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Ordering Code

In this data book - in line with Siemens’ in-house regulations — the part numbers
(ordering codes) which have so far been used unabbreviated (15 digits) have been
replaced by an abbreviated form. Both forms may be used during a transition period.
Some examples are given below:

Unabbreviated form Abbreviated form
B65651-N0063-A001 B65651-N63-A1
B65652-B0O000-TO01 B65652-B-T1
B65659-E0001-X023 B65659-E1-X23
B65652-A5000-X000 B65652-A5000

We regard it as unnecessary to introduce the complex rules for our ordering code
system to our customers and therefore ask them to use the ordering codes as quoted
in the data books or data sheets when placing an order.

As for us, we will, of course, understand both forms.

Ordering code system

Example of the ordering code for an RM5 core set, made of ferrite (SIFERRIT®)
material N48, 250 nH A, value, + 3% tolerance of A_ value, type B65805 (see page 277).

Ordering code: B65805-N250-A 48
Type l L Code for ferrite
material N48
Revision status Tolerance of A, value (A 2 +3%)

A, value in nH
For spécial components, an uncoded inquiry is requested. The appropriate ordering
code will be allocated.

Improvements and technical advance are expressed by changing the code letter for the
revision status. It is reserved to deliver the components with a revision status later
than that ordered.

Tolerance code letters

The tolerances of the A, values are coded by letters in the third block of the ordering
code similar to the recommendations in IEC publication 62/1968.

Code letter Tolerance of A, value Code letter Tolerance of A, value
A + 3% Q +30/-10%

G + 2% R +30/—-20%

J + 5% U +80/—-0%

K + 10% X filling letter only

L + 15% Y +40/-30%

M + 20% - -

The tolerance values available are included in the individual ordering codes.
SIFERRIT® and SIRUFER® are registered trademarks.
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Definitions

S| units

In the present data book, Sl units were introduced in accordance with the performance
specifications of the Law for Units in Testing Procedures, dated 26th July, 1970. The
main relations between these units and those used in previous editions of this data
book are summarized in the following:

Magnetic flux density (magnetic induction) Previous units

1 T (Tesla) = 1 Vs/m? = 107* Vs/cm? =10*G
Decimal multiples or parts of this unit are permissible,
e.g. mT (Millitesla), 1 mT = 10 x 1078 Vs/cm?

1
o
o

Magnetic field strength, magnetization

1 A/m =102 A/cm
Decimal multiples or parts can be used here, too

1.257 x 1072 Oe

e.g. 1 kKA/m = 10° A/m = 10 A/cm = 12.567 Oe
Density of energy

1YmP=1T-1A/m=1mT-1kA/m = 125.7 GOe

A decimal multiple of this unit is

1 kJ/m® = 1 mJ/ecm? = 1.257 x 10° GOe

Magnetic flux

1 Wb (Weber) =1 Vs =1 Tm?
A decimal part of this unit is the milliweber (mWb)

108 Gem? = 108 M

1 mWb =103 Wb =10°M
Magnetic field constant (induction constant)
_ T 6 Vs g Vs G

=1.2567 x 1078 =1.267 x107® =1.2567 x 1078 =1—
uo = 1.257 x Am 257 x 10 Am 57 x Acm 1 Oe
From the stated decimal multiples and parts, it follows for u,:

mT H

= = -6
Mo= 1.257 A/m 1.267 x 10 m
Resistance (to tension and compression)
1 Newton/square millimeter (N/mm?) = 0.102 kp/mm?
10 N/mm? correspond to approx. 1 kp/mm?
Thermal conductivity

J _ w _ cal
mm-s-K mm-K =2.39 cm-s-°C

15




Definitions

Symbols Meaning Unit
v Voltage, rms value of sinusoidal voltage \Y;
v Peak value of the voltage Vv
J Polarization Vs/m?
B RMS value of magnetic flux density Vs/m?
107* Vs/m? =(1 G) = 0.1 mT
B Peak value of magnetic flux density Vs/m?
B Direct field flux density Vs/m?
B, Peak value of saturation flux density Vs/m?
I Current, rms value of sinusoidal current A
L Direct current A
I Peak value of current A
H Magnetic field strength A/m
H Peak value of magnetic field strength A/m
H._ DC field strength A/m
My (Rel.) permeability, permeability number A/m
Mo Magnetic field constant Vs/Am
to = 1.257 x 107¢ H/m
K (Rel.) initial permeability
He (Rel.) effective permeability
U (Rel.) amplitude permeability
Hrey (Rel.) reversible permeability
Happ (Rel.) apparent permeability
Hiot (Rel.) total permeability
derived from the static magnetization curve
i (Rel.) complex permeability
My (Rel.) real (inductance) component of z expressed in
e (Rel.) imaginary loss component of @ series terms
Uy (Rel.) real (inductance) component of & expressed in
My (Rel.) imaginary loss component of iz parallel terms
Hp (Rel.) pulse permeability
L Self-inductance H=Vs/A;nH=10"°H
Lo Inductance of a coil without core H
L Series inductance H
Loy Reversible inductance H
A Inductance factor; A, = L/N? nH
N Number of turns
tan § Loss factor
tan &, Loss factor of the coil
tan o, (Residual) loss factor at H -~ 0
tan 6, Effective loss factor
tan g, Hysteresis loss factor
tan o/u; Relative loss factor of the material at H ~ 0
Q Quality factor (Q = w L/R, = 1/tan §,)
P, Relative power loss mW/g
w Angular frequency; w = 2 x f s
f Frequency s™!, Hz



Definitions

Symbols Meaning Unit
h Hysteresis coefficient of the material cm/MA = 10" % cm/A
h/u? Relative hysteresis coefficient cm/MA = 108 cm/A
Mg Hysteresis material constant (in accordance with IEC)
1 h .
ﬂa=m'ﬁ?}h/ﬂiz=2”'ﬁ'#o'ﬂs 1/mT
m Hysteresis core constant A TH12
k, Voltage distortion factor
a Temperature coefficient (previously “7C") 1/°C; 1/K
af Relative temperature coefficient of the material 1/°C:; 1/K
(previously TC/u; ar in accordance with IEC)
A Temperature coefficient of effective permeability a, = a z—
1
t Time s, h
T Temperature oC
d Disaccommodation coefficient
DF Relative disaccommodation coefficient DF = d/y;
SIA Core factor mm~!
ZI/A? Core factor magnetic mm?
A Effective length characteristics mm
A, Effective area mm?
’A Effective volume J mm?
R Resistance Q
Ry Hysteresis loss resistance of a core Q
R, Effective loss resistance of a coil Q
R, Series loss resistance of a core Q
R, Parallel loss resistance of a core Q
R, Residual or after-effect loss resistance of a core Q
Rey Winding resistance (f = O) Q
Ty DC current time constant ¢, = L/Rc, = AL/AR s
fou Copper factor
o Resistivity Qmm; Qm
Ag Resistance factor, Az = Rc/N? nQ =107°
Iy Average length of turn mm_
An Winding cross section mm
& Rel. dielectric constant
As Magnetostriction at saturation magnetization
s Total air gap mm
V4 Complex impedance Q
ty Pulse duration S
AB Flux density deviation mT
S Current density A/mm?

17




Definitions

1 Permeability

The magnetic flux density (induction) inside an inductor with a ferrite core is composed
of the magnetic flux density of the vacuum u, H and the magnetic polarization J of the
ferrite:

B=uoH+J
Mo = magnetic field constant.
Here, the so-called relative permeability or magnetic constant y is introduced, defining:

B=puuoHoru =1 . B

Ho H
See also definitions in IEC publications 125, 205, 218, 219, 367.

1.1 Initial permeability y;

The initial permeability is defined as the ratio of the variation of flux density A B to
that of the field strength A H in very weak ac fields (A H - 0), measured with a mag-
netically closed core (toroid). A measuring flux density of less than 0.25 mT is recom-
mended.

— 1 ABIALI»{\\
Hi = ,u; : ﬁ\un'ﬁw-

1.2 Effective permeability u,, dimensional parameters, calculation of the air gap.

If an air gap is introduced in a magnetically closed core, e.g. a toroid or pot core, the
permeability is lower than that of the same core without air gap. This smaller perme-
ability is due to the higher reluctance of the air gap, and is called effective permeability.
Its value depends not only on the core material but also on the shape and dimensions
of the core.

Lo

1
o N2 <A

He

2 —lg— and 2 71’7 are the core factors, the method of summation being specified in

IEC publications 205, 205 A, and 205 B. By means of these factors the effective
dimensions can be calculated as follows:

i i = /2 1
effective magnetic length 1, (E Z) /5 yY

. . /
effective magnetic area A, =1, / Xz a
effective magnetic volume Vo = 1, - A

The magnetic data is indicated on the pages of the individual core versions.
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Definitions

From these parameters the inductance, for example, can be calculated:

/
L= pouN? / B4
or in the case of ungapped toroids,

_ 2 d,
L= 27r/li/.loN hlndi
(where d, and d, are the outer and inner diameter and h is the height of the toroid).
By way of approximation, for s </,

= Hi
1+ 2y,
e

He
/

1.3 Apparent permeability u,p,
This is defined as the relationship between the inductance L of the inductor with a
magnetic core and the inductance L, of the same inductor without core, so that

_ L
Happ = L

This definition is preferably used with cylindrical, tubular and screw cores where,
because of the substantial stray inductances, a clear identification either of initial or
effective permeability is not possible.

The apparent permeability u,,, of a given core material is a function of the core shape,
the position of the winding with respect to the core, and of the coil data. A simple
comparison of the apparent permeabilities of cores made of different materials is
therefore only possible if these conditions are identical.

The apparent permeability u,,, is, in general, lower than the effective permeability ..

1.4 Reversible permeability y .,

When a ferrite core is magnetized with a dc field H_ upon which a weak ac field
H~ is superimposed, the ac field produces a small lancet-shaped hysteresis loop which
changes to a straight line as the ac field is reduced. The slope of this line is called
“reversible permeability”.

-1 im|AB
Frev = o AH|H. AH~0

19




Definitions

The reversible permeability u ., is a function of the dc magnetic bias.
It usually reaches its maximum value when the dc field strength 4_ is zero. In the case
of toroids it is identical with the initial permeability w;.

It is not possible to determine from toroidial core data what effect the dc magnetic
bias has on other core shapes. For this reason, the magnetic bias curves are given
separately for specific core shapes.

For stability reasons, a dc bias should be avoided with high Q filter coils if possible, or
its effect should at ieast be sufficiently reduced by an air gap (see para. 9, disaccom-
modation).

1.5 Complex permeability z

With the (relative) complex permeability uz, the impedance Z of an inductor with
ferrite core can be described on the basis of the law of induction as follows:

Z=J0F Lot ypere L, is the inductance of the inductor without the core".
N2A,
LO = Mo /
e

On the other hand, an inductor with a ferrite core can be represented in an equivalent
circuit by a lossless self-inductance L; connected in series with a loss resistance R,
which is attributable only to the ferrite core material. The impedance Z can therefore
be given by:

Z = jwls+ AR,
By equating, one obtains the complex permeability:
— LS : RS

N Y
The real part:
oo Ls Lk
Hem Ly~ moN?A,
represents the inductive permeability, and the imaginary part:
R, _ R/,

wly ©poN?A,

rr

the resistive permeability determining the core losses.

" Lo = inductance that would be measured if the core had uniform permeability, the flux distribution remaining un-
altered (in the case of toroids).

20



Definitions

The loss factor of the core is then:

" R
tan 6 = ﬁ—s— =

Hs  wl
In certain cases it is useful to employ the parallel equivalent circuit:
From

= 1

2= 7 /Ry +1/jwl,

the real part is found to be:
L L1,

W, = o = e
P Lo ﬂoNer

and the imaginary part:

v Fo Y and

Ko™ ol @ uoN? A,

tané:ﬁ;?—:ge

R

P P

The relations between series and parallel terms are given by:
Ko = i (1+tan?d)and

Wy = {' (1+1/tan?6,

Due to the influence of the hysteresis losses (see 6.5), R;, R,, and tan 6 depend on the
measuring field strength, but since the value for a negligibly low field strength is nor-
mally given, the loss factor includes only the remanence losses (also called the resi-
dual losses, see 6.1), so that:

tan 6 = tand,.

The variation of u’, and u”, of Siemens ferrite materials with frequency was measured
at flux densities < 0.1 mT. For ferrite materials with higher permeability, low resistivity,
and high dielectric constant, the shape of the curve largely depends on the dimensions
of the core sample because eddy currents are allowed to be built up over the full core
cross section (volume resonance).

An example of this is shown on page 47 covering measurements at three toroids of
different heights made of a manganese zinc ferrite.

For these reasons, cores with smaller magnetic area can be used at higher frequencies.
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Definitions

2 Inductance factor A,

It has been found useful to employ the magnetic conductance (permeance) in the calcu-
lation of the inductance or the number of turns of coils and this is called “inductance
factor A" or “A, value”. The A_ value is the inductance L per unit turn

L He " Ho . e

A = —5; A === (for measuring conditions see below).
LT N2 =4 ! 9 )

The A, value is conveniently expressed in nH = 107° H. Accordingly, the inductance L

of a coil is obtained in nH from the given A, values and the number of turns.

Occasionally, the so-called turns factor ¢ (also designated K or «a) is used for deter-
mining the number of turns in accordance with the formula

N = cyL

where L is expressed in mH. When c is expressed in 1/)/ mH and the A, value in nH,
the conversion factor from A, to c is

= 10°
VA

Gapped ferrite pot cores are ground to specific A, values; air gap dimensions are
typical values. The A, and y, values given in the data sheets apply to standard coils
with defined winding data, at frequencies up to 10 kHz, a flux density of 8 < 1 mT
and without glueing and sealing. The measuring pressure should correspond to the
holding force of the mounting assemblies indicated on page 88. Care should be taken
that a good centering of both pot core halves and clean surfaces are ensured.
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Definitions

3 Resistance factor Ay

The resistance factor Az or Ag value, is the dc resistance R¢, per unit turn, analogous
to the A, value:

R,
An =yt

When the Ag value and the number of turns A are given, the dc resistance R, is equal
to Az M. From the winding data etc. the A, value can be determined:

- P In
AR fCu AN

where

p is the resistivity (for copper: 17.2 pQ mm), Iy the mean length of turn in mm,
Ay the cross section of winding space in mm?, f;, the copper factor. If these units
are used in the equation, the Ag value is obtained in pQ = 107¢ Q.

For coil formers, Ag values are stated in addition to Ay and /. They are based on a
copper factor of f, = 0.5. This permits the Ay value to be calculated for any copper
factor 7, according to the formula

0.5
AR (£.) = AR(0.5) 7
cu fou

The following diagrams show the copper factor of wires and litz wires versus their
nominal diameters in mm and the number of strands:

Copper factor 7, for litz wires Copper factor £, for wires
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The cross section of the useful winding space, as given in the data for each coil, is
smaller than that calculated from the dimensions of the drawing. It is an empirical
value which takes into account that the winding space is not fully utilized because the
wire ends are brought out and the top layer is incompletely wound.

4 Time constant
The time constant 7 is defined as the ratio of the inductance L to the loss resistance R
T =L/R.

At low frequencies coil losses are essentially caused by the dc resistance R, the dc
time constant being

Tcu & L/RCu-

According to paragraphs 2 and 3, the dc time constant can simply be obtained from
the equation

Tcu = A/AR

5 Magnetization curves
5.1 Static (steady field) magnetization curves

The static magnetization curves shown on pages 54 to 60 were measured at room
temperature by the ballistic galvanometer method. Curves are also shown at a temper-
ature of 100 °C/212 °F for those materials which are frequently used at higher flux
densities.

. - B_ .
The relative total permeability u,,, = T Was determined from the curve of normal
magnetization (new curve). Ho 11—

5.2 Dynamic (alternating field) magnetization curves

The graphs on page 61 show the dynamic magnetization curves of the ferrite materials

K1, M 33, and N 22 at various frequencies. The amplitude permeability can be deter-

mined from B ~ ~

the relationship y, = o A in which B and H are the peak values of effective flux den-
0

sity or effective field strength respectively.

When designing power transformers, for example, it is often necessary to calculate
the peak values of magnetic field strength and magnetic flux density:

o I-NYZ . Y2V [vs ]
H= A and B = ———wNAe m? orT

if VinV, win Hz, 4, in m?

V2 Vx10°  0.225x Vx 10°

B = =
and w NA, FN-A

[mT] if A, in mm>.
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VAN 9
B= 0.25-V-10 [mT]
f-N-A,

applies to square-wave voltages when A, is given in mm2.

5.3 Coercive force H, and remanence B,

When a hysteresis loop is drawn in the usual manner with flux density B as the ordi-
nate and field strength H as the abscissa, H, is the field strength at which the ioop cuts
the axis of the abscissa. The point where the hysteresis loop intersects the ordinate
is called the remanence B..

5.4 Saturation flux density B,

This is the value reached by the flux density £ at high field strength. The flux densities
shown on pages 42 and 43 (material survey) are already close to the saturation point.
They were measured at a field strength of 3000 A/m. Values obtained otherwise are
marked accordingly.

6 Core losses

In ferrite materials, the core loss resistance R, (see para. 1.5) with weak magnetic
fields (up to about 2 A/m) is essentially caused by the residual loss resistance R, and
the hysteresis ioss resistance A,. Eddy currents are oniy of secondary importance be-
cause of the low conductivity, especially at low frequencies.

6.1 Relative loss factor

In a gapped core, the material loss factor tan 6 of the core is reduced by the factor u./u;.
The table of the material characteristics (pages 42 and 43) and the graph (page 45)
give the loss factor as relative value y;: tan 6/u;.
The effective loss factor for a gapped core is therefore:

tan &
tan g, = He

HMi

The residual loss resistance R, is given by
R, = w L tan §,

6.2 Optimum frequency range

The relative loss factor tan 6/u; is plotted against the frequency for ferrite materials
on page 45. These curves provide a quick reference for the selection of ferrite
materials for high Q inductors. The curves of u'; and u”, of the complex permeability
® on pages 46 to 47 are generally more suitable for designing broadband transformers
and attenuators.
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6.3 Upper frequency limit £,

The upper frequency limit is that frequency at which the loss factor curve has not
yet begun to rise too steeply. This is approximately the case when the Q factor of the
toroid is about 50 or when tan ¢ is about 0.02. The Q factor below the limit frequency
or for gapped cores is much higher.

6.4 Lower frequency limit £,

The lower frequency limit is that frequency at which a change to the material with the
next higher permeability is recommended because of its lower losses.

6.5 Hysteresis loss resistance R,, hysteresis material constant ng, and hysteresis core
constant 7;

If the loss resistance of an inductor with a ferrite core is measured at different flux
density levels, it is found to increase with flux density as a result of hysteresis. Since
this hysteresis loss resistance R, can increase to differing extents in different flux den-
sity ranges and at different frequencies, measurement should be carried out at 8 = 1.5
and 3 mT (4B = 1.6 mT) and at f = 10 kHz for y; values greater than 500, complying
with an IEC recommendation.

If the inductance bridge can only adjust current and not voltage, a flux density of 3 mT
can be obtained for a ferrite material with 4, = 2000 and an effective field strength
of 0.85 A/m as follows:

B =y uo H=2000x1.257 x 10°®x0.85 x v/ 2 = 3 [mT]

The hysteresis material constant 7 characterizing the hysteresis losses, is independent

of the influence of the air gap, unlike the previously used hysteresis coefficient A/u?:
__Atang, _ AR,

78 Lo AB w L p, AB

The hysteresis loss factor of an inductor can be reduced at constant flux density by an

(additional) air gap according to

A tan &, = i"z"

=8 Aé HMe-

The material survey on page 42 shows the hysteresies material constants measured
with toroids R 10, 10 mm in diameter, at 10 kHz and at the flux density interval A8
specified above.

The magnetic characteristics indicated in this survey apply to the Rayleigh range'’. The
permissible range of modulation increases with decreasing initial permeability. Since
often the specifications of inductors do include current, inductance, and frequency
but disregard field strength and flux density, a hysteresis core constant 5, is defined
‘in accordance with IEC publication 125:

"' Rayleigh range = range of linear dependence between flux density and field strength.
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_ tan Oy _ R,
METNT T I

The relationship between both constants being

3
- Mo Me
n=n "V Vv

e

n; establishes a relationship between core size, effective permeability, and hysteresis.

The previously used hysteresis coefficient /u? is still often applied. Conversion is done
according to the following equations:

ho_ . _ 1 ._h
u? = 2mV2 o e T2 V2 p AR
which can be simplified to:

h 1
s = 0.896 x 7 }:ﬁ}

Example with h/u? = 0.8 x 107® [cm/Al: 75 = 0.896 x 0.8 x 107° = 0.71 x 107° [_‘T_}
m

3
S Y R VA
" 2r- V2w V o Ve
For further information refer to IEC publications 205 and 401.

The distortion factor k is proportional to the hysteresis loss factor tan ,, (in the Rayleigh
range).

. . . . . 3
If the current is sinusoidal the voltage distortion factor k, approximates 5 tan é&.

