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� +�!�,� -�	 ./����  �
 ���� ���� �� �������� 
�0 %��!� 12�3�4"� �5� ����)ZVS (�4	.	 '�� ��	 .

 ����DC/DC  9"��:��� �  �
 ��������  +�����  �;�	�  � 9	"� �(�
�(!	 ����� ./ �/��� /
 .�$ +�$ 12�3�4"� <��=� �

/.	/ :�  %��!� . �
 ���� ���� �� �!�,� -�	 ./����  9	"� �  ����3KW  12�3�4"� >&�$
� �100KHz  �	 '/����	 �  � ��	
�

�
&  .	?�	PSIM �   ."@2�  +�=�A �B�� �	
  .	�� ?�!�&C���� ���� ��	 '�� .����� �	
  ���� -�	  �%
&	 ��!"� ��#

���$
�)HES (�!
�2$ D�. �	.	/ �$State Space  �%
&	 �2&�� +�2��#  
@& ./ "& ��#���
E '�� ��	 .�!
�2$ D�.State 

Space  � ��4��!�"�"� �2&�� �(�
�(!	 F�2� -��2) ��	 ./�G �2$ �
�2$ 	. /�  ��
�& . H���&���� ���� I"& -�	 ./ ����  9�J& �#

�� '/��  ���$ .�  �!�� ./ �$ �#/  �	 
�:�  �	%90 ��/ �  �� ��C.  

<��=$ ���=$:  �
 ���� ��������  ���� +
�0 %��!� �5� 12�3�4"� +���DC/DC���$
� �%
&	 ��!"� +.  

 

1 - �����  

2��� !"�3 4#"56" 
"�$  
�7�� 8$ �#�$ 9.�:���� 
�; <��=�6

�"� 4#"56" "
 9.�:����]1[ .A���� 8= B�	�� C#" 8$ 8��3 �$  
�;

FET �8$ !"�.D 2��� �EF" !�1�  G�HI*� 
"
"� �9.�:���� 
�;

1/J"!��J" 
"�$ �KL��M �/#� <��=�6 
� ��L �1#'"
�N 
�;  O�$ 
�;

2��� P��F ��/E�D C#"�$�.$ Q�.1�; <��=�6 
� �;  
�7� O�$ 
�;

�R �;"�L 2�1L" .  SN T��3 
U�J�N�3 �O�$ !"�3 �J�)7 �$ S#��, 
�

8$ 
�� (��1�0  
"(��V1�"�
�� �� 
"�W ���0 . !��J" �"��3 ��" C#" XED

 A����(��V1�"�
��  X�" 
U�J�N�3 
�]2[ . 9.�:���� 
� T�� ��/E�D

!��J"  
�;FET �� 
� SN T��3 2�YZ3�
"� (�'�$  
� ���[1�� �� .

81R\0
� <J�N ]�D !���O,��)PWM (8$ !"�.D 2�.)��  
�;

A���� X�0 8$ �J�1.= �� 2��D" �; �R .�� !���O,�� C#"  
"
"� ��"�3

�R�$ !% !,�$ �# , (��� !��' . 8= ^,
 C#"8$  !"�.D  9.�:����

�� 81L�.R XI� ��� G�VE3 ���#" _D�$ ���R (�'�$ 4;�= , 9.�:�

�� ��R . ����0 
"�W �`� �� !���O,�� 
� (��� !��' 8= �K#"�R 
�

A���� T��3  
�$ !�#�� , �.1�; ^���L �;�3�= !��' G�� 
"�$ �;

8$ ��#� a#�� '" ��0'�; G
�F �� X=�+ '����/# 
�; �..= . 
U��"

Lb(�� &E� 
� (�R  A���� ��,�L !'�L , ��
�V��"�3 �1*�  
�;

FET �� !�#�� , U�1J, !���� ���#" _D�$ ���R]3 ,4[ . �3�/*�'" 

8E��  �9.�:���� 
O�$ 
���$ G�VE3 , !�#�� !���� �U�1J, !����

 !���O,�� 8$ T���� �R,
 e��3RXV�  f���$ '�6�� ��R.  

