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@ Information in this brochure does not grant patent right, copyright
or intellectual property rights of Hitachi Metals or that of third
parties. Hitachi Metals disclaims all liability arising out using
information in this brochure for any case of patent right, copyright
or intellectual property rights of third parties.

@ Do not duplicate in part or in its entirety this brochure without
written permission from Hitachi Metals, Ltd.

@ This brochure and its contents are subject to change without
notice; specific technical characteristics are subject to
consultation and agreement.

@ Please inquire about our handling manual for specific applications
of FINEMET®, these manuals detail the exact guaranteed
characteristics of FINEMET® for a specific application.
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Nanocrystalline soft magnetic material

FINEMET®
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FINEMET®, this name derives from the
combination of “FINE” and “METAL”, which
indicates the material’s features of being
formed with fine crystal grains and having
excellent magnetic properties.

FINEMET® is a registered trademark of
Hitachi Metals, Ltd.
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FINEMET?® Nanocrystalline Fe-based Soft Magnetic Material with High Saturation Flux Density,

High Relative Permeability and Low Core Loss
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Superior to Conventional Material
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Relationship between relative permeability and saturation
flux density of various soft magnetic materials
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B-H Curve Control for FINEMET®
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Examples of DC B-H curve
B(T) Hmax=800 A/m B(T)

1.0 Hmax=8 A/m 1.0
H Type M Type
(FT-3H) (FT-3M)

Hmax=800 A/m

.0 1
Hmax=8 A/m L Type1

FINEMET® core’s magnetic properties, “B-H curve” can be
controlled by applying a magnetic field during annealing.

There are four types of of B-H curves. 1) H type: a magnetic field
is applied in a circumferential direction during annealing. 2) M type:
no magnetic field is applied during annealing. 3) L type: a magnetic
field is applied vertically to the core plane during annealing.
4) S type: having the highest permeability of FINEMET® result of
improvement of annealing process based on findings in H, M and L
type magnetic field controlling.

B(T)4 Hmax=800 A/m B(M4 Hmax=800 A/m

Hmax=8 A/m S Type1 0

Hmax=8 A/m
(FT-3L) / (FT-3S)
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Nano structure control

HDLARERFELCVEY . ZL T, [FRMICIZIHILT

ISR ETRAICIZEIUS=M ] OmE N 5. A TR, N2

R

Annealing
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Hitachi Metals, Ltd. produces various types of soft

magnetic materials, such as Permalloy, soft ferrite,
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Electromagnetic

amorphous metal, and FINEMET®, and we use these
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materials in our product’s applications. We continually
improve our material technology and develop new
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Electromagnetic and
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applications by taking advantage of the unique charac-
teristics these materials provide. FINEMET® is a good
example. It is our hope, FINEMET® will be the best
solution for your application.

Picture of FINEMET® through a transmission
electron microscope
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Features of FINEMET®
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What is FINEMET® ?
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Features
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High permeability
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High saturation High squareness
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Low core loss
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Low magnetstriction

The precursor of FINEMET® is amorphous ribbon (non-crystalline)
obtained by rapid quenching at one million °C/second from the
molten metal consisting of Fe, Si, B and small amounts of Cu and
Nb. These crystallized alloys have grains which are extremely
uniform and small, “about ten nanometers in size”. Amorphous
metals which contain certain alloy elements show superior soft
magnetic properties through crystallization. It was commonly
known that the characteristics of soft magnetic materials are
“larger crystal grains yield better soft magnetic properties”.
Contrary to this common belief, soft magnetic material consisting
of a small, “nano-order”, crystal grains have excellent soft
magnetic properties.

1) Satisfy both high saturation magnetic flux density and high
permeability
High saturation magnetic flux density comparable to Fe-based
amorphous metal. High permeability comparable to Co-based
amorphous metal.

2) Low core loss
1/5th the core loss of Fe based amorphous metal and approxi-
mately the same core loss as Co-based amorphous metal.

3) Low magnetostriction
Less affected by mechanical stress. Very low audio noise emission.

