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maxminmin 2 DClineDC VVV D-=                 (3) 

maxmax 2 lineDC VV =                                (4) 

 

DC link voltage
DC link voltage ripple

T1

T2
Dch = T1 / T2
= 0.2 - 0.25
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Co �  f£´!,Y;d´R} M£ M£ ��  
Dmax �  1Y2[3]4!6  
Eff �  ‘dlYm Q3  
fL �  | mR} M£8ÉT¢  
fs �  mK�I$ T¢  
Ids

peak
�  MOSFET ;!1Y2!Ò Ä�� M£  
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rms
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Ž
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Ž
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Ž
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f
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œ

œ œ

œ •

• •

•R}R}R}R} ž

ž ž

žIŸ

Ÿ Ÿ

Ÿ  

   

 ¢¡
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¡¤£
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•�§
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§K�K�K�K� 8É8É8É8É R}R}R}R} 90V ¨

¨ ¨

¨ 265Vrms©

© ©

©  
œ

œ œ

œ ª

ª ª

ª

ž

ž ž

žR}R}R}R} 5V/15A «

« «

« 3.3V/10A «

« «

« 12V/6A  

Choi 4ê�m
J\�ÍG›*ü�á�!4©4˜,X!7	åE@�6�<J\�ÍG›*ü�á�!4©4˜,X!7	åE@�6�<J\�ÍG›*ü�á�!4©4˜,X!7	åE@�6�<J\�ÍG›*ü�á�!4©4˜,X!7	åE@�6�<

:±8F	)������Eg�9	–�D
4v8F	)������Eg�Î	–�D4v8F	)������Eg�Î	–�D4v8F	)������Eg�Î	–�D4v8F	)������Eg�Î	–�D

1�•�•�•�• �n���n���n���n�� SMPS,X?˜��,X?˜��,X?˜��,X?˜��
�Ô�ãEg�9+		_  (V_line.min) 180 V.rms
�Ô�ûEg�9+		_  (V_line.max) 265 V.rms
Eg�9+		_Ne)[  (fL) 60 Hz

Vo Io Po KL
*ü�b	¡O\�{�
,X1��ÔEg�Î 5 V 15 A 75 W 42 %
1��`Eg�Î 3.3 V 10 A 33 W 18 %
1��ÝEg�Î 12 V 6 A 72 W 40 %
1��¯Eg�Î 0 V 0 A 0 W 0 %
�Ô�ûEg�Î�s)[�Ô�ûEg�Î�s)[�Ô�ûEg�Î�s)[�Ô�ûEg�Î�s)[  (Po) = 180.0 W
��Au��)[  (Eff) 70 %
�Ô�ûEg�9�s)[�Ô�ûEg�9�s)[�Ô�ûEg�9�s)[�Ô�ûEg�9�s)[  (Pin) = 257.1 W

2�•�•�•�• .B�n.B�n.B�n.B�n DC5ú	Ü4“+	�•�<
`5ú	Ü4“+	�•�<
`5ú	Ü4“+	�•�<
`5ú	Ü4“+	�•�<
` DC+		_8×�È+		_8×�È+		_8×�È+		_8×�È
DC +	�•�< 235 uF
DC +		_4•"¶+		_4•"¶+		_4•"¶+		_4•"¶  = 29 V
�Ô�ã�Ô�ã�Ô�ã�Ô�ã DC+		_+		_+		_+		_  = 226 V
�Ô�û�Ô�û�Ô�û�Ô�û DC+		_+		_+		_+		_  = 375 V

3�Ã.B�n�Ô�û	40N!¨�Ã.B�n�Ô�û	40N!¨�Ã.B�n�Ô�û	40N!¨�Ã.B�n�Ô�û	40N!¨  (Dmax)
�Ô�û	40N!¨ 0.4
�ñ�D!¨�� (Np/Nr) 1 >
�Ô�û�Û/Ä�Ô�û�Û/Ä�Ô�û�Û/Ä�Ô�û�Û/Ä MOSFET+		_��� +		_��� +		_��� +		_��� 750 V

