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Figure 1. Generic Application Schematic

The “pfcOK” signal enables the downstream
converter when the PFC is ready
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@&�O$�d%'E�RFmin)U\-Û|;<'
I��X��W1 (HP³E)$E&UV)'m�
i/%�

(eq. 16)

� 1

2 � RFmin � COSC � �0.22 � In �RFmin	114000

RFmin	143000
��

�fsw(max)
�

min
�

fOSC(min)

2
�

*>	����(�������(RFmin = 270 k�)
�620 kHz&I�W1 $Û|	/%�

Ò��r�6$tX�N)|��=%'E�W1  
!�[Nb��+ßu;</%�r�6$(ÓY,K�
VK)KK6��
)tX�N)�=	��>��n

5())6�\-e���z�X��W1 �^
_	/%�



AND8407/D

http://onsemi.com
7

�7\�]\^_`

X��"�X¢��¢�ÝN(r�7)�����PFC
`O
J(VIN)&��$ÔªÕ�/%�PFC&^_~�
VIN�¾9;<�TÄ1�&��c�d�e�ACX�

�"���[$´àG	�(VIN)&´µ°&��+�
X¢��¢�"r�)Ö�;<'UV)%'�	+
��/%�

Figure 5. Brown-out Block
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Figure 5)>%UV)��X¢��¢�"�C��
)�2J&_�+��/%�

1. ¬�N !¡�N��X¢��¢�"r�
&
J�b� #;<�f�
9IBO$Z�	
/%�@&
9��`O
J&´µ°)Ó*
	�r�3&~�(Rt)E�=>6;</%�@&

9�2×;<�23&HP&Q�n�$|^
%'f�&����t"c�d�e$�
%
'
9$��	/%����Q�n���X�
�&�i;&2×)ØÓ*	/%� ¬�N 
!¡�N_�)U��Ù"� �U�
O�
��ACX��"AZ[KSsB	-./%�

2.X��\:&�m+�3)�;
��/%�
�X¢��¢���+�m;<��>�@&
_��	á;<'UV)�¨�1���&�
,��7 �A&
9G+BOr�&
J$�
	
/%�°±�&���(���������;
<'
J�PFC�1�2&��)a}-�i

r��/%�
ÚB^_p�PFC�1�2�Q ��`O��
�2�r���m]E	-^_	/%
(Figure 6$ÊÔ)�z&¬-�`O
J���

�Û´â����ACX��&\:)wÜÑ
	
��/%�

VIN � 2� � Vin,rms

@@���Vin,rms�X��&rms
J�%�
	�+\-�r�7)Ö�;<'
J�E&
UV)��/%�

Vpin7 � 2� � Vin,rms �
Rbo2

Rbo1 � Rbo2

ÚPFC�1�2&^_+(ã;<���`O

J�¾9;<�TÄ1)���r�7)Ö�
;<'
J�E&UV)��/%�

Vpin7 �
2 � 2� � Vin,rms

�
Rbo2

Rbo1 � Rbo2

J/��p&°&664%�%�

	�+\-�°±�&���(�������PFC
+^_	-.'�>���}X��\:KS�36%�
.BOr�
J$'
@E)��/	��@&p£��
�i.¨�1���+�	�%�

Figure 6. Typical Input Voltage of a PFC Stage

Start of PFC Operation

2� � Vin,rms

Vin(t)
2� � Vin,rms � sin(�t)

0

200

400

Figure 5�CboaRbo1abcdRbo2��e

Ý.Þe�+�X¢��¢�$�m	�eÀ^_$�d
%'@E)�'X��"AZ[$L�	/%ß
*>	����(�������90 Vrms�^_%
'UV)�L	/	��@&°��E&�A���[
N$+�%'Ei)ABJ0��+��/%�

 X��
J+(Vin,rms)boH = 81 V (90 V&90%)$�
e\�Ei)���1��^_$(ã	/%�

 X��
J+(Vin,rms)boL = 72 V (90 V&80%)$ye
\�Ei)��1���w$�m	/%�

2.�Vpin7(BOr�&
J)+àá&�A���[NEâ
ä%'Ei(Vpin7&B½�+�EB½y+�)&´µ
`O
J$L�	/%ß
X��
J+BO�A���[N{y&�>�f�

9G(IHYST = 7 �A���)+�^;<-�'U�&
¨�1���+YZ	�E&�>)e�+eÀ$�
d	/%�

Rbo2
Rbo1 � Rbo2

� �Vin,avg
�

boH
	�Rbo1 � Rbo2

Rbo1 � Rbo2
� IHYST� � Vbo(th)

(eq. 17)

@@��(Vin,avg)boH�´µ`O
J����@&°$
�e'Ee�+Q�)��/%�Vbo(th)�BO&f�
�A���[N�%(����1 V)�

	�+\-�

�Vin,avg
�

boH
� �Rbo1 � Rbo2

Rbo2
� Vbo(th)�� �Rbo1 � IHYST

�
(eq. 18)

X��
J+BO�A���[N$�e\-.'�
>�f�
9G(IHYST = 7 �A���)�Q ����BO
r�&
J�E&UV)��/%�

Vpin7 � kBO � Vin,avg � �1 	
fBO

3 � fline
� (eq. 19)
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@@��
(Vin,avg)�´µ`O
J
fline�X��W1 

fBO��m ��¡��&åW1 

�fBO �
Rbo1 � Rbo2

2� � Rbo1 � Rbo2 � Cbo
�

kBO�BO�m ��¡��&;<+

�kBO �
Rbo2

Rbo1 � Rbo2
�

;

�1 	
fBO

3 � fline
�

�Equation 19&~)���BOr�&
J���[(æ
1�-1.a)$�O)��'@E+�i/%�

BOr�&
J+Vbo(th)(BO&f��A���[N
������1 V){y)�\��>��X¢��¢�
�w+�m;</%�	�+\-�´µ
J+�E&
C�Ï7;<'(Vin,avg)boLAZ[{y&�>�BO�
�+��ã;</%�

�Vin,avg
�

boL
�

VBO(th)

kBO � �1 	
fBO

3�fline
� (eq. 20)

@@��(Vin,avg)boL�´µ`O
J����@&°{
y)�'Ee�+Q )��/%�fBO��m ��
¡��&åW1 �%�

�fBO �
Rbo1 � Rbo2

2� � Rbo1 � Rbo2 � Cbo
�

/��fline�X��W1 �%�

3. �Oß
Equation 20KS��X¢��¢�;<+)�%'E
&C$'m�i/%�

KBO �
Rbo2

Rbo1 � Rbo2
�

VBO(th)