4) Excellent temperature characteristics and small aging effects
Small permeability variation (less than +10%) at a temperature
range of -50°C~150°C. Unlike Co-based amorphous metals, aging
effects are very small.

5) Excellent characteristics over wide frequency range
High permeability and low core loss over wide frequency range,
which is equivalent to Co-based amorphous metal.

6) Flexibility to control magnetic properties“B-H curve shape”
during annealing
Three types of B-H curve squareness, high, middle and low
remanence ratio, corresponding to various applications.
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EMI filters/Common mode chokes
Magnetic shielding sheets
Electromagnetic wave absorbers
Current sensors/Magnetic sensors
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Magnetic amplifier/Pulsed power cores ‘/
Surge absorbers/High voltage pulse

transformers
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Noise reduction
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High frequency power transformers =R
Active filters/Smoothing choke coils ==

Accelerator cavity High frequ
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Manufacturing Process of FINEMET®
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Casting — Rapid quenching

Thickness: ~18 ym

A

(Configuration) Core

A below diagram shows the process for the creation of amorphous
ribbon for FINEMET® and a typical FINEMET® core. The amorphous
ribbon is the precursor material of FINEMET®. This ribbon, “which is
about 18um in thickness”, is cast by rapid quenching, called “single
roll method”, then the amorphous ribbon is wound into a toroidal
core. Finally, the heat treatment is applied to the core for
crystallization in order to obtain excellent soft magnetic properties of
FINEMET®.

T7AVKXYR®
ar
FINEMET® core

crystallization

:FnHEl*_H% ~10nm
Grain size: ~10nm

Fe($%)EMAIC. 2SI (P)AV)EB(RAY) B& Apply rapid quenching to high temperature melt consists
VMEBNDCU($R) ENb (=47 ) &AM -EBREE R of Fe, as a main phase, Si, B, Cu and Nb.
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Crystallization Process of FINEMET®
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Cu-rich area (Cu cluster)

lu\lﬂ%@
PEIWIFR

HULIELER

‘ The early stage of
Rapidly quenched annealing
amorphous phase
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Crystallization

Amorphous metal as a starting point, Amorphous—Cu-rich area—the
nucleation of bcc Fe from Cu—bcc Fe (-Si) shows the crystallization
process. At the final stage of this crystallization process, the grain
growth is suppressed by the stabilized remaining amorphous phase at
the grain boundaries. This stabilization occurs because the
crystallization temperature of the remaining amorphous phase rises
and it becomes more stable through the enrichment of Nb and B.
Synergistic effects of Cu addition, “which causes the nucleation of bcc
Fe” and Nb addition, “which suppresses the grain growth” creates a
uniform and very fine nanocrystalline microstructure.

fcc Cu bc|c Fe-(Si) fcc Cu  bcc Fe-(Si)
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Remaining amorphous phase

Amorphous ph
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(Nb, B-rich area) (High Tx)
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The early stage of

crystallization FINEMET® after

proper annealing
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Annealing Conditions
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The diagram shows the typical annealing conditions for M type.
This process requires proper heat treatment conditions according to
the desired magnetic properties.
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Example of annealing for M type
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A Heat treatment in inert gas atmosphere (N2 or Ar)
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@ Air cooling or
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!
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Microstructure of FINEMET®
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Microstructure of FINEMET® I

A below picture shows the microstructure of FINEMET® through
a transmission electron microscope.

FINEMET® consists of ultra fine crystal grains of 10nm order.
Main phase is bcc Fe (-Si) and remaining amorphous phase around
the crystal grains.
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T4 IRYN DI Characteristics of FINEMET®
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Basic Properties

BRI MBI DFSRAREIRBIT Grain Size and Coersive Force of Soft Magnetic Materials

TERDIERZBHBEMEMBIOREDIE, 1 um&) BB 1 I AEL DY
NS BIFERB TN DA Hel BN T B2 A TSN TUVET,
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Relationship between crystal grain diameter (D) and coercive force (H.)

