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2. Requisites of Ferrite Core 
for Switching Power Supplies

7HEN�SOFT�MAGNETIC�MATERIALS��INCLUDING�SOFT�FERRITES��
ARE�USED�AS�CORES�IN�TRANSFORMERS��THE�MAGNETIC�FUNCTION�
IS� REALIZED� UNDER� THE� CONDITION� THAT� THE� CORE� IS� WOUND�
WITH� WIRE� AND� AN� ELECTRIC� CURRENT� IS� PASSED� THROUGH� IT��
3OFT�MAGNETIC�MATERIALS�ARE�UTILIZED� IN�VARIOUS�MANNERS�
IN� COMPARISON�WITH�HARD�MAGNETIC�MATERIALS�� FOR� EXAM
PLE�� AS� A�MAGNET��WHICH� CAN� CREATE� A�MAGNETIC� lELD� BY�
ITSELF��4HEREFORE��VARIOUS�KINDS�OF�PROPERTIES�ARE�REQUIRED�
IN�THIS�TYPE�OF�CORE��DEPENDING�ON�THE�SITUATION�IN�WHICH�
THE�CORE�IS�USED��&OR�EXAMPLE��ELECTRIC�CIRCUITS�IN�SWITCH
ING�POWER�SUPPLIES�WITH�!#�����6�INLET�POWER�ARE�CLASSI
lED�INTO�TWO�TYPES��INSULATED�AND�NONINSULATED��AND�THE�
CONSUMPTION� WATTAGE� ALSO� VARIES��4RANSFORMER� CORES� OF�
DIFFERENT� SIZES� AND� SHAPES� ARE� ALSO� ADOPTED� AS� REQUIRED�
BY�THE�SYSTEM��'ENERALLY��LARGER�CORES�ARE�USED�FOR�LARGER�
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mY�BACK�MODE�CONVERTERS� ARE� SUMMARIZED�AS� TWO�� LARGE�

S�AND�LOW�IRON�LOSS�

3. Development Policy 

0OSSIBLE� MEASURES� TO� INCREASE� SATURATION� MAGNETIC�
mUX�DENSITY�� S�INCLUDE���	�INCREASING�THE�DENSITY�OF�THE�
SINTERED�BODY�OF�THE�CORE����	�INCREASING�THE�TOTAL�OF�THE�
MAGNETIC�MOMENTS� OF� THE� CONSTITUENT� IONS� IN� THE� SPINEL�
MATRIX�PHASE��AND���	�RAISING� THE�#URIE� TEMPERATURE�� C��
AMONG�OTHERS�

)T�IS�CLEAR�THAT�ENHANCING�THE�DENSITY�OF�THE�CORE�WILL�
RESULT� IN�AN� INCREASE� IN� S��&OR� THIS�PURPOSE��OPTIMIZING�
THE� SINTERING� CONDITIONS� AND� THE� KINDS� AND� AMOUNTS� OF�
ADDITIVE�TRACE�ELEMENTS�IS�VERY�IMPORTANT��

4HE� SPINEL� STRUCTURE�� WHICH� IS� THE� MAIN� PHASE� OF�
-N:N�FERRITE��IS�COMPOSED�OF�-N��:N��AND�&E�IONS�OCCU
PYING� CRYSTALLOGRAPHIC� EQUIVALENT� SITES�� !� AND� "�� WITH�
OXYGEN� SURROUNDING� THESE� METALLIC� IONS�� AS� SHOWN� IN�
Fig. 3�� 4HE� MAGNETIC� MOMENTS� ASSIGNED� TO� IONS� AT� THE�
!�AND�"�SITES�ARE�ARRANGED�IN�PARALLEL�IN�OPPOSITE�DIREC
TIONS�BY�A�SUPEREXCHANGE�INTERACTION�THROUGH�OXYGEN��)N�
THIS� CONlGURATION�� SOME� MOMENTS� ARE� CANCELED�� WHICH�
REDUCES�THE�TOTAL�COMPARED�TO�THAT�IN�SOFT�METALLIC�MATE
RIALS��WHERE�THE�MAGNETIC�MOMENTS�ARE�ARRANGED�IN�PARAL
LEL�IN�THE�SAME�DIRECTION��4HEREFORE��HOW�THE�CONSTITUENT�
ELEMENTS�OCCUPY� THE�!�AND�"�SITES�DETERMINES� THE� TOTAL�
OF�THE�MAGNETIC�MOMENTS��NAMELY� S�

