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1Like in FCCrM controllers, internal circuitry allows near-unity
power factor even when the switching frequency is reduced.

2The voltage of the Brown-out detection block input pin
(“VSENSE” ) is also used to detect the line range and reduce the
loop gain in high-line conditions (2-step feed-forward).
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Figure 1. Generic Schematic
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Figure 2. Q1 Speeds Up the MOSFET Turn Off
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3It remains wise to verify the bulk capacitor heating on the bench!
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Figure 3. 2-step Feed-forward Limits the Loop Gain Variation with Respect to Line
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(eq. 18)
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(eq. 19)
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Figure 4. Regulation Trans-conductance Error Amplifier, Feed-back and Compensation Network

R'�−2HÙ�u���BC	`:%&�dÑ�
	���34����\MN���

^
v

control

^
v

out

�
1 
 sR1C1

sRo(C1 
 C2)	1 
 sR1
C1�C2
C1
C2


 (eq. 20)

����R0 = (Vout,nom)/(Vref ⋅ GEA),GEA��200 �S
\�HÒÓ*(��P&(�O(l?R(�%�'
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����	²Z�¢9¤_C���

G0 �
	Vline,rms



LL

2 � Rload,min

640000 � L � Vout,nom

(eq. 21)

C2 �
G0 � tan	�2 � 
m


2 � �2fc 2 � Rload,min � Cbulk � R0

C1 �
G0

2 � � � fc � R0

� C2

R1 �
Rload,min � Cbulk

2 � C1

����

• (Vin,rms)LL��&'(�)9�*WX$(å��,
����90 V)�\J�&'(�rms�)

• G0��&'(�)9�*WX$((Vline,rms)LL)�\
J��R���?%�'(

• �m��æÔÀ��((&�*(¡æ)
• fc�R���P�?0�z�"<��

• Rload,min���2��/�������FG

Rload,min �
Vout,nom

2

Pout,max

�
3902

160
� 950

?0�z�"<����J	ÝsY������
��9��2��/�PFCZ)�����Á²��
���	@�9TN���

	fp �
1

� � Rload,min � Cbulk

� 2.4 Hz

¢���æÔÀ��(�4516çè1���
��
�����*�+,�-.(��15 Hz�?0�z�
"<��\601(p/3&�*()�æÔÀ��(�R�
��P��	:;����GH��N���

G0 �
902 � 950

640000 � 200 � 10−6 � 390
� 154

(eq. 22)

C2 �
154 � tan	�2 � �

3



2 � �2 � 142 � 950 � 136 � 10−6 � 780 � 10−3

� 200 nF � let�s choose 220 nF

C1 �
154

2� � 15 � 780 � 10−3
� C2

� 1.9 �F � let�s choose 2.2 �F

R1 �
950 � 136 � 10−6

2 � 2.2 � 10−6
� 29 k�
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FOVP�BUV������	
�C_�%&�34�)9�¿��5L�T	�
\�¥«����

• �P �)K$(OVP)�"$?�)9¡?�WX

$�:�	\P+������=��
"�?�
u9�¿�
�BC����r�BC��	:;
���=POVP%&�
�BC�WX$
(Vout,sovp = 105% ⋅ Vout,nom)���	�\�TN��
���Õ�2Ö`�K$%&��GN��7D)
WX$�:��	`���T	01�é�)��
�����FOVP�����=POVP�O(@W
�R%+=äW(�GN2%����
�BC��
	���34�)�»/^��FOVP/BUV\=�
�
"�?A4k(�]9(1k(\2k()�ef
�	�\9�J���

• BUVO(@W�R��Vpin192.5V+=äW(��

)�76%(VBUV = 76% ⋅ VREF)²Z�YZ�	\P
+��������¦���IC�pfcOKk(�r
ê��(l�(�P+�U%O("�R�gF)�

