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I.

SUMMARY

Title : New  Soft Magnetic Materials for High  Frequency

Applications.

[I. Objectives and Significance

The objectives and significance of the research project are as

follows.

1.

The objective of this research is to develop alloys with nanoscale
crystalline structure which exhibit high saturation magnetization

and permeability at the high frequency range.

The development of the alloys helps us to better understand the
magnetism of the nanocrystalline soft magnetic materials. From
the 1ndustrial point of wview this will promote to produce
electronic and/or magnetic devices with smaller size but better

performance.

The chemical short range order of precusor amorphous alloy
ribbons is investigated: as a function of melt temperature on

the magnetic properties of nanocrystalline alloy ribbons.
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4. A hysteresis loss measurement device is developed for the high

frequency range (1 kHz~100 kHz). The development of the

device will help us to characterize and hence understand

nanocrystalline soft magnetic alloy ribbons.

M. Contents and Scope.

1. A Study on the Fe—Based Soft Magnetic Alloys with Nanoscale

Crystallites for High Frequency Applications.

(1) We theoretically investigate how the formation of nanoscale

(2)

(3)

grains 1s affected by the melt temperature, which 1s

considered to be one of the most important manufacturing

variables.

The magnetic properties of FensCuiNbsy (SiBi—x)22s alloy

system are Investigated as a function of melt temperature.

In an effort to search for new nanocrystalline alloys,
the effects of C and Al elements on the magnetic properties
of FeCuNbSiB alloy system are investigated. Also

investigated 1s the role of Nb element in the presence of C

iIn the same alloy system.
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2. A OStudy on the Measurement of the Short Range Order of
Amorphous Fe—Si—B Based Alloys and the X—rag Analysis of

their Crystallized Microstructrures.

(1) The short range order of as—quenched FeCulNbSiB alloy ribbons

1s Investigated as a function of melt temperature.

(2) The average grain size and the fraction of crystalline phase
are determined for the samples of FernsCuNb;(Si,Bi-,)2 s

which are heat—treated at optimum annealing conditions.

3. A Study on the Evaluation of Basic Magnetic Properties of the

Core In the High Frequency Range.

(1) Basic principle of core loss measurement

(2) Construction of the measurement system

(a) Buliding a high frequency power supply
(b) Design of sample geometry and coil system for the
measurement of BH loop.

(c) The circuit design of amplification and integration for

detected signal
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(d) Core loss measurement method

(3) Performance test of the measurement system

IV. Results

1. A Study on the Fe—Based Soft Magnetic Alloys with Nanoscale

Crystallites for High Frequency Applications.

(1) The change in the magnetic properties of nanocrystalline
alloy ribbons as function of melt temperature 1s explained in
terms of the change in the driving force for the
crystallization reaction. As with the melt temperature, the
local atomic arrangement of the precusor amorphous alloy ribbons
becomes more disordered and hence the drmving force increases.

This may lead to the improvement in the soft magnetic properties.

(2) For the nbbons of Fes;CuNbs(Si,Bi-.)»s alloys obtained from two
different melt temperatures of 1240°C and 1380°C, the magenetic
properties of the ribbons obtained from the high melt temperature
are significantly better than those obtaned from the low melt

temperature, except for the composition of x=0.8.
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(3) The best magnetic properties are achieved at the composition
of x=0.5 for the Fes sCuiNb;(S1,Bi-x)2.5 alloy system. The
value of the effective imtial permeability of the alloy at

1 kHz 1s obtained to be about 67,000.

(4) The permeability and the coercivity deteriorate but the
saturation magentization improves, as C 1s substituted for B
in the FernsCuiNbs (S10.6Bo4)22s alloy. On the other hand, as
Al i1s substituted for Fe by a very small amount 1n the
Fez3 sCuiNb; (Sig6Bud)zs  alloy, the permeability and the
thermal stability 1mprove rather signmificantly but the

saturation magnetization deteriorates.

2. A Study on the Measurement of the Short Range Order of
Amorphous Fe—Si—B Based Alloys and the X—ray Analysis of

their Crystallized Microstructures.

(1) The short range order of as—quenched Fe;ssCuiNbs (Si5.6Bo.4) 2.5
alloy ribbons i1s measured by X-—ray experiments. It was
found that no substantial difference 1i1s detected between the

ribbons obtained from the two different melt temperatures of

1240°C and 1380TC.

13



(2)

The average grain size and the fraction of crystalline phase
are measured for Fe;sCuiNb; (51Bi-x)z2s alloy ribbons which
are obtained from the high melt temperature and

subsequently heat—treated at optimum annealing conditions.

It was found that the average grain size and the fraction of

the crystalline phase increase with x.

3. A Study on the Evaluation of Basic Magnetic Properties of the

Core 1n the High Frequency Range.

(1)

(2)

(3)

(4)

High frequency power generator
Maximum output : 20V X3A

Power band width . 5Hz~300kHz

Geometry of sample and pick up coil

sample geometry : single ribbon, 43mm X2.5mm(max) X 0.2Zmm

(max). Sample can be easily attached to the sample

holder

The frequency band width of the integrator and amphfier

and the result is displayed on digital voltmeter

Core loss is measured with §HBdt by analog multiplier and
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integrator and the result is displayed on digital voltmeter

(5) Measured core loss values In the frequency range of 1~50kHz

for Metglas 2826MB 2605SC, 26055—2 and 2605S — 3 reasonably

agreed with published data of Metglas technical manual
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Aol Po} nFEFPAIMY AAE&do]l AA Frste BAA
o] lom, HA HArZFErY g Foz ALY AL AsH
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[

ARG ABE2AN EA BHUFo=Z AXLHE Ad JHe
E7l At oly Fe0:8 FARozZ 3l HEA ALUAFEEAN
Az 7] AFEA dol A EJHEL ZIEAsE F stuold. AT
Ago]l AA JAFEAH FAHEZEZ MHz did7A w2 FAE
EAde uYeH, TV, gde T ZHF&7I7ls &8 A7, A
% gwwo ZA AgHET. Ao we 500kHz AFwEel A

Moz we Z#5 ogdor AEHE MnZn #HetolEst 10MHz

22



o]l FuF7tA A7t E NiZn FHEolEr AE dAxyy=
= WHEHo|

dH 2o (1970¢8d o F) A= AAAHAAREA HA
Agge|W™® FHAY I ALYFE "HIHR Ut JF =EE
71738 Hel 85 Z2EYsd oAe v¥FIAHESLS dAE T
Z4 AF7] APl FuUAAAN HAAI] o|WAel 24dH:m A
Z1A %ol  Fol FeAle ZEJAEITE AHYELAREZAN Igx
CoAle AFEAEARZA 4LE&stsln JAvh. 53] olF CoAl H|AHA
FE2 vlAEZAdEAEd s dANEAZY HAsAZEIE Thestq
W kHz tHgd] o277t 2ERE FAol {FAHAA A4JEL
o] Hof 4% kHz o9 nFHALE s AVAE=AE,
AREREE 2334 T €8 AEHZ U

