
©  Semiconductor Components Industries, LLC, 2015

August, 2015 − Rev. 1
1 Publication Order Number:

AND8396JP/D

�������	�

�
���
��������

	
��

NCP1608��������	���(PFC)
��

�����	�������	��
����
�
������������
�� !"�#350 W
"��$%&'�()���
��*�+����
��,����(CrM)�-./"�#������
������0������12�3�4��!5
�1��!	�(PF)�����"�#6	���7�
�� !"8
�94��:#;$�%��$��
%��"�#(:<=�
�&'>���?@�A
B(�C�)/ !"�#
D�$%&'�()�EF�����NCP1608�
G�/HCrMI�:�PFC
����(400 V*100 W)
��
J�)�K! +,/"�#D�
����
���	��L:����-./�	��$4<M
IE���-N�*?0OP1(��QR !"�2

PFC�
��
S3T��UAVWX�Y:�2Z����4

(SMPS)��9�[��EI&2\56WJ�]4E

�^�_�G�/ AC����4`+DC���

7�/"�#/`/D��8���9�:���6
./*7a�Hb��	c;�Qd�:�e:*S
�@O0"�#"H�<=	�f�	g>`+�?
@��0�����6�h�����T�AR�B
?*i0"�#D�+�����T�j��?k�
CH��8J/ �$4<MIlPFCmD*�CE
n/ !"�#(:<=Eo&p�()���56
I&2\J�]4E
�^�_�F�PFC%&
�
����GH/ I���"�(Figure 1)#I�:�
E
������$4<MIl	�����CqJ
KOmDI���#AC���`+V6	���7�
/��:��	�6�.//"�#

Figure 1. Active PFC Stage with the NCP1608

Rectifiers

+
AC Line High

Frequency
Bypass
Capacitor

NCP1608

PFC Pre−Converter Converter

Load
+ Bulk

Storage
Capacitor

CrM���������������
r�	(350 WLC)$%&'�()��s��*

CrM (��,����)*t"/!�%����#
CrM�uMH,����(DCM)JMH,����
(CCM)J�v��-./"�#CrM�����94
��6*w
��/HJ�����I�[�E��
=*Nx��"�#

CrM�y�4�6�L!CCM-.�OPJ�:�
2Z�z-��6*w
�i�DCM-.�OP�{

|QR !"�#D��%�����Q-����
	��(Vin)J6	RS�Ta }�U*~-/"�2
CrM PFCI�:�E
�����-.J�V�
Figure 2�W/"�#PFC$%&'�()��G��
�CrMI�:�E
�����-.�K! X/@
��AND8123JP/D��Y/ @��!#

APPLICATION NOTE

www.onsemi.jp

http://www.onsemi.com/pub_link/Collateral/AND8123JP-D.PDF
http://www.onsemi.jp/PowerSolutions/home.do?currentSession=-1


AND8396/D

www.onsemi.jp
2

Figure 2. Schematic and Waveforms of an Ideal CrM Boost Converter
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Figure 3. CrM Boost PFC Stage Featuring the NCP1608
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Table 1. Additional Resources for the Design and Understanding of CrM Boost PFC Circuits

AND8123/D
AND8123JP/D

Power Factor Correction Stages Operating in Critical Conduction Mode

AND8016/D Design of Power Factor Correction Circuits Using the MC33260

AND8154/D NCP1230 90 W, Universal Input Adapter Power Supply with Active PFC

HBD853/D Power Factor Correction Handbook
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Table 2. CONVERTER PARAMETERS

Parameter Name Symbol Value Units

Minimum Line Input Voltage VacLL 85 Vac

Maximum Line Input Voltage VacHL 265 Vac

Minimum Line Frequency fline(MIN) 47 Hz

Maximum Line Frequency fline(MAX) 63 Hz

Output Voltage Vout 400 V

Full Load Output Current Iout 250 mA

Full Load Output Power Pout 100 W

Maximum Output Voltage Vout(MAX) 440 V

Minimum Switching Frequency fSW(MIN) 40 kHz

Minimum Full Load  Efficiency � 92 %

Minimum Full Load Power Factor PF 0.9 −

� !"2#�����-�./�) 0,�
I�:�E��94�� (L)�eq.1�
x��"
�#

L �

Vac2 � �Vout

2�
� Vac� � �

2� � Vout � Pout � fSW(MIN)