4�•�•�•�• .B�nEg�Î+	�ó�<+	#�,X4•"¶�´�D.B�nEg�Î+	�ó�<+	#�,X4•"¶�´�D.B�nEg�Î+	�ó�<+	#�,X4•"¶�´�D.B�nEg�Î+	�ó�<+	#�,X4•"¶�´�D
Eg�Î+	�ó�<+	#�4•"¶�´�D 0.15
�Ô�û�Ä��$ã+	#���� �Ô�û�Ä��$ã+	#���� �Ô�û�Ä��$ã+	#���� �Ô�û�Ä��$ã+	#���� 3.27 A
RMS $ã+	#�$ã+	#�$ã+	#�$ã+	#�  = 1.81 A
FPS �Y5B,X$ã�U+	#�L$�
�� 4 A

5�Ã.B�n	¬	_�<,X	ÜEÖ.•8ƒ
`�Ô�å�ñ4{�ñ�D�Ã.B�n	¬	_�<,X	ÜEÖ.•8ƒ
`�Ô�å�ñ4{�ñ�D�Ã.B�n	¬	_�<,X	ÜEÖ.•8ƒ
`�Ô�å�ñ4{�ñ�D�Ã.B�n	¬	_�<,X	ÜEÖ.•8ƒ
`�Ô�å�ñ4{�ñ�D
FPS��,X�Ô�GNe)[  (kHz) 67 kHz
�Ô�û.•Eî�š�z�rG£ 0.32 T --> EER2834
.•8ƒ,X.•8ƒ,X.•8ƒ,X.•8ƒ,X AP��Au������� ����Au������� ����Au������� ����Au������� �� 9275 mm4 AP=12470
.•8ƒ,X�þM6/Ã  (Ae) 86 mm2 Ae=86
�Ô�å�ñ4{�ñ�D��� �Ô�å�ñ4{�ñ�D��� �Ô�å�ñ4{�ñ�D��� �Ô�å�ñ4{�ñ�D��� 49.0 T Aw=145

FPS A’Au�}��A’Au�}��A’Au�}��A’Au�}�� 1.0 (�(�(�(�

0.67

ID oI

o
RF I

I
K

2
D

=

Ts

DTs
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6�Ã.B�n!£�þEg�Î,X�ñ�D�Ã.B�n!£�þEg�Î,X�ñ�D�Ã.B�n!£�þEg�Î,X�ñ�D�Ã.B�n!£�þEg�Î,X�ñ�D

Vo VF �ñ�D�ñ�D�ñ�D�ñ�D
Vcc����G›*ü����G›*ü����G›*ü����G›*ü Vcc CK�Ÿ+		_��CK�Ÿ+		_��CK�Ÿ+		_��CK�Ÿ+		_�� 15 V 1.2 V 3.6 => 4 T
*ü�b	¡O\,X1��ÔEg�Î*ü�b	¡O\,X1��ÔEg�Î*ü�b	¡O\,X1��ÔEg�Î*ü�b	¡O\,X1��ÔEg�Î 5 V 0.4 V 3 => 3 T
1��`Eg�Î1��`Eg�Î1��`Eg�Î1��`Eg�Î 3.3 V 0.4 V 2.056 => 2 T
1��ÝEg�Î1��ÝEg�Î1��ÝEg�Î1��ÝEg�Î 12 V 0.5 V 6.944 => 7 T
1��¯Eg�Î1��¯Eg�Î1��¯Eg�Î1��¯Eg�Î 0 V 0 V 0 => 0 T
VF :���H#��`�U1u,X!7	å	_L! ���á�!4©4˜��� ���á�!4©4˜��� ���á�!4©4˜��� ���á�!4©4˜��� 50 T

���ñ4{�ñ�D��� ���ñ4{�ñ�D��� ���ñ4{�ñ�D��� ���ñ4{�ñ�D��� 50 T
���!C‡�ó,X�ñ�D���!C‡�ó,X�ñ�D���!C‡�ó,X�ñ�D���!C‡�ó,X�ñ�D

AL�����Ä�´KÈLm�Å 2490 nH/T2

	¬	_�<.•�ê+	�ó��� 	¬	_�<.•�ê+	�ó��� 	¬	_�<.•�ê+	�ó��� 	¬	_�<.•�ê+	�ó��� 6.2749902 mH --> EER2834