6.6 Power loss P, at higher flux densities

The power loss P, of ferrite materials which are useful at higher flux density levels
versus frequency is shown on page 113, with flux density levels given as parameters
(measured with toroids R 16). The total losses versus temperature are indicated on
page 112 for materials N 27, N 41, N 47 and N 67, which are particularly suitable for
power transformers.

7 Q factor and loss factor tan ¢, of inductors

The ratio of the reactance to the total resistance of an inductor is called the Q factor:

wl 1 _ reactance
R, tan 6, total real resistance

Q=
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where
R, = resistance in series with inductance L,
tan 6, = loss factor of complete inductor.

The measuring technique determines only inaccurately the loss components — losses
per core and losses per winding — especially for gapped pot cores. Examples are there-
fore given showing the Q factor versus frequency.

The so-called ISO Q curves were determined for some core types from these Q factor
versus frequency curves.

8 Influence of temperature
8.1 Curie temperature

This is the temperature at which ferrites practically lose their magnetic properties.
With ferrite materials, this transition occurs fairly abruptly. The phenomenon is
reversible, i.e. when cooled to a point below Curie temperature the material becomes
magnetic again. See pages 42 and 43 for the Curie temperature of the materials.

8.2 Temperature dependance of initial permeability y;
and relative loss factor tan /y;

The curves for both values versus temperature are shown on pages 48 and 49. In the
range +5 °C (+41 °F) to +55 °C (+131 °F) variation of the loss factor with temper-
ature is of minor significance as in most cases the variation of the copper resistance
has the greater effect on the Q factor of inductors.

8.3 Temperature coefficient a of permeability
The temperature coefficient of the initial permeability is defined as follows:

— M1, !
Hin L—T
initial permeability at temperature T, (20 °C to 25 °C/68 °F to 77 °F)

a=/12

HMin
iz = permeability value at temperature T,

In a magnetic circuit with an air gap and the effective permeability 4, the temperature
coeff|0|ent of the material is reduced by the factor ,u,,/,ul Hence, the formula for gapped
cores is
aeza&=/‘i2—/‘i1_ 1 . HMe

Hi Hin nL—-—T W
The magnitude a/y; is the “relative temperature coefficient” a;. It is indicated in the
material survey (page 42 and 43) throughout the range between +55 °C/131 °F and
—25 °C/—13 °F. The effective permeability u,, necessary for calculating the temper-
ature coefficient of the core, is mentioned under special core data. The diagrams on
pages 52 and 53 also show data for an extended temperature range.
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There, the relative inductance change between two temperatures can be determined
with the help of the permeability factor (u; — ui1) / w4 = pin according to:

A L iul Hi .
L HMi® Mi

Moreover, o/u; values are also given for some temperatures in accordance with the
|EC recommendations. It should be taken into account that the temperature coefficient
of the complete inductor may largely differ from that of the core, since various para-
meters such as winding design, assembly (support pressure, glueing), leakage flux
etc. also determine the temperature coefficient of the complete inductor.

a
ezg'/‘e'(T— T‘l)zaF',ue(T— T1)

As far as pot cores are concerned, the a/u; values (data on pages 52 and 53) are referred
to measurements with standard inductors at frequencies up to 50 kHz, a flux density
B of less than and equal to 1 mT, and a measuring pressure which corresponds to the
support forces indicated on page 88.

For further information refer to the book by Kampczyk/Rdss on “Ferrite cores”, published
by Siemens-Verlag.

9 Disaccommodation

Disaccomodation is the variation of permeability with time under constant operating

Aitinne o iallv at nmn
conditions, especially at constant temperature. Tests over a period of a few years have

shown that a few hours after production the permeability of a ferrite core decreases
almost linearly, if time t is plotted logarithmically. Therefore, characteristics have been
introduced:

the disaccomodation coefficient

g =tk 4y = permeability at time ¢,
. |ogt—2 (t, > t),
! t , = permeability at time t,
and the disaccomodation factor independent of effective permeability u,
d —
DF = — 100 5 10 5 10 5 10° 5 10 5 10°min
Hin 0 =<1 T I ]
‘} "*!\_\ H T E— ‘i - - S —
Hieln | I RO I A
4in |
T - |
- e
,Z [ ‘F |
Y S

%

Hence it follows from the indicated measuring points at #; and f,: d = 0.6% and at
o = iiy = 2000; DF = 3 x 1076,
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Magnetic, thermal, or mechanical stress can, once more, cause a decrease in perme-
ability with time. The data in the material survey (page 42 and 43) is referred to a
thermal stress of at least 170 °C/338 °F and is measured at times ¢; = 2 hours and
t, = 20 hours after the test. Experience has shown that the value obtained by this
method is almost identical with the long-term value desired.

After a magnetic shock (value of demagnetization in an alternating field) shorter periods
of time t; and ¢, can be selected than after thermal stress. After periods below 2 hours,
generally, lower values for the disaccommodation are obtained than at periods longer
than two hours.

An air gap reduces every inductance variation by the factor u./u;. It can be said that

L1‘_L2 t
2= pF -, - log 2
L Ho 109

Example:

For a pot core 22 dia x 13 of material K 1 with an effective permeability of u, = 15.9
(A, value = 40 nH) and a disaccommodation factor DF < 35 x 107® which has been
placed in operation at a time t; = b weeks (after production) and which should function
at least until time ¢, = 10 years (appr. 500 weeks) a max. inductance variation 4 L/L of

< 35x107%x15.9 x log 500

5 i.e. < 0.11% can be expected.

10 Resistivity

The material survey (page 42 and 43) also provides information on the resistivity p,
measured at room temperature, low current density (< 0.01 mA/mm?), and with
Indium-Gallium junctions. Higher values are normally obtained using some other types
of juncton, for example highly conductive silver.

The effect of frequency on resistivity with material N 48 is shown in the following
table:

—

f kHz 10 100 500

0 Qm 1,0 | 095| 065

The effect of frequency on resistivity with highly resistive ferrite materials, e.g. K 1,
is negligible.
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11 Dielectric constant

Highly conductive ferrite materials exhibit a high relative dielectric constant (¢,) at
low frequencies which is based on a layer effect of the fine grain structure. At high
frequencies, all ferrite materials approach the dielectric constant of the crystalline
ferrite material (¢ approx. 10 to 20). Ferrite materials with a low conductivity already
display these characteristics at lower frequencies, as is shown in the following table:

Ferrite Resistivity Dielectric constant ¢ at
material
Qm 10 kHz 100 kHz 1 MHz 100 MHz | 300 MHz
approx. approx. approx. approx. approx. approx.
K1 108 30 15 12 11 11
N48 1 140x10° | 50x10° 30x10°

12 Magnetostriction

Linear magnetostriction is defined as the relative change in the length of a magnetic
core under the influence of a magnetic field. The greatest relative variation in length
A = Al/l occurs at saturation magnetization. The values of the saturation magneto-
striction (4,) of ferrite materials are given in the following table (negative values
denote contraction).

Ferrite K12 K1 N48
material
Aein 107° -21 -18 -1,5

Magnetostrictive effects in ferrite power transformers can produce audible whistling
similar to that in laminated iron cores, particularly when gapped U or pot cores are
used. Satisfactory mounting of the parts is therefore absolutely necessary.
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Siemens ferrite parts are manufactured to a large extent in accordance with the
requirements laid down in the DIN standard and IEC recommendations. The relevant
standards are specified in the summaries preceding each type series and in the
individual data sheets. It would take up too much space here to enumerate all ferrite
standards but the following are mentioned because of their general significance:

DIN 41280 (1983)

DIN 41290 (1972)
IEC 367-1 (1962)

Soft-magnetic ferrite cores: Material properties

Soft-magnetic ferrite cores: Calculation of the effective parameters
Cores for inductors and transformers for telecommunications
Part 1: Measuring methods

IEC 205 (1966) Calculation of the effective parameters of magnetic piece parts.
IEC 205A (1968)

IEC 205 B (1974)

Whereas the DIN and IEC standards predominantly define the dimensions and de-
signations of the core types, the European quality assessment system of the CECC
and the harmonized DIN-CECC standards define methods of measurement and quality
levels. Since 1982 the so-called IEC Q-system has been worked out in the IEC; this
is a quality assessment system analogous to the CECC but applied worldwide.
CECC and IEC Q have the same structure.

A basis specification is followed by the generic specification and sectional specification.
The core types are described in the detail specifications with the blank detail speci-
fications containing all the specific provisions.

The IEC quality standards are characterized by a double number. There is only
partial agreement between IEC and CECC quality stipulations. IEC 367-1 mentioned

above is used chiefly as a basic specification.

The following list shows the correlation between the |IEC-Q standard “Cores for
inductors and transformers for telecommunications” with the CECC and DIN-CECC:

Generic specification IEC 723-1/QC 250000 CECC 25000 DIN 45970 part 10
Sectional specification IEC 723-2/QC 250100 CECC 25100 DIN 45970 part 11
Blank detail specification IEC 723-2-1/QC 250101 CECC 25100 DIN 45970 part 11
Sectional specification IEC 723-3/QC 250200 CECC 25200 DIN 45970 part 12
Blank detail specification IEC 723-3-1/QC 250201 CECC 25200 DIN 45970 part 12
Sectional specification (in preparation) CECC 25300 DIN 45970 part 13
Blank detail specification (in preparation) CECC 25300 DIN 45970 part 13

CECC 25400 DIN 45970 part 14
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Quality Specifications
(Delivery Quality, Sampling Inspection, AQL Values)

1 Delivery quality
This term designates the conformity with the agreed data at the time of delivery.

2 Sampling inspection

The customer may carry out incoming inspections which are subject to standardized
sampling inspection plans specifying the acceptance or rejection of a delivery lot in
conjunction with the fixed AQL (acceptable quality level) values. Siemens, as component
manufacturer, uses the same system for the final inspection on the basis of the test
and failure criteria explained in para. 3. The scope and maximum permissible number
of defects of a sampling inspection are specified in DIN 40080 (identical with
MIL STD 105D and IEC 410), single sampling inspection plan for normal inspection
level Il. The sampling instructions are such that a delivery lot will be accepted with
a high degree of probability (>90%), if the percentage of defective components
does not exceed the specified AQL value. Generally, the average defect percentage
of our component deliveries lies clearly below the AQL value due to appropriate AQL
tests in the supplying factories.

3 Classification of defects

A component is considered defective if it does not comply with the specifications
stated in the data sheets or an agreed delivery contract. A distinction is made between
major defects and minor defects. The total failures defined for passive components
(e.g. capacitors, resistors) are not applicable to ferrites, since ferrites are not complete
components but shaped electromagnetic parts.

Major and minor defects of mechanical properties are:
a) Pot cores
Major defects: Minor defects:

h
thin h2rnax
d
d2min dZmax
d3max d3rnin
4 NN NN
fﬁ SV
3 . .
_'__.SF ///;/“é////ll
b) RM cores
Major defects: Minor defects:
hs
h2min h2max
hs
dzmin dZmax
dSmax d3min
ds
a
Cc
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c) E cores
Major defects:
b

€min

a

gmin

fmax

Cmax

t

d) ETD cores
Major defects:

b
€min
a
d1max
d2min

Cmax

t

e) U cores
Major defects:

b
€min
a
Gmin

Cmax
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Minor defects:
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Quality Specifications
(Delivery Quality, Sampling Inspection, AQL Values)

f) Toroidal cores

Major defects: Minor defects: 5 %
<

hmax hmin

d1max d1min . 01max =

d2min dZmax d2min

N/

The major defects (primary dimensions) are checked with gauges. The gauges used
have the dimensions specified in DIN 7151, on the basis of the manufacturing
tolerance and allowance for wear in DIN 7151, ISO tolerance series 8.

Thus the gauge tolerance for the dia 14 x 8 pot core with an outside diameter of
14.2 mm is 31 um, i.e. parts with an outside diameter of 14.23 mm are still evaluated
as “good”.

Reference should be made to IEC publication 424 for assessment of cracks and
spalling.

Major and minor defects of electrical properties are:

a) Pot cores and RM cores
Major defects: Minor defects:

A, value tan 6/u;
g
a/p;
DF

The test for minor defects is application-oriented.

b) E, ETD and U cores

For these cores testing of major and minor defects is customer-oriented.
Unification has not been successfully achieved so far.

c) Toroidal cores

Major defects:
A, value
Testing of the minor defects is customer-oriented.

4 AQL values

Individual AQL for major defects (electrical and mechanical) 1.0
Individual AQL for minor defects (electrical and mechanical) 4.0
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5 CECC quality assessment

Some pot cores and RM cores made of N48 material can be supplied in accordance
with the “European CECC quality assessment system”. In accordance with this the
cores are tested and documented in conformity with the following testing schedule.

Testing schedule for CECC quality assessment

Group Test AQL

A visual inspection 1,5%

(lotwise) dimensions primary 1%
dimensions secondary 4%
inductance factor 1%

B loss factor or quality 4%

(lotwise) hysteresis 4%
temperature coefficient 4%
disaccommodation 4%

C compressive load 15 sets 1 defect

(periodical) every 6 months

The following types of cores can be supplied with CECC quality assessment (sectional
specification DIN 45970, part 11 or CECC 25100):

Type specification Core type A, value (nH +%) Ordering code
DIN 45970 RM 5 160 + 3% B65805-C160-A
part 1112 200 + 3% B65805-C200-A
250 + 3% B65805-C250-A
>1250 B65805-C—R48
DIN 45970 RM 6 200 + 3% B65807-C200-A
part1113 250 + 3% B65807-C250-A
315 + 3% B65807-C315-A
400 + 3% B65807-C400-A
> 1600 B65807-C—R48
DIN 45970 RM 8 250 + 3% B65811-D250-A
part 1114 315 + 3% B65811-D315-A
400 + 3% B65811-D400-A
630 + 3% B65811-D630—-A48
2000 B65811-D—R48
DIN 45970 Pot 100 + 3% B65541-K100-A
part 1116 014 x8 160 + 3% B65541-K160-A
250 + 3% B65541-K250-A
315+ 3% B65541-K315-A
> 1600 B65541-K—-R48
DIN 45970 Pot 160 + 3% B65651-K160-A
part 1117 218 x11 250 + 3% B65651-K250-A
315 + 3% B65651-K315-A
400 + 3% B65651-K400-A
2200 B65651—-K—R48
"DIN 45970 Pot 250 + 3% B65661-L250-A
part 1118 ?22x13 315 + 3% B65661-L315-A
400 + 3% B65661-L400-A
630 + 3% B65661-L630—-A
2800 B65661-L—-R48
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Ferrite Materials

1 General material data

The ferrites used are magnetic ceramic oxides. They consist of mixed crystals which
are compounds of Fe Ill oxide Fe,O; with one or more oxides of bivalent metals
such as FeO, NiO, ZnO, MnO, CuOQ, Ba0, CoO. They have a much higher resistivity
than metallic materials; the resistivity is 10° to 10° Qm compared with 1077 to
1078 Qm for metallic materials. Contrary to metallic cores, most ferrites have negligible
eddy current losses in an alternating magnetic field.

Siemens ferrite cores are well-known under the trademark SIFFERIT®.

1.1 General technical data

Tensile strength approx. 20 N/mm?2
Resistance to compression approx. 100 N/mm?

Vickers hardness HV,; approx. 8000 N/mm?

Modulus of elasticity approx. 150000 N/mm?2

Heat conductivity approx.4... 7-103J/mm-s -K
Linear expansion coefficient approx. 7...10 - 107¢/K

Specific heat approx. 0.7 J/g ‘K

1.2 Resistance to moisture

Ferrites are moisture, water and also sea-water-resistant, but can be corroded by
several acids in high concentrations.

1.3 Resistance to radiation

Ferrite materials can be exposed without significant variation ( AL/L < 1% for un-
gapped cores) to the following radiation:

gamma quanta 10° rad
quick neutrons 2 x 102° neutrons/m?
thermal neutrons 2 x 1022 neutrons/m?

1.4 Shrinkage due to the sintering process

The burning or sintering process produces a considerable shrinkage of the molded
body, linearly by 15% and 40% by volume. For this reason, often a slight distortion
must be accepted, when the cores are not worked after the burning and sintering
process. The dimensional tolerances of unworked parts are +2 to +3%.
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2 Application survey

Application Frequency range Flux density
(MHz) low" high
High Q inductors in resonant .01 X
circuits and filters 02...1.6 X
1.6...12 X
6...30 X
. 100 X
High Q inductors in resonant 02...16 x
circuits and filters (open) 15...12 X
10...300 X
Transformers with flat 0.3 x
permeability characteristic Y
Broadband transformers
(e.g. antenna transformers .32 X
for MW, SW, VHF, TV)
and pulse transformers for EDP
.52 X
.10 X
. 250 X
. 400 X
Power transformers, chokes
(e.g. for switched -mode power supplies .01
pulse transformers, TV line transformers
transducers ignition coils etc.)
1
Attenuators . 500 X
Proximity switches 1 X
.2 X

" Low flux density up to approx. 10 mT (Rayleigh range).

20 Upper frequency limit also depends on core dimensions (in pot core filters also on gap).

3 Upon request
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Type

N 48

M 33

K1

K12

u17

Pot, RM, gapped TT cores

M 33

K1

ui17

Screw cores

N 48,N 30, T35, T38

Pot, RM, X, Q, EP, E cores

N 30

Pot cores
Double-aperture cores

N 30, T35, T38

Toroids, EP cores

N 48 Pot cores
E cores
M 33 Pot, RM cores
Pot cores
K1,K12 Double-aperture cores
u17 Double-aperture cores

N 27,N41,N67

U cores, toroids, TT cores
Pot, PM, RM cores
E, EC, ER, ETD, CC cores

N 47 RM cores

N 22 Shielding beads
N 22

M 33 Pot cores
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Ferrite Materials

3 Material characteristics

The values for ferrite materials were measured with toroids R10 and are, unless otherwise
stated, related to room temperature

Standard
Preferred application Resonant circuit inductors Broadband transformers
Material K1 M 33 N 48 N 26 N 30 T35
Color code violet white - - - -
Initial permeability 80 7501 2000 2300 4300 6000
i +20% +20% +20% +20% +20% +20%
Optimum fmin | MHz 1.5 0.2 0,001 - - -
frequency range fmax | MHz 12 1,0 0,1 = - -
Relative dissipation factor f, 10-6 <40 <12 <0,5 - - -
tan &/ frmax <100 | <20 <25 <54 - -
Curie temperature °Cc >400 >200 >150 >150 >130 >130
Coercivity A/m 500 100 20 20 13 6
Flux density B
at i = 3000 A/m mT 360 450 390 390 380 380
DC resistivity p Cm 105 5 3 2 0,5 0,2
Hysteresis material constant7g JnOT-S <36 <18 | <04 | <15 | <11 <14
Relative temperature
coefficient a/u;
for20to 55°C/68 to 131°F 10-6/K | 2...6 0,5...2,3| 0,4...1,0] 0...1,56 - -
for 20 to 5°C/68to 41°F 1...5 0,5...2,56| 0,4...1,0] O... . -
for 20 to —25°C/68 to —13°F 1...5 0,5..30f 04..1,5] - - -
Mean value of a/ui -6
K| 4 -
for +20 to +55°C/+68 to 131°F| "0 -6 o7 ! o7
Disaccommodation factor DF
at +60°C/140°F 1076 <35 <12 <4 - - -
at +20°C/ 68°F 20 8 2 - - -
Density kg/m3 4400 4500 4700 4700 4800 4900
Core shapes Pot Pot Pot RM, EP | RM, EP
RM RM RM pot pot
threaded, threaded| X Q, X QX 1T
toroids | toroids | TT cube E
double- Q toroids
aperture EP double-
aperture

1) u; = 600 £20% applies to screw cores.

2) Upon request

3) perminvarferrite; irreversible changes in quality and permeability occur with strong fields in the core (about
> 1500 A/m).

4) At 100 kHz
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materials Special materials

Resonant circuit inductors Proximity switches
Power transformers Transformers, chokes and small parts
T 38 N 47 N 27 N 67 N 41 U 602 U173 K12 N 22
- - - - - pink grey yellow red
10000 1400 2000 2300 3000 8 10 26 1900
+ 30% +20% +20% +25% +20% +20% +20% +25% +25%
- - - - - 100 10 3 0,001
- 1,0 0,15 0,3 0,15 1000 220 40 0,2

- - - - - <2000 | <100 <1560 <2
- - - <1700 | <600 <20

>130 >200 >220 >200 >220 > 350 >550 >450 > 145

4 35 20 18 20 1000 1500 1200 30
380 430 510 505 510 110 - 145 390
0,1 4 3 4 2 105 105 105 1
<14 <0.,8 <16 <14 <14 - <27 <45 <14

- 3 ..14] 0,6...1,6
- -0,5..12 0,6...1,8
- - -1 ..12} 0,7...2,3

0,5 1 3 4 4 150 40 10 0,9
- - - - - - - <50 <7
- - - - - - - - 4
4900 4700 4800 4800 4800 4000 4300 4300 4700
RM, EP | RM Pot ETD, Pot only Double- | Pot Proximity
pot toroids | RM, TT | RM RM upon aperture switch
Q PM, CC | (upon request | threaded shielding
toroids E,U request) pot beads
tarnide
welding
rods

Data for power applications are given in chapter “Cores for power transmission.”
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Ferrite Materials

3.1 Measuring conditions

The values for ferrite materials, given in the preceding table, were measured with toroids
R10 (10 mm in diameter) and are, unless otherwise stated, related to room temperature
(23+3)°C/(73+5.4)°F.