(Vin,avg)boL � �1 	
fBO

3�fline
� (eq. 21)

äåæçèéêëÞËÝ$äåæçèéêëÞÝì)5`%'E�E&C+
'K</%�

(Vin,avg)boH � �(Vin,avg)boL � �1 	
fBO

3 � fline
��� (Rbo1 � IHYST)

(eq. 22)

z&��Rbo1)�%'E&C$'m�i/%�

Rbo1 �

(Vin,avg)boH 	�(Vin,avg)boL � �1 	
fBO

3�fline
��

IHYST
(eq. 23)

Rbo1)�%'�@&C$©4�%'E�Rbo2$
Equation 21KS'm�i/%�

Rbo2 �
Rbo1

�(Vin,avg)boL

VBO(th)
� �1 	

fBO
3�fline
��	 1

(eq. 24)

»4¶E	-E&C$qL	/%�

�fBO �
fline
10
�

J/��60 HzX��&�>�6 Hz)���E&C+¸
S</%�

Rbo1 �

(Vin,avg)boH 	�


�

(Vin,avg)boL ��


�

1 	

fline
10

3�fline
�
�
�
�
�
�

IHYST
�

(Vin,avg)boH 	 �0.967 � (Vin,avg)boL
�

IHYST
(eq. 25)

Rbo2 �
Rbo1

�(Vin,avg)boL

VBO(th)
� �1 	

fBO
3�fline
��	 1

�
Rbo1

�0.967 �
(Vin,avg)boL

VBO(th)
�	 1

(eq. 26)

1J&*E	-�°±�&PFC�1�2$� 	/
%�@&�1�2���e�&^_n)�`O
J&
´µ°+36%�y	/%(Figure 6)H>	�E��)�
	�+\-�E&°$+�	/%�

 X��
J+E&°$�e\�Ei)���1�
�^_$(ã	/%�

(Vin,rms)boH � 81 V

 X��
J+E&°{y)�\�Ei)���1
���w$�m	/%�

(Vin,rms)boL � 72 V

¿a%'´µ`O
J�A���[N��E&C�
¥,S</%�

(Vin,avg)boH � 2� � (Vin,rms)boH � 2� � 81 (eq. 27)
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�U�

(Vin,avg)boL � 2 2�
� � (Vin,rms)boL � 2 2�

� � 72 (eq. 28)

@@��E&C$ç
�	+��/%�

Rbo1 �

� 2� � 81� 	 �0.967 � 2 2�
� � 72�

7 � 10−6 � 7410 k�

(eq. 29)

Rbo2 � 7410 � 103

�


�

0.967�2 2�
� �72

1 �
�
�
	 1

� 120 k�

(eq. 30)

Cbo �
Rbo1 � Rbo2

2� � Rbo1 � Rbo2 �
fline
10

�

(eq. 31)
�

7410 k � 120 k

2� � 7410 k � 120 k � 60
10

�

� 225 nF

��)��43&1.8 M�~�$Rbo1E	-|8)�
�	(7.2 M�&>�~�)�120 k�&~�$Rbo2E	
-�220 nF&c�d�e$CboE	-4�	/%�

NCP1631&�X¢��¢�e�)��À�[N��
�n�íè$��%��&50 ms�X���t<é+
fk;<-./%(d�����$ÊÔ)�

-f)*�gh

ênX��
9��PFC�1�2&23&HP)U
\-îï;<�>�
9&(���D�tW1 n®
)6�\-)´µG;<�°�%�@&°�E&C�
¥,S</%�

Iin(t) �
Vin(t)

L
�

(Rt)2 � VREGUL

26.9 � 1012 � kBO
2 � Vin,rms

2
(eq. 32)

@@��

� (Rt)2 � VREGUL

26.9 � 1012 � kBO
2 � Vin,rms

2�
�uHP&Q�n�$Ï%C�%�

 (VREGUL)��f�������KLG�C��
(VCONTROL)&mO)|},)ð¢	/%�
(VREGUL)��0~1.66 V&()��^	/%�

 Iin(t)�U�Vin(t)��ênX��
9�U�ênX
��
J�%�

 Vin,rms �X��&rms
J

 L�c�[&�������

 kBO�BO�m ��¡��&;<+

�kBO �
Rbo2

Rbo1 � Rbo2
�

IinEVin$Kª'E�ên
O$'m�i/%�

Pin(t) �
(Rt)2 � VREGUL � Vin

2(t)

26.9 � 1012 � L � kBO
2 � Vin,rms

2
(eq. 33)

/��X��Þ�n®)6�\-ên
O$´µG
%'E�´µVO
O)�%'E&C+¥,S</
%�

Pin,avg �
(Rt)2 � VREGUL

26.9 � 1012 � L � kBO
2

(eq. 34)

 ¬�N !¡�N&¬-E	-���;<'
O
�X��\:)ð¢?��(�X¢��¢��m&�
,�4��U�|&�L;<')`O
J�m ��
¡��&c�[&�������E�~�Rt&=&�
 )��/%�@&~���r�3)�=;<'��
��t~��%�

VREGUL�1.66 V)�X��;<'&��PFC�1�
2KSÉ�����i'I�
O((Pin)HL)��E&C
�¥,S</%�

(Pin)HL �
(Rt)2 � 1.66

26.9 � 1012 � L � kBO
2 �

(Rt)2

16.2 � 1012 � L � kBO
2

(eq. 35)

	�+\-�

Rt � 4025 � 103 � kBO � L � (Pin)HL
� (eq. 36)

�`n&¯¶$�/	-�((Pin)HL)E	-�µÞ;
<'I�`O
O$�Uz25%�e'°$+�%'
�	+��/%�J/��*>	����(����
��(125%  325 W � 400 W))��/%�
*>	����(�������

 L = 150 �H

 Rbo1 = 7,200 k�� Rbo2 = 120 k��&��

�kBO �
Rbo2

Rbo1 � Rbo2
� 1

61
�

	�+\-�

Rt � 4025 � 103 � 1
61

� 150 � 10−6 � 400� � 16 � 2 k�

(eq. 37)