HZ ZF AIAAI7IAA FtEH R olFojAL e 4
q-2%3 FAMo o AVl AHSEH= AAALARL AEFIHS
el 3FEH3y FAI LFHIL Ut ol T FFo HF
of HFAFYFLS TF42% HER FTod IF&HA AAAEAsS Hw

a8 olgk ge SAHS uesE MARFIE FA0HA
oz wWHPPH Uy WP WMoz BHFsE TEA - A
A HA gHAol wgE A olsldl Fedd ALE Adgst aAm

1EIJEAHol 7] F£A Esde H a8z CoAle 7%= X3}



ASAE7 dgde FH O Fd ARH ZAgo]l FEAIY.
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24



o] A7t A EARI| WA =EI} UxexFAde AR
ARGl & FFE "FAE A=A Yolsb Choh TP o
dao HAAd FA4L 9% Cr H7 a8 FE& AR U
o4 Zo] HA ZvAZA JAALETES 19 Az, A
719, BEAEH ¢ A4, S8Eck olE2JzA I dAFst
APEol o3 o A 2F3E ARHdFIoE L83 U

TAel FE3] ALol AR Uk old] wE B AFjdas

3 A" ABYe AP o Amd AxVee #5%L 5
gol #E olslE EolnA [Tt ot B

g9 g F8¥ ¥4I nFY FAEY SHE AR AR
Aol AA 2 ARe FAsd, A 2oA2F ARAFF

Ax R S B FHEH A4 HHSILA UL

(1) C.W. Chen : Magnetism and Maetallurgy of Soft Magnetic Materials,
Dover Pub., Mineola (1986)

(2) BHERYE BEMEAM, BEAEEB2E, s (1989) 25

(3) F.E. Luborsky : Ferromagnetic Materials I (ed. by Wohlfarth),
North— Holland Pub. Co., (1980) 451

(4) {EHRELS RARRELT =7 7RAEBME, CMC, ®HR(1982) 1

29



(5) Y. Yoshizawa, S.Oguma and K. Yamauchi: J. Appl. Phys.,, 64
(1988) 6044
(6) H@@wl, WARHERE: BEERPEE, 53 (1989) 241
(7) Y. Yoshizawa, K. Yamauchi, T. Yamane and H. Sughara : J.Appl,
Phys., 64 (1988) 6047
(8) #JFI%sk, MEk:E, MXFE—, ZBHESR, WANHERE JHFiFER{ G EXR
BE A F1 7AW EEEH MAG-90-194 (1990) 39
(9) FERA, FTERAUNY, wmEHEH WLAFEE CSHIEII ! BIFTEIX
#, 6 (1990) 19
(10) #BE, ZFRIF, FNEA, EHEASE BISBHH 8
(1992) 31
(11) 49%, FNEBA, FREF, EHEAS: ERLE7 7 X<-HEE
¥, EP—91—13 (1991) 1
(12) G@G. Herzer : IEEE Trans. Magn.,, MAG—25 (1989) 3327
(13) Q. Herzer . IEEE Trans. Magn.,, MAG—26 (1990) 1397
(14) K. Hono, A.Inoue and T. Sakurai . Submitted to Appl. Phys. Lett.,
(1991)
(15) K.Hono, K.Hiraga, Q. Wang, A.Inoue and T.Sakurai: “The
Microstructure Evolution of a Fes; 5513 sBsNbyCu, Nanocrystalline
Soft Magnetic Material”, — Private Communication.
(16) T.Sawa, and Y. Takahashi : J. Appl. Phys., 67 (1990) 5565
(17) E®, TEZ%E LtHEKEE, ®4E KEEN . BFRAEABEELeE

15 (1991) 285
26



Al 27 AFHFE Fedl zuld ZAAH AxA
da AT

A1ZE A

1980 df & CoAl dAd ¥AZAYTA HdHe w2 FA
&S Zte FeAdl zvA ZAYFe LRIAJUHAY. o Amne F
7R AFgEol oYW EAQY FeAdl QAHEEFY Fe—Si—BAol
2ol Cugt =x7V|HolgHE FAd HIE Aoz JAFTIYHS
o] &3t HAZAYHE AXY F IEAYHE FsHd ZEAFAI A
olth. olwf Cust H7]Holag&e EBHEHIA &l =4 nmmel o
€ ZE aFedl H&Eo] o)FojAW, ol wWg dAY FA4
g & EIAELTIE dojAn FFH AAHAY EFT FHEU-
gets olE FFL Fdd AgHe oW HAIAFTY dAAE
249 7tEAdel AW 1Fd AYAAR, AZIAAAER, AN F
o] owdd HAX L8&Ael ZA ZIdHo old wWE &4 R
Fxo Y AT LI AYPFIPO®,
2 d7AdAME Fedl zuld ZAAJATE Azxd #BF A7
g AARez 93 k. FAHez LW WA Fe-Si-B-
Cu—M(M : Z71Holda)A FFolA Cud Jq& H Z7[Ho]d49
Qo] ol ZFAEAG. 2P2.1L x7|HojdAe dIFE UE

Aog Nb g Mot ZAFAE F7H 7H8 ERAAdS & F

27



Wy - e I Il e e

Fer35CU M35 113508

14} anneal time : | hr -

Lo\ -
\

O (1

.
N SR N L .

9\587%6 2;50 500 520 540 l_60 580 600
Anneal Temp. (°C)

Fig. 2.1 The resulfs for magnetic permeability as a function of
annealing temperature for Fes ;:CuiMaSiizsBo(M=V, Nb, Mo,
Ta, W) alloys.
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Fig. 2.2 Magnetic permeability as a function of the melt
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Fig. 2.3 Schematic representation of the random anisotropy moldel.
The arrows indicate the randomly fluctuating magneto—

crystalline anisotropies
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remaining (amorphous) phase. (The arrow indicates the

composition corresponding to the Fe;; ;CuNbs;(Si.Bi_.)2 5 alloy.)
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Fig. 2.11 Peak magnetic permeability with Si content (x) of Fe sCu,
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Fig. 2.15 Grain size with S1 conent (x) of Fes; sCu;Nbs(SiBi-x)22.3

alloys.

>7



ST il il SR el

(%)

:

Fe73.5cu1Nb3(SixBl—x)22.5

 Low melt temperature (1240°C)
= High melt temperature (1380°C)

Va

~1
7

Fraction of crtystalline phase

| \ |
0.5 0.6 0.7 0.8 0.9

S1 content, x

==
"

Fig. 2.16 Fraction of crystalline phase with content (x) of Fe; sCu,

Nb;(Si.B;_,),. s alloys.