Due to reasons of functional efficiency, this data does not generally apply to products
of deviating shape and size. Product-referred values are to be found on the corresponding
data sheets.

The specifications in the material table are subject to the following measuring conditions:

Frequency f Flux density 8 Other
mT conditions
Initial permeability Wi <10 kHz <0,1
tan
Relative loss factor 8 see table <0,1
Hi
Curie temperature Te <10 kHz <0,1
Peak value of the flux density B . 0
N NP static 3000 A/m
(=~ saturation flux density B,)
DC resistivity P <10 A/m?
4 2500: 10kHz | 1,5and 3
Hysteresis material constant 78
ui<500: 100kHz | 0,3and 1,2
for
Relative temperature coefficient a/y; <50 kHz <0,1 temperature
refer to table
for
Disaccommodation factor DF <10 kHz <0,1 temperature
refer to table

For explanation of the terms refer to para. “Definitions”.
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4 Specific material data

Relative loss factor
versus frequency
-1
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Measured with toroids R 10.
Measuring flux density 8< 0.1 mT.
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Ferrite Materials

Complex permeability
versus frequency
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Measured with toroids R 10. Measuring flux density B < 0.1 mT.
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Complex permeability versus frequency

N 27, N 41 N 30,T35 T38
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Influence of the core size on the fre-
quency characteristic of the complex
permeability, measured with a toroi-
dal core of manganese zinc ferrite
N 47,N 67 Parameter: Core height h.
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Measured with toroids R 10. Measuring flux density 8 <0.1 mT.
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Ferrite Materials

Initial permeability and relative loss factor
versus temperature
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Measuring flux density 8 < 0.1 mT.
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Initial permeability and relative loss factor
versus temperature

N 48
3000 5.107¢
fand
ot L 4
A, — //, \ T
2000 = —
3
// ///
N tan 6 /u;
f=100kHz
2
1000
1
0 110
-60 0 20 100 200°C
—w= T
N 30,T 35
10000
\ /N
! 8000 T35 \
Y
Prd
6000
yd Nﬁ L~
I/ Y =
0 /)
400 7
2000

0
-60-40-20 0 20 40 60 80 100 120140 160180°C

—_— T

Measuring flux density B < 0.1 mT.

N 26
3000

L

t 2000

1000

0
-60 0 20 100 200°C

T38

20000

15000 7

10000

5000 L2

0
-60-40-20 0 20 40 60 80 100 120 140°C

—T

49




Ferrite Materials

Initial permeability versus temperature
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Ferrite Materials

Variation of initial permeability
versus temperature

o N 30; =~ 4300 o, T 35; 4 ~ 6000
300'—‘ -1 B o 1T T ‘; 20

- ‘,;.,.,E. I I
|

10 -

. 0 ;
l]'llnz ‘ | Mi-Eil A

L
1
i

0
20 40 50 60 70 40 302010 0 10 20 30 40 50 60 70°C

— T - 7

., T 38; u, ~ 10000

W — —T

Hi-din w
] ‘
Tn 10 /-—/71

|
|l .

‘ I

isgsse

t* ; }
VaEnEREERE
40 -30 -20 10 0 10 20 30 40 50 60 70°C

T

|
\
T
|
\ |

{

Measuring flux density B < 0.1 mT.
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Permeability factor
versus temperature
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Ferrite Materials

Permeability factor
versus temperature
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Ferrite Materials

Static magnetization curves
The static magnetization curves were obtained by the ballistic galvanometer method.

. - 1 B_ . )
The relative total permeability y,,;, = — - —— is taken from the curve of normal mag-
netization (new curve). Ko -
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Static magnetization curves
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Static magnetization curves
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Static magnetization curves
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Static magnetization curves
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Static magnetization curves
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Static magnetization curves
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Dynamic magnetization curves
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Inductor Design

1 Ungapped pot cores

Even with the best grinding methods known today, a certain degree of roughness on
ground surfaces cannot be avoided, so that the usual term “without air gap, (ungapped)”
does not in fact imply no air gap at all. The A, values quoted allow for a certain amount
of roughness of the ground faces. The tolerance of the A, value for the ungapped pot
cores is +30 to —20% or +40 to —30%. Closer tolerances are not available for sev-
eral reasons. The spreads in the A, value of an ungapped pot core practically equal
the spreads in toroids permeability, and the A, value largely depends on the grinding
quality of the matching surfaces. With increasing material permeability the influence
of the inevitable residual air gap grows larger.

The spreads in the A, value may also be increased by the mode of core assembly. In-
fluences of mounting and glueing generally tend to diminish the A, value. It is, there-
fore, particularly important for delivery to keep the minimum limit value, whereas
exceeding the A, value within moderate limits (about 20%), is of no importance. Con-
sidering these versatile influences, we have made it a rule to maintain the minimum
limit in any case, whereas occasional exceeding the maximum limit will be tolerated.

2 Gapped pot cores

This type of core is used in high quality filter and resonant circuits. In case of small air
gaps (max. 0.15 mm for round types or 0.22 mm for RM cores) the air gap can be
ground into only one core half. Then, the half with the ground air gap has been stamped
whereas the other half is blank. The gap reduces after-effect losses, temperature
coefficient and disaccommodation factor by the ratio of the permeability of a gapped
core to the permeability of the same core without air gap, and hysteresis losses by
the square of this ratio. Furthermore, closer tolerances on the A, value can be obtained.

The rated A, values for cores with a ground air gap can be obtained from the appro-
priate sheets on pot cores. These also indicate the relative effective permeability u,
used to approximately determine the loss and temperature coefficients etc. for the
appropriate effective permeability (see page 42) from the toroidal core characteristics.
In cores with a larger air gap the stray field immediately around the air gap causes
additional eddy current losses in the copper winding. If the coil Q must meet stringent
requirements, it is therefore advisable to wind several layers of polystyrene or nylon
tape instead of wire in that part of the winding in the proximity of the air gap. For
example in the section near the air gap of the center compartment of a three-compart-
ment former, thus “padding” the winding.

1

* Schematic drawing showing construction of a set of
@ » gapped (s) pot or RM cores comprising 2 core halves
} 1 and 2, threaded part 3 and padded winding 4.

[—2
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3 Ferrite pot and RM cores with inserted threaded sieeves

Pot and RM cores are available with threaded sleeve fitted to the core. We have devel-
oped automatic machines of high reliability in adding adhesive and in positioning the
threaded sleeve in the core.

The rigid fit of the threaded sleeve is checked regularly, at a climate of 40 °C/104 °F/
93% humidity" during four days and also by periodic examinations during 3 weeks.
Bond strengths of 20 N for 2 mm center holes (e.g. for pot cores 11 x 7 or RM 5 cores)
and > 30N for 3 mm center holes (e.g. pot cores 14 x 8, or RM 6 cores) are greatly
exceeded, on an average of 100 N. The threaded sleeve is also properly centered and
positioned to the proper depth (this helps maintain the specified adjustment range).
Summing up, the controlled automated procedure guarantees higher reliability than
manual glueing and its unavoidable inadequacies.

Owing to the porosity of the ferrite, bracing of the ferrite structure because of soaked-in,
hardened adhesive cannot always be avoided. Hence, the relative temperature coeffi-
cient a/u, can be increased by approximately 0.2 x 1075/K.

The ordering codes for pot and RM cores with glued threaded sleeve (e.g. for RM 6:
B65807—-N...) are to be found on the pages dealing with the individual core types.

4 Inductance adjustment

Inductance curves, to be understood as typical values, are included in the data for
RM and pot core adjusting devices. The indicated percentage change in inductance is
referred to L (inductance without adjusting screw). Adjustment is done by bridging the
air gap with a cylindrical or screw core, and is, therefore, only possible on gapped
pot cores.

In order to avoid unstable conditions of inductance, Q etc. due to intermittent magnetic
contact, the adjusting device should not come into direct contact with the wall of the
center boss during the adjusting procedure. A suitable insulator is therefore provided
for the adjustment systems of ferrite pot cores.

Although wide variations of inductance can be obtained with a large air gap, it should
be remembered that the magnetic properties depend to a great extent on the size of
the air gap. If the coils have to meet stringent Q and temperature coefficient require-
ments etc., it is advisable to use the smallest possible adjustment range.

These conditions can be met by suitably selecting the adjusting ferrite core material.
Suitable plastic adjusting tools are included on the pages dealing with adjusting
devices.

5 Marking of ferrite cores

5.1 Marking of pot core or RM core sets

As a general principle, only pot cores greater than 5.8 and RM cores greater than
RM 3 are marked with material and A_ value, ungapped cores with ‘o.L.". In each case
only one half of the set is stamped. When cores have an asymmetrical air gap, the
half with the air gap is marked; cores with a glued-in threaded sleeve are marked on
the half without the sleeve.

1) according to IEC publication 68-2-3.
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5.2 Marking of E cores

As a general principle gapped E cores (dimensions ‘g’) are marked with the material and

the size of the air gap (in mm), e.g. material N27; dimension ‘g’ = 1.2 mm

Stamping: N27

Ungapped E cores are marked with the material designation only, e.g. N27.

1.20

6 Winding design

The usual litz wires and wires as well as nomograms for determining flux density and
A, value are listed on the following pages.

Litz wire table (extract from DIN 46447, part 1)

Litz wire Nominal Outer diameter of the insulated DC
diameter litz wire (max. dimension) resistance
of the at 20 °C/68 °F
copper non- covered for 1 meter
enamel covered (nominal
wire single double value)

natural silk natural silk
(1 x52) (2 x52)
mm mm mm mm Q
1x12x0.04 0.208 0.243 0.278 1.156
1x15x0.04 0.229 0.269 0.299 0.925
1x20x0.04 0.264 0.304 0.334 0.694
1x30x0.04 0.04 0.323 0.363 0.393 0.462
1x45x0.04 ) 0.395 0.435 0.465 0.308
3x20x0.04 0.460 0.500 0.530 0.231
3x30x0.04 0.565 0.605 0.645 0.154
3x45x0.04 0.690 0.730 0.770 0.103
1x10x0.05 0.231 0.271 0.301 0.888
1x15x0.05 0.283 0.323 0.353 0.592
1x20x0.05 0.327 0.367 0.397 0.444
1x30x0.05 0.05 0.401 0.441 0.471 0.296
1x45x0.05 ’ 0.490 0.530 0.560 0.197
3x20x0.05 0.570 0.610 0.650 0.148
3x30x0.05 0.701 0.741 0.781 0.099
3x40x0.05 0.806 0.846 0.886 0.074
1x 3x0.071 0.189 0.224 0.259 1.468
1x 6x0.071 0.254 0.294 0.324 0.734
1x10x0.071 0.328 0.368 0.398 0.440
1x15x0.071 0.402 0.442 0.472 0.294
1x20x0.071 0.07 0.464 0.504 0.534 0.220
1x30x0.071 ' 0.568 0.608 0.648 0.147
1x45x0.071 0.696 0.736 0.776 0.098
3x20x0.071 0.810 0.850 0.890 0.073
3x30x0.071 0.994 1.034 1.094 0.0489
3x45x0.071 1.214 1.254 1.314 0.0326
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Wire table (Extract from DIN 46 435 and DIN 46 436, part 2)

Nominal Outer diameter of the insulated wire (max. dimension) DC resistance

diameter enamelled enamelled enamelled enamelled at 20 °C/68 °F

(conductor accordingto | accordingto | accordingto | accordingto | for 1 meter

diameter) degree 1 degree 2 degree 1 degree 1 (nominal

(L) (2L single-silk double-silk | value)
covered covered
(1 x52) (2 x52)

mm mm mm mm mm Q

® 0.02 0.025 0.027 - - 54,88

® 0.025 0.031 0.034 - - 35.12
0.03 0.038 0.041 0.073 0.108 24.39

® 0.032 0.040 0.043 0.077 0.112 21.44
0.036 0.045 0.049 0.081 0.116 16.94

® 0.04 0.050 0.054 0.085 0.120 13.72
0.045 0.056 0.061 0.091 0.126 10.84

@® 0.05 0.062 0.068 0.097 0.132 8.781
0.056 0.069 0.076 0.104 0.139 7.000
0.06 0.074 0.081 0.109 0.144 6.098

® 0.063 0.078 0.085 0.113 0.148 5.531

® 0.071 0.088 0.095 0.123 0.158 4.355

® 0.08 0.098 0.105 0.133 0.168 3.430

® 0.09 0.110 0.117 0.145 0.180 2.710

® 0.1 0.121 0.129 0.156 0.191 2.195

® 0.112 0.134 0.143 0.169 0.204 1.750

® 0.125 0.149 0.159 0.184 0.219 1.405

® 0.14 0.166 0.176 0.201 0.236 1.120
0.15 0.177 0.187 0.212 0.247 0.9756

® 0.16 0.187 0.199 0.222 0.257 0.8575
0.17 0.198 0.210 0.233 0.268 0.7596

® 0.18 0.209 0.222 0.244 0.279 0.6775
0.19 0.220 0.233 0.255 0.290 0.6081
0.2 0.230 0.245 0.265 0.300 0.5488

® 0.224 0.256 0.272 0.296 0.326 0.4375

® 0.25 0.284 0.301 0.324 0.354 0.3512

® 0.28 0.315 0.334 0.355 0.385 0.2800
0.3 0.336 0.355 0.375 0.405 0.2439

® 0.315 0.352 0.371 0.392 0.422 0.2212

® 0.355 0.395 0.414 0.435 0.465 0.1742

® 04 0.442 0.462 0.482 0.512 0.1372

® 045 0.495 0.516 0.5635 0.565 0.1084

® 05 0.548 0.569 0.588 0.618 0.08781

® 056 0.611 0.632 0.651 0.691 0.07000
0.6 0.654 0.674 0.693 0.733 0.06098

® 0.63 0.684 0.706 0.724 0.764 0.05531

® 0.71 0.767 0.790 0.807 0.847 0.04355

® 0.75 0.809 0.832 0.849 0.889 0.03903

® 0.8 0.861 0.885 0.901 0.941 0.03430

® 0.85 0.913 0.937 - 1.013 0.03038

® 0.9 0.965 0.990 - 1.065 0.02710

® 0.95 1.017 1.041 - 1.117 0.02432

® 1 1.068 1.093 - 1.168 0.02195

The nominal diameters marked by ® comply with the diameters of the IEC publication 182-1, 1st edition 1964,

part 1: “Diameters of conductors for round winding wires” and are preferred diameters.
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Ta

ble of

American Wire Gauges (AWG)

1in. =25.4mm
1 mil =1/1000 in.
1 mm = 0.03937 in.

Nominal diameter

Wire gauge No.

Nominal diameter

Wire gauge No.

68

mm mil BG" SWG? mm mil BG" SWG?
2.642 104 - 12 0.2870 11.3 29 -
2.591 102 10 - 0.2743 10.8 - 32
2.337 92 - 13 0.2540 10.0 30 33
2.311 91 1 - 0.2337 9.2 - 34
2.057 81 12 - 0.2261 8.9 31 -
2.032 80 - 14 0.2134 8.4 - 35
1.829 72 13 15 0.2007 7.9 32 -
1.626 64 14 16 0.1930 7.6 - 36
1.448 57 15 - 0.1803 7.1 33 -
1.422 56 - 17 0.1727 6.8 - 37
1.295 51 16 - 0.1600 6.3 34 -
1.219 48 - 18 0.1524 6.0 - 38
1.143 45 17 - 0.1422 5.6 35 -
1.016 40 18 19 0.1321 5.2 - 39
0.9144 36 19 20 0.1270 5.0 36 -
0.8128 32 20 21 0.1219 4.8 - 40
0.7239 28.5 21 - 0.1118 4.4 37 41
0.7112 28 - 22 0.1016 4.0 38 42
0.6426 25.3 22 - 0.09144 3.6 - 43
0.6096 24 - 23 0.08890 3.5 39 -
0.5740 22.6 23 - 0.08128 3.2 - 44
0.5588 22 - 24 0.07874 3.1 40 -
0.5105 20.1 24 - 0.07112 2.8 41 45
0.5080 20 - 25 0.0633 2.5 42 -
0.4572 18 - 26 0.06096 2.4 - 46
0.4547 17.9 25 - 0.0564 2.2 43 -
0.4166 16.4 - 27 0.05080 2.0 44 47
0.4039 15.9 26 - 0.0447 1.8 45 -
0.3759 14.8 - 28 0.04064 1.6 46 48
0.3607 14.2 27 - 0.0355 1.4 47 -
0.3454 13.6 - 29 0.03048 1.2 48 49
0.3200 12.6 28 - 0.0282 1.1 49 -
0.3150 12.4 - 30 0.02504 1.0 50 50
0.2946 11.6 - 31

" BG £« Birmingham gauge

2 SWG = Standard wire gauge
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Standardized pot cores and 4-slot pot cores

Maximum number of turns N for coil formers

10° AWG approx. value L 42 40 38 36 34 32 3028 26 24 22 20 18

N 1636x22; 1..3sections(B65612)
$36x22;  1section (B65618)]\

10‘ |#30x19; 1...3sections (B65702) _|
] J Il

@ 26x16; 1...3sections (B65672)
T A T

®22x13; 1...3sections (B65662)

° | ||

®18x11; 1..3 sections (B65652)

R

®1Lx8; 1..2sections (B65542) -
{ I
¢11x7; 1..2sections (B65532)

®9x5; 1..2sections (B65522)

1072 5 678910 2 3 4 5 67 8910°m
———= Outer diameter of the insulated wire
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Non-standardized pot cores

10

10

10

un

70

Maximum number of turns N for coil formers

s AWG approx. value

L4 42 40 38 36 34 32 3028 26 24 22 20 18

| #41x25; 1section (B65622)
1 I | N
®30/20x19;1section (B65731) \
[ N\,
$23/15x18;1 section (B65717) N
NCINCIN
ANE

| ®18x14;1...3 sections (B65562)
L$23/15x11; 1 section (B65717)

/
A
//
yy/
,//// v
7 A
/
/

N \\
AN \\ \
NN\ AN AN
®7Txk;  section (B65512) ANON RN
\ \EAEANERAN
N ANAN N
| 65,8x3,3; 1section (B65502) A N\ NN NN
G4 6xh1; 1 section (BESLI6) \\\ N\ \\\\ \\\
N\ N N N N N
\i\ N\ \\\\\\ A
\\\ \\ \\ N, \\
NEAN \C oS
N\ N AN AN
NN AN AN N
N\ T\,
\ \\\\\
N \\\:\\
\\\ \ NAN
NS
10-2 5 6 78910 2 3 L 5 6 78 910°mm

— ™ Outer diameter of the insulated wire
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RM cores

Maximum number of turns N for coil formers

AWG approx. value

105% — 4.L4 42 : 40 38 36 34 3{2 30 2;8 26 24 22 ZP
| .
5 f——— | - -
RM141 section(s) (B65888)., |
N RM1212 ~  (B65816)- \\
AN |
ot RM1012  »  (BE58M)I \ «
[ 7 | T T NN AN
RMB 12 - (B65812) NN N
ORM717 . (658200 NN TN I —
s | RM6 12~ (B65808) NN NN }
R6 12 - (B65810) NN \\ |
L ! ! \\Q\i\\ \\\ \\
RM5 12 - (B65806) \ ,
——RM4 12 - (B65 804}‘\ N O \\ N -
\\\\ \\ \\Q \\\\\ \\
103 _ . \\\ \&;ﬁ\ \ \ \& I
——RM3 1section (B65818) A\ N NN I
T AN AN NN\ NN
LR NN N N VI N §
; NN \ AN
- ] NEEAN N\ V) W VA
| \ \\\\\\\\\\ N\
X \\\\\\\\\ \\
102 \\ \ | |
N~ N N RN
] AN AN A NENY
AN NANANANY \
; ANEEIA N\ N N) N
N N
N
AN \:\Q\
N
\ N
101 f ! AN \%ﬁ
10 5 6 7 89107 2 35 4 5 6 7 8910%mm

Outer diameter of the insulated wire
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PM Cores

Maximum number of turns N for coil formers

05 AWG approx. value 44 42 40 3836 34 32 3028 26 24 22 0 B
5
5039 (B65647)
N J I\“ TN <
T ¢52x49(365635) TNORN N
6 7459 (B65687) 1| N A)\\ N
\ p 8770 (B65714) 1 AN N\
10 ( ) ‘\\ - A
9114 x93 (B65734 — I .
AN NN
5 AN AN
N \\ \\\ N
N\, \\\\ \\\
J \\\\\\ AN
N NN
\\ N
108
N\ AN
AN AN
AN AN
ANEAY
5 N, \\ \\
N
N
\\
N
102
5
10
102 5 6 7 8910 2 3 4 5 6 7 8910°%m

——» Outer diameter of the insulated wire
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CC and Q cores

Maximum number of turns NV for coil formers

05 AWG approx. value 44 42 40 38 36 34 32 3028 26 24 22 20 18

CC50 (B66 446)