DEF/F—H—EF BT A AN DRSS L) AR RABME 107

JN\—<O4 Permalloy

Si-steel

Fe-Al-Si

TERAS R
PERS D ELY) MBS N B L BWEN RHLEL /2, DOTERE 1007 7 IRSREBNEITF oA iR
T3, HISDDRBIC I F/ 4 — 5 —SEE TaonseRICILpIL, | FZAYAIM -
SO RET S0 HNEMETY Fe-ALSI
In the conventional soft magnetic materials, “whose grain size is far ;:2, 210~
larger than 1um”, it was well known that soft magnetic properties = § 5
become worse and coercive force increases when crystal grain size R % 10°~
becomes smaller. For example, coercive force is thought to be ;% 3 102
inversely proportional to D. = §
Therefore, main efforts to improve the soft magnetic properties o 10"
were directed to make the crystal grain size larger and/or to make
the magnetic domain size smaller by annealing and working. 10°f
However, FINEMET® demonstrated a new phenomenon; reduction D=5~30nm D>1um
of grain size, “to a nano-meter level”, improves the soft magnetic 107+ | | | | | |

properties drastically.

In this nano-world, the coercive force is directly proportional to D 10° 10’ 10;15*&};13 (nn1)04 10° 10°

on the order of D? to DE. This is absolutely contrary to the GraiunHZiameterD(nm)

conventional concepts for improving the soft magnetic properties.

YIRS  Physical Properties

T4 Ay (BALEEE) DMIEERLET IR RIIFe K T7EILT 7 [ E OMERRVIFME]  Physical properties of FINEMET® material

ZERETTH  AMBEE RN 1074 -4 — 18 X2 —BED - — -

570°CEBWNEPIEETT, A BE BIMR | RAEEEH |¥a)—BE
Material Density Resisitivity | _ Saturation. Curie

The table shows physical properties of annealed FINEMET® material. 3 3 mag"etos_gm'on temperature

(x10%g/m?) | (uQ-m) (10) (C)

FINEMET® has resistivity as high as amorphous metals, and has

much lower magnetostriction and about 570°C higher Curie FINEMET® 73 10 <1%10% ~570

temperature than Fe-based amorphous metal. (FT-3)

EAMTIFYE Standard Magnetic Characteristics

[Z71o Xy R ERRM ORI (/—H Y- FOSL4)LO7)] Magnetic properties of FINEMET® and conventional materials (Non-cut toroidal core)

P Th?g(,r%ss Bs Br/Bs He | M. (kH2) | U, (100kHZ) Pov As Te
Material Cam) | | @) | (A/m) | (x10%) | (x10%) | (w/m3) | (x109) | ()
89 0.6 30.0 5.0 600
50 25 70.0 15.0 300
FINEMET® 18 1.23 <1 | ~570
5) 0.6 23.0 17.0 250
40 1.5 100.0 20.0 300
FeX7EINTF7R Fe based amorphous 25 1.56 83 2.0 5.0 5.0 2200 +27 395
CoET7ENT7 XZERZEM  Co-based high permeability amorphous metal 18 0.55 5 0.3 115.0 18.0 280 =0 180
CoET7ENT7 XA Co-based high squareness amorphous metal 18 0.60 85 0.3 30.0 10.0 460 ~0 210
HEE3% T (3R 4H Oriented 3% Si-steel 230 1.90 85 10.0 27 0.8 8400 -0.8 750
6.5%7 1= 4 6.5% Si-steel 100 1.30 63 45.0 1.2 0.8 5800 —0.1 700
50%Ni/N—~<Ea1 50%Ni Permalloy 25 1.50 95 12.0 — — 3400 +25 500
80%Ni/\—¥O1 EE#ZEM  80% Ni high permeability Permalloy 25 0.74 55 0.5 50.0 5.0 1000 ~0 460
80%Ni/N—~O1 =AM 80% Ni high squareness Permalloy 25 0.74 80 24 - - 1200 ~0 460
Mn-Zn7 71 NEE R Mn-Zn high permeability ferrite - 0.39 26 5.0 10.0 10.0 500 —06 120
Mn-ZnZxZ1MEES%A  Mn-Zn low core loss ferrite - 0.52 25 12.0 25 25 600 —0.6 240
7E1)Bs.Br / Bs.He : BB SUAFME (Hn=800A/m, 25°C). ur(1kHz) * tiEBER (1kHz, Hn=0.05A/m, 25°C).
Ur(100kHzZ) * B (100kHz, Hn=0.05A/m, 25°C). Po: 370X (100kHz, Bn=0.2T, 25C). As: BAFIHEEE. To: ¥1U—BE
A2) LRCHE IR, BHTORIEICSESD
*Note1: Bs, Br/ Bs, He: DC magnetic properties (Hn=800A/m, 25°C), pr(1kHz): relative permeability (1kHz, Hn=0.05A/m, 25°C)
pr(100kHz2): relative permeability (1kHz, Hw=0.05A/m, 25°C), Pev: core loss (100kHz, Bn=0.2T, 25°C), As: Saturation magnetostriction, Te: Curie temperature
*Note2: Above properties are taken measurement by Hitachi Metals Ltd.
A ABEHREBICRBINT—2IMREAHETIIHVE L A ABHEICEHSNARROVWTOFMELIOT  HBREEABLTHYET,
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Frequency Characteristics