58



ZAAIE] AFH[AY)., 28 2159 2160 FAol x=049 &
2o dWig ZAAge= vedA FAded ole o Ame HL ZAA
3 E&°] Yo & @A P§ WHoZ a Fe ZAYY V]
o AAFYe E&E& AHES ASE £ U7l "W Eo|th

¢ 2152%EH  #@FdHXo] ZAAHe AvlexdwEdx 3
A dstz deov, {EFLxd mOEftde & WHIE RolA ¢
Jt. F x=0.69 ZEANA 0.InmEN 7}F FL AolE Holn
dew, 7IF £ Foly 0.7mmEAH x=0.8% FAoA HEAF
A, oA ZAFAHFETL AVIHAZ Rl ZARY AV opF A
Z4etA et syt (Herzerol 288 4z o D8l XA
AS®) 2F 2154 YU ARE Ry LEgeTd wdEg &
A712 429 RolE ABIrIe dEE A Zo] HIY. it I
¥ 2159 dERd ZAPA7|C diF FEoaet FoA AFT AT
AAQdA, d& YW, ¥ 211 2 2139 YEIA EAL&IH BR
ge] Asxtel HuEl E w, L& LH2LZ4AH AXFT AR
BS x=05 olge dFoA xF7ld WE FALY FA: R R
Agel Frk7k B2APAIE Tk "W dn. 2PAZEEE
oA dwtdyoe=E DIt ZASHE, gt mEtA FUFsta HAE O]
Tadte Rez ZEAn Jdeut®, f9 deAdLE olHEg Aun

Ale ¥y Aoz HAZXG. Iy SRRV 2 AF¥e 9]

39



Table 2.1 DSC results for Fes; sCuNbs(S1,.B1-1)25(x=0.4~0.8) alloys

Low melt tempera.ture (1240°C) | Hiegh melt t.emperature (1380°C)
| S Tx (°C) | Tp (°C) | Tx (°C) | Tp (°C)
0.4 500.5 ] 543 .1 ] 502. 4 | 545.9
0.5 | 503.7 | 5332 |  503.4 |  535.0
| 0.6 | 303.2 | 522.9 | 504, 2 L 524.5 |
o7 | s01 | se1 | s003 | 5193
0.8 | 4912 | 510.6 89.4 | 5081

a3 2169 YERE AFYY BEL x=05% EAHAA &
goge wWa i & xolE Eoln oy 2 ol =4
e & Aolg Rojx] g3 Utk &F x=05U FAAAM w2
SEeroA AXF R Ay ARG &S 64%°I4H =2
g8e2xo A$e FT71%oit. ¥ 21622HEH A FHE
AL AAFAAel Egol xd wW ZA wHIYe Ao v
geecoia AxI R e x=059* F64%°]v, x=038
ol ALy AA F7tsld <k 93%c° eolEtH

ANFHA A2 & F L£EL2EdA AxF A AT
AAdAol & Aoz} Ye A& AW} fAsd 4, DSC
thermogram, ZAAYe Hogar] 2 ZAABYe &4 W EHs
S F3at ojgF ZABRE F d¥ET $¥SxCd o giake

ol Holm o,  AVAHAGAL HolE AWlde uH
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Fig. 2.17 The relationship between the magnetic permeability and the
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Fig. 2.19 Magnetic permeability as a function of annealing
temperature for Fe;; sCu;Nb;SiissBs_Ci(x=0.5~2.0) alloys.
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Fig. 2.25 Magnetic permeability as a function of annealing

temperature fGI‘ Feyg,suKCUszx(SiaisB@_d,Cﬂ_ 1 }32.5(}{ - O""‘""3) alloys.
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2 #dAMe Fedl4d AlS A% X#FSFE W A7 FHE Ao
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At Helth Alg X#@A L& FF8Y A% HAFHA I
+ EAE 2xAAME AdaFARE4C]  20,0000150 Aol AT
gJout AlS A2ZF XN@sA HA Y 227~22904 BE uhe}
2ol AFZEFEAL ol UWHE 20,000 ojieltt. =TI HF FAAE
A= Ale 2% AT A @A Fe A9mg Fyd
olo] Wi AI{}E TH2.309 UEWRUTE F Al FHIMEA &¥2
A% BWF FALFS 350008 Folth Al 0lat%h=2  ofF 2%
x]83tH 40,0008 =8 EALol =ZA FAHT. Al 05at%
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Fig. 2.27 Magnetic permeabillity as a function of annealing

temperature for Fes;; CuiNb;Ale,Siiz5By alloys.
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Fig. 2.28 Magnetic permeabiity as a function of annealing

temperature for Fe;sCuNb,AlpsSiiasBs alloys.
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Fig. 2.20 Magnetic permeability as a function of annealing

temperature for Fe; sCu;NbsAl oSiissBe alloys.
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Fig. 2.30 Average Magnetic permeability with Al content (x) of Ferss—

CU;NbsAleil;;,ng alloys.
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e AT EASERe Fae d¢ FHoh 132313 2.32
of APYoA U5 Qxo] Lo]A ZHF}e] data scattering ©] Alg]
HM7HAl A Zasted, F AdAHel FAHeH oJHAL ER L
3 daete g3

ol da ol Al &3 dAAol AMHE ol HE&
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gad] ZIdEe o] oldrt FHEH. Ale] 0.at% o]3tolA F
&9 AURZF dojAe ol H Al HIY wE AVEAY
A@Agol AAAE olfe ofF EByoln BENAF HES e
gzt AZEr.

e&¢ Ayl BEHE ZE 1FHE Fed zUMZAY

g MLEr] Y3t AxEE 2L AL H4AF Al oL

1. FersCuiNbs(SiBi-Jzs (X=04~08) &= 7% §F2kc met
A71H FAel AA ¥EEAIITF SEH2E7 RE AF Sig
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e A% SigF xvb 05¥W HU@ST JEAT. =@
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A37% uAA Fe—Si—BA #2 wAn FAE

%74 2 AR% udze X—4 24

A1 A Ao

HE3d a2 ol3x B2 ol A3 (liquid quenching)f
o 93 4 44 wm FAS e HEIFHE TWEso Az 9l
DA (soft ferromagnetism)g 7HA|= H¥|AZFA 5 FELS F7HFEQ
daAAFQUele AEFSE £ e H O Fd 53 F4H gAY
o] Hi eoew olo] tiF <Ayt 3] FYPso] Ko V7O
a2 FoAAME Ferl dAHE Fv2 AFHE