]
l

|
CC 36 (B66 443)

| N
cc 26(8664'42) A NN

/

—

AN N
AN
AN
5 N N\
N
Q15(B65 838) N N
\\ AN
\ \\ NN
N \
103 Q10(B65834) \ \ \
\ ™ N
N\ N N\, N AN
N AN ANEEAN
; X A NIEAN
N\ NN TN

w AN

AN
\\ AN
AN
5 N N
N N
N N
\\ \\
10! \
10-2 5 6 7 89101 2 3 4 5 6 7 8 910%mm

—— Outer diameter of the insulated wire
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EP and X cores

Maximum number of turns N for coil formers

105AWG approx. value 44 42 40 38 36 34 32 302 26 24 2 2 18
1 T T T T

| ! I ‘ [

! |

N X30,1 section (B 65 §74),\

/

X 25,1 section  (B65864) NN
104 ——EP20,1,2 sections (B65848) ¢ N

X221 section (B65 ss:x)-i\\ N\
s | EPT12 seotions (B65846) (_NO\e 1
N
| EP13,1,2 sections (B65844) AN N\
| EPI012 sections (865842) NN |\ |
NN N [
| | OO N |
| NIRRT N
| | \\\\\\ \
NN i
103 . . A\ N, |
——EP71.2 sections (B65840) - AANATE VA =
L NSO NI NN
\ NN NA NN
; \ AN N NEAN
L1 N \\\ : NN\
| | ] \\\ g N
i \ \\\\\

S
7

102 | ‘r\ \\ :\\\\
T ! g \\\ \\ \\ \\ \\
I X AN W WA §
AN ANNEANEA
5 N\ AN \\ AN
AN NN
N
T \\ | \§\\
101 \ ! | f | ‘
102 5 6 789107 2 5 4 5 6 78 910%m

—— Outer diameter of the insulated wire
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E and EF cores

Maximum number of turns N for coil formers

105AWGapprox.valut—; 44 42 40 38 36 34 32 3028 26 24 22 20 18
T | | .
[ | |
‘ R—
E55; 1 section  (B66252)
i ‘ I
5 1E42/20:1 section = (B66244)
E42/15;1..2 sections ~ N
N EF32 s%ction (:8662:29)\§\\\\
L \\
T E30; 1. 3sections  (B66252)N) N
EF25;. 1 section (866208)\\\ §\\\&
|
N\
10°} EF20; 1 section L SEANRS\ AN
FE20; 1 section  (BE6222K XN\ \\X
5 L e 16 1.2 s ‘(866|204)\\ \\ N ‘\\‘
i ;" 1.2 sections ) N N
) N WA NN
‘ | I V\ N \
EF126:1 section  (B66202)N\ \K\\ \
’ NN NS \
NN
105 \k \ N,
ANV NN\
N\, AN N
\_ N
) A\ AN
5 ANER QN
NN
\ N
\\
] N
10? —
-
ANERNNAN
101 |
10-2 5 6 78910 2 3 4 5 67 8910°mm

— Quter diameter of the insulated wire
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EC and ER cores

Maximum number of turns N for coil formers

10 AWG approx. value 44 42 40 3836 34 32 3028 26 24 2 20 1B
5
N N
| \\‘xx/ N
Ec7ogessz7s§ f(gg\\ \
EC 52(B66 276
104 ER4ZEBSSS48; - k\ R\ \
EC41(B66274 NEANN
EC 35 (B66 272) NN S
5 _ ANVAN Y
N A
NN
NN
103 \k N \\
AR\NEAN
ANM\NEAN
SN N
AN\ N
5 NN N
\:k N
ARS8
\5&\\\\
N
N
102
5
10
10-2 5 6 7 8910 2 3 4 5 6 7 8910°mm
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ETD cores

Maximum number of turns N for coil formers

105 AWG approx. value Lh 42 40 38 36 34 32 3028 26 26 22 20 18
5
N
NN
<<~A\\\
ETD 49 /\\\\
ETD 4k N \
106 ETD 39 N
ETD 34 N
NAN
NN
5 NAVAW
\\\\\
\\\E\
R
103 \\\ \\\
AN ANAN
AN N
ANAN
5 N
NN,
N
\Q\i\
\\ N
\\
102
5
10’ 5
1072 2 5 6 78 910 2 2 3 4 5 6 78 910°mm

— OQuter diameter of the insulated wire
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Nomogram for determining the number of turns N
from inductance L and inductance factor A, for A_ values 100 to 1000 nH
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Z

80

Nomogram for determining the number of turns N
from inductance L and inductance factor A, for A, values 1000 to 10 000 nH
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7 DC magnetic bias of pot, RM and PM cores

Definitions
H_ = DC field strength in A/m
y LN I =DC current in A
- A N = number of turns
/, = effective length (in m)"

For further definitions see pages 15 to 31.

Explanations to the graphs

The curves of y,, = f (H-) allow an approximate calculation of the variation in AC per-
meability (u,.,) and A, value due to magnetic bias. These curves are of particular interest
for pot core inductors used as transformers, since magnetic bias should be avoided if
possible with inductors requiring high stability (filter inductors etc.). In the case
of geometrically similar pot cores, only the effective permeability of the actual pot core
in question in conjunction with the given curves suffices in determining the reversible
permeability to a close approximation.

In determining the variation of reversible permeability with magnetic bias DC field
strength H_, the effective permeability u, for the desired A, value is taken from the
appropriate pot core data. If the curve u,,, = f (H_) for the actual effective permeability
is not shown, this can be obtained by interpolation from two curves shown. The
associated DC field strength H_ can be calculated from the above equation with the
effective length /, obtained from the data.

The following curves, measured at 20 °C/68 °F and 10 kHz apply to pot and RM cores
with center hole. Cores without center hole (series RM 5 to RM 14) may be loaded
by an approx. 10% higher DC field strength.

For DC magnetic bias for E cores see page 419.

Example

Pot core 26 x 16, B65671
Material ferrite N 48

A, =400 nH

ue =127

I, =37.2 mm

The decrease in permeability caused by magnetic bias begins at a DC field strength
of about 1000 A/m.

This corresponds to an ampere-turns value of

I.-N=H_-1,=1000x37.2x107% = 37.2 A.

" In practice /, is indicated in mm.
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DC magnetic bias
of pot cores and RM cores
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DC magnetic bias
of pot, RM, and PM cores
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Optimum value of pot cores with dc magnetic bias, ferrite material N 48

The maximum value of the inductance L, (inductance corresponding to the reversible
permeability) or the minimum value of the dc resistance R, which can be obtained at
a definite magnetic bias current /, are illustrated for ferrite N 48 pot cores in the
following graph.

Example: at/=0.1A, L, >10mHand R, <1 Q.
Desired: the smallest possible pot core

Solution: All core sizes contained in a rectangle limited at the bottom by the horizontal
1%+ L,,=0.1 A>mH and at the right by the vertical /_2 - R, = 0.01 W are pos-
sibilities. Therefore, the size of the smallest possible pot core is 22 mm dia x
13 mm with A, = 1000 nH, R, approx. 0.86Q, L,,, approx. 10.6 mHand NV =
V Rc/Ag approx. 114, one-section coil former.

A*mH
il -
0 } e s o 1§ i e TR i e ==
! : 1 /o o
— - / = )l
6 T 1] 1000 i 1
e AT SN
2 - pe . %/éz
i L 800K 1 P ARy il R
! 7 AT *
0 zaoony/ A
10 7 L - =
‘ B & 48P I ] -
————— A= 4000 A7 77/ A AT T
b 50%30(28 ugg)y’r P 7 A r _:// Tt T
[ T A~ s pd
@ p. »
)N 408 B % L ‘ 7% Il
3019 (57T LA T
LA o’ | 1 / ‘
1071|2676 (55 Q)7 4 A 100 nH || |
— A 7T A AN ! 5 N
. 22 X‘}S(S7J4LQ; 0 s
T
18711 (87uQ) 7 -
e a O50nH_| | [‘ T
v |
142 % 8(115u¥ v ] s
w7 | - ooni
10‘2 (AR’= ]BOUQ) // 1 l I 41__&__;_
100 5 10 5 102 5 108 b 104 mw
— IRy,
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8 Typical calculation of a resonant circuit inductor
A ferrite pot core inductor is required with an inductance of 640 pH and a minimum
Q of 400 (tan ¢, =la = 2.5 x 107%) for a frequency of 500 kHz. The temperature coef-

ficient a, of this inductor should be 100 x 107%/K in the temperature range 5 to 565 °C/
41 to 131 °F.

a) Choice of material

According to the material survey on pages 42 and 43 and the curves tan ¢/u; on page
45, the material M 33 for example, can be used for 500 kHz.

b) Choice of A, value

The Q and temperature coefficient requirements demand a gapped pot core. The
average relative temperature coefficient a/u; of ferrite M 33 according to the
material survey is 1.6 x 107%/K. Since the required «, value of the gapped core should
be about 100 x 107%/K, the effective permeability is:

a _ a, 'ﬂ=100'10_6‘ 1-K

=625

u op, " M %, K 16 -10°

For pot core 18 x 11 (B65651) is u, = 47.9 for A_. = 100 nH
For pot core 22 x 13 (B65661) is u, = 39.8 for A, = 100 nH

c) Choice of winding material

High frequency litz wire 20 x 0.05 with single natural silk covering (or 43/44 in
AWG) is particularly suitable for frequencies around 500 kHz. The approximate overall
diameter of the wire including insulation, say 0.367 mm (14 mils), and the average
resistance per meter of say 0.444 Q/m are obtained from the litz table (page 66).
It is recommended that the actual overall diameter always be measured, and this
value used for the calculation.

d) Number of turns and type of core

For an A, value of 100 nH and an inductance of 640 yH the nomogram on page 78
shows that the number of turns required is approximately 80. The nomogram for
formers on page 69 shows that for a wire with an external diameter of 0.367 mm the
two-section former for core type 18 x 11 (B656651) can easily take 80 turns. This type
can therefore be used with a two-section former.

e) Length of wire and dc resistance

The length of an average turn /y on the above former is 35.6 mm (see page 174). The
length of litz necessary for the coil is therefore 80 x 35.6 = 2848 mm plussay 2 x 10 cm
for the connections, giving a total length of 3.04 m. The average resistance of this wire
is 0.444 Q/m; the total dc resistance A, is thus 3.04 m x 0.444 Q/m approx. 1.35 Q.
It should be noted that the length of an average turn /y given in the table always
refers to the fully wound former; an appropriate correction must be made where
necessary.
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f) Quality test

The mathematical calculation of the total loss, i.e. the loss from the core and windings,
is very laborious and only approximate. At the specified frequency of 500 kHz consider-
able dielectric and eddy current losses occur in the winding. Q is therefore checked on
a sample coil wound as specified above, in this case the value being about 550 as
shown in the graphs on page 182.

g) Checking the temperature coefficient

Pot core 18 x 11 with A, = 100 nH has an effective permeability u, of about 47.9.
Ferrite M 33 has a relative temperature coefficient a/u; of approx. 1.6 x 10-8/K;
therefore the following temperature coefficient can be calculated:

@y = g - alu; = 47.9 x 1.6 x 10-5/K = 76.5 x 108/K;
Actual measurement showed 90 x 107¢/K.

It must be pointed out here that when the magnetic flux lies almost entirely within
the core, the temperature coefficient is only reduced slightly.

For effective permeabilities u, < 80, however, due to the influence of the winding an
additional temperature coefficient of approx. (10 to 30) x 107/K has to be included
in the calculation.

9 Assembly of inductors

Every pot core should always be used with its associated mounting assembly. The
fixing parts are vibration-resistant. The pressure of the spring jig or the clamps is only
exerted on the side wall of the pot core and not its middle part in order to prevent
the sensitive air gap in the center stud from being affected.

Despite the reliable fixing, the pot core halves should also be glued, especially when
gapped pot cores are used for resonant circuits, since the pot core halves can move
slightly when subjected to strong vibration thus entailing undesired inductance changes.

9.1 Glueing of the core halves

From the numerous adhesives, epoxy resins with appropriate hardeners have proved
particularly suitable, for example:

9.1.1 Adhesive preparation

A) for cores B) for cores
100 g Araldite AY 103 100 g Araldite AY 103
16 g hardener HY 956 7 g hardener HY 992
max. pot life 1 hour approx. pot life 8 hours
hardening: 6 hours at 70 °C/158 °F hardening: 6 hours at 100 °C/212 °F
temperature stability of the glued temperature stability of the glued
joint 70 °C/158 °F joint 90 °C/194 °F
(for a short period 90 °C/194 °F) (for a short period 120 °C/248 °F)
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C) for coil formers D) for threaded sleeves of adjusting
100 g adhesive A devices and for external glueing
200 cm? filler Aerosil 200 100 g adhesive Araldite AW 134 B
hardening procedure like A 40 g hardener HY 994

max. pot life 1 hour

hardening procedure for 24 hours
at 25 °C/77 °F

or 4 hours at 70 °C/158 °F
temperature stability of the glued
joint 80 °C/176 °F

(for a short period 100 °C/212 °F)

Adhesive A hardens even at room temperature, higher strength can be obtained with
a hardening temperature of 70 °C/1568 °F. Adhesive B only hardens at higher tempera-
tures, with the advantage of a longer pot life, but its fluidity is higher than that of
type A adhesives.

9.1.2 Cleaning and degreasing the pot cores

The mating surfaces must be free of dust, fat, and fibers. To degrease the mating sur-
faces a non-fluffy nylon coated stamp pad soaked in trichlorethylene can be used.
A second pad can then be used to dry the surfaces. Any remanents impair the adhesion.
To improve the evaporation of the trichlor the cores can be heated by suction up to
about 35 °C/95 °F.

9.1.3 Applying the adhesive and glueing the halves together

The adhesive A or B is dabbed two to four times on the cleaned surface of the pot
core side wall, but the center boss must remain clean. The two core halves without coil
former are then placed on a mandrel and rotated against each other two or three times
to spread the adhesive. A slight ring of adhesive extended around the edges indicates
sufficient adhesive has been applied.

The adhesive should be applied and spread twice on the somewhat porous, low per-
meability ferrite materials (U and K types). The next step should follow immediately,
since the adhesive film easily attracts dust and absorbs moisture. Therefore, the pot
core pair with adhesive already applied must be opened for a short period and then
the wound coil inserted without touching the mating surface.

The wound coii is then fixed in position by eiasticized spacers, which must be inserted
before the adhesive has been applied.

The spacers are available upon request.

The coil former can also be fixed by an adhesive solution (C), which should only be
applied as dots in one position of the pot core bottom, to prevent any mechanical
stresses between the plastic and the ferrite material because of their different thermal
expansion. Adhesive D is also suitable for external glueing, i.e. only four glue dots
at the joints on both sides of the openings. Because of the somewhat lower torsional
strength, it should be noted that this kind of glueing should be used with mounted
cores.
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9.1.4 Holding jigs

The pot core assembly is cured under pressure in a centering jig. The pot core holes
are used for centering and from two to eight can be held in one jig with a pressure
spring. Spacers will ensure that the pressure is exerted only on the side wall of the
pot core. Single jigs make the core inductance measurements easier. This technique has
proved useful to control the pot cores, particularly those with small air gaps, before
the adhesive has hardened. Small inductance corrections can be made by slightly turn-
ing the pot core halves relative to each other.

When pot core sets already mounted in the mounting assembly are to be cured, a good
centering, possibly by mandrels with stepped diameters must be ensured. Further-
more, care should be taken that no hardener remains on parts of the mounting assembly.
The devices should exert approximately the following pressure forces, corresponding to
the holding forces of the listed mounting assemblies and clamps (per pair of clamps):

Pot core Pot core Pressure force Pot core Pot core Pressure
type size inN type size force in N
(typ. values) (typ. values)

B65511 @ 7x7 6 B65817 RM 3 10
B65517 @ 9x5 10 B65803 RM 4 40
B65531 #11x7 15 B65805 RM 5 40
B65541 ?14x 8 25 B65807 RM 6 50
B65651 18 x 11 35 B65809 R6 50
B65661 ®22x13 40 B65819 RM 7 50
B65671 @26 x 16 45 B65811 RM 8 60
B65701 $30x19 50 B65813 RM 10 60
B65611 @36 x 22 60 B65815 RM 12 60
B65621 ?41 x 25 80 B65887 RM 14 70

9.1.5 Curing the assembled pot core

The curing process is more effective at an increased temperature even for adhesive A,
for example at 70 °C/158 °F for 6 hours.

The cores should be placed quickly in the oven after the adhesive has been applied to
prevent the adhesive from soaking into the porous ferrite material. The cores can be
moved into and also removed from the warm oven (e.g. 70 °C/158 °F), however the
holding jig should not be opened until the assembly has cooled down. With regard to
the thermal expansion of the ferrite, its temperature change should not exceed approx-
imately 1 K/min.

9.1.6 Thermal after-treatment

Any internal stresses can be relieved by subjecting the assembled pot core to a tempera-
ture cycle up to 70 °C/158 °F (cycle time 24 hours) with a slow warm up and cooling,
lasting for a period of about 4 hours. The cycle should be best performed with com-
pletely mounted pot core inductors (including adjusting device when necessary).
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9.2 Dip soldering of coil formers for all types with injection-molded pins

During dip soldering, care should be taken that only 2 to 3 turns of the wire are dipped
into the tin bath (see * in the drawing) and soldered. Depending on the thickness of
the wire more turns may have to be wrapped around the pin.

These limiting immersion depth prevents the solder pins from being heated up close
to the pin embedding, moreover, formation of solder jumpers between the wire ends
is avoided. Prior to every dip soldering process the oxide film has to be removed from
the surface of the tin bath.

0$5
. ‘/*

9.3 Solderability of the connections

The soldered connections of our components are tinned with a solder containing lead,
such as Sn Pb 60/40, with a thickness of 5% um in order to obtain soldered joints
with the quality and reliability required for all the mainly used soldering procedures.
The parts meet the requirements of the soiderabiiity test in accordance with DiN iEC 68,
part 2-20, para 4, test Ta, testing method 1, aging 3.

9.4 Glueing of threaded sleeves for adjusting screws

Pot cores are available in which the threaded sleeve has already been glued in position
(for ordering codes see the appropriate pages dealing with pot cores).

For 9 and 11 mm cores a thread for the adjusting screw is provided in the base plate
of the mounting assembly.

A centering jig is necessary to press the flangeless threaded sleeve in the pot core
hole, whereas threaded sleeves with a flange can be centered more easily. It is recom-
mended to glue these sleeves in position without exception, especially because of
expansion during large temperature changes. The adhesive D stated in para. 8.1.1 can
be used. The threaded sleeves with a flange should be painted with adhesive on the
inside ring.

The flangeless sleeves with spring crown type B65579-K1 can centrally be located
in a less complicated way, however care should be taken to prevent the adhesive from
flowing into the thread. Therefore, the pot cores should be located with their threaded
parts downward during the curing period.

The threaded sleeves must be cured for at least 24 hours at room temperature, and
it has been found practical to utilize the 24 hours waiting period between curing
and thermal after-treatment.
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9.5 Final adjustment

After each thermal or mechanical stress disaccommodation arises. The complete coils
should therefore be stored for at least one day or better a week, before they are finally
adjusted.
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1 Automatic inductor manufacture
1.1 General

The parts for RM inductors which we have developed and describe here enable
flexible automatic production machinery to be used. In addition to the automatic
winding machines already in service, which can be combined with wrapping, fluxing
and soldering stations, flexible and efficient assembly lines are now being introduced.
The design and packing of our RM inductor parts - ferrite cores, coil formers, clamps,
insulating washers and adjusting screws — have been optimized for this and facilitate
easy supply to the individual production line stations.

The packing magazines of our RM4...RM10 coil formers are used for the safe
transportation of these parts and can also be used for the transportation of wound
coil formers and as very space-saving final packing of complete inductors. Our RM coil
formers are designed above all for processing on automatic winding machines
PRA 400 and PRA 600 by Meteor and Siemens/WMW - Berlin.

We supply ferrite cores blister-taped in dispenser boxes, coil formers in reusable
stick magazines, clamps and insulating washers (2 types) taped and reeled, and
adjusting screws already positioned in magazines. When the plate-shaped spring
insulating washer, which is inserted between core and coil former, is used no glueing
is required.

C|amEs> Reel
_ . ) Blister
Coil former i Magazine Ferrite @9 dispenser

] PC board
Wire a
nsulai Cail Assembly of Placement of
firI]rSnU atng wrnn(;in Col wound ferrite Companent components on
9 component circuit board

Solder )
Insulating washer N Reel

QOther components
Insulating plate N Reel
Adjusting screw ) Magazine
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2 Example of an automatic production line

RM inductor production

@® automatic winding machine, ﬁ
computer-contl‘oned i Rectangular storage box

teach-in programming
modular construction
variable lot size

Winding

Testing and sorting

Soldering

Wrapping
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@® component store programmable

@® assembly booths interlinked
@® flexible marking

RM inductor assembly
@ product-compatible

Grinding

Measuring
Clamping

For further details please refer to the brochure “Ferrites and Accessories, Automatic

Assembly Machine-Specific Components for RM

preparation).

in

(at present still

Inductors”
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3 Blister-taped cores for automatic manufacture of inductors
3.1 Blister tape dimensions

Type W xLxT2 Spacing Core spacing | Remarks on blister
taping

RM 4 60x340x 8,0 17,0 27,5

RM 5 60 x340x 8,0 17,0 27,5

RM 6 60x340x 8,0 17,0 27,5 .