18 k�&~�$+�	�z&¬-�E&C+'K</
%�

(Pin)HL �
(18 � 103)2 � 612

16.2 � 1012 � 150 � 10−6 � 496 W
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Xi�ZL[Fj[^k�F

NCP1631��X��c������"�X�"�
��$�=1x�������200 �S&�X��c�
�����"·��E20 �A&I��O$"�	/
%(Figure 7�ÊÔ)�PFC�1�2&mO
J��~�
Ho)U\-[��HJ;<� ¬�Nb��`O
(r�2)�Mñ�;</%�b���
9�I�G;
<(500 nA«�)���"��r����" ¬�Nb
��" ��¡��$4��i/%�[��[��
ëò$�d�i'UV)��X�"���&mO�
r�KSmO;</%(r�5)�

Xi�ZL[F/ !/lmCD��e
Rfb1�U�Rfb2���;<'Figure 7&~�Ho��

PFCmO
J+�z°)Ñ	.Ei)�Vpin2+f��
 #A��
J(VREF = 2.5 V))Ñ	
�'UV)�
PFCmO
J)Ó*%'
J$r�2)��%'�	
+��/%� m.ì,'E�

Rfb2

Rfb1 � Rfb2
� Vout,nom � VREF (eq. 38)

/��

Rfb1

Rfb2
�

Vout,nom

VREF
	 1 (eq. 39)

 ¬�Nb��~�)�%'�V1J&|&��~
�+i�%'
O�%�PFCmO&�
J(���
390 V&()))U'b���$Ö�;<'Rfb1ERfb2
��~�°+�;.�>����) ímW$i�%
'0��+��/%��l,)�b���
9$
100 �A&())�L%'@E$��)%'E���
E���î�&���¡��A�NQ $"��i
/%�
@&2YKS�E&C+'K</%�

Rfb2 �
VREF

100 �A
� 25 k� (eq. 40)

���*>	����(�������(Rf b2 =
27 k�)$+�	/	��Equation 39)°\-�Rfb1�E
&C�¥,S</%�

Rfb1 � Rfb2 � �Vout,nom

VREF
	 1� (eq. 41)

	�+\-�390 V&KLGAZ[$��·��)
	/%�

Rfb1 � 27 k� � �390
2.5

	 1� � 4185 k� (eq. 42)

`O
J�m ��¡��&�>E�è�º�&
Rfb1~�&56�)�ï &~�$|8)��%'�
	+��/%�*>	����(�������
(1,800 k� + 1,800 k� + 560 k�)& ��¡��$+�
	/%� @&+�$�(Rfb2 = 27 k�)E�=>6?'
E�E&C+¸S</%�

Vout,nom �
Rfb1 � Rfb2

Rfb2
� VREF (eq. 43)

�
1800 k � 1800 k � 560 k � 27 k

27 k
� 2.5 V

� 388 V

<=

NCP1631��X¢��¢�`O
J$4�	-��
'U�& ¬�N !¡�N$��	/%�@&¬
-�PFC�1�2&���&Ù"� $ACX��\
:KSsB;?'@E+�i/%�U�ó®,)��
b[�"c�d�e&ESR$ho�i/%�

(eq. 44)

V
^

out

V
^

REGUL

�
(Rt)

2 � Rout
53.8 � 1012 � L � kBO

2 � Vout,nom
�

� 1

1 ��s �
Rout�Cbulk

2
�

@@��
Cbulk�b[�"c�d�e�%�

Rout�
5&Ñô~��%�

Rt�r�3&[vª~��%�
L�PFCc�[&��������%�
KBO��X¢��¢�&;<+�%�

Vout,nom�PFCmO&KLGAZ[�%�

��	��.O+Ó$�7%'��)�����1�
2��3)�.|^��:�J/�20 Hz{y&()
$>%�	+��/%�	�+\-�
5)õ=��
^+YZ}��>���l,)��¦�Q�b�
�
������
��+Z}/%� NCP1631��
J
��(OVP))U��Q�b�
��$|&	/%
(9�
J��:l����$ÊÔ)�����
��
$ð|%'��)�f�c�hA��� ¬�Nb
��(Vpin2)$�o	�Vpin2+�z°&95.5%$ye\
��>�220 �A&
9G$�=	�ëòc�d�e
&�
$�#G	/%�I�)�c�hA��E�X
�"���&W$á�'�>��Uz10/�&°)
�'&+ñ	�%(Note 1)�
@&������a�����e$����KJ�
L0���
J��_�E�=>6?'E�X��/

5&õ=��x7>�����S�'2Yy�m
O
J&*"$Rm�i'@E+�ò;</%�
	�+\-�wEx�&���(�������.
W1 &å$��%'@E����:$�:)|&
�i/%���	�E&H�>%UV)�type2&ëò
$��%'@E+ÌÕ;</%�

1. The circuit disables this capability (dynamic response enhancer) until the PFC stage output voltage has reached its target level (that is when
the “pfcOK” signal of the block diagram, is high). This is because, at the beginning of operation, the pin5 compensation network must charge
slowly and gradually for a soft start-up.



AND8407/D

http://onsemi.com
12

Figure 7. Regulation Trans-conductance Error Amplifier, Feed-back and Compensation Network

�
�

VREGUL
2R

R

FB GEA = 200 �S

OTA
+

VREF
2.5 V

Vout

Rfb1

Rfb2
(Pin2)

Vcontrol

(Pin5)Cp

Cz

Rz

Type-2&ëò])U\-�7;<'Ù"� $|
^%'��&mO��E&UV)��/%�

V
^

control

V
^

out

�
1 � sRzCz

sRo(Cz � Cp)�1 � sRz
Cz�Cp

Cz�Cp
� (eq. 45)

@@�Â

R0 �
Vout,nom

Vref � GEA

GEA��X��c������"�X�"���&
·��(OTA)�Vout,nom��zmO
J(VoutKLGAZ
[)�VREF�OTA&2.5 V
J� #A���%�

���NCP1631&PWMl�����Vcontrol$|�
4�%'@E��
�VREGUL$4�	/%�VcontrolE
VREGUL$�¬%'~�Ho(5/9)$4�%'E�E&
C+'K</%�

V
^

REGUL

V
^

out

�
1 � sRzCz

s
9�Ro

5
� (Cz � Cp)�1 � sRz

Cz�Cp

Cz�Cp
�

(eq. 46)

