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Ferite power material design continues to be a complex and difficult
endeavor, but in power applications improvements are being made
that allow higher operating flux under higher temperature conditions for
any specific frequency with lower core loss.

he optimum ferrite material exhibits the lowest

possill;le temperature rise and core loss under high

flux density and high ambient temperature at spe-

cific frequencies. This characteristic is not easy to

achieve, and no one material can produce this
characteristic over a wide range of frequencies. Conse-
quently, ferrite manufacturers can only design, develop
and manufacture a ferrite material for a specific frequency
range.

Power Material Specifications

The practicality of designing power supplies forces cer-
tain questions to be asked of the ferrite material. Ques-
tions such as:

Will the ferrite get too hot?

Is the operating flux higher than the saturation point?

Is there still inductance at 120°C?

Ferrite manufacturers provide specifications and typical
data that will provide the answers to these and other
questions. Specifications include:

* B, or B,.: This is the saturation point measured at a
specific magnetic field H and specific temperature.

* Core loss measured in some form of Watts/Volume
(W/V) at a specific frequency and specific temperature.

* B.: Remanence — measured at the same conditions as

ms*®

* T.: Curie Temperature — A temperature below which
a material is ferromagnetic or ferrimagnetic and above
which it is paramagnetic.

Typical data is given by the ferrite manufacturers in the
form of graphs, which must be taken only as typical data

in that the tolerance around the graph points could be
+30%. Typical graphs include p, vs frequency, core loss
vs frequency and flux B vs temperature. For this article we
will be discussing these characteristics for several materials
in the range of 100kHz to 10MHz. In looking at ferrite
material in this wide range, there is one problem — a
standardization of the testing procedures that is valid at all
frequencies. To resolve this problem we are defining a test
constant:

B x f =25 x 103(TxHz) (1)

After the test frequency is chosen, the flux B is then

“calculated. This provides realistic operating conditions,

i.e. 100kHz at 250mT (2500 Gauss) and IMHz at 25mT
(250 Gauss).

Typical material characteristics are provided in table
form, as shown in Table 1.

Amplitude Permeability

Amplitude Permeability w, is the permeability of the
ferrite material at stated operating conditions. Figure 1
shows the amplitude permeability p, as frequency
increases from 100kHz into the MHz region using the test
conditions stated above at 25°C. From this graph, a rec-
ommended material for any frequency range can be deter-
mined.

Flux Density B
For any given power supply we can define a term B, .,
as the maximum operating flux density. In normal opera-
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*PC40 | PCas PC50 H6F K5 K6A
L @ 100KHz | 2300 = 25% | 2400 + 25% | 1400 = 25% | 800 = 20% [ 200 + 30 — 20% | 70 + 20 — 30%
Bms (mT) (1000A/m) (1000A/m) (1600A/m) (2400A/m) | (2400A/m) (2400A/m)
@ 25°C 510 510 470 400 330 300
@ 100°C 390 390 380 300 270 270
T, (°C) { | >215 : >215 >240 >200 >280 >350
Core Loss (100KHz) (100KHz) (500KHz) Not Not Not
(mW/cm3) (200mT). " [*(200mT) (50mT) Specified Specified Specified
@25°C 650 * | 500 130 >
@80°C 450 340 80 R
@100°C 410 250 80 s
@120°C 500
Table 1.
Typical performance characteristics of various ferrite materials

tion B_ .. must be less than B_.. In topologies such as a
full bridage design the flux swings between +B_,, and
—B,,.... For topologies like a forward converter, the flux
swings between +B_.. and +B,. It is critical to know
that as temperatures increase in a ferrite core, B,
decreases (see Figure 2). It must also be noted that for the
materials shown, the B, also decreases. This is a desirable
effect for the forward converter type topologies. There are

the B,:increases; here, the available flux decreases as the
core temperature increases.

Core Losses
Core Losses are defined as:

PczPh+Pe+Pr

ferrite materials being used for power applications where where: P, = total core loss
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Figure 1.
Graph of amplitude permeability (wa) vs. frequency
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1. Powder preparation must be carefully controlled. Raw
material must be free of impurities. The grain size of the
sintered body is dependent upon the operating frequency;
i.e., the higher the frequency, the smaller the grain
size. Grain composition must also be uniform, the

inner part of the grain being homogeneous and free of
voids. TDK has improved upon the raw material pro-
cessing and powder preparation through a new “Spray
Roasted Powder Preparation Method” [5].