R6 60 x 340 x 8,0 17,0 27,5 available

EP 10 60x340x 8,0 17,0 27,5

EP 13 60x340x 8,0 17,0 27,5

RM 7 82x295x12,0 29,6 38,6

RM 8 82x295x12,0 29,5 38,6

RM 10 82x295x12,0 29,5 38,6

?22x13 82 x 295 x 12,0 29,5 38,5 available

TT 23 x11 82 x295x12,0 29,5 38,5

TT 23 x18 82 x295x12,0 29,5 38,56

EP 17 82x295x12,0 29,5 38,5

EP 20 82 x295x12,0 29,5 38,5

RM 12 112x370x 17,8 37,0 53,0

RM 14 112x370x17,8 37,0 53,0

D 26 x16 112x370x10,9 37,0 53,0 in preparation

@ 30x19 112x370x 10,9 37,0 53,0

TT 30 x19 112x370x 10,9 37,0 53,0

For ordering codes see individual data sheets.

Paper Blister
sealing Height of core

s LT t 3
3 -5 i

M D
ot L

)
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TH ., 1PUO

——={  +Spacingle—
l—  1/2 spacing 31

—

T

|

J

‘ g

Core length

(

WwW-
14

[——
Core width

L
b

ek
mr
A B [ N A

Wy
e A
Core spacing

1) Dependent on core heights
2) Thickness with tape sealed
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3.2 Types of packaging and packaging units

Type Folding box (dispenser pack) Small quantity box

Dimensions Sets/ | Tapes/| Sets/ | Approx. | Dimensions Tapes| Sets

LxW xH Tapes | Box Box weight LxW xH
RM 4 20 25 500 1000 5 100
RM 5 20 25 500 15650 5 100
RM 6 349x63x203 20 25 500 2550 349x47x63 | 5 100
R6 20 25 500 2550 5 100
EP 10 20 25 500 | 1375 5 100
EP 13 20 25 500 2550 5 100
RM 7 10 20 200 1440 5 50
RM 8 10 20 200 2600 5 50
RM 10 10 20 200 4600 5 50
?22x13 300x85x240 10 25 250 3250 300x62x85 | 5 50
TT 23 xM1 10 25 250 3500 5 50
TT 23 x18 10 20 200 3400 5 50
EP 17 10 20 200 2220 5 50
EP 20 10 20 200 5640 5 50
RM 12 10 10 100 4200 3 20
RM 14 380 x115 x 183 10 10 100 6500 380 x40 x 114 2 20
? 26 x16 10 20 200 4200 5 50
? 30 x19 380x115x223 10 20 200 7200 380x57x114 | 5 50
TT 30x19 10 20 200 6000 5 50

Folding box (dispenser pack) Small quantity box
ey
W*‘ r— W* Hx

B .

o~

LK
* External dimensions
Explanations

K

1. It is recommended not to guide and hold the individual blister tapes in automatic
extractor devices by the outer cut edges but by the longitudinal web 6.2 mm wide

and/or the transverse webs 3.1 mm wide.

2. The cores are packed in sets and correctly oriented for assembly, i.e. stamped core
with bottom up, unstamped core with pole face up.
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3. The sealing paper is to be peeled off along the tape surface easily, but not to quickly
(paper turned through 180°).

C
AT\ T T T

4. Ordering quantities which vary from the dispenser pack units are supplied in small
quantity boxes.

4 Stick magazines for RM coil formers

The RM coil formers come in so-called stick magazines made of PVC which are particularly
suitable for feeding the coil formers into the automatic winding machine. For improved
wrapping the pins have a square shape in the wrapping area (see illustration). When they
are positioned at an angle of approximately 45°, the coil formers slide automatically for
acceptance into the winding tool. After removal of the inserted cardboard strip the ma-
gazines can be reused as packing for the completely assembled coil.

Type Length Coil former with Finished Magazines | Coil formers | Ordering

of and without winding parts per per code*)

magazine | (items per magazine) | (items per | carton carton

(mm) magazine)
RM 4 520 80 40 B65804-M...
RM 5 520 60 30 upon upon B65806-M...
RM 6 520 50 25 request request B65808-M...
RM 8 520 40 20 B65812-M...
RM 10 520 30 17 B65814-M...

*) The ordering code is to be complemented by the data given in the corresponding data sheets.

Coil former
wound or unwound Finished coil

Leeydily Lk

Inserted
cardboard strip

Cross section of magazine

¢ T RM 5and 6: d=0.55
= 1= RM 8 and 10: d = 0.65

R

Pin with square in the wrapping area
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5 Taped and reeled clamps for RM cores

Stainless steel clamps with tinned ground tags are supplied on tapes for automatic
assembly. There are two reels as a pair in each carton; one reel contains clamps with
ground tags lying to the left, the other with ground tags lying to the right.

Type Reel width b Packaging unit" Ordering code
= minimum order quantity
(mm) Items per reel pair
RM 4 15 72000 B65806-A2201
RM 5 15 72000 B65806-A2201
RM 6 17 48000 B65808-A2201
RM 8 21 30000 B65812-A2201
RM 10 24 24000 B65814-A2201

n x e =X = tape length

Dim. a b c d e |[fxg
RM 4
RM 5
RM 6 9,5%9214,56_5,|2,3+0,1]0,84,2|3,56|0,6 x0,4
RM8 (13,6%02(45 4,(4,5+0,1|0,8.0,|5,7|0,7x0,4
RM 10 |15,2+0315,2 ,14,56+0,1|0,9_¢,|5,7 (0,7 x0,45

8,302(4,5_,,(2,1+0,1|0,6_0,|3.3/0,7x0,3

650 by —]

lzo

6 mm thick Y

7
NS

— 100 t=—0
T
i
|
|
]
!
|
!
e 9 200—=]

Dimensions in mm

— - =

{1551 =]

1) For packaging units for minimum order quantities (bag or box packaging) refer to individual data sheets.
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6 Insulating parts
6.1 Insulating washers for compensating the tolerance between core and coil former

Polycarbonate film insulating washers, flame-retardant in accordance with UL 94 V-0,
taped and reeled for automatic inductor manufacture.

for tubular pot cores

Type Tape width Reel" Packaging unit Ordering code
Dimension b (items per reel)
(mm) (mm)

® 9x 5 20 20 +2 3500 B65522-A5000
211 x 7 20 20 +2 3000 B65532-A5000
214x 8 20 20 +2 2500 B65542-A5000
218 x 11 27 27 +2 2000 B65652-A5000
218x14 27 27 +2 2000 B65562-A5000
?22x13 32 32 +2 1400 B65662-A5000
?26x16 40 40 +2 1000 B65672-A5000
®30x19 40 40 +2 800 B65702-A5000
D 36 x22 48 48 +2 500 B65612-A5000

In general 2 washers per pair of cores are used with tubular pot cores.

Type Tape width Reel" Packaging unit Ordering code
Dimension b
(mm) (mm)
RM 4 18 26 3000 B65804-A5000
RM 5 18 26 2500 B65806-A5000
RM 6 20 26 2500 B65808-A5000
RM 8 27 35 1200 B65812-A5000
RM 10 32 35 1000 B65814-B5000

In general only 1 washer per pair of cores is used with RM cores.

300 by

-9 G0 -]

——o| 50 |=-—

~15 Dimensions in mm
75 L, —e L

For dimensional drawings of insulating washers see individual data sheets.

1) Reel dimension b = width of tape including allowance
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6.2 Insulating washers between core and circuit board

Polycarbonate insulating washers 0.3 mm thick, flame-retardant in accordance with
UL 94 V-0, taped and reeled for automatic inductor manufacture.

The automatic assembly machine must be equipped with a cutting device for separating
the washers!

Type Reel! Packaging unit Ordering code
Dimension b (mm) (items per reel)
RM 4 10 +2 20000 B65804-A2025
RM 5 13 +2 20000 B65806—-A2025
RM 6 15 +2 20000 B65808—-A2025
RM 8 20 +2 12000 B65812-A2025
RM 10 - 30+2 10000 B65814-A2025
360 b~
r 1 1
|
30
4 ‘ —1 7
\ > R
U] n b
|~ ? 1
L i i

7 Adjusting screws

Adjusting screws are supplied in polyterephthalate magazines for processing on automatic
machines. The magazines have lateral toothing for accurate feed and precise positioning.
The magazines are accepted through central recesses in the front end.

for RM 4 and RM 5

{m_* 255204
mm
2 I \ 5
| 249+03 -

‘ ‘—ﬂs 49 x5=245

L |
L 2

1l ?
LE

Dimensions in mm

) Reel dimension b = width of tape including allowance
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for RM 6
‘._n‘ 255204
mﬂ'\'
= I i [T
’ = 204,9+03 .

-5 49x5=245
_— 66006111 ol e e e e e PAPAPATA & h_;.
nn | @600t ++t+tt+t+++ [+H+++++++++oo0e- "
RE | seeliiiiiy ::H Hitiiresy) g
i s

for RM 8
‘ ‘ 25520,
[ 24903 -
iil_S_ 33x7,352 242,55 '
“ d&ﬁbfb%——%%—-+-F-F—'CPJF%————%~——F—Fégg;éb—ﬁifi
28 0O+ +++++++HE++++++++00F 3
o { O e T +e-;37
f 7,35 v

Dimensions in mm

Type Items per Packaging unit Ordering code"
magazine
RM 4 250 5 magazines & 1250 items B65539-M...
RM 5 250 5 magazines & 1250 items B65539-M...
B65806-M...
RM 6 200 5 magazines 2 1000 items B65659-M...
RM 8 100 4 magazines & 400 items B65812-M...

1) The digits for complementing the ordering code are given on the individual data sheets.
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1 General

The range of conventional ferrite cores has been continually expanded with special
types for the diverse requirements of power electronics, the last of them being ETD
cores. RM cores are used for power applications but without the central hole.
RM12 and RM14 cores have been improved by slightly strengthening the bottom.

Because of the extensive range of available ferrite cores offered even unusual problems
can be satisfactorily solved. The well-tried materials N27 and N 41 are supplemented
by the considerably lower loss material N67. This material is especially suitable for
frequencies ranging from 50 kHz to over 200 kHz. For still higher frequencies we
recommend the already introduced material N47.

Materials and frequency ranges

Material Frequency range (approx.)
N 27, N 41 10to 100 kHz
N67 50 to 300 kHz
N 47 200 to 1000 kHz

Because of its high permeability the N41 material has favorable magnetic biasing
properties, otherwise it is comparable with N27.

The stress on the application for switched-mode power supplies is now shifting to
frequencies between 50 and 100 kHz. The N67 material has been developed
specifically for these applications. We offer this low loss material initially in RM and
ETD cores, the coil formers and other accessories of which are designed for automatic
winding and assembly.

The most important data for material selection may be obtained from the following
descriptions. The table of materials on pages 42/43 and the pages of curves following
them contain further details.

2 Types of cores

RM cores

The RM cores, which are used worldwide, are standardized in IEC publication 431 A and B.
They are offered for power applications, preferably without the central hole. As “system
cores” they can be processed on automatic machines from winding right through to
assembly with all the individual parts (see “Automatic Processing and Assembly” section).
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Coil formers with wider pin spacing can be supplied for types RM 6, 8, 10, 12 and 14
(see illustration); for RM 12 also in pluggable housing technology. This is advantageous
for connecting thicker wires or even litz wires such as are required for higher
frequencies.

Type Material | Ordering code Number of | Page
terminals

RM 5 N 47 B65805-C... 4 to 6 277
N 41 B65805-J... 410 6

RM 6 N 47 B65807-C... 8 288
N 41 B65807-J... 8

RM 8 N 47 B65811-J... 12 313
N 41 B65811-J... 12

RM 10 N 47 B65813-J... 12 321
N 41 B65813-J... |12

i N 41 B65813-S... 12 326
RM 12 N 67 B65815-E... 12 331
RM 14 N 67 B65887-E... 12 338

ETD cores

Those principles that have held good in the case of power transmitter cores are
combined in the ETD series. Their construction also permits automatic processing
from winding through to assembly.

Standardization in accordance with IEC or IEC-Q has been initiated.

Type Material | Ordering code Number of | Page
terminals

ETD 34 N 27 B66361-G... 14 464
N 67 B66361-G... 14

ETD 39 N 27 B66363-G... 16 468
N 67 B66363-G... 16

ETD 44 N 27 B66365-G... 18 471
N 67 B66365-G... 18

ETD 49 N 27 B66367-G... 20 474
N 67 B66367-G... 20
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Pot cores

The tubular pot cores preferably used in filter technique are also suitable for the design
of transformers featuring low leakage flux.

Type Material | Ordering code Number of | Page
terminals

Pot cores

D14x 8 B65541-K... 4/6 163
?218x11 B65651-K... 8 173
022x13 N 41 B65661-L... 8 195
D 26x16 B65671-L... 8 206
P30x19 B65701-L... 8 216
TT cores

TT @ 23/15x11 B65716-P... 10 256
TT @ 23/15x18 | N 27 B65716-A... 10 259
TT @ 30/20x19 B65730-A... 10 261

PM cores

These cores are used where power in the range between 250 W and approx. 2 kW
has to be transmitted. Due to their large effective magnetic area, they need only a few
number of turns; leakage inductance and self-capacitance are low. Good shielding is
obtained as a result of the compact design. If connection on the PCB by means of the
pins becomes impossible due to the weight, the coil former can be mounted with its
pins upwards.

Type Material | Ordering code Number of | Page
PM terminals
50/39 B65646-A... 14 346
62/49 B65684-A... 16 350
74/59 N 27 B65686-A... 18 353
87/70 B65713-A... 20 356
114/93 B65733-A... - 359
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EC and ER cores

The EC cores meeting the IEC standard permit large winding space and good lead
connection. They can be mounted horizontally or vertically. Holding devices are avail-
able for both versions.

ER cores are of similar design, i.e. with round center leg. This round center leg enables
compact windings. An 18-pin coil former in pluggable housing technology suitable
for automatic processing and a sealing can are additionally available for the
ER 42/15 type.

Type Material | Ordering code Number of | Page
terminals

EC cores

EC 35 B66337-G... 13 440
EC 41 N 27 B66339-G... 12 443
EC 52 B66341-G... 14 446
EC 70 B66343-G... 19 449
ER cores

ER 42/15 N 27 B66347-G... 18 452
ER 48 B66333-G... - 456

E cores

In connection with E cores having an angular cross section, the type E 42/20 with exter-
nal air gap should be referred to. The leakage flux in the winding can, hence, remarkably
be reduced.

Type Material | Ordering code Number of | Page
terminals
EF 12,6 B66305-G... 9/4 420
EF 16 B66307-G... 6 422
EF 20 N 27 B66311-G... 12/6 424
EF 25 B66317-G... 8/6 426
EF 32 B66229-G... - 429
E 30 B66319-G... 10 430
E42/15 B66325-G... 10 432
E42/20 N 27 B66329-G... 12 434
E55 B66335-G... 14 437
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U cores

The small U cores U 15 to U 25 with square cross section are mainly used for

energy chokes and small transformers; coil formers with 4 pins can be supplied for

this purpose.

U cores with round legs are mainly used for line transformers. The large U 93 cores
can be combined with large E cores to meet the requirements of transmitting high
power; e.g. eight U 93 cores at 20 kHz enable transmission of 20 kW.

Type Material Ordering code Page
U 15 B67350—-A... 480
U 20 B67348-A... 480
U 25 B67352-A... 480
U 29 N 27 B67354-A... 484
U 37 B67356—-A... 484
u a7 B67358-A... 485
U 93 B67345-A... 487
193 B67345-A... 487

CC cores

C cores (cup) are especially used for crossover networks in speaker systems. Together
with the cap (CC cores) and a relatively large air gap, they are well suited for energy
storage chokes. It should be mentioned that the contact surfaces are not ground. Thus,
air gap and inductance may have somewhat greater tolerances.

Type Material Ordering code Page
CC 26 (cup) B66442-A... 375
CC 26 (cap) B66442-J... 375
CC 36 (cup) N 27 B66443-A... 377
CC 36 (cap) B66443-J... 377
CC 50 (cup) B66446-A... 379
CC 50 (cap) B66446-J... 379
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Toroids

Owing to their low leakage inductance, transformers with toroids are frequently used

in push-pull switched-mode power supplies.

Type Material Ordering code Page
R 12,5/5 N 47 B65290-K...

R 16/6,3 B64290-K...

R 12,5/5 B64290-K...

R16/6,3 B64290-K... 491
R 20/7 B64290-K...

R 23/9 N 27 B64290-K...

R 25/10 B64290-K...

R 25/15 B64290-K...

R 25/20 B64290-K...

R 34/10 B64290-K...

R 34/12,5 B64290-K...
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3 Amplitude permeability versus
alternating field flux density B
(measured with ungapped E cores)
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Cores for Power Transmission

4 Relative power loss versus
alternating field flux density B
(measured with R 16 toroids)
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Cores for Power Transmission

Relative power loss
versus temperature
(measured with R 16 toroids)
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Cores for Power Transmission

Relative power loss
versus frequency
(measured with R 16 toroids)
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Cores for Power Transmission

5 Typical values of transmissible power

The characteristic curves, figures 1 to 4, show the power that can be transmitted
by the various core types. The power materials which can be supplied for each type
of core and the ordering codes are to be found in the individual data sheets.

The powers P for the modes of operation commonly used in switched-mode power
supplies, push-pull feed-forward, single-phase feed-forward and blocking operation,
are plotted versus the volume of the component V. Figure 1 applies to the majority
of the types with N 27 and and N 41 ferrite cores, when they are operated at 20 kHz,
an ambient temperature of 20 °C and an overtemperature A T = 30 K.

b T —
W i PM11L-/ »
A 7
= PM 87 1
2f—— F =20k "1 // M 186/150/30 —]
AT=30K 4 A/ (2xU93)
| 4
) PMILq /1 // .
10 PM62
p B - » U93/150/30
) 6 i PMS50 <A )(/ U193/105/30
- eroesh | LY/
| eru2,ET039 Al | A
RM14 || /] /& ECT0
z RM12,ETD34H - h: R Push-pul feed- ~—
{1 930 ) forward converter
| 1P } /| /Y i LEss 8 —
102 RM10 Y ETD 49 =400mT
: At s N
. 4 e TN ]
6 — RM8 A A e Single-phase feed- | 7]
. 4 EC 41 g|  forward converter ‘ :
LRM6 A EC35 ?/_ I =200mT |
/ /| |Ler —=t
2 At E30 Blocking -
// [ B converter
. A/ | |LEF 25 t N =200nT
10 7 =
8 /A —t —
8 /7 ) , ]
6 v ‘ . Tt
2 L 6810 2 L 6 810% 2 L 68107 2 L 6 810%cm’2
v
Figure 1

Transmissible power P versus volume V of transformers with N27 and N41 ferrite cores.

1) The component volume V is to be understood as a cube including component and winding, but not the pins.
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Cores for Power Transmission

The transmissible power for frequencies of 50 and 100 kHz (depending on the opera-
tion mode) — also at an overtemperature of AT = 30 K - can be obtained from figure 2.

A

w Push-pull feed-forward converter
at 50 Hz  at 100 kHz
2 t+ +—t
Sing’le—phas‘e feed-
forward converter h
100 K

10° R PM50
8 Single-phase feed- —~
6 forward converter ECH S

50 kHz RM14 B > H
4 EC35
P _TETD LY
RM12 > :
< -EC52
2 RM 10 / dx,/>\)' - |
A |~ | Lgrpag ETD 4%
RM8 1 % ] l &

10? — - < Push-pull feed- -
8 RME6T ~ // [/ EETD34x , forward converter i -
6 P d v B! -
4 P N 1 <400mT |

\‘ FR— Y
Single-phase feed- I
2 \B forward converter i |
1 _/_ I =200mT

10' f
8
6

2 A 6 8 10 2 L 6 8 102 m® 2
—=V
Figure 2

Transmissible power P versus volume V" of transformers with N27 and N 41 ferrite cores at high
frequencies (typical values)

The plotted core shapes generally meet the requirements of that frequency range. As
today’'s switched-mode power supplies preferably operate at increasing frequencies,
enhanced importance is attached to that frequency range. Thanks to the particular
characteristics of RM cores (completed by some EC and PM types), their standardized
compact design, as well as the suitability of coil formers for automatic winding ma-
chines, they are particularly suitable for use throughout the frequency range between
50 and 100 kHz.

1) The component volume V is to be understood as a cube including component and winding, but not the pins.
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Cores for Power Transmission

Transmissible power P with N27 ETD cores for single-phase feed-forward converters

The typical powers given in the table below apply e.g. to a single-phase feed-forward
converter (without encapsulation), if the stringent insulation regulations laid down in
IEC Publication 35 are to be met.

