/Ha=0.1 T

The core-loss measured in each sample is shown in the following Table 4.




Resin content (volunme 9%: S-1:10, S-2: 15, S-3: 20, S-4: 30

‘net hod of Magnet:
Thi ckness T: 1.5mm Shape and Area:
E- shape core Specific resistance: S-1:0.010-cm S-2: 0. 059

'S-4:159 - ¢cm 30 Intrinsic coercive forc2d 5 kOe or nore in al
Magneti zation: El ectromagnet Magnetic core: E-E core (Figs. 1 and 2), MZn

ferrite

Pr oducti on

Mol di ng, without aligning magnetic field Magnet:
corresponding to a mddle | eg of
cmS-3:0.20 - cm

| sanpl es

Magnetic gap length G 1.5nmm Measuring a frequency response of DC
superposition characteristics (nmagnetifgpdgrneability):

DC super position
characteristics (ymgnetic perneability ) was asured-at va

lous—fr equency

e '5r each of

within a rande oSample 100, 000kHz. |UsBrly tlheéS@ane Sa3ndt i ®-4o
sanpl es, the fregpecitiy rieNomeseof the rmagnetic permgabilit)
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It is seen from Table 4 that, in use of a magnet having a resin content of

20wt% or more and specific resistance of 1Q-cm or more, the core exhibits an

excellent core-loss.

E le 6 Relation bet . tent and DG it
characteristics
Magnetic powder: SmyFe;;N;
Average particle size: 5um
Intrinsic coercive force iHc: 5.0 kOe
Curie point Tc:  470°C
Binder : 12-nylon resin
Resin content (volume %): S-1:10, S-2:15,
S$-3:20, S-4:30
Production method of Magnet: Molding, without aligning magnetic

Magnet: Thickness T: 1.5mm,

field

Shape and Area: corresponding to a middle leg of E-shape core

Specific resistance: S-1: 0.01Q-cm
S-2: 0.05Q-cm
S-3: 0.2Q-cm
S-4: 15Q-cm



Coupling agent:S-1:titani um coupling agent 0.5wW % S-2:sil ane coupling agent
‘0. 5wt % S- 3: no coupling agent Binder: epoxy resin Resin content: 30 volune %
Producti on net hod of Magnet: WMol ding, w thout aligning nagnetic field
Magnet: Thickness T: 1.5mm 31 Shape and Area: corresponding to a mddle |eg
of E-shape core Specific resistance: 80L: 100-cm S-2: 15Q cm S-3: 252 cm
Intrinsic coercive force: 5 kOe or nore in all sanples Magnetization:

El ect romagnet Magnetic core: E-E core (Figs. 1 and 2), WZn ferrite

Magnetic gap |engt hnnsit QERiIVBASHE! NS KO bemiepafvall sapplege of DC
superposition characteristics (magnetic perneability): DC superposition

characteri Me{gﬁgﬁﬁmetggcﬂp@mg?ﬁgﬂ lity p) was neasured at various
W =

frequency in a range of f=I-100,000kHz. For using each of sanples S-1

to S-3, thfdgneasenre fE:EJ@ék%e(qutjs.tﬂww BCMnmefepaiel tion characteristics
measured is shown in Figs. 10-12. It is seen fromFigs. 10-12 that, in the

magnetic core using eaqlaghetid\gap emigth Gagnesmneont ai ni ng titani um coupling
agent and silane coupling agent, respectively, the frequency response of

t he magnet MederiAgabirédusndytresporsdeadl BCi supespdsitigrectadracteristiog) nagnetichi gh
tenperature. The reason why the one including the coupling agent exhibits
the excel | patmbabingy:at DCesuperpesition charactdristidsiémagnetic permeattility wiiveaser si on
of the powder in the resinis well done by addition of the coupling agent
so that the vol unetri cmehsod atfvarioes fteguency sitbirda isgnge of f=1-100,000kHz.

Using the same magnetic core for each of samples, the frequency

response of the magnetic permeability p measured is shown in Fig. 9.

It is seen from Fig. 9 that, in use of a magnet having the resin content of
20wt% or more, the magnetic core exhibits an excellent frequency response of

the magnetic permeability p in a frequency range to a high frequency.

Magnetic powder: SmjyFe ;N3

Average particle size: 5um
Intrinsic coercive force iHc: 5.0 kOe
Curie point Tc:  470°C
Coupling agent: S-1: titanium coupling agent 0.5wt%
S-2: silane coupling agent 0.5Wt%
S-3: no coupling agent
Binder : epoxy resin
Resin content: 30 volume %
Production method of Magnet: Molding, without aligning magnetic field

Magnet: Thickness T: 1.5mm



tenperature variation is reduced. Exanple 8 Rel ation between surface
-coating of the nagnet and magnetic flux Magnetic powder: SnR2Fel AN3 Aver age
particle size: 3mintrinsic coercive force iHc: 10.0 kCe 32 Curie point Tc:
470C Binder : 12-nylon resin Resin content: 40 volunme % Producti on net hod
‘of Magnet: Mol ding, without aligning nmegmnetic field Magnet: Thickness :

1. 5nm Shape and Area: corresponding to a mddle | eg of E-shape core
Specific resistance: 100Q cmlintrinsic coercive force: same as magnetic

powder Surface Coaidls art Ao REKbshBRgTo % mtRIS RE 4NE shihgREHd zat | on:

Pul se magneti zi ng machi ne, Magnetiz at “magneti c Magneti c

core: E-E core (FigspeclicidistancéhZL1f enpd-gm Magnetic gap Iength G 1.5mm
The surface coating was formed by dipping a magnet in a epoxy resin
solution, taking out and drying it.g.pheasteai treating it at a
thernosetting tenperature of the resin to cure it. Each of sanple S-1 and
conparative sanple S-2 was heat treagedaotoem 30 mnutes at a tenperature
every 20C increnment from 120C to 220C. It was taken out froma furnace

just after every hdatrinsicegdereive foiee: WEKGslbl Akirgth all eafpsgir ement of a
surface magnetic flux and a DC superposition
Magnetization: Electromagnet
Magnetic core: E-E core (Figs. 1 and 2), MnZn ferrite
Magnetic gap length G:  1.5mm
Measuring a frequency response of DC superposition characteristics (magnetic

permeability): DC superposition characteristics (magnetic permeability u) was

measured at various frequency within a range of f=1-100,000kHz.

For using each of samples S-1 to S-3, the frequency response of the
DC superposition characteristics measured is shown in Figs. 10-12.

It is seen from Figs. 10-12 that, in the magnetic core using each of the
bond magnets containing titanium coupling agent and silane coupling agent,
respectively, the frequency response of the magnetic permeability u is stable in
a temperature range to a high temperature. The reason why the one including
the coupling agent exhibits the excellent temperature characteristic is due to a
fact that dispersion of the powder in the resin is well done by addition of the
coupling agent so that the volumetric change of the magnet caused by

temperature variation is reduced.

Magnetic powder: Sm,Fe;;N;

Average particle size: 3um

Intrinsic coercive force iHc: 10.0 kQe



characteristic. The neasured results are shown in Figs. 13-15. Fig. 13
‘'shows a variation of the surface magnetic flux responsive to the heat
treatment. According to the results, the nagnet with no coating was
demagneti zed about 49% at 220C. In conparison with this, it was found out
t-hat the core inserted with a magnet cogped with epoxy resin is very snall
in 33 degradati on caused by the heat treatnent, that is, about 28% at 220C,
and has a stable characteristic. This is considered that oxidation of the

magnet is suppressed by the epoxy resin co on the surface to thereby
restrict reduction of the rrag?r&'%cp‘?%ﬁ?- Ifﬁrqaﬁer, each of the bond magnets

is i nserte%@@?ésﬁﬁﬁy@rﬁgﬁ%fﬁ DC superposition characteristic was

measur ed. wn in Figs. 14 and 15. Referring to Fig. 14, it

is seen that, int in g} N- uncovered magnet of sanple S-2,
t he magnetic per mggﬁﬁﬁ@tgﬁifggt\}t&gﬁgléw magnetic field side about 30 Ce

and t he Ch‘?‘rﬁﬁﬁ&fdr?ﬁ{e‘ﬁwcg)e% @Qgﬁeﬁi wéfnﬁﬁthﬁg%m&ﬁﬁ@ﬁ%ﬁ@%% t he

magnetic flux I'sS reduce oth at-trea own In Fig. 13 to

reduce a biyashiut MBRKRhESs f ql_?rltglr omthe magnet. In conparison with this,

it shifts to the | ow magnetic I'd side only about 17 Ce in case of
sanpl e S-1 cover edguhpd aRBRTEA! ESTESFNARPIY A Iiddieded of EJdHape ddte DC

superposition characteristic Is significantly inproved by use of epoxy

resin coating conpgpbagc%gigqaﬂ@gy coPabhem Exanple 9 Rel ation between
surface coating of the magnet and nmagnetic flux This is simlar to Exanple

8 except that the [mgnst ceerRMiRice:bi sHive agMagnsticavdarat i ng are Sn2Col71
pol ypropyl ene resin and fluorocarbon resin, respectively. Each of a bond

magnet (sanpl e S-1Buffagecedting:t 'SHl u@posarésin resin  anot her bond magnet
(sanple S-2) uncovered with any resin was heat treated
S-2: no coating
Magnetization: Pulse magnetizing machine,
Magnetized at magnetic field of 10T
Magnetic core: E-E core (Figs. 1 and 2), MnZn ferrite

Magnetic gap length G:  1.5mm

The surface coating was formed by dipping a magnet in a epoxy resin
solution, taking out and drying it, then heat treating it at a thermosetting
temperature of the resin to cure it.

Each of sample S-1 and comparative sample S-2 was heat treated for
30 minutes at a temperature every 20°C increment from 120°C to 220°C. It
was taken out from a furnace just after every heat-treatment and was subjected
to measurement of a surface magnetic flux and a DC superposition
characteristic. The measured results are shown in Figs. 13-15.

Fig. 13 shows a variation of the surface magnetic flux responsive to the
heat treatment. According to the resuits, the magnet with no coating was
demagnetized about 49% at 220°C. In comparison with this, it was found out

that the core inserted with a magnet coated with epoxy resin is very small in



in an atnosphere at 220C for five. hours, but being taken out every 60
‘minutes to be subjected to the neasurenent of nmagnetic flux and the
measurenent of DC superposition characteristics. The results are shown in
Figs. 16-18. 34 Fig. 16 shows a variation of the surface magnetic fl ux
responsive to the heat treatnent. It iggseen fromthe results that,
conparing with the uncovered magnet of sanple S-2 being demagnetized by
34% after five hours, sanple S-1 nagnet covered with fluorocarbon resin is

r five hours, sampl c . rbon re:

St o chaPRBreETEHLELSER by e PR redtnen AL AR 2 R 2GR Cl AR T
trictedf ' i DY GOt AdHR f i t hat

reduct | on B ERE . B o B o e e o

sampl e S- 1sagﬂre§égd‘ﬂ?ﬁﬁe% BRY Pésih Yodtet P e dutaded thémdyraatiet i ¢ core and

the DC superposition’characteristic was neasured. The résults are shown in

Figs. 17 a'ﬂ@dﬂé@i_og'%ﬁftﬁé "rlila{e%wetti@ flokg- 17, the core with the resin-uncovered

sanpl e magnet I nsert was shifted in the magnetic perneability to the

| over magnetic firghflepicdBh Y tdBbAd AthdrRidistinsertéd i debfesan@thesDani ficantly
degrade the characteristics, because a biasing nmagnetic field from the

ragnet |1 s rs_ﬁ?éﬁrﬁﬁjtfbﬁ dHiRatRESERS Was Thetsuies! cTve fedult isBhotvpah Figs aument .
Conmparing with this, in a core using the fluorocarbon resin covered nagnet
of sanple @nd,18.he DC superposition characteristic of the core it was
shifted only about 8 Ce to the | ower magnetic field side as shown in Fig.
18. Thus, the DCRufgringasiRig.ors,dthasaehahatsin theicorsivging theaesiny i nproved by
use of a biasing magnet covering with fluorocarbon resin than the uncovered
one. It wi luncbeersat mdghetooh saimeplale2etheimaagnéetie prymeatiliy shiftsdoiadgwa sur f ace
covered with the fluorocarbon resin is restricted from oxidatjon and
provi des a magnetid fiald sidesatzaitt 80i Qe iapd.the charasteristisslegradessignéisantsahave
been confirned to

220°C, because the magnetic flux is reduced due to the heat-treatment as

shown in Fig. 13 to reduce a biasing magnetic field from the magnet. In
comparison with this, it shifts to the low magnetic field side only about 17 Oe in
case of sample S-1 covered with epoxy resin as shown in Fig.15.

Thus, the DC superposition characteristic is significantly improved by

use of epoxy resin coating comparing with non-coating.

This is similar to Example 8 except that the magnetic powder, binder

and surface coating are Sm,Co,,, polypropylene resin and fluorocarbon resin,
respectively.

Each of a bond magnet (sample S-1) covered with fluorocarbon resin
another bond magnet (sample S-2) uncovered with any resin was heat treated
in an atmosphere at 220°C for five hours, but being taken out every 60 minutes
to be subjected to the measurement of magnetic flux and the measurement of

DC superposition characteristics. The results are shown in Figs. 16-18.



be obtai ned by use of other heat resistant resin and heat resistant paint.
‘35 Exanple 10 Rel ation between formability and kind and content of resin
Magneti c powder: SnR2Col7 Average particle size: 5.0 kGCe Intrinsic coercive
force: 15.0 kOGe Curie point: 810C Binder: S 1: polypropylene resin, S-2:
6-nylon resin, S 3: 12-nylon resin The gagnetic powder was m xed with each
of resins as the binder at different resin contents in the range of 15-40
volunme % and formed a magnet with a thickness of 0.5 nmby a hot pressing

R

that the formatio pPOSSI use he resins

described ifeqh ﬂ’%afrﬁgrﬁ;tgt ?ﬁg\%&gb fgormlt@?eshgé%gtoc%ﬁi‘h'gﬁﬁﬁg%ithﬁﬁ@rﬂ?{cﬁv%d

Rel ati on between na super posi haracteristics

Magnet i c pgﬁ‘%@ﬁét @s,éff&i%‘%gfoieaél}‘&&é/rﬁégg?iﬁf@ 849 stterSivehdlrs, ddMbplbsinC

coercive f ; rie nt Tc: 470C Amount: 100 wt. parts
S-2: Sne Fe]rﬁ’a\ﬁhe‘}‘t%ﬁlé% WAR fluBtStathdiPresh %mérflts?rhafllsih%éh@@dr%t&miér%ﬁﬁ I He:

5.0 kCe 36
as 15% after five hours and exhibits a stable characteristic.

This is considered that the surface of the magnet is restricted from
oxidation by coating of the fluorocarbon resin so that reduction of the magnetic
flux can be suppressed.

The bond magnets of sample S-1 and S-2 were separately disposed in
the same magnetic core and the DC superposition characteristic was measured.
The results are shown in Figs. 17 and 18. Referring to Fig. 17, the core with
the resin-uncovered sample magnet S-2 inserted was shifted in the magnetic
permeability to the lower magnetic field side by about 20 Oe after five hours to
significantly degrade the characteristics, because a biasing magnetic field from
the magnet is reduced as the magnetic flux decreased by the heat treatment.

Comparing with this, in a core using the fluorocarbon resin covered
magnet of sample S-1, the DC superposition characteristic of the core it was
shifted only about 8 Oe to the lower magnetic field side as shown in Fig. 18.

Thus, the DC superposition characteristic is significantly improved by
use of a biasing magnet covering with fluorocarbon resin than the uncovered
one.

It will be noted from the above that the bond magnet having a surface
covered with the fluorocarbon resin is restricted from oxidation and provides a

excellent characteristics. Further, the similar results have been confirmed to

be obtained by use of other heat resistant resin and heat resistant paint.



Curie point Tc:470C Amount: 100 wt. parts S-3:Ba ferrite Average particle
"size: 1.0mlIntrinsic coercive force iHc: 4 kGe Curie point Tc: 450C Arount:
100 wt. parts Binder :S-1:Polypropylene resin Resin content:40 volune parts
S-2:12-nylon resin 40 volune parts Resin content: S-3:12-nylon resin 40

vol une parts Resin content: Production 3®thod of Magnet: Mol di ng, w thout
aligning magnetic field Magnet: Thickness: 0.5nm Sectional shape and area:
same as that of a mddle Ieg of the core SpeC|f|c re5|stance S-1: 10 Q -
cmS-2: 5 @ye 812500 Hetlv&én ) i Sh & S-1 and
S-2: 5 kCe or T ' B gnetlzatlon u se nagneti zation

machl ne I\/ag[h-ﬁ chﬁy e c field at 4T Magnetic core: E-E core (Fig.
WMnhzn ferr r‘l&% gdnégtlc ggi)d Yength G 0.5mm Measuri ng DC superposition

char acteristics: f=l0OkHz, HF™QVepagdPhfiRle 826l €8.0 kOe

Intrinsic coercive force: 15.0 kOe

Curie point:  810°C
Binder: S-1: polypropylene resin,
S-2: 6-nylon resin,

S-3; 12-nylon resin

The magnetic powder was mixed with each of resins as the binder at
different resin contents in the range of 15-40 volume % and formed a magnet
with a thickness of 0.5 mm by a hot pressing without application of aligning
magnetic field.

As a result, it was seen that the formation could not be possible by use

of any one of the resins described if the resin content is less than 20 volume %.

