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/A\ REMINDERS FOR USING THESE PRODUCTS

Please be sure to read this manual thoroughly before using the products.

The products listed on this catalog are intended for use in general electronic equipment (AV equipment, telecommunications equipment,
home appliances, amusement equipment, computer equipment, personal equipment, office equipment, measurement equipment,
industrial robots) under a normal operation and use condition.

The products are not designed or warranted to meet the requirements of the applications listed below, whose performance and/or quality
require a more stringent level of safety or reliability, or whose failure, malfunction or trouble could cause serious damage to society, person
or property.

Please understand that we are not responsible for any damage or liability caused by use of the products in any of the applications below
or for any other use exceeding the range or conditions set forth in this specification sheet.

If you intend to use the products in the applications listed below or if you have special requirements exceeding the range or conditions set
forth in the each catalog, please contact us.

1) Aerospace/Aviation equipment )

2) Transportation equipment (electric trains, ships, etc.) 0) Electric heating apparatus, burning equipment
1
2

(9) Military equipment

(
3) Medical equipment (11) Disaster prevention/crime prevention equipment

(

(

(1)
(2) 1

(3) 1

(4) Power-generation control equipment 12) Safety equipment
(5) Atomic energy-related equipment 13) Other applications that are not considered general-purpose
(6) Seabed equipment applications

(7)

8)

7) Transportation control equipment
8) Public information-processing equipment

When using this product in general-purpose standard applications, you are kindly requested to take into consideration securing protection
circuit/equipment or providing backup circuits, etc to ensure higher safety.
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Overview of the Ferrite

Ferrite is a polycrystal, sintered material with high electrical resistivity. The high resistance of ferrite makes eddy current losses extremely
low at high frequencies. Therefore, unlike other magnetic components, ferrite can be used at considerably high frequencies. Manganese-
zinc(Mn-Zn) ferrites can be used at frequencies up to several megahertz.

The basic ferrite materials are obtained in an extremely high purity. These materials are mixed, calcined, milled, granulated, formed by
pressing, and sintered at a temperature of 1000°C to 1400°C, then machined. The electrical and mechanical properties of a particular
ferrite material are obtained by the material formulation and the processing applied. Extraordinary exacting process controls are required
to assure the high uniformity of product for which TDK ferrites are well known. Through the above processes, ferrite materials can be
optimized for specific applications.

Each of these materials can be produced in cores of various shapes. Shapes which are popular for the listed applications are:

APPLICATIONS, CHARACTERISTICS AND TDK CORE TYPE

Applications Ferrite characteristics TDK core type

Filters Low loss, magnetic stability, high permeability RM cores

Signal transformers High saturation flux density, high permeability EP, EE and RM cores
Power conversion transformers High saturation flux density, low power loss El, EC and RM cores

TDK produces a very large variety of cores and magnetic properties. Nearly every requirement can be satisfied among these products.

TYPICAL TECHNICAL DATA

Specific heat 800(J/kg * K)
Thermal conductivity 1 to 5(W/m  K)
Linear thermal expansion coefficient 1.2x10-5(1/K)
Vickers hardness 550

Tensile strength 2 to 5x107(N/m2)
Bending strength(50mm span) 9.8x107(N/m?2)
Young’s modulus 1.2x1011(N/m2)

* These values are typical at room temperature.

RoHS Directive Compliant Product: See the following for more details related to RoHS Directive compliant products. http://www.tdk.co.jp/rohs/
Halogen-free: Indicates that Cl content is less than 900ppm, Br content is less than 900ppm, and that the total Cl and Br content is less than 1500ppm.

A Please be sure to request delivery specifications that provide further details on the features and specifications of the products for proper and safe use.
Please note that the contents may change without any prior notice due to reasons such as upgrading.
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Terms Definitions and Explanations

1. PERMEABILITY

1.1 INITIAL PERMEABILITY, pi
The initial permeability of a material is determined by the following formula, on the basis of the effective self-inductance exhibited by a test
coil for a low AC magnetic field induced(approx.: 0.4A/m max.) in the toroidal core which is made of that material and on which the test coil
is wound: (Fig. 1)

L
TNE

2400
A 10

where, L = effective self-inductance(H)
N = number of turns
{ = average length of magnetic path in the core(mm)
A = cross-sectional area of toroidal cores(mm?2)

Fig. 1

1.2 INCREMENTAL PERMEABILITY, uA, AND REVERSIBLE PERMEABILITY, prev
Incremental permeability is determined by the following formula and is defined as the permeability of a material to a low AC magnetic field
superposed on a larger DC magnetic field:

_AB

WA= H

where, AB = incremental flux density(gauss)
AH = incremental field intensity(oersted)

Reversible permeability is defined as the limiting value of incremental permeability occurring at the zero amplitude of the alternating
magnetic field. It is a function of the DC flux density B and takes the maximum value when B is the zero. Its value decreases as B
increases.

