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Figure 1. Power Factor Corrected Power Converter
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Figure 2. Switching Sequences of the PFC Stage
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The power switch being about zero, the input
voltage is applied across the coil. The coil current
linearly increases with a (Vin/L) slope.

The coil current flows through the diode. The coil
voltage is (Vout−Vin) and the coil current linearly decays
with a (Vout−Vin)/L slope.

Critical Conduction Mode:
Next current cycle starts as
soon as the core is reset.
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Figure 3. Switching Sequences of the PFC Stage
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Figure 5. Switching Frequency Over the AC Line
RMS Voltage (at the Sinusoid top)
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Figure 6. Switching Frequency vs. the Input Power
(at the Sinusoid top)
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Figure 7. Switching Frequency Over the AC Line
Sinusoid @ 230 Vac
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Figure 8. Switching Frequency Over the AC Line
Sinusoid @ 90 Vac
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� * � Pin �
Vac

)�%
����


�rmsd�����FG5����
�rmsd�¦
���(^_� 2� �Ìx�d)�

�� x��

Icoil(rms) � 2
3�

* � Pin �
Vac

(eq. 28)

�� !"#./

C�;y��Hz��·�¸D�
���¸��
����Hz��MOSFET�¹º�®�Í0K��
��?�KQ0
�{/��!
W
�=�W
�
+e��NFj45U6V0WZ[��}_�`�
�
C�;y��a�8�s��»5O&���È
��������UD�
��¼t�½D�_e�
��

• E��# �D�%
�UD�
E��#.;6> Î��#�NNÏÐ5%¾¿�
UD�&����UD�ÑÀ��¯�	&��

• C�;y��$"(Figure 9�DÁ�
�t�tFR) �
������D�%
�UD�
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Figure 9. Turn Off Waveforms

Figure 9��90�w�,10\�C�f�&��
@�3v���0��ÂÃ�~&��
• Í0K�#�¨
0,6
K0�NNFg3Ë�
z"�I�x��W7��−-0C"�#�E�
�#�F�
&�>7��Y+�&��

• b�w0W�Ä:]�Å$"��B�%
J!$
"�I�x��MOSFET���}�#��}�

��: �M�&��

• g�3�Í0K�#�(¨
0,6
K0)��Í
0K��~!d���Æ���W7���
�=
f��0�5O&��

“�t”(Figure 9)��3v���0��3&$"�f��
“tFR’’�2�����0��EW$"�f�&��

�� x��@�FG�§Ç�~&��

psw � �Vout * Icoil_pk
2

*
�t−tFR

T
�	 �Vout * Icoil_pk *

tFR
T
�

(eq. 29)

�����t�tFR��Figure 9�k��C�;y��$
"�T�C�;y��az���

;9��?�>�|0(�
���¥��!
�

A�(>(�]�)�C�;y��az�Ijn^


;�k�&�� T �
L * Icoil_pk

Vin
* Vout

Vout � Vin
 .

;9�;29�ª:�
��@�; {�	&��

psw �
Vin * (Vout � Vin) * (�t 	 tFR)

2 * L
(eq. 30)

��;��:��#�Z$d�E��#�:��
#���Z$d�C�;y��$"�?�>�d�
ÒÓ��1v�C�;y��az���I�
C�
;y��Hz�k��!&��AC
��az�Ë§
�$"�I�x�psw�|§�����<cHz
(<psw>)�&t���&�ÔG�

(eq. 31)

� psw �� 2
Tac

*
Tac
2



0

Vin * (Vout � Vin) * (�t 	 tFR)
2 * L

* dt

��`)�
��@�; {�	&��

(eq. 32)� psw ��
�t 	 tFR

2 * L
*���
� 2

Tac
*

Tac
2


0

Vin * Vout * dt��� 2
Tac

*
Tac
2



0

Vin2 * dt����
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�¥��!
Vout D8�%
�UD�
��
���RS��FG�:��#�<cd 

(2 * 2� * Vac
�)�%
���&�

(Vac2 � 2
Tac

*
Tac
2



0

Vin2 * dt)�%
���ÒÓ~�

��;����­��� �~&���	��;�
�/�
��@�; {�	&��

(eq. 33)