Magnetic powder:

S-1: SmyFe ;N;
Average particle size: 3.0um
Intrinsic coercive force iHc: 10.0 kOe
Curie point Tc:  470°C
Amount: 100 wt. parts

S-2. SmyFey;Ng
Average particle size: 5.0pm

Intrinsic coercive force iHc: 5.0 kOe



37 Using each of sanples S-1 to S-3 in the sane magnetic core, DC
“superposition characteristic was neasured five tinmes, and the results are
shown in Figs. 19-21. As a conparative test, the DC superposition
characteristic wthout any biasing magnet in the nagnetic gap was neasured
and the result is shown in Fig. 22. 1t36s noted fromFig. 21 that, in the
magnetic core wth a nagnet of sanple S-3 disposed therein which contain
Ba ferrite nmagnetic powder having a coercive force of only 4 kCe di spersed

in the 12-nylon resin, diie ddint BUPS7BO8i tion characteristic was
significantly degraded as t‘ﬁgnrreésuri ng time nunber was increased. On the

contrary, it is noted Paddurith 41066 wiSgaref magnets of sanples S-1 and S-2
where Sm2Fel7N3 magneti c powder having coercive force of 10 kGCe and 5 kQe
di spersed in pager @yieeme resin and 12-nylon resin, respectively, the
characteristics do not significantly change by neasurenent repeated as

shown in Figs. 19 and AQerdespatitleVsze!, ﬁogmwere very stable. It is
considered fromthe results that the Ba ferrite magnet is small in the

coercive force and t heimstfingsie coeraenfiree #dc:0r4 k@gnet i zed in opposite
direction by a magnetic field applied to the magnet in the opposite
direction, so that theCude mime'rqgosisoi"gn characteristics was degraded. It
was al so seen that an excellent DC superposition characteristic can be
obt ai ned by use of a penouient 0dwmgneartéravi ng coercive force of 5 kQe or
nore as the biasing nmagnet disposed in the nagnetic gap. Exanple 12
Rel ati on bdlingen: part:i cPelygiopylene neaignet i ¢ powder and core-1oss Magnetic:
powder: SnRCol7 Curie point Tc: 810C S-1: Average particle size: 1.0m
Coercive force: 5 kOe 38esincontent: 40 volume parts
S-2: 12-nylon resin
Resin content: 40 volume parts
S-3:  12-nylon resin
Resin content: 40 volume parts
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness: 0.5mm
Sectional shape and area: same as that of a middle leg of the core
Specific resistance: S-1: 10 Q:cm
S-2. 5Q'cm
S-3: 10* Q:cm or more
Intrinsic coercive force:  S-1 and S-2; 5 kOe or more
S-3: 4 kOe orless
Magnetization: Pulse magnetization machine
Magnetized by a magnetic field at 4T
Magnetic core: E-E core (Fig. 1), MnZn ferrite
Magnetic gap length G:  0.5mm

Measuring DC superposition characteristics: f=100kHz, Hm=0 to 200(Oe) varied




S-2: Average particle size: 2.0m Coercive force: 8 kCe S 3: Average particle
"si ze: 25m Coercive force: 10 kOe S-4: Average particle size:50m Coercive
force: 11 kCe S-5:Average particle size:55m Coercive force: 11 kCe Bi nder
6-nylon resin Resin content: 30 volume % Producti on nethod of Magnet:

bl di ng, wi thout aligning magnetic fielgy Magnet: Thickness: 0.5nmm Shape
and Area: sane as that of a mddle |leg of the core Specific resistance:
S-1: 0.05QcmS-2: 2.552 - ¢cm S-3: 1.50-cm S-4: 1.052 - cm S 5! 0.552 -

e o o BERA0H BFsa R 59 300th e SaSheoRRIE i on Pl e
Core (9% qbefin RGeS USRS 5ol 8 Sl 9
shown in thg digd hewnd A2b! @mparafive it &he DC superposition characteristic

without any biasing magnet in the magnetic gap was measured and the result is

shown in Fig. 22.

It is noted from Fig. 21 that, in the magnetic core with a magnet of

sample S-3 disposed therein which contain Ba ferrite magnetic powder having a

coercive force of only 4 kOe dispersed in the 12-nylon resin, the DC

superposition characteristic was significantly degraded as the measuring time

number was increased. On the contrary, it is noted that in the use of magnets

of samples S-1 and S-2 where Sm,Fe,;;N5 magnetic powder having coercive

force of 10 kOe and 5 kQe dispersed in polypropylene resin and 12-nylon resin,

respectively, the characteristics do not significantly change by measurement

repeated as shown in Figs. 19 and 20, respectively, and were very stable.

It is considered from the results that the Ba ferrite magnet is small in the

coercive force and therefore demagnetized or magnetized in opposite direction

by a magnetic field applied to the magnet in the opposite direction, so that the

DC superposition characteristics was degraded. It was also seen that an

excellent DC superposition characteristic can be obtained by use of a

permanent magnet having coercive force of 5 kOe or more as the biasing

magnet disposed in the magnetic gap.

Magnetic powder: Sm,Co4,

Curie point Tc:  810°C
S-1:  Average particle size: 1.0um

Coercive force: 5 kQOe



Sanpl eS-1S-2S-3S-4S-5 Particle sizel. 02. 0255055 m Core-| oss

(KW nB) 690540550565820 It is seen from Table 5 that an excellent core-|oss
characteristics can be obtained by use of a nagnet containing a magnetic
powder having an average particle size of 2.0-50pm as a biasing permanent
magnet. Exanple 13 Rel ation between gl o388 and flux (surface magnetic flux,)
Magneti c powder: SnRFel7N3 Average particle size: 3m Coercive force iHc:
10 kOe Curie point Tc: 470C Binder : 12-nylon resin Amount: 35 volune %

Production nmethod of Magnetg.aVl Alidifige Paktitfisizal | groype magnetic field
Magneti zati on: Pul se magneti zi ng machi nhe Magnetized at a magnetic field 4T

Magnet: Size: 1 cmx 1 cm Thi ckaessive foréem g&prci fic resistance: 30-cm
Intrinsic coercive force: 10 kOe The surface magnetic flux and the gl oss

were neasured in each sanpl s-3;ar}qi,,@a%g§3hﬁme izet hesfipl | owi ng Table 6. 40
Table 6 A oss (% 121723263338 Fl ux (Gauss)374968100102102 It is noted
fromhe resultsin Table 6 that Coerdive foroegned kibevi ng a gl oss
S-4: Average particle size: 50um
Coercive force: 11 kOe
S-5:  Average particle size: 55pm
Coercive force: 11 kOe
Binder: 6-nylon resin
Resin content: 30 volume %
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness: 0.5mm

Shape and Area: same as that of a middle leg of the core

Specific resistance: S-1: 0.05Q-cm

S-2: 2.5Q-cm
S-3: 1.5Q-cm
S-4: 1.0Q:'cm
S-5: 0.5Q:cm

Intrinsic coercive force: Same as magnetic powder
Magnetization: Pulse magnetizing machine
Magnetized at a magnetic field 4T
Magnetic core: E-E core (Figs. 1 and 2), MnZn ferrite
Magnetic gap length G:  0.5mm
Measuring core-loss: f=300kHz, Ha=0.1 T

The core-loss measured in each sample is shown in the following Table 5.



of 25 % or nore is excellent in the magnetic properties. This is because
"the thin nmagnet having a gloss of 25 % or nore has a packing factor of 90
% or nore. The packing factor is defined as a volunetric rate of an all oy
in a conpact body and is obtained by dividing a weight by a volunme of the
conpact to obtain a density of the congact and then dividing the density
by a true density of the alloy to thereby obtain the packing factor. In
this exanple, a result with respect to a test for one using 12-nylon resin
was denpbnstrated. However it was al soqggpf4drned that simlar results were
obtained in use of other resin such as polyethylene resin, polypropylene
resin, and 6-nylonSeeyile. ExaBple [14 &2 ati o8-3f gl o832 and 8-6x W th
conpressi on rat | Pavtigieadizec | po r: nglael'NS ver age Barticl sl ze: 5m
Coercive force jHc: (jgmkCe |Cur'te ppi mt-Tc: 4 B| ndev: pol ide resin
Resin content: {0 dRETHEs 7 Product|on metod of vagmet poctor bl ade

met hod, w t hout |al )nﬂ magn@890c fi d4d, and5500t | prasssi g 8PR0er | bei ng
dried Magneti zatigH: Bl se magnett zing machine 41 Magnetlized atla magnetic
field 4T WMagnet: Size: 1 cmx 1 cm Thickness: 500m Specific resistance:
500-cm Intrinsic coercive force: sane as the nagnetic powder

It is seen from Table 5 that an excellent core-loss characteristics can be

obtained by use of a magnet containing a magnetic powder having an average

particle size of 2.0-50pum as a biasing permanent magnet.

Example 13 Relation between gloss and flux (surface magnetic flux)
Magnetic powder: SmyFe ;N5
Average particle size: 3um
Coercive force iHc: 10 kOe
Curie point Tc:  470°C
Binder: 12-nylon resin
Amount: 35 volume %
Production method of Magnet: Molding, without aligning magnetic field
Magnetization: Pulse magnetizing machine
Magnetized at a magnetic field 4T
Magnet: Size: 1cm x 1cm,  Thickness: 0.4mm
Specific resistance: 3Q-cm

Intrinsic coercive force: 10 kQe

The surface magnetic flux and the gloss were measured in each sample

and are shown in the following Table 6.




Varying pressures in the hot pressing, sanples were produced which have
‘different conpression ratios in a range of 0 to 22 (% . The conpression
ratio by the hot pressing is defined as conpression ratio = 1 - (thickness
after hot-pressed)/ thickness before hot-pressing). The gloss and the
surface magnetic flux were neasured for4@ach of sanples. The results are
shown in the followng Table 7. Table 7 3 oss %81722252940

FI ux( Gauss) 33384999100101 Conpression ratio %9513202122 It is noted from

the results in Table 7 that the excel ffgh gragnetic properties are obtai ned
inagloss of 25 % or nmore. This is because the thin —magnet havi a gl oss

LAY

of 25 % or nbr eGloas @opack] ndl % act orl7of |9028% of nBPe. | V@8h |es¥ect| to
conpressi on )R, (GxeR)! ent Fmgnet gy priopesti ¢s £ ¢l slv2 opt doged| when
the conpressiomTatToTs 20°9% Or nore. This 1S because the thin nagnet
havi ng a conpression ratio of 20 % or nore has a packing factor of 90 % or
more. In this exanple, results with respect to a test for aone usin

pol yet hyl ene r edliia nioted fiemdbatresuits 'é.‘n"aib&)ﬁﬁb%tith?é'ﬁ'”d@@@'ﬂ¢t5@d"%%\ggos\ﬁer e
denonstrated. However it was also confirned that simlar results were

obt ai ned uGfi@b %iariraerens exselieiiir thesmagaelia p[@ée"tﬁs .ot HE$ 1§ BRSUSEIBR as

pol ypropyl ene resin, and nylon resin. e 15 Iat n_addition
of surfact AN MAANRIHIAING 0N rRR Pocorp%\gglnas §rfﬁ§ Q&/@?é@?ﬁérti cle
size: 2.5m Coercive force iHc: 12 kOe Curie point Tc: 470C Additives:

Sur f act ant :More

The packing factor is defined as a volumetric rate of an alloy in a
compact body and is obtained by dividing a weight by a volume of the compact
to obtain a density of the compact and then dividing the density by a true
density of the alloy to thereby obtain the packing factor.

In this example, a result with respect to a test for one using 12-nylon
resin was demonstrated. However it was also confirmed that similar results
were obtained in use of other resin such as polyethylene resin, polypropylene

resin, and 6-nylon resin.

Magnetic powder: SmyFe;;Ng
Average particle size: 5um
Coercive force iHc: 5 kOe
Curie point Tc:  470°C
Binder : polyimide resin
Resin content: 40 volume %
Production method of Magnet: Doctor blade method,
without aligning magnetic field, and
hot-pressing after being dried

Magnetization: Pulse magnetizing machine



S-1: sodi um phosphate 0.3 W % S-2: carboxynet hyl cellul ose sodi um 0. 3wt %

"S-3: sodiumsilicate 0.3 wt % Bi nder

(vol une 9:

35 volunme % Production net hod of Magnet: Mol ding, without

.aligning magnetic field Magnet: Thickness: 0.5nmm Shape and Area:

correspondi

ng to a mddle | eg of E-shape core Specific resistance: 1

cmin all of &1, S-2 and S-3 Intrinsic coercive force: same as the
magneti ¢ powder Magnetization: Pulse magnetizing machi ne Magneti zed at a

magnetic fi

eld 4T Mg [ C. A == A Fags. 1), MizZn f [
Magneti c ?ap | engt h %R@%ﬁﬂ%@éﬁﬁ%ﬁéﬁﬁb‘eﬁ@?iss:)f: 308 ka;,“ }-12: 0.
a conpara e sanp - ma d which i diff

MetrRl "o 2e" Trmon A nagn DEKades FOBREE 5 Om and in non use. of

average pa
sur f act ant,

silicated495 S-4Non

sur f act ant

pol ypropyl ene resin Resin content
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in an

and it eles eJ A3Snes ed in the simlar manner. 43 The
resistance. .
core-|l oss data neasSured are shown 1n Table 8. Table 8 SurfactantCore-103 s

(kWm S 1sodi um phgg@ﬂfgﬁ E5&HBive fofcd: DR {hgﬁbeéﬁ’éﬁoﬁééi unb00 S- 3sodi um

IS seen from Table
exhi bit an

Varying pressures in the hot pressing, samples were produced which
have different compression ratios in a range of 0 to 22 (%). The compression
ratio by the hot pressing is defined as compression ratio = 1 - (thickness after

hot-pressed)/ thickness before hot-pressing).

The gloss and the surface magnetic flux were measured for each of

samples. The results are shown in the following Table 7.

Table 7
Gloss(%) 8 17 22 25 29 40
Flux(Gauss) 33 38 49 99 100 101
Compression ratio(%) 0 5 13 20 21 22

It is noted from the results in Table 7 that the excellent magnetic
properties are obtained in a gloss of 25 % or more. This is because the thin
magnet having a gloss of 25 % or more has a packing factor of 90 % or more.
With respect to compression ratio, excellent magnetic properties are also
obtained when the compression ratio is 20 % or more. This is because the thin
magnet having a compression ratio of 20 % or more has a packing factor of
90 % or more.

In this example, results with respect to a test for one using polyethylene
resin in the contents and composition described above were demonstrated.

However it was also confirmed that similar results were obtained under different

that the sanpl es containing



excel l ent core-loss characteristics. This is because the addition of the
"surfactant prevents primary particles fromaggregating to thereby restrict
eddy current loss. This exanple denonstrated results of a test using
_phosphates. It was confirmed that excellent core-loss could al so be

obtai ned by use of other surfactants. 4€kanple 16 Rel ati on between specific
resi stance and core-loss Magnetic powder: SnRFel7N3 Average particle size:
S5mintrinsic coercive force iHc: 5.0 kOe Curie point Tc: 470C Bi nder :

pol ypropy!l %Bﬁtér%bﬁd i8sé Bf 6et p&din %ﬂbh‘%&%lﬁr@ﬁﬁéhé ‘Pé‘sﬁeérﬁ’d)ﬁ%l@ﬁ rd&ignet :

Mol di ng, Wi thout aligning magnetic field Maghet: Thi ckness mm Shape and
Area: corresponding to a mddle | eg of E-shape core Specific resistance (Q
- cnm:S-1:0.05 S-2: 0.1 53:0.2 54:0.544 55 1.0 Intrinsic coercive
force: 5 kEaWafl8at A bBHV&En HBEKeH of X2 RS R -lfegneti zed at a
magnetic field 4T Magnetlc core: E-E core (Flg 1), MhZn ferrite Magneti c

gap Iengthmgr@t@?awdg?res maFe; Npasured at f=300kHz, Ha=0.1 T The
core-10ss neasured is shown 4 n the foll owi ng Table 9. Table 9

Average particle size: 2.5um

Coercive force iHc: 12 kOe
Curie point Tc:  470°C
Additives: Surfactant:
S-1: sodium phosphate 0.3 wt%
S-2:  carboxymethyl cellulose sodium 0.3wi%
S-3: sodium silicate 0.3 wt%
Binder : polypropylene resin
Resin content (volume %): 35 volume %
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness: 0.5mm
Shape and Area: corresponding to a middle leg of E-shape core
Specific resistance: 10Q-cmin all of S-1, S-2 and S-3
Intrinsic coercive force: same as the magnetic powder
Magnetization: Pulse magnetizing machine
Magnetized at a magnetic field 4T
Magnetic core: E-E core (Figs. 1), MnZn ferrite
Magnetic gap length G:  0.5mm
Measuring a core-loss: f= 300 kHz, Ha=0.1T

As a comparative sample (S-4), a magnet was prepared which is
different in an average particle size of the magnetic powder of 5.0um and in non

use of surfactant, and its core-loss was measured in the similar manner.



sanpl eS-1S-2S-3S-4S-5 Specific resistance0.050.10.20.51.0 (Q cm Core-Ioss
kW nB) 1180545540530525 It is seen from T Table 9 that, in a specific
resistance of 0.1 S2 cmor nore, the magnetic core exhibits an excellent
core-loss. This is because the eddy current |oss can be restricted by
I*ncrease of specific resistance of the 48in plate magnet. Next,
description will be nade as to an inductance part to be subjected to the
refl ow sol dering treatnent and a bi asi ng magnet used therein. Exanple 17
Rel ation betweenTigngrefiodPgataimeanies 2f8 dnbiynSHIBBRASI ti on

characteristics Magnetic powder: S-1: Nd2Feld4B 45 Average particle size:
3-3.5m Coercive force iHc: 9 kOe Curie point Tc: 310C S-2: SnRFel7N3
Average particle size: 3-3.5m Coercive force iHc: 8.8 kOe Curie point Tc:
470C S-3: SnmRCol7 Average particle siZgple®3.5m Intrinsic coercive force

I Hc: 17 kCe Curi-e—point Tc-810C

Core-loss
Surfactant (kW /m3)
S-1 | sodium phosphate 480
S-2 | carboxymethyl cellulose sodium 500
S-3 | sodium silicate 495
S-4 | Non 590

It is seen from Table 8 that the samples containing surfactant exhibit an
excellent core-loss characteristics. This is because the addition of the
surfactant prevents primary particles from aggregating to thereby restrict eddy
current loss. This example demonstrated results of a test using phosphates.
It was confirmed that excelient core-loss could also be obtained by use of other

surfactants.