 C#" 
�
2�.)�� �^,  e#"�R ���#" _D�$ �J�1.= 
�;ZVS  !��' 
�

A���� 
"\0  
�;FET 8`�J 
� �� !�R CR,
 
 ��R . e#"�R

A���� !�R CR,
 !��' 
� �VF U�1J, X�3 T�� 9.�:����  e��3 ��;

<���,'
 A���� ��,�L !'�L C�$  ��
�V��"�3 �1*� &E� , �;"8J,5# 

(�..=  g;"�6�� ��R . 2��� 
�DC/DC  SN T��3RXV�  ��/E�D 
'�6

'��" C#" 9.�:���� 8$ "
 (�g� 8�J," A�N �� ��
�V��"�3 
  
� �3 �;�

 �$ , ��R SH1� 
�,
, U�1J, h�.� 8$ �3�`�J��!�# *= '" g�[1�� �

 �1*� &E� '" �R�� 8= !�#�� , U�1J, !���� �Y" ���#" '" !%

�.= 
��0�E� X�" ��
�V��"�3 .(��Lb 
U��" '"  �1*� &E� 
� (�R

 ��
�V��"�38$ 
�`.�  
U��" 8�EI3Lb(��  ��,�L !'�L 
� (�R

A����  
�;FET )MOSFETs ( T�� 9.�:���� , (�R (��V1�"

 �VF U�1J, X�3)ZVS (8`�J 
� �� g;"�6 !�R CR,
 
 ��R]3 ,5[ .

 8��1� "
 O�$ �J�)7 �$ !"�3 2�[1�" �O�$ <��=�6 
� 2��� ��/E�D

�� �;�]6 ,7[ . 2���+"��� T�� 
� 8J�[� C#" 
� (�R  
"56"PSIM 
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�R8� 
'�� X�" (�R . l#�1��R8� �� !�*� 
'��  
�$ 
� 2��� 8= �;�

(�'�$ 
"
"� S��=  '" �3O�$ 
90% X�".  

2 -  /
(=�AC �.�E�&�� �!�� ?�!�& 

 !���O,�� �$ SN T��3 2���RXV�  2��� p# �'�6DC/DC  8J,5#"

X�" .�$ a$�K�  S/R2 SN T��3 
U�J�N�3 �RXV�  
��7 
"
"� 
'�6

X�" 8#�N SN T��3 2��� �.��� A���� .�EF"  �2��� C#" G,�V3 C#�3

2�.)�� X�" �J�1.= 
�; . A���� XV� S��R SN '" 8#�N p#
1S , 

2S  A���� 8= X�"  �;8$ G
�F  �$ �)#�/# S�/�50 % �8V�q, (
,� '"

8$ (��� !��' p# 5� �� CR,
 (�3�= 
 ���R .8$ B�	�� C#"  8$�*� 
��

8#�N 
"�$ A���� S��R 8= SN �)#� 
  
�;
3S , 

4S   
"�/3 �X�"

�� ��R .2�.)��  
� X�0 
�; S/R1  4#���(�"� (�R X�" .  

!��; ��� (�;�*� 8= 
� A���� X�0 2�.)�� ���R  
�;
3S , 

4S 

A���� X�0 2�.)�� 8$ X��� 
�;
1S , 

2S �`�'"  XV�R �'�6

816�# ��" . e#"�R ���#" _D�$ ��" C#"ZVS A���� 
"
\0 XJ�+ 
�  �;

�� ��R .�.)�� r�� S/R 2 A���� X�0 
�; 8�J," , �;   
� ��
�V��"�3 


 
� 
"�� 
�0���� XJ�+ S/R2  4#���(�"� (�R X�" . !�*� �#�H3 C#"

��  S��R 
"�� S��= S/�� p# �;�10  
� 8= X�" 
��/E�D ��

�R �;"�L (�"� P�	�3 8�"�"]8[.  