	�+\-�E&C+¸S</%�

V
^

REGUL

V
^

out

�
1 � s

2��fz

s
2��fp0

�1 � s
2��fp1

�
(eq. 47)

@@��

 fz��ëò]&W1 0�%�

fz �
1

2� � Rz � Cz

 fp1��ëò]&�.W1 å&W1 �%�

fp1 � 1

2� � Rz � � Cp�Cz

Cp�Cz
�

 fp0��´$&å&W1 �%�

fp0 � 5
18� � R0 � �Cp � Cz�

R0 �
Vout,nom

Vref � GEA


ÐE�.W1 å&��ß
60&]8����$"�%'@E+�i�	�+
\-�60&]8s�2�$¸'��)�ëò]&0$
(fc/4))��	��.W1 å$(4  fc))��%'@E
+�i/%�@@��fc��+�	��C�Q�bW1
 �%�
@&CKS�E&C+'K</%�

fp1 � 42 � fz (eq. 48)

fp1Efz$Equation 48)5`%'E�E&C+'K<
/%�

Cp � Cz

Cp � Cz
�

Cz
16

(eq. 49)

	�+\-�

Cz � 15 � Cp (eq. 50)

 »���:$"�%'��&´$ö&å&���
Equation 44��PFC����&?,�´$$E&U
V)�L	/%�

Go �
(Rt)2 � Rout

53.8 � 1012 � L � kBO
2 � Vout,nom

(eq. 51)

fc+t/	.�C�Q�bW1 ��'�>�§J
c�b��&å+�ëò]�+�	�0&]�)�L
;<'UV)�
5÷�´$&å$��%'�	+
��/%�

	�+\-�

−20 � log� fc
fp0
� � −20 � log�G | �Rout �

4
� � Cbulk � fc

��
(eq. 52)

/��
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fp0 �
fc

G0 | Rout �
4

��Cbulk�fc

(eq. 53)

@@KS�E&C+'K</%�

fp0 �

fc
4�Rt

2

� � 53.8 � 1012 � L � Cbulk � kBO
2 � fc � Vout,nom

(eq. 54)

@&C�E&UV)Ö×G�i/%�

fp0 �
� � 53.8 � 1012 � L � Cbulk � kBO

2 � fc 2 � Vout,nom

4 � Rt
2

(eq. 55)

@@��kBO�BO�m ��¡��&;<+

�kBO �
Rbo2

Rbo1 � Rbo2
�

fp0$�Equation 55)>	�Ï7��iì,'E�E
&C+'K</%�

5
18� � R0 � (Cp � Cz)

� 5

18� � � Vout,nom

Vref�GEA

� � (16 � Cp)

�

�
� � 53.8 � 1012 � L � Cbulk � kBO

2 � fc
2 � Vout,nom

4 � Rt
2

(eq. 56)

GEAEVref$��°(z<ø<�200 �SE2.5 V)��
iì,'E�Cp$¥,'E&C+'K</%�

Cp �
Vref � GEA � Rt

2

7646.2 � 1012 � L � Cbulk � kBO
2 � fc 2 � (Vout,nom)2

(eq. 57)

Rt$Equation 36)>	�Ï7��iì,'E�p%
&C+E&UV)Ö×G;</%�

Cp �
1.06 � 10−6 � (Pin)HL

Cbulk � fc 2 � (Vout,nom)2
(eq. 58)

Rz��e

ëò]&0$(fc/4))��%'E�E&C+'K</
%�

fz �
1

2� � Rz � Cz
�

fc
4

(eq. 59)

I�)��@&CKS�ëò ��¡��$��%
'��&E&C$'m�i/%�

Cp �
1.06 � 10−6 � (Pin)HL

Cbulk � fc 2 � (Vout,nom)2
(eq. 60)

Cz � 15 � Cp (eq. 61)

Rz �
2

� � Cz � fc
(eq. 62)

*>	����(�������

Cp � 1.06 � 10−6 � 497
100 � 10−6 � 202 � 3902 � 86 nF (eq. 63)

��)��@<)..��°��'�68 nF&c�d
�e$4�	/%�

Cz � 15 � Cp � 1020 nF (eq. 64)

��)��1 �F&��,�c�d�e$+�	/
%�

I�)�

Rz �
2

� � 1 � 10−6 � 20
� 31.8 k� (eq. 65)

33 k�&~�$��	/%�

60&()&]8s�2�$¼��i'UV)�ë
ò$�O	/%��.W1 å$�U��.W1 )
�L%'@E��i/%���)��Cp$�ÌÕ°&4
­/��i
	(RzECz&�½S��ó?�))�
Vcontrolr�&���[$�;
	�THD$;S)#
I%'@E��i/%��C�Q�bW1 ��G
	/?x�]8s�2�&�i;$5ò)%'@E
��@&�ó$�d�i/%�]8s�2���I�
30/���'@E+�i/%�U�ó®,)��E&
UV)��/%�

�m � arc tan�fc
fz
�	 arctan� fc

fp1
� (eq. 66)

@@��

 fz��ëò]&W1 0�%�

fz �
1

2� � Rz � Cz

 fp1��ëò]&�.W1 å&W1 �%�

fp1 � 1

2� � Rz � � Cp�Cz

Cp�Cz
�

Cp,E	-150 nF&c�d�e$+�%'E�E&
C+'K</%�

(fz � 5 Hz), (fp1 � 37 Hz), (�m � 76o 	 28o � 48o)
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CURRENT SENSE NETWORK
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Figure 8. Current Sense Block
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NCP1631��c�[&
9)Ó*%'
&
J$M
ñ�%'UV)��;<-./%���)��
9l
��~�(Figure 8&RCS)$ô@h�)õ`	�23&
HP)U\-îï;<�>�
9)Ó*%'
&

J$Z�	/%�e���CSr�&
J$0)y`%
'��)�	E;<'
9$��%'Qg���$
fk	-./%(Figure 8$ÊÔ)�~�ROCP$CSr�
ERCS&�)õ`%'E�E&UV)r�9&
9$
-¾�i/%�

	 (RCS � Iin) � (ROCP � Ipin9) � Vpin9 � 0 (eq. 67)

@@KS�E&C+'K</%�

ICS � Ipin9 �
RCS

ROCP
Iin (eq. 68)