Since the DC flux density varies with the core shape and also with the magnitude of the gap, it is not proper to apply a reversible
permeability determined on a toroidal core to cores of other shapes such as E type, P type, etc. Hence, values of reversible permeability
are determined separately for individual core shapes and gaps.

1.3 EFFECTIVE PERMEABILITY, pe
The effective permeability is determined by the following formula:

_Lx1010 _21
He="4nN2 "= A
where,L = effective self-inductance(H)
N = number of turns

Z% = C1 = core constant(mm-1)

This formula is used also when some leakage flux exists in the magnetic circuit due to an air gap introduced in it.*
Note* :Magnetic-core loss coefficient, temperature coefficient, disaccommodation and other magnetic characteristics due to an air gap in the magnetic circuit

very nearly directly with effective permeability, as long as the leakage flux at the air gap is not appreciably large. If the leakage is not negligible, a
correction must be made on these characteristics for the leakage flux.

1.4 APPARENT PERMEABILITYM, papp
Apparent permeability is defined as the ratio of the two inductance values measured. One on the test coil only(Lo), the other on coil and
core(L). This is determined by the following formula:

L
Happ=1"

where, L = inductance of test coil with core(H)
Lo = inductance of test coil without core(H)

Normally, an apparent effective permeability refers to an open magnetic circuit.

A Please be sure to request delivery specifications that provide further details on the features and specifications of the products for proper and safe use.
Please note that the contents may change without any prior notice due to reasons such as upgrading.

20211226 / ferrite_summary_en



(5/8)

FERRITES STDK

2. MAGNETIZATION CURVE

2.1 STATIC MAGNETIZATION CURVES

In magnetic material that has been completely demagnetized, the curve traced by the rising value of flux density B as a function of the
field intensity H being raised from the point of origin(0) is referred to as INITIAL MAGNETIZATION CURVE.

If field intensity is raised further, a point will be reached where the material becomes saturated with flux and the curve levels off: the
SATURATION FLUX DENSITY, Bsat, refers to that value of flux. As the field intensity is reduced to zero from the saturation point, the flux
density decreases and settles at a certain value above zero: this value of remaining flux density is referred to as REMANENCE, Br. To
reduce the remanence to zero, field intensity must be increased in the negative(reverse) direction: the level of this reversed field intensity
required for reducing remanence to zero is termed COERCIVITY, Hcs.

2.2 RELATIONSHIP BETWEEN HYSTERESIS LOOP AND PERMEABILITY
Graphic models of initial permeability and
reversible permeability as concepts are given on
the magnetization curve in Fig.2. or
The constants relative to magnetization curve are AB
graphically represented in Fig.3. o

Bsat - e

on Br+

o AB _
Wrev _Almom_tan Or :

(@4 ‘ AH Hee 0 H #H
3. CORE LOSS H #Ex’ *H5A=1194A/m
3.1 LOSS FACTOR, tans Fig- 2 Fig. 3
Core-loss factor, tang, is defined as the ratio of core-loss resistance to reactance, and consists of three components; namely, hysteresis

loss, eddy-current loss and residual loss, and is expressed by the following formula:

_Bm_, L.
tanﬁ_mL_m v i+e1f+c1

where, Rm = core-loss resistance(Q)
o = 2xf, angular velocity(radians/sec.)
L =inductance of test coil with core(H)
V = volume of core(cms3)
f = frequency of test current(Hz)
ht = hysteresis loss coefficient
e1 = eddy-current loss coefficient
c1 = residual loss coefficient
i =current(A)