4HE� S� OF� SPINEL� COMPOUNDS�� LIKE� THAT� OF� COMMON�
METALLIC� MATERIALS�� DECREASES� AS� TEMPERATURE� INCREASES��
#OMPARING� S�AT��� #�TO�THAT�AT���� #��THE�DECREMENT�IS�
SMALLER�IN�CORES�WITH�HIGHER� C�� C�CAN�BE�CONSIDERED�TO�
REPRESENT� THE� STRENGTH� OF� THE� SUPEREXCHANGE� INTERACTION�
AGAINST�THERMAL�ENERGY��AND�IS�DETERMINED�MAINLY�BY�THE�
COMPOSITION� OF� THE� MATRIX� PHASE�� 4HEREFORE�� IT� IS� VERY�
IMPORTANT�TO�CHOOSE�THE�OPTIMAL�COMPOSITION�FOR�INCREAS
ING� S�

/N� THE� OTHER� HAND�� THE� REQUIREMENT� OF� LOW� LOSS� IS�
ALSO� RELATED� TO� THE� MAIN� COMPOSITION�� 4HERE� ARE� SOME�
IDEAL� COMPOSITIONS� THAT� EXHIBIT� A� LOW� MAGNETOCRYSTAL

LINE�ANISOTROPY�CONSTANT�� ���AND�LOW�SATURATION�MAGNETO�
STRICTION�CONSTANT��λS

�	�
"OTH� PARAMETERS�� ESPECIALLY� ��� VARY� WITH� TEM

PERATURE�� !� COMPOSITION� IN� WHICH� �� IS� ALMOST� ZERO�
AT� ��� #� AND� LAMBDA� IS� LOW�� TYPICALLY� &E�/������n

���MOL���:N/�����n���MOL���AND�-N/�IS�THE�BALANCE��
IS�SELECTED�FOR�CONVENTIONAL�-N:N�FERRITES�USED�IN�POWER�
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TRANSFORMER� WERE� DETERMINED� AS� SHOWN� IN� Table 2�� AND�
THE�GAP�LENGTH�IN�THE�CENTER�POLE�WAS�DETERMINED�SO�THAT�
INDUCTANCE�WOULD�BE�SAME��

4HE�∆ �OF�-"�(�WAS�����M4������LARGER�THAN�THAT�
OF� -"��� ����M4� BECAUSE� OF� THE� ���� INCREMENT� IN� S�
IN�-"�(� IN�COMPARISON�WITH�-"���&ROM�%Q�� ��	�� IT� IS�
POSSIBLE� TO� REDUCE� THE� CROSSSECTIONAL� AREA� FROM� THAT� OF�
AN�%%0#��$�CORE�WITH�-"�� TO� THAT� OF� AN�%%0#��$�
CORE�WITH�-"�(��AS�SHOWN�IN�Photo 1��WHILE�PRODUCING�
THE� SAME�OUTPUT� VOLTAGE��4HE� DECREMENT� IN� CORE� SIZE� IS�
����IN�CROSS�SECTIONAL�AREA�AND�����IN�VOLUME��AND�THE�
NUMBER� OF� WINDINGS� ALSO� DECREASES� COMPARED� TO� -"���
!� TEMPERATURE� RISE� TEST� REVEALED� THAT� HEAT� GENERATION�
IN� THE� TWO� TRANSFORMERS�WAS�ALMOST� THE� SAME� �LESS� THAN�
� #	� IN� BOTH� THE� CORE� PART� AND� WIRE� PART�� &URTHERMORE��
CONVERSION�EFlCIENCY�IMPROVED�FROM�������TO�������BY�
REPLACING�THE�CORE�

4HIS� RESULT� CONlRMS� THAT� HIGHER� EFlCIENCY� CAN� BE�
REALIZED�IN�THE�TRANSFORMER�OF�THE�mYBACK�MODE�CONVERTER�
WHILE�ALSO�DOWNSIZING�THE� TRANSFORMER��WITHOUT� INCREAS
ING�HEAT�GENERATION��BY�USING�A�CORE�WITH�HIGHER� S��,OW�

TEMPERATURE�RISE�IN�SPITE�OF�MODERATE�LOSS�WAS�ATTRIBUTED�
TO�INCREMENT�OF�∆ �

6. Conclusions

��	� 4HE� SATURATION�MAGNETIC�mUX�DENSITY�� S�� OF� TERNARY�
-N:N� FERRITE� IS� INCREASED� BY� INCREASING� THE� &E�/��
CONTENT�� HOWEVER�� AT� THE� SAME� TIME�� THE� MINIMUM�
TEMPERATURE�OF�IRON�LOSS��4P��SHIFTS�TOWARD�LOWER�TEM