&'"�gF���SKIPWX$9:�BC	�
��VCONTROLQÑ�×ë�®�����VCONTROL
�®�9ìí��/���IC��IlØ��h�
	�\9�J���

�Ý��E�=Ì�Ö�
�¿�VÙ���GH
��pfcOKk(9�L�ij�T	��BUV%&�g
F���

LOVP\BUV�î%&��=��
"�?FG¶
ÒÓ\»/�)¶Ò^����	1(��u�m�
�J	GH�
�BC�������9���tU
�	*�+,�-.(�;��!�Ö9��:;
����GH��N���

Rbuv1 � Rfb1

(eq. 23)Rbuv2 � Rfb2

Cbuv � Cfb

���� 4"8*)2
9:�
NCP1612�&'(�)�ÚÛ����¢����

X2O(h(#�®��	����2Ü�&'(¿6
���s��FG�¿À���(7D�S)��C_
�FG���NFigure 1\Figure 5�RX1\RX2��
A4�)�O(P0�&9ÝÞ�Yß�J	��¶
)����

V          pin

50−ms
blanking time

25−ms
blanking time

BONOK

LLine

DRV

Current
Information
Generation

Iramp 2*Iramp

FFcontrol pin

+

−

1.0 V if BONOK high
0.9 V if BONOK low

+

−

2.2 V if LLine high
1.7 V if LLine low

Ac line

Rbo2

R X1R X2

Rbo1

EMI
Filter

PFC
boost

converter

SENSE

Figure 5. Brown-out and Line Range Detection Block
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�C_�FG9RX\»/FG������	\¤
��C¨�VSENSEk(�efBC	�)���GH
��N���

VSENSE �
Rbo2

Rbo1 
 Rbo2
�

	Rbo1 
 Rbo2

 � Rx

Rx 
 (Rbo1 
 Rbo2 � Rx
� Vline(t)

(eq. 24)

��¢�àá�	\���GH��N���

VSENSE �
Rbo2

Rx 
 2Rbo1 
 2Rbo2

� Vline(t) (eq. 25)

�&�(*�P%O(@W�R��VSENSEk(�
�)950ms���	â��Ë���(VboL = 0.9 V)�
��T	�\�Y3�	\��&�(*�Pij�
Y3������¦����staticOVP�\�H�c
��%WX$�:�	�����NIC9�I��D
�	���IC�dÑQÑ�×ë�®�����

VSENSEk(��)9(VboH = 1.0 V)�����5²
��I9ïtBC���

(Vline,rms)boH9��I�tð�	����*rms�
)�:;���&�(*�P
e�ãJE���2
�)(Vline,rms)boL�:;����GH��N���

(Vline,rms)boH �
Rx 
 2Rbo1 
 2Rbo2

2� � Rbo2

� VboH (eq. 26)

(Vline,rms)boL �
Rx 
 2Rbo1 
 2Rbo2

2� � Rbo2

� VboL (eq. 27)

����

• VboH�1.0 V��&�(*�P�¯L���

• VboL�0.9 V��&�(*�PZ¯L���

RX1\RX2��7D)�¨º���ª��g����
¢����RX1\RX2�5Þq;(RX1 + RX2 = 2RX)
\�X2�EMIO(h(#�z×;Ë��T/	/�
�91s����	GH��C_�FG����	@
�9TN���å��,�����2Ô�1 M�FG
(RX1 = RX2 = RX = 1 M�)��ª��MN�����
X2O(h(#\z×;Ë�	\1.8 s�®�/��9
¤_C��9�2�¶�*�+,�-.(�\��
������ñ	|&)9TN��(Rbo1\Rbo2�î
FG9����X2O(h(#�®�'(k�l(�
GNËòo�*B�:;g»£��)�������
Rx1�Rx2	
��
��������

Rbo1\Rbo2��������������� !
"#�$%�&'()*�+,-./�0123�
���ó��S��8��<^�2J�Å��ôõ
�M�C9T	�&'(o_pJBC	"'*��
��d��	����j'%'(k�l(�FG�
m����9N����9��?�2J���m�

�	\ª'Öö��ä�M�C9TN�����
��(Rbo2 = 120 k�)�m��	\�¢���nØ�
q(9¤_C���

RX1�RX2�MGÜRbo2����	\�åæ�	
(Vline,rms)boH�WX$��÷J�¢26o_Rbo1���
�\9�J���

Rbo1 � Rbo2 � 	(Vline,rms)boH

2� � VboH

� 1
�
Rx

2
(eq. 28)