(eq. 1)
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LLL �

852 � �400
2�

� 85� � 0.92

2� � 400 � 100 � 40 k
� 581 �H

DD��LLL��VacLL�
x�����94� �
�#

LHL �

2652 � �400
2�

� 265� � 0.92

2� � 400 � 100 � 40 k
� 509 �H
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Vac2 � �

2 � LMAX � Pout
� �1 � 2� � Vac

Vout
� (eq. 2)

fSW(LL) �
852 � 0.92

2 � 460 � � 100
� �1 � 2� � 85
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� � 50.5 kHz
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Figure 4. Realistic CrM Waveforms Using a ZCD
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(eq. 10)

Vout(OVP) � 1.06 � 2.5 � �4 M �
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Figure 6. UVP Operation if Loop is Opened During
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1.��94�Ey�4�6(IL(peak))�eq.13�

x��"�#

IL(peak) �
2� � 2 � Pout
� � Vac (eq. 13)

IL(peak) �
2� � 2 � 100
0.92 � 85

� 3.62 A

��94���N�6(IL(RMS))�eq.14�
x��"
�#

IL(RMS) �
2 � Pout

3� � Vac � � (eq. 14)

IL(RMS) �
2 � 100

3� � 85 � 0.92
� 1.48 A

2.6	9�[��(D)��N�6(ID(RMS))�
eq. 15�
x��"�#

ID(RMS) �
4
3
� 2� � 2

�
� �

Pout

� � Vac � Vout
�

(eq. 15)

ID(RMS) �
4
3
� 2� � 2

�
� � 100

0.92 � 85 � 400� � 0.75 A
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9�[���``��S����VOVP (421 V)�
´7¥|�§¨���[��(p���°RH �
O0"�2D�^�EÎ�����S���450 V�
�#600 V�9�[���s��^Me�<M�zÏ
U�25%��#D��
��MUR460 (4 A/600 V)9
�[���yz/ !"�#

3. MOSFET(M)��N�6(IM(RMS))�eq.16�

x��"�#

IM(RMS) �
2
3�
� � Pout

� � Vac
� � 1 �� 2� � 8 � Vac

3 � � � Vout
��
(eq. 16)

IM(RMS) �
2
3�
� � 100

0.92 � 85
� � 1−� 2� � 8 � 85

3 � � � 400
�� �1.27 A

MOSFET�``��S����VOVP(421 V)�´7
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MOSFET�yz/ !"�#

4.�6��:\](Rsense)��MOSFET��S�
�94�Ey�4�6��b/�D� �
eq.17�
x��"�#

Rsense �
VILIM

IL(peak)
(eq. 17)

DD��VILIM� �NCP1608�^��(�����
�� !"�#

Rsense � 0.5
3.62

� 0.138 �

./�	�Lp��Hb���6��:\]�
0.125 �*yz��"�#Í�� ��S��94�
Ey�4�6�4AJO0"�#MOSFET�MH�6
V©�7 A (£�È�^��(��������JX
0*TC = 100°C�s�)*��94��ªÐ�6�4.7 A
O����Sy�4E��94��64 A�ªTL!
 ��#

Rsense���./�	��eq. 18�
x��"�#

PRsense
� IM(RMS)

2 � Rsense (eq. 18)

PRsense
� 1.272 � 0.125 � 0.202 W

5.6	
�^�_(Cbulk)��N�6��eq.19�

x��"�#

IC(RMS) �
2� � 32 � Pout
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2�
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Figure 7. The ZCD Winding Supplies VCC using 
a Charge Pump Circuit
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C3��_���1}��X����~-��eq.21
�
x��"�#

�VC3 �
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N

� VCC (eq. 21)