=
(magnetic component)ol] o] o]&FHT o} FTHFuSFE JAA=

O

Cozl HIAA d=el H& A7|FH FAo] Hox7] wie] AF
F FdelMgt Algslo] gk olo] wWEr Fer] ®|FA I ¢
Y RS FEANAIZ s’k o3 JHA WHEHEl AxdE »
0. 48 S8 WEAHA AAE uFA FFA Fe—-Si—BAC NbF
o] FELLE HUbSE Mol FAEd wE AU|EY
(magnetostriction)©] ZAA Zastd ZAFAHo=z A EAol g4
HAdte BRart ANT

H 2ol YoshizawaF®& Fe—Nb—Si—BAlo] Ao Cug H
7}ste] B A A Fens-xCulNbsSiizsBs F5(0<=x<15)g£& WEL o]

52 AAYsd FRPHANA F ARY HFL 2AE v Yok
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I Ay Cu® gFo]l F7igte]l wel FX+-8(magnetic permeability)
2 F7tstg o B.AH(coercive force) U A& (core loss)e& Z
a%te F YA Aol FElol FHFE #BHIReW FI 1
at.% Cu =ZAdoA 53 EAol uEkt I8& XHFHELAES
8 Cuzl AHZIEHA ¥ HAE AHES BAI} AHE " Fe
—B3}lgE4o] uJeld wiAY Cug 1 at.% A7 AJHAM=
beccL G Aol YEPESE HIARoW F3I FARo BL LAY
~10nm =7]e] oA U (graim)EE FAHO UAIFES HAH=EF
ARl A & F ARTh olEd  dge Fo  KatackaF@ol 9
A= AFJHJG. o]gp ol zumA ZHAAFYHe] JAHH= AL

7 Fer} BL 9g3 olE =

o

Fee} Cur’t HA{(segregation)g ¢
8 Ae Cust Nbe] Be d9& Iz Axe FEAHA
bec & Aoz AAHIsIe v AAI} 27 L FAs Z

AEE olFA RE B oyt HA AHE FBAYE AR

&% Jiangm% H] @ Zl Fez; sCuiNb3S1,3 5B '@'%9] 4 @ ﬂ‘oﬂ

FadT. AR exs 781KI® o WA FF A

2
ok
ht
e

He oy LE(753-97FK)elAN 147 B¢ T AHPF F X

.
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RN
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o
o

4e ST AR 793-903KeA AXHF AUSAM ]
4443 @A DOTFZe ZAW  FeSigel #wEHUow A
exrt Aadd we FRAYY AUWHA Fol Frisdch =3

A A peake] YH7LE(Full Width at Half Maximum) o 2 B E| A 4HE
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of MWz} HAe= ZATFE JHER UG

M3 82 FE &2 IRF LaIdHE 9442
4~(atomic number density function) o(r)& ulgo =z st FHAHHY. o(r)
2 FAHLAEFEH ro AgdA dAFIHTZT dA] AFE UEUY e
gdazA vAZE gF9d A4S dAHdMe HTFT s FHLE M
¥ (fluctuation) 3tA] Hol ol H= FIHHFE AT Agrsr Eo
Aol wek pol FEIA HUEAM FEHAAES S84 A €o. H[EZR
dFel @A TFIEE XA®, FAAO, rEe IFAROF 2 I
A9 & (diffraction pattern)-& ¥Xgo2H 1 HAHE I& F Utk

2ulA ZAAY Fe—Cu—Nb—Si—BA #&Fe A7E AJAL
H AR AedAe Fxo o8 wUdsiAl 4L BHes Aoz A
Zgly oy olA7A AAHez AFE wst gtk wEA B
AT e HAZA Fe—Cu—Nb—-Si—BAl 79 AT FIA=s
AR dstd FAlSle RAE 1 ZHez gtk og 9y
melt—spinningg  ©°]| 8% AAFYA] L2 (melt temperature)E
T 7IAE g8 s AR vAZF FensCuNbsSin:Bogaol s
o XA3HELEE FYPstx 2 AHE EHIY dAEH FIH X9
g HABE AAdYG. EF HAA FernsCulNbi(SiBi-)zs F(x=0.
4, 0.5, 06, 0.7, 0.8)& <LA2sd ZAAHAI F Sig Pl wWE
TZF Aol A XHAHHLEELE F3d EH - vxsch
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Az242 2% Uy

20 d AAY FensCuNby(Si,Bi-)zs ¥&(x=0.4, 0.5, 0.6, O.
7, 0.8)3 H]AA FensCulNbSizsBy FF(x=0.6)2 FZH/F7|¢ATL
Y 7S FHASATFHEAA AxE RE AgddT. 2 AxAHL
AA HAZEA FFE & M E#HE AH8-3 melt—spinningol] 93
HEFHE AFsAeH o # f¥e 2= 1380C% 1240CF
T ZHAE Y. W 7 A xvA AARZE ¥FL £8BS
=& 1380CE 3o AFIS 2L =9 HAFFD 7 YL 9
A3 JyZAel ZZt 24mmet 19mmrt HEE L& & Table 3.1
o] Zt L&A 1A T RAF EAZEEY FEulEdd. 4 A

Hel 3 FAE ST ZI= Table 3.20] Qs

Table 3.1 Annealing temperatures for amorphous Fez; sCu;Nbs(SiBi—y)»s

alloys.
X Temp (C)
0.4 580
0.5 550
0.6 | 550
0.7 560
0.8 560
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Table 3.2 Dimensions of melt—spun Fe:;; sCuNbi(S1,B,-,)2 5 alloys.

X Width(mm) Thickness(um)
0.4 1.6 28
0.5 1.6 33
0.6 1.6 28
0.7 1.6 28
0.8 2.0 29

H| A F Aol 5 dRIELEHE wHEr] g XA3F
ALddAAME 2 4 e dE B2 ABRE €71 #8 MoKa(3%
1=0.7101A)4 AgKa(21=05608A)F &AL H4&Ze XHA& Adse
RAo] Aukzolth T XHHE AL zAMo=z a7 98 X
e Tdd HAe Aoz wttge FK], £ monochromatizationg
2243 3dok 3st7] W&o YZA monochromatorgE v A%V}
2. B AddAye LE2Edd mHE HAZZA Fe-,-a_sCu;Nngim,ng. <t
79 vA="E TIEE ¥Ryl @ Rigakuile]  Geigerflex
DMAX—I1 433/d7ola AgKa XAL A1&3 FAFLE A}
(reflection) 8] 3 ElE 3 3}tH Y. Monochromatizationg A =
d dZAFE Agsidcd dEAE Agste A7+ XA FE7}

zrz}  45kVe} 20mAE = A
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Hgd g g XAJAAFGdA dojFA  dolele B
= A 209 "4EA FHE XM AxE HF(polarization) H
T (absorption)el] Wg EBERHE AA LA MIY FAx=2 FAS
A7l ALSZ2HFEH AFEY. A7 HgAd 48 9 ugF A
(multiple scattering)e] 2]3 Hx & w2 Yy Uxg AT
T LK) 34 SHed oz2¥H  7FAM 3H4+(interference function) |