2. The sintering process is very critical. During the
initial state of sintering there is an oxygen discharge
reaction within the Mn-Zn ferrite forms. This occurs as
the temperature is increased up through the 900°C to
1100°C range. TDK has developed new sintering tech-
nologies that are very effective in controlling oxygen
discharge, suppressing discontinuous grain growth,
eliminating pores within the grain boundaries and in
precipitating additives and impurities at the grain
boundary [5].

New Ferrite Development

The above model was determined during develop-
ment of TDK’s PC50 material, the next logical step in
the material development cycle above the industry
standard PC40. To achieve control of the eddy current
losses in PC50, it is necessary to reduce grain size sig-
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Figure 2.
B, and B, vs. temperature
P,, = hysteresis loss

P, = eddy current loss

P, = residual loss

Further description of the hysteresis loss and eddy cur-
rent loss yields the following:

P, =fx oH x dB (2)
P, = k, X f2 x Bp 3)
A casual inspection of the formulas suggests that the

hysteresis loss increases linearly with increasing frequency
and flux. The eddy current loss increases exponentially
with increasing frequency and flux. In practice the hys-
teresis loss is the dominant component of core loss up to a
specific frequency, the frequency determined by the other
components in the core loss equation. Above this specific
frequency the eddy current loss becomes the most preva-
lent component of total core loss. A comparison of total
core losses at two different frequencies can be seen in
Figure 3 {4]. In Figure 3A, the presence of eddy current
losses is small at 100kHz compared to

nificantly and ensure that the grain structure is uni-
form. This process increases the resistivity of the material,
which decreases eddy current losses. However, a side
effect of increasing resistivity is that hysteresis losses also
increase. The net result is an increase of total core loss, at
lower frequencies, over that of the PC40, demonstrated in
Figure 4. For the stated conditions there is a cutover
frg%uency where PC40 demonstrates lower losses than
PC50.

Upon finishing the development of PC50 based upon
the above model, TDK engineers then went about apply-
ing the model to the standard PC40 material. By modify-
ing the basic formation for PC40 with the new processes,
TDK was able to more precisely control the grain size and
structure. The newly developed sintering control was also
applied to the PC40 material. The end result showed sig-
nificant improvements in core losses in the same fre-
quency range as PC40. The differences are important
enough to fully develop and announce a new power mate-
rial for the 100kHz to 500kHz range. This new power
material is designated PC44, and its advantages over PC40
are demonstrated in Figure 4.

Many materials have been available for years which

the hysteresis loss. In Figure 3B, at
400kHz with B reduced by 50%, the
eddy current losses increase and tend
to be equal to or greater than the
hysteresis losses. This fact has a sig-
nificant impact on ferrite manufac-
turers. In the region of 100kHz to
~500kHz, the power material must
be formulated to control and reduce
the hysteresis losses. Over ~500kHz
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the power material must be formu-
lated to control and reduce the eddy
current losses. The goal is to mini-
mize total core loss by balancing the
hysteresis and eddy current losses [5].

TDK Corporation has found that
to achieve this goal, the following

neq

Temperature(°C)

Components of core loss vs. temperature; ETD 29-3C85, losses at 100kHz,
1000G (A); ETD 29-3C85, losses at 400kHz, 500G (B)
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model is required:
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mended frequency range. The measurements were taken at
the conditions for B X f stated above at 100°C.

Summary
Ferrite materials are created, developed and

Core Loss P (mW/cm3)

Test Condition

f B X F = 25X103 (T x HZ)
100°C

N1 — N2 = 5 Turns (¢0.35)

1

manufactured for the application by all of the
ferrite vendors. This allows optimization of the
material characteristics for power applications
by allowing the highest operating flux under
high temperature conditions for any specific fre-
quency. The power supply and power magnetics
designers now have many ferrite options avail-
able. Most of the ferrite materials presented
here are available from ferrite vendors other
| than TDK Corporation, if only with minor
% wvariations. Core loss curves for other materials
" | have been shown to be within the 30% toler-
ance range for typical values around each fre-
quency characteristic curve. O
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