@@��Iin���������PFC�1�2&2J&]
8)î.1/<�>�
9�%�

e���e��[³E)
9$|&%'��)�ICS
$fk&210 �A
9� #A��EÓA	/%�
	�+\-�c�[&I�
9�E&UV)��/
%�

Iin,max �
ROCP
RCS

� 210 �A (eq. 69)

Iö,)�Ó+(ROCP/RCS)��E&C)°\-�

9|&$�L	/%�

ROCP
RCS

�
Iin,max

210 �A
(eq. 70)

@&
9|&$�L%'��)23&[vªMN
(ROCPERCS)$4�	-.'&����E���î�
&II&�A�NQ $"�%'��)�
9l�
�~�$I G%'@E+�i/%�

 23&HP)î.1/<'I�
9�
[1])>	�UV)��������PFC)î.1/
<'>�
9��E&C�¥,S</%�

Iin,max � 2 2� �
(Pin,avg)max

(Vin,rms)LL
��


�

1 	
Vout,nom

4 � �Vout,nom 	 � 2� � (Vin,rms)LL
���
�
�

if (Vin,rms)LL 

Vout,nom

2 2�
(eq. 71)

Iin,max � 2 2� �
(Pin,avg)max

(Vin,rms)LL
� �1 	

Vout,nom

4 � 2� � (Vin,rms)LL

� if (Vin,rms)LL �
Vout,nom

2 2�
(eq. 72)

@@��
(Vin,rms)LL��ùúûX��
J&I�AZ[�%�
(Pin,avg)max�`O´µ
O&I�AZ[�%�
Vout,nom�mO
J&�zAZ[
(/��mOKLG
J)�%�

*>	����(�������

�(Vin,rms)LL � 90 

Vout,nom

2 2�
� 390

2 2�
� 138�

	�+\-�

Iin,max � 2 2� �
(Pin,avg)max

(Vin,rms)LL
��


�

1 	
Vout,nom

4 � �Vout,nom 	 � 2� � (Vin,rms)LL
���
�
�

(eq. 73)

Iin,max � 2 2� � 325
90

��


�

1 	 390

4 � �390 	 � 2� � 90���
�
�
� 6.4 A (eq. 74)

 ROCPERCS&+��
`O
9���[$ho%'E�RCS)U'��
��E&Ö×G	�C�¥,S</%�

PRcs � RCS � �Pin,avg

Vin,rms
�2

(eq. 75)

X��+�
�I�
O$��%'�>&PFC�1
�2&P+)üÜ%8¿,�÷B&� E	-�RCS
$+�%'@E��i/%�$�RCS+i�%'0�
�&�'Ù×&8¿o>E%'�>�@&2YKS
E&C+'K</%�

� � (Pin,avg)max � RCS � �(Pin,avg)max

(Vin,rms)min
�2

(eq. 76)

I�)�

RCS �� �
(Vin,rms)min

2

(Pin,avg)max
(eq. 77)

�U�

ROCP � RCS �
Iin,max

210 �A
(eq. 78)

�l,)�(= 0.2%))�L%'E���E���î
�&���¡��A�NQ $"��i/%(J/
��X��+�.�>)
O&0.2%+RCS��6</
%)�
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@&2YKS�RCS&E&°+'K</%�

Rcs � 0.2% � 902

325
� 50 m� (eq. 79)

@&+�KS�ROCP~�&E&°+'K</%�

ROCP � 50 m �
6.4 A

210 �A
� 1.5 k� (eq. 80)

no)pqr(ZCD)

u]8������"�����KS¸S<�ø}
)Sq.-�ýC
9�m(ZCD)ù0+¥,S</
%����D+Q�)�\�n$��ZCDr�&
J
�E&°)Ñ	
��/%�

Vzcd � 	
Vin
N

(eq. 81)

@@��Vin�ênACX��
J�N�ø Ó(�E÷
ø} EZCDëþø} &Ó)�%�

���D+Q )�\�n$��ZCDr�&
J�
E&°)Ñ	
��/%�

Vzcd �
Vout 	 Vin

N
(eq. 82)

NCP1631�23&ZCDc�hA��$fk	-./
%�

1.IÆ&c�hA����HP2KSZCD
J$
ÔªÕ'r�1$�m	/%�

2. 2Ð�&c�hA����HP1KSZCD
J
$ÔªÕ'r�16$�o	/%�

@<S&ZCDc�hA��)�0.5 V&�A���
[N+��/%(B½�+�n�250 mV&¨�1��
�)�	�+\-��S�'^_2Y�iú$dV�)
�ZCDr��<�
E�0.5 V+Õ¸;<'UV)N$
e���L%'�	+��/%�ZCDr��Õ¸;
<'
J���.X����TÄ1&�Ý)"	�E
i)I�°)�'@EKS�E&C+'K</%�

N 

Vout 	 � 2� � (Vin,rms)HL

�
0.5

((Vin,rms)HL = 265 V)��U�(Vout = 390 V)&�>��
$30«�)%'�	+��/%�*>	������
ø}ÓE	-10$+�	/	��
~�RZCD1$�]81&ZCDø}EHP1&r�16&
���V1J&~�RZCD2$]82&ZCDø}EHP2
&r�1&�)C�	/%�RZCD1ERZCD2��r�1
Er�16)¿%'9`/��9m
9$|&	/
%�@&
9��2 mA&())�L	-
�;.(�
��E���&¾¤E�)��l,)�@<S&r�)
I�&��A�+�,S<'&���.X��KS
���
9+9`%'�>�%�	�+\-�RZCD1
ERZCD2��E&C$��%±H��i;$+�%'
�	+��/%�

RZCD1 � RZCD2 �
2� � (Vin,rms)HL

IZCD � N
�

(eq. 83)

� 2� � 265
2 m � 10

� 19 k�

22 k�$+�	/	��

��	�@&~�&°E�ZCDr�&�;.¦Z�
,&°)U\-�ZCDø}&ù0+�m;<-E)
h[�&�^$(ã%'����t+½/�/%�
pq,)��ZCD~���I��y	�D&n$��
^$(ã	/%�@&�>��NA��
J+I�&
n$�MOSFET+Q�)Àô%'@E)������
D�t��+I�&)ð,S</%�@&��$"
�%'RZCD1ERZCD2&°���4)U\-II&�
&$�Jª/%�°+�i%£'E�ZCD�Z��$
�m%'/�&<én�+9
��/%�z&�>�
c��C�X�R�='	M�N(DCM)�^_	O
++÷B$Ôª/%��)�ZCD~�+�;%£'�
>��
J+�.V½)E&NX�b�"h[�+
(ã;<����D�tP++÷B$Ôª/%�
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:)sAB