(Kl o& Ao o ALdEd.®
I(K) = {L(K) = [{f2) — (f2 ]} /{ED? vrerenrennmrnnmmnnnniniiniienannnennnn. (3.1)

o] A K(=4zsinf/)= 3JEHEle] A7], v QAMNEIS
(atomic scattering factor), 18l3 O+ ©Fd Yt FxHAFAL Y
Efditt. 3" ol&d 9 KIKK)-1]2 FHHe I F(K)
dar[p(r) —p. ]2  ABeHe 5 G2 Y& AoAee 2ol

Fourier ¥H#E%g& FAIG®

G(r)-_:_z_f % F(K)SINKEAK  ---vvrrereeeeeeemmeemmmeemmmmmmnnmnnannaneaaaans (3.2)

" 0
9 2R £ 35 (atomic distribution function)gtiz B LE G(r)S 4A
o] PAFEEFSF p(r)el ¥ve HJIHUd o= FH Hojd Hx
S Uehdyl "WEed I AA2: FaWe LAHIEHHE EH
g & £ At
gtH  H]A A  FensCulNbi(SiBi-\)zs TS ZRIAAYT F9
Sighakel] wWE FRH FolEF XA A FeKa XAd(A=1.
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9373A)S A&Ete HHELPE FAYFIced o e &AL
AFE 47 35kVel 15mAZE 9t A &oe  monochromatorE
A}&EA 3 20=25°| A 120°7}%] <4 ZA}(continuous scan)ty O
2 XA BxEE FH%9 AAAHA HAAG zolE FAI}AY.
a FEI RE AHAA ZAIYA A v¥IAILAZ YEEed
Sie) ol Wold B ZAIPY AU Fol Fsde A
S 238 F Add. g2 ZHZFA peakE FoNA F=rt AF
& Ay F YL HAHZE peakE X Fde 20=43-71°¢] FIFoA
monochromator& A}l&3lq TA XA HeE 2EHFAHo=z AHY
A FH}RE™ curve—fittinge] 2|dtq ZHAHZA peakel H|AHFHF
peakE& 239}t Curve—fittingdle= Y7122 ZAA peako] of
3t Lorentzian®F4-&, Fo] W& ¥AA peakd] wItdE

Gaussiand A8 A}&3¢ .09

A3E ARA3 =% 1B

1. ¥]A A FensCuNbSissBy 59 TAHE AIx

a19g 3.10] f¥He&xE 1380Ce 1240CE ¢ 3 melt—
spinningd  H]A &  Fe;sCulNbSizsBy T2 XA3HdAdo=ZREH
(3.1 we AddE S KE wEstd JEUAT =
s AWMA, FHAH L AHA peakseol HXE 2 Fol9t A
Table 3.3¢] APt Y 3.13} Table 3.30] <J353A 140C9 &

B2% zoldx B3R AR dbiste €8 5 HAE ¥v
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Fig. 3.1 Interference functions of the amorphous Fe;; sCuNbsSissBs alloys
melt—spun from the molten alloy at 1240°C and 1380TC.
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Table 3.3 Interference function data of the amorphous Fe;; sCu;Nb;Si; s
By, alloys melt—spun from the molten alloy at 1240C and
1380 C. (The values inside the brackets are the heights of

the peaks.)

Melt TemP. | K.([A™'] | K,JA7'] K’%[A7'] | Ki[A™'] {FWHM[A ']

(C) LI(K,) ] [[(K2)]  [I(K72)] | [I(K3)]

1240 3.095 5.224 6105 | 7.908 0.461
[3.830] | [1.560] [1.118] | [1.135]

1380 3080 | 5.230 6115 | 7.829 |  0.441

[3.965] 11.625 ] [1.150] [1.150]

H| A  FensCuilNbSizsBe &8¢ v vz 3t
272§ AUA peakst & KZFo o7} g9 HEL HZFE peak
7 e FHA peakE Z Ut o|9f L EYGY P} SFE
=k 80:20 ZA9 F&%—yrg 4 (metal—metalloid) BI|AZ Fa-A

A AEHor E 4 Uv Hoe=ZA Table 3.49] vluloa rBWH

e B AWM AL® GEAS 43 SR FH 92 2 =
= HAA Fe;BisSiy, &3 vu3dk ¢y 32014 ¢©E F
H3lA E F Ut

t} 2 Al (multi—component) B|AA FFo HATSFE 21 F&
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Table 3.4 Comparison of interference function data for various Fe—
based amorphous metal—metalloild alloys of approximately

80 . 20 composition.

(The values

insidde the brackets are the heights of the

peaks)
Sample ki[A-1] | K2fA-1] KafA-1] FWHM Reference
(Melt Temp. ) LI(K1 )] | [1(Kz)] [I(K2)] [A-1]
p—— - — - W —
Fe73. 5CuiNb3Sij3. 5Bg 3.095 5. 224 6.105 0. 461 This Work |
(1240°C) (3.830] | [1.560] [1.118}
Fe73.5CuiNb3Si3. 5B 3.080 | 5.230 6.115 0. 441 This Work
(1380°C) [3.965] | [1.625] [1.150]
— - . - |
Fe73B13Sig 3.13 D.25 6. 20 — [11]
[3.80] [1.62] (1.09]
Ferg 7B11 7Si4 4Cs 2 3.12 | 5.25 6.12 0.470 [121
| (3.84] | [1.71] [1.08] ]
Feg1B13 5Si3. 5C2 3.14 5. 28 6.15 0. 465 [12] |
[3.98] [1.69] [1.07]
[ FeggoP13C7 3. 050 i 5.218 6. 090 0. 426 [13]
|
| [4.268] | [1.763] [1.070] |
| FeqoNiagP14Bs 3.110 5. 304 6.142 0. 485 113]
[3.594] | [1.555] [1.085]
| [ 1
i FeggBa2g 3.122 5.232 6.215 | 0.480 [13] !
l'
[3.800] | [1.804] [0.960] |
— ]

102



4
3 {
N t++++  FergBiadig
= 27 Fers. sCurbsSi . 5B
|1380¢C) |
1 T
: :
O -
— T T
0 ., 4 5 8 10 12

Fig. 3.2 Interference function of the amorphous Fern sCuiNbsS1issBs
alloy melt—spun from the molten alloy at 1380C, compared