7�Ã.B�n!£�þ	¬	_�<4©4˜,X�Ð4“,È�X�Ã.B�n!£�þ	¬	_�<4©4˜,X�Ð4“,È�X�Ã.B�n!£�þ	¬	_�<4©4˜,X�Ð4“,È�X�Ã.B�n!£�þ	¬	_�<4©4˜,X�Ð4“,È�X

,È�X,È�X,È�X,È�X �J6(�J6(�J6(�J6( Irms (A/mm2)
�ñ4{4©4˜�ñ4{4©4˜�ñ4{4©4˜�ñ4{4©4˜  (Np) 0.68 mm 1 T 1.81 A
�á�!4©4˜�á�!4©4˜�á�!4©4˜�á�!4©4˜  (Nr) 0.31 mm 1 T 0.08 A
Vcc��4©4˜��4©4˜��4©4˜��4©4˜ 0.31 mm 1 T 0.10 A
1��ÔEg�Î4©4˜1��ÔEg�Î4©4˜1��ÔEg�Î4©4˜1��ÔEg�Î4©4˜ 0.68 mm 4 T 9.5 A
1��`Eg�Î4©4˜1��`Eg�Î4©4˜1��`Eg�Î4©4˜1��`Eg�Î4©4˜ 0.68 mm 3 T 6.3 A
1��ÝEg�Î4©4˜1��ÝEg�Î4©4˜1��ÝEg�Î4©4˜1��ÝEg�Î4©4˜ 0.68 mm 2 T 3.8 A
1��¯Eg�Î4©4˜1��¯Eg�Î4©4˜1��¯Eg�Î4©4˜1��¯Eg�Î4©4˜ 0 mm 0 T 0.0 A
J°M6/Ã��� J°M6/Ã��� J°M6/Ã��� J°M6/Ã��� 33.92621 mm2

�?��2Ï�D 0.25
��LÔ,X0k	·M6/Ã��LÔ,X0k	·M6/Ã��LÔ,X0k	·M6/Ã��LÔ,X0k	·M6/Ã 135.70484 mm2 --> EER2834 (Aw=145)

8�Ã.B�n+	�ó�<�Ä5ú	Ü+	�ó�<�Å,X	ÜEÖ.•8ƒ
`�ñ�D�Ã.B�n+	�ó�<�Ä5ú	Ü+	�ó�<�Å,X	ÜEÖ.•8ƒ
`�ñ�D�Ã.B�n+	�ó�<�Ä5ú	Ü+	�ó�<�Å,X	ÜEÖ.•8ƒ
`�ñ�D�Ã.B�n+	�ó�<�Ä5ú	Ü+	�ó�<�Å,X	ÜEÖ.•8ƒ
`�ñ�D

+	�ó�<.•8ƒ,X�þM6/Ã 86 mm2 --> EER2834
OE
`.•EîG£�š�z 0.42 T
1��ÔEg�Î,X+	�ó1��ÔEg�Î,X+	�ó1��ÔEg�Î,X+	�ó1��ÔEg�Î,X+	�ó  (L1)��� ��� ��� ��� 5.7 uH
L1 ,X�Ô�å�ñ�D��� ,X�Ô�å�ñ�D��� ,X�Ô�å�ñ�D��� ,X�Ô�å�ñ�D��� 6.5 T
L1��,X�rL��ñ�D 6 => 6 T
L2 ,X�ñ�D� ,X�ñ�D� ,X�ñ�D� ,X�ñ�D� 4 => 4 T
L3��,X�ñ�D� ��,X�ñ�D� ��,X�ñ�D� ��,X�ñ�D� 14 => 14 T
L4��,X�ñ�D��� ��,X�ñ�D��� ��,X�ñ�D��� ��,X�ñ�D��� 0 => 0 T

9�Ã.B�n!£�þ+	�ó�<4©4˜,X�Ð4“,È�X�Ã.B�n!£�þ+	�ó�<4©4˜,X�Ð4“,È�X�Ã.B�n!£�þ+	�ó�<4©4˜,X�Ð4“,È�X�Ã.B�n!£�þ+	�ó�<4©4˜,X�Ð4“,È�X