��*�+,�-.(�(Vline,rms)boH981 V�
(Rx1 = Rx2 = Rx = 1 M�)�(Rbo2 = 120 k�)�:;�
���9¤_C���

Rbo1 �
120k � 81

2� � 1.0 V
�

1000k

2
� 120k � 6253 k� (eq. 29)

����1,800 k��FG�3Ô5Þ�r���
560 k��FG�1Ôz×;Ë�	\�;�5,960 k��
Rbo19¤_C���q(�((Vline,rms)boH � 77.5 V)M
GÜ(Vline,rms)boL � 69.8 V)\�H�9�3BC�
��

_Ä�VSENSE k(�<5�UT�	|&)9T	ª
'Öo_K$�	������k(\�&(
��
=�$R%O(h(#Cbo�m��	�\�§Á��
���Ý��VSENSEk(�YßBC	�)9¾��
�GH��	������O(h(#�*Ýç��
�	@�9TN����������O(h(#\
1(�FG���BC	/����&'(�â��

150((Tline/150) = (1/(150 ⋅ fline)))������GN*B
����N50 Hz�&'(�S�:;�150 �s���
\t�	@�9TN����H���:;�VSENSE
k(�efBC	�)�A4�)�^¦�ò�=�
$RBCæÔ9-=P���)��	|&)9T	
����&�(*�P�u\<��=>$
"�?
�I���	@&´�R�
��	�������
¨º�	@�9TN���
å��,�����VSENSE k(�FG)'(k�
l(���Rbo2���>Ð�J���
��9���

Rbo2 � Cbo �
1

150 � fline

� Cbo �
1

150 � Rbo2 � fline

�
1

150 � 120k � 60
� 1.0 nF

���� 5"8*9:�;<

��1(��u��²Z������BC�����

• ��1(�FGRCS

• <��=>$
"�?;)�èà�	FGRFF

http://www.onsemi.jp/PowerSolutions/home.do?currentSession=-1
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=> RCS
�=

���u����1(�FG]­��)90.5 V�
É§	:;� ��iv�Y3������9���
��GH��N���

RCS �
0.5

(IL,pk)max
(eq. 30)

��¢�¢3\z×;Ë�	\���GH��N�
��

RCS �
(Vline,rms)LL

4 2� � (Pin,avg)max

(eq. 31)

������,�������GH��N���

RCS �
90

4 2� � 170
� 0.094 � (eq. 32)

T	01�À��(�¥K�	����80m��F
G�������

RCS�<^��MOSFET���<^�y�	��
�m���¢�HuRDS(on)�RCS�ÀJé§���
¢�m������J���

(�RCS)max �
4

3
� RCS � 	Pin,avg)max

(Vline,rms)LL


2

(eq. 33)
� 	1 �

8 2� � (Vline,rms)LL

3� � Vout,nom



��9����Õ�80 m����1(�FG��
�2���Y�&'(�)�iv�4275 mW�+,
����

RSENSE�]­�T	�)��1Ô�FG(Figure 1�
ROCP)�êë��CS/ZCDk(�ef�	@�9TN
���

��45��3.9 k�6781��9:;-<7��
-�&'()*	+,�9:;=<9���>*�

81��?���@���AB��5 k�CD�EF
	GH�9��IJ?KL-MNO���

=> >?)@;<
CS/ZCDk(��a0��Y3�`���Hn©6
o_�QÑ�rs�	`��g
�BC�����
Figure 1���GH�����)�l'z�
êë�
efBC�MN���QÑ9z(R'U���FG
RZCD��/���1(�Èà�ø��\��D��
����5 mA���	��9CS/ZCDk(��A�
	�\9��GH����FG�·¶2J��	@
�9TN���Hn©6��)��&'(9a0?
0��	b>��2��:��((naux/np) ⋅ Vout,nom)
�����N��9����naux\np��CùC�

ìí�q��NP&(��Hn©6^\1�©6^
�k��MN���d4o_�¢����\9�J
���

RZCD �

	naux
np

� Vout,nom
� VCL(pos)

5 mA 

VCL(pos)

ROCP

(eq. 34)

����VCL(pos)��CS/ZCDk(���?&(�
�\���*��T	9 V�Äú����

CS/ZCDk(�efBC	�)����\MN���

VZCD �
ROCP

RZCD 
 ROCP

�
naux

np
� 	Vout,nom � Vline


 (eq. 35)

îì�Y3�	`������)�NCP1612�
750 mV�L���\^ïBC����¿�Y3�h
§	GH� ��)¶Ò^((ROCP/(RZCD + ROCP)) ⋅
(naux/np))�20Å²��5�
��	\�¢���n
Ø�q(9¤_C���

(ROCP = RZCD)����	1��9B��(naux/np)�
0.1Å²��5�
���¢34�àá����¢��
��	�\���

RZCD � ROCP �
	naux

np
� Vout,nom
� 	2 � VCL(pos)



5 mA

��*�+,�-.(�����¢o_��
(ROCP = RZCD > 4.2 k�)\�Hq(9�oC���
(ROCP = RZCD = 4.7 k�)������������q
(��(ROCP > 3.9 k�)\�H�Sg�����(¦�
Å�Æð�Â»)�

NCP1612���CS/ZCDk(�"�	+�h�(�
%���%�&(c(�9ñ;BC�MN���q
(�=�$R%O(h(#9
���N����C
�g=�$R%O(h(#�òf�	�\�|&�
�9�ZCDQÑ�ø��\9��GH�����?
�*B��	@�9TN�����GH����:
;��Á­�Y��IC9z(��_��|&)��
GNó��\�s��Y��
�¿��c���	
|&)9TN���ô�é§	\�ZCDQÑ9��
��=�$RBC�����\�¥«���ÝB��
��*�+,�-.(�����O(h(#�22 pF
�������N����

=> RFF
�=

��9¢����:�	\<���YZ9ð�N
��9�RFF������WX$���¸¹����

FFcontrolk(����g��^¦�	���pJ
����

IFF � 140 � 10−6 � VSENSE �
Vcontrol � Vcontrol,min

Vcontrol,max � Vcontrol,min

(eq. 36)
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(Vline = √2 ⋅ (Vline,rms)boH)�:;��(VSENSE = 1 V)
�T	�\o_���GH�k��J���

���
VSENSE �

1 V

2� � 	Vline,rms


BOH

� Vline���
B_�����\�g_Ä���ÝB��

	 Vcontrol � Vcontrol,min

Vcontrol,max � Vcontrol,min

�
ton

ton,max



����ton,max�25 �s\�HL���2z(R'U
�TN��¢9�d����

	Iline �
Vline � ton

2 � L



¢36����GH�àá�J���

IFF �
56 � L � Iline

5 2� � 	Vline,rms


BOH

(eq. 37)

��9���FFcontrolk(��)���GH��N
���

VFF �
56 � RFF � L � Iline

5 2� � (Vline,rms)BOH

(eq. 38)

VFF92.5V������	:;���N./&'(
��9���������	:;�PFC�����
23����
��I���(<���YZ��)�

(Iline)th �
25 2� � (Vline,rms)boH

112 � RFF � L
(eq. 39)

��BC��	GH��&'(��9450 mA�Z
���:;�<���YZ�tð�GH\�	:;
��FGRFF�����
��	@�9TN���

RFF �
25 2�

112
�

(Vline,rms)BOH

450 � 10−3 � L
�

(eq. 40)

�
25 2�

112
�

77.5

450 � 10−3 � 200 � 10−6
� 272 k�

������2&'(���"�	@�1(P�
k��	99ûü�:;9TN��C��¢�k�
���

Iline,max � 2� �
(Pin,avg)max

(Vin,rms)LL

� 2.67 A (eq. 41)