Wlth that of an amorphous Fe'ng;;;Sig alloy.
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of W3 RE HEIHFFT(partial interference function) [;(K)el =

Fgoz YEdE £ Ut

o 71x  ZFA 5 (weighting factor) Wi(K)v i j949 x o
AAAJIZgo 2 RE  AMdEHT Ko wt wle =3 A ¥Hie
ool Wi(0)= diFEH= FHE Aol W XA HEe
Bragg{ 2225 d48 & Ue v ol 9 jGA%Re <UH
g2t AErE oW FAE FF o] AP Ui FETDHIET
(Kye © 2 KgelA WA peakst YEIUH  olgd S
A9 [UxA7)E3}(atomic size effect)d}ir Ik}, Table 3.59] Feys sCu;
NbsSiizsBe &gl tid FZFA+ Wi0)e #EL ydsisdcd o
ZEI 2A(3.3)o] 23H H AR FensCulNbsSizsB, 39 TAHPS
T FE lrr(K)2 FAHYH I GFde lre-s(K)  Ire-n(K)7}
o2 e AR Huy & 7dE st UFE € F Utk
gy 4AELS 9HE§ F(hard sphere)oltir RSt 2 YAE
o] ARG (Fe:2.482A,51:2352A,Nb:2859A )W o 2XRE HA43 Fe—
Fe, Fe—Si % Fe—Nb¥od uwig JAFHLAAT Age A4 24824,
2417A %2 2671Ac=2Ax dAATVIEIHY  dFH  lrerl(K) 2 Ipe-s:

(Kye A9 2Z& K#tdAH, Lew(K)e olRt 22 KatelAd 3

+  A2M AT (distance of closest approach) & <2jvl ¢
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Table 3.5 Weighting factors W;(0) of Fes; sCu;NbsSiij3 By alloy system.

Component | Weighting Component
factor -

J Wij(0) i j

Fe 0.7097 Nb Si

Cu 0.0108 Nb B

Nb 0.0444 Si Si

Fe Si 0. 0696 Si B
Fe B 0.0165 B B

H peak7} YEIY= AL dgujdlzE 8 AA  FernsCuNbSis:By o
o UA¥F F AWUA peaks  lrero(K)  Ire—si(K)Sl AR
peakE°] FAAH YEUes Aoz AHAE S+ Urh

a4 339 9 319 AHIFEREH  H(B.2)F ol&3dH
Fourierd &A1zl |AEETSST G(N)E UEHYAUT Gr)e Afdx
£82%d mME Holy THEY 4 gQUew ole olu AdAgFHAU

P

W wloltk. G(r)e]l RHA peak® A A1 EIESY HuA
2

peaky= F peak® BZF peakT F ME UHAAH US&
At YREIEXTSF G(r)olA] nHA peakd] HR|= nHHA ok
(neighbor) 7}z 2] AZE <9u|gttl. Table 3.69] H|AZA Fes;sCuNb;y

SinsBs e G(r)oll digt AU peakd] HA i FHA peak
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Fig. 3.3 Atomic distribution functions of the amorphous Fe;; sCu;Nb;S13 sBs
alloys melt—spun from the molten alloy at 1240°C and 1380C.
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Table 3.6 Atomic distrbution function data of the amorphous Fess sCu;Nb;
SiizsBe alloys melt—spun from the molten alloy at 1240C and
1380C, which are compared with those of some other
amorphous metal—metalloid alloys.

(The values inside the brackets are the heights of peaks.)

- ——— . _
Sample ri[A] r2[A] r2[A} r2,r1 | Reference

(Melt Temp. ) [G(r1)] | [G(rz)] [G(rz)]

Fers. sCuiNb3Si13. 5Bg 2.543 4.210 4.945 This Work

(1240°C) [5.710] | [1.950] [O.760]
Fers 5sCuiNb3sSijys. 5Bg 2.545 4.246 5.030
{1380°C) (6.1701 | [2.180] {0.810]

This Work

FergB13Sis 2.953 4.22 4.93
[6.25] | [2.10] [0. 80}

Ferg. 7B11.75i4.4Cs.2 - [12]

Feg1B13.5513, 5C2 2.9 4.15 4.95 1.634 (12]
[6.68] | [2.14]  [0.81]

FegqPy3C7 2.585 4. 340 4.986 1.679 [13]
[7.235] | [1.930}] {1.150]

FesoNisoP14Cs 2.530 4.269 4. 888 1.687 [13]
{7.0201 | [1.830] [0.950]

FegoB2o 2. 9561 4.162 1.625 [13]

‘ |
[7.510] [2.317] {1.240]
I L -

107




o] fAx r R 'S 1Y 332=2KFE FIq I Folgt A 4y
Bl 23 Table 3.404 <AFHIJD Fer] F&—wtg4 vAA &
v W Ax A ¥IFoEHN 2ES [FAALE A T
g 4 UAUTE. Waseda™d]  oJ3tHE v HAH FFol AojA
/miel 2 "W 167=A A A oA XF  FZ(dense
packing)¥|o] v ZEAHE Ao IAHCPY H§¢ c/a=1.63)%
Bls<std  HIFA ggdd UM dAEo] FAHAAMNEA  wEEHo
RN71= FFu AEIFA FH Uue AS € F U HFZA

Fes;; sCuiNbsSii35sBs ol E r/re] @S ~1.670]A L}

2. YA A FensCuilNbs(SiBi-Jzs T ZAAS

198 3.49] HAA FensCulNbi(SiyBi—y)zs Ta(x=0.4, 0.5, 0.6,
0.7, 0.8) 5L Table 3.19] Z+ L2xojx 1A F¢ AAHZAII A
He] XHFAAHS wwee Y™, o oA He nuig}
Zol] BE AHox ZAAA peak:s 20=57.4°, ~86.1° E© ~113.3°
o] 4 UEMFon o]Ze w3t sine Hl= 1:2:302 HAYHHYL)
watA o]lE Al e peakTto 2+ YW dk beeHE A TR AEA
(solid solution)d}x AZLAT F£r JAoY IY 34dix s B
FRd (111), (200)%5<e] ZEZAA(superlattice) peak?’} AHEFAHIULZ
W 29y 350048 Fo] HFHol FEHHE ZHALeE Rol AARZAZLE

DO;#+ %2 Fe—Sigttezr dHAo=Ev 99 A peakELS 4




alloys

|

dnalle =

&

TR FTTT TV SR T LI AIHE m:.mml FHiEe i H _u. R i BRIt
TRET T I | i b b S
T Hi] xﬁw:m T ,m_ “.,Mm wm t it ; f w“_ .t: #w Thii m._..%.
.“”m._.Trm_ i _........ .L._.m__ T : ﬁmm,m_s i Te) ! . m..—uhnv—,. a#..m. .m:.._...,.m._"..__.ﬂ%_.:” w.r.—, .__“_, _.r__. L. . pry g 4
1 MiHIe y it | S L EH R ,.#r 1