Type Max. power Typical power at Preferable

at 50 kHz 50 kHz 100 kHz frequency range
ETD 34 160 W 100 W 125 W 70 to 150 kHz
ETD 39 255 W 150 W 175 W 60 to 120 kHz
ETD 44 415 W 190 W 250 W 55 to 100 kHz
ETD 49 600 W 280 W 330 W 40to 80 kHz

Transmissible power P with N67 RM and ETD cores

A reduction of the surface leakage path is permissible with encapsulated components,
i.e. with components protected against contamination and moisture. In addition they
provide better heat dissipation. With an appropriate construction power transmission can
be increased by at least 15%, merely due to improved heat dissipation; e.g. a value of
600 W could be obtained for an ETD 49 made of N27.

w
3
Single-phase feed-forward converter
200 kHz

10° 100 kHz

° pe

6 -

RM14 -
A RM12 - 049
i | RM}V £T039
|
RM 8~

10? <

8 RM6T—

6 - LETD 34

~ } '
\\ Single-phase feed-
L forward converter t
B
=200mT

2 | ——
10'

8

6

2 4 6 8 10 2 4 6 8 10
—_— =V
Figure 3

2cm

Transmission power P (typical values) versus volume V of transformers with N67 ferrite cores.
(The component volume V is to be understood as a cube including component and winding, but

not the pins.)
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Cores for Power Transmission

The frequency range above 200 kHz is becoming more and more important for power
supply units. For this reason, the material N47 has been developed. The transmissible
power for RM cores made of this material is shown in figure 4 for frequencies
of 300 and 600 kHz (single-phase feed-forward and push-pull feed-forward converters).

900 [ } T o T — T YT T
W | ! : i .
r 800 ‘ L i RM 14+
T ‘ Push-pull 7 600 kHz
feed-forward converter i | i /7
B | !
700 —~T AB=200 mT— ‘{ //
—t ' 7

T 7
600 AN ya
\ s 300 kHz
RM124 / 600kHz
500 Y e
00 . RM107 / 4/

~
N

| 7 /// 300 kHz
300 - RMS //\/5/ //
7/ / ~
L, ><
200 RM6 /2 / // N
~

rd
- -
RM5 / é Single-phase
‘l / (/ B feed-forward converter i

100 —L%

Figure 4
Transmissible power P (typical values) versus component volume V of transformers with N47
ferrite cores.

1) The component volume V is to be understood as a cube including component and winding, but not the pins.
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Cores for Power Transmission

6 Design of power transformers

The transmissible power P of transformers can be calculated in close approximation
with the aid of the following equation:

P=C-f AB-S-fo, Ay A, (1)

This simple equation neglects voltage drops at the winding resistances, leakage induc-
tances, as well as the magnetizing current of single-phase feed-forward converters.
The constant C takes the operation mode into consideration, i.e.

C = 1 in push-pull feed-forward operation

C= #; i.,e. C = 0.71 at the switching ratiop =t, - f= 0.5
P in single-phase feed-forward operation and

C = 0.61 in (single-phase) blocking operation

Further quantities in equation (1) are: switching frequency f, deviated magnetic flux
density AB, current density S, copper factor £, winding cross section Ay, and effective
area A..

The deviation in magnetic flux density AB is limited by the permissible heating AT, of
the core resulting from core losses and saturation phenomena which are due to the
material used. It should, furthermore, be taken into consideration that the flux density
in a core of unequal cross sections has to be designed according to the minimum
core cross section A.,,, since due to the flux concentratiof, the highest flux density is
to be found in this area. Hence it follows:

Amin
Ae

AB = AByerm, (2)

The smallest flux density deviation which has been determined according to the limi-
tations mentioned above, is the flux density deviation AB, found for equation (1). The
current density S is limited by the heating of the winding due to copper losses. The
characteristic curves, plotted in the figures, are based on these considerations.

In addition to the effective area A,, used for dimensioning at low excitation, the min.
core cross section A, is indicated for cores for power transformers with differing
cross sections along the magnetic path.

In case of large excitations (approx. > 100 mT), the flux density should always be
referred to A, as the smallest core cross section is mandatory for magnetic satura-
tion and core heating. The data on P, and u, was subject to corresponding consid-
erations.



Cores for Choke Applications

7 Design fundamentals for energy storage chokes"

The most important aspects for designing energy storage chokes are briefly explained,
taking the most usual switched-mode power supply — step-down mode — as an example
(figure 5). L

T
+o — - +
7
Ch
v +
KD CF Y
Figure 5
Switched-mode power supply incl. energy
T storage choke (step-down mode)
- + - - - - interface for incorporating a transformer
! ]
L

If the response of the choke voltage V| is of rectangular waveform, that of the choke
current /| will have a sawtooth waveform (figure 6):

v p, = relation on-time
t versus cycle
T - | ___ p2 = relation off-time
versus cycle
/= cycle
V. = voltage at the choke
“'L ______.ULmax : g

B g

|

t Figure 6
T p]T ‘pzr - Schematic for voltage Vv, and
T current /. of energy storage chokes

Depending on the current ripple A/ - for step-down SMPS generally below 0.3 /, -
the maximum choke current /., =/, + 0.5 A/,.

The maximum magnetic biasing capability (/2L)..x of the core is obtained at optimum
design. The inductance — under worst conditions (at maximum operating temperature) —
must not decrease by more than 5%. The inductance for the step-down SMPS is
calculated as follows:

Lo V= Vo) Vo

N AV,
with the given operating conditions V; = input voltage, V,, = output voltage, f = switch-
ing frequency. As soon as the maximum magnetic biasing capability has been found
out with the aid of / ,,,x and L, core type, core size, and air gap can be determined.
With increasing air gap, the magnetic biasing capability rises, but also the pertinent
copper loss /°R and hence the heating of the choke. An optimum gapping is attained
when the overtemperature AT just reaches the permissible value.

1 An RM 10 and an RM 12 core with graded center boss for non-linear energy storage chokes have been newly
included in the product line (see page 326). Other cores are in preparation.
For detailed information refer to the article “Non-linear energy storage chokes improve the operating behavior
of switched-mode power supplies” in Siemens Components 23 (1985), issue 1.
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Cores for Choke Applications

The relationship between magnetic biasing capability (PPL)maxe copper loss /?R, effective
permeability u. (effect of air gap), and overtemperature AT between 30 and 50 K is
shown in the nomograms of figure 7 for three different core series. Core losses due to
ripple have not been taken into consideration. Type, size, and air gap can be chosen

with the help of these nomograms.

Example

Given: (/’L)max = 8 A2 mH and AT approx.
40 K

Required: Ferrite core and u,

Solution: An effective permeability u, of ap-
proximately 38 can be obtained from the no-
mogram for EC cores on the rising straight
line of the EC41 core in the height of
the ordinate 8 A2 mH and in the middle of the
plotted temperature range between 30 and
50 K.

Operating range with 30...50 K
50K overtemperature AT due to

30 copper losses
EC cores
5 ] T A
AZmH o “ ]
). 3
(1 “ma; LA
EC 70 e
] &1
10 T j (I
T
ECS2P— T T 1
s L~ LA 11125
ecall | el 00
s 40 |
ECBSI’ I >
2 | 50
60 He
il | |
05 1 2 3 4567W10
—R
Figure 7

CC cores
5 Hoceb
AZmH
5 AT
(120 e K/
2l 7
CC36
101 D> - /]
II
T
; F—H—fcen
/
3 )*F | z 30
) % 40
A 150
60 ﬂe/
100 l |
05 1 2 3 4567W10
—1'R
E and EF cores
Y E— _—
AlmH 7
3 _
(]ZL)ma§ /
E55 A §//
0' Y w‘r/
::E ‘2‘/‘20 f}//
[TE42/15]7 7 7/ 7
5 A A A
| / 1/ E30
SRRV =
| F 25
2 e Z
A I m
v
//"//4' ﬂ|/
ollBollso e
05 1 2 3 4567TW10
ﬂIZR

Magnetic biasing capability (/*L)n.. copper loss /2R, effective permeability u,, and overtemperatures AT of

N 27 E and CC ferrite cores.
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Pot Cores

Pot cores, general

Pot cores complying with DIN 41293, IEC 133, have a low stray field due to their
closed form. They feature high Q and high stability along with very fine adjustment
capability. In the course of time they have practically penetrated the entire electro-
technicai fieid. To meet the iarge appiication fieid, a comprehensive type spectrum with
accessories is at the user’'s disposal. Standardized pot cores are to be preferred. Most
of the types are available with inserted sleeves.

Coil formers with mounted pins are intended to be used for four-slot pot cores as well
as for TT cores, which are particularly suitable for touch-tone telephone systems (see
sections “4-Slot Pot Cores” and “Touch-Tone Pot Cores”).
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Pot Cores

Survey
Approx. dimensions Drawing number Part No. Page
dia x height in mm
3.3x 2,6 2 xC61035-A35-C1 B65491 125
46x 41 xS a9 B65495 126
58x 3,3 2 xC60358-B3050-C1 B65501 133
7 x 4 2 xC61035-A15-C7 B65511 135
9 x b5 (standardized)" 2 xC61035-A18-C11 B65517 143
11 x 7 (standardized)" 2 xC61035-A14-C1 B65531 152
14 x 8 (standardized)" 2 xC60358-B3054-C3 B65541 161
18 x 11 (standardized)" 2 xC61035-A10-C1 B65651 171
18 x14 2 xC60358-B3056-C6 B65561 183
22 x 13 (standardized)" 2 xC60358-B3185-C3 B65661 193
26 x19 (standardized)" 2 xC60358-B3181-C1 B65671 204
30 x 19 (standardized)" 2 xC60358-B3186-C1 B65701 214
36 x22 (standardized)" 2 xC61035-A16-C30 B65611 223
41 x25 2 x C40330-A79-C1 B65621 231
Adjusting tools - B63399 340

) Dimensions in acc. with DIN 41293 or IEC 133. Quality specifications in acc. with the harmonized DIN 45970
quality assessment system.
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Pot Cores 3.3 x 2.6 B 65491
I Magnetic characteristics
S f?@ - Core factor ZIHA =372 mm™!
< =4 ¥4 /;:Q\ﬁ_ T Effective length le = 5.1 mm
Py AN N Effective area A, = 1.37 mm?
¢ Z ¥ Effective volume V,=7.0 mm?

Approx. weight: 0.06 g/set

1702 |
— 26 g~
Dimensions in mm
A, value Ferrite Effective Ordering code
material permeability (PU: 500 sets)

nH tolerance He
Ungapped

30 +40 %oy K1 89 B65491-B-Y1
so0 | 30 N 30 1480 B65491-B-Y30

Winding data

Useful winding cross section Ay Average length Ag value
without coil former of turn /y

mm? mm pQ

0,65 5,8 310
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Pot Cores 4.6 x 4.1 B 65495

Adjustable miniature type for film circuits and PC boards

Individual parts Part No. | Page
Adjusting screw B63399 | 341, fig. 5
driver (for

assembly only)

Adjusting screw B65496 | 130

Pot core B65495 | 127

Coil former B65496 | 128

Pot core with B65495 | 127
inside thread

Connecting board B65496 | 129
for film circuits
or

Connecting board B65496 | 129
for printed circuits
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Pot Cores 4.6 x 4.1 B 65495

Miniature pot cores for adjustable miniature inductors

One pot core half carries the inside thread for guiding the adjusting screw. The pot core and
the wound unit can be glued on a connecting board with 4 solder terminals.

Space requirements of the inductor (without terminals): 5 mm x 5 mm x 5.1 mm.

11401 s
] f-—
| |t
& = '3 S Magnetic characteristics
- Jo I I | A . o 1
= =3 Core factor ZI/A = 2.6 mm™
? s © Effective length le = 7.6 mm
l 1 Effective area Ae = 2.8 mm2
Effective volume Ve =21.3 mm3
—= 27402 = Approx. weight 0.17 g/set
46014 4101
Dimensions in mm
Version | Ordering code
with thread B65495-K...
without thread B65495-B...
A value SIFERRIT Total air Effective Ordering code
material gap s in permeability (PU: 500 sets)
mm
nH tolerance approx. Me
Gapped
16 K1 0,2 33 B65495-K16-A1
— 3% 2A
40 M 33 0,07 83 B65495-K40-A33
63 5% 2aJ N 48 0,04 130 B65495-K63-J48
Ungapped
40 K1 83 B65495-B-Y1
— +40
200 -30 %Y M 33 620 B65495-B-Y33
800 N 30 1660 B65495-B-Y30
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Pot Cores 4.6 x 4.1 B 65495
Accessories

Coil former B 65 496

Glass-fiber reinforced polyterephthalate coil former including positioning peg, flame-retardant in
accordance with UL 94 V-0; color code black.

For winding details refer to page 70.

Positioning peg Winding cross section

035

Dimensions in mm

Number Useful Average R Approx. Ordering code
of winding cross | length value" weight (PU: 500)
sections section Ay of turn ly
mm? mm [T1o] g
1 0,8 9,5 400 0,03 B65496-B1000-T1
v Rcu = Ar " N?

(dc resistance = Ag * number of turns?)
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Pot Cores 4.6 x 4.1 B 65495
Accessories

Connecting board B65496

Made of glass-fiber reinforced thermosetting plastic, flame-retardant in accordance with UL 94V-0.
Max. permissible soldering temperature is 400 °C/752 °F, 2 s.
For an easier handling we offer 6 connecting boards in one mounting strip (17 mm x 45 mm).

45 1 Ordering code
B 65496-A2000
(PU: 100 mounting strips)

v Individual connecting boards are also
available.
—=H66:01 = Solder terminals for PC boards
Solder terminals for film circuits Ordering code
: B65496-A2002
de
Ordering co (PU- 100)

B65496-A2003
(PU: 100) bend after 05 bend after

05 soldering &\——l {‘— soldering
%"" *\]{ r—L__.J [ / ? ¥ TIT

— 1

pa—— 5.0

Marking for pin 1 Marking for pin 1
Solder terminals on film circuits Hole arrangement for PC boards
View in mounting direction
2 $0,8+01
: N [\/
e N

t=-2,54-»

| -25
i
;f

JanY

N

/M
U

Dimensions in mm |
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Pot Cores 4.6 x 4.1 B 65495
Accessories

Adjusting Devices B 65496

Adjusting Screw B65496—-A3001-X..., consisting of a ferrite tube core on which a polyacetal
thread is molded and 4 cam profiles serving as core brake;

fits

the lower part of the pot core set B65495—K... into which a guiding thread is molded
Adjusting Screw Driver B63399-A1007

Adjusting screw

z |
o
} l
=~ !
m ;
o
o \ |
i |
T
—M12—~
Q
PN
N
4;4%
o
A/ !
=~
—=05~— Dimensions in mm
Pot cores B65495 Adjusting screw
Material A, value Tube core Color Ordering code
nH dia. x length | Material code (PU: 500)
K1 16 u17z brown B65496-A3001-X17
M 33 40 1,25 x1,2 K1 blue B65496-A3001-X1
N 48 63 N 22 green B65496-A3001-X22
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Pot Cores 4.6 x 4.1

B 65495

Inductance adjustment curves

Relative inductance change A L/L

Relative inductance change A L/L

26
%
22
20
18

Adjusting screw B65496-A3001-X17
color code brown

P K/AL16

/

/

Y

1 2 3 3 5 6 7 8

——— Turns of the adjusting screw

Adjusting screw B65496—-A3001-X22

color code green
/ N48/AL 63
//
/,/
1 2 3 4 5 6 7 8

———= Turns of the adjusting screw

——— Relative inductance change A L/L

Adjusting screw B65496—-A3001-X1

color code brown

o I

I
_~1KI/AL1E

22 /

= M33/AL40

o

o N B~ o0 @
X~
NI

0 1 2 3 L 5 6 7

8

——— Turns of the adjusting screw

0 2 atleast '/, to 1 turn engaged
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Pot Cores 4.6 x 4.1 B 65495

Q factor characteristics

Material K 1
L (uH) | AL (nH) \ Turns | Wire
1.53 16 9 32 x 0,025 CuLS
3.0 16 13 15 x 0,04 CulS
200
Q
T 150
e | TN
RN
300pH  V/ AN
1,53#H \
100 \
s0L_ 1 l
100 5 10° 5 102 MHz

Flux density in the core
B=<1mT
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Pot Cores 5.8 x 3.3 B 65501

Magnetic characteristics

e Core factor ZI/A= 1.68 mm™
%% w Effective length le= 7.9 mm
Wm S  Effective area A= 47 mm?
g-- ‘f Effective volume V,=37 mm?
A
Approx. weight 0.2 g/set
1403
{£+01
45 33
5803
Dimensions in mm
A, value Ferrite Effective Ordering code
material permeability (PU: 500 sets)
nH tolerance Me
Ungapped"
60 K1 80 B65501-J-Y1
800 +g'8%£\( N 26 1070 B65501—-J-Y26
1500 N 30 2000 B65501-J-Y30

1) Gapped pot cores upon request.
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Pot Cores 5.8 x 3.3
Accessories

B 65501

Coil former B 65502

Glass-fiber reinforced polyterephthalate coil former with positioning peg, flame-retardant in accor-

dance with UL 94 V-0; color code black.
For winding details refer to page 70.

Positioning peg Winding cross section

Dimensions in mm

Number Useful Average Ag value" Approx. Ordering code
of winding length of weight (PU: 500)
sections cross turn /y

section Ay

mm? mm uQ g
1 0,95 11,7 433 0,03 B65502-B-T1
Y Rey = Ag - N?

(dc resistance = Ag - number of turns?)
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Pot Cores 7 x 4 B 65511
Type for PC mounting
Individual parts Part No. Page
Adjusting screw driver B63399 441, fig. 5
(for assembly only)
Adjusting screw B65512 139
Yoke B65512 138
Pot core B65511 136
Coil former B65512 137
Pot core B65511 136
Connecting board
with thread; B65512 138
5 solder terminals
Centering pin 139

135




Pot Cores 7 x 4 B 65511

.S Magnetic characteristics
Core factor ZI/A= 143 mm™'
! i Effective length le=10 mm
g Effective area A= 7 mm?
% 5 Effective volume V.=70 mm?
5%
Approx. weight 0.5 g/set
280 —
[ Sa—
Dimensions in mm
A value Ferrite Total Effective Ordering code
material airgap s permeability | (PU: 500 sets)
in mm
nH tolerance approx. e
Gapped
8 u17" 0,8 9,1 B65511-A08-A17 B8
25 +3%2A K1 0,32 28,5 B65511-A25-A1 S|
63 M 33 0,13 72 B65511-A63-A33
100 N 48 0,10 114 B65511-A100~-A48
Ungapped
70 K1 80 B65511-A-Y1
1000 Ta0maY | N26 1140 B65511-A-Y26
2000 N 30 2280 B65511-A-Y30 8

" The dimensions may be exceeded by up to 10%
B Preferred products (refer to page 4)
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Pot Cores 7 x 4 B 65511
Accessories

Coil former B 65512

Glass-fiber reinforced polyterephthalate coil former with positioning peg, flame-retardant in
accordance with UL 94V-0; color code black.

For winding details refer to page 70.

Positioning peg Winding cross section

Dimensions in mm

Number Useful Average Ag Approx. | Ordering code
of winding length value" weight | (PU: 500)
sections cross of turn /y
section Ay
mm? mm pQ g
1 2,2 14,6 240 0,04 B65512-C-T1 8
Y Rey = A - N?

(dc resistance = Ay - number of turns?)
B Preferred products (refer to page 4)
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Pot Cores 7 x4 B 65511
Accessories

Mounting assembly for PC mounting B 65512

Mounting assembly with snap-in connection.

Glass-fiber reinforced polyterephthalate connecting board, flame-retardant in accordance with
UL 94V-0, with 5 solder terminals.

Max. permissible soldering temperature is 400°C/752°F, 2 s.

0.2 mm thick nickel-silver spring yoke (tinned) with ground terminal.

Thread for
adjusting screw

@ﬁm: Approx. weight 0.4 g
a— | 1 _
—=iM12 —
=
b
l
i T ‘ | - l A!
[ - a
' . N
i |

Hole arrangement
View in mounting direction

Ground

&>
ar°
View in direction A $1+01 /}

Dimensions in mm

Ordering code B65512-C2001H
(Complete mounting assembly with 5 solder terminals)
(PU: 500 sets)

Mounting parts Ordering code

a 1 yoke C61035-A15-C5
1 connecting board

b (with thread) C61035-A15-B1

1) Max. dimensions
B preferred products (refer to page 4)
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Pot Cores 7 x 4 B 65511
Accessories

Adjusting Devices B 65512

Adjusting Screw B65512-A3001-X..., consisting of a ferrite tube core on which a polyacetal
thread is molded and 4 cam profiles serving as core brake;

fits

glass-fiber reinforced polyterephthalate Connecting Board B65512—C2001 into which a guiding
thread is molded

Centering Pin e.g. of brass (for design proposal see drawing)
Adjusting Screw Driver B63399-A1007

Adjusting screw Centering pin
* P2 |-

= T
b
| 4
|
o ;
~ { ]
l 47 . 1.39_004 -
i w
| ] N
I i
| | ]_n |
+ | ~ e
; | ‘;
S RN
(\Q} N
~ : J
i_ |
—————-0,5£<~—
Dimensions in mm
Pot cores B65511 Adjusting screw
Material A, value Tube core Color Ordering code
code (PU: 500)
nH dia. x length Material
u17 8
K1 25 u17 white B65512-A3001-X178
1,25x1,8
M 33 63
K1 yellow B65512-A3001-X1
N 48 100

B Preferred products (refer to page 4)
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Pot Cores 7 x4

B 65511

Inductance adjustment curves

Adjusting screw B65512-A3001-X17

color code white

22
%
18
16
_JutrAg
1 Y _lkia2s

|

[ M33/A 637
; Vi
4

———= Relative inductance change A L/L

& s
NNy
7
0
0 1 2 3 4L S5 6 1 8

——— Turns of the adjusting screw

0 2 completely engaged screw!