EBEHIZED BRSS! Frequency Dependence of Relative Permeability

AL E MR FT-3M, CoE 7 ELT7 X, 10°
FeET7EINT7ZXEBLUMN-ZNT 151 D EEER
ROBEFBFELEEERUET,

FT-3Mid. L CFe&E 7 EIL T 7 X¥Mn-Zn7
TIMNEEE CoRRTEILT 7 AERENZ VS
WERERLET, 3

FT-3M

Co based amorphous

Mn-Zn7zZ1b
/ Mn-Znferrite
10 e e

The graph shows frequency dependence of °3
relative permeability for FT-3M (medium square
ratio of BH curve), Co-based amorphous metal,
Fe-based amorphous metal and Mn-Zn ferrite. N
FT-8M has much higher permeability than Fe N
based amorphous metals and Mn- Zn ferrite, and
has permeability as high as Co-based amorphous
metals over a wide frequency range. 102
10° 10! 102 10% 10%
Bi#H (kHz)
Frequency(kHz)

FeXT7ENTFR
Fe based amorphous

Relative permeability pr

HE RO FEREUFE (TRFUEIES31) Frequency Dependence of Relative Permeability (After resin molding)

TRFA IS RULFT-3MO LB REE O 10°
FMHERLET, FT-3MIBBEMEERW(ER
LEEW) ZEPSERLTHEB#EEN &< 2 [ T T
LBy ceElLvEy, | corEazrx [l FT-3M
. Co based amorphous
) IRRUBIBOBE RREHCLIREBSENS S0t
NEY, Iz
# 3
The graph shows frequency dependence of %jg
relative permeability for resin molded FT-3M. = 3 Fe&ET7ENT7Z
FT-3M and Co-based amorphous cores show E BN s e ___fiia_se_d_a_'_"orphous
small permeability degradation after the resin g% TS e
molding due to their small magnetostriction.
\\
\\\
10?
100 10! 10? 10° 104
Bis#H (kHz)
Frequency(kHz)

A E—S I ABEURB RUERILERIZE Complex Relative Permeability and Impedance Relative Permeability

5
FT-3MOA S E— 4 X BRI 1, S UM TR 0
BRI DRHE U, LRBHBL DBEBAS R USRS
LY, 50kHZﬁ':\&—(“Ur” Liuf.J:UBk%OQCUiTO Impedance relative permeability (ur)
Ul « U AZIE RDESHREFRD HIET
_10*
M= U2 4 3
o ey HELBRMEORRBU,
The graph shows real part (p/’) and imaginary part “ Imaginary part of complex
(") of the complex relative permeability and the 3 relative permeability () EREREOEHEU,
impedance relative permeability () for FT-3M 103 Eeef‘rlqggg“‘i’t;"(ﬁv’f)‘p'ex relative
material. p.” becomes larger than p,’ 50kHz.
Relationship between pr, p’ and p” is
M= WHZ + ok
10° 10’ 102 10° 10*
BK#E (kHz)
Frequency(kHz)
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T4 IRYNDIFMY Characteristics of FINEMET®