CVcc�º����6��eq. 22�
x��"�#

IAUX � C3 � fSW � �VC3 � C3 � fSW � �Vout
N

� VCC�
(eq. 22)
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H��×3�����°±l
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O��Ø²
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/�PFC(VCC)�Ù0Ú/ PFC¡�(Ô2�9��
/"�(Figure 8)#

Figure 8. Using the SMPS Controller to Supply Power to the NCP1608
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1. ³��6�b�ÚÇ�\]
NTC (R·!ÏU)_��:��9�[��Ji�
�GH/ �³��6�AR"�(Figure 9)#NTC�
\]��I2R��	o���� °¸���J�U[
�=`+U�&[�=�L�/"�#/`/NTC\
]���AC������L�fm¹-O��AC�
�����Qº-��7��³��6`+��94
�JCbulk�ªTP1��O!XÍ�*i0"�#

2. m--���:56W
Vin`+Vout�56W*GH��"�(Figure 10)#
D�56W����94�d�m-�6�»m��
 iG�Cbulk�6�Þ��/"�#D��8O+�
Üµ[��(p��C^!O��94��6CO
@�AC������y�4 "�Cbulk*º���
"�#m-¼��Dbypass�����$:*``�H
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�����ßÃ��DJ�i0"
�±#

Figure 9. Use a NTC to Limit the Inrush Current
Through the Inductor
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Figure 10. Use a Second Diode to Route the
Inrush Current Away from the Inductor
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�H� AV-.��������"�#]�%�
����Hb��Controly�Jz���Ey��F
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���à"®���Ê���Hb��
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���12�3�4�Figure 11�W/"�#

Figure 11. Type 2 Compensation Network
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�O0"
�#w
}�U(fzero)��qJ�4
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�âT��V��"�#D�'�:��2.5 Hz�
�#RCOMP1�eq.24�
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(eq. 24)
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F�ã��M]�����G����CCOMP1�
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Figure 12�W/"�#
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Figure 12. Gain-Phase Measurement Setup for a Boost PFC Pre-Converter
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PFX�YTHD�j��^ÀT¥��e��[�*
i0"�#�M���24E]�%���a*~!
Hb�Controly��&2%]��*L�/"�#
Controly��&2%]��*L���J�PF*�@
O0THD*p»/"�*�[��(p��J$�9
(p��*S�@O0"�#

THD�NO%�PQ
NCP1608�[�E��=*èV�� X0�¬�

��
>�é�Á��Â!*�@O� !"�#

­���
Ñ�������PFJTHD��+�Ã
ê��Hb��8��c/"�#

1.RS�/S�T�U���-V)WXYZ,[\]^_
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T��èV[�E��=�Fr���94��ªT
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*ëJ±�Ý¶��5�“w
E4
:[����”
(Figure 13)*�7/"�#
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Figure 13. Full Load Input Current (Vin = 230 Vac 50 Hz, Iout = 250 mA)
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Figure 14. .Add RCTUP to Modulate the On Time and Reduce Zero Crossing Distortion
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Figure 15. On Time and Switching Frequency With and Without RCTUP
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THD�RCTUPd�îï!�Figure 16�W/"�#

RCTUP = open
Ct = 1 nF

RCTUP = 1.5 M�

Ct = 1.22 nF

Figure 16. Dependency of THD on RCTUP
(Iout = 250 mA)
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Figure 17. Required On Time Less Than the
Minimum On Time
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Figure 18. Block Diagram of the Propagation Delay Components
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D�+����Figure 19�W/"�#

Figure 19. Turn Off Propagation Delays
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Figure 20. Low Output Power THD Reduction with
RCT (Vin = 265 Vac 50 Hz, RCTUP = Open, Ct = 1 nF)
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Figure 21. THD Reduction with RCTUP and RCT
(Vin = 265 Vac 50 Hz)
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� ef

ô�/H^�EÎ���mDé�Figure 22�W/
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Figure 22. 100 W Pre-Converter Using the NCP1608
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Figure 23. THD vs. Input Voltage Figure 24. Individual Harmonic Current
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Figure 25. PF vs. Input Voltage Figure 26. Efficiency vs. Input Voltage
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Figure 27. Input Current and Output Voltage Ripple (Vin = 115 Vac 60 Hz, Iout = 250 mA)