,È�X,È�X,È�X,È�X �J6(�J6(�J6(�J6( Irms (A/mm2)
L1 *ü4©4˜*ü4©4˜*ü4©4˜*ü4©4˜ 0.68 mm 5 T 15.1 A
L2 *ü4©4˜*ü4©4˜*ü4©4˜*ü4©4˜ 0.68 mm 3 T 10.0 A
L3��*ü4©4˜��*ü4©4˜��*ü4©4˜��*ü4©4˜ 0.68 mm 2 T 6.0 A
L4 *ü4©4˜*ü4©4˜*ü4©4˜*ü4©4˜ 0 mm 0 T 0.0 A
J°M6/Ã��� J°M6/Ã��� J°M6/Ã��� J°M6/Ã��� 25.40888 mm2

	40N�´�D 0.25
��LÔ,X0k	·M6/Ã��LÔ,X0k	·M6/Ã��LÔ,X0k	·M6/Ã��LÔ,X0k	·M6/Ã 101.63552 mm2 --> EER2834(Aw=145)

10�Ã.B�n õ4{�{��,X�H#��`�U1u�Ã.B�n õ4{�{��,X�H#��`�U1u�Ã.B�n õ4{�{��,X�H#��`�U1u�Ã.B�n õ4{�{��,X�H#��`�U1u

	¡	å+		_	¡	å+		_	¡	å+		_	¡	å+		_ Rms +	#�+	#�+	#�+	#�
Vcc �`�U1u�`�U1u�`�U1u�`�U1u 55 V 0.10 A -->UF4003
1��ÔEg�Î�`�U1u1��ÔEg�Î�`�U1u1��ÔEg�Î�`�U1u1��ÔEg�Î�`�U1u 22 V 9.5 A -->MBR3060PT
1��`Eg�Î�`�U1u1��`Eg�Î�`�U1u1��`Eg�Î�`�U1u1��`Eg�Î�`�U1u 15 V 6.3 A -->MBR3045PT
1��ÝEg�Î�`�U1u1��ÝEg�Î�`�U1u1��ÝEg�Î�`�U1u1��ÝEg�Î�`�U1u 52 V 3.81 A -->MBR20H100CT
1��¯Eg�Î�`�U1u1��¯Eg�Î�`�U1u1��¯Eg�Î�`�U1u1��¯Eg�Î�`�U1u 0 V 0.00 A

8.30

5.83
5.25

#DIV/0!

4.98
1.04
1.33
6.56

8.30
#DIV/0!

9.22
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11�Ã.B�nEg�Î+	�•�<�Ã.B�nEg�Î+	�•�<�Ã.B�nEg�Î+	�•�<�Ã.B�nEg�Î+	�•�<

1��ÔEg�Î+	�•�<1��ÔEg�Î+	�•�<1��ÔEg�Î+	�•�<1��ÔEg�Î+	�•�< 4400 uF 20 m? 1.3 V 0.09 V
1��`Eg�Î+	�•�<1��`Eg�Î+	�•�<1��`Eg�Î+	�•�<1��`Eg�Î+	�•�< 4400 uF 20 m? 0.9 V 0.06 V
1��ÝEg�Î+	�•�<1��ÝEg�Î+	�•�<1��ÝEg�Î+	�•�<1��ÝEg�Î+	�•�< 2000 uF 60 m? 0.5 V 0.11 V
1��¯Eg�Î+	�•�<1��¯Eg�Î+	�•�<1��¯Eg�Î+	�•�<1��¯Eg�Î+	�•�< 0 uF 0 m? 0.0 V #DIV/0! V

12�ÃA’Au�á�!+	CÃ�ÃA’Au�á�!+	CÃ�ÃA’Au�á�!+	CÃ�ÃA’Au�á�!+	CÃ
�á�!�`�U1u�á�!�`�U1u�á�!�`�U1u�á�!�`�U1u rms+	#�+	#�+	#�+	#� 0.08 A
�á�!�`�U1u,X�Ô�û+		_�á�!�`�U1u,X�Ô�û+		_�á�!�`�U1u,X�Ô�û+		_�á�!�`�U1u,X�Ô�û+		_ 750 V -->UF4007