a7 0OR 4

Core Loss

7 OXADFERENFE (TR EBE=281) Frequency Dependence of Core Loss (Before resin molding)

ok s gk o 10*
TRF SR BFIOFT-3M. Fek 7 EN 77 2, © -
N - -
CoRTENTFR, BLUIMN-Zn7F1bDIAT7O B.=0.2T o -
ZDOEEHIEEERLETFT-3MIE Mn-Zn7x s el
—_ 0 o~ 7’
FAMPFeET BN T 7 ALNBHEITAXT, CoFk EE fopFeETELTZZ 7 s
TELTFALRETT, 220 e N T
> 3 s
The graph shows frequency dependence of core 5 08- // » it
loss for nonresin molded cores made of FT-3M, o % Mn-Zn7 x5k // 7
Fe-based amorphous metal, Co-based amorphous Pﬁ g Mn-zn femte/\"\ /,// FT-3M
metal and Mn-Zn ferrite. 102 ,,/ >
FT-8M cores show lower core loss than Mn-Zn //’ -+
ferrite and Fe-based cores, and has the same . -
core loss as Co-based amorphous core.
CoRETEINTFR
Co based amorphous
10!
10! 102 10°
Ei## (kHz)
Frequency(kHz)

O7 OXDEEEEF Y (TIRFIBIIE=;21) Frequency Dependence of Core Loss (After resin molding)

IRF IS ERLAFT-3MOI7ORDEEE 104 =
BMERUET, P ~
FT-3MiZ, ERLTHIA7ORETTITREVEL, Bm = 02T et e
CoRETENT7RERE T, DLV E RS - P
i Fe7EILTFR 7 <3

TEELTVWET, & o, 3| Febasedamorphous _-~ A CoE7ENT7R

£ 10 P Co based amorphous

~ = -~
B IHREHEORE. SRRGCLIREBBELS 2 T P

ES, 3 0_5 //’
2 o« //’
7] - ek
The graph ShOVYS frequency dependence of core rE[< % Mn-Zno =51k
loss for the resin molded cores made of FT-3M. N 802 Mn-Zn ferrite
FT-3M core shows stable core loss over wide no
frequency range with lower core loss than ferrite
cores and have the same core loss as Co- based
amorphous core.
*Note: Data may vary depending on resin and/or 10! =
molding conditions 10’ 10 108
&R % (kHz)
Frequency(kHz)
J70XADB{&FH B., Dependence of Core Loss

FT-BH.FT-BMB LU FT-3LM20kHzMN a7 AX 108
OBMIRTFMERLET, FT-BMEFT-3LA, 1313 F
BEICO7AXPNKE>TOVET, 2hIHL. &
AFDOFT-3HIZ EBAITZho LB RELDT
ARICES>TWETH By KELLBIZDN T ZD T 02
EDNKBYET £E

£z
The graph shows B, dependence of core loss for 2 &
FT-3H, 3M and 3L at 20kHz. FT-3M and 3L show ':; 2
lower core loss than FT-3H. As Bn becomes II§l %
higher, core loss difference among those n g 10
materials becomes smaller.

0
100.05 0.1 1.0

Bn(T)
Flux density Bm(T)

ABEHREBICRBINT—2IMREAHETIIHVE L A ABHEICEHSNARROVWTOFMELIOT  HBREEABLTHYET,

CERICELEL T BE&D0T B OARE +HTHERR S,
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Temperature Characteristics

IR B E D;SEK{ZIE Temperature Dependence of Saturation Flux Density

FT-3DRFM R ZEB DB EKIFMEERLET, 1.4

FT-3MBM:BEKRIFMILFER IC/NSL HIZILE

EHN25CH5150CICEELTH. BOET=HIG

10% AT ELR->TVET,

3) ZDTF &I, BALIE (1B R1L) EMHOBEERLET,
BDfElE. HE1T. MaAT, L2 7 TRLK®. BH
SATELHLTHEL Ao

)

The graph shows temperature dependence of
saturation flux density (Bs) for FT-3. FT-3 has very
small temperature dependence of saturation flux
density. The decreasing rate of saturation flux
density is less than 10% at range from 25°C to
150°C.