Figure 28. Startup Transient Showing OVP Detection and Recovery (Vin = 115 Vac 60 Hz, Iout = 0 mA)
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Figure 29. Frequency Response Vin = 85 Vac 60 Hz Iout = 250 mA
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Figure 30. Frequency Response Vin = 265 Vac 50 Hz Iout = 250 mA
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^�EÎ�����NCP1608�FPP(���Ò�
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Figure 31. Startup with Jumper Removed (Vin = 265 Vac 50 Hz, Iout = 0 mA)

Vin (100V/div)

VCC (5V/div)

VDRV (5V/div)

Vout (100V/div)

No DRV Pulses

Figure 32. Removing the Jumper During Operation (Vin = 265 Vac 50 Hz, Iout = 250 mA)
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^�EÎ���THDLp"H�./�	Lp�H
b�I���"�#Table 3�I��� �W/"
�#

Table 3. DEMONSTRATION BOARD CONFIGURATION RESULTS

RCTUP

Ct
(RCT = 0 �)

Shutdown Power Dissipation (VFB = 0 V)
(Vin = 265 Vac 50 Hz)

Efficiency (Pout = 100 W) THD (Pout = 100 W)

115 Vac

60 Hz

230 Vac

50 Hz

115 Vac

60 Hz

230 Vac

50 Hz

open 1 nF 224 mW 93.5% 95.7% 8.4% 12.5%

1.5 M� 1.22 nF 294 mW 93.5% 95.5% 4.4% 6.2%

uvwx

FPP(��FBy�*�
��kl�O�HJ��
(:<=�P1��DJ���¯KJ/ !"��
��\Ô���Ù0Ú�J��ÖÓ*B?��#
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�����������
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����

�������� !"#�$%�#&FBy��3
�ü�GH��J�Í�y��^§OF�ã*��
��"�#D���0FPP*�/@-./O@O
0�6	��S�	*È+�"�#D���0�
Cbulk�^§O��*¯°���Á��*i0"�#
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�����XÍ�*i0"�#­��Ñ�����
�ÝR«�^§OÈ2%&�z�Á���p+�D
J*��"�#
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�^�_
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Appendix 1: BILL OF MATERIALS (BOM)*

Designator Qty Description Value Tolerance Manufacturer
Manufacturer
Part Number

BRIDGE 1 Bridge Rectifier, 4 A, 600 V − − Vishay KBL06−E4/51

C1, C2 2 Capacitor, EMI Suppression, 305 Vac 0.47 �F 20% EPCOS B32923C3474M

C3 1 Capacitor, Ceramic, SMD, 50 V 8.2 nF 5% TDK Corporation C3216C0G1H822J

CBULK 1 Capacitor, Electrolytic, 450 V 68 �F 20% United Chemi−Con EKXG451ELL680MMN3S