NCP1631��
J��E�
J��&�,���
&r�$1�o��--./%�NCP1631&�����
23&3ÿ& ¬�Nb��" ��¡��$��
�i/%(Figure 10$ÊÔ)�

 13�r�4( ¬�Nb��`O)) �;<'K
LG$�,E	/%�

 �V13�OVP_�$�,E	/%�

Figure 9. Configuration with
One Feed-back Network for
Both OVP and Regulation

Figure 10. Configuration with Two
Separate Feed-back Networks

Figure 11. Another Configuration
with Two Separate Feed-back

Networks

OVP

Rout2

Rout3

Rout1
FB

Vout (Bulk Voltage)

2 15
3 14
4 13
5 12
6 11
7 10
8 9

1 16

Rovp2

Rovp1

Rfb1

Rfb2

OVP

FB

Vout (Bulk Voltage)

15
14
13
12
11
10
9

16
2

3
4
5
6
7

8

1 Rovp

Rfb1

Rfb2

15
14
13
12
11
10
9

16Rfb1

Rfb2

OVP

FB 2

3
4
5
6
7

8

1

Vout (Bulk Voltage)

¿� ¬�Nb������'U�&�9�$�
7	�Kn�AZ[$²�;?'&��23& ¬�
Nb��û�&�½SK��w+YZ	��>��
PFC�1�2$���i/%�
��	�KLG_�EOVP_���}� #A��

J(VREF = 2.5 V)$4�%'&��üt%'�>��
Figure 9)>%UV)º�& ¬�Nb��û�$4
�%'@E��i/%��}� #A��
J$4
�	-.'KLG�C��EOVP�C�����
Rout2ERout3&~�&Ó+�OVP�A���[N$-
¾	/%� U�ó®,)��E&UV)��/%�

 b[�KLG
J��E&UV)��/%�

Vout,nom �
Rout1 � Rout2 � Rout3

Rout2 � Rout3
� VREF (eq. 84)

 (b[�)OVPAZ[��E&UV)��/%�

Vout,ovp �
Rout1 � Rout2 � Rout3

Rout2
� VREF (eq. 85)

 OVPAZ[EKLGAZ[&Ó��E&UV)�
�/%�

Vout,ovp

Vout,nom
� 1 �

Rout3
Rout2

(eq. 86)

*,��(Rout3 = 5%  Rout2)��
(Vout,ovp = 105%  Vout,nom)U�õd	/%�
mO
J+OVPAZ[$�e\-.'@E$e�
+�m	�|��/�OVPAZ[$�e\-.'�
��
O���D�Q )���
O&��$�u	
/%�
*>	����(�������23&3ÿ&Vout
�m ��¡��$��%'Q����$+�	/
	�(Figure 10&��)�KLG ��¡��E�è�

Mñ�~�&��r����$E&°)%'�	+
��/%�

1.wEx�&
G����b�	Y$��%�
	+��/%+�'�+YZ	-z&	Y)
�ý�i�
�'0��+Z}��>)��
�$|&�i'±H�i.°�

2.�¡����î�$"��i'±H�;.°

@@���100 �A&()&b���
9$4�%'
E��l,)�¡��A�NQ $"��i/%�

	�+\-Â

Rovp2 �
Vref

100 �A
� 25 k� (eq. 87)

���¬-E	-(Rovp2 = 27 k�)$+�	/	��

Rovp1 � Rovp2 � �Vout,ovp

VREF
	 1� (eq. 88)

*>	����(�������410 V$��·�
�E	-�E&C+'K</%�

Rovp1 � 27 k� � �410
2.5

	 1� � 4401 k� (eq. 89)

Kn�&p£��º�&Rovp1&56�)�ï &~
�$|8)��%'�	+��/%�*>	���
�(�������(1,800 k��+ 1,800 k��+ 820 k�)&
 ��¡��$+�	/%�
�þ�OVPAZ[��E&UV)��/%�

Vout,ovp �
Rovp1 � Rovp2

Rovp2
� VREF (eq. 90)

�
1800 k � 1800 k � 820 k � 27 k

27 k
� 2.5 V

� 412 V
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Ò��
Figure 11)>	�UV)�OVP�m ��¡��&
|&$�L%'ÿ&VP��Ú��E&+�$dV
@E�%�

 Rovp2 = Rfb2

 Rovp1 = Rfb1 + Rovp�@@��Rovp�OVP�m ��
¡��&�÷)�'~�&���%�

��

Vout,nom �
Rfb1 � Rfb2

Rfb2
� VREF

Vout,ovp �
Rovp1 � Rovp2

Rovp2
� VREF �

�
Rfb1 � Rovp � Rfb2

Rfb2
� VREF

�@&2J&C$¬>%'E�E&C+'K</%�

Vout,ovp � Vout,nom �
Rovp

Rfb2
� VREF

J/��Q�b�
��+E&°$'�	�Ei
)�OVP��+����	/%�

�Rovp

Rfb2
� VREF�

tu

@&���(����"������������
�&2]8PFC&��$��)%'��&®�,��
�C�D$ÌÕ	/%�U�ó®,)��@&g�h
����PFC�1�2&|&$�L%'��)�	E
;<'�	�CE��S�$Dk	/	��4()
j
G)¿a�i'�300 W&��,������(
����$4�	-�@&�Cl�$H>	/	��
ÌÕ	�¤/)°\-��	�300 W&����
���PFC&��)�%'�?��NCP1631EVB/D
[3]$ÊÔ	-
�;.�@&���(����"�

�����ÓA,�.���D�tW1 ()
(120 kHz&�z�X��W1 )$+�	�)�KK
6S��20%~100%&
5())¿	-�90 Vrms�w
Ü95%E.V�.P+$y`�i'@E$>	/	
��
{y&Ï��NCP1631��^%'�������

PFC$��%'Ei)ABJj	�C$	6	/%�
�V1J&Ï��*>	����(����&300 W
)�	-@<S&C$�O	�¬-$>	/%�

Table 1. GENERAL EQUATIONS − SUMMARY  

Power
Components

Coil Selection

L �
(Vin,rms)LL

2 � �Vout,nom 	 2� � (Vin,rms)LL
�

(Pin,avg)max � Vout,nom � fOSC(nom)

