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Abstract: In this paper, a new multi-mode control method is proposed to optimize the efficiency of the half bridge converter under 

the load variations. Efficiency optimization is performed by only changing the control mode and without adding elements to the main 

converter structure. The control method uses the prominent control modes including asymmetrical, duty phase shift, pulse width 

modulation (PWM) and burst control. For the first time, three transition points between control modes, being the specific values of 

the load current, are analytically calculated based on full bridge converter power losses. Transition points are used as the criteria for 

allocating the control mode and are functions of the half-bridge converter parameters. The proposed method continuously compares 

the load current with the transition points and puts the converter in the control mode with the highest efficiency. Thus, the half-bridge 

converter efficiency is optimized in terms of control modes and over the load variations. The accuracy of the analytically determined 

transition points and superiority of the proposed control method to the previous ones is determined by illustrating the performance of 

the converter. 
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• ���0 q��4� �"#. 5�G�
 �	��U�(#� �� P���
 �"#. 5�G�
 �

 �"I�J �W��� �;� .  

• �.�"����'0 !��)� �.0  1�	��(2 3'  ���H��* 5�6cq� �J�� /�
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 �t6   �L��� �� , E��

)7 ( �	��U��� �;�. 

)7(  6 ,

(1 )

2

S in S
P O M avg

P m

N V D DT
I I I

N L

−
= − + −  



617  / ��� ����	
 ��
���� ��� ������ ����49 ����� �2 !�"#��
 �1398                                                                  -�. �� ���� �)�"�* +,�                     . . .

 

Tabriz Journal of Electrical Engineering, vol. 49, no. 2, summer 2019                                                                                                             Serial no. 88 

 3��* \���� /� �?�C1� �� ���� �;Q1  !��/ ��t7  ��. �� ~,��� E

�� ��*  ��,� \�"), ,Q1  �G@ ���� ��� .�?� ��. /��E ����; ;�(�v -
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5�G�
 ;�(�^�] ;� �.(�v MOSFET � �1�	� ��� �)��?� )9 (
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2
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 p��,�)3 ( ,)11 (, VDS,Q1,t2  ,VDS,Q1,t7 �� \�"),�C- ;� w�;�(� v

Q1 �� !��/ �.0 t2 ,  t7 E�� , �� �, p��)12 (, )13 ( |T��

�� ��;�.  

)11(  7 6 0 ,12cos( )P P delayI I tω=  

)12(  , 1, 2 0 2 0 ,12sin( )DS Q t in cb P delayV V V Z I tω= − +  
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(;� E(� vQ2 
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ITrans3 E�� .�� �� �L<� C�"�� J(�0 /�( )OIη .�/�� O��
 �*�  ��
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 �����1�	� �(2 3' ��  +,�PWM  1�"�* 1,��"��� �;�. �
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;� 5�G�
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�.�"����'0 !��)� �.0  1�	��(2 3' ���� ��;�� 1,�� ���L� �1 E�� .
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 �"#.E42/20 �I P�� /�� ���� �* �� , EN87  /�

 E*��EPCOS ���0 D��q� �� , ��� �"I�J �W� �� 1�	� C

 1,�� �� , ���T"�� ���/�� ���H��* 5�6cq� �J�� /� !Z 5�ST��2 

 ���� !������ E�� .  

	�(� /�� ���I� f�� /� ���G"�� �� 1�	� �.�/�� 0Pspice  1�� �*

�(LH� 1�	� ��(2 3'  3(�U
 ���� ��* f���� ���� E�� . �	��U� 0���

 C(� �RJ Q�<�E)�D �. 5X��?� ��)�"�* 0)40( �)41 ( ,)42 ( ��

 1,�� �� ��� ���� ����<�1  ,2  �	��U����  �RJ Q�<� ,E�� �� 

 1,�� �� ���Z3  ���� !������ ���.  
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	�	�	�	�((((����    /��/��/��/��0000    ������������        

Value  Symbol  Item  

400V  Vin  Input Voltage  
   

12V  Vo  Output Voltage  
   

30A  Io  Output Voltage  
   

32uH  LO  Output Filter Inductance  
   

100ns  ton  Mosfet rise time  
   

120ns  toff  Mosfet fall time  
   

300pF  COSS  Mosfet parasitic capacitor  
   

100mΩ  RDS  Mosfet Drain-Source Resistance  
   

50ns  trr  Diode revese recovery time  

  

 1,�� 1,�� 1,�� 1,��2222 : : : :5�ST��5�ST��5�ST��5�ST��     P���
 �"#. P���
 �"#. P���
 �"#. P���
 �"#.        