The loss factor is normally determined by effecting measurement with a small magnetic field, and is treated as a loss distinct and apart
from the hysteresis loss. In other words, the loss coefficient is defined by the following formula:

tané=e1f+c1

3.2 RELATIVE LOSS FACTOR, tand/pi
Addition of an air gap to a magnetic circuit changes the values of its loss factor and effective permeability. The amounts of change are

nearly proportional to each other, so that the loss factor per unit effective permeability may be used as a coefficient which, as defined as

tand/ui, indicates a characteristic of the magnetic material. 10-4
tan6/ui=i_(e1f+01)
i H5A
5108 —
It follows therefore that the loss factor for a practical core can be expressed % /
in the following formula: P
-6
(tand)c=tand/pix pe 10
Where (tand)c represents the particular loss factor. 10 102
Frequency(kHz)
Fig. 4

A Please be sure to request delivery specifications that provide further details on the features and specifications of the products for proper and safe use.
Please note that the contents may change without any prior notice due to reasons such as upgrading.
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3.3 RELATIVE HYSTERESIS LOSS COEFFICIENT, h1o*

When an air gap is introduced into a magnetic circuit, its hysteresis loss coefficient, h1, changes approximately as 3/2 power of the
effective permeability. On the basis of this fact, relative hysteresis loss coefficient, h1o, is defined as the value of this loss h1 corrected to
the condition of n+1000. The value of h1o for different magnetic materials can be compared for comparative evaluation of the materials.
For this purpose, the relative hysteresis loss coefficient is determined for and assigned to each material.

3
h1o=h1-(m>/2
Wi

Thus, the hysteresis loss coefficient, tandh, for a practical core is expressed by the following formula:

_ i %/T
tandh=h1o (100()) v

*I' Note*: hiois read “h one-zero”

The relationship between ns and other constants are as follows:

ne=19.9h10x10-6

ne=1.12xh’/u2

nB=896xh/u?

h10=50.31Bx103
where, nB = hysteresis material constant in IEC
h2 = hysteresis constant in DIN
w

Lz = hysteresis constant in Jordan
u
3.4 QUALITY FACTOR, Q

Quality factor is defined as the reciprocal of the loss coefficient, as follows:

Q 1 oL

“tand _ Rm

3.5 EFFECTIVE QUALITY FACTOR, Qe
The effective quality factor refers to the loss coefficient of a coil complete with a ferrite core, and is the reciprocal of that coefficient:

_ ol
Reif

e

Where Reff is the effective loss resistance of the coil.

3.6 APPARENT QUALITY FACTOR, Qapp
This factor is the ratio of the two values of effective quality factor measured on a test coil, one(Qe) is coil with core, and the other(Qo) is coil
without core.

Qapp=%

Qo

where, Qe = coil with core
Qo = coil without core

4. TEMPERATURE CHARACTERISTICS ‘
4.1 TEMPERATURE COEFFICIENT OF INITIAL PERMEABILITY, opi erui max.
This temperature coefficient is defined as the change of initial permeability per // i

0.8ui max.

) ; . . el
degree C over a prescribed temperature range. This change is expressed in terms = E—
of fraction of the original value of initial permeability. It is determined by the following 5 /
formula: £
o 1
_ Mi2—pit 3
Opi= uit - Te=T1 £

where, pit1 = initial permeability at temperature T1
pi2 = initial permeability at temperature T2 ui=1

Curie temperature

The value of T1 is normally taken at 20°C. The coefficient is expressed in units of 10-6. Temperature(C)
Fig. 5

A Please be sure to request delivery specifications that provide further details on the features and specifications of the products for proper and safe use.
Please note that the contents may change without any prior notice due to reasons such as upgrading.
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4.2 TEMPERATURE FACTOR OF INITIAL PERMEABILITY, oF

The change of temperature coefficient, o, due to an air gap added to a magnetic circuit is nearly proportional to the change of effective
permeability. On the basis of this fact, temperature factor of permeability, oF, is defined as the value of temperature coefficient, api, per
unit permeability, and is determined by the following formula:

_%_ Hi2—Lil 1

RTTE w2 To—T1

The value so determined is assigned to each material as its characteristic. For the temperature coefficient of a practical core, the following
formula is used.

L= 0FX[le

4.3 CURIE TEMPERATURE Tc
The critical temperature at which a core transfers from ferromagnetism to paramagnetism.

Note: There are many ways to determine the Curie temperature. At TDK, however, it is determined as shown in Fig.5.