Example 15 BelaIiQD benmeen Spegiﬂg [esis'_tance and QQ[Q'IQSS
Magnetic powder: SmyFe ;N3
Average particle size: 5um
Intrinsic coercive force iHc: 5.0 kOe
Curie point Tc:  470°C
Binder : polypropylene resin: Resin content adjusted
Production method of Magnet: Molding, without aligning magnetic field
Magnet:  Thickness: 0.5mm
Shape and Area: corresponding to a middle leg of E-shape core
Specific resistance (2-cm): S-1: 0.05
S-2: 0.1
S-3: 0.2
S-4. 0.5



Bi nder: Polyimde resin (softening point: 300C) Resin content: 50 volunme %
‘RProduction net hod of Magnet: Ml ding, wi thout aligning magnetic field
Magnet : Thi ckness: 1.5nm Sectional shape and area:sanme as that of a mddle
Jleg of the core Specific resistance (Q cm:10-30 Intrinsic coercive force
(iHc):S-1:9 kOe S-2:8.8 kCe S-3:17 kCe hpgnetization: Pul se magneti zation
machi ne Magnetization field: 4T Magnetic core: E-E core (Fig. 1); MZn
ferrite Magnetic gap length G 1.5mm Measuring DC superposition
characteristics(magnetic perneability): é_gloq , HmeO to 200(Ce) varied
46 DC superposition characteristics were neasuied before and after a

treatnent where the tll‘?t?ibsféocgoeeréieg? RelVag t for one hour in a high
tenperature container at a tenperature of OC which is a tenperature

condi tion f"ﬁ’é%'f,%&?@@Wa?elsﬁﬁﬁ%‘@@?}?éﬁiaﬁﬁa?m@” cooled to the room

tenperature tenperature for two hours. A conparative

test core sanple V\,ithomagﬂg{iligd]gt QW%% ke magnetic gap was prepared
e

and subjected to the nmeasurenent o superposition characteristic in

the simlapadRdiedords HeECotdFgaPowmhznigriigeasured results are shown in
Fig. 23. It 1S noted fromFig. 2% t'hat the DC superposition characteristic

before the reflow treajRmletit JaPlePRAE: | 0.5MA al | core sanples with the
sanple magnets inserted i'n the magnetic gap higher than the conparative

test core (Core-loss: Measured at f=300kHz, Ha=0.1 T

The core-loss measured is shown in the following Table 9.

Table 9
sample S-1 S-2 S-3 S-4 S-5
Specific _
resistance 0.05 0.1 0.2 0.5 1.0
(Q2°cm)
Core-loss
(kW /m3) 1180 545 540 530 525

It is seen from Table 9 that, in a specific resistance of 0.1Q:cm or more,
the magnetic core exhibits an excellent core-loss.  This is because the eddy
current loss can be restricted by increase of specific resistance of the thin plate

magnet.

Next, description will be made as to an inductance part to be subjected

to the reflow soldering treatment and a biasing magnet used therein.

Magnetic powder:

S-1: Nd,Fe,,B



sanple without insertion. However, the DC superposition characteristic
‘after the reflow treatnment was degraded in the test sanples using Nd2Fel4B
bond rmagnet and Sn2Fel7N3 bond magnet inserted, respectively, and did not
.becone superior to the conparative sanple with nothing inserted. Further,

i't is also noted that, in the core sangke using the bond nagnet of SnRCol7
having a high Tc, the superiority is maintained even after the refl ow
treatnment. Exanple 18 Rel ati on between kind of resin and DC superposition

characteristics Magnetiage ti 17, Average particle size: 3-3.51Am
Curie point Tc: 900C Intri |§éré'8§7%%e A P b hinder. &1

Pol yet hyl ene resin (soigqgneivg feeitc: 1698e S 2: polyinm de resin (softening
poi nt: 300C) 47 S-3: epoxy resin ?curi ng point: 100C) Resin content: 50
vol ume % Production nmeidipe ﬁg;n{\:ﬁgngfoo&bl ding, without aligning magnetic
field Magnet: Thickness: 1.5mm Sectional shape and area: sane as that of a

m ddle |l eg of gl I‘srﬁgﬁg ng_gre Specific resistance (0 - cm: 10-30
Intrinsic coercive fortce ?i ): all of S-1, S-2 and S-3: 1.7 kCe

Magneti zation: Pul se npgeeidezgartier sieehi 8@ 5¥agnetizing field: 4T Magnetic
core: E-E core (Fig. 1), WnzZn ferrite
Coercive force iHc: 8.8 kOe
Curie point Te:  470°C
S-38: Sm,Co,,
Average particle size: 3-3.5um
Intrinsic coercive force iHc: 17 kOe
Curie point Tc:  810°C
Binder :  Polyimide resin (softening point: 300°C)
Resin content: 50 volume %
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness: 1.5mm
Sectional shape and area: same as that of a middle leg of the core
Specific resistance (2-cm):  10-30
Intrinsic coercive force (iHc): S-1: 9 kQe
S-2: 8.8 kOe
S-38: 17 kOe

Magnetization: Pulse magnetization machine
Magnetization field: 4T
Magnetic core: E-E core (Fig. 1); MnZn ferrite
Magnetic gap length G:  1.5mm
Measuring DC superposition characteristics(magnetic permeability):

f=100kHz, Hm=0 to 200(Oe) varied



Magnetic gap length G 1.5mm Measuring DC superposition characteristics:
f=l OOkHz, HM=O to 200(Ce) varied DC superposition characteristics were
measured before and after a heat treatnment where the test sanple was kept
for one hour in a high tenperature container at a tenperature of 270C
which is a tenperature condition for a4e efl ow sol dering furnace, then
cooled to the roomtenperature and left at the roomtenperature for two
hours. The neasured results are shown in Fig. 24. It is noted fromFig. 24

that, in the cor i _ ed _ .
?%@@6@(&#@?{3%&#&&&%% WReE fleasuked befop@kyidEf@ear esin with

a softening poin epoxy resin as a thernosetting resin having

a curing pﬁ,'ggfm&gt vw&@thé?éﬁ%h% rgﬁg),lgﬁ[me {va8 Kept fov PR iin edhiglehar acteri stic

after the owtreatnent i1s a simlar to those before the reflow

Lreat ment A eMhiB%ditiherava tégwpé#aﬁ%rﬁcafmwrﬁcmst@témsem magnet

usi ng pol yethylene resin having a softening point of 160C, the resin was

sof tened  gbh@iioh R6r 4 RéfloWsbIHEBANGRIThaGe, thBAlcobleel tBGhe wpempesiperature
characteristic was equivalent wth a conparative test sanple wi th nothing

i nserted i Bnyher BRHEEIdoPn tedAperatarafol volRolrel an comparatiee tedticote of magnet
(coercive force) and DC superposition characteristics Magnetic powder:

o ol va. { e I O el Thes o orrorce SDd0C Intrinste
subjected to the measurement of the DC superposition characteristic in the
similar manner as described above. The measured results are shown in Fig.
23.

It is noted from Fig. 23 that the DC superposition characteristic before
the reflow treatment is extended in the all core samples with the sample
magnets inserted in the magnetic gap higher than the comparative test core
sample without insertion. However, the DC superposition characteristic after
the reflow treatment was degraded in the test samples using Nd,Fe,,B bond
magnet and Sm,Fe,;N; bond magnet inserted, respectively, and did not
become superior to the comparative sample with nothing inserted. Further, it is

also noted that, in the core sample using the bond magnet of Sm,Co,; having a

high Tc, the superiority is maintained even after the reflow treatment.

Magnetic powder: SmyCo,,

Average particle size: 3-3.5um
Curie point Te:  900°C
Intrinsic coercive force iHc: 17 kOe
Binder: S-1: Polyethylene resin (softening point: 160°C)
S-2:  polyimide resin (softening point: 300°C)



Average particle size: 3-3.5m Curie point Tc: 470C Intrinsic coercive
f.orce (iHc): 8.0 kCe S-3: SnRCol7 Average particle size: 3-3.5m Curie
point Tc: 810C Intrinsic coercive force (iHc): 17.0 kOe Binder: Polyimde
resin (Softening point 300C) Resin content: 50 volume % Production net hod
of Magnet: Ml ding, w thout aligning magnetic field Magnet: Thickness:
1.5nm Sectional shape and area: sane as that of a mddle leg of the

E- shape core 49 Specific resistance (Q- cn): 10-30 Intrinsic coercive

force (iHc): Sane 8. ”%%QQ%%HWGC{PW“W@? i on: Pul se nagneti zation
i elrda: gn

machi ne Magnetizing T Ic core: E-E core (Fig. 1), MiZn

ferrite Magnetic ﬁ%n'c%'ﬂgérﬁ: Gs0 Lokie ?geasuri ng DC superposition
characteristics: f=100kHz, HmwO to 150(Ce) varied DC superposition

char act eri $rb@ et feRARMEGRA! OMRIARE, Witheiit Aignif | ow { reat ment where
the test sanple was kept for %ne hour 1h a high “tenperature container at a

tenperature of 270C which is a terrperaturﬁ]agfh@ﬂdiﬁbid)n for a reflow
sol dering furnace, then cooled to the roomtenperature and |left at the

room t enpentdgHet: f PhickMesdiour mpft conparative test sanple w thout nothing
di sposed in a nmagnetic gap was prepared and subjected to the
Sectional shape and area: same as that of a middle leg of
the E-shape core
Specific resistance (Q-cm): 10-30
Intrinsic coercive force (iHc):
all of S-1, S-2and S-3: 1.7 kOe
Magnetization: Pulse magnetization machine
Magnetizing field: 4T
Magnetic core: E-E core (Fig. 1), MnZn ferrite
Magnetic gap length G:  1.5mm

Measuring DC superposition characteristics:

f=100kHz, Hm=0 to 200(Qe) varied

DC superposition characteristics were measured before and after a heat
treatment where the test sample was kept for one hour in a high temperature
container at a temperature of 270°C which is a temperature condition for a
reflow soldering furnace, then cooled to the room temperature and left at the
room temperature for two hours. The measured results are shown in Fig. 24.

It is noted from Fig. 24 that, in the core sample using the bond magnets
using polyimide resin with a softening point of 300°C and epoxy resin as a
thermosetting resin having a curing point of 100°C, respectively, the DC
superposition characteristic after the reflow treatment is almost similar to those

before the reflow treatment.



measur enent of the DC superposition characteristic in the simlar manner as
‘descri bed above. The neasured results are shown in Fig. 25. It is noted
fromFig. 25 that the DC superposition characteristic before the reflow
treatnment is excellent in the all test sanples with the nagnetically

bi asi ng permanent nmagnets inserted in th8 magnetic gap in conparison with
the conparative test sanple without use of the magnetically biasing

per manent nagnet. On the other hand, the DC superposition characteristic

after the reflowg ﬁfr%aédﬂfﬁfﬁ&viﬁﬁhé'%gfé‘%ﬁgie%ttﬁ‘ﬁwé B&hd ﬁ?{gﬁb?ﬁmggi ng Ba

ferrite bond magnet Fel’7N gnet, respectively, th of which

are |ow i ”JJ(?Z);CI J{)bﬁ?'ré3|n'?f°a@ﬁ4§f§sgﬁ€ﬁlﬁ 'iri’f‘%ﬁ%bﬁ‘; %%lrﬁ{/?yls%héh the

intrinsic orce I Hc the fore easi t herma dermagneti zed.

Further, itafief tifé PéTloNWPtregtrhéatso that e O l@%u@‘erﬁ&@tn&?ﬂﬁbr’é@tﬁ?@hc YasSn2Col7
having a high intrinsic coercive force iHc, the superiority is excellent

conmpari ng vdduivedéntayitrs atehfsarafve st bhipld Wﬁhrr@ftrhlﬁg/médrfé@tlﬁ&ﬁé mdgremipl e 20
Rel ati on between kind of magnet (Curie and DC superposition

characteri sjdp;s Magnetic powder: S-1:Nd2Fel4B Average particle
size:3-3.51limCurie point Tc: 310C Intrinsic coercive force (iHc): 9.0 kCe
S-2: SnPFel7N3 Average particle size:3-3.5m Curie point Tc: 470C Intrinsic
coercive force (i Hc) 8 8 kCe S-3: Snm2Col7

Magnetic powder:

S-1: Nd,Fe,B
Average particle size: 3-3.5um
Curie point Tc:  310°C
Intrinsic coercive force (iHc): 5.0 kOe
S-2:. SmyFey;N;
Average particle size: 3-3.5um
Curie point Tc:  470°C
Intrinsic coercive force (iHc): 8.0 kOe
S-38: Sm,Co,,
Average particle size: 3-3.5um
Curie point Tc:  810°C
Intrinsic coercive force (iHc): 17.0 kOe
Binder : Polyimide resin (Softening point 300°C)
Resin content: 50 volume %
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness: 1.5mm
Sectional shape and area: same as that of a middle leg

of the E-shape core



Average particle size: 3-3.5m Curie point Tc: 810C Intrinsic coercive
“f-orce (iHc): 17 kOe Binder: Polyinide resin (Softening point 300C) Resin
content: 50 volune % Production nethod of Magnet: Mbdlding, w thout aligning
.magnetic field Magnet: Thickness : 1.5mm Sectional shape and area: sane as
that of a mddle I|eg of the E-shape copg Specific resistance (Q cm:
10-30 (in all sanples) Intrinsic coercive force (iHc): Sane as nmagnetic
powder 51 Magneti zation: Pul se nmagnetization machine, Magnetizing field:

AT Magnetic core: : . Zn,keprite Magnetic gap length G
1.5mm Measuring Dgsgﬁggég%élgt?ﬁg%%%h%r 'ct]eéggtics: f=100kHz, Hm™=O to

150(Ce) varied DC SRS L ri ' bef ore and

af t (er 351 refl ow treat nesﬁ?ﬁ%@?}}e% @E@é ﬁg[s:f S%%E?S\zﬁ%iﬂah% { 'Ei{{l)(?grone hour in a
high te t aj enher 2,0 7 ich is a tenperature
co%di ti o?%ﬁé%&%&aﬁ?gw spgf%rge@?ﬂget?%gﬁgc@%bﬁlﬁ%n cooled to the room

tenperature and left a atdh‘étii Mei@mgrature for two hours. A conparative
test sanple without noMn ng (%lﬂgposed ﬁ] a magnetic gap was prepared and

subj ected t\aghtic é@@jswg_eggg}%gfig_t P MXZiFHBfePOSI ti on characteristic in the

simlar manner as describ ove.  The neasured results are shown in Fig.

26. It is noted from Fi Waghetitd@p |éﬁ?qhQ§)' SYpAiAOosi tion characteristic
before the reflowtreatnment is excellent in the all test sanples with the
magnet i cal IMeasuring DC superposition characteristics:

f=100kHz, Hm=0 to 150(QOe) varied

DC superposition characteristics were measured before and after a
reflow treatment where the test sample was kept for one hour in a high
temperature container at a temperature of 270°C which is a temperature
condition for a reflow soldering furnace, then cooled to the room temperature
and left at the room temperature for two hours. A comparative test sample
without nothing disposed in a magnetic gap was prepared and subjected to the
measurement of the DC superposition characteristic in the similar manner as
described above. The measured results are shown in Fig. 25.

It is noted from Fig. 25 that the DC superposition characteristic before
the reflow treatment is excellent in the all test samples with the magnetically
biasing permanent magnets inserted in the magnetic gap in comparison with the
comparative test sample without use of the magnetically biasing permanent
magnet.

On the other hand, the DC superposition characteristic after the reflow
treatment was degraded in the test samples using Ba ferrite bond magnet and
Sm,Fe;;N bond magnet, respectively, both of which are low in Hc. This is
because these permanent magnets are low in the intrinsic coercive force iHc

and therefore easily thermally demagnetized. Further, it is also noted that, in




bi asi ng permanent nmagnets inserted in the nmagnetic gap in conparison with
‘t-he conparative test sanple w thout use of the magnetically biasing
permanent nagnet. On the other hand, the DC superposition characteristic
.after the reflow treatnment was degraded in the test sanples using Ns2Fel7B
ferrite bond nmagnet and Snm2Fel7N bond smgnet, respectively, both of which
are relatively lowin the Curie point, so that there is no superiority to
the conparative test core sanple with nothing inserted. Further, it is

al so not ed utsﬁac%% .gol’lg. %gﬁﬁetto?g]n’?c ﬁBW\ b@ﬂ |HP?SB %réWQ?&Ee%cS”QCON

having a hig er| IS maln alned evén after the
reflow tre t gnetic
powder andq&or Ub?r(l)@ﬁy %@éﬁpgh%o&égﬁg Q@nﬂ@o%%@%&gg&éﬁ?ﬁ%ﬁgﬁpﬁ( n:
S-1. 150 $eaimefp S 3: 50 S-4: 10 S5 5.6 S-6: 3.3 S7: 2.4 S8
1.8 Binder : epoxy resin Resin content: 50 vol unme % Production nethod of
Magnet: Mdl ding, w thout aligning magnetic field Magnet: Thickness: 0.5mm
Shape and Area: sane as that of a m ddl e I eg of the E-shape core Specific
[ aBtioAdeimb e SNirik pdirtt BhATIEC coerci ve

Magnetic powder:
S-1: Nd,Fe,,B
Average particle size: 3-3.5um
Curie point Tc:  310°C
Intrinsic coercive force (iHc): 9.0 kOe
S-2: SmyFe N,
Average particle size: 3-3.5um
Curie point Te:  470°C
Intrinsic coercive force (iHc): 8.8 kOe
S-3: Sm,Coy,
Average particle size: 3-3.5pm
Curie point Tc:  810°C
Intrinsic coercive force (iHc): 17 kOe
Binder : Polyimide resin (Softening point 300°C)
Resin content: 50 volume %
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness : 1.5mm
Sectional shape and area: same as that of a middle
leg of the E-shape core
Specific resistance (2:cm):  10-30 (in all samples)

Intrinsic coercive force (iHc): Same as magnetic powder



Magneti zation: Pul se magnetizing machine Mgnetizing field: 4T Magnetic
‘core: E-E core (Figs. 1 and 2), MZn ferrite Magnetic gap length G 0.5mm
Using the same core for each of the sanples, the core-losses were neasured
at f=300kHz, Hm=1000G The neasured data are shown in the follow ng Table
11. 53 Table 10 Sanpl eS-1S-2S-3S-4S-5S-6$-7S-8

Aver agel15010050105. 63. 32. 51. 8 particl e si zemmmmmmmm

Br 3.53.43.33.13.02. 82.42. 2 kG He25. 624.523. 221. 519. 316. 412.59.5 kCe Tabl e

Par t1 01 o B80Tl o REISH AR OTROROC i m

3) 520128076057056055555%&& osition characteristics were
nmeasured before and afte %%rge'\aq"j&&l trrent where the test core sanple

was kept fqmaagg‘g@gwe II’E E&'fé’zﬂgt ?mﬁ%%@ container at a tenperature of

270C whi ch enperature & efl ow sol der i ng furnace, then

cooled to the roomtenpm@g&rrlglgeaﬁqgnbmfé: a’i.smrﬂ roomtenperature for two

hours. A conparative test
Measuring DC superposition characteristics:

f=100kHz, Hm=0 to 150(Oe) varied

DC superposition characteristics were measured before and after a
reflow treatment where the test sample was kept for one hour in a high
temperature container at a temperature of 270°C which is a temperature
condition for a reflow soldering furnace, then cooled to the room temperature
and left at the room temperature for two hours. A comparative test sample
without nothing disposed in a magnetic gap was prepared and subjected to the
measurement of the DC superposition characteristic in the similar manner as
described above. The measured results are shown in Fig. 26.