13�ÃA’Au	¡O\�{�
)ƒCÃ�ÃA’Au	¡O\�{�
)ƒCÃ�ÃA’Au	¡O\�{�
)ƒCÃ�ÃA’Au	¡O\�{�
)ƒCÃ

�{�
��Eg�Î�{�
��Eg�Î�{�
��Eg�Î�{�
��Eg�Î DC�r,ž��� �r,ž��� �r,ž��� �r,ž��� 3
�{�
��Eg�ÎLÊ&•��� �{�
��Eg�ÎLÊ&•��� �{�
��Eg�ÎLÊ&•��� �{�
��Eg�ÎLÊ&•��� 1,809 Hz
�{�
��Eg�Î�U&•��� �{�
��Eg�Î�U&•��� �{�
��Eg�Î�U&•��� �{�
��Eg�Î�U&•��� 261 Hz

�Ú	_�<+	L�  (R1) 5 ¬

�Ú	_�<+	L�  (R2) 5 ¬

��5ú	Ü�<�`�U1u+	L�  (RD) 1 ¬  
431 �#	_+	L�  (Rbias) 1.2 ¬  
	¡O\�é6î+	�•�<  (CB) = 10 nF
	¡O\+	�•�<  (CF) = 100 nF
	¡O\+	L��<  (RF) = 1 ¬

	¡O\/Ã�Ú�<�r,ž	¡O\/Ã�Ú�<�r,ž	¡O\/Ã�Ú�<�r,ž	¡O\/Ã�Ú�<�r,ž  (fi) = 955 Hz
	¡O\LÊ&•	¡O\LÊ&•	¡O\LÊ&•	¡O\LÊ&•  (fz) = 265.39278 Hz
	¡O\�U&•	¡O\�U&•	¡O\�U&•	¡O\�U&•  (fp) = 5307.8556 Hz