140

— Relative inductance change A L/L

22
%
18
6
14
12
10

N S O @

(=]

Adjusting screw B65512—-A3001-X1

color code yellow

33/A1637 |
L~ M3
/1
N48/A_100__|
//
/
» /4
>
1I 2 3 A 5 6 7 Q
4 ad I v

———— Turns of the adjusting screw



——0

Pot Cores 7 x 4 B 65511

Q factor characteristics

Materials M 33, N 48

Material L Turns Wire; RF litz wire | Padding
M 33 420 pH 80 0,15 CuL -
A = 63nH 230 pH 60 3x0,07 CuLS -
L 90 pH 37 12x0,04 CulLS -
N 48 8,90 mH 300 0,07 CuL - Flux density in
A = 100 nH 2,17 mH 150 0,10 CulL - the core
L n 0,61 mH 80 0,15 CuL - B<1mT
400 M 33
A, =63 nH
typical val
RF litz wire Il (typical values)
e Enamel copper wire
300 I — /—E{ S D I A
Wl
LA |
A7 N \\ -
200 N\
V7 -4 230puH ¥
hES ~ 90 }JH
100 So ]
420 uH
0 Lt
102 5 103 5 10* kHz
—f
300 N 48
A, =100 nH
(typical values)
o N
PN
-——
200 27NN
’ AN
VA& W\
77 )
7 89mH \_\ 217mH
100 \\
061mH
0 1 2
10 5 10 5 10° kHz

—af
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Pot Cores 7 x 4 B 65511

Q factor characteristics

Materials U 17, K 1

Material L (4H) Turns Wire; RF litz wire ';lfulr::,):r;
u17 0,31 6 0,25 CuL 1
A =8nH 0,14 4 0,30 CuL 1
L 0,08 3 0,30 CuL 1
K1 20 28 15 x 0,04 CuLS 4
A = 25nH 5,6 15 12 x 0,04 CuLS 2 Flux density
t 3,3 11 0,3CuL 2 in the core
0,75 5 0,4 CuL 1 B<2mT
200 U 17
A =8nH
(typical values)
i Ii;z wire
———Enamel copper wire | | |
150
LT ~
P o AN RNV
+1-2+5,%4—031uH—+0.14uH
100 4
50
10 5 10° 5 108 kHz
. f
250 K1
AL =25 nH
11 (typical values)
// N a—— RF litz wire L
N === Enamel copper wire
200 \ [
pN
yd
/ AN
150 /— <
Nt AT R
T\ NN
PAIR% N
7 7 \\\
20 uHT7|5,6uH YN
100 T A 0,75uH
3.3uH
50 || |
10° 5 104 5 10° kHz
—f
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Pot Cores 9 x5 B 65517
Type for PC mounting
Individual parts Part No. Page
Adjusting screw driver B63399 341, fig. 4
(for assembly only)
Matching handle B63399 341, fig. 6
Adjusting screw B65518 147
Yoke B65518 146
Pot core B65517 144
Coil former with B65522 145
1 or 2 sections
Pot core B65517 144
Connecting board B65518 146
with thread;
4 or 6 solder terminals
Centering pin 147
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Pot Cores 9 x5

B 65517

Pot cores complying with DIN 41293 or IEC publication 133

s ; jrm ‘ jg!f Magnetic characteristics
T \}J/ —e & Core factor ZI/A= 1.25mm™'
A 1 I 1 Effective length le= 125 mm
Effective area A= 10 mm?
1908 —36+03 Effective volume V,=1256 mm?®
— 75" 54 551 )
93 d Approx. weight 0.8 g/set
- 9-03
Dimensions in mm
A value Ferrite Total Effective Ordering code
material air gap s | permeability (PU: 500 sets)
in mm
nH tolerance approx. He
Gapped
10 u17" 1,2 10 B65517-A10-A17
16 K12 0,8 15,9 B65517-A16-A12 8
25 K 1 0,45 24,9 B65517-A25-A1 8
40 0,26 39,8 B65517-A40-A1
+3%2 A S|
40 M 33 0,37 39,8 B65517-A40-A33
63 0,2 63 B65517-A63-A33
100 0,1 100 B65517-A100-A48 8
160 N 48 0,06 159 B65517-A160—-A48 8
200 0,04 200 B65517-A200-A48
250 +10%2K | N 26 0,03 249 B65517-A250-K26 8
Ungapped
95 K1 95 B65517-A-R1
1200 f;g%éR N26 1190 B65517-A-R26 8
2500 N 30 2490 B65517-A-R30 8
5000 | *30%av | T38 4970 B65517-A-Y38 8

1) The dimensions may be exceeded by up to 10%
B Preferred products (refer to page 4)
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Pot Cores 9 x5 B 65517
Accessories

Coil former and insulating washers B 65 522

Glass-fiber reinforced polyterephthalate coil former, complying with DIN 41 294 or IEC publication
133, flame-retardant in accordance with UL 94V-0; color code black.
For winding details refer to page 69.

Winding cross section

15+0,3

Dimensions in mm

Number Useful winding Average Ar Approx. | Ordering code
of cross section Ay length value” weight | (PU: 500)
sections of turn /y
of one total
section
mm? mm? mm pQ g
1 2,8 2,8 220 0,05 B65522-B-T1 S|
18,5
2 1,25 2,5 250 0,06 B65522-B-T2 S|

0.04 mm thick insulating Makrofol spring washers for insulation and tolerance balancing between
coil winding and pot core; delivered in tapes.

@3,7:01
©7,6:01

i

o
Dimensions in mm 0.8:015
Ordering code B65522-A5000 &
(PU: 1000)
K Reu = Ag * s

(dc resistance = Ag - number of turns?)
B Preferred products (refer to page 4)
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Pot Cores 9 x5
Accessories

B 65517

Mounting assemblies for PC mounting B 65518

Mounting assemblies with snap-in connection. Glass-fiber reinforced polyterephthalate connect-
ing board, flame-retardant in accordance with UL 94 V-0. Max. permissible soldering tempera-
ture is 400°C/752°F, 2 s. 0.25 mm thick nickel-silver spring yoke (tinned).
Approx. weight 0.6 g (4 solder terminals); 0.7 g (6 solder terminals)

B65518—-D2001
(with 4 solder terminals)

9"

Dimensions in mm

€, z/M 14

Thread for
adjusting screw

View in direction A

Hole arrangement

View in mounting direction

2,54
—] |e-—
3 o
< v | _
i ] =
VAl | kR
u|

Ground

B65518-D2002
rminals)

(with 6 solder te

M14

Thread for ™

adjusting screw

31)

o
& L
T T UY
9'911
G\J ’
:m
c o
— ‘
| — I
- i
2,54
|
1,25
] |
1
s T d ]
\
v y
|

Ordering code B65518-D20018
(Complete mount. assembly with 4 solder term.)

(PU: 500 sets)

Ordering code B65518-D2002H
(Complete mount. assembly with 6 solder term.)
(PU: 500 sets)

Mounting parts

Ordering code

Mounting parts

Ordering code

a 1 yoke

C61035-A18-C30 | a

1 yoke

C61035-A18-C30

b 1 connecting board
(with thread)

C61035-A18-B10 | ¢

1 connecting board
(with thread)

C61035-A18-B11

1) Max. dimension

2) 1.3 mm hole also permissible

B Preferred products (refer to page 4)
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Pot Cores 9 x5 B 65517
Accessories

Adjusting Devices B 65518

Adjusting Screw (a) B65518—-B3..., consisting of a ferrite tube core on which a glass-fiber
reinforced polyterephthalate thread is molded and 4 cam profiles serving as core brake;

fits

glass-fiber reinforced polyterephthalate Connecting Board B65518-B2... into which a guiding
thread is molded

glass-fiber reinforced 11 polyamide Threaded Flange (b) B65539-J1001 (only needed, when no
mounting assembly is used)

Centering Pin (c) e.g. of brass (for design proposal see drawing)

Adjusting Screw Driver B63399-B4

a b c
T IO s % i
L]
(B
~ w1 |
o Llll. |
w0
i S
i
. ) 2,
- @ i
f%x\ !
-0 T | fi= ~T
"N T S S
Oo" N. g})‘ %l - -——M14
o5~ | 3l |ersson
Dimensions in mm
Pot cores B66517 Adjusting screw
Material A, value Tube core Color Ordering code
nH dia. x length Material code (PU: 500)
U117 10
K12 16 Si1 brown B65518-B3000-X101H
25
K1
40 K1 blue B65518-B3000-X1 B
40 Si1 brown B65518-B3000-X101
M 33 o3 1,81 x2
K1 blue B65518-B3000- X1
100
N 48 160
200 N 22 green B65518-B3000-X22 B

B Preferred products (refer to page 4)
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Pot Cores 9 x5 B 65517

Inductance adjustment curves

Adjusting screw B65518-B3000-X101 Adjusting screw B65518-B3000—-X1
color code brown color code blue
22 22 —
- 5 ’ M33/A(63
- o/o 5 0/° L |
g 18 K1/ AL25 s 18 l 1
g M33/A40 2 / KA
5 1 // K12/A16 £ 16 /L NAg/A 100
U17/A110 3 //
5 / : 2 /
g 3 /
) 3 1 /
s s /
% 10 § 10 /
o 8 ot 8 /
6 T 6 /
Y A/
V /I /
2 2
0 1 2 3 4 5 6 7 8 9 1 0 1.2 3 4 56 7 8 9 10
——— Turns of the adjusting screw ———— Turns of the adjusting screw

Adjusting screw B66518-B3000—-X22
color code green

12 N48/A( 160
| N48/A 200

———== Relative inductance change A L/L

1/
/

0 1 2 3 4 5 6 7 8 9 10 O 2 at least one turn engaged
—— Turns of the adjusting screw

N S O
N
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Pot Cores 9 x5 . B 65517

Q factor characteristics

Material N 48
L (mH) for Numb £
A, =100nH | A =160 nH | Turns Wire; RF litz wire | umber o
sections
19,9 32,0 450 0,07 CuL 1
4,91 7.41 250 0,1 CuL 1 Fiux density
1,03 1,64 100 1x12x0,04CuL |1 in the core
0,25 0,40 50 1x15x0,04 CuLS (1 B<3mT
400 N 48
A_ =100 nH
(typical values)
= RF litz wire
300 = = = Enamel copper wire
a T\
,// N V
S0 A AN
4
200 4/:’ s \\ / \
pa \ \
A/ 199mH | 49ImH \
\ i
\g2smH
L 103m
1 5 10° 5 108 kHz
—f
400 N 48
AL =160 nH
(typical values)
e RF litz wire TN
== — Enamel copper wire /
300
/ \
70, \
/'/ K\ A\
4275 /N \\
200 e \\ \ \\
2,0mi—3 \
’ 7}1 H \
Him \!
|’sl' mHl\\li),me
0 NN
1 5 10° 5 0% kHz
—_— f
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Pot Cores 9 x5 B 65517

Q factor characteristics

Material M 33
L (pH) for Turns RF litz wire Number of
A_=40nH ! A, =63nH sections
324 510 920 1x 5x0,05CulS|1 Flux density
185 291 68 1x12x0,04 CuLS|1 in the core
29,2 45,9 27 1x30x0,04 CuLS| 1 B<2mT
400 M 33
A =40 nH
(typical values)
300
=y
) \
{,/"‘ /"'\
GO ARy
20 A LA L N\
yAl4 18504
20204
/
100
0% 5 1 5 0% kiz
—_— f
400 M 33
AL =63nH
(typical values)
300 //_
AT NeAN
) AN
pd AN
Gt RN
510
20 /7 A JpH\
458 UH
100
10% b 10 5 104Kz
—_— f
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Pot Cores 9 x 5 B 65517

Q factor characteristics

Material K 1 ‘
* |
L (pH) for Turns Wire; RF litz wire | Number of| @* e
A_=25nH A =40 nH sections mm Pad of polystyrene
tape up to the
4,37 6,21 12 0,20 CuL 1 6,7  diameter
0,76 1,08 5 0,50 CuL 1 6,0
30,4 47,3 35 1x20x0,04 CuLS| 1 - Flux density
8,35 12,2 18 1x20x0,04 CuLS| 1 - in the core
4,97 7.2 13 1x12x0,04 CuLS| 1 6,7 B8<0.6mT
400 K1
A = 25nH
(typical values)
aQ
T 300
30t uH
~ = RF litz wire
-~ /\ = = — — Enamel copper wire
200 ‘\(/
N
B35 UH —7 N
/ P Pl P —
W ~ L~ NN
o b,ﬁ?[tb — - e \\\\
076 uH
0
10° 5 10 5 10° Kz
— »f
400 K1
A_=40nH
(typical values)
a
T 300
//\\\ —— RFitzwie
73 uHt )T = — — Enamel copper wire
A TN
/ A ¢ N
200 12,2 M —FToNK
R NN
1, \\
. Z
72 uH ’/ \\
6,21uH 27,08 LH } \
0 | [
0 5 o+ B 106 kiz
_»f
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Pot Cores 11 x7 B 65531
Type for PC mounting
Individual parts Part No. Page
Adjusting screw driver B63399 341, fig. 4
(for assembly only)
Matching handle B63399 342, fig. 6
Adjusting screw B65539 156
Yoke B65535 155
Pot core B65531 163
Coil former B65532 154
with 1 or 2 sections
Pot core B65531 153
Connecting board B65535 155
with thread,
4 or 8 solder terminals
Centering pin 156
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Pot Cores 11 x 7 B 65531
Pot cores complying with DIN 41 293 or IEC publication 133
s Magnetic characteristics
] Core factor ZI/A= 1.0mm™’
Effective length le= 159 mm
i« Effective area A.= 15.9 mm?
=S ﬁ\ }g- S Effective volume V,=2562 mm?
~' D)-H N — = F o~
~ \\\\-y T T1e S Approx. weight 1.7 g/set
i \ K N =
1
1’9+ ——1&4’4*'0,3 |—
~— 9* ~—66 57
135
Dimensions in mm
A value Ferrite Total Effective Ordering code
material air gap s | permeability (PU: 500 sets)
in mm
nH tolerance approx. Me
Gapped
16 K12 1,0 12,7 B65531-L16-A12
25 K1 1,0 19,1 B65531-L25-A1 a8
40 0,41 31,8 B65531-L40-A1 S|
40 M 33 0,64 31,8 B65531-L40-A33
63 +3%= 0,38 50 B65531-L63-A33 S|
100 0,2 80 B65531-L100-A48
160 0.1 127 B65531-L.160-A48 8
250 N a8 0,06 199 B65531-1250-A48 a
400 +10%2K N26 0,03 318 B65531-L400-K26
Ungapped
115 K1 92 B65531-L—-R1
1600 +238%£R N 26 1270 B65531-L—-R26 8
3200 N 30 2550 B65531-L-R30 S|
6500 | F30%=v | T38 5170 B65531-L-Y38

B Preferred products (refer to page 4)
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Pot Cores 11 x7 B 65531
Accessories

Coil former and insulating washers B 65 532

Glass-fiber reinforced polyterephthalate coil former, complying with DIN 41 294 or IEC publi-
cation 133, flame-retardant in accordance with UL 94V-0, color code black.

For winding details refer to page 69.

Winding cross section

035 2_

Dimensions in mm 4201 l=—
Number Useful winding Average Agr Approx. Ordering code
of cross section Ay length value" weight (PU: 500)
sections of turn /y

of one total

section

mm? mm? mm uQ g
1 4,2 4,2 180 B65532-B-T1 S|

22 0,1

2 1,9 3,8 200 B65532-B-T2 8

0.04 mm thick insulating Makrofol spring washers for insulation and tolerance balancing between
coil winding and pot core; delivered in tapes.

L]
@45:01
~——@9,2:01

i

Dimensions in mm 1:0;57
Ordering code B65532-A5000 8
(PU: 1000)

1) Reu = Ag - N2

(dc resistance = Ag * number of turns?)
B Preferred products (refer to page 4)
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Pot Cores 11 x 7 B 65531
Accessories

Mounting assemblies for PC mounting B 65 535

Mounting assemblies with snap-in connection. Glass-fiber reinforced polyterephthalate connecting
board, flame-retardant in accordance with UL 94V-0. Max. permissible soldering temperature is
400 °C/752 °F, 2 s. 0.25 mm thick nickel-silver spring yoke (tinned).

Approx. weight 1.1 g (4 solder terminals); 1.4 g (8 solder terminals).

B65535-B2 B65535-B3
(with 4 solder terminals) (with 8 solder terminals)
Thread for adjusting screw
Thread
for
adjusting
screw
P
M14
View in direction A
a—_|
C\
Hole arrangement
View in mounting direction
Ground Ground
S - ’_"} w a
¢ NaNR == S
- ] Bl <1 1
( r 11 [
1PN [
[ | %
T T 1) | s -
- e
254 254
Dimensions in mm
Ordering code B65535-B2 H Ordering code B65535-B3 B
(Complete mounting assembly (Complete mounting assembly
with 4 solder terminals) (PU: 500 sets) with 8 solder terminals) (PU: 500 sets)
Mounting parts Ordering code Mounting parts Ordering code
a 1 yoke C61035-A14-C24 a 1 yoke C61035-A14-C24
b 1 connect. board | C61035-A14-B20 c 1 connect. board C61035-A14-B21
(with 4 solder (with 8 solder
terminals) terminals)
" Max. dimension 2 1.3 mm hole also permissible B Preferred products (refer to page 4)
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Pot Cores 11 x7 B 65531
Accessories

Adjusting Devices B 65539

Adjusting Screw (a, b) B656539-C1..., consisting of a ferrite tube core on which a glass-fiber
reinforced polyterephthalate thread is molded and 4 cam profiles serving as corebrake;

fits

polyterephthalate Connecting Board B65535-B... into which a guiding thread is molded
glass-fiber reinforced 11 polyamide Threaded Flange (c) B65539-J1001 B (only needed, when
no mounting assembly is used)

Centering Pin (d) e.g. of brass (for design proposal see drawing)
Adjusting Screw Driver B63399-B4

c d
! L
1 | %ﬂ |
T
: }
‘ A t =54
i . . o~
2 LYW i
o T ofd L wma
\ L - _l 21,98
_?. P .70-0,04
L—Z]S—— i
Dimensions in mm
Pot cores B65531 Adjusting screw
Material A, value | Part Tube core Color Ordering code
nH dia. x length | Material | code (PU: 500)
K12 16 Si1 black B65539-C1003-X101 B
25
K1 20 K1 yellow |B65539-C1003-X1 S|
a 1,81 x2,0
M 33 pe Si 1 black |B65539-C1003-X101 B
100 a 1,81 x2,0 K1 yellow |B65539-C1003-X1 8
N 48 160
250 b 1,81 x2,7 N 22 red B65539-C1002-Xx22 H

B Preferred products (refer to page 4)
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Pot Cores11 x 7 B 65531

Inductance adjustment curves

Adjusting screw B65539—-C1003-X101 Adjusting screw B65539-C1003-X1
color code black color code yellow
22 22
‘S % S %
a < N 48/ A100
S 18 M33/AL40 S 18 /KHALAO—
& K1 1AL25 S /
z A 2 /
S 16 4 K12 1A 16 ] S 16
AN /
s 1 s 14
S /// M33/A.63 5 //
2 n fr 2 12k
s s /
> >
£ 1 & 10
¢ : i
8 / 8 /
6 4/ 3
74 /
IA 7, 4
V7/4
7
2 -V 2
1 4
0 === 0
o 1 2 3 & S5 6 7 8 9 o 1t 2 3 4 S5 6 7 8 9
—— Turns of the adjusting screw ———= Turns of the adjusting screw
Adjusting screw B65539-C1002-X22
color code red
22
S %
sl
> 18 N48/AL160
c
©
£ 16 /
: /
g 1
o
: /
2 nu j
° L NL481/A(250
g0 / 7 L
2 |/
] 6 /1/
1. /4
2 A
y
0
0O 1 2 3 &4 S 6 7 8 9 O 2 at least one turn engaged

—= Turns of the adjusting screw
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Pot Cores 11 x 7 B 65531