It is noted from Fig. 26 that the DC superposition characteristic before
the reflow treatment is excellent in the all test samples with the magnetically
biasing permanent magnets inserted in the magnetic gap in comparison with the
comparative test sample without use of the magnetically biasing permanent
magnet.

On the other hand, the DC superposition characteristic after the reflow
treatment was degraded in the test samples using Ns,Fe,,B ferrite bond
magnet and Sm,Fe,;N bond magnet, respectively, both of which are relatively
low in the Curie point, so that there is no superiority to the comparative test core
sample with nothing inserted. Further, it is also noted that, in the test core
sample using the bond magnet of Sm,Co,, having a high Curie point Tc, the

superiority is maintained even after the reflow treatment.



W thout nothing disposed in a magnetic gap was prepared and subjected to
the neasurenent of the DC superposition characteristic in the simlar
manner as described above. The neasured results are shown in Fig. 27. It
-is seen from Table 11 that the core |l oss rapidly increases when the

maxi mum particle size (Powder Particle 52ze) of magnetic powder exceeds
50m It is also seen formFig. 27 that the DC superposition characteristic
i s degraded when the partl cI e size of the rragnetl C povvder is srral | er than
2.5m Accq L _ : RV sibS qRell®8beid &
magneti ¢ powde avi ng an average part| cle size of 5 50m as a bi asing
per manent ’W%Tfeﬁcpow&r core can be obtained which is excellent in
the DC superposition 54 chatzacterl stic even after reflow treatnment and not
degraded in the core- Iossm@pdg@cpmm@tg,f@( myxagpl:e #80 Rel ati on bet ween
specific resistance and core-loss Magnetic powder: Sn2Col7 Average particle
size: 3m Intrinsic coercive force iHc: 17 kGCeS-Zuri1@ poi nt Tc: 810C

Bi nder: Epoxy resin Amount (Volune % : Adjusted to obtain follow ng specific
resi stances Production nethod of Magnet: Mol di 8¢3: v6@ hout aligni ng nagnetic
field Magnet: Thickness T 1.5nm Shape and Area: corresponding to a mddle
| eg of E-shape core Specific resistance (Q- & ®1: 0.01 S-2: 0.1 S 3:
1

S-5. 56
S-6: 3.3
S-7. 24
S-8: 1.8

Binder : epoxy resin
Resin content: 50 volume %
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness: 0.5mm
Shape and Area: same as that of a middle leg of the E-shape core
Specific resistance: 0.01-100Q-cm (adjusting resin content)
Intrinsic coercive force: see Table 10
Magnetization: Pulse magnetizing machine
Magnetizing field: 4T
Magnetic core: E-E core (Figs. 1 and 2), MnZn ferrite
Magnetic gap length G:  0.5mm

Using the same core for each of the samples, the core-losses were
measured at f=8300kHz, Hm=1000G. The measured data are shown in the

following Table 11.



S-4: 10 S5: 100 Intrinsic coercive force: 5 kGe or nore Magnetization:
Pul se magnetizing machine Magnetizing field: 4T Magnetic core: E-E core
(Figs. 1 and 2), MZn ferrite Magnetic gap length G 1.5mm Measuring
core-loss: f=300kHz, Ha=100G The sanme magnetic core is used for each of
sanpl es and the core-loss 55 neasured iggeach sanple is shown in the
follow ng Table 12. Table 12 Sanpl eS-1S-2S-3S-4S-5 Speci fi cNon-use

resi stancemagnet 0. 010. 1110100 (Q cn)(only gap) Core-I|oss

kW n85202, 1001, 530590560530 It is seefébﬁé(? Table 12 that the core-1loss
rapi dly degrades when the specific resi stgnce s below 0.1 Q- cm

Therefore, [it.is noteddhat h net G- bj er nt gnet has
the specific $@§P@t ahc® 1\(l)\§'eﬁm o%’% e,g?‘pt heé%—ﬁgng%ag C(r)@_gecan be
obt ai ned WA fyersqes MBI Ti5pN [degg@dat ispn pf 1ighe| coree-| 1 88s @an@lsexicel.Bent in
DC superpos,béhﬁf%@g a%ﬁrl sthw:r§. Eﬁﬁg’r’p e“%;s Rehﬁ,;i onwp,et Ve e Kli qgnof

e VvVe—T0 DS '

magnet (coefetv - ur_,c) atrel rperposttTonfcnaracterrstrcs MagnerT|c
powder: S-1: Sr’rbi 0. 78F:B. 11 Gub. 1 @Z30/08)17. 4 Bukerpg2.8oart2dl e s2.2e:|5. 0m
c

H 25.6 24.5 232 | 215 | 193 | 164 | 125 9.5
(kOe) :
Table 11
Sample S-1 S-2 S-3 | S4 S-5 S-6 S-7 S-8

Powder No

Particle | mag-| 150 100 50 10 5.6 33 2.4 1.8

um um um pm um um

size net uwm um
Core-loss| o0 | 1280 | 760 | 570 | 560 | 555 | 550 | 520 | 520
(kW/m®)

DC superposition characteristics were measured before and after a
reflow treatment where the test core sample was kept for one hour in a high
temperature container at a temperature of 270°C which is a temperature
condition for a reflow soldering furnace, then cooled to the room temperature
and left at the room temperature for two hours. A comparative test sample
without nothing disposed in a magnetic gap was prepared and subjected to the
measurement of the DC superposition characteristic in the similar manner as
described above. The measured results are shown in Fig. 27.

It is seen from Table 11 that the core loss rapidly increases when the
maximum particle size (Powder Particle size) of magnetic powder exceeds
50um. ltis also seen form Fig. 27 that the DC superposition characteristic is
degraded when the particle size of the magnetic powder is smaller than 2.5um.
Accordingly, it is noted that, by use of a magnet containing a magnetic powder
having an average particle size of 2.5-50um as a biasing permanent magnet,

the magnetic core can be obtained which is excellent in the DC superposition



Curie point Tc: 820C S-2:Intrinsic coercive force (iHc): 8 kCe

Sm( Coo. 742Feo. 20Cuo. 055Zr0.03) 7.5 Average particle size: 5.0m Curie point
Tc: 810C Intrinsic coercive force (iHc): 20 kOCe Binder: Epoxy resin
-(CQuring point 150C) Resin content: 50 volunme % Production nethod of Magnet:
Mol di ng, without aligning magnetic fielg456 Magnet: Thickness: 0.5nmm
Sectional shape and area: sane as that o? a mddle leg of the E-shape core
Specific resistance (0-cm: 1Qcmor nore in all sanples Intrinsic

coercive f netization
mchine MRS 9t§ﬁ§‘§° S AT eol BT ot 88000 e GorBI8E 1 o7
ferrite |va g@ﬂilength G 0.5mm DC superposition characterlstlcs
(magnetic permeag Measured at f=100kHz, and Hm=O to 1500e varied DC
superposition characteristics were neasured bef ore and after a reflow
treatment where the core test sarrpl e was kept for one hour in a high

t enper at ur g f

condition f

t enper at ur qﬁ{ omtenrper ature for tvvo hours A conparative
test sanpl g\ﬂa lécﬁé\k ot hi n92 1§posed in a magnetic gap was prepared and

subjected to the Average particle size: 3um

Intrinsic coercive force iHc: 17 kQOe
Curie point Tc:  810°C
Binder: Epoxy resin
Amount(Volume %): Adjusted to obtain following specific
resistances
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness T:-1.5mm
Shape and Area: corresponding to a middle leg of E-shape core

Specific resistance (Q:cm): S-1: 0.01

S-2: 041
S-3: 1
S-4: 10
S-5: 100

Intrinsic coercive force: 5 kOe or more
Magnetization: Pulse magnetizing machine
Magnetizing field: 4T
Magnetic core: E-E core (Figs. 1 and 2), MnZn ferrite
Magnetic gap length G:  1.5mm
Measuring core-loss: f=300kHz, Ha=100G

The same magnetic core is used for each of samples and the core-loss




_.measurenent of the DC superposition characteristic in the simlar manner as
descri bed above. The neasured results are shown in Fig. 28. It is noted
fromFig. 28 that the DC superposition characteristic is excellent even
«after the reflow treatnent in use of a bond magnet having Sn2Col7 magnetic
powder of sanple S-2 for the magnetical kg biasing permanent magnet.
Accordi ngly, the bond magnet havi ng the magneti c powder of

Sm( Cobal Febo. 15- 0. 25Cu0. 05- 0. 06Zro0. 02-0.03) 7. 0-s. 5 can provi de an excel | ent
DC super posi.Li : LSl 6s . {on between ki nd of
resin and &&é%8§%§?§$§%%3%§r%hcﬂq@?%Q%éﬁ%?})éo)'\/\der: Snm2Col7
Average particle size: 3.0-3.5m Coercive force iHc: 10 kGCe Curie point
Tc: 810C Binder: S-1: Polyethylene resin (softening point: 160C) Resin
content: 50 volume % S-2: polyim de regjgqpsoftening point: 300C) Resin
content: 50 volunme % S-3: epoxy resin (curing point: 100QC) esin content:

50 vol une % PSsto@lei on net hod of Madinel: $8 ding,S-& t houB-4l i gni$$ magnetic
field Magnet SpeeificknesNonliserm Secti onal shape and anea: sang as thgt of a
m ddle | eg Jfregiggneeshap@agrgte Spepific P_qsi stange: 10-3@0 -| crgyy nore
Intrinsic caer(gj.gﬁuf orggm as thos¢ of magnetic powder Magnetization:
Pul se mgne'iégrttai-l‘d's'sﬁ cht e,

(kW /ms) 520 2,100 1,530 590 560 530

It is seen from Table 12 that the core-loss rapidly degrades when the
specific resistance is below 0.1Q:cm. Therefore, it is noted that when the DC
magnetic-bias permanent magnet has the specific resistance of 1Q-cm or more,
the magnetic core can be obtained which is small in degradation of the core-

loss and excellent in DC superposition characteristics.

Magnetic powder:

S-1: Sm(Coy 75Fe.11CUp.10Zr0.01)7.4
Average particle size: 5.0pm
Curie point Tc:  820°C
Intrinsic coercive force (iHc): 8 kOe
S-2: Sm(C0g.742F€4.20CU0.055270.03)7.5
Average particle size: 5.0um
Curie point Tc:  810°C
Intrinsic coercive force (iHc): 20 kOe
Binder : Epoxy resin (Curing point 150°C)
Resin content: 50 volume %

Production method of Magnet: Molding, without aligning magnetic field




.Magnetizing field: 4T WMagnetic core: E-E core (Fig. 1): MZn ferrite

Magnetic gap length G 0.5mm DC superposition characteristics (Magnetic
perneability): Measuring at f=I OOkHz and HmO to 1500e varied Measuring
.of DC superposition characteristic was carried out about the

core using each of magnet sanples contagging the resins S-1 to S-3,

respectively. 58 DC superposition characteristics were neasured before and
reflow treatment where the test core sanple was kept for one hour

after a

in a high Mé‘i@? aﬁ'chﬂn?Qé’.t@érﬂ at a tenperature of 270C which is a

tenperature

dition

roomtenperature §8&idr?é%%?%e rahg arrgéx_mn%%ﬂlgﬁgqhg{& é Middiwo hours. A

conpar at ive test core

w t hou

was prepared and subjected to the neasurenent '@L‘?ftgﬁ %g%gé,@si tion

characteristic in the simlar manner as descr
results are shown
cores using bond

ove. e neasured

ngge&hsres%@tanbé FgézScrﬂfﬁt efiof &ABr hére iﬁ%llt%?ﬁpleén the test

nets using olyimde resin wth a's

300C and epoxy r esjrfrirsic BoelchR foRGE! IS dife @ThaghetE peivdercur i ng poi nt of

100C, respectively,

contrary,

core-| oss

in use of polyethylene resin

Magneti ¢ powder: SnRCol7
Magnetic gap length G:  0.5mm

DC superposition characteristics (magnetic permeability):

Measured at f=100kHz, and Hm=0 to 1500e varied

DC superposition characteristics were measured before and after a
reflow treatment where the core test sample was kept for one hour in a high
temperature container at a temperature of 270°C which is a temperature
condition for a reflow soldering furnace, then cooled to the room temperature
and left at the room temperature for two hours. A comparative test sample
without nothing disposed in a magnetic gap was prepared and subjected to the
measurement of the DC superposition characteristic in the similar manner as
described above. The measured results are shown in Fig. 28.

It is noted from Fig. 28 that the DC superposition characteristic is
excellent even after the reflow treatment in use of a bond magnet having
Sm2Co17 magnetic powder of sample S-2 for the magnetically biasing
permanent magnet. Accordingly, the bond magnet having the magnetic
powder of Sm(CoypFepg,15.0.25CU0.05.0.06270.02-0.03)7.0-8.5 Can provide an excellent

DC superposition characteristics.

sanme nagnetic

or areflow soldering furnace, then cooled to the

Isposed 1n a magnetic gap

t'eni ng point of

the DC superposition characteristic after the refl ow
treatment iMaghdtRatios! MPLURE rhaghétR@on Pedchige t he reflow treatment. On the
i havi ng a softening point of 160C,
the resin was softened Maghbtzingfield)C4Tsuperposition characteristic was

equi valent wth a conparative test sanple with
magnet i ¢ gdpagrstiengdre: 2&-Rebeg (Fig. HeMmbnfeanitdi ti on of coupling agent and

nothing inserted in the



Average particle size: 3-3.5gm Intrinsic coercive force iHc: 17 kCe Curie
point Tc: 810C Coupling agent: S-1: silane coupling agent 0.5wt% S-2: no
coupling agent Binder : epoxy resin Resin content: 50 volune % 59
Production nethod of Magnet: Ml ding, wthout aligning magnetic field
Magnet: Thickness T: 1.5mm Shape and Arga: corresponding to a mddle | eg of
E-shape core Specific resistance (Q- cm: S-1: 10. S 2: 100 Intrinsic
coercive force: 17 kGe Magnetization: Pulse magnetizing nachine
Magneti zi ng f ' ' e : dGESS metnddithrg) . MiZn ferrite

Magneti c .."'"!’ Eo -1 055" V-" ng =300kHz and Ha=1000G

The core-| Msanﬁ magneti c core using each of the sanples was
ge§gured a in the followng table 13. Table 13 Treated
yNon-trea ic drng &y, Coupl i ng agent Core-10ss525550 kWnB It is
noted from rfé\é T at the cdfe-1oss is decreased by addition of

coupling agent. This is consigad8de damtidi® sizae BemsFumhy the insul ation
bet ween particles of the pomdg‘?g ?g ?nproved by thecagkoupl i ng treatnent.

Coercive force iHc: 10 kOe

Curie point Tc:  810°C
Binder: S-1: Polyethylene resin (softening point: 160°C)
Resin content: 50 volume %
S-2: polyimide resin (softening point:  300°C)
Resin content: 50 volume %
S-3: epoxy resin (curing point:  100°C)
Resin content: 50 volume %
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness: 0.5mm
Sectional shape and area: same as that of a middle
leg of the E-shape core
Specific resistance: 10-30€2-cm or more
Intrinsic coercive force: same as those of magnetic powder
Magnetization: Pulse magnetization machine,
Magnetizing field: 4T
Magnetic core: E-E core (Fig. 1): MnZn ferrite
Magnetic gap length G:  0.5mm
DC superposition characteristics (Magnetic permeability):
Measuring at f=100kHz and Hm=0 to 1500e varied
Measuring of DC superposition charact_eristic was carried out about the
same magnetic core using each of magnet samples containing the resins S-1 to

S-3, respectively.



Further, there was obtained a result that the DC superposition
characteristics after reflow treatnent was excellent in use of the bond
magnet using the magnetic powder treated by the coupling agent. This is
.considered due to the reason why oxidation during the reflow treatnment was
prevented by the coupling treatnent. Asgdescribed above, the good results
were realized by the coupling treatnent of the nagnetic powder. 60 Exanple
26 Rel ation between ani sotropic ¢ magnet and DC superposition

characteristic %@é‘%{’?gwﬁrCha%&%%SW&E%%ﬂQ%B inefdteSAntaftet-a3- SM

Curie point Tc: I'nsic coercive force 17 kCe Binder : Epoxy

(?jéf'h(??_ o TR HedimpRfteredniitist itk Bahftle Wale keph oy Mok in 2 Retics "
i rection: o 2 i+ QA O WBIRE i y ' :
! i ShandSERETEAGTe, it o 1GpBRUIRARRAIAAC With iSRUBRperalte oS

Speci fic f%ha&ignﬁsﬁ KrefléWsoldbriRy fufiEick Mhensddte REtHe rb@nft@frﬁ%ratll?e KOs

Magneti zation: Pul se magnetizing nmachine Magnetizing field: 2T Magnetic
core: E-E cpig9eftat the fom Myhpeflire fortwd/RenRs. | A eemphengkhestcoke 5Sm DC

superposition characteristic (Magnetic perneability): Measured at f=100kHz

and HM=0- 1%8(#Re withoueHothing disposed in a magnetic gap was prepared and
subjected to the measurement of the DC superposition characteristic in the
similar manner as described above. The measured results are shown in Fig.
29.