� psw ��
�t 	 tFR

2 * L
* �2 * 2� * Vac * Vout

� � Vac2�
����
��@�FG�5O&��

(eq. 34)

� psw ��
2 * (�t 	 tFR) * Vac2

� * L
* � Vout

2� * Vac
� �

4
�

?�>���b(9�C(L)�È�5ÉÌ����
&��Hz����d���»�&��C�;y�
�a�8�L���»�
�����¼Ê�H(�
)­�~&��
��;�C�;y��Hz ��7T>��ËÌ
��!
���k��!&���� ���5
�
C�;y��a�8 ��5
���²³�
��
��I��H(�ÕÃ�~&��
;34����(Vout/Vac) ���5
��MOSFET
�C�;y��Hz ���5
���k��!&
��g�Ö×��E��#�:��#�� ���
5
�C�;y��a�8 µ�5
¢�ØQ�,
+0CK£V0W�%O&��Í!�¯
����
 h�Î/���$�C�;y��a�8ÏÙ�
$�C�;y��Hz��FO��!?�>�{/
�
����~&��
»¯¼�MC33260�¢�ØQ�,+0CK£Z[
�./��NO�6.?�=09�E��# SD
�
7T>��AC
���^_�s��>7��`
��&���� h�³���+0CK(+#)�4
�������PFCC)0<�?CK���£�Ð
¯
���������E��#�:��#���
����
���%O&�1�
�t�tFR�Å�FG���&���

• �Ú�:h���	��d�ÃD�
�����
• ªIO��MOSFET�Í0K��Q3�Ñ��
�
��L�$"(Figure 10�k?)�{/����t��
Û�
����~&��Q3�0p��	D�	�
!
��£�5!���@�:h�&t�
��
��¯�	&��v&O�Q1��¨
0,6
K
0�Í0K���Ë§(Q2/2)�¬t�
:h��K
�T�W
�+e� ¦��%
·3��90�
w�9��(�t = Q3/Idrive�&�� 

�t = [Q1 + (Q2/2)]/Idrive)�U��� �~&��
• �¡�'6Q0y���b�w0W�Ä:]�Å
$"�[��5
FG�tFR�%D�
����~
&��

Figure 10. Typical Total Gate Charge Specification
of a MOSFET
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�

,%

,�

,�

�+����

,�

��&t������A��¥��!5!���
²³���È�!�

• MOSFET�ÒZ�
���?�KQ0
 ª«�

�À>80(Qcc*Vcc*f)����GQcc�Í0K�
#�Vcc�Ü��
���0���	
MOSFET
�Í0K���Vcc�W
�=����#�f�C
�;y��a�8���

• PFCC)0<�ÝMHÓ�Fx�ª«�	
�À
>8090�w�Þ���MOSFET�W7��−-
0C"�b�w0W�?�>g	²	�ÝMHÓ
��a�"�Ô��5�#�`� �M�&��
��I�GMOSFET��a�%
Õ��j¬�ª«
(1/2*Cparasitic*�V2*f) M�&������Cparasitic
��¥��!
ÝM?�@�A��V�g��a�
��#�`����

� ������	
��
���MC33260����������
�������www.onsemi.jp

�È��ß�tÅ�'6.\012����§Ö
��Hz�GJ�¡�2v %&OÈ�5ÉÌ�×
�p�g�·3�;34��¡�'6Q0y�à§5
�Û�k�I��5O&����!¯����$�
�C�;y��a�8 ��5
���ÝM?�@
�A�Fx�ª«�	
Hz�}~�5
_e� 
%O&��!v��FG��T�y�����ÃD
�F
rØ È����

01�MOSFET���./
Figure 4�k��FG��?�>�
��a���
]��Fx��-�	&��:�?�@�A�:�
RFI�Ù�3Is��*>9��?�>��
.;
6>�|§��I����{�	
AC
���
�
����5O&��
w�9���"����0,C�;y�
	
�
��
�@�FG�>7��­¬�&��

Icoil(t) � Vin
L

* t (eq. 35)

����Vin�:��# (Vin � 2� * Vac * sin(�t) )�L�
?�>���b(9�C�t�$"���
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C�;y��az�ÚO�$"�����0,C�;y�w��5O&��w�9���"��Icoil�Fx
�ª«�	
���Û×�
U6Hz�����C�;y��azT�"����@�FG�&t�~&��

(eq. 36)pT � 1
T

*

ton


0

Ron * Icoil(t)2 * dt � 1
T

*

ton


0

Ron * �Vin
L

* t�2 * dt

����Ron�MOSFET�w�9���W7��−-
0C"¨©�ton�w�9�����

|§�­���;36�@�FG����5O&�K

pT � Ron
T

* �Vin
L
�2 *

ton


0

t2 * dt � 1
3

* Ron * �Vin
L
�2 * ton3

T

(eq. 37)

w�9���\IO�?�>��
 g�|0(
d�F�
�� Icoil_pk � Vin * ton
LNFjM�;�
@�FG�Ü~>��� �~&��

(eq. 38)pT � 1
3

* Ron * Icoil_pk2 * ton
T

YÝ�;(1
3

* Ron * Ipk2 * d�����Ipk�|0(�


�d�MOSFET�@/0)*,A�(>)��+#
&���
�=;(,-�MOSFET�U6Hz�&
t_e��
�������¯
�� �~&��

@/0)*,A�(>(d = ton/T)��@�;�&t
�~&��

• @�:h�ÅJ�� {/�~&��1v��w
�9��(toff)�ton��8���f��~(;á�k
?)���;�{/��(T = ton + Toff)��B�c
~�¯
�� �~&��

• �G1v�:h��45U6V0W VWU6V
0W(CCM)��X5�%
�UD���CCM+#
?�=09���	
@/0)*,A�(>�f
�;��/�
�����

ÅJ��:h�{/����@�$�I� {�
	&��

d � ton
T

� 1 � Vin
Vout

(eq. 39)

;39�;38�ª:�
��@�; {�	&��

pT � 1
3

* Ron * Icoil_pk2 * �1 � Vin
Vout

� (eq. 40)

�����TQ06�jY�
?�>�|0(�

 ( I co i l_pk)��@�FG�f��~&��

Icoil_pk � 2 * 2� * � Pin �
Vac

* sin(�t)  (; 17�k?)�

Vin�Icoil_pk�g	²	����f��v&O ( 2� * Vac * sin(�t) )� (2 * 2� * � Pin �
Vac

* sin(�t) )�c~�¯
��

;40�@�FG�5O&��

(eq. 41)pT � 1
3

* Ron * �2 * 2� * � Pin �
Vac

* sin(�t)�2 *�1 �
2� * Vac * sin(�t)

Vout
�

��;�`)�
��@�FG�5O&��

(eq. 42)pT � 8
3

* Ron * �� Pin �
Vac

�2 *�sin 2(�t) �� 2� * Vac
Vout

* sin 3(�t)��
;42���®D�Vin�#�N^
U6Hz���
�� �~&��<cHz���
��G`
�	�AC

���������I�x���;�|§�
0� %O&��

(eq. 43)� p � Tac � 8
3

* Ron * �� Pin �
Vac

�2 * 2
Tac

*

Tac
2


0
�sin 2(�t) �� 2� * Vac

Vout
* sin 3(�t)�� * dt

sin2(�t)�<cd ¦��%
(0.5)·3�<sin3(�t)>
�&t�
��!�v���]�8�{/�
0�
 %O&��

• sin 2(	) �
1 � cos(2	)

2

• sin(	) * cos(
) �
sin(		 
) 	 sin(	� 
)

2

MÇ�2v�;�Ù�3Is
��@�; {�	
&��

sin 3(�t) �
3 * sin(�t)

4
�

sin(3�t)
4

(eq. 44)

;44�;43�ª:�
��@�; {�	&��

(eq. 45)

� p � Tac � 8
3

* Ron * �� Pin �
Vac

�2 * 2
Tac

*

Tac
2


0
�sin(�t)2 ��3 * 2� * Vac

4 * Vout
* sin(�t)�	� 2� * Vac

4 * Vout
* sin(3�t)�� * dt
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|§�­���@�FG�5O&��

(eq. 46)� p � Tac � 8
3

* Ron * �� Pin �
Vac

�2 *�1
2
��3 * 2� * Vac

4 * Vout
* 2
��	� 2� * Vac

4 * Vout
* 2

3�
��

;46�`)�
��@�FG�5O&��

(eq. 47)� p � Tac � 4
3

* Ron * �� Pin �
Vac

�2 *�1 ��8 * 2� * Vac
3� * Vout

��
��;����(Vac/Vout) ���5
�GMOSFET
�C�;y��Hz ���5
���k��!&
��g�Ö×��E��#�:��#�� ���
5
�MOSFET�A�������~
¢�ØQ�
,+0CK£V0W�%O&��
»¯¼�MC33260�¢�ØQ�,+0CK£Z[
�./��NO�6.?�=09�E��# SD
�
7T>��AC
���^_�s��>7��`
��&���� h�³���+0CK(+#)�4
�������PFCC)0<�?CK���£�Ð
¯
���������E��#�:��#���
����
���%O&�2�

5N�� p � Tac � Ron * (IM)2rms ¦��%
·
3��Y§�;�����0,C�;y�
	

rms�
((IM)rms)�U��� �~&��

(IM)rms � 2
3�

* � Pin �
Vac

* 1 ��8 * 2� * Vac
3� * Vout

�� (eq. 48)

+,2"�34	�56

PFC?�KQ0
����`�de����
�
��&���Þ��
 ß��
���àá�
�
�����0,C�;y��
�~��&����
)*��YÝ�MOSFET�-0C��
�W�"�
¨©�bc����0,C�;y��
�r���
!&���

� ������	
��
���MC33260����������
�������www.onsemi.jp

MC33260���
�W�b�w0W�"�#:�
�¨©��a��#�~�(�� �Câ− Figure 15�
k?)�
:h��?�>��
���~��&��
���T���
ãâ�?',. ;KrE(äQ�

rE��åj&�)��:��������
o�
�Î/�&���� h�FO�@�2v�u�5
lA�F-�~&��

• �æç7�?',. ;K�rE�
0� %O
&st�PFCC)0<���5?�>�{/�

È^�à§���

• MC33260��ÛZ$&��è������2R$
��M�
_e��%
Ô:�
�rE��g�
FG5CK7C2R����0,C�;y w�
�5
���àá�&��g�I��PFCC)0
<�!xgGS��5O&��

MC33262�FG5�T ��0,C�;y���
�
�~��
��³���
 �C¨©��
�
��r��
����
 �C¨© ª«�
��
 %
Õ�­¬���³s_e���

MC33262�78�9:;�+,2"�34�7
56
�
 �C¨©���0,C�;y��:�$�
�
 
:�
���&t�Ï�éH(���M�
 (12��&t����0,C�;y��

(IM)rms�!Grmsd�2���g�I���
 �C
¨©��^
0� %O&��

��&t��G��@�; {�	&��

� pRs � 262 � 4
3

* Rs * �� Pin �
Vac

�2 *�1 ��8 * 2� * Vac
3� * Vout

�� (eq. 49)

����<pRs>262���
 �C¨©Rs ª«�

�����

MC33260�78�9:;�+,2"�34�7
56
��·3���
 �C¨©Rs�?�>��
�
��ÃD�&���� x��Rs�?�>�rms�

�2���^
���
 �C¨© ª«���
� {�	&��

� pRs � 260 � Rs * (Icoil(rms) )2 (eq. 50)

����Icoil(rms)�?�>�rms�
�%O�;28
�f�	�!
��$�d���

Icoil(rms) � 2
3�

* � Pin �
Vac

 .

�� x��@�FG�5O&��

� pRs � 260 � 4 * Rs
3

* �� Pin �
Vac

�2 (eq. 51)
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2<�=>?	�./@�AB
��&t���&�ÔG�

� pRs � 262
 � pRs � 260 �@�; {�	&��
(eq. 52)

� pRs � 262
 � pRs � 260 � 1 ��8 * 2� * Vac
3� * Vout

�
8/3 � NFg0.85�[�!�UD�
��Y�;
�@�FG����5O&��

(eq. 53)� pRs � 262 
 � pRs � 260 � 1 � 0.85 * Vm
Vout

����Vm�AC
���^_���

C�D��E,F
+,�GHI-RMSI
b�w0W�<c�
�����
�E�?�@
�A�
�3&5������&t�~&��

(eq. 54)Id � Iload 	 ICout

���<c���
��

(eq. 55)
� Id ��� Iload 	 ICout ��� Iload � 	� ICout �

<ãgä���E�?�@�A�<c�
�0�5

0� %O&�(g	�m�·3��?�@�A�
�# ¢£�Y+�&�)��� x��@�FG�
5O&��

(eq. 56)� Id ��� Iload �� Pout
Vout

b�w0W�rms�
�&t�G�	FO¸���K
?�>�rms�
5Å�&t�$å���¡�C�
;y��az7T>�rms�
�2��&t��@�
AC
����£����I�x��{�	�I��
|§�
0� %O&��

Figure 4�k�FG��w�9���"�?�>�
��Ñ� �M�&��FOê��������

�b�w0Wæ*�|0(d(Icoil_pk)��0&�>
7��=��&��0�F�
���w�9�� 
\��
�~���w�9����ë$A�$":
]�ÖA���{/�
��@�FG�f��~&
��

(eq. 57)Icoil(t) � Icoil_pk * toff−t
toff

?�>�rms�
�&t��·3�$å��¢1v
�C�;y��az���I�
b�w0W�rms
�
£�&t�~&��

(eq. 58)Id(rms)2T � 1
T

*
toff


0
�Icoil_pk * toff−t

toff
�2 * dt

��|§�­���¢1v�C�;y��az��
�I�
b�w0W�rms�
£�f�;�{
�
� �~&��

(eq. 59)Id(rms)T � toff
3 * T

� * Icoil_pk

Icoil_pk�f�;17�>M�;�ª:�
��@�
; {�	&��

(eq. 60)Id(rms)T � 2 * 2
3

� * � Pin �
Vac

* toff
T

� * sin(�t)

����toff�T @�;�k��±�%
�� 
H(�)­�~&��

(eq. 61)toff � T * Vin
Vout

� T *
2� * Vac * sin(�t)

Vout

�� x��;ìí�@�FG�`��~&��

(eq. 62)Id(rms)T � 2 * 2 * 2��
3�

* � Pin �
Vac * Vout� * � sin(�t)� �3

��;������C�;y��az�v&O®
D�Vin���I�
b�w0W�[Çrms�
 {
�	&��¢?�>�|0(�
�rms�
£ (
12�����RS��FG��b�w0W�rms
�
�2���d���
���`
�	����
z"���I�x����;�2��|§�
0�
 %O&��
�� x��

(eq. 63)

Id(rms)2 � 2
Tac

*

Tac
2


0

8 * 2�
3

* � Pin �2
Vac * Vout

* sin 3(�t) * dt

¢��0MOSFET�U6Hz£ (12��$å��(sin3(�t))�|§�
���!�v��Òç�5�]�
8�&t�
0� %O&��

sin 3(�t) � sin(�t) * sin 2(�t) � sin(�t) * �1 � cos(2�t)
2

� � 1
2

* sin(�t) � 1
2

* sin(�t) * cos(2�t)

sin(�t) * cos(2�t) � 1
2

* (sin(−�t) 	 sin(4�t) )

sin 3(�t) � 3
4

* sin(�t) � 1
4

* sin(3�t)

And :

Then :

�� x��;63�@�FG�`��~&��

(eq. 64)Id(rms)2 � 2
Tac

*

Tac
2


0

8 * 2�
3

* Pin2
Vac * Vout

* �3 * sin(�t)
4

�
sin(3�t)

4
� * dt
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�	��|§�­~�@�FG�f§�
�� �~&��

(eq. 65)Id(rms)2 � 16 * 2�
3 * Tac

* � Pin � 2
Vac * Vout

* �3 * (cos(�0) � cos(�Tac
2) )
4�

	
cos(3�Tac
2) � cos(3�0)

12�
�

(� * Tac � 2�)��@�FG�&t�~&��

(eq. 66)Id(rms)2 � 16 * 2�
3

* Pin2
Vac * Vout

* �3 * (1− cos(�) )
4� * Tac

	
cos(�)−1
12� * Tac

�
î�(cos)-§�ê��5d�c~�¯����;
�����
�� �~&��

(eq. 67)Id(rms)2 � 16 * 2�
3

* � Pin �2
Vac * Vout

* � 6
8 * �

� 1
12 * �

�
b�w0W�rms�
�2��@�FG�`)�~
&��

(eq. 68)Id(rms)2 � 32 * 2�
9 * �

* � Pin �2
Vac * Vout

�3��b�w0W�rms�
�@�;�f�	&
��

(eq. 69)Id(rms) � 4
3

*
2 * 2��
� * � Pin �

Vac * Vout�

J�'"K"L�rms+,
Figure 11�k�FG��?�@�A�
��b�
w0W�
(I1)�����Fx�ïð�	
�
(I2)
����M�&��

(eq. 70)Ic(t) � I1(t) � I2(t)