FT-3

RAFNRER BB B, (T)
o

Saturation flux density Bs (T)

*Note: This data shows value of annealed (crystallized)
material. 1.1
Because Bs value for H type, M type and L type 0 20 40 60 80 100 120 140 160

N=] N
are same, the data does not describes BH type. & (C)
Temperature(°C)

B R D;REKTEE Temperature Dependence of Relative Permeability

FT-3M. FT-3L010kHzIC #5135 HE B HER iR 10
EKIFEERLET, =10 kHz
BEKREEDS /NS FIAE EEREROE(LR
1. 05150 C DT, 25°C D BRI I3 _ 8 FT-3M
L. £10%ENNSBBEL-TVET, Sz
The graph shows temperature dependence of E ; 6
relative permeability at 10kHz for FT-3M and 3 'é
FT-3L. The variation of relative permeability is 5 g
very small at a temperature range from 0°C to % g 4
150°C, “which is within £10% of the average ) 2
value”. S e—_ FT-3L
E 2 ‘/
0
0 20 40 60 80 100 120 140 160

BE (C)
Temperature(°C)

FT-3M.FT-3LZ100COERICHBLIZEED 10
BHE (f=1kHz) DB REMETUET, _ f=1kHz 100CEBHE Temperature:100°C
FT-3M. FT-3LD tLiE#EER 13, RN EEL TH. FT-3M
CoRTENT7ANEIMETTB2EHL. EEA g8
E—EDEERLET, 5% [T,
xz | T TENLT PR
The graph shows aging effects at 100°C on relative = § I B ./ gg%a}sed amC}erhous
permeability at 1kHz for FT-3M, FT-3L and Co-based :‘ 2
amorphous metal. The relative permeability of r“g g ...........
Co-based amorphous metal decrease rapidly as the "‘_51 2 4
aging time increasing, however FT-3M, FT-3L are = g FT-3L
quite stable. o
2
0
10' 102 108 10*
B (h)
Time(h)
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T4 XYM DISEEG| Major Application of FINEMET®

EMIZ«)VYAIEE—RFa—7 BB D U e \EY T7A I AYNF3CCYYU—X Avha7 IEEE D7 O R DIER

Common Mode Chokes for *EMI Filters Volume reduction with high permeability FINEMET® F3CC Series Cut Core Size reduction and lower core loss

T AYR AT DA E—X L AL B#ER U3 Mn-ZnT7 51k
A7 DUNENRTIEVE BB HIS TAZLEERTEEDIC, B
EILEAETLHBH TN E>TOET  ZDEHEMIT LT
ELE—RFI—TIZ TP AN a7 EERTHE. EE%&%‘;
PEELREED/-FERBESHEME0C~100CELEBE.
Mn-Zn7 2 ZARATICLERT A—HEETH1 /2B EDFIEET
NEUEDNRNET,

Fio T A Ay T DRI R Z EBsId. Mn-Zn7 271~ 7

T4 AyRCF3CCHYRAT HATAZ (10kHZ,B=0.1T) I£. Fe
ET7EINT7ZXAybATD1/3LUTF. 1R E R (0.1mm) Huk
A7D1/8UU T ELE->TWET, 2D SREEA/N—2HAEE
BINT—RZLZEDATICT 71 AYNEER T2 KiERED
ZALEPNEUED TEE T /- BB EEFI/ 1074 —4—-TH5
. 7= AIEEERE R eSS EE CREL/IGEICH. FeAT7E
[P —4 > A HERE D HE) WI7 APy AT CRIEELDIIOLARELBZIIELEE A,