It is noted from Fig. 29 that, in the test cores using bond magnets using

polyimide resin with a softening point of 300°C and epoxy resin as a
thermosetting resin having a curing point of 100°C, respectively, the DC
superposition characteristic after the reflow treatment is almost similar to those
before the reflow treatment. On the contrary, in use of polyethylene resin
having a softening point of 160°C, the resin was softened so that the DC

superposition characteristic was equivalent with a comparative test sample with

nothing inserted in the magnetic gap.

Magnetic powder: Sm,Co,,

Average particle size: 3-3.5um
Intrinsic coercive force iHc: 17 kOe
Curie point Tc:  810°C
Coupling agent: S-1: silane coupling agent 0.5wWt%
S-2: no coupling agent
Binder : epoxy resin

Resin content: 50 volume %




.The DC superposition characteristics of the sane magnetic core using each
of the sanples S-1 and S-2, which were aligned and not aligned in the
magnetic field, respectively, was neasured before and after a reflow
.treatment where a test core sanple was kept for one hour in a high
ferrperature container at a tenperature&®df 270C which is a tenperature
condition for a reflow 61 soldering furnace, then cooled to the room
tenperature and left at the room tenperature for two hours. The results

are shown W%gucﬁronsfﬂetthoh (#f - T MKiRG %ltﬁ@uttdﬁghlrlghﬂagﬁéﬁpﬁélépl c_nagnet

aligned in't prOV|des an excel 'ent” DC super posi tion

characteri Mégq‘%.% be-ﬁ-ﬁkﬁneﬁﬁrpl ajspimt he reflow treatment in conparison with
t he ot her t " not aligned 1n the magnetic field. Exanple 27 Relation

bet ween magnet i zat§Rand bRl AréatdikespeRaingadid infdtlle tdtpokEshapetcore Magnet i ¢
powder: Sn2Col7 Bi ndée? Epoxy resi rﬁvergge particle size: g 3.5m Curie

point Tc: 810C |ntSbé@f|§ré§p§éﬁ¢ ggf cesti:Hcy)0. 178420 100Curi ng poi nt: about
250C) Resin content: 50 vol ume % uction nethod of Magnet: WMbl di ng,

wi t hout aligning npgigdic §oémr§/edord&gm6’tk03hi ckness: 1.5mm Shape and Area:
corresponding to a mddle | eg of E-shape core Specific resistance (Q cn:

1 Q- cml rMé@gﬁb&iz@tu@@erpume rhagreatizingmaCrineMagnet i zing field: S 1: 1T
(el ectronmagnet)
Magnetizing field: 4T
Magnetic core: E-E core (Figs. 1 and 2), MnZn ferrite
Magnetic gap length G:  1.5mm

Core-loss: Measuring at {=300kHz and Ha=1000G

The core-loss of the same magnetic core using each of the samples

was measured and is shown in the following table 13.

Table 13
Treated by Non-treated by
Coupling agent Coupling agent
Core-loss
(kW /m3) 525 550

It is noted from Table 13 that the core-loss is decreased by addition of
coupling agent. This is considered due to the reason why the insulation
between particles of the powder is improved by the coupling treatment.

Further, there was obtained a result that the DC superposition
characteristics after reflow treatment was excellent in use of the bond magnet
using the magnetic powder treated by the coupling agent. This is considered
due to the reason why oxidation during the reflow treatment was prevented by
the coupling treatment. As described above, the good results were realized by

the coupling treatment of the magnetic powder.



.S-2: 2T (el ectromagnet) S-3: 2.5T (electromagnet) S-4: 3T (pul se

magneti zin
1): MdizZn f
«characteri

g) S-5: 3.5T (pulse magnetizing) Magnetic core: E-E core (Fig.
errite 62 Magnetic gap length G 1.5mm DC superposition
stic (Magnetic pernmeability): Measured at f=100kHz and

Hm=0- 150( Ce) varied The DC superpositi @gp characteristics of the sane

magnetic c
after are
a highte
t enper at ur
roomtenpe
results ar
are obtain
Relation b
as DC supe
particle s
810C Bi nde
Magnet: Mo

ore using each of the sanples S-1 to S-5 was neasured before and
flow treatment where a test core sanple was kept for one hour in
= N - a ) H M

gocondrT

rgﬂéﬁggﬁﬁs left at the roomtenperature for two hours. The
Fig. 31. It is seen fromFig. 31 that the good results

: gnetd & field of 2.5 T (Tesla) or nore. Exanple 28
M%ﬁ'%@?ﬂ@e ?@&@Hg of the magnet aﬁld mag)neti c flux asrr\p/vell
rposition characteri 9kfsgd\Bariele size0vslg5upT2Col7 Aver age
ize: 3m Intrinsic coercive force iHc: 17 kGe Curie point Tc:

r : Epoxy resin ResipgRyent Tc: 4B 108Cume % Production nmet hod of
| di ng, wi thout aligning magnetic field Magnet: Thickness : 1.5mm

Shape and Area: corresponding UtriAsieicddreve tgcefiHE)shtpaQeor e

Binder: Epoxy resin (Curing point: about 250°C)
Resin content: 50 volume %
Production method of Magnet: Molding,
S-1: Aligning magnetic field in thickness direction: 2T
S-2:  Without aligning magnetic field
Magnet; Thickness: 1.5mm
Shape and Area: corresponding to a middie leg of E-shape core
Specific resistance(Q-cm): 1Q+-cm
Intrinsic coercive force: 17 kOe
Magnetization: Pulse magnetizing machine
Magnetizing field: 2T
Magnetic core: E-E core (Fig. 1): MnZn ferrite
Magnetic gap length G:  1.5mm
DC superposition characteristic (Magnetic permeability):

Measured at f=100kHz and Hm=0-150(Oe) varied

The DC superposition characteristics of the same magnetic core using
each of the samples S-1 and S-2, which were aligned and not aligned in the
magnetic field, respectively, was measured before and after a reflow treatment
where a test core sample was kept for one hour in a high temperature container

at a temperature of 270°C which is a temperature condition for a reflow



Specific resistance: 10-cmlintrinsic coercive force: 17 kCe Surface
coating: S-1: epoxy resin 63 S-2: no coating Magnetization: Pul se

magneti zi ng machi ne Magnetizing field: 10T Magnetic core: E-E core (Figs. 1
and 2): MiZn ferrite Magnetic gap length G 1.5mm DC super position
characteristics (magnetic perneability)y Measured at f=100 kHz and Hm=0-250
Ce varied Dipping a magnet in an epoxy resin solution, taking out and
drying it, then heat treating it at a thernosetting tenperature of the

Compar %g X hiating @Jofég‘ggvtagﬁﬁ‘gﬁédﬁﬁﬁ? E@‘?’M?Rﬂ’ﬁﬁqﬁ]&nﬁ'ﬁ%%@e? 8?’?2?' ature
[ust or 0GRS FER o” LA, ToR FSkte e Bt ‘?‘kﬁgog?'éasﬁ??ngﬂt Yof @
esults are shouh 4#@fﬁgmﬁﬁi“@w%‘??&ﬁ@m@‘@@%?%’}‘s‘o'r{ﬁ‘t ¥ he s nce
magnet | ¢ fhm%nrggﬁgggf@ﬁgidteg %ﬁ&ceﬁ@ﬁf brs‘atﬂ)teﬁ%’%tlorfﬁﬁ a@ié?%u&%bb’(b?eres‘“ ts,

t he magnet coa |ng was denmagneti ze out 28% at
270C. In ¢ I

a itA'Yhe bifr hagnheta@R aligiéd sanpl e
S-1 coat edgwgﬁbgg%xi&@g’sﬁ%tlﬁ?wg}Cmg f’c?H‘W gegr adat | on caused by the
heat treat gabout 8% demagnetization at 280C, and has a stable
characteri s"fwe m%ﬁﬁ%thgeconm dered that oxidation of the magnet is
suppressed by the epoxy resin coated on the surface to thereby restrict
reduction of the magnetl c flux. Further, each of the bond magnet s i's
inserted ig ot i g B i

Magnetic powder: Sm,Co,,

Average particle size: 3-3.5um
Curie point Tc:  810°C
Intrinsic coercive force (iHc): 17 kOe
Binder : Epoxy resin (Curing point: about 250°C)
Resin content: 50 volume %
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness: 1.5mm
Shape and Area: corresponding to a middle leg of E-shape core
Specific resistance(Q-cm): 1Q-cm
Intrinsic coercive force: 17 kOe
Magnetizing field:
S-1: 1T (electromagnet)
S-2: 2T (electromagnet)
S-3: 2.5T (electromagnet)
S-4: 3T (pulse magnetizing)
S-5: 3.5T (pulse magnetizing)
Magnetic core: E-E core (Fig. 1): MnZn ferrite




_.magnetic core (Figs. 1 and 2) and the DC superposition characteristic was
measured. The results are shown in Figs. 33 and 34. Referring to Fig. 33,

it is seen that, in the core using the resin-uncovered magnet of sanple
.S-2, the 64 nmagnetic perneability shifts to a |ow nagnetic field side about
15 Ce and the characteristic degrades gagnificantly at a tenperature of
270C, because the nmagnetic flux fromthe magnet is reduced due to the
heat-treatnment as shown in Fig. 32 to reduce a biasing magnetic field from

the magnet. In conpari Sﬂgg@%@gamr@h# sps,tq;ﬁ to the | ow magnetic field
A case o

side only about 5 Ce at sanple S-1 covered with epoxy
resin as s Lo Fi . . RRSbliingn characteristic is
signifi canm@\"*’r%lp(?%giaﬁf)cya?-%éé@”%[\w@%%iy&ﬁgrn cgghahg conmparing with
non-coati ng. Exanple 2 | Qe tha -915%)?95 08ri t he magnet and
magnetic flux This is Iglle%gi.ug%d?tg Eggtr(rﬁ?gngg# exgept th’at the binder and
surface coating are polyimde resin and fluorocarbon resin, respectively.
Each of a bond nagnet (sanple S-1) covered with fluorocarbon resin and a

conpar ative bond itfoncHaratieAsNE 6theidaindMagnesit Boragsingeat
treated in an at ;Ir-oﬁgp e:sgbgt?ﬂl}%oc for five hours, but being t aken oufg every

60 m nut es éa%pttﬁtﬁé@hﬁ@!e%dslptot% WBESE=aRsY beforeaadeifie? afreflawand the
measur enent of DC superposition characteristics. The results are shown in

Fi gs. 35- 3%redtingnt WheRda¥estaoréshnipl@waskepbforame leag imadrigh tempenature
responsive to the heat treatnent. It is seen fromthe results that,

conpari ng VonfaihSat fephssretlirerst @7OPC afhisi 54 terbp@ra@iengrdiitiomgfoeti zed by
58% after five hours, a core wusing sanple S-1 nagnet covered with
f 1 uor ocar baeflowsolddrmg\farnacertidn cooled éortgnmionz temperatureraraklel298hd t er fi ve
hours and exhibits a stable characteristic.

room temperature for two hours. The results are shown in Fig. 31.

It is seen from Fig. 31 that the good results are obtained in the

magnetizing field of 2.5 T (Tesla) or more.

Magnetic powder: SmyCo,,

Average particle size: 3um
Intrinsic coercive force iHc: 17 kOe
Curie point Tc:  810°C
Binder : Epoxy resin
Resin content: 40 volume %
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness: 1.5mm
Shape and Area: corresponding to a middle leg of E-shape core
Specific resistance: 1Q-cm
Intrinsic coercive force: 17 kOe

Surface coating: S-1: epoxy resin



.This is considered that the surface of the magnet is restricted from
Oxidation by coating of the fluorocarbon resin so that reduction of the
magnetic 65 flux can be suppressed. The bond magnets of sanple S-1 and S-2
‘were separately disposed in the sane magnetic core and the DC
superposition characteristic was neasug8d. The results are shown in Figs.
36 and 37. Referring to Fig. 36, the core with the resin-uncovered sanple
magnet S-2 inserted was shifted in the nagnetic perneability to the | ower

magnetic field side by about 3@.8e ahlc@htihgve hours to significantl
degrade the characteristics, because a bi agsi ng magnetic figel d from %/he

magnet islzllvggHgﬁf-gt%@.ttpewggagﬁ@hbﬁzinélmmreased by the heat treatnent as

shown in mparing wth this, in the core using the fluorocarbon

resin-covered magnet qjagﬁfgm| fizld, PErsuperposition characteristic was
shifted only about 10 OGe"to the |ower magnetic field side, as shown in

Fig. 37 Thugneli®Bofec &E-ESeUrer(PRE! e DhanaeZrefdrdte ¢ is significantly
i mproved by Covering with fluorocarbon resin than the uncovered one. It

will be noted fromthe @ict lehlgth Gond .3ragnet havin
_ Mé)@y _ ) g a surface covered
with the fluorocarbon resin i sé‘arvest Pi cted from oxi dation and provides an

excel | ent plps@sdrpbsisioh ehardoteristies (magnbtis pbrveahitity):i r med that the sinilar
results have been obtained by use of other heat resistant resin and heat
resistant paint. Exanple 3MeBsured atrf=89 kélzrarfdiima6-25Q Peavadiegont ent  of
resin Magnetic powaer 1 Sm2Col7 Average particle size: Skm Intrinsic
coercive force: Dppifpa nGagiet ipanrapoxyTesinBotidion; aldng pHi ard deintites

then heat treating it at a thermosetting temperature of the resin to cure it formed

the surface coating.

Each of sample S-1 and comparative sample S-2 was heat-treated for
30 minutes at a temperature every 40°C increment from 120°C to 270°C. It
was taken out from a furnace just after every heat-treatment and was subjected
to measurement of a surface magnetic flux and a DC sUperposition
characteristic. The measured results are shown in Figs. 32-34.

Fig. 32 shows a variation of the surface magnetic flux responsive to the
heat treatment. According to the results, the magnet of sample S-2 with no
coating was demagnetized about 28% at 270°C. In comparison with this, it
was found out that the magnet of sample S-1 coated with epoxy resin is very
small in degradation caused by the heat treatment, that is, about 8%
demagnetization at 280°C, and has a stable characteristic. This is considered
that oxidation of the magnet is suppressed by the epoxy resin coated on the
surface to thereby restrict reduction of the magnetic flux.

Further, each of the bond magnets is inserted in a magnetic gap of a
magnetic core (Figs. 1 and 2) and the DC superposition characteristic was

measured. The results are shown in Figs. 33 and 34. Referring to Fig. 33, it

is seen that, in the core using the resin-uncovered magnet of sample S-2, the




.The magnetic powder was mixed with the resin as the binder at different
fesln contents in the range of 15-40 volune % and forned a nagnet with a
thickness of 0.5 nmby a hot pressing w thout application of aligning
-magnetic field. As a result, it was seen that the formation could not be
possible if the resin content is |ess ghan 30 volune % Simlar results
were obtained by use of any one of epoxy resin, polyphenylene sulfide
resin, silicone resin, polyester resin, aromatic polyam de resin, and

v e o i
?I:!l-'?l?l g:(s)intcer(fﬁ rafg%% g%ir par %@n @ éﬁy én%gﬁg Eé?%ra%fe. part Pg%eu Si ;ez '51. I m
wei ght par ﬁggg@%%gn%‘mg?%\é? :Etllggg% ggrgté?cdi% gggitgééh Egt.-ggnéﬁﬁ\rgﬁgtr\ssﬁi&cmclgg?ci ve
force i He: F.4p {Reduttd Siabifgthadretickiddd e FrRaghet. 108 coripaiitoR iths

this, it shifts to the low magnetic field side only about 5 Oe at 270°C in case of

sample S-1 covered with epoxy resin as shown in Fig.34.

Thus, the DC superposition characteristic is significantly improved by

use of epoxy resin coating comparing with non-coating.

This is similar to Example 28 except that the binder and surface coating
are polyimide resin and fluorocarbon resin, respectively.

Each of a bond magnet (sample S-1) covered with fluorocarbon resin
and a comparative bond magnet (sample S-2) uncovered with any resin was
heat treated in an atmosphere at 270°C for five hours, but being taken out every
60 minutes to be subjected to the measurement of magnetic flux and the
measurement of DC superposition characteristics. The results are shown in
Figs. 35-37.

Fig. 35 shows a variation of the surface magnetic flux responsive to the
heat treatment. It is seen from the results that, comparing with the uncovered
magnet of sample S-2 being demagnetized by 58% after five hours, a core
using sample S-1 magnet covered with fluorocarbon resin is very small in
demagnetization such as 22% after five hours and exhibits a stable
characteristic.

