
 
The new N95 ferrite material from EPCOS significantly reduces power
transformer losses in switch-mode power supplies. Their efficiency
can be greatly increased, especially when operating under no load or
fractional load. 
 
 
At the beginning of April 2009, the European Commission issued its

Directive (EC) no. 278/2009 for the power consumption of power supplies. It aims to remove the most power-hungry
and inefficient power supplies from the European market by the year 2010. The EU hopes that this measure will lead to
a reduction in power consumption of up to 9 TWh by 2020.
 
 
Power supply losses occur in the ferrite cores and windings of transformers. The maximum efficiency condition at full
load is defined as a particular ratio of winding to ferrite-core losses and depends on the choice of the ferrite material,
operating temperature and frequency. Power converters are developed to operate optimally, i.e. with maximum
efficiency, at a defined operating temperature. As the winding losses depend on the square of the current and thus on
the load, they are significantly reduced at low loads. As the load decreases, the temperature drops, so does the
specific resistance of the windings, which also contributes to reducing the winding losses. In contrast, the losses in
power ferrites increase with decreasing temperature at a fixed voltage and frequency. That is why ferrite cores
contribute primarily to the losses of the power converters at low loads or no-load.
 
 
Because the ferrite material is designed to minimize losses at the operating temperature under full load, the core
losses must remain unchanged as the temperature drops in order to improve the efficiency under fractional load.
 
 
In contrast to conventional materials, the new N95 power ferrite material achieves this improved efficiency and the
resulting energy savings at fractional load. It is characterized by a flat loss minimum of 315 kW/m3 at 100 kHz, 200 mT
over a broad temperature range between 60 °C and 100 °C. Another advantage is its high flux density: 525 mT at
25 °C and 410 mT at 100 °C. It is available in both the commercial and customized cores used in power supplies.
 
 
Fig. 1 shows a comparison of the temperature profile of conventional power ferrite materials (N87, N97) with the N95
material producing an extremely flat temperature curve.
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For the N87 and N97 materials, the loss minimum is close to 100 °C, which is typical for power ferrites. Of the two
materials, N97 has lower losses and its curve characteristic is similar to that of N87. However, the loss curve of the
N95 material is lower and shows a relatively flat characteristic over a broad temperature range between 25 °C and
100 °C.
 
 
 
Core loss, winding loss and thermal resistance
 
 
The curves shown in Fig. 1 refer to a specific core loss with sinusoidal flux measured on a toroidal ring core with a
uniform magnetic cross-section. This data can be used for a power converter with a given core shape and a non-
sinusoidal magnetic flux to determine the actual core losses using the concept of equivalent frequencies. The model is
based on the following simplifications:
 
 

The frequency and flux density amplitude remain constant.
The output voltage remains unchanged with load variation; the output current drops linearly with a fractional load.
The power converter has a linear regulation over the entire load range from no load to full load.
The duty cycle changes to compensate the effect due to regulation.
The thermal resistance is linear and remains constant as the ambient temperature changes.

 
 
 
The core losses P

cfl,
 winding losses P

wfl
 and total loss P

tfl
 (sum of P

cfl
 and P

wfl
) at full load are shown in Fig. 2 at

maximum efficiency for a typical transformer with a power ferrite. Both the operating point P
1
 and the thermal

resistance R
th1

 are fixed for an ambient temperature of 50 °C (T
amb1

) and an operating temperature of 100 °C at full
load.
 
 

FIGURE 1: COMPARISON OF POWER LOSSES

N95 achieves a lower power loss than conventional materials up to a temperature of 90 oC.
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At a transition to a lower ambient temperature of 30 °C, the slope of the thermal resistance curve is unchanged, but the
operating point shifts to P

2
. In this case, the changeover to cooler surroundings hardly affects the transformer losses at

all.
 
 
The curves of the transformer loss temperature (Fig. 3) at full load (P

tfl
), 80 percent load (P

t80%
), 50 percent load (P

t50%
), 20 percent load (P

t20%
) and no load (P

cnl
) can be shown using the simplified model. The selected ferrite core is a low-

profile RM14 (RM14lp) and the power ferrite material is N95. The power converter operates in push-pull mode, the duty
cycle is standardized to unity at full load, the frequency is 100 kHz, the amplitude of the flux density is 200 mT, the
ambient temperature is 50 °C and the temperature rise at full load is 50 °C. The regulation of the transformer between
no load and full load is 7.5 percent. The transformer operates with maximum efficiency under the specified conditions.
The throughput of the power converter is 756 W.
 
 

FIGURE 2: TYPICAL POWER-LOSS CURVES OF A FERRITE CORE TRANSFORMER

Curves of  loss temperature and thermal resistance of a typical transformer with ferrite core at full load and under condition of
maximum efficiency.
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The operating points for full load, 80 percent load, 50 percent load and no-load are P

1
, Q

1
, R

1
, S

1
 for an ambient

temperature of 50 °C, and P
2
, Q

2
, R

2
, S

2
 for an ambient temperature of 30 °C. The change of loss and temperature rise

at fractional load can be determined from these curves. The point R
1
 on the curve yields an operating point at

50 percent load and an ambient temperature of 50 °C. The transformer losses are 5.55 W at an operating temperature
of 73 °C. 
 
 
Fig. 4 shows the potential savings achieved by replacing a conventional N87-RM14lp core by the materials N97 and
N95. The loss reduction results in a direct energy saving: assuming that the average load at the power converter is
50 percent at an ambient temperature of 50 °C (point R

1
 in Fig. 3), the annual energy saving in 1000 of these

converters is 11 400 kWh when N87 is replaced by N95 and 6100 kWh when it is replaced by N97. At an ambient
temperature of 30 °C (point R

2
 in Fig. 3), savings of as much as 17 500 kWh are achieved when N87 is replaced by

N95 and 5500 kWh when it is replaced by N97. Although the savings earned by N97 between 90 percent and full load
are greater than those for N95 at an ambient temperature of 50 °C, the N95 material unequivocally exhibits the better
savings at all loads at an ambient of 30 °C. 
 
 

FIGURE 3: POWER LOSS AT VARIOUS LOAD FACTORS

Curves of loss temperature for fractional loads for the N95 RM14lp push-pull converter, f = 100 kHz, B = 200 mT, shown with
the thermal resistance curves at 50 °C and 30 °C ambient temperatures.
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Less air-conditioning required
 
 
 
The energy saving at a low ambient temperature is greater with N95 than with N97. Temperature rise plays a
significant role in the energy savings, as the power supplies for server applications are in most cases located in air-
conditioned surroundings. A lower temperature rise thus brings additional indirect energy savings. The power
requirement for a conventional air-conditioning unit is about 3.5 kW per ton of treated air, and increases proportionally
with the rise in temperature. With a power converter efficiency of 90 percent, the transformer alone can consume about
15 percent of the power required by the air-conditioning unit, corresponding to about 550 W per ton of air.
 
 
The energy saved by changing over from N87 to N95 is 830 kWh per ton of air/hour in the air-conditioning unit alone
per annum – taking the pressure significantly off the environment.
 
 
 
Author: Probal Mukherjee, Product Development Ferrites

FIGURE 4: POTENTIAL SAVINGS

The direct energy saved by replacing a N87-RM14lp core by N97 and N95 in the push-pull converter at 100 kHz and 200 mT.
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