�� x��`
�	�AC
���1az���
I�
?�@�A�rms�
����z"��11�12
g	²	�rmsd���[��5O&���� x
��@�FG�5O&��

(eq. 71)Ic(rms)2 � 2
Tac

*
Tac
2



0

(I1 � I2)2 * dt

(I1−I2)2�`)�
��@�FG�5O&��
(eq. 72)

Ic(rms)2 � 2
Tac

*
Tac
2



0

[I12 	 I22 � (2 * I1 * I2)] * dt

�� x��@�FG�5O&��

(eq. 73)

Ic(rms)2 � I1(rms)2 	 I2(rms)2 � 4
Tac

*
Tac
2



0

I1 * I2 * dt

Figure 11. Output Capacitor Current

PFC Stage

Vin

Load

L D
Vout

I1 I2
Ic

DRV Power
Switch

�¡��� (I1(rms)2)����	�M� (12�
��&t��b�w0W�rms�
���2���3
��������ñò�&��èÀ�
���®�
 �S5·3���	��&t�
����~&s
t�

!p	�����2����(I2(rms)2)��� ¦�
�5x�!é�H(�&t�~&��ªf�5»�
���bó�CK.0�,?�=09�Fx�ïð
�	
rms�
��º
�� �~&���:�3�
����I1�I2g	²	��
��³�5�MÓ�
ñò�
���¸D�
� FO¸����PFCC
)0<���(����C�;y,V0W��)�$
z��!5!�������ÕÃ�
��Ä�Y�
_e��¯�	&����� Ö×�?�@�A�
rms�
 =f�
�] %
���²³�
�F
!��ÔG�g�I�G@�;�U��� �~&
�K

(eq. 74)Ic(rms) � I1(rms)2 	 I2(rms)2�

b�w0W�rms�
�f�;ìô�Y§�;�ª:
�
��@�; {�	&��

(eq. 75)Ic(rms) � 32 * 2� *� Pin �2
9 * � * Vac * Vout

	 I2(rms)2�
����I2(rms)����rms�
���
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(eq. 76)Ic(rms)2 � 
1(rms)2 	�Vout
R
�2 � 4

Tac
*

Tac
2


0


1 * Vout
R

* dt

Ic(rms)2 � 32 * 2�
9 * �

* � Pin �2
Vac * Vout

	�Vout
R
�2 ��2 * Vout

R
* Pout

Vout
�

Ic(rms) � �32 * 2�
9 * �

* � Pin �2
Vac * Vout

�� �Vout
R
�2�

(eq. 77)Ic(rms)2 � Id(rms)2 	�Vout
R
�2 2 * Vout

R
*� Id �

(eq. 78)

(eq. 79)

�� !"#�$%	
I2 = Vout/R�&�''�
R	���!"(�)*
+73	��,-�./�01&�

�2 3�
45�5
�rms67�28	��,-�9*1&�

Pout = Vout
2/R9��
:;�+	��,-�<=�01&�

lê���FOë��"�!@�FG5; ìÖ

�	�!
�� %O&�� Ic(rms) � I2
2�
�����

I2����
�����;��b�w0W�
�C
�;y��a�8.;6>��¥�:	�!5!�
���Û;���µa��
�Fx�M-�	
=
>(,?�@�A�a�8.;6>���!(@� 
(12��k?)������¥�&�(;90�{/
�� Ibulk � Cbulk * dVout
dt�&t�
����;�
���U��� �~
)�
;79���a��µa��:�.;6>��¥�
:	�!&��

J�+MN O(

E��#(&��=>(,?�@�A�#)��
@�2v�.;6>�k�&��
�¡��C�;y,V0W���YÝ��Âõ�
	�!
.;6>�����.;6>��C�;y
��a�8�$�ö0C��
�>C E��³�
��}�	
�� Ö×��M�&��=>(,?
�@�A ÝM>÷¨©(ESR − Figure 12�k?)�®
��k�·3�����>C�;��À>80��
®���*>9.���
����~&st�
FOê�����@�FG�5O&��

• w�9���"�PFC�MOSFET�U6��
E��³��è��À>80 �}�	&st�
�� 0���
�
��=>(,?�@�A�
�����}�	&�����
�=>(,?�
@�A�ESR¨©§�Ù�3Is����#�
−(ESR*I2)��-�&������I2����
�
Z$d���

• w�9���"�b�w0W�?�>�
�E�
�U~�ESR��a�%
�
�ESR*(Id−I2)��
-�&������Id�b�w0W�
�Z$d
���

��RS��øC�;y��az���I�x
��PFCC)0<���}�	
�À>80 �
���ª«�	
�À>80�®���í��!

���UD��!&��v&O�=>(,?�@�
A�HÓ-§��D��#�DE��ESR�� %

Õ��.;6>��M�s�!
��¯
�� 
�~&��
Ä�������ùî�%
�j¬�µa�.;
6> òú�&��:��
�:��# ����
%
·3��PFCC)0<���}�	
����
���2������5O&���:������
���D����ª«�&��g�I��PFC6.
?�=09�<c�!G��������ï���
í�
}~������}�&��E�?�@�A
��Z"Þ���ð��í�s
���0���	

�À>80��B��}(&��ñ|)�
���
FO�:�����ò§(&���û§)��r�&
��Figure 13�Figure 14�G���Z��k�&��

Figure 12. ESR of the Output Capacitor

PFC Stage
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Figure 13. Output Voltage Ripple

ÜYÝ¦
�¼½�Þß�5[&2�W!� PFC�$
%
�)gh�h�22bW"[&2àáW!� #�[&�¼½�â�2
Á=qXY5 ¡
�	�A���ã�ä
å}�æçW"iè�0
�Mé2àá�5#\:È¬�(ê2ëY!� W"�qX�
]&[�
ìÁW!� PFC����	
�:ÈqXàán.5[&�¼½�íî2p=qXY5 ¡
�	�A���ã�ä
ïð
[n.!� PFC[&�ñ
A�
�¼½�â��2ò:óW!� 

Figure 14. Output Voltage Ripple
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µa�.;6>��¥�������!d�%

C�;y��,.;6>����&t���¥�:
	�!&st�&��C�;y��,.;6>��
���5:h��ÕÃ�~5!���
��g�ñ
ò�&��
���RS��FG��1v�C�;y��az�
��I�
<c?�>�
�G@�FG�5O&�K

(eq. 80)lin � 2� *� Pin �
Vac

* sin(�t)

:����Z$d(C�;y��az���I�x
�<c�)��:��# ( 2� * Vac * sin(�t) )�Iin�|�
���� x��@�FG�5O&��

(eq. 81)Pin � 2 *� Pin � * sin 2(�t)

C�;y��az���I�
<c��FO�=
>(,?�@�A�Ü��
 (� * Pin
Vout) �}�
	&��������PFCC)0<�4����
&����?�@�A�<c������

� I2 �� � *� Pin � 
 Vout��}�&��îL5
¢?�@�A�;£�%
 I � C * dV
dt��/�

����;�@�FG�5O&��

(eq. 82)� * Pin
Vout

�� I2 �� Cbulk * dVout
dt

;81�;82�ª:�
��@�; {�	&��

(eq. 83)dVout
dt

� 1
Cbulk

* �2 * � *� Pin � * sin 2(�t)
Vout

�
� *� Pin �

Vout
�

��;���`)�
��@�; {�	&��

(eq. 84)Vout * dVout
dt

�
� *� Pin �

Cbulk
* � 2 * sin 2(�t) � 1 �

d(Vout2)
dt

� 2 * Vout * dVout
dt
�cos(2�t) � 1−2 * sin 2(�t)

��¥�:	
��Y§�;��E��#�2��
U��� �~&��

(eq. 85)Vout2 �� Vout � 2 �
−� *� Pin �

Cbulk * �
* sin(2�t)

����<Vout>�E��#�<cd���

Y§�;�ø���E��#�<cd�2��Ì

��@�FG�5O&��

(eq. 86)� Vout
� Vout �

�2 � 1 �
� *� Pin � * sin(2�t)