This is considered that the surface of the magnet is restricted from

oxidation by coating of the fluorocarbon resin so that reduction of the magnetic



.§-_4: Ba ferrite Average particle size: 1m Coercive force iHc: 4 k [
point Tc: 450C Content: 100 weight parts S-5: Snm2Col7 Average partoiecl (Ca:url ©
size: 5m |Intrinsic coercive force iHc: 15 kGe Curie point Tc: 810C
-Content: 100 wei ght parts Binder :S-1:Polyimde resin 50 weight parts Resin
content: S-2:epoxy resin 50 weight par t65 Resin content: S-3:polyimde resin
50 weight parts Resin content: S-4:Polyimde resin 50 weight parts Resin
content: S-5:Polypropylene resin Resin content: 50 weight parts Production

_rrrﬁlt E(Izgegfs Wg Egﬁ bgcl\awét | O%%edé\nh;hout aligning magnetic field Magnet:
the E cha pe and area: sanme as that of a mddle | eg of
pe cor eThe bond magnets of sample S-1 and S-2 were separately disposed in
the same magnetic core and the DC superposition characteristic was measured.
The results are shown in Figs. 36 and 37. |
Referring to Fig. 36, the core with the resin-uncovered sample magnet
S-2 inserted was shifted in the magnetic permeability to the lower magnetic field
side by about 30 Oe after five hours to significantly degrade the characteristics,
because a biasing magnetic field from the magnet is reduced as the magnetic
flux decreased by the heat treatment as shown in Fig. 35.
Comparing with this, in the core using the fluorocarbon resin-covered
magnet of sample S-1, DC superposition characteristic was shifted only about
10 Oe to the lower magnetic field side, as shown in Fig. 37. Thus, the DCa
superposition characteristic is significantly improved by covering with
fluorocarbon resin than the uncovered one.
It will be noted from the above that the bond magnet having a surface
covered with the fluorocarbon resin is restricted from oxidation and provides an
excellent characteristics. Further, it has been confirmed that the similar results

have been obtained by use of other heat resistant resin and heat resistant paint.

E le 30 _Relation bet [ bili | content of resi
Magnetic powder: Sm,Co;;
Average particle size: 5Skum
Intrinsic coercive force: 17 kOe
Curie point: 810°C

Binder: polyimide resin



.Specific resistance: 1 52 - cmor nore Intrinsic coercive force: sane as
magneti c powder 68 Magnetization: Pul se magnetization machi ne Magneti zi ng
field: 4T Magnetic core: E-E core (Fig. 1), MizZn ferrite Magnetic gap
~length G 0.5mm DC superposition characteristics (magnetic perneability):
Measured at f=100kHz and HmwO to 2000e@gari ed I n use of each of sanples S-1
to S-5 in the sanme nmagnetic core, a treatnent was repeated four tines
where the sanple core was kept at 270C for 30 mnutes and then cooled to

the room t emper afyt fyo DGy SURGIRP N Aked VAN Al @5irSis he'BiRdaPaEdIebrber or o

and after every n e results are shown in Figs. 38-42

It is noted f oL oy et i 2 itte of
sampl e 'S 51 SO idfie e o Fs A0 dRA e 2t B g e

di spersed | ! &PBof ek SingWithddEappheitionsiftalighinghmagnetio i sti c
was signi W%%r{r%t%ﬁw%%még afct)e@%secgnd or m%?e times treatnment. This is

because t'ﬂ?dt hi n per manent magnet was deforned during the refl ow :
treat ment. k'is seen fromFig. 41 that, in use of the nmagnetic core using

therein a ”ﬁgneg\sg re%%eﬂm faS-cbenfithahthedornatiors chald ot betpossible iighe he
coercive force o K and dispersed in polyimde resin, the DC

super posi t i Q&) CRAfHE i€rekss thars 30a8lunsé gl fi cant |y degraded as increase of
the neasuring time nunbers. On the contrary, it is noted that, in the use

of magnets of samphRs rBsiité WerdoBtaiied by dié oéaaponesjepoXy reggidder havi ng
coercive force of 10 dispersed in polyinmde resin and/or epoxy resin,
separ at el y polypheRpenensifisiesim silicoharesinepolyestes reRin,Ryomatigmayanaifel y
change by neasurenent repeated as shown in Figs. 38-40, respectively, and
were very sbsibl end liquid crystal polymer.

Magnetic powder:

S-1:  Sm,Co,;
Average particle size: Sum
Intrinsic coercive force iHc: 15 kQe
Curie point Tc:  810°C
Content: 100 weight parts

S-2:. Sm,Coy;
Average particle size: 5um
Intrinsic coercive force iHc: 15 kOe
Curie point Tc:  810°C
Content: 100 weight parts

S-3: SmyFe ;N3
Average particle size: 3.0um
Intrinsic coercive force iHc: 10.5 kOe

Curie point Tc:  470°C



.1t is considered fromthe results that the Ba ferrite bond magnet is snmall
In the coercive force and therefore demagneti zed or magnetized in opposite
69 direction by a nagnetic field applied to the magnet in the opposite
‘direction, so that the DC superposition characteristics was degraded. It
was al so seen that an excellent DC supegposition characteristic can be
obt ai ned by use of a magnet having coercive force of 10 kCe or nore as the
magnet di sposed in the magnetic gap. Although it is not denonstrated here,

that simlar results v&sﬁgﬂpt a.,éd‘tggleidah@pgﬂgbi nati ons other than those in the

present exanple and even Dy ‘us ny one of epoxy resin, polyphenylene

sul fide resin, cSjhli sin, polyester resin, aromatic pol yam de resin,
and liquid crys%sgﬂ %gﬁgﬁ@f Exanpl e 32 Rel ati on between particle size of

magneti ¢ powder and CORes agll\%g e er: SnR2Col7 Curie point Tc: 810
C S-1: Average parti cI'Ee‘\?esrlhggi) .I %%Coé‘?lci ve force iHc: 10 kCe S-2:

Aver age particle si Ze:CBeﬁ;i\}B@?’@éﬁ-ﬁd{eiﬂO@e iHc: 14 kCe S-3: Average
particle size: 25 m Coercive force iHc: 17 kCe S-4: Average particle size:

50 [tm Coercive forcep|kenoi Ceygs58°G: Average particle size: 55 p.m
Coercive force iHc: ZOCE%EpOglﬁrTgér . Pol yphenyl ene sulfide resin resin

content: 30 vol une % Pcggtepti ofoawieigtd partsMagnet : Mol di ng, wi thout aligning
magnetic field
S-5: Sm,Coy,
Average particle size: 5um
Intrinsic coercive force iHc: 15 kOe
Curie point Tc:  810°C
Content: 100 weight parts
Binder: S-1: Polyimide resin
Resin content: 50 weight parts
S-2: epoxy resin
Resin content: 50 weight parts
S-3. polyimide resin
Resin content: 50 weight parts
S-4: Polyimide resin
Resin content: 50 weight parts
S-5: Polypropylene resin
Resin content: 50 weight parts
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness: 0.5mm
Sectional shape and area: same as that of a middle
leg of the E-shape core
Specific resistance: 1Q-:cm or more

Intrinsic coercive force: same as magnetic powder




.Magnet : Thi ckness: 0.5nmm 70 Shape and Area: sane as those of a middle |leg
of E-shape core Specific resistance: S-1: 0.019-cmS-2: 2.052 - cm S-3:
1.09 - cm S-4: 0.552 - cm S-5: 0.01552 - cmlintrinsic coercive force:
sane as nmaghetic powder Magnetization: Pul se nagneti zi ng nmachi ne
Magnetizing field: 4T Magnetic core: BB& core (Fig. 1), Mizn ferrite
Magnetic gap length G 1.5mm Core-|oss: neasured atf=300kHz and Ha=0. 1T The
core-loss neasured is shown in the followi ng Table 14. Table 14

Sanpl eS- 1_S1\;?a'§r;§§2§§o,§ PRYIsE Fhégridtzafo® hdohiR)55 m Core | 0s5670520540555790
KWnB It is seen from Table 147 that, by using, as the biasing pernmanent

magnet, a magnet with aMggng@iin@ﬁgidmgm average particle size of 2.5-50m
the excellent core-loss iS obtalined. Exanple 33 Rel ati on between gl oss and

fS: g; ( ;lrjnr ‘;Tﬁ@ﬁﬁmr&ﬁéﬁ ELERSre @t MnZpoleritte: Sn2Col7 Average particle
' Magnetic gap length G:  0.5mm
DC superposition characteristics (magnetic permeability):
Measured at f=100kHz and Hm=0 to 2000e varied

In use of each of samples S-1 to S-5 in the same magnetic core, a
treatment was repeated four times where the sample core was kept at 270°C for
30 minutes and then cooled to the room temperature. DC superposition
characteristic was measured before and after every heat treatment, and the
results are shown in Figs. 38-42

It is noted from Fig. 42 that, in the magnetic core with a magnet of
sample S-5 disposed therein which contain Sm2Co17 magnetic powder
dispersed in the polypropylene resin, the DC superposition characteristic was
significantly degraded after second or more times treatment. This is because
the thin permanent magnet was deformed during the reflow treatment.

It is seen from Fig. 41 that, in use of the magnetic core using therein a

magnet of sample S-4 which comprises Ba ferrite having the coercive force of 4
kOe and dispersed in polyimide resin, the DC superposition characteristics was
significantly degraded as increase of the measuring time numbers.

On the contrary, it is noted that, in the use of magnets of samples S-1 to
S-3 where different magnetic powder having coercive force of 10 dispersed in
polyimide resin and/or epoxy resin, separately, the DC superposition
characteristics do not significantly change by measurement repeated as shown
in Figs. 38-40, respectively, and were very stable.

It is considered from the results that the Ba ferrite bond magnet is small

in the coercive force and therefore demagnetized or magnetized in opposite



-Coercive force iHc: 17 kOe Curie point Tc: 810C Binder: polyimde resin
resin content: 40 volune % Production nmethod of Magnet: Ml ding (pressing
pressure being changed), wthout aligning magnetic field Magnetization:
‘Pul se magneti zi ng machi ne Magnetizing field: 4T Magnet: Thickness: 0.3mm
1 cmx 1 cm Specific resistance: 1 Q ggnor nore Intrinsic coercive
force: 17 kQGe The surface nagnetic flux and the gl oss were neasured in each
of sanples pressed at different pressures and are shown in the foll ow ng

105 102 1 ¢ PRty panoin e Slp R 1By I oot et
Toi s s beliaide DI, SohelhAsER et Y dedlalpl, P or ror e has &

acki fact _
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|n_use a resin selected froma group of
pol yphenyl %Beobiglhfag%? 'nbfﬁ ?%ééfblve Rty Gﬁﬁ@'kdeeé?ﬁ Moreaa s i C
pol yam de reéesin an res

|qU| cry ta Exanpl e 34 Rel ation of gl oss
and f1ux g4y BRBSEH IR tHetiragnelrgag! i ¢ powder: Sn2Co17
Although it is not demonstrated here, that similar results were obtained
in combinations other than those in the present example and even by use of
any one of epoxy resin, polyphenylene sulfide resin, silicone resin, polyester

resin, aromatic polyamide resin, and liquid crystal polymer.

Magnetic powder: Sm,Co,,

Curie point Tc:  810°C

S-1:  Average particle size: 2.0 um
Coercive force iHc: 10 kOe
S-2: Average particle size: 2.5 um
Coercive force iHc: 14 kOe
S-3: Average particle size: 25 pm
Coercive force iHc: 17 kOe
S-4: Average particle size: 50 um
Coercive force iHc: 18 kQOe
S-5: Average particle size: 55 um
Coercive force iHc: 20 kOe
Binder: Polyphenylene sulfide resin
resin content: 30 volume %
Production method of Magnet: Molding, without aligning magnetic field

Magnet: Thickness: 0.5mm



Average particle size: 5m Coercive force iHc: 17 kOe Curie point Tc: 810C
Bi nder : polyimide resin Resin content: 40 vol ume % Producti on met hod of
Magnet : Doctor blade nmethod, without aligning magnetic field, and
hot-pressing after being dried (with pressing pressure varied)

Magneti zati on: Pul se nmagneti zing machi @ Magnetizing field: 4T Magnet:
Size: 1 cmx 1 cm Thickness: 500m Specific resistance: 1 O cmor nore
Intrinsic coercive force: 17 kCE Varying pressures in the hot pressing, six

sanpl es were pr Oﬁ.ﬁ%ﬁé’ﬁnmrﬁg r@e@sf F\Sé@(ﬁ a?ﬂﬁBf&é?'o‘PE -EldpedBoren a range

of 0to 21 (%. 0SS and surface magnetic Tlux were nmeasured for
each of sanples 1hPchhe following Table 16. Table 16
3 oss (V<913182225§§J€ﬁ @Eﬁs‘é 5 00102 Conpression ratio %9©611142021

73 It is noted fromthe results s_@ T@bd)sg.élrﬁ that the excellent magnetic
properties are obtained in a gloss of 25 %or nore. This is because the
bond magnet having a gl oss of 2§.3% qro@yog@ has a packing factor of 90 % or
nore. Wth respect to conpression ratio, excellent nmagnetic properties are
al so obtai ned when the conpressgan rEEQOchs 20 % or nore. This is because
t he

S-5: 0.015Qcm

Intrinsic coercive force: same as magnetic powder
Magnetization: Pulse magnetizing machine
Magnetizing field: 4T
Magnetic core: E-E core (Fig. 1), MnZn ferrite
Magnetic gap length G:  1.5mm
Core-loss: measured at f=300kHz and Ha=0.1T

The core-loss measured is shown in the following Table 14.

Table 14
Sample S-1 S-2 S-3 S-4 S-5
particle size 2.0 o5 o5 50 55
(nm)
Core loss
20 540 555 790
wwmd) | 70 5

It is seen from Table 14, that, by using, as the biasing permanent
magnet, a magnet with a powder having an average particle size of 2.5-50um,

the excellent core-loss is obtained.

Magnetic powder: Sm,Co,;

Average particle size: 5pm



-bond magnet having a conpression ratio of 20 % or nore has a packing factor
of 90 % or nore. Further, it was also confirnmed that simlar results were
obtained by wusing, as the binder, a resin selected froma group of

ol yphenyl ene sulfide resin, silicone resin, polyester resin, aromatic

pol yam de resin and liquid crystal resih. Exanple 35 Rel ation between
addition of surfactant and core-loss WMagnetic powder: SnR2Col7 Average
particle size: 5.0m Coercive force iHc: 17 kGCe Curie point Tc: 810C

Addi tives: Surfactant: S-1: sqhersiveiosehpce 97%0d % S-2: car boxynet hyl
cellul ose sodiumO.5wmt% S-3: sodiumsilicate S-4: no surfactant Binder:

pol yphenyl ene sul fide resin ReSire ﬁgnfmt gvloume %9 : 35 volume %
Producti on net hod of Magnet: WMol ding, w thout aligning nagnetic field

Magnet :  ThiBikdrss: pdlyibiige rédiape and Area: corresponding to a niddle |eg of
E- shape core 74 Specific resistance: 19 cmor nore |Intrinsic coercive
force: 17 kCe Magneisirzedntent: R0 wdumedeti zi ng nmachine Magnetizing field:
AT WMagnetic core: E-E core (Fig. 1), MizZn ferrite Magnetic gap length G
0. 5mMm Production method of Magnet: Molding (pressing pressure being changed),
without aligning magnetic field
Magnetization: Pulse magnetizing machine
Magnetizing field: 4T
Magnet: Thickness: 0.3mm, 1cm x 1cm
Specific resistance: 1Q+cm or more

Intrinsic coercive force: 17 kOe

The surface magnetic flux and the gloss were measured in each of

samples pressed at different pressures and are shown in the following Table 15.

Table 15
Gloss (%) 12 17 23 26 33 38
Flux (Gauss) 37 49 68 100 102 102

It is noted from the results in Table 15 that the bond magnet having a
gloss of 25 % or more is excellent in the magnetic properties. This is because
the bond magnet having a gloss of 25 % or more has a packing factor of 90 %
or more.

Further, it was also confirmed that similar results were obtained in use
of a resin selected from a group of polyphenylene sulfide resin, silicone resin,

polyester resin, aromatic polyamide resin and liquid crystal resin.



-Core-loss: Measured at f= 300 kHz and Ha= 0. 1T The core-loss data neasured
are shown in Table 17. Table 17 SurfactantCore-103 s (kWm) S-1sodium
phosphat e495 S-2carbo neth | cellul ose sodi unb00 S-3sodi um silicate485
‘S-4Non590 It is seen from Table 17 that the sanples containing surfactant
exhibit excellent core-loss characterigics. This is because the addition
of the surfactant prevents primary particles from aggregating to thereby
restrict eddy current loss. This exanple dem)nstrat ed results of a test

usi ng phos t . : Sid 0ss coul d also be
obt ai ned b?"%@ﬁe?“m Fggfr%nosur X "' ation between specific

. il Pk
resi st ance S t| c povvder Sn2Col7 Average particle size:
5.04m Int Mér@}e% e"!r’dc)ef'veslr}ﬁl cd’iHc: 17 kOe 75 Curie point Tc: 810C Binder:

pol yi m de resin Resin content:padhMsbadic gdect 5gm net hod of Magnet:
Mol di ng, wi thout aligning nmagnetic P ﬁg Mag net%Thl ckness: 0.5mm Shape

and Area: corresponding to a r@ggbﬁ,elfgg:ethE-qhq@e core Specific
resi stance (0-cm: S-1: 0.05

Curie point Tc.  810°C

Binder : polyimide resin
Resin content: 40 volume %

Production method of Magnet: Doctor blade method, without
aligning magnetic field, and
hot-pressing after being dried
(with pressing pressure varied)

Magnetization: Pulse magnetizing machine

Magnetizing field: 4T
Magnet: Size: 1cm x 1ecm, Thickness: 500um,
Specific resistance: 1Q-cm or more

Intrinsic coercive force: 17 kOe

Varying pressures in the hot pressing, six samples were produced

which have different compression ratios in a range of 0 to 21 (%).

The gloss and the surface magnetic flux were measured for each of

samples. The results are shown in the following Table 16.

Table 16
Gloss(%) 9 13 18 22 25 28
Flux(Gauss) 34 47 51 55 100 102
Compression ratio(%) 0 6 11 14 20 21




S-2: 0.1

core: E-E
Core-1o0ss:
in the fol

resi stance0. 050. 10. 20.51.0 (Q -

seen from

S3: 0.2 S-4. 0.5 S5 1.0 Intrinsic coercive force: 17 kCe
Magneti zation: Pul se nmagneti zing nmachine Magnetizing field: 4T Magnetic

core (Fig. 1), MizZn ferrite Magnetic gap length G 0.5mm

Measured at f=300kHz, Ha=0.1 T The core-loss neasured i s shown

| owi ng Tabl e 18. Tabl e 18 sanpgeS-1S-2S-3S-4S-5 Specific

t he magnetic cor i§>ﬂ?3it

. : i h

eddy current |oss can %c’éfrﬁgg{ﬁreﬁ)é%@léé @;‘falbﬁlé’?ééﬂgéeﬁgF e;&gg@?dtﬁggﬁ%ﬁ:teatncg Zn?
ot e : T h
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the thin
core-| oss

Average parhhghé Ifdvirsy a 3Id¥E of 25 % or more has a packing factor of 90 % or more.