....!
e
p_—
e
X=0.5
!l;
-
»r
l
———
L
P
-
L
h"
| E: b .
.
X=0.7
bl _!_
: H
-ELTI-I
rird

+h
P ek o o §

X=0.4
g pteise

&

411

il

5|7

-

26°

of Fe?S.Scule.‘i(SixBl—-x)ZZ.E

--H

713

109

= 4

8i9

it

y 1
1 ~H y 141t 4 ] $et-ripssiisktne sy i}
_ { E i 1S Xt Hs < fEesiagbrsilne 1443, m_ ,amw.# BH1H 3 n&
#__. _t._. - Tﬂl# w.- 1 . i - ol il i . . |. _...l T* 4. r 1 1 u, " l_. ; ; :
ﬂ1 -1 1|~v _.mﬂ—;ﬁ- Hﬂwm HY H _ﬂ 1 : e H __ H. , *.. = 3 E .m ! “ ,*ur_.__. ____.__r_ 3 *.__,. __M - rr ___MRE-“ __%
EhH N : T ._ Hi T ER R RN
< ST ST EN LT 3 . B3I ¢ HiH] !
q:w Im_mﬁﬁlr E1pe: IR i ___ HRIH Tt s ,_: Hi m Hild mE | 1
1 141 . o " 1 T g § ¥
i e e e .
*Iu._ # " ¥ i il .“_. ¥ . Tﬂ. ¥y *4 " ._._m - ~L . - ﬁ o h
I.J—. .. TI 1] r.. L I_.ul ] m - R 1r. 9 : .
tHHUHY et 1114t _ RO R ! :
sHil m{"..w edizsian, z > 4t 11 3
.____r..._..__r...: : .p..... _...r uds .l_.l . l.- irrititt M*h FYFYew - - 'ﬂ -
mr .*1__ . - » = I._I. |:T_, T ] 1
sdssipeaiecasaatisitiine: il mgnpes : :
1 _..mv. :_”L Y 3 ] +1 : .m —: -._ 1 ] .
SR G 31 : $ HEgH : . :
- ' - |
Rt s Rgsstlass
HHPTHHHE bl A . .
-....“_n:._ 11 ‘_ ___._.l.:_ _:m-_ { J_.. iu.._.—.._ll . “.“ L 1 ]
-.:T - i L
& ..rl | i .m. - ﬂ ._.....mL.. b 4 L_.-H-._[ L &
Hib . £ Teirsorieeysisiinivass! 1
et ! i =t 1T 1§14 -} : a
_ :: : > . ‘ -1 S dIIE: R~ .
23 bR . . 3 el 1.&% Hi
¢ Fir i & 1m 4 ' 3es “_.____...r.. ; -~
115 e - . - .
HHEE E Sy iizaraTrRrirts _ :
.Hn. - - & & 1 4 rl“—.... . -
H e ERERH o3 : : . i 4
- F N b L
] e v i

o

L B
»

&
e &

Neauy

10i5

-

b
A ir ”
_1‘:;
-r?:
ey
'

1.4'

4

b

¥
i
r
F
el
£t
FiL o

IH:__

'y
1
paliry
o b
i

ey
:

L T 1

F s .
p =4

e e

e
; L
-
e
Bk s
It
24
I-bw-t
L
)
I
i
]
-
'8 d.ll.'
P o ey FL"TL"__:'LITH ;
l--l-I-Ii--Fll-Hl-Lh-HbTH-.I

L K T - 5
E e o B

B e e i *hh.-

o ok

- _y LR

=
'-l-ll-*---
—

-y

. -
e
=
e
L
g
-y i
h:t::
:'F
-y
lr—
L
=iH
i
-
i g gt
4
3
e
| W .
%
iy
- Juojnsp
-
el
L
m—

::;-—ir
*.

e el
.

L

s (hiun'gie) Kysusjug

b 4

12i0
melt —spun to be amorphous and crystallized subsequently.

Fig. 3.4 X-—ray diffraction patterns
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Fig. 3.5 Superlattice (111) and (200) peaks of the DOQO;—FeS) phase
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(220), (400) % (422)q] g o= FHAMHA. Fe—-SigaFA«=
Fe;Si& FAHoZ 3le ZAAA FCCEA F%9 A (order) A
«<BCCAHZA F=xe] FAA(disorder)AeEe] HEHE <dovjed 99
B2 Hot B ANHFEY ZAZALL ofF FLe Ax9 AAMA

Hts R A= A4dEn. ol¢ 2 ZA¥}e o]F  JiangPd

a9 349 ZAHE peakEd A HHFAHY EF/He F
Yo peak’} 20=~55°% FAoz 3o VEYG AE B F A=
| Sige]l F7igel wel ZAAHZ peakd Fole FlsteE HiWH
H| A A peakes HAF A4 7t /JASE &€ & UG, olAL S
Fol F7HE wEt ZHELY HFdEHI dFol BolAe= AE ¢
ot olo] Wi F o AHAIF HERE L7l A HEAXZ
peak®} B|AHZ peakE ®E e APoel AdYPEHojoF Jh. mEbA
A% 4 (220) peakot H|AHZE peakE EHF= 20=43-71°F L+

NAZEE 2YFAdoz AUsA oA ZAHPen ZAAA

peakell = Lorentzian=rA4 L, B]JA2Z peakd+ Gaussian=FAE fitting
AlZVo 24 XEg& Alxsgy. 1¢ 3.6, 3.7, 38, 3.9 % 3.109
vzt x=0.4, 0.5, 0.6, 0.7 = 0.8¢1 AHo] w3 AFNE A FY
tt. Z+ IgelAM EYE ZAAZE peake] WHAHL ZAXHFH R HAHZ
peakE g HA HHo= Yo AuHI HHE ALSIFOH
o] 5-& Table 3.7¢] AsAH. ol A paeks H2(20)2FH

AAbst  AzpArao ¥ E(FWHM) . 2 B Scherrerd 4 &  AF-8-3H

AL ZAAYel ZA7|z Table 3.74d Yel AT HAAZE peake] 4
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Fig. 3.6 Line fitting pattern of the crystallilne and amorphous peaks
Of the Fe?3_5CU1Nb3(SixBi—x)zzj aIIOY(X=0.4) in Flg 3.4.
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Fig. 3.7 Line fitting pattern of the crystalline and amorphous peaks
of the Fesn :CuNb;(Si,B;-.)2 s alloy(x=0.5) in Fig 3.4.
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Fig. 3.8 Line fitting pattern of the crystalline and amorphous peaks
Of the F673‘5CU1Nb3(SiiBz—h)zzlg aHey(x:‘O.ﬁ) in Flg 3.4.
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Fig. 3.9 Line fitting pattern of the crystalline and amorphous peaks
Of the Fe73‘5Cu1Nb3(SixBl_x)22_5 El”O}'(X:O.7) in Flg 34
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Fig. 3.10 Line fitting pattern of the crystalllne and amorphous peaks
of the Fez; sCuNby(Si1,Bi-x)s alloy(x=0.8) in Fig 3.4.
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Aoz F7isit7E 3 olFREHe A #EHE #g ez

Table 3.7 Lattice constanis and grain sizes of the ultrafine crystalline
particles of the DO;—FeSi alloy and relative areas of the
crystaline phase in the Fe; sCuiNb3(51,B1-1)2.s alloys melt—

spun and crystallized subsequently.