  

 ��	 ��)10 ~ tt :(  


�
0tt =�

2S �� ^���L ��R . �1*� &E� 
� (�R (��Lb 
U��"

��,�L !'�L U
�R _D�$ ��
�V��"�3
2S   ��,�L !'�L U
�R� ,

1S �� ��R))S/R2-&J".(  

  

 ��/ ��)
21 ~ tt :(  

8`�J 
�  

1tt = ، 1S  u�R 
�ZVS 8#���Y U�1J, , CR,
  


 �$"�$ ��
�V��"�3
innV  '����/# 
�;��#� , X�"

4D , 
1D 8$ G
�F 

�� X#"�; , (�R v�#�$ g�[1�� �..= . 8$ B,�R ��,�L &E� !�#��

�� 4#"56" �.=)S/R2 -w.(  

  

 �"� ��)32 ~tt:(  

8`�J 
�  

2tt = A���� �

4S 8�J," !�#�� , (�R ^���L  


 A���� ��,�L !'�L ���
�V��"�3
4S �.�#

4C  , (��= U
�R "


 A���� ��,�L !'�L
3S �.�#

3C �� U
�R� "
 �.= .���'� 8=  !'�L

3C 8$ 
��  
"�[� '" S��=
inV   
'"�� ��#� ��R U
�R� �VF 
"�[� �3

 v�/��
3S )8��$ ��#� XV��� 
 ( u�R �3 (��= X#"�; 8$ B,�R

 A���� 
"�$ �VF U�1J, X�3 9.�:����g;"�6 ��R . U�1J, �� C#" 
�

8#���Y 
���������	 ���� 
 ��� ���  ������� ���D1  
 D4 ����� �� 

����� �� ���� )S/R2 -r.(  

  
 �.�P) ��)43 ~ tt :(  

8`�J 
�  

3tt = A���� �3S  u�R 
�ZVS �� CR,
  , ��R

8�J," !�#��  ��
�V��"�3 

PI 8$ G
�F  A���� '" ��0'�;

1S , 
3S 

�� 2�[1�" �$�#)S/R2 -�.(  

  

 �Q2
 ��)54 ~ tt:(  

8`�J 
�  

4tt = A���� �

1S 8�J," !�#�� , (�R ^���L  


 A���� �$�.�" !'�L U
�R 8$ B,�R ��
�V��"�31S  �.�#
1C  , (��=

 A���� �$�.�" !'�L
2S  �.�#

2C �� U
�R� "
 �.= . !'�L 8= ����'

 �$�.�"
2C 8$  v�/�� 
'"�� ��#� ��R U
�R� S��= 
��2S  B,�R

 A���� 
"�$ �VF U�1J, X�3 9.�:���� u�R , (��= X#"�; 8$
2S 

g;"�6  �� �.= .�� �[$�� ," �� �.��� x���= 5�� �; 
"�$ g�.N �3 2

A���� �� 
"�/3 8$�*� 
�; ��R )S/R2-(.(  

3-  �
 ���� ���� ��	
����� ����  

 SN T��3 2��� p#RXV�  !"�3 �$ O�$ <��=�6 
'�6KW3  �$

 
� , �+"�� �#' e#"�RT�� 
"56" PSIM �R8� 
'�� X�" (�R.  

vVin 48= ;            vvV rangin 6036)( −= ; 

vVO 400= ;           %90≥η ; 

AI O 5.7(max) = ;              vVO 1=∆ ;  

AI L 5.1=∆ ;                  kHzf S 100= ;  

4.0max =D  
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 e��� �$ 81�; p# 
"�$CA   �$ �$"�$2
5.1 cm 
,� �"��3 �

g�� 8�J," f�� 
� A�N  
��
�V��"�3
PN 8K$"
 '"  8����� �#' 


�� ��R]9[:  

310
)()()(2

8

2

max

(min)
=×=

HzfcmAGB

DV
N

sc

in

P
 

����
secV ���� ���� ��� �� ���� ���]10[. 