With respect to compression ratio, excellent magnetic properties are also
obtained when the compression ratio is 20 % or more. This is because the
bond magnet having a compression ratio of 20 % or more has a packing factor
of 90 % or more.

Further, it was also confirmed that similar results were obtained by
using, as the binder, a resin selected from a group of polyphenylene sulfide
resin, silicone resin, polyester resin, aromatic polyamide resin and liquid crystal

resin.

Magnetic powder: Sm,Co,,

Average particle size: 5.0um
Coercive force iHc: 17 kOe
Curie point Tc:  810°C
Additives: Surfactant:
S-1: sodium phosphate 0.5 wi%
S-2: carboxymethyl cellulose sodium 0.5wit%
S-3: sodium silicate
S-4: no surfactant
Binder: polyphenylene sulfide resin
Resin content (volume %): 35 volume %
Production method of Magnet: Molding, without aligning magnetic field
Magnet: Thickness: 0.5mm,

Shape and Area: corresponding to a middle leg of E-shape core

cm Core-loss 1220530520515530 (kW nB |t
Table 18 that, in a specific resistance of 0.1 Q- cmor nore,

'S



A ntrinsic coercive force iHc: 17 kCe Curie point Tc: 810C Binder:
polyimde resin Resin content: adjusted (Table 19) Production nethod of
Magnet: Mol ding, w thout aligning magnetic field, hot pressed Magnet:

‘Thi ckness: 0.5mm Shape and Area: corresponding to a mddle | eg of E-shape
core Specific resistance (0-cm: S-1: 05 S-2: 0.1 S-3: 0.2 S4: 0.5
S-5: 1.0 Intrinsic coercive force: 17 kOe Magnetization: Pulse magnetizing
machi ne Magnetizing field: 4T Magnetic core: E-E core (Fig. 1), MZn

ferrite Magnetic gamgyddittisetarftee™q o 8r hfdse: Measured at f=300kHz,
Ha=0.1 T DC superposition characteristics (perneability): 77 Measured at

f=100kHz and HM0- 2GQPRsitaldepsive’sored: t e e magnetic core, the core-loss
for each of the sanples i's neasured. The neasured results are shown in the
fol I owi ng FakdietikBtiod:abbglsé ARt mBenine Speci fic
Magnetizing field: 4T
Magnetic core: E-E core (Fig. 1), MnZn ferrite
Magnetic gap length G:  0.5mm

Core-loss: Measured at f= 300 kHz and Ha=0.1T

The core-loss data measured are shown in Table 17.

Table 17
Core-loss
Surfactant (KW /ma)
S-1 | sodium phosphate 495
S-2 | carboxymethy! cellulose sodium 500
S-3 | sodium silicate 485
S-4 | Non 590

It is seen from Table 17 that the samples containing surfactant exhibit
excellent core-loss characteristics. This is because the addition of the
surfactant prevents primary particles from aggregating to thereby restrict eddy
current loss.

This example demonstrated results of a test using phosphates. It was
confirmed that excellent core-loss could also be obtained by use of other

surfactants.

E le 36 Relation bet if ist I |
Magnetic powder: Sm,Co,5
Average particle size: 5.0um

Intrinsic coercive force iHc: 17 kQe



-Cor e-1 oss Sanpl epowder content resistance (kWnB) (vol % (S2 - cm

S-1200. 051230 S-2300. 1530 S-3Sn2Co17350. 2520 S-4400. 5515 S-5501530 It is
seen from Table 19 that, in a specific resistance of 0.19-cmor nore, the
Tagnetic core exhibits an excellent core-loss. This is because the eddy
current loss can be restricted by incr&fse of specific resistance of the
thin plate magnet. Further, in use of magnet of sanple S-2 in the sane
magnetic core, a treatnment was repeated four tines where the sanple core

was kept at 270C for 30 m nut gs,; iftfeh @3gbed to the room tenperature.
DC superposition characteri stlegn\%ggl measur eg %ef ore and after every heat

treat nent, B‘Wﬁgtzhepol IG5 fesigreasured by five times in total are shown in
Fig. 43. For e 'C arison, a DC superposition characteristics in a case

wi t hout any magnet pghiseeamt: nadjbgeaagneti c gap is shown in Fig. 43.
Further, in use of the magnetic containing Ba ferrite powder (iHc=4 kCe)
as a conpapabdy@ioraneimd(s-Magndthe Moldingawithestudlignimgasageetic fieldhown in Fi g.
44. 1t is seen fromFig. 44?hat, in the core with the thin magnet using
t he Ba feméérfét;hayhmgnégm osangi ve force of only 4 kCe, the DC
superposition 78 characteristics was significantly degraded as increase of
the measuring timeghapd Bhd Aréaceoredspendihgoly 4 middiedepaf kishape dogesmal | in
t he coercive force and

Specific resistance (Q-cm): S-1: 0.05

S-2: 0.1
S-3: 0.2
S-4: 0.5
S-5: 1.0

Intrinsic coercive force: 17 kOe
Magnetization: Pulse magnetizing machine
Magnetizing field: 4T
Magnetic core: E-E core (Fig. 1), MnZn ferrite
Magnetic gap length G:  0.5mm
Core-loss: Measured at f=800kHz, Ha=0.1 T

The core-loss measured is shown in the following Table 18.

Table 18
sample S-1 S-2 S-3 S-4 S-5
Specific
resistance 0.05 0.1 0.2 0.5 1.0
(@-cm)
Core-loss
2 530 520 515 530
(KW/md) 1220

It is seen from Table 18 that, in a specific resistance of 0.1Q-cm or

more, the magnetic core exhibits an excellent core-loss.  This is because the




-therefore demagneti zed or nagnetized in opposite direction by a magnetic
field applied to the magnet in the opposite direction, so that the DC
superposition characteristics was degraded. On the contrary, it is noted
fromFig. 44 that, in the magnetic core using the magnet of sanple S-2
havi ng the coercive force of 15 kCe, th# DC superposition characteristics
do not significantly change by neasurenent repeated and is very stable.
Exanpl e 38 Relation of surface magnetic flux of the magnet with the
particle Wég br H‘I%s%gﬁ‘ﬂe' esERAELE by Hifleddie or Siciic tdshtamocesiabe thioughness
Magneti c po gnﬂ 17 Average partlcle size (m: See Table 20 Bi nder:

pol yi m de B é§ﬁ%n content: 40 vol unme % Production nethod of Mgnet:

Doct or bl ade net , Without aligning magnetic field, and hot-pressing
Magnet : Thi ckness: 0.51im Shape and area: corresponding to a section of a
m ddle leg of the E-E core SpeC|f|c re5|stance 152 - cn1or nore Intrinsic
coercive f gxafipld 87k MRelBanof specifl istahce ovite sss AnchDE 2) : MnhZn
ferrite .gnetlc gap G 0. 5nw179 Varylng pressures in the hot pressing,
sanpl es S- | e 20 were produced. The surface nagnetic
flux, the centerline average surface roughness and biasing anount were

measur ed. Me&grieddwderr e Ssiy@uw),i n the following Table 20.

Average particle size: 5.0um

Intrinsic coercive force iHc: 17 kOe
Curie point Tc:  810°C

Binder : polyimide resin

Resin content: adjusted (Table 19)
Production method of Magnet: Molding, without aligning magnetic field,
hot pressed
Magnet: Thickness: 0.5mm,
Shape and Area: corresponding to a middle leg of E-shape core

Specific resistance (2-cm): S-1: 0.05

S-2: 0.1
S-3: 0.2
S-4: 0.5
S-5: 1.0

Intrinsic coercive force: 17 kOe
Magnetization: Pulse magnetizing machine
Magnetizing field: 4T
Magnetic core: E-E core (Fig. 1), MnZn ferrite
Magnetic gap length G:  0.5mm
Core-loss: Measured at f=300kHz, Ha=0.1 T

DC superposition characteristics (permeability):



-Tabl e 20 Aver ageSi evePressure inCenterMagnetic Sanpl eparti cl edi anet er Hot
presssurfaceFl uxbi asi ng si ze(m (kgf/cnR) roughness( Gauss) anount (n) m Gauss)
S-12452001. 730600 S-22.54520021302500 S-354520061102150 S-454520020901200
S-554510012601100 S-6590200151001400 The sanple S-1 having an average

particle size of 2.0limis lowin the #7ux and provides snall
magneti ¢ bi asi ng anount.
of the magnetic powder was advanced during the

Further, sanple S-4, whjjghs
t he powder-packing ratio an

in the

magneti c core
bi asi ng anount
the surface profile

excel | ent DC superposition
into the nmagnetic gap of the
center-line average surface

Usin

Piffe ddiné aEy
roughness are | arge.

magneti ¢ powder which has an

This is considered due

iy

_ J%lsthereforelowmthef ux. It
surface profile roughness and is therefore lowin contact with the
so that the pernmeance constant becones | ow and the magnetic

si ze,

in a
to a reason why oxidation
producti on processes.

d'a%rfgﬁodeﬁﬁn@%%QOQ@'ét\{aﬂe@

is lowin

Is also | arge

rfietie dofy,ithe cornicse foreattebetherdaxgsles fer ei n,
it is considered that

the bi asi ngnaEed. | The hishisersl ratitbtare showhen the folomirasTatlesdl ts that the

Ther ef or e,

roughness Ra of 10m or

characteristics can be obtained by inserting
magnetic core a thin magnet which has a

| ess and uses a

Table 19
, Resin Specific
Sample Magnetic content resistance Core Ioss S
powder (voI%) (Q-cm) (kW/m®)
S-1 20 0.05 1230
S-2 30 0.1 530
S-4 40 0.5 515
S-5 50 1 530

It is seen from Table 19 that, in a specific resistance of 0.1Qcm or

more, the magnetic core exhibits an excellent core-loss.

This is because the

eddy current loss can be restricted by increase of specific resistance of the thin

plate magnet.

Further, in use of magnet of sample S-2 in the same magnetic core, a

treatment was repeated four times where the sample core was kept at 270°C for

30 minutes and then cooled to the room temperature.

DC superposition

characteristic was measured before and after every heat treatment, and the

results measured by five times in total are shown in Fig. 43. For the

comparison, a DC superposition characteristics in a case without any magnet

disposed in the magnetic gap is shown in Fig. 43.

Further, in use of the magnetic containing Ba ferrite powder (iHc=4 kOe)

as a comparative sample (S-6), the similar result measured is shown in Fig. 44,

It is seen from Fig. 44 that, in the core with the thin magnet using the Ba

ferrite having the coercive force of only 4 kOe, the DC superposition



-average particle size of 2.5mor nore but up to 25mand is 50mat the

maxi mum particle size. Exanple 39 rel ation between kind of magnet
(intrinsic coercive force) and DC superposition characteristics Magnetic
powder: six kinds of S-1 to S-6 (magnetic powder and contents are shown in
Tabl e 21) Binder: kinds and their cont®2®ts are shown in Table 21 Method
for production of magnet: S-1, S5 S5 S-6: Mlding and hot press,

wi t hout aligning nmagnetic field S-2: Doctor blade nmethod and hot press
S-3: Mol di @apitdefidtRE veal Si@EiﬁcNﬁWG%g:raEBU%ﬂﬁéféasQ-05[1’(@ FleaBaring dndsea:
corresponding to a section"of a mddle | eg of E-shape core Specific

resi stanceTHs s d3rsidere@byTRe @eéébn%vhx/&@%hﬁﬂ ih e EdGrcivedORiecan® force
(iHc): sane as the magnetic powders ghetic core: E-E core (Figs. 1):
MZn ferri tgefdrsrecidria iZe@ntrhagretiRednimo §it60§i?m1%htbg0@ redyietietiield sti cs
(magnetic pernmeability): Measured at f=100kHz and Hmw35 Oe 81 Each of
sanpl es wasppléti €6 tiesimagnat etk dppesiterdirectioh, 3orthéd e DOrsuperposition2700C f or
30 mnutes and thereafter, again nmeasured for the DC superposition

char act er i shiaescterlticssvas Hegraedsur enent was carried out for the magnetic
core without any magnet inserted in the magnetic gap, as a conparative
sanpl e. The neas@rethe esnttdry, ibis ndied &osaRig. 44 thate irsihevmagneficabdre uxing

the magnet of sample S-2 having the coercive force of 15 kQe, the DC
superposition characteristics do not significantly change by measurement

repeated and is very stable.

Magnetic powder: Sm,Co,-

Average particle size (um): See Table 20

Binder: polyimide resin

Resin content: 40 volume %
Production method of Magnet: Doctor blade method, without aligning

magnetic field, and hot-pressing

Magnet: Thickness: 0.5um,

Shape and area: corresponding to a section of

a middle leg of the E-E core

Specific resistance: 1Q:cm or more

Intrinsic coercive force: 17 kOe
Magnetic core: E-E core (Figs. 1 and 2): MnZn ferrite

Magnetic gap G: 0.5mm



“Tabl e 21 Magnetic powdere beforee after Sami HcM xi ngrefl ow ef | ow

pl eResi n(kCGe) partstreatingtreating (at 35 Ce)(at 35 Qe)

Sm( Co0742Fe020Cu00552r0 029) 7 15100wm . 7 . 140130 . S-1 Aromatic

pol yam de- 100wt . parts Sn(Co0742Fe020Cu 00055Zr0 029) 7 15100 7 .
S-2 Sol ubl e polyi m de-100wt. parts Snmp§o0742Fe020Cu0055Zr O

s120120

Varying pressures in the hot pressing, samples S-1 to S-6 shown in
Table 20 were produced.
The surface magnetic flux, the centerline average surface roughness

and biasing amount were measured. The results are shown in the following

Table 20.
Table 20
Average Sieve | Pressure in Center Magnetic
particle | .. surface Flux biasing
Sample size diameter | Hot pregs roughness | (Gauss) | amount
() | (em) | (kgflom’) (um) (Gauss)
S-1 2 45 200 1.7 30 600
S-2 2.5 45 200 2 130 2500
S-3 5 45 200 6 110 2150
S-4 5 45 200 20 920 1200
S-5 5 45 100 12 60 1100
S-6 5 90 200 15 100 1400

flux and provides small in a magnetic biasing amount.

The sample S-1 having an average particle size of 2.0um is low in the

This is considered due

to a reason why oxidation of the magnetic powder was advanced during the

production processes.

Further, sample S-4, which is large in an average particle size, is low in

the powder-packing ratio and is therefore low in the flux.

It is also large in the

surface profile roughness and is therefore low in contact with the magnetic core

so that the permeance constant becomes low and the magnetic biasing amount

is low.

roughness are large.

In sample 6 having coarse particles mixed therein, the surface profile

reduced.

Therefore, it is considered that the biasing amount is




-029) 7 15100wmt. 7 . partsl140120 . S-310 Owt. Epoxy-parts SnR2Fel7N3
Magneti c powder 10100wm . partsl1l4070 S-4 Aronmatic polyam de-10 Owt. parts Ba
ferrite magnetic powder4.0100wm. Sparts9070 -5 Aronatic pol yam de-10 Ow.
parts Sm(Co0 742Fe020Cu 0055Zr 0

80

It is noted from these results that the excellent DC superposition
characteristics can be obtained by inserting into the magnetic gap of the
magnetic core a thin magnet which has a center-line average surface
roughness Ra of 10um or less and uses a magnetic powder which has an

average particle size of 2.5um or more but up to 25um and is 50um at the

maximum particle size.

Magnetic powder: six kinds of S-1 to S-6

(magnetic powder and contents are shown in Table 21)
Binder: kinds and their contents are shown in Table 21
Method for production of magnet:
S-1, 8-5, S-5, S-6:
Molding and hot press, without aligning magnetic field
S-2: Doctor blade method and hot press
S-3: Molding and then curing
Magnet: Thickness: 0.5mm
Shape and area: corresponding to a section of
a middle leg of E-shape core
Specific resistance: 0.12:cm or more in all samples
Intrinsic coercive force (iHc): same as the magnetic powders
Magnetic core: E-E core (Figs. 1): MnZn ferrite
Magnetic gap length G:  0.5mm
DC superposition characteristics (magnetic permeability):

Measured at f=100kHz and Hm=35 Qe




415100mt . 029) 7

consi dered t hat

7. . . S6100 140 wt.
superposition characteristics of sanples S-2 and S-3 and the
sanple are shown in Fig. 45. 82 According to these results,

bond magnet (sanple S-5) is

t he bond magnet is

reverse direction by an opposite nagnetic

ce, sot

at ther

ma

low in the coercive force.
denggneti zed or

Pol ypr opyl ene- arts The DC

to

characteristics.

emagnet | zation 1's

to which dgiagnetitgrso MinGies drdl tRBRIHER! ddiin Medsife®RPARE DT Magnetic

is added. This Is considered a reason why the characteristics were

degraded. Qupéfpshifonthabaderistids.i s noted that, as a bond magnet inserted in

t he

The similar measurement was carried out for the magnetic core without

any magnet inserted in the magnetic gap, as a comparative sample.

The measured results of those samples are shown in Table 21.