{ = 1 ) = !
X lattice constant Grain size Relative area of !
{ b } * (nm crystal line phase (%) ;
- '
0.4 0. 5707 8.9 65. 1
— i —
0.5 0. 5685 10.9 70.6
1
0.6 0. 5639 12.1 | 79.06 |
+ - - —
0.7 0. 5678 12. 8 88.9
T
0.8 0. 5679 12.0 89. 4
| 1 o I

ool o] AL 19 3.119 AsHY. AA®EE AVIE x=0.
77hA = xgtel E7HEd wel FUistd ey I ol Fole L3P
ZF a8t 9o (2" 3.12). 550 CAA EAyTT x=0.6AH BF

AR A peakel AWH WAL 796%™ AHPY Are

O

12.lnm2 A gL A9 HHFA FFE& 580CAAA 1AL FL

ARASAZ] &2 dFe A} 78% % 12.4nmPep Aol LX)

2 gtk T=d DO;—FeSidel ZAAAS= 0.5689nm=A] DO3—

1]
®

%
o
o

—?"(0.56401'11‘1'1)94' (I'—Fe.‘il Zﬂ:l?.]—)g-:;:g,] El:" gﬁ dﬂ ﬂ%ﬂ%

117



0.9

-
00

-
~J

Relative Areaq

0.6

0.9
0.5

Fig. 3.11

0.4 0.5 0.6 0./ 0.3 0.9
X

Relative area of the crystalline phase plotted as a function
Of X for the FE73_5CU1Nb3(SixBl—x)zzis alloys melt-—spun and

crystallized subsequently.
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Grain size of the ultrafine crystalline particles of the DQ;—
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(S1,B,_,)» s alloys melt—spun and crystallized subsequently.
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Metglas FF 7/ Ustd AAI3 Ailo sl B3]

A2A AL =279 We

1. Aol +A44 SHLd

a9 412 2 SAZAAZAAY axolth. Alg S & 05~

2mm, 74 HY 0.3mm, Zo] 4~5mme] dYdulgoly £A=HL

Fig. 4.1 Block diagram of the core loss measurement system

SG | signal generator, PA : power amplifier, S : sample,
L, : exciting coil, L, : pick up coil, L;: compensation coil

R : current detector, Ay : dB/dt signal amp.
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W97} 50~2MHz9l Wien bridge @370l PAE AYgAE
500kHz, 28 60VASY APFZ=Zylojt}. PAY ="8E L& o973
o ABEE 33 Q7 A7A He AFHESELE ANd Re A
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¢ Rie 2Rg

Re ~~ Rg

Fig. 4.2 Circuit of signal generator
C,C; . Variable capacitor 400pFmax. T, : K118, T,T; : C2458,
Cs,Ce 0 10uF, CsCs ! 100uF, RgR, : 3K2, R,, 2W, 120V lamp.
Ry 0 4.7K€2, Ri;: 47K, Ru: 10K, Ris,Ri6: 100, Ri7z: 10K, Ry
47K
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Fig. 4.3 Circuit of power amplifier
T, Ta 0 K931, T,Ts: A872, Ts,Te,T;: C2705, T, All45,
Ty 1 C2681, Ty : A1141, R, : 5K, R;R3;R,Rs: 10K, R;: 220K
Rs, R7:1K, Ry:4.7K, R\,R\ : 220, R;;,,R13,5:0.47, R : 1.16

s
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b2 200MHzel  C1775, A1145, C27055% &  Ar&stdth.

A3 5Hz~300kHze] <GdojA] 60VAS =L ot}

A4 EdERHRY] JReE 19 449 #Zo. AP HY HE

NE A Vy A2UE Be HEAz AL V, HEISdE X

R %

|
R2

Rq

>
S

Rg

R

Re - Ro

5
Ri
| Ri2 l Ria

Ris

-
-
L

Fig. 4.4 Circuit of core loss measurement unit
As, Ai, Au and Ap: AD834, Awm: AD532, S sample
L. : exciting coil, L, : pick up coill L;: compensation coil
R.R: : 33K2, R.LR,:2KE, R;;:8K®Q, R;:31Ke, C, :0.01uF,
C, . 0.1¢F
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H

Fig. 45 An example of BH loop, the curve of dB/dt vs H and the
curve of dB/dtxH vs H

AQEAA § H-dBY g@ole 9ol gtk olFel wdMdE C.
D.Graham Jrx 22 AAHL &z Uk® 938 toroid A4 I
A BAAESA Arle AN WRede BAZ @ddudAe
Aol dojux gomz AUEA P FFAE o s 2

Y 46~4.99 & A 8¢ P9 A& B % Fg4 fd Y

JEHS EA T 26055-38 AT 3FF ABE MetglasTE
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Tabie 4.1 Various Properties of the samples

recommend
(field: 10 Oe)

experiment
{(no field)

0.88 0.83

219} ElEAdel Udv dRAE Heoln St 26055—-39] B¢ EH

"ol 100kHze] A%+ L8 £8ZYol OPFFH7] AD843e FE&
A8 HHJ 13VE (3o FEHFPo] A4A HxHo FHE
Zatgch olde Lo LE TAAR nFHE AR EFH 9
st #Zd¥E o2 ET.
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1000 z

2826 MB

N B(T) .5 |

Fig. 4.6 Core loss of 2826MDB, dotted line : published data in Maetglas

technical manual, solid line . measured data
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Pc (W,7Kg)

B(T)

Fig. 4.7 Core loss of 2605SC, dotted line : published data, solid line

measured data
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B(T)

Fig. 4.8 Core loss of 26055—2, dotted line : published data, sohd

line . measured data
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10

Pc(W\Kg)

B(T)

Fig. 4.9 C(Core loss of 26055—3, dotted line : publhished data,

solid line . . .415C, 2hour anealing without field
X X :415C, lhour anealing without field
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