max

sec
D

V
V o≥  

8V�q, S/�� �$ 
4.0 8#���Y ��,�L U�1J,  
��
�V��"�3  �$"�$

 �$ X�"secVDV effo ×= .8#���Y 
,� �"��3  
��
�V��"�3 sN '" �

8K$"
 �� 8����� �#' 
 ��R]11[:  

turns
V

V
NN

in

ps 42
(min)

sec ==  

��,�L &E� 
,
 U�1J,
oL �.�# �)

oin VnV − ( w,�.3 (
,� p# ,

�$"�$
seffTD X�" .8K$"
 
� g#
"� 
��7 
]11[:  

sL

effoin

o
fI

DVnV
L

∆

−
=

)(
 

 ��,�L !�#�� Sz#
 C1R"� 
"�$%20=∆ LI &E� 
"�[� �

 �$ X�" �$"�$ ��,�L �1E�6mH605.1 . 
"�[� w�I1�" 
"�$

 
� U�1J, '��� Sz#
 !"5�� 8$ 8��3 �$ ��,�L �1E�6 !'�L

 �$ �$"�$ 
"�� ��,�L)1%(25 vVo =∆ 8K$"
 '"  (��V1�" �#' 


�� ��R]11[:  

mFC
fCLf

DV
V

sos

effo

c 95.0
16

)1(

2
=⇒

−
=∆  

  

8����� 
"�$  8$ !���
 
"�$ T'O <���,'
 <��=�6 


 X�3 9.�:����ZVS 8K$"
 '" �� (��V1�" �#' 
 ��R.  

rlk

r
CL

f
π2

1
=   

  

 ��.#" 
�
Txtrossr CCC += )(2 8= �X�"

TxC  !'�L �$ �$"�$

 �1#'"
�N��
�V��"�3  ,)(trossC  �$ �$"�$!'�L A���� ��,�L  �;

X�" . 
"\0 !��'�
�� �C#
� U�1J, 
"�$ '�� -A���� v
�� �; 

)Vds (�{="�+th41 (
,�
  <���,'
 w,�.34rT  X�")

4rd Tt ≥.(  

 �1*� &E���
��8K$"
 '" '�� �� 8����� �#' 
 ��R :  

HCtL rdlk µπ 3.84 22
==  

 

4 - ���� H���& ����  

!��J"  2��� 
�0���� XJ�+ 
"�$ �;DC/DC XV�R SN T��3  
'�6

!% '" , �R �+"�� 8��R p# 
"�$ �; T�� 
� '�$ 8[E+ 
'��  
"56"

PSIM (��V1�" (�R  X�" .2�.)��  X�0 2�1.= 
"�$ �EF" 
�;

A���� 
�;1S  �34S  S/R5 A���� U�1J, r�� S/R ,  !�#�� , �;

 
� ��
�V��"�3 8�J," S/R6   4#���(�"� (�R X�".    2��� ��/E�D

SN T��3 XV�R �+"�� 
'�6  &E1I� 
�;
�$ X�3 (�R�
�$�
�� � 
"�W

16�0X�" 8 . S/R3   4#��� &E1I� 
�;
�$ X�3 "
 
"�� (�'�$

�� �;� . S/R4   X�3 T�� 9.�:���� ���#" (���ZVS  4#��� "


�� �;�.   

  

)4    ( 

  )5( 

)6( 

 )7( 

)3(     

)1( 

)2( 
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�Q��& �
�E  

 2��� p#DC/DC XV�R SN T��3 <��=�6 
� 
'�6

KHz100 T�� �$ , �+"��  
"56"PSIM �R8� �R 
'�� .
"�� 

X�" !���O,5#" 
"
"� .!��J"  
� , 
�0���� XJ�+ 
"�$ 
"�� 
�;

 !"�3KW3 8��R , �+"�� �R 
'�� .�;U�1J, !�#�� ,  
�;

�R �#��'% �1�"
 
"�� ��/E�D X�F , �R ��
�$ 
"�� . 
�

�R X�3 &E1I� 
�;
�$ X�3 
"�� !�#�N . 
�$ XJ�+ 
� 
"��

(�'�$ 
"
"� S��= 
93 %X�".  
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