Table 21
Magnetic powder pe before | e after
Sam- iHc | Mixing reflow reflow
ple Resin (kOe) | parts treating treating
(at35 Oe) |(at35Oe)
100wt.
SM(C0g.742F €0.20CU0,055Z70.026) 7.7 15
S-1 Barts 140 130
Aromatic polyamide - parts
100wt.
SmM(C0yg.742F€020CU0 055ZF 0.020) 7.7 15
S-2 berts 120 120
Soluble polyimide - parts
100wt.
SM(Co0g.742F€020CUg 055Zr0.020) 77 | 15
S-3 parts 140 120
Epox _ 100wt.
poxy parts
Sm,Fe,;N; Magnetic powder 10 100w,
S-4 barts 140 70
Aromatic polyamide - parts
Ba ferrite magnetic powder 4.0 100w,
S5 berts 90 70
Aromatic polyamide - parts
100wt.
SM(C0g.742F €0 20CUg 055ZF0.028)77 | 15 parts
S-6 140 -
_ 100wt.
Polypropylene parts

The DC superposition characteristics of samples S-2 and S-3 and the

comparative sample are shown in Fig. 45.

conparative
the Ba ferrite
Ther ef or e,
magneti zed in the
field applied thereto,
t her eby cause the degradati on of the DC superposition

SnreN magnet (sanphén gf é%rgbﬁ-:s' WdS Eﬂw@dfeid%%oﬁfﬁt c}?é&%eﬁ?irf‘g P&rlovirfurRaewh | ;

is high in the coercive




magnetic gap of the magnetic core, bond nagnets (sanples S-1 to S-3 and S-
6) having coercive force of 10 kOe or nore and Tc of 5000C or nore can
grovide an excell ent DC superposition characteristics. Exanple 40 Rel ation

et ween specific resistance and core-|loss Magnetic powder: Sm (Coo. 742Fe0
20Cuo0. 0557r0.029) 7.7 Average particle 82ze: 5m Coercive force iHc: 15 kCe
Curie point Tc: 810C Binder: Polyam deimde resin Resin content: adjusted
(see Table) Method for production of magnet: Doctor blade nethod and

hot - press after Adeerdmg%trfe%e res G Yhe ol 18 n@%oﬁagﬁﬁgehét ééﬁagfé dbgnet :
Thi ckness: 0.5nm Shape” and area: coOrrespon |ng section of " a mddle

leg of E-shapen gy @oé?&v@ﬁ@@ef | THepsfofd, fiﬂ§%oﬁ§?deréd‘?hat %ébor@c?{%gn%t & 0.1
S-3: 0.2 S 4 0.5 S5 . Intrinsi'c coercive force:

Magnet i zat idefiagnigtized @amﬁ emzea inBieVers\igsttiohZyénh Bpségife Mgnéﬂ?@net ic

core: E-E core (Fig. Zn ferrite Magnetic gap G 5mm Core-| oss:
Measur ed aﬁlefwﬁﬂﬂlédzthéfﬁb,l"@:tﬂeﬂéby cause the degradation of the DC superposition

characteristics.

The SmFeN magnet (sample S-4) is low in Curie point such as 470°C
although it is high in the coercive force, so that thermal demagnetization is
caused to which demagnetization due to application of the opposite magnetic
field is added. This is considered a reason why the characteristics were
degraded.

On the other hand, it is noted that, as a bond magnet inserted in the
magnetic gap of the magnetic core, bond magnets (samples S-1 to S-3 and S-
6) having coercive force of 10 kOe or more and Tc of 5000C or more can

provide an excellent DC superposition characteristics.

Examplg 4“ Be'aﬂgn benmeen spggiﬁg [esislange and QQ[Q'IQSS
Magnetic powder.  Sm(Coq 745F€0.20CU0.055270.020)7.7
Average particle size: 5S5um
Coercive force iHc: 15 kOe
Curie point Tc:  810°C
Binder: Polyamideimide resin
Resin content: adjusted (see Table)
Method for production of magnet: Doctor blade method and hot-press after
being dried, without aligning magnetic field
Magnet: Thickness: 0.5mm
Shape and area: corresponding to the section of

a middle leg of E-shape core



Wsi ng each of sanple nmagnets in the magnetic core, the core-loss was
measured. The neasured results are shown in Table 22. Table 22 Resin
Specific Core | oss Sanpl eMagneti c powdercontent resistance (kWm 3)

(vol 9 (Q - cm S-1250.061250 S-2S 300.1680 C S-3n( 350. 2600

00. 7a2FeozoCu0. 0SSZro. 02 S-49) 7.7400. 380 S-5501.0540 As a conparative
sanple, the sane E-E core having the gap with no nagnet therein has a
core-loss of 520 (kWn2) which was neasured at the sane neasuring

condi tion. Accordi n@deeifitxiebistatibe ((hempg®eti co©er e has an excel | ent
core-loss property in use of the nmagnet having the specific resistance of

0.1 or nore. This is considered that use &2:a gl n magnet having the high
84 specific resistance can suppress to produce the eddy current. Industrial
Applicability According to this inventionS-8t 0.2 possible to easily provide
with a low

S-4: 0.5
S-5: 1.0
Intrinsic coercive force: 15 kQOe
Magnetization: Pulse magnetizing machine
Magnetizing field: 4T
Magnetic core: E-E core (Fig. 1): MnZn ferrite
Magnetic gap G: 0.5mm
Core-loss: Measured at f=300kHz and Ha=0.1T

Using each of sample magnets in the magnetic core, the core-loss was

measured. The measured results are shown in Table 22.

Table 22
Resin Specific | sore loss
Sample Magnetic powder content | resistance KW/m 3

(vol%) | (@-cm) | (KW/mM7)
S-1 25 0.06 1250
S-2 30 0.1 680
S3 Sm(Coy 742F €0 20CU0 0552r0.02 35 0.2 600
S-4 o)7.7 40 0.5 530
S-5 50 1.0 540

As a comparative sample, the same E-E core having the gap with no
magnet therein has a core-loss of 520 (kW/m2) which was measured at the
same measuring condition. According to Table 22, the magnetic core has an
excellent core-loss property in use of the magnet having the specific resistance

of 0.1 or more. This is considered that use of a thin magnet having the high



¢ost a magnetic core excellent in DC superposition characteristics and
core-loss property, and an inductance part using the sane. Specifically,
it is possible to produce a biasing magnet as a thin magnet having a

t hi ckness of 500[,mor less, to thereby enable to nake the nagnetic core
and the inductance part in a small siz@4 Further, a thin biasing magnet is
realized which is resistant to the tenperature in the reflow sol dering
process, so that it is possible to provide a magnhetic core and an

i nduct ance ioWRLs ' j ,ﬁ@gd f ace- mounted. 85
CLAI MS 1. gg$ﬁgﬁgﬁ¥ﬁ%§§ﬁgﬁk4r?%%ﬁ%@%g o% nﬁgﬁg¥ﬁ§§hprising a plastic
resin and magnetic powder dispersed in the plastic resin, wherein said
magnet has a specific resistance of 0.1 0 cmor nore and said nagnetic
powder has |ﬁﬁu3t}ig¢A%¢]§jagi|i§per cive force of 5kOe or nore, a Curie Point Tc
of 300C or nore, an t he 'maxi num particle size which is equal to or |ess

than 150m 2. A percBRdiegto € meenten,at i@,iﬂ@éialélt&aéigﬁﬁrovw@%mamid
magneti ¢ powder has an average particle size of 2.0-504m 3. A permanent

magnet as @ost awdagnetie! coréekcellent in DS idtposiflon chatactdistidsiahdoreldgs resin

is 20% or nore on the base of a volunetric percentage. 4. A pernmanent

magnet as qraperty and @nindadtanct pariausing thedsamber Spacifisally itrepossibie toowder

is of a rare-earth magnetic powder. 5. A permanent nagnet as clainmed in any

one of cl aipreddceta bidein@nagnetiad anthineiaghetshaving anthiekaessiof 500m oF 16430 or

nore by conpacting. 6. A permanent nmagnet as clainmed in any one of clains

1- 5, wher eito tharaby enabke teanake thegmaignetip ooxeand tedinductanee lpanidn megmeall i s

m xed with silane coupling agent and/or titanium coupling agent added

thereto 7. sikeperhutiaiia Hﬂg%ﬁsm;magaietrbde‘ahzeadwhbnejs oésistant tosthe- 6, wherein

sai d bond magnet has a nagnetic ani sotropy generated by a nagnetic
temperature in the reflow soldering process, so that it is possible to provide a

magnetic core and an inductance part which are small in size and can be

surface-mounted.



al i gnment subjected in a production process thereof. 8. A pernmanent magnet
as clainmed in any one of clains 1-7, wherein said magnetic powder has a
surface coating of surfactant. 9. A permanent magnet as clained in any one
of clainms 1-8, wherein said permanent nagnet has a surface having a
center-line average profile surface ro8§hness of 10mor less. 86 10. A
per manent nagnet as clainmed in any one of clains 1-9, wherein said

per mmnent magnet has a thickness of 50-10000m 11. A pernanent magnet as
claimed in claim110, wherein said permanent magnet has a specific

resi stance of 1S2-cmor nore. 12. A permanent magnet as clainmed in claim
11, wherein said pernmanent nagnet iscpapdgced by nolding. 13. A permanent
magnet as clainmed in claim1l, wherein said permanent nagnet is produced

by hot pressing }4. ppdiidieneHaghed Whichais £bahdRfagnat 8ompasiagd prakhc s
1-10, wherein said permanent nagnet has a thickness of 500mor |less. 15. A

per manent nagineindhaghelidBewder Gikperseddn thé praetio résh dwnediesaidi rhagnstduced
frommxed slurry of "said plastic resin and said magnhetic powder by a thin

filmform nasp gsssific Fasidtanse 8f 04Ci-@im b adee Bt vatl magpetio pbidenpasad or
the Iike. 16. A permanent magnet as clained in claim14 or 15, wherein said

per manent nmgAsic doescige $orck af SkOeasrsmofe, 20Quié Paintec of BO0ACEMBriee ahd magnet
as claimed in any one of clainms 1-16, wherein said plastic resin is at

| east one gké¢ evhémiuhy pantiglegsipelprhidh isadqual tpgt kess thare450m6- nyl on resin,

12-nylon resin, polyimde resin, polyethylene resin, and epoxy resin. 18.

A permanent magn@t dspermanent magnetpsotaimed iolCGlaing 11wherein said magnetic
powder has an average particle size of 2.0-50pm.

3. Apermanent magnet as claimed in claim 1 or 2, wherein a content
of said plastic resin is 20% or more on the base of a volumetric percentage.

4, A permanent magnet as claimed in any one of claims 1-3, wherein
said magnetic powder is of a rare-earth magnetic powder.

5. Apermanent magnet as claimed in any one of claims 1-4, wherein
said magnet has a compression ratio of 20% or more by compacting.

6. A permanent magnet as claimed in any one of claims 1-5, wherein
said rare-earth magnetic powder used in the bond magnet is mixed with silane
coupling agent and/or titanium coupling agent added thereto

7. Apermanent magnet as claimed in any one of claims 1-6, wherein
said bond magnet has a magnetic anisotropy generated by a magnetic
alignment subjected in a production process thereof.

8. A permanent magnet as claimed in any one of claims 1-7, wherein
said magnetic powder has a surface coating of surfactant.

9. A permanent magnet as claimed in any one of claims 1-8, wherein

said permanent magnet has a surface having a center-line average profile

surface roughness of 10um or less.



wherein said permanent magnet has a surface coating of a heat resistant
paint or a heat resistant resin having a heat resistance tenperature of
120C or nore. 19. A permanent magnet as clained in any one of clains 1-18,
wherein said magnetic powder is rare-earth nmagnetic powder selected froma
group of SnCo, NdFeB, and SnFeN. 87 20.8¢\ per manent magnet as clainmed in
any one of clains 1-16, wherein said nmagnetic powder has an intrinsic
coercive force of 10kOe or nore, a Curie point of 500C or nore, and a

particle size of 48 5 ament Madh n%@fé‘imgﬁgﬂ% FheDrdIRd 1.9 \&bé}éﬁ 20

wherein said magnetl powder |s an rare-ea th magneti c

per manent - BGNSEmAnd Mdfbt g Micknls o8B! RITBORH ¢ Stoo rare-earth

povvder i s one represente

(Cobal Feo. 157-0. ?i'i’QJﬂ{%‘Fmaﬂeﬂﬁ%f nBfas Bid Iﬂﬁé& iR cim 1%)3wh6rélﬁfs'§l9d‘e”t magnet

as clainmed in claim?2 22 wh rern sa content of the plastic resinis

30% or " pefiahBt %gﬁepﬁaéa\é‘ﬂbﬁﬁ'@trééﬁtanﬁércﬁﬂ@i @for Ribre A Per manent magnet
as claimed in claim2 wherein said plastic resin is a therno-plastic

resin having a sqbt ep gunirient gn%59§cfé‘m@8ﬁﬁcla?r§11Av@%’réiﬁ%%iH magnet as
clainmed in claim23, wherein said plastic resin is a thernosetting plastic

resin havi fﬂ)@rmaﬁéhbmlagﬁét isqitofated bpnalding, o more. 26. A permanent nagnet
as claimed in claim2 wherein said pl astlc resin is at |east one

sel ected form a dBoup mdrmznient madmet asicaimedlin z@igiel 1wt@reinadidh, epoxy
resin, polyphenylene sulfide, silicone resin, polyester resin, aromatic
pol yam de mpesmaneatohalgngtiscdorodysadby pot pressing27. A per manent nagnet as
clainmed in any one of clainms 20-26, wherein said permanent nagnet is
provi ded with a ddrf Ageerhemtent exgnehns claimed in any one of claims 1-10,
wherein said permanent magnet has a thickness of 500pm or less.
15. A permanent magnet as claimed in claim 14, wherein said magnet
is produced from mixed slurry of said plastic resin and said magnetic powder by
a thin film forming process such as a doctor blade method, a printing method or
the like.
16. A permanent magnet as claimed in claim 14 or 15, wherein said
permanent magnet has a surface gloss of 25% or more.
17. A permanent magnet as claimed in any one of claims 1-16,
wherein said plastié resin is at least one selected from a group of polypropylene
resin, 6-nylon resin, 12-nylon resin, polyimide resin, polyethylene resin, and
epoxy resin.
18. A permanent magnet as claimed in any one of claims 1-18,
wherein said permanent magnet has a surface coating of a heat resistant paint
or a heat resistant resin having a heat resistance temperature of 120°C or more.
19. A permanent magnet as claimed in any one of claims 1-18,

wherein said magnetic powder is rare-earth magnetic powder selected from a

group of SmCo, NdFeB, and SmFeN.



-¢oating having a heat resistance tenperature of 270C or nore. 28. A
magnetic core having at | east one magnetic gap in a magnetic path thereof
and having a magnetically biasing nagnet disposed in the vicinity of the
magnetic gap for providing a magnetic bias from opposite ends of the
magnetic gap to the core, wherein said 8mgnetically biasing magnet is the
88 permanent nmagnet as clained in any one of clains 1-27. 29. A nmagnetic
core having at |east one nagnetic gap in a nagnetic path thereof and

having a magnetiggl | X JarRahest MBEREL adltiaRRE@Th ARy bAE of thirhs y16,0f the
magnetic gap for providing a magnetic bias fromopposite ends of the

magnetic gamer@intdaf FRIgRetivhOnBenhadiafl inmiaBR dderdiad fdrae of 10ROel @ngdle, of 50-
10000m and said magnetically biasing magnet is the permanent magnet as

clai med i naab@idhat oPSO0K BRARMRE] ancFapartitiy kize dflzesBagret i cal Iy bi asing
magnet as clainmed in claim?29, wherein said magnetic gap has a gap length

greater than 500m ap ﬁmbﬁeﬁﬁmaﬁhét?@é thairbedin ckimagnehelreis said hi ckness
corresponding to said gap length. 31. A nmagnetic core having the

magnet i cal nyadrietigiptgvderdenah SreCochrs-eadh magrleticipo@erwher ei n sai d magnetic
gap has a gap length of 500mor |ess and said magnetically biasing magnet
has a thickness @arrAgmemdinegt nagnetasi clgémed émglaim 232whareinrsdiccSeiie par t
whi ch conprises the magnetic core having the nagnetically biasing magnet
as cl ai ned rare-eargh powdef iscbre reprase8ed dyd at | east one wi ndi ng wound by
one or nore turns on said nmagnetic core.

Sm (CopyFep 15~0.25CU0 05~0.06270.02~0.03)7.0~8.5-

23. A permanent magnet as claimed in claim 21 or 22, wherein said
content of the plastic resin is 30% or more on the base of a volumetric
percentage.

24. A permanent magnet as claimed in claim 23, wherein said plastic
resin is a thermo-plastic resin having a softening point of 250°C or more.

25. A permanent magnet as claimed in claim 23, wherein said plastic
resin is a thermosetting plastic resin having a carbonization point of 250°C or
more.

26. A permanent magnet as claimed in claim 23, wherein said plastic
resin is at least one selected form a group of polyimide resin, polyamideimide
resin, epoxy resin, polyphenylene sulfide, silicone resin, polyester resin,
aromatic polyamide resin, and liquid crystal polymer.

27. A permanent magnet as claimed in any one of claims 20-26,
wherein said permanent magnet is provided with a surface heat-resistant
coating having a heat resistance temperature of 270°C or more.

28. A magnetic core having at least one magnetic gap in a magnetic
path thereof and having a magnetically biasing magnet disposed in the vicinity
of the magnetic gap for providing a magnetic bias from opposite ends of the

magnetic gap to the core, wherein said magnetically biasing magnet is the
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permanent magnet as claimed in any one of claims 1-27.

29. A magnetic core having at least one magnetic gap in a magnetic
path thereof and having a magnetically biasing magnet disposed in the vicinity
of the magnetic gap for providing a magnetic bias from opposite ends of the
magnetic gap to the core, wherein said magnetic gap has a gap length of 50-
10000um and said magnetically biasing magnet is the permanent magnet as
claimed in claim 10.

30. A magnetic core having the magnetically biasing magnet as
claimed in claim 29, wherein said magnetic gap has a gap length greater than
500um and said magnetically biasing magnet has a thickness corresponding to
said gap length.

31. A magnetic core having the magnetically biasing magnet as
claimed in claim 29, wherein said magnetic gap has a gap length of 500um or
less and said magnetically biasing magnet has a thickness corresponding to
said gap length.

32. Aninductance part which comprises the magnetic core having the
magnetically biasing magnet as claimed in any one of claims 1-28, and at least

one winding wound by one or more turns on said magnetic core.