5. PHENOMENON OF GRADUAL DECREASE IN PERMEABILITY

5.1 SPONTANEOUS DECREASE OF PERMEABILITY

In ferrite cores, the permeability begins to decrease upon formation by sintering and continues to decrease with the lapse of time. This
property is referred to as the spontaneous decrease of permeability.

In general, the rate of spontaneous permeability decrease is approximately linear when it is related to the logarithm of time(log t) and,
therefore, becomes negligibly small in about a month’s time after sintering. The magnitude of this decrease in terms of pe/pi can be
reduced substantially with increasing air gap.

5.2 DISACCOMMODATION, D

Disaccommodation, as will be noted in the following formula which determines 0
its value: The time rate of initial permeability changes at normal temperature in a w
core that has just been AC demagnetized, where the core is kept free from

mechanical or thermal stress of any kind. -2

Dz%MOO(%)

Ai/i (%)
L

where, p1= initial permeability noted immediately after the material is AC \

demagnetized. \
p2 = initial permeability noted some time after the material is AC -6
Conventional

demagnetized. material

Disaccommodation and spontaneous decrease are two distinct concepts but _8
some correlation is noted to exist between the two. The disaccommodation of a

material is considered suggestive of its property of spontaneous decrease and

also the permeability change that the material would exhibit when subjected to
mechanical or magnetic shocks.

1 10 102
Disaccommodation time (Minutes)

Fig. 6

5.3 DISACCOMMODATION FACTOR, Dr

For cores with air gap, the disaccommodation of the material in the circuit is nearly proportional to its effective permeability. The value of
disaccommodation per unit permeability is designated as the disaccommodation factor(DF)-one of the characteristics-and is determined
for each material.

_i—pe 1
Dr= Iog1ot—2 mE (t2>t1)
t1

where, 1 = initial permeability noted at time t1 after the material is AC demagnetized.
u2 = initial permeability noted at time t2 after the material is AC demagnetized.

Normally t1, is 1 minute, and t2 is 10 minutes; but up to 10 and 100 minutes, respectively, are occasionally used.
For a practical magnetic core, the following formula is used to determine its disaccommodation:

D=DFxue

A Please be sure to request delivery specifications that provide further details on the features and specifications of the products for proper and safe use.
Please note that the contents may change without any prior notice due to reasons such as upgrading.
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6. INDUCTANCE COEFFICIENT, AL
Inductance coefficient is defined as the self-inductance per unit turn of a coil of a given shape and dimensions wound on a magnetic core,
and is determined by the following formula:

L
AL=N2
104 1
) o 8 ?}O 102 1404
where, L = self-inductance of coil with core(H) 6 g
3
N = number of turns 4 [ ] L 2
; ] R w— 7
[ — — T — —_18 10
. - . . . — — 6 102
This coefficient is normally expressed in units of 10-°H(1nH). o ——— — ——
Shapes and dimensions are separately prescribed for test coils to 15 == — R R e e — >
. = 2
pes 2 p yp Y e B e e e M 2
be used in the measurement for AL. 10 n 10-14
8 :1oo,nH\ K 10
6 =N=500ts 3 -4
> 4 — — ~o ——7 \§ .
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. 2
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10 16 25 40 63 100° °|10~4|7,
100 160 250 400 630 1000
1000 1600 2500 4000 6300 10000
AL(nH/N2)
7. WINDING COEFFICIENT, o Fig. 7

Winding coefficient is defined as the number of coil turns required
for producing unit self-inductance in a coil of a given shape and dimensions wound on a core, and is determined by the following formula:

o=

JL
where, L = self-inductance of coil with core(H)
N = number of turns

Normally 1mH is taken for the L in this case.

8. ELECTRICAL RESISTIVITY, pv
Electrical resistivity is the resistance measured by means of direct voltage of a body of ferromagnetic material having a constant cross-
sectional area.

9. DENSITY, db

Specific gravity of a magnetic core is calculated from its volume and mass, as shown in below.
dbo=W/V(kg/m3)

where, W = mass of the magnetic core

V = volume of the magnetic core

Note: The symbol and the catalog of this data are in accordance with IEC Publication 60401-3.

A Please be sure to request delivery specifications that provide further details on the features and specifications of the products for proper and safe use.
Please note that the contents may change without any prior notice due to reasons such as upgrading.
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