(IL,pk)max � 2� �
(Pin,avg)max

(Vin,rms)LL

(IL,rms)max � 1
3�
�

(Pin,avg)max

(Vin,rms)LL

MOSFET
Conduction Losses (Pon)max � 1

3
� RDS(on) � �(Pin,avg)max

(Vin,rms)LL
�2

� �1 	
8 2� � (Vin,rms)LL

3� � Vout,nom
�

Bulk Capacitor

(�Vout)pk−pk �
Pout,max

Cbulk � � � Vout,nom

Cbulk �
2 � Pout,max � tHOLD−UP

Vout,nom
2 	 Vout,min

2

(IC,rms)max � �16 2�
9�

�
(Pin,avg)max

2

(Vin,rms)LL � Vout,nom
�	�(Pout)max

Vout,nom
�2�
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Table 1. GENERAL EQUATIONS − SUMMARY (continued)

Brown-out Block

BO Upper Resistor

Rbo1 �

(Vin,avg)boH 	�(Vin,avg)boL � �1 	
fBO

3�fline
��

IHYST

BO Bottom Resistor
Rbo2 �

Rbo1

�(Vin,avg)boL

VBO(th)
� �1 	

fBO
3�fline
��	 1

BO Filtering Capacitor Cbo �
Rbo1 � Rbo2

2� � Rbo1 � Rbo2 � fBO

Timing Resistor Pin3 Resistor Rt � 4026 � 103 � kBO � L � (Pin)HL
�

Oscillator

Oscillator Frequency
(No Frequency Foldback) fOSC(nom) �

52 � 10−6

COSC

Clamp Frequency
per Branch �fsw(max)

�
nom

�
fOSC(nom)

2
� 26 � 10−6

COSC

Fold−Forward
Power Threshold (Pin)FF �

RFF
15810 �

� (Pin)HL

Minimum Frequency
(per Branch)

�fsw(max)
�

min
� 1

2 � RFmin � COSC � �0.22 � In�RFmin	114000

RFmin	143000
��

Feedback
Resistors

Feedback Bottom Resistor Rfb2 �
VREF
IFB

Feedback Upper Resistor Rfb1 � Rfb2 � �Vout,nom

VREF
	 1�

OVP Resistors

OVP Bottom Resistor Rovp2 �
VREF
IFB

OVP Upper Resistor Rovp1 � Rovp2 � �Vout,ovp

VREF
	 1�

Loop
Compensation

Cp Capacitor of the
Type2 Compensation Cp �

1.06 � 10−6 � (Pin)HL

Cbulk � fc 2 � (Vout,nom)2

Cz Capacitor of the
Type2 Compensation Cz � 15 � Cp

Rz Resistor of the
Type2 Compensation Rz �

2
� � Cz � fc
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Table 1. GENERAL EQUATIONS − SUMMARY (continued)

Current Limitation

Maximum Level of the
Input Current

Iin,max � 2 2� �
(Pin,avg)max

(Vin,rms)LL
��


�

1 	
Vout,nom

4 � �Vout,nom 	 � 2� � (Vin,rms)LL
���
�
�

Iin,max � 2 2� �
(Pin,avg)max

(Vin,rms)LL
� �1 	

Vout,nom

4 � 2� � (Vin,rms)LL

�
if (Vin,rms)LL 


Vout,nom

2 2�

if (Vin,rms)LL �
Vout,nom

2 2�

Current Sense Resistor RCS �
PRcs � (Vin,rms)LL

2

(Pin,avg)max
2

Over Current Resistor ROCP �
RCS � Iin,max

210 � 10−6

 fOSC(nom)�W1  !�[Nb���	&Y\]

W1 �%�

 (fsw(max))�(W1  !�[Nb���	&�>&)
uHP)�%'�z�X��W1 �%�

�fOSC(nom)

2
�

 (fsw(max))min�W1  !�[Nb��&¬-E	

-Z}��uHP)�%'I��X��W1 �
%�

 Vout,nom�PFC�1�2&�zmO
J(KLGAZ
[)�%�

 (Vin,rms)LL�X��&rms
J&I�AZ[�%�

 (Pin,avg)max�`O´µ
O&I�AZ[�%�

 (IL,pk)max���������PFC(	3^_n)&13
&HP)î.1/<'I�r��
9�%�

 (IL,rms)max���������PFC(	3^_n)&1
3&HP)î.1/<'I�rms
9�%�

 Pon�MOSFET&'	���%(13&HP)�

 RDS(on)�MOSFET&Q�n~��%(13&HP)�

 (�Vout)pk−pk�mOr��"Å�"r��"���

[�%�

 ��X��&�W1 �%(� = 2�  fline)�

 fline�X��W1 �%�

 Cbulk�b[�"c�d�e�%�

 tHOLD−UP�ÎL&À�[N���n��%�

 (IC,rms)max�b[�"c�d�e&rms
9�%�
¥,S<��O��~�
5$qL	-./%�

 Vout,min�y9c�b���Ôª`<0���mO


J&I�AZ[�%�

 (Pin)HL������t~�&+�)U\-Ã�;<

'�PFC�1�2+���i'É��I�&AZ[

�%��`n&¯¶$�/	-�((Pin)HL)E	-�µ
Þ;<'I�`O
O$�Uz30%�e'°$+
�%'�	+��/%�J/��

�(Pin)HL � 130% � (Pin,avg)max�
 (Pin)FF��@&°$ye\-.'�>�e�+��

�D�tW1 &�y(W1  !�[Nb��)
$(ã%'`O
OAZ[�%�

 RFF�r�6EtX�N&�)��	�W1  !
�[Nb��&
�$|^%'~��%�

 RFmin�Y\]r�EtX�N&�)��	�I�

W1 $-¾%'~��%�
fOSC(nom))�	-¥,S<��OC&~���
fOSC(nom)&°)¿%'~U�&÷B$� 	-.

