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Figure 1. Active PFC Stage with the NCP1607

Rectifiers

+
AC Line High

Frequency
Bypass
Capacitor

NCP1607

PFC Preconverter Converter

Load
+ Bulk

Storage
Capacitor

CRM�����
������ !
TR%300 WSEIv�	�t�����'��
��(CRM)%w"*!�#���#$��'���
�I��xTU'����(DCM)ITU'����
(CCM)I�y��zV#�'�����@I�#$
CRM���H���E��Z/��4%{��*
9I�������[�E��|%W}��"#$
~�9:�CRM���/�4��!CCM()�XY

I���-X�Y*��4%{�k�DCM()�
XY0��OP !"#$CRM���#�����
����	��I2	<Z�[c ��\%�(*
"#$PFCH���E
�����()I�O0
Figure 2�H*"#$PFC56AB�CD��G�#
�CRMH���E
�����()�J! ]*>
�-AND8123 (www.onsemi.jp)0�^* >��!0

APPLICATION NOTE

www.onsemi.jp

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


AND8353/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 NCP1607
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Table 1. 

AND8123 Power Factor Correction Stages Operating in Critical Conduction Mode

AND8016 Design of Power Factor Correction Circuits Using the MC33260

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

HBD853 Power Factor Correction Handbook

*Additional resources for the design and understanding of CRM Boost PFC circuits available at www.onsemi.com.
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Minimum AC Line Voltage VacLL 85 Vac

Maximum AC Line Voltage VacHL 265 Vac

Line Frequency fline 47−63 Hz

Boost PFC Output Voltage VOUT 400 V

Maximum Output Voltage VOUT(OVP) 440 V

Boost Output Power POUT 100 W

Minimum Switching Frequency fSW(MIN) 50 kHz

Estimated Efficiency � 92 %
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(eq. 1)L �
Vac 2 � �VOUT

2�
� Vac� � �

VOUT � POUT � f(min) � 2�

��-X�Y��\��1����\�+�>8
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• L ≤ 465 �H for VacLL

• L ≤ 408 �H for VacHL

¡�400 �H0��*"#$<<Z*�����\
�(eq. 2)���*"#$

(eq. 2)fSW �
Vac2 � �

2 � L � POUT
� �1 � Vac � 2�

VOUT
�

fSW�-85 Vac�I�%58 kHz�265 Vac�I�%
51 kHz�#$
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(eq. 3)ton(MAX) �
2 � L � POUT

� � VacLL
2 � 12.0 �s
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(eq. 4)Ct 	
ICHARGE � ton(MAX)

VCTMAX
�

2 � POUT � L � ICHARGE

� � Vac 2 � VCTMAX

ICHARGEV�WVCTMAX�¡�NCP1607�^��C
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• VCTMAX = 2.9 V (min)

• ICHARGE = 297 �A (max)

Ct�1.2 nF�#0lmN81.5 nF (±10%)�±R�#$
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Figure 5. ZCD Winding and Internal Logic Arrangement

ZCD

+
−

+

+
−+

VCL(POS)
Clamp

Shutdown

Demag

VCL(NEG)
Active 
Clamp

+
−

+

Reset 
Dominant 

Latch
R

QS

DRIVE

RS

RZCD

VDD

VIN

NZCD

Q

NB

VSDL

VZCDL

VZCDH

@������\i010I*"#$RZCD%ZCD�
oI��5I�I��¶�� !"#%�@���
�5�2�+#��40�f#�9:�#$@��
4��ZCDC·-�Z��&�%�A¸��8!�
 ��>*8h�i8+"�¬$RZCD�(eq.8)��
���"#$

(eq. 8)RZCD 

VacHL � 2�

ICL(NEG) � (NB : NZCD)
� 15.0 k�

NCP1607�^��C�����iICL(NEG) = 2.5 mA
�#$

!JZCD�o�²³%�2�� �����HE
�]�%����#�a��RZCD�¡I�ZCD��
�¹5* !�«�8��º���� �"+"
#0��-X�Yw�%�«�8�9:��q��
��% �k�I��RZCD%���H0���E[
�#��%_`N�#$RZCD�¡%Q�!I�q�
�����-X�Y%«�>8�@I%?¡�Ra
� !"#$*a*Q�#®�I�ZCD�����
�2�¢*!£¤%5c"#$@�t��
��
���xTU'����(DCM)�()*�	�%�
�*"#$RZCD%«�#®�I�ZCD��%�!I
���������[�E��|%����#�9
:���-X�YM�%��*"#$

����5�(FB)OVP)UVP!*+,-�����
PFCy���e%�!9:�<Z���*"9�
u(*�[���Cs��%5c"#$NCP1607�
[���Cs��a&�N/�yI* ��3��
8g��N/(OVP)oF03�* !"#$OVP�
¥(q�]�ROUT1��T��"#$NCP1607�^
��C��a&(eq. 9)%'a�"#$
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(eq. 17)IL(peak) �
2 � 2� � POUT
� � VacLL

� 3.62 A

(eq. 18)IL(RMS) �
2 � POUT

3� � VacLL � �
� 1.48 A

2.H���EZ�[��DBOOST

ID(RMS) �
4
3
� 2 � 2�

�
� �

POUT

� � VacLL � VOUT
� � 0.75 A

(eq. 19)

3. MOSFET Q1

IM(RMS) �
2
3�
�

POUT
� � VacLL

(eq. 20)

1 ��8 � 2� � VacLL
3 � � � VOUT

�� � 1.27 A

MOSFET�aa��Q���VOUT�g��q�]
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BVDSS�
�#�^Lq�KL�Y080%I