CCOMP 1 Capacitor, Ceramic, SMD, 25 V 0.68 �F 10% TDK Corporation C3216X7R1E684K

CCOMP1 1 Capacitor, Ceramic, SMD, 25 V 3.3 �F 10% TDK Corporation C3216X7R1E335K

CCS, CZCD 2 Capacitor, Ceramic, SMD open − − −

CIN 1 Capacitor, EMI Suppression, 305 Vac 0.1 �F 20% EPCOS B32921A2104M

CT1 1 Capacitor, Ceramic, SMD, 50 V 1 nF 10% Yageo CC1206KRX7R9BB102

CT2 1 Capacitor, Ceramic, SMD, 50 V 220 pF 10% Yageo CC1206KRX7R9BB221

CVCC 1 Capacitor, Electrolytic, 25 V 47 �F 20% Panasonic EEU−FC1E470

CVCC2 1 Capacitor, Ceramic, SMD, 50 V 0.1 �F 10% Yageo CC1206KRX7R9BB104

D1 1 Diode, Switching, 100 V − − ON Semiconductor MMSD4148T1G

DAUX 1 Diode, Zener, 18 V − − ON Semiconductor MMSZ4705T1G

DBOOST 1 Diode, Ultrafast, 4 A, 600 V − − ON Semiconductor MUR460RLG

DDRV 1 Diode, Switching open − − −

DVCC 1 Diode, Zener open − − −

F1 1 Fuse, SMD, 2 A, 600 V − − Littelfuse 0461002.ER

J1 1 Header 1 Row of 2, 100 mil − − 3M 929400−01−36−RK

J2, J3 2 Connector, 156 mil 3 pin − − MOLEX 26−60−4030

L1 1 Inductor, Radial, 4 A 180 �H 10% Coilcraft PCV−2−184−05L

L2 1 Line Filter, 2.7 A 4.7 mH − Panasonic ELF−20N027A

LBOOST 1 Inductor, 400 �H, NB:NZCD = 10:1 − − Coilcraft JA4224−AL

MECHANICAL 1 Shorting Jumper − − 3M 929955−06

MECHANICAL 1 Heatsink − − Aavid 590302B03600

MECHANICAL 1 Screw, Phillips, 4−40, 1/4″, Steel − − Building Fasteners PMSSS 440 0025 PH

MECHANICAL 1 Nut, Hex 4−40, Steel − − Building Fasteners HNSS440

MECHANICAL 1 Shoulder Washer #4, Nylon − − Keystone 3049

MECHANICAL 1 TO−220 Thermal Pad, 9 mil − − Wakefield 173−9−240P

MECHANICAL 4 Standoffs, Hex 4−40, 0.75″, Nylon − − Keystone 4804K

MECHANICAL 4 Nut, Hex 4−40, Nylon − − Building Fasteners NY HN 440

NTC 1 Thermistor, Inrush Current Limiter 4.7 � 20% EPCOS B57238S479M

Q1 1 MOSFET, N−Channel, 11.6 A, 560 V − − Infineon SPP12N50C3

R1 1 Resistor, SMD 100 � 1% Vishay CRCW1206100RFKEA

RCOMP1 1 Resistor, SMD 20 k� 1% Vishay CRCW120620K0FKEA

RCS 1 Resistor, 0.25 W Axial 510 � 5% Yageo CFR−25JB−510R

RCT 1 Resistor, SMD 0 � − Vishay CRCW12060000Z0EA

RCTUP1,
RCTUP2

2 Resistor, 0.25 W Axial 750 k� 5% Yageo CFR−25JB−750K

RDRV 1 Resistor, SMD 10 � 1% Vishay CRCW120610R0FKEA

RO1A, RO1B 2 Resistor, SMD 2 M� 1% Vishay CRCW12062M00FKEA

ROUT2A 1 Resistor, SMD 25.5 k� 1% Vishay CRCW120625K5FKEA

ROUT2B 1 Resistor, SMD open − − −

RS1, RS2 2 Resistor, SMD, 1 W 0.25 � 1% Vishay WSL2512R2500FEA

RS3 1 Resistor, SMD open − − −

RSTART1,
RSTART2

2 Resistor, 0.25 W Axial 330 k� 5% Yageo CFR−25JB−330K

RZCD 1 Resistor, 0.25 W Axial 100 k� 5% Yageo CFR−25JB−100K

U1 1 CrM PFC Controller NCP1608 − ON Semiconductor NCP1608BDR2G

*All products listed are Pb−Free.
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Appendix 2: LAYOUT

Figure 33. Top View of the Layout

Figure 34. Bottom View of the Layout
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Appendix 3: SUMMARY OF BOOST EQUATIONS Components are identified in Figure 3 

Input rms Current

Iac �
Pout

� � Vac

� (the efficiency of only the PFC
stage) is generally in the range of 
90−95%. Vac is the rms ac line input
voltage.

Inductor Peak Current

IL(peak) �
2� � 2 � Pout
� � Vac

The maximum inductor peak current
occurs at the minimum line input
voltage and maximum output power.