270 k��FG�1Ôm��	:;��&'(��9
���2��417%�:��Æ���IC�G	<�
��YZ9tðBC����*20 kHz\�H�I9
���	���FFcon t ro lk(��)9[7
�40.75 V�\J�����iv�����
(17% ⋅ 0.75/2.5))���N���2��5%��N�
����WX$�Z�	\�IC��c��%��

�Vh����

_Ä�FFcontrolk(�<5�UT�	|&)�T
	ª'Öo_K$�	������k(\�&(

���=�$R%O(h(#CFF�m��	�\�
§Á�����Ý���]�����*�+,�-
.(�:;��FFcontrolk(�YßBC	�)9¾
���GH��	������O(h(#�*Ýç
��	@�9TN���������O(h(#\
1(�FG�G����BC	/����&'(�
â��150 ((Tline/150) = (1/(150 ⋅ fline)))�Ò����
����N50 Hz�&'(�S�:;�150 �s���
\t�	@�9TN���

å��,�����FFcontrolk(�Ms	FG)
'(k�l(����N5��¶�RFF���

��9���

RFF � CFF �
1

150 � fline

� CFF �
1

150 � RFF � fline

� 1
150 � 270k � 60

� 411 pF

AB"pfcOKCD
l�(�P+�U%O("�R9=>��
%R
'����j�=%�+��%R'����NO(
"�R9a�A4�)�5�ü��	*�+,�-
.(���NCP1612�;����Lq��N���
���
���GH��NCP1612�l'���?#
Q�(j(#\�=POVP��&'(���9y8
�	iv�"$?�)�~V��*8�	���?
�cdu���B_����*�+,�-.(%R
'��\�����-�,(���PFC�����
�ó�E�����²"$?�)9[7��:��
/��l�(�P+�U%O("�R9�I��

�Vh�	\�H�õ���BC���NCP1612�
pfcOKk(��l�(�P+�U%O("�R��I
�dÑ�	�\�`�\��
�BC�g����

• PFC�����34�)9[7WX$�:���

����MGÜNCP16129�I�\��
�¿�
iv(l'�µ1É ��&�(*�P���"$
?�)�Y�)iv�
�¿�VCCWX$�T	

��&��z=ij)�Y3��\J���NPFC
����9[7"$?�)�pJ�J��iv�
����g�pfcOKk(��&(
�r�BC�
���C_�ij���l�(�P+�U%O(
"�R�gF��	@�9TN���

• �C²ý�:;�pfcOKk(�j'%'(k�l
(�ij��N���

l�(�P+�U%O("�R�#/��pfcOK
k(�²Z�9¢�m�����¦§¨���k(
�l�(�P+�U%O("�R�gF��	@�
9T	:;��&(
�5rr����H���:
;�ö®�	�\9�J��þ�¢����=>��

%R'����=&'"�?%R'���I��
���I9|&��9�ÃÇO("�R���J�
���²÷�:;���ËN�pfcOKk(��&�

http://www.onsemi.jp/PowerSolutions/home.do?currentSession=-1


AND9065/D

www.onsemi.jp
11

(*�P%k(����J�����9¢�ÃÇO
("�R%O(P0�&��?�Ë���	%&�
��VCC�¢����k(�ef���Figure 7�F
GR32\R33���BC��	GH���H�ijW
X$�yø�	�\9�J�����z�-.(�
m��	:;��pfcOKk(�<5�ª'Öo_K
$�	�\�§Á�����C9Figure 7�C18�`
����
l�(�P+�U%O("�R�;)�G���

pfcOKk(���9B����J	|&)9TN�
��
���PFC�����&��z=�	`��pfcOK
k(�m��	�\g�J���pfcOKk(97.5 V
���	�)���$*��BC��	:;��
�&�(*�Pij9Y3BC	������VCC
9+1�P%WX$(�k�5 V)�Z�	��
NCP1612�&��z=��N��������PFC
�����r���Ný��-��U�+1�P�
	���PFC�����z=ij������

Figure 7���*�+,�-.(���VCC�¢�
�pfcOKk(�ef������VCC�&��z=%
WX$����\MN���

R33 
 R32

R33

� 7.5 V �
39k 
 120k

39k
� 7.5 V � 30.6 V

(eq. 42)

