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Development of Fe-C-Cr Flaky Powders for 100MHz Band Inductors
MR g =i R El R
HOSOMI Ryohei, MIURA Kodai, SAWADA Toshiyuki

Synopsis: As operating frequencies of electronic devices continue to increase, inductors need to show stable magnetic
performance at high frequencies. In this study, Fe-C-Cr flaky powders were investigated as core materials for
inductors operating in the 100MHz frequency band. Fe-C-Cr alloy powders with different C and Cr contents were
prepared by a gas atomizing process. The powders were flattened using an attrition mill. The effects of C and Cr
additions on magnetic properties were examined.

For the flaky powders, micro strain € and coercivity H were evaluated. X-ray diffraction showed that ¢ increased
with increasing C and Cr contents. This increase in € was caused by lattice strain from solid solution carbon and
deformation during the flattening process. Hc also increased with increasing €. This result shows that changes
in microstructure enhanced pinning of domain wall motion. In the high Cr composition, M,C; carbides were
observed, and their presence further modified the domain wall behavior.

The frequency characteristics were evaluated focusing on the domain wall resonance frequency f.. A correlation

2. This result indicates that a higher f, corresponds to a larger domain wall

was found between f, and Ms/u;
volume Sy 6. Compositions mainly consisting of deformation induced martensite showed higher f.. This
suggests that deformation induced martensite is effective for increasing the S,,6. In the 1.6C-13Cr composition,
deformation induced martensite coexisted with M,;C; carbides. This coexistence may promote domain wall
formation and lead to the highest f. These results show that control of microstructure is important for improving

the high frequency performance of Fe-C-Cr flaky powders for 100MHz band inductors.

Keywords: magnetic powder; magnetic sheet; flaky powder; high frequency inductors; micro strain; coercivity; resonance
frequency; domain wall volume; crystallite size.

1. #8 MICKE<KFET Do BT BREZMERIIBEIZ
ETAVI U2/, BEFABOREDEICEST
RE AY— RT3 20075 7). BBEDS DEBRBMCTHD, k. COBMEITIETISA b
=M. SOICIIOC/REBERMDERICH BFH MBBELE<BWONTEL, 7T 24 MIBEIERNS
FI—BOSHEEEL - NEULAEATIVD, TNODEF <. BMHZIZE I TORREE TISEEA/ NS\ &h
HERICHNTIE, BRAZBOIFSIUIRILF—D—F 5, BREE®T I IEBREESZORETA VSIS
WEBBZEBEOZHDA VIV INARIRTHY . In DNBEESLOREFBFEICRKE<S<EML TS/
IROSNDEERRMFINOFE T T ISEREL TN LLah's, BFHEOBSRERICHI. 12505
2" . HIC100MHZfBEDEREH L. Bz Y IZKROONDENEREEN 100MHZEBEANEHKT DI
JAZXTANYEBEESHREAETHASINDSEETH NT. 754 MHORANBEEELTIND, 75
U, COFFETRELTCEHETEDM VI IIDREILS A MMIBEFMBEEMsAYE L oD, RERFH T TISHES
BOMWATDERRAIND, FICEYDT e FeBERRMEE TISHMHREDREIEN R
A 2505 DMEEEG. REICHEAAINDEMED T DR AIEEISEREUICS KB, ZORRELTERI IV

*1MAREER MAREAME S IIL—T
MR- BREVY— HEREREE BeER2JIL—7
BHR - BEEVY—- BRI VvR—Iv— @Bk (I%)

o9 Sanyo Technical Report Vol.33 (2026) No.1

=
1~
n
4 fiiil
&
1E
£
=
o]
HE
1£
=
5
9
>
#
¥l
=
{0




2 w3 |

LI REUCBES

100MHzH A > 5 0 5 FFe-C-CrimFH R D HE

F—D—EHEE L TERONDHSIELNIBERT D, 451
TOOMHzfHETIEZ DB KEERA B ITONT . O7&L
THRBEENEMIFCTERLLBDETTEL . MEETP
EBOBBELEL D, ZDKDIS. 7514 MIBE~FEF
BEICBNTENIMETHDEDD. 100MHZED K
SBEAREETIITARMEEZRIECET. 10505
DESBDEEEEICET ST DO DI ISHEEA DR
EHKRDHHNT VD,

ZDEDBEEND. FRARTIESIWM:ZET DR
B BHIEB LTce — AT, BEKSESE CIIRMEM RN
EIAERNEEL . HKIIBEIBRT DI EAHMONT
D, ZZT. BEBADIMEIZENE L THREREZRF
EUT-RMEM AR ZEET Lo "R TIE100MHZE A >~
F U5 DEtEEbIcES T DR EMARDREEZBRNE L.
7RIy VIINERBNTERMMAEMIL/I-FeES
ERIEMREER LI, BONERBEMRICDOWNTRELS
HeBE UMl s D& EHI10. B — MEfERL.
BHEDOEBIIFEICRIZTRMTEEDFEICDN\TIE
U7

2. REMERORE

100MHz&E CHEAENDA V5O 5 DMEEER LS
BI2DICIF. ATV R BERELTDREN DD,
LARENIE, BRZEEZIWUIMRNICIEI TS, B
DEEUNEED, ZDH. SARERICSNTET
NELEHRTDIEN. AT IDESHRELICERET
Do AT URLIITDH1TREND,
L=t ()