Cbulk * � *� Vout � 2

�� x��@�FG�5O&��

(eq. 87)

� Vout � 	 �Vout
� Vout �

� 1 �
� *� Pin � * sin(2�t)

Cbulk * � *� Vout � 2
�

�����Vout�E��#.;6>�Z$d���

;üý�`)�
��@�FG�5O&��

(eq. 88)

�Vout �� Vout �*� 1 �
� *� Pin � * sin(2�t)

Cbulk * � *� Vout � 2
� � 1�

<cE��#��¥�E��#.;6> ��!(ó!������	�Ä�)����¥�:	����;

�����
�� �~&����I��� 1 �
� *� Pin � * sin(2�t)

Cbulk * � *� Vout � 2
� � 1��!G� 0��!��5IJ1

��¥�� � *� Pin � * sin(2�t)

Cbulk * � *� Vout � 2
� ��!�!GIô�5O&���� x��@�FG�§Ç�~&��

(eq. 89)1 �
� *� Pin � * sin(2�t)

Cbulk * � *� Vout � 2
� � 1 � 1

2
*

� � Pin � * sin(2�t)

Cbulk * � *� Vout � 2

;88�;89�ª:�
���õ���.;6>�
;����PQ�������$��@���5O
&��

(eq. 90)�Vout �
−� *� Pin � * sin(2�t)

2 * Cbulk * � *� Vout �
�}.;6>� (sin(2�t) � −1)��~��M��
��� (sin(2�t) � 1)��~��M�&���� x

���	�2v���%
|0(Á0|0(,.;
6>��@�FG�5O&��

(eq. 91)(�Vout)pk−pk �
� *� Pin �

Cbulk * � *� Vout �
NFj

(eq. 92)Vout �� Vout � �
(�Vout)pk−pk

2
* sin(2�t)
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Figure 15. Summary

Icoil_pk � 2 * 2� * � Pin �
Vac

* sin(�t)

Peak Coil Current:

Maximum Peak Current:

Icoil_max � 2 * 2� * � Pin � max
VacLL

RMS Coil Current:

Icoil(rms) � 2
3�

* � Pin �
Vac

f � Vac2
2 * L *� Pin �

�1 �
2� * Vac * sin(�t)

Vout
�

Switching Frequency:

� psw ��
2 * (�t 	 tFR) * Vac2

� * L
* � Vout

2� * Vac
� �

4
�

Switching Losses:

� Pon �� 4
3

* Ron * �� Pin �
Vac

�2 *�1 ��8 * 2� * Vac
3� * Vout

��
Conduction Losses:

� Id ��� Iload �� Pout
Vout

Average Diode Current:

Id(rms) � 4
3

* 2 * 2�
�

� * � Pin �
Vac * Vout�

RMS Diode Current:

AC Line

L1

R5

M1

R7

CONTROLLER

D6 Vout

+
C1 LOAD

Iload

MC33260 like Current Sense Resistor (Rs = R5)
Dissipation:

� pRs � 260 � 4 * Rs
3

* �� Pin �
Vac

�2

MC33262 like Current Sense Resistor (Rs = R7)
Dissipation:

� pRs � 262 � 4
3

* Rs * �� Pin �
Vac

�2 *�1 ��8 * 2� * Vac
3� * Vout

��

Capacitor Low Frequency Ripple:

(�Vout)pk−pk �
� *� Pin �

Cbulk * � *� Vout �

RMS Capacitor Current:

Ic(rms) � 32 * 2� *� Pin � 2
9 * � * Vac * Vout

	 � Iload(rms) � 2�
If load is resistive:

Ic(rms) � �32 * 2�
9 * �

* � Pin � 2
Vac * Vout

�� �Vout
R
�2�

Vac: AC line rms voltage
VacLL: Vac lowest level
�: AC line angular frequency
<Pin>: Average input power
<Pin>max: Maximum pin level

Vout: Output voltage
Pout: Output power
Iload: Load current
Iload(rms): RMS load current
�: Efficiency

Ron: MOSFET on resistance
�t, tFR: Switching times (see Switching
Losses section and Figure 10)
Cbulk = C1: Bulk capacitor value
Rs: Current sense resistance
L: Coil inductance
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