Value Symbol Item 

1.25, 2.46, 15.9 α, β, k Steinmetz parameters 

   
24 Np Primery turns 

   

654uH LM Magnetic Inductance 

   

97mm Ie Magnetic path length 

   

234mm2 Ae Cross-sectional area 

   

22700mm3 Ve Primery turns Valume 
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)�� 12 E�� ��� ���� !��� . 3>�10 �"�� [	�(� /��0 .�/���  1�	�
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�� /� �!��<"���� !�30  �
 �i�Z8/19 )�"�* E)�D /� ��i�Z� �( EG

�9�M, N( �"�� �G�� ���� . 3>� ��11�"� �� [	�(� /��0 ���0 

E)�D �.0 )�"�*� �(�9 EG�M, N( , �GPWM  !��� , E�� ���Z

�� �*�.� .�/��� )�"�* E)�D �� 1�	�� �(�9 EG�M, N( /� �G

��� !�9/9  �i�Z�� �'(�C)�"�* E)�D /� �"�* �� PWM �� �;� . ��

 3>�12 �<���# ٔ◌ �"�� [	�(� /��0 .�/���  ��E)�D �.0 )�"�*� 

PWM  !��� , E�� ���Z OL<�� P)�' ,�� �.� .�/�� �*�  �� 1�	�

)�"�* E)�D� PWM �� /�� !�8/2  �i�Z�� �'(�C �"�* OL<�� P)�' /� �

�� ���J .�"� /� �* �RJ Q�<�� [	�(� /��0 �. ��� ���� ���T"��0 

�<���"� �� �#� [�� E�� ���Z �U
 +,� /�(�� 1,�� �� �3 �( ���Z �

 !��� , E���� �.� ��<� �*� ��	��U� ���  ,	�(� /��0 ��� ���� t

��"#. 2. ��  .5,�G
 Y��� �� )�(3  1�� /� ���G"��7�(� �
 

�,(LH�� !��)� �.0 ����0  3D , �� ��"	�0��6 0���,� �� 

	�(� /��0 ,  �3��<� ������ /��0 1��  �� 	��U��U
 5�(��  ,

�� E��  5X��?� !��,Z �RJ Q�<�E�� .uk
(� �� C 5,�G
 �� �.�/��

nc��* 3��7 �W�I�@ �� ����  /� �� �� ��� ���� 5X��?� /� ���G"�� �R) ,

	�(� /��0 �� �(/� �� ��*.  
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 3>� 3>� 3>� 3>�12121212::::    .�/��.�/��.�/��.�/������    )�"�* E)�D ,� �� 1�	�)�"�* E)�D ,� �� 1�	�)�"�* E)�D ,� �� 1�	�)�"�* E)�D ,� �� 1�	�����    PWM    OL<�� P)�' ,OL<�� P)�' ,OL<�� P)�' ,OL<�� P)�' , 

 3>�13 �"�� [	�(� /��0 .�/���  1�	��(2 3' )�"�* +,� ��� 

'(�����0� �RJ Q�<� �( CE)�D �.0 )�"�*�  E)�D �. ��,�U� ,

)�"�*�  !��� ���� �.� . 3>� ��14  +,�' 1�"�*(�����0  ��

E)�D �.0 )�"�*� '(�(�<� C� �#��� E�� .!��. �;q  ��.��� �*

�� �;�.�/�� �� ' �")�D��A 1�"�* +,� ��(�����0 �N#D�� 

+,� �.0 )�"�*� � �!��<"���(�9 EG�M, N( , �GPWM  �� ,

4
 �/�� 3* y�#"D�((�� 5����� ��� !�( ���� ����.  
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 3>� 3>� 3>� 3>�14141414 - - - -    �<��<��<��<�����.�/�� �#.�/�� �#.�/�� �#.�/�� �#����     1�	� 1�	� 1�	� 1�	�����((((2222    3'3'3'3'    ' 1�"�* +,� /� ���G"�� ��' 1�"�* +,� /� ���G"�� ��' 1�"�* +,� /� ���G"�� ��' 1�"�* +,� /� ���G"�� ��((((��������������������0000    

�. +,� ,�. +,� ,�. +,� ,�. +,� ,0000    �	7 1,��"��	7 1,��"��	7 1,��"��	7 1,��"�����        
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�� /������ ��>��6 +,� '(�����0 ��A �">� 3��7 �*� E�� .nX,�� 

��  �� ��;
3>� 14� �����  �* E���� �/�0 � �.(!�� ?�(C /� ��� , �� 

�. /;
�?� /� ��� I�S���  .�/��� ' +,�(�����0 E	#�  �. ���t  /�

���,�0 '(�(�C �(�"� �� ,�#�0 �� ���� .��u(n�� �s*��D  �;	��.�/��� 

+,� '(�����0 ���0 1�	� D��q� ���  �� ,�/�� �.0  V�"T� ���

5��	6 E�� /� : ����� 
��(C �� ,�!� 30  ��i�Z  �� E	#�E)�D 

�(EG �9�N M,(�G  ,PWM 
�
 ��(N %9 , %11 : ���0 ��� 

�(�� 
��(C  �� ,���!� �.0 9/9 , 8/19 Z��i� E	#� �� E)�D �.0 

)�"�*� 

 , !��<"���PWM �� 
�
(N %3 , %2 :  t	� ��� ��, ���!� 3 

��i�Z  �� E	#�E)�D �.0 )�"�*� !��<"��� , �(EG �9�N M,(�G%9  ,

����HX� �� �/��  �;I t	� , �� ���0 , �� ���!� �,�D �� 2/0 �i�Z� 
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�(2"# ��,�� �� 
�
(N 102 5�, )2%(� 128 5�, )3% (, 225 5�, 

%)4/4  ( �� E	#�' +,� ��(�( C�I�@ ;��� ��� E��.  

6666---- "�"�"�"�((((J ��J ��J ��J ��((((����0000        

� ���)�"�* +,� ��)�<� C� �")�D���A ����0 ���0  1�	��(2 3' �� �

�� J��*(�0 E)�D �.0 )�"�*� � �!��<"���(�9 EG�M, N( ��GPWM  ,
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