ZZT. py N SBXUNEZENZNBEEE, J1)LOD
ESYM JMVOEBESIVUIMNINDORTSZRT, LZ25
OB TTIABDOBEE LS\ L ERF DI EAR
ARTHD, UDKREFTHDIREME U’ DS\ I
RZBLPIL BULAHBTLLIURELLAEOND,
Znld. BRONEANXR—IATHRBLERIRT DBENLDH
A UIVGICEDTRERFRTHY .. BICHRKDETF
WERICHENWTEBI DA I IITNNEDNDHINNLEET

Table 1

5T EIIBEETHD,

—AT. W EBIISHBLEITER+TATHY. S
MsZEB T MBI THDI ELEETH D, MhMEL IR
TEAERBARANRNBICERICHFL. LAAYIE
Td2. 20D, BELEHINEEZH#ITTDLDIC
3. BUOWMsEBDHMRARTRTHY . ZORTEEH
MR T T 54 MR TEFTH S,

S 5ICSEIRMEE TS RRSICBEERNFE LD
T TNICHSERICEUEERER L HIBMNT S, B
BRICEODTU NGB E, ERELTHSIE.E
®Itand (=u’/u’) HBRL. 15T 5DREBLHY
KETOERELD, ZDH. 12505 DEETII.
BEADFEEMZ. U EEHITTEDIMHRHNE
ZTHY. 100MHZEIZH L \Ttan  AVINE WELMEAT KA
T00MHzZE A > 505 IEL TS,

ZDESIT. 100MHzZE A V5 05 DEMEELICES
TEHEHICIE. BOUICEOTHALELERRETESD S
Sz, ABERTTHEMLUICK LVBILWMsEBL, &
5(2100MHzIZ BT Btan d /IS WEEEMEI AR EE 12
%, AMETIE. 100MHZETHERT 2150505
HEELICE S T2 DDBMM R E R I 2BAN
5. MAERDBEERS L, BIER”Y Tld. Fe-C-Crk
BEMARETNRE L THREATL. C. CrEDZEICLY
BHEBA—2TFA FEPIVO0THNELL. ZDESR
ELTHEDBENSIEMS N, HERIBEREN S BRI
ABEFTBIEEBRONIC L, & SCHERICEINT
IRERFHTA AN KU MM L. SO BERIERRSE R
THEERNEET DI AR LI, BRTISBIRY TR
Fe-C-Cr-Si-Mn#ifi &= X— 2|2, T5ICC. CrEa&EmL
f=HEmE RS LTz,
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Chemical compositions of spherical powders of Fe-C-Cr alloy used as raw materials for flaky powders in mass%.

Alloy Fe C Cr Si Mn
Fe-0.8C-8Cr Bal. 0.77 7.99 0.94 0.49
Fe-1.0C-8Cr Bal. 0.97 8.01 0.95 0.48
Fe-1.2C-8Cr Bal. 1.17 8.01 0.90 0.49
Fe-1.4C-8Cr Bal. 1.35 7.98 0.87 0.49
Fe-1.6C-8Cr Bal. 1.53 7.99 0.93 0.50
Fe-1.6C-13Cr  Bal. 1.58 12.86 0.90 0.49
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4.1 RIRMERDOEFE

Table 2ICECRIMRDZ4FMDHERZTR T . XRDDHER
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Table 3ICRFMARDERMDERZTR T, HHHEH

Table 2 Characteristics of Fe-C-Cr spherical powders used as raw materials for flaky powders.

Alloy Phase Vickers hardness Coercivity Saturation magnetization
HVo. H.: (A/m) M; (T)
Fe-0.8C-8Cr ¥, o 640 8000 0.63
Fe-1.0C-8Cr Y 310 700 0.02
Fe-1.2C-8Cr Y 340 400 0.01
Fe-1.4C-8Cr Y 360 300 0.01
Fe-1.6C-8Cr Y 400 300 0.01
Fe-1.6C-13Cr Y, M7Cs 430 500 0.01

Table 3 Characteristics of Fe-C-Cr flaky powders.

Alloy Median diameter Phase H. M; Magnetic loss Resonance frequency
D50 (um) (A/m) (T) tand (at 100MHz) /- (MHz)
Fe-0.8C-8Cr 324 o’ 5200 1.60 0.061 408
Fe-1.0C-8Cr 30.7 o 5400 1.55 0.059 416
Fe-1.2C-8Cr 31.8 o 5500 1.48 0.063 511
Fe-1.4C-8Cr 309 o 5900 1.40 0.055 678
Fe-1.6C-8Cr 314 o’ 6400 1.32 0.045 865
Fe-1.6C-13Cr 29.9 o’, M7Cs 8000 1.17 0.030 1191
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(b)s .

Cross-sectional back scattered electron images of Fe-C-Cr flaky powders.
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Frequency dependences of (a) real part and (b) imaginary part of permeability of Fe-C-Cr flaky powders.
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Fig. 3 Frequency dependences of magnetic loss tand of Fe-C-Cr
flaky powders.
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Fig. 5 Relationship between coercivity H- and micro strain € .
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