/?x�

 Rfb1ERfb2�� ¬�Nb���m~��%�

 Rovp1ERovp2��OVP�m~��%�

 Vout,ovp�OVPmO
J�%�

 VREF�f�&2.5 V
J� #A���%�

 Rbo1ERbo2���X¢��¢��m~��%�

 kBO��X¢��¢�&;<+�%�

�kBO �
Rbo2

Rbo1 � Rbo2
�

 fBO��BOr�&[vªc�d�e(Cbo)E�Rbo1�

U�Rbo2&�=>6?)U\-¸S<�W1 å
�%�

 IHYST��¨�1����,�4�;<'�7 �A&f
�
9G�%�

 (Vin,avg)boH�e�+^_$(ã	�Ei&�´µG

;<�`O
J�%�

�(Vin,avg)boH � 2� � Vin,rms
�
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@<�°±�&����1�2&�>�%�

 (Vin,avg)boL��´µ`O
J��@&°$ye'E�

�X¢��¢���+����	/%�

�(Vin,avg)boH � 2 2�
� � Vin,rms�

@<�°±�&����1�2&�>�%�

 VBO(th)�f�&1 V�X¢��¢�
J� #A�
��%�

 Rz, CzECp�ëòMN�%�

 fc��C�Q�bW1 �%�

 RCS�
9l��~��%�

 PRcs�Rsensen®&���%�

�l,)�I�
O&0.2%)�L%'E����î
�EP+&���¡��A�NQ $"��i/

%�

 ROCP�CSr�ERCS&�)��%'~���`O


9&I�AZ[(23&HP)U\-îï;<'
>�
9)$�L	/%�

ëò)�%'Ò��
60&()&]8s�2�$¼��i'UV)�ë
ò$�O	/%��.W1 å$�U��.W1 )

�L%'@E��i/%���)��Cp$�ÌÕ°&4
­/��i
	(RzECz&�½S��ó?�))�
Vcontrolr�&���[$�;
	�THD$;S)#
I%'@E��i/%�]8s�2�$�;
%'
@E��@&�ó$�d�i/%�]8s�2���
I�30./���'@E+�i/%�

v1w 300 Way+,�)z]{
|�}~�
HP³E)�120 kHz&W1 �X��$+�	/
%�I�mO
O+300 W&�>�`O
O$I��
Uz325 W)�L�i'EqL	/%(X��+I�
&�>�92%&P+"@<��'U�&¯¶$�1x
��·,�°�%)�
O�,((Pin)HL)��U��i.
125%�J/�400 W)�L	/	��
I�`O
J�90 Vrms����X��vms
J+

81 V$',�Ei)e�+^_$(ã	�X��\:
+72 V{y)�\�Ei)�X¢��¢��w+�
m;<'UV)�X¢��¢�"�C��&|&$
�L	/	��
KLGAZ[$390 V (Vout,nom = 390 V)�OVPAZ
[$410 V (Vout,ovp = 410 V))�L	/%�

100 �F&b[�"c�d�e$��	/%�
i�
O+I�
O&0.2%$',�.UV)�

9~�$+�	/%(PRsense = 0.2%  (Pin,avg)max)�

Table 2. EQUATIONS − SUMMARY  

Power
Components

Coil Selection

L �
902 � �390 	 2� � 90�

320 � 390 � 120 k
� 140 �H

(IL,pk)max � 2� � 320
90

� 5.0 A

(IL,rms)max � 1
3�
� 320

90
� 2.1 A

A 150−�H � 6 Apk � 2.5 Arms coil was selected

MOSFET
Conduction Losses (Pon)max � 1

3
� RDS(on) � �320

90
�2

� �1 	 8 2� � 90
3� � 390

� � 3 � RDS(on)

Bulk Capacitor

(�Vout)pk−pk �
300

100 � � 2� � 60 � 390
� 20 V (fline � 60 Hz)

Cbulk �
2 � 300 � tHOLD−UP

3902 	 3302 � 0.014 � tHOLD−UP

(IC,rms)max � �16 2�
9�

� 3252

90 � 390
�	 �300

390
�2� � 1.3 A

Brown-out Block

BO Upper Resistor
Rbo1 �

115 	�65 � �1 	 10%
3
��

7 � 10−6 � 7450 k�
� 7200 k�

BO Bottom Resistor
Rbo2 � 7200 � 103

�65
1

� �1 	 10%
3
��	 1

� 116 k� � 120 k�

BO Filtering Capacitor
Cbo �

7200 k � 120 k
2� � 7200 k � 120 k � 10% � fline

� 13.5 � 10−6

fline
� 220 nF

(fline � 60 Hz)
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Table 2. EQUATIONS − SUMMARY (continued)

Timing Resistor Pin3 Resistor Rt � 4026 � 103 �
120 k

7200 k � 120 k
� 150 � � 400� � 16.2 k� � 18 k�

� (Pin)HL � 494 W

Oscillator

Oscillator Frequency
(No Frequency Foldback) fOSC(nom) �

52 � 10−6

220 � 10−12 � 236 kHz

Clamp Frequency
per Branch �fsw(max)

�
nom

�
fOSC(nom)

2
� 118 kHz

Fold-Forward
Power Threshold (Pin)FF �

RFF
15810 �

� (Pin)HL �
4700 �

15810 �
� 494 � 147 W

Minimum Frequency
(per Branch)

�fsw(max)
�

min
� 1

2 � 270 k � 220 p � �0.22 � In�270 k	114 k
270 k	143 k

��
� 19.8 kHz

Feedback
Resistors

Feedback Bottom Resistor Rfb2 � 2.5
92 �

� 27 k�

Feedback Upper Resistor Rfb1 � 27 k � �390
2.5

	 1� � 4185 k�

OVP Resistors

OVP Bottom Resistor Rovp2 � 2.5
92 �

� 27 k�

OVP Upper Resistor Rovp1 � 27 k � �410
2.5

	 1� � 4400 k�

Loop
Compensation

Cp Capacitor of the
Type2 Compensation Cp � 1.06 � 10−6 � 494

100 � 10−6 � 202 � 3902 � 86 nF � 68 nF

Cz Capacitor of the
Type2 Compensation Cz � 15 � 68 n � 1.02 �F � 1.0 �F

Rz Resistor of the
Type2 Compensation Rz �

2
� � 1.0 � � 20

� 31.8 k� � 33 k�

Current Limitation

Maximum Level of the
Input Current Iin,max � 2 2� � 325

90
��


�

1 	 390

4 � �390 	 � 2� � 90���
�
�
� 6.4 A

Current Sense Resistor RCS � 0.2% � 325 � 902

3252 � 49.8 m� � 50 m�

Over Current Resistor ROCP � 50 � 10−3 � 6.4
210 � 10−6 � 1.52 k� � 1.5 k�
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Figure 12. Application Schematic
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