­¯®±°³² ´¶µ¸·¶´¸¹¸º¢¹¸»a² »½¼¶» ­¯®¿¾¶¹À¾Á´¸®a² ·ÃÂÄÂ

º¸»Å°a² ·¸´¶¼¸´¶·Æ¹³­¶² ·½¼a­ º¸»¿¾¶»À¾Á´¸¼a² °ÃÂÄÂ

¼¸µ±°³² ·¶º¸¼¶´¸µ³­Aº¸·a² ·½¹¶· ¼¸µ¿¾¶·À¾Á´³­¶² °ÃÂÄÂ

®¸¹±°³² »¶´¸º¶¹¸®¸¹¢º¸¹a² °½¹¶¹ ®¸¹ÇÂÈ¾Á·¸·a² ¹ÃÂÄÂ

­Éµ¸µ±°³² º¶¼¸µ¶¹¸®¸®¢º¸µa² º½º¶° ­Éµ¸µÇÂÈ¾Á·¸µa² ¼ÃÂÄÂ

­É®¸µ±´³² ¼¶®¸´a­¯®³­¢­¯®a² °½º¶» ­É®¸µÇÂÈ¾Á®¸µa² ®ÃÂÄÂ

º¶»¸µ±·³² µ¶·³­É·¸¹¸»Ê­¯¼a² ¼½ºa­ º¶»¸µÇÂÈ¾Á¼¸°a² ¼ÃÂÄÂ

¼¶µ¸µ±¼³² ·¶·¸º¶µ¸´¸¼Ê­¯ºa² ·—­É· ¼¶µ¸µÇÂÈ¾Á¹¸·a² ´ÃÂÄÂ

®¶¹¸µÀ­¸² °¶®¸®¶»¸º³­¢­¸­¶² ´—­É¼ ®¶¹¸µÇÂÈ¾Áº¸°a² ®ÃÂÄÂ

­¯µ¶µ¸µÊ¾¶µa² °¸´¶»¸»¸·Ê­¸­¶² ¹—­Éµ ­¯µ¶µ¸µÇÂÈ¾Áº¸»a² »ÃÂÄÂ

­¯®¶µ¸µÊ¾¶¹a² »¸¼¶»³­¯ºÊ­¯µa² °Ê·a² ¹ ­¯®¶µ¸µÇÂÈ¾Áº¸®a² ºÃÂÄÂ

º¸»¶µ¸µÊ¾¶»a² º¸º¶®¸¹¸ºÊ­¯µa² ¹Ê»a²Ë­ º¸»¶µ¸µÇÂÈ¾Á¹³­¶² ¹ÃÂÄÂ

¼¸µ¶µ¸µÊ¾¶®a² º³­É´¸·¸º¢°³²Ë­É° ¹ ¼¸µ¶µ¸µÇÂÈ¾Á¼¸µa² ´ÃÂÄÂ

®¸¹¶µ¸µÊ¾¶®a² ®¸·¶º¸µ¸·¢·³² ¹¶ºÊµa² ® ®¸¹¶µ¸µÇÂÈ¾Á»¸ºa² ¹ÃÂÄÂ

­Éµ¸µ¶µ¸µÊ¾¶®a² ´¸·a­¯°¸¼¢¼³² »¶»½¾¶º ­Éµ¸µ¶µ¸µ¿¾¶°À¾Á®¸¹a² »ÃÂÄÂ

­É®¸µ¶µ¸µÊ¾¶®a² °¸»¶¼¸´¸·Ê­¸² µ¶°½¾¶® ­É®¸µ¶µ¸µ¿¾¶®À¾Á·¸ºa² ®ÃÂÄÂ

º¶»¸µ¶µ¸µÊ¾¶®a² °¸´¶®¸®¸°Æ¾¶ºa² »Ì¾a­Éµ º¶»¸µ¶µ¸µ¿¾¶¼À¾Á·¸´a² ®ÃÂÄÂ

¼¶µ¸µ¶µ¸µÊ¾¶·a² µ¸µ¶µ¸º¸ºÆ¾¶®a² »Ì¾a­É¹ ¼¶µ¸µ¶µ¸µ¿¾¶ºÀ¾Á´¸ºa² ´ÃÂÄÂ

®¶¹¸µ¶µ¸µÊ¾¶·a² µ¸µ¶»¸¼³­Í¾a­ÉµÌ¾a­É· ®¶¹¸µ¶µ¸µ¿¾a­±¾Á´¸»a² ¼ÃÂÄÂ

­¯µ¶µ¸µ¶µ¸µÊ¾¶·a² µ¸µ¶·¸»¸ºÎ¾a­É¼Ì¾¶ºa­ ­ÉÏÄÐ¶µ¸»¿¾a­±¾Á´¸·a²Ë­ÑÂÄÂ

+	�•��+	�•��+	�•��+	�•�� ESR +	#�4•"¶+	#�4•"¶+	#�4•"¶+	#�4•"¶ +		_4•"¶+		_4•"¶+		_4•"¶+		_4•"¶
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QPQPQPQPQ3Q3Q3Q3KGKGKGKGO,O,O,O, 

�· �� �Í�b FPS�ÈEÝ�½FS7M0880�ÄA¹�<�Ê�K�Ý 67kHz ,X�Î�n�Ô�GNe)[�Ä  

�· �� ���ZL$�
+	#��ÈG›*ü�Z�â VCC �`�U1u��6(,X 10�¡ +	L��<�Ä Ra�Å�Ä  

�· �� �{�
�ú�‘�� 6kHz�Ä+��b0SC^Ne)[E›�bM4E¥	â5B$¸"¶�<�ÄL��t LC $¸"¶�<�Å,XE@�lNe)[�È�´!8�È���Z�‰#\ 	â5B$¸"¶�<,X�E


¡�È�{�
�<>•A’Au�ä�K�Ý 120�e,XC‡�ó,Ì�!�-G£�Ä  

 

J� 11 e€f@g!MYO FPS
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���
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7[h

,Y;!1 k!e

þ

IQPQ3 RVK¨ O!M£ J�   

 

Np

NS1

+

VDC

-

AC line

DR1

CO1

Drain

Vcc

GNDFB

FS7M0880

NTC Fuse

RL1

CL1

Line Filter

CL2

Na

Da
Ra

Ca

KA431

817A

10

Rbias

R1

R2

RF CF

GBU606

VO1

L1

CB

2CDC NS2

DR2 VO2

L2

DF2

DF1

CO2

2CDC

Non-doubled

Doubled

DReset

5k

5k

5V

3.3V

NS2 VO3

DF3

CO3

Nr

DR3

L3

12V

1.2k

1k

2200uF �

� �

� 2

2200uF �

� �

� 2

1000uF �

� �

� 2

MBR3060PT

MBR3045PT

MBR120H100CT

Rstart

S/S

Css
1uF

UF4007

UF4003

22uF

560k

10nF

470uF

470uF

1k 100nF

1M

100nF

100nF

Lp1

Cp1

470uF

Lp2

Cp2

1000uF

1.2uH

1.2uH

Rd
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