Comparison of impedance relative permeablility

DFIBEHB70. /I ZMED /A ZIZHFLEAFILICK D EVDFERD 10° The core loss of FINEMET® F3CC Series cut core has less than (Hv RAFOIAT O]
HET, o _ :gg:g 1/3rd the core loss of Fe based amorphous metal, and less than Comparison of core loss between cut cores
EMIBRITF % (Electro Magnetic Interference) sz TP 4Ry NET-IMOU,, st 1/8th the core loss of silicon steel at 10kHz, B=0.1T. FINEMET® 100 ] i =
g g FINEMET® (FT-GM) b 20C has significantly lower core loss and thus makes it possible to o,iemzzr?;% 3w (}iﬁ_ﬂ%mm) Sl
Compared with Mn-Zn ferrite, FINEMET® has higher impedance g %&104 W; 3 :—28°g reduce the size of the °°fe for high frequen@():?/ poY\:er transformer 6.5%4 1 %48
permeability (i) and much smaller temperature dependence of r§ % = =N | ——40C etc. Also, the magnetostrlctllon of FI.NEI\/!ET is 10 or.der and,. as Fic o 6.5% Si-steel (t20.10mm)
permeability over a wider frequency range. x % Mn-Zn an?zze,rrm;? Uy a rfesult, cores made from this material will make very little audible % 5
Consequently, the volume of FINEMET® core can be reduced to AI_] é 140°C i noise when compared to cut cores made from Fe based : é
1/2 the size of a Mn-Zn ferrite core while maintaining the same \1 721103 100C amorphous metal. a @ FeX7ENLT 7 X
performance at operating temperature of 0°C~100°C. = ggng S ,7?3 Fe based amorphous
Also, it has approximately three times higher saturation flux oc PH 8 !
density than Mn-Zn ferrite and as a result it is hardly saturated by —20CT TFPAI Ry K?
pulse noise. 102 . 0% . . . Fﬂfﬁﬁg@
*EMI: Electro Magnetic Interference 10 10 E*})E*;;(O(kHz) 10 10 eatiaie Bn=0.1T
Frequency(kHz) 01 1 10 100
WREE (kHz)
T7A Ay NEEIH a7 R D 2 E DRI TRV IR Y — I (TS e
FINEMET?® Saturable Cores High voltage surge suppression with high saturation flux density

INIVRIND—R37 INEUEE 7 O R DIER
T7A2 AN RO T (I FT-BHMEFERL TWET T 7o T ARD Ay F LT EIRICEWNT ., BED Pulsed Power Cores Size reduction and lower core loss
FlEE B CEE ST -0 AT, ABRERICTHA, /1 XOE BN ESNET,

F/-E—XICIEFT-BMMEERL TWET, RISIRT SO /KM THBCoE 7L T7XXRNI-ZnT 51k
D21ELI L DEFEEBEL SV, CoRTENT7AERENEKITAX, &/ NIV ABREEHFLTVET,

% 2U—REFET0CER s, BB COBIEICHENTVE T, F 14 —ROU S —ZUH\UBHOESE | B0 |
OB B LU OISR T LU TIRETT 'l l'lllli'lli.i. i a7 #HYET . FeRk 7 ENT 7 2T ERED/NEYE. Colk 7 ENLT7 X7 ERZDR
—Z)AT7AX{ LI AIRETT,

FINEMET® saturable cores are made of FT-3H material. Having high saturation characteristics, the cores can ‘EERREERERE
offer high performance in noise suppression and size reduction in low voltage high current magamp circuit of FINEMET® pulsed power cores use a thin ceramic insulation which has a high break

Magamp system switch mode power supply. ) . . . down voltage. FINEMET® pulsed power cores are suitable for saturable cores and
FINEMET® beads are made of FINEMET® FT-3M material. As below table describes, the saturation magnetic . .
step-up pulse transformer cores that are used in high voltage pulsed power supplies for

flux density is twice as high as that of Co-based amorphous metal and Ni-Zn ferrite, and the pulse permeability i A o .

and the core loss are comparable to Co-based amorphous metal. Because of the high curie temperature Excimer lasers and accelerators, and for cavity cores used in induction accelerators and
(570°C), FINEMET® beads shows excellent performance at high temperature. These cores are suitable for RF accelerators.
suppression of reverse recovery current from the diode and ringing or surge current from switching circuit.