�������pfcOKk(�'(k�l(�
(4300 kΩ)9gÛ�J	\K����	�\�_Ä
���ÝB��

EFGHI5JKLMN�O��PQRS

NCP1612�ª'Ö�"��;�ùú\�HËs�
�TN�����Ý���I���	¢���W'
*�P������	@�9TN�����V�g
²Z���_Ä���ÝB��

• @��%PW'(�$���â��*��û§	

@�9T	

• �I�&(
��R�¼o����	\���Ø

6êu9¥KBC	

• IC�QÑ�&(
���R�¼o9����	
• IC�QÑ�&(
\�I�&(
��¡¢QÑê

u�r��	@�9T	

• |&�:;����êu����1(�FG(Rsense)
��&(
¯­���?�>�:ü��IC�QÑ
�&(
o_�I�&(
�r��	GH��	

• IC�VCCk(\GNDk(�����*�r���

100 nF���220 nF�1&��?%O(h(#�1
Ô¿À�	@�9T	

• IC��I��0�&U�	��(FG���O(h
(#)���C_����	k(��J	Ýs>�
�¿À�	@�9T	

• pfcOKk(\�&(
�����*�r���=

�$R%O(h(#(¦§¨�10 nF)�1Ô¿À�
	@�9T	

���
���GH��<5�UT�	|&)9
T	ª'Öo_k(�K$�	����IC�^ï�
'(k�l(������4Ô�k(���Ëu=�
�
"�?�FOVP/BUV�A4�)1(�(VSENSE )�
MGÜFFcontrol�"��=�$R%O(h(#�m
��	�\g§Á�����Ý���C_�k(�
YßBC	�)9¾���GH��O(h(#�*
Ýç��	@�9TN�����������"#
�	î1?-.(�Â»���ÝB��

4The pfcOK pin current capability is high but limited. The pfcOK
pin can maintain its voltage below 250 mV while sinking 5 mA
(see data sheet parametric table). If more current had to be
absorbed or if 250 mV was too high to disable the downstream
converter some intermediate circuitry would have to be inserted.
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Table 1. SUMMARY OF THE MAIN EQUATIONS  

Steps Components Formulae Comments

Step1 − Key
Specifications

• fline: Line frequency. It is often specified in a range of 47−63 Hz for 50 Hz /60 Hz applications.

• (Vline,rms)LL: Lowest Level of the line voltage, e.g., 90 V.

• (Vline,rms)HL: Highest Level for the line voltage (e.g., 264 V in many countries).

• (Vline,rms)boH: Brown−Output Line Upper Threshold. The circuit prevents operation until the line rms voltage exceeds
this level.

• Vout,nom: Nominal Output Voltage.

• tHOLD−UP: Nominal Output Voltage.

• (�Vout)pk−pk: Peak−to peak output voltage low−frequency ripple.

• Pout,max: Hold−up Time that is the amount of time the output will remain valid during line drop−out.

• (Vout,min): Minimum output voltage allowing for operation of the downstream converter.

• Pout,max: Maximum output power consumed by the PFC load, that is, 160 W in our application.

• (Pin,avg)max: Maximum power absorbed from the mains in normal operation. Generally obtained at full load, low line,
it depends on the efficiency that, as a rule of a thumb, can be set to 95%.

Step2 −
Power

Components

Input Diodes
Bridge Losses

Pbridge � 2 � Vf �
2 2�
� �

Pout
�

Vline,rms

�

�
1.8 � Vf

Vline,rms

�
Pout

�

Vf is the forward voltage of any
diode of the bridge. It is gener-
ally in the range of 1 V or less.