Inductor Value

L �

Vac2 � �Vout

2�
� Vac� � �

2� � Vout � Pout � fSW(MIN)

fSW(MIN) is the minimum desired
switching frequency. The maximum
L is calculated at both the minimum
line input voltage and maximum line
input voltage.

On Time
ton �

2 � L � Pout

� � Vac 2

The maximum on time occurs at the
minimum line input voltage and
maximum output power.

Off Time
toff �

ton

Vout

Vac��sin��� 2�
� 1

The off time is a maximum at the
peak of the ac line voltage and
approaches zero at the ac line zero
crossings. Theta (�) represents the
angle of the ac line voltage.

Switching Frequency

fSW �
Vac 2 � �

2 � L � Pout
� �1 �

Vac � |sin �| � 2�

Vout
�

On Time Capacitor

Ct 	
2 � Pout � LMAX � Icharge

� � VacLL
2 � VCt(MAX)

Where VacLL is the minimum line
input voltage and LMAX is the
maximum inductor value. Icharge and
VCt(MAX) are shown in the
specification table.

Inductor Turns to ZCD
Turns Ratio NB : NZCD �

Vout � � 2� � VacHL
�

VZCD(ARM)

Where VacHL is the maximum line
input voltage. VZCD(ARM) is shown in
the specification table.

Resistor from ZCD
Winding to the ZCD pin RZCD 	

2� � VacHL
IZCD(MAX) � (NB : NZCD)

Where IZCD(MAX) is maximum rated
current for the ZCD pin (10 mA).

Output Voltage and
Output Divider Vout � VREF � �Rout1 �

Rout2 
 RFB
Rout2 � RFB


 1�
Rout1 �

Vout
Ibias(out)

Rout2 �
Rout1 � RFB

RFB � � Vout
VREF

� 1�� Rout1

Where VREF is the internal
reference voltage and RFB is the
pull-down resistor used for FPP.
VREF and RFB are shown in the
specification table. Ibias(out) is the
bias current of the output voltage
divider.

Output Voltage OVP
Detection and Recovery Vout(OVP) �

VOVP
VREF

� VREF � �Rout1 �
Rout2 
 RFB
Rout2 � RFB


 1�
Vout(OVPL) ���VOVP

VREF
� VREF�−VOVP(HYS)���Rout1 �

Rout2 
 RFB
Rout2 � RFB


 1�

VOVP/VREF and VOVP(HYS) are
shown in the specification table.

Output Voltage Ripple and
Output Capacitor Value

Cbulk 	
Pout

2 � � � Vripple(peak−peak) � fline � Vout

Vripple(peak−peak) � 2 � �Vout(OVP) � Vout�
Where fline is the ac line frequency
and Vripple(peak-peak) is the
peak-to-peak output voltage ripple.
Use fline = 47 Hz for universal input
worst case.

Output Capacitor rms
Current IC(RMS) �

2� � 32 � Pout
2

9 � � � Vac � Vout � �2 � Iload(RMS)
2� Where Iload(RMS) is the rms load

current.
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Appendix 3: SUMMARY OF BOOST EQUATIONS Components are identified in Figure 3  (Continued)

Output Voltage UVP
Detection Vout(UVP) � VUVP � �Rout1 �

Rout2 
 RFB

Rout2 � RFB


 1� VUVP is shown in the specification
table.

Inductor rms Current
IL(RMS) �

2 � Pout

3� � Vac � �

Output Diode rms
Current ID(RMS) �

4
3
� 2� � 2

�
� �

Pout

� � Vac � Vout
�

MOSFET rms Current

IM(RMS) �
2
3�
� � Pout

� � Vac
� � 1 �� 2� � 8 � Vac

3 � � � Vout
��

Current Sense Resistor
Rsense �

VILIM
IL(peak)

PRsense
� IM(RMS)

2 � Rsense

VILIM is shown in the specification
table.

Type 1 Compensation

CCOMP �
gm

2 � � � fCROSS

Where fCROSS is the crossover
frequency and is typically less than
20 Hz. gm is shown in the
specification table.
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