T7AL AN AT DEEER. SRE €T3y 73T TERL TWET COBA%E r
LT IF VL - RS ETRASNISEE/ AN -EROBT/ UV ERER
AR RAM T R R E/ VAN TP AT 3L\ FEERE P RFIELF O

(57 A ERERE AT 7ISERA LSS DI E]

~ “ ® *’_ < _ _ LAY ol
[77’]’/)( /[\ E-X (FT 3H‘ FT 3M) tﬁé**)f@ktiﬁl Comparison of core materials applied in saturable cores for magnetic pulse compression circuit
Comparison of magnetic and physical properties among FT-3H, FT-3M and conventional materials
g FINEMET® Cofk7EINT7X Ni-Zn7z 54 aAT7HME FINEMET® FeRT7ELT 7R Cok7ENT 7R Ni-Zn7z 4k
Material FT-3H FT-3M Co-based amorphous Ni-Zn ferrite Core material (FT-3H) Fe-based amorphous metal | Co-based amorphous metal Ni-Zn ferrite
20°C 1.23 0.60 0.38 D
723 * - : : i 297 PETZ 1 Vs PETZ 4 IV L _
BAFNRER % EBs*(T) *Saturation flux density Bs (T) 100C 120 053 0.29 B R At Insulation Ceramic DET film PET film
7 A : 20C 0.89 0.50 0.80 0.71 BN ERER B EK - ABm (T) Effective induction swing K+ ABm (T) 1.54 2.04 0.78 0.65
AR EEB/Bs*  *Squareness ratio Bi/Bs 100°C 093 0.48 078 0.60
20°C 0.60 250 0.30 30 JOVZHEHAOITARP, (J/m?)  Half-cycle core loss Pe (J/m?) 710 1680 180 70
1RE&SIH(A/m)  *Coercive force He (A/m) 100°C 056 270 0'29 20
— : : : BAFNFEIHD LB REER Uy (san) Relative permeability at saturation range i (s ~1 ~1.3 ~1 ~3
ISV ZEREER 1™ *“*Pulse permeability 2,000 3,500 4,500 500
J70AZPe*(J/me) **Core loss Pev (J/m?) 7.50 7.50 6.0 7.0 Utz MEAETIH gesen (A/m) Reset magnetizing force H esey (A/m) 8 40 8 160
Fa2)—BET(C) Curie temperature T (°C) 570 210 200
177 = i
BAFNHEETE EA(X10)  Saturation magnetostriction s (X107) ~0 ~0 78 FIRIHND 7 IV ITELE Volume ratio of saturable cores 1 0.74 3.95 16.8
MR p(uQ-m) Electrical resisitivity (uQ-m) 1.2 1.3 1x10'2 AIRAFN T IRILD
: i 1 1.75 1.0 1.66
B d(ke/m°) Density d (kg/m) 73%10° 77%10° 5.0%10° h—&La70XH Total core loss ratio of saturable cores
* L RARAEIB00A/MEFDEREMSAEE /UL XIRE0.1 us, EMERREER AB=0.2T JNIL RMEEREEE=5.0 (A H/¥)V X180.5 us. HiF1/¥IL X801 u's) K:aA7DETHEE. ABn: RAEBEHREE
*: DC magnetic properties at 800A/m **: Pulse width 0.1 ps, operating magnetic flux density AB=0.2T Pulse duration compression ratio: 5.0 (input pulse duration 0.5ps, output pulse duration 0.1ps) K: Packing factor A Bm: Maximum operation flux density
A ABEHREBICRBINT—2IMREAHETIIHVE L A ABHEICEHSNARROVWTOFMELIOT  HBREEABLTHYET, A ARHREBICRBMEINT —RIREHETIEHVEL A FABHBICEHRSNARROVWTOFMEHZOT AHEEABELTHIUET,
CHEAICELEL T BRH2O7 A HEOHNETE 5 CHEREZE, CERICELEL TR REHFOT  EHEBOARE T2 RS,
10 For safety and the proper usage, you are requested to approve our product specifications or to transact the approval sheet for product specifications before ordering. For safety and the proper usage, you are requested to approve our product specifications or to transact the approval sheet for product specifications before ordering. 11
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