Inductor

L �
(Vline,rms)LL

2

2 � (Pin,avg)max
� Ton,max

(IL,pk)max � 2 2� �
(Pin,avg)max

(Vline,rms)LL

(IL,rms)max �
(IL,pk)max

6�

In our application:

L �
902

2 � 170
� 20� � 476 �H

(IL,pk)max � 2 2� �
170

90
� 5.3 A

(IL,rms)max �
5.3

6�
� 2.2 A

MOSFET
Conduction

Losses

(�on)max �
4

3
� RDS(on) � 	 Pout,max

� � (Vline,rms)LL

2

�

�	1 �
8 2� � (Vline,rms)LL

3� � Vout,nom

2

RDS(on) is the drain−source on−
state resistance of the MOS-
FET

Bulk
Capacitor

Constraints

Cbulk �
Pout,max

(�Vout)pk−pk � � � Vout,nom

Cbulk �
2 � Pout,max � tHOLD−UP

Vout,nom
2 � Vout,min

2

(Ic,rms)max �

� 	 32 2�

9�
� �

(Pin,avg)max

(Vin,rms)LL � Vout,nom�

2

�	Pout,max

Vout,nom

2�

These 3 equations quantify the
constraints resulting from the
low−frequency ripple ((�Vout)pk−
pk  that must be kept below 8%),
the hold−up time requirement
and the rms current to be sus-
tained.
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Table 1. SUMMARY OF THE MAIN EQUATIONS (continued)

Steps CommentsFormulaeComponents

Step3 − Bulk
Voltage

Monitoring
and

Regulation
Loop

Resistor
Divider

Rfb2 �
2.5

IFB

Rfb1 � Rfb2 � 	Vout,nom

VREF
� 1


Cfb1 �
1

150 � (Rfb1 � Rrb2) � fline

IFB is the bias current that is
targeted within the resistor di-
vider. Values in the range of 50
�A to 100 �A generally give a
good trade−off between losses
and noise immunity.
CFB is the filtering capacitor
that can be placed between the
FB pin and ground to increase
the noise immunity of this pin.

Compensation

G0 �
(Vline,rms)LL

2 � Rload,min

640000 � L � Vout,nom

C2 �
G0 � tan	�2 � 
m


2 � �2 � fc 2 � Rload,min � Cbulk � R0

C1 �
G0

2 � � � fc � R0
� C2

R1 �
Rload,min � Cbulk

2 � C1

Fast OVP and
BUV

Rbuv2 � Rfb2

Rbuv1 � Rfb1

Cbuv � Cfb

A sensing network identical to
the feedback one can be used
in the absence of specific
needs.

Step4 −
Input

Voltage
Sensing

Input Voltage
Sensing

Resistors Cbo �
1

150 � Rbo2 � fline

Rbo1 � Rbo2 � 	(Vline,rms)boH

2� � VboH

� 1
�
Rx

2

RX is the resistance of the RX1
and RX2 resistors for X2
capacitors discharge shown in
Figure 5 (RX = RX1 =RX2).
(Vline,rms)boH is the line rms
level above which the circuit
starts operating. VboH is the
internal 1 V brown−out
reference

Step5 −
Current
Sense

Network

Current Sense
Resistor

RCS �
(Vline,rms)LL

4 2� � (Pin,avg)max

(�RCS)max �
4

3
� RCS � 	(Pin,avg)max

(Vline,rms)LL

 �

�	1 �
8 2� � (Vline,rms)LL

3� � Vout,nom



(Vline,rms)LL is the line rms volt-
age lowest level in normal con-
dition (e.g., 90 V). Vout,nom is
the output nominal level (e.g.,
390 V). (Pin,avg)max is the max-
imum input power of your ap-
plication.

Zero Current
Detection

RZCD �

	naux
np

� Vout,nom
� VCL(pos)

5 mA 

VCL(pos)

ROCP

Placed between RCS  and the
CS/ZCD pin, resistor ROCP
must be greater than 3.9 k� but
not too high for noise immunity.
Generally, resistors in the range
of 5 k� give good results.

Current
Controlled
Frequency
Fold−back

RFF �
25 2� � (Vline,rms)boH

112 � L � (Iline)th

CFF �
1

150 � fline � RFF

(Iline)th  is the line current level
below which the NCP1612
starts to reduce the frequency.
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Detailed Schematic For Our 160 W, Universal Mains Application
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Figure 6. Application Schematic − Power Section
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Figure 7. Application Schematic − Control Section
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