Q factor characteristics

Material N 48
L (mH) for Turns Wire; RF litz wire Number of
A_=100nH | A =160 nH sections
34,8 54,9 600 0,07 CuL 1
8,69 13,9 300 0,10 CuL 1 Flux density in
2,38 3,84 160 1x12x0,04 CuLS |1 the core
0,96 1,59 100 1x12x0,04 CuLS |1 B<1.5mT
400 N 48
AL =100 nH
. (typical values)
T ——— RF litz wire //\ K\
300 == = Enamel copper wire // \ \\
! \
AL "‘\‘ \ \
Pl \ \ \
i \
e 1AL \ \ | osm
7 ~
’ WBmH__ ) \
8,69mH 2,38 mH
|
10 5 102 B 103 khz
— f
k00 N 48
//\)(‘\ A, = 160 nH
(typical values
2 AT 7 N\ ’
T | = RFlitz wire / \ \
300 = —— Enamel copper wire / \
ya%atd \
/ / N \ I\
, \ \ | \som
Ja~8 1 \BImH\ |
Pz 54,8 mH 1
200 o 3,84 mH
Z
100
10 5 10? 5 10° kiz
— f
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Pot Cores 11 x 7 B 65531
Q factor characteristics
Material M 33
L (pH) for Turns RF litz wire Number of
A =40nH I A =63nH sections
1020 1610 160 1x12x0,04CuL |1
303 477 87 1x15x0,04 CuLS |1 Flux density
84,7 133 46 1x30x0,04 CuLS |1 in the core
38,4 | 60,4 31 1x45x0,04 CuLS |1 B<2mT
400 L I l M 33
[ A =40nH
. T (typical values)
I
= ——— RF litz wire; ssc
T 300 \\\ — — — RF litz wire |
gl NI\
SREL NN
8A7UH
A N
/ AN _ ||
200 71/ N \\“
7 7 303uH AN A\ !
0N \ ‘
|
100 ! .
10° 5 108 5 10%kHz
—— f
500 M 33
A =63 nH
a . (typical values)
T 400 - — RF litz wire; ss'c
7 =~ N =~ — — RF litz wire
//1 71T\
— K ANN
/ /4/ - N A A\
A — N N
77 1610 NB0,+ n
ool ¥uH]
100 —
102 5 10 5 10* khz
—_— f
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Pot Cores 11 x 7 B 65531

Q factor characteristics

Material K 1
L (uH) for Turns Wire; RF litz wire | Number of [ mm dia-
A_=25nH | A =40nH sections meter*
Pad of
3,68 5,35 1 0,25 CuL 1 8,1 polystyrene
0,562 0,74 4 0,70 CuL 1 7.2 tape up to the
39,5 60,8 40 1x30x0,04 CuLS |1 - diameter®
6,88 9,73 15 1x12x0,04 CuLS |1 8,4
6,83 9,70 15 1x30x0,04 CuLS |1 6,9 Flux density
2,05 2,92 8 1x30x0,04CulS |1 8,1 in the core
B<0.6 mT
400 K1
A.= 25 nH
2 (typical values)
— RF litz wire —
T = — — Enamel copper wire | | | |
300
—
AN ny
/ \( . \
39,5 PEE\
a0 /I T2 N,
/YN / JiaN
633uH Y aaafw B y \\
366K 20508 \\
o s []]
102 5 10 5 10t . 105 Kz
400 K1
A =40 nH
2 (typical values)
———— RF litz wire 11
T = — — Enamel copper wire | | | |
300 \\
I—\‘
8 / .
AR ==
pay, \
=AY
i s —A AR
e u73uHLf_/Z92uH W\
9 \
VY
5,35 uH
076 pH AN
0 | L L1
108 5 108 5 0t 5 105 khz
——— f
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Pot Cores 14 x 8 B 65541

Type for chassis mounting

Individual parts Part No. Page
Adjusting screw driver B63399 341, fig. 4
(for assembly only)

Matching handle B63399 342, fig. 6
Adjusting screw B65549 | 167

Yoke B65543 | 165

Pot core B65541 163

Coil former with B65542 164

1 or 2 sections

Pot core B65541 163
Threaded sleeve B65808 167
threaded flange B65549

Bakelized paper washer B65543 165

Base plate B65543 165
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Pot Cores 14 x 8 B 65541
Type for PC mounting
Individual parts Part No. | Page
Adjusting screw driver B63399 341, fig. 4
Matching handle B63399 342, fig. 6
Adjusting screw B65549 167
Yoke B65545 166
- Pot core B65541 163
Coil former with B65542 164
1 or 2 sections
Pot core B65541 163
Threaded sleeve or B65808 167
threaded flange B65549
Insulating washer B65542 | 164
Connecting board with B65545 | 166

——————————— 4 or 6 solder terminals




Pot Cores 14 x 8

B 65541

Pot cores complying with DIN 41293 or IEC publication 133
For cores in acc. with DIN 45970, part 1116, refer to page 36.

131015

01
-02

Magnetic characteristics

S NL Core factor /A= 0.80mm’
2 © = 4 Y Effective length le= 20 mm
i TZ e Effective area A.= 25 mm?

f ' T Min. core
— cross section' Ann= 19 mm?
Effective volume V, = 500 mm?3
"25” - 025
~—116"24 —-15,6+04
' Approx. weight 3.2 t
142 57 -85 -~ PP ght 3.2 o/se
4 =03 .
g Dimensions in mm
Version | Ordering code?)
with threaded sleeve (fig.) B65541—-K...
without threaded sleeve B65541-N...
A value Ferrite Total Effective Ordering code?
material airgap s permeability (PU: 500 sets)
in mm
nH [ tolerance approx. IR
Gapped
20 K12 2,0 12,7 B65541-+20-A12
40 K1 1,0 25,4 B65541-+40-A1 S|
+3%2A

40 M 33 0,9 25,4 B65541-N40-A33
100 0,3 64 B65541-N100-A33 8
160 +2%2G 0,16 102 B65541-N160-G48 S|
250 N 48 0,1 159 B65541-N250-A48 8
315 +3% 2A 0,08 201 B65541-N315-A48 S

400 0,05 255 B65541-N400-A48 S|
Ungapped

140 K1 89 B65541-K-R1

2100 +30 N 26 1340 B65541-K—R26 8
—— % 2R
2800 -20 N 41 1780 B65541-K—R41 S
4200 N 30 2670 B65541-K—R30 8

+
9000 _gg% 2Y| T 38 5720 B65541-K-Y38 8

1) Necessary for the calculation of the max. flux density
2 4 nsert appropriate code letter for requested version
B Preferred products (refer to page 4)
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Pot Cores 14 x 8 B 65541
Accessories

Coil former and insulating washers B 65542

Glass-fiber reinforced polyterephthalate coil former, complying with DIN 41 294 or IEC publi-
cation 133, flame-retardant in accordance with UL 94V-0, color code black.

For winding details refer to page 69.

Winding cross section

2:08
115,

Dimensions in mm

Number Useful winding Average Agr Approx. | Ordering code
of cross section length value" weight (PU: 500)
sections Ay of turn /y

of one | total

section

mm? mm? mm pQ g
1 8,4 8,4 115 0,2 B65542-B-T1 8

28

2 3,8 7,6 127 0,3 B65542-B-T2 S}
0.04 mm thick insulating Makrofol spring 0.05 mm thick insulating Teflon washers for
washers for insulation and tolerance balancing increasing the dielectric strength between
between coil winding and pot core; delivered core and connecting board.
in tapes.

3

)
[
5/
l=—g117:01

Dimensions in mm
Ordering code B65542-A5000 B Ordering code B65542-A5002
(PU: 1000) (PU: 500)

" Rey = Ag - N2
(dc resistance = Ay - number of turns?)
H Preferred products (refer to page 4)
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Pot Cores 14 x 8 B 65541
Accessories

Mounting assembly for chassis mounting B 65543

Mounting assembly with metal base plate; fixed by twist prongs.
0.3 mm thick nickel-silver spring yoke.

Approx. weight 1.5 g

613

with bakelized
paper washer
/ 14 dia x 0.4 (c)
= ~ i i
i ~ Hole arrangement

o (=]
105" |a—r

Bend over! View in mounting direction
pg——
5202 1400 25
—.di'. ﬁr 1
J/ R
Only for adjustment
Dimensions in mm from below
Ordering code B65543-A1 B
(Complete mounting assembly)
(PU: 500 sets)
Mounting parts Ordering code
a 1 yoke C40330-A82-C8
b 1 base plate C40330-A82-C9
c 1 washer C40330-A82-C7

" Max. dimensions
B Preferred products (refer to page 4)
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Pot Cores 14 x 8 B 65541
Accessories

Mounting assemblies for PC mounting B 65 545

Mounting assemblies with snap-in connection.

Glass-fiber reinforced polyterephthalate connecting board, flame-retardant in accordance with
UL 94V-0. Max. permissible soldering temperature is 400 °C/752 °F, 2 s.

0.3 mm thick nickel-silver spring yoke (tinned).

Approx. weight 1.3 g

B65545-B9 B65545-B10
(with 4 solder terminals) (with 6 solder terminals)

Grounding pin View in direction A

Grounding pin

This recess must be on
the grounding pin side
to ensure that the yoke
locks in position.

11,3”44

5-02

fro Hole arrangement

View in mounting direction
A 9 i
A

p13+00 T T T T gq3+00 CT T 11
> —GF‘L—% BER ) A
E ) . )y
‘ ) | )
REDEDu Lol
ASRSARNE WA SuaiN
! | ]
[ 16,8”—— | — 7 o 1 LHJ\“#"‘J )
Dimensions in mm Ground Ground 168
Ordering code B65545-B9 B Ordering code B65545-B10 &
(Complete mounting assembly with (Complete mounting assembly with
4 solder terminals) 6 solder terminals)
(PU: 500 sets) (PU: 500 sets)
Mounting parts Ordering code Mounting parts Ordering code
a 1 yoke C61035-A12-C28 | a | 1 yoke C61035-A12-C28
b 1 connecting C42035-A11-B4 c 1 connecting C42035-A11-B3
board (with 4 board (with 6
solder terminals) solder terminals)

' Max. dimension
B Preferred products (refer to page 4)
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Pot Cores 14 x 8 B 65541
Accessories

Adjusting Devices B 65549

Adjusting Screw (a, b) B65549—E..., consisting of a ferrite tube core on which a glass-fiber
reinforced polyterephthalate thread is molded and a spring crown serving as core brake;
fits

glass-fiber reinforced 11 polyamide Threaded Flange (c) B65549—-J2, color code black
glass-fiber reinforced 11 polyamide Threaded Sleeve (d) B65808-L3002
Adjusting Screw Driver B63399-B4

Dimensions in mm

Pot cores B65541 Adjusting screw
Material A value | Part Tube core Color Ordering code
nH dia. xlength | Material | code (PU: 500)
K12 20
K1 40 Si1 green | B65549-E3-X101 S|
a 2,6x2,0
40
M 33
100 N 22 white B65549-E3-X23
160
250
N 48 3 b 2,76 x2,9 N 22 black B65549-E4-X23 8
15
400

B Preferred products (refer to page 4)
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Pot Cores 14 x 8 B 65541
Inductance adjustment curves
Measured at cores with glued-in threaded sleeve B65808-L3002
Adjusting screw B65549-E3-X101 Adjusting screw B65549—-E3-X23
color code green color code white
22 22
S % S %
a . ’ <a
()] M33/A 40 (Y]
g 18 Ve & & 18
©
5 16 s 16
@ @
Q / 2 .
& W g b
] / g M33/A,100
T 12 V. N1 14120 2 12
= K121 A 20 °
V4 [ /
g 10 / 5 10
© [
c g / o 8
7 /
K 4 [
/)
4 / b
2 // 2 A
0 0
o 1 2 3 & 5 6 7 8 9 0o 1 2 3 & S5 6 7 8 9
——= Turns of the adjusting screw ———= Turns of the adjusting screw
Adjusting screw B65549-E4-X23
color code black
2z N.8IA 160
S % '
<
S 18
: /
S 16
/
8 1 N48! A 250
3 |
B o2 I
g N48IA 315
£ 10 e
= 8 / // N48/AL00
)3
6 I/
. /)
2 /
0 —"//
o 1 2 3 & 5 6 7 8 9
———= Turns of the adjusting screw 0 2 at least one turn engaged
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Pot Cores 14 x 8 B 65541
Q factor characteristics
Material N 48
L (mH) for Turns Wire; RF litz wire | Number of
A, =160 nH| A, = 250 nH sections
53,9 84,9 580 0,10 CuL 1
12,6 19,5 280 0,15 CuL 1
5,28 8,25 182 1x12x0,04CulS |1
- 1,65 81 1x20x0,04 CuLS |2 Flux density
0,74 1,15 68 1x20x0,05CuLS |2 in the core
0,24 0,38 39 1 x30x0,05CulLS |2 B<1.5mT
600 N 48
A= 160 nH
500 (typical values)
= RF litz wire /7
== == Enamel copper wire
400
Il AW\
30 d AN \ \
4 N\ \ozimi
20 2L AN \\ I I
47 N V28 mH
U4 4 \ N
- I 2 538 mH 12,5 mH
| "
0
100 5 10 5 10? 5 10° Kz
—_— f
600 N 48
A, =250 nH
500 (typical values)
——— RF litz wire ,/ \\
- — —— Enamel copper wire /;/ ) \ o
'I / 7 ,1/ / \ y
20 A U\ Noggmy
///-///A \\ 8.25mH
0 A N \
pid IS
10 " N \185mH
L4 849 mH|
0 l
100 5 10! § 102 5 10° khz
_»f
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Pot Cores 14

x8

B 65541

Q factor characteristics

Material M 33, K 1

Material L (uH) | Turns | Wire; RF litz wire No. of [
sections | mm
1000 100 1x15x0,04 CuLS |1 - Pad of polystyrene
M 33 325 57 1x30x0,05 CuLS |1 - ffpe up to the
A =100nH| 250 50 1x30x0,05CuLS |1 - lameter
193 22+22|1x45x0,04CuLS |2 -
90 15+ 15| 1x45x0,04 CuLS |2 -
2,23 7 0,55 CulL 1 10,1
068| 4 1,0 CuL 1 9,2
K1 338 | 30 1x20x0,04 CuLS |1 9,5
A =40nH 10,3 | 15 1x20x0,04CuLS |1 10,8
4,75| 10 1x20x0,04 CulS |1 10,8
2,531 7 1x20x0,04 CuLS |1 10,8
600 M 33
A, =100 nH
- Lt (typical values)
/ N
2 >‘<\\\ Flux density
400 7 ><\\ \ N\ in the core
hsown | N B<2mT
- / 326 ﬁl " \
000 uH A\ \
200
100
0
102 5 108 b 10*kiiz
_>f
800 K1
A =40 nH
500 (typical values)
— RF litz wire Flux density
100 = — — Enamel copper wire in the core
B<06mT
TN
%0 — N
338qu,// )<> ’:‘.h- ~—.23
200 10'3”"/ / A A W’
w5 12 K \\\
2,63 M N 0,68
0 0,68uH
0
102 5 10 5 o 5 10° Kz
_>f
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Pot Cores 18 x 11 B 65651

Type for chassis mounting

Individual parts Part No. Page
Adjusting screw driver B63399 341, fig. 4
(for assembly only)

Matching handle B63399 342, fig. 6
Adjusting screw B65659 177

Yoke B65653 175

Pot core B65651 173

Coil former with B65652 174

1, 2, or 3 sections

Pot core B65651 173
Threaded sieeve or B65808 177
threaded flange B65659

Bakelized paper washer B65653 175

Base plate B65653 175
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Pot Cores 18 x 11 B 65651

Type for PC mounting

Individual parts Part No. Page
/ Adjusting screw driver B63399 341, fig. 4

(for assembly only)

l Matching handle B63399 342, fig. 6

.

Adjusting screw B65659 177
Yoke B65655 176
Pot core B65651 173
Coil former with B65652 174
1, 2, or 3 sections
Pot core B65651 173
Threaded sleeve or B65659 177
threaded flange B65808
Insulating washer B65652 | 174
Connecting board with B65655 | 176
4 or 8 solder terminals
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Pot Cores 18 x 11 B 65651

Pot cores complying with DIN 41293 or IEC publication 133
For cores in acc. with DIN 45970, part 1116, refer to page 36.

24 %015 . © s
—— f-— Magnetic characteristics
7l | J Core factor ZIA= 0.60mm™
= .8 Effective length le = 25.9 mm
S % > Effective area A.= 43 mm?
f e © Min. core
[ I cross section® Ann= 35 mm?
I Effective volume Ve=1120 mm?
0351 s Approx. weight 6 g
ot || 0 P i
L ]4’9,05* . 7’2+0,4}__* Dimensions in mm
Version ‘ Ordering code?
with threaded sleeve (fig.) B65651—N...
without threaded sleeve B65651-K...
A, value Ferrite Total Effective Ordering code?
material air gap s | permeability (PU: 500 sets)
in mm
nH tolerance approx. He
Gapped
25 K12 2,35 12 B65651-+25-A12
40 K1 1.6 19,2 B65651-+40-A1 a8
63 0,9 30,2 B65651-+63-A1
—— £3%=2A
63 1.1 30,2 B65651-N63-A33"
100 M 33 0,6 47,9 B65651-N100-A33 S|
160 0,25 77 B65651-N160-A33
160 +2%2G 0,32 77 B65651-N160-G48 8
250 0.2 120 B65651-N250-A48 8
3156 +3% 2A | N48 0,15 151 B65651-N315-A48 8
400 0,1 192 B65651-N400-A48 S
500 0,07 240 B65651-N500-A48
630 +10% 2K | N 26 0,05 302 B65651-K630-K26 a
Ungapped
180 K1 86 B65651-K-R1
2800 +300/ AR N 26 1340 B65651-K-R26 a8
_20 0 =
3900 N 41 1860 B65651-K-R41
5600 N 30 2670 B65651-K-R30 8
+40
1200 _30%2Y| T38 5730 B65651-K-Y38 a

1) Necessary for the calculation of the max. flux density
2) + Insert appropriate code letter for requested version

B Preferred products (refer to page 4)
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Pot Cores 18 x 11
Accessories

B 65651

Coil former and insulating washers B 65 652

Glass-fiber reinforced polyterephthalate coil former, complying with DIN 41294 or IEC publication
133, flame-retardant in accordance with UL 94V-0, color code black.

For winding details refer to page 69.

Winding cross section

Sa%estareres

e
Sl

Number Useful winding Average Ar Approx Ordering code
of cross section Ay length value” weight (PU: 500)
sections of turn /y

of one total

section

mm? mm? mm uQ g
1 16 16 87 0,2 B65652-B 8
2 6,5 13 35,6 94 0,3 B65652-B-T2 S]
3 4,0 12 101 0,4 B65652-B-T3 8

0.04 mm thick insulating Makrofol spring
washers for insulation and tolerance balanc-
ing between coil winding and pot core; deliv-
ered in tapes.

L]
@14:01
~—@15):01

4

Dimensions in mm L
Ordering code B65652-A5000
(PU: 1000)
" Rey = Ap - N?

(dc resistance = Ap - number of turns?)
B Preferred products (refer to page 4)
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0.05 mm thick insulating Teflon washers for
increasing the dielectric strength between
core and connecting board.

1802

Ordering code B65652-A5002
(PU: 500)



Pot Cores 18 x 11 B 65651
Accessories

Mounting assembly for chassis mounting B 65 653

Mounting assembly with metal base plate; fixed by twist prongs.
0.3 mm thick nickel-silver spring yoke.

Approx. weight 2.3 g

with bakelized
paper washer
18 dia x 0.5 (c)

13"

——
A

—_EZ_)
Hole arranacement
SOl arrangement

~
~
f —— - Bend over!
3,2-02
View in mounting

‘ direction

Only for adjustment

from below
Dimensions in mm
Ordering code B65653-A1 8
(Complete mounting assembly)
(PU: 500 sets)
Mounting parts Ordering code
a 1 yoke C40330-A75-C5
b 1 base plate C61035-A10-C43
c 1 washer C40330-B5-C33

" Max. dimension
B Preferred products (refer to page 4)
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Pot Cores 18 x 11 B 65651
Accessories

Mounting assemblies for PC mounting B 65 655

Mounting assemblies with snap-in connection. Glass-fiber reinforced polyterephthalate connect-
ing board, flame-retardant in accordance with UL 94 V-0. Max. permissible soldering temperature
is 400 °C/752 °F, 2 s. 0.3 mm thick nickel-silver spring yoke (tinned).

Approx. weight 2.4 g

B65655-B9 B65655-B10
(with 4 solder terminals) (with 8 solder terminals)

/ Grounding pin

=

] View in direction A

Grounding pin

This recess must be
on the grounding pin
side to ensure that the
yoke locks in position

View in mounting ment

S e 23 .ngHoiea"angemem g p—Jm
ta

direction View in mount-
— _ ing direction
R P13* 0 (T L T T T
] @
L
o-H [ Jin
an \OuPeaAn
f 7\J R
: 254
Dimensions in mm Ground Ground
Ordering code B65655-B9 Ordering code B65655-B10
(Complete mounting assembly with 4 solder (Complete mounting assembly with 8 solder
terminals) (PU : 500 sets) terminals) (PU : 500 sets)
Mounting parts Ordering code Mounting parts Ordering code
a 1 yoke C61035-A10-C40 a 1 yoke C61035-A10-C40
b 1 connecting C42035-A10-B5 c 1 connecting C42035-A10-B3
board (with 4 board (with 8
solder terminals) solder terminals)

") Max. dimension
B Preferred products (refer to page 4)
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Pot Cores 18 x 11 B 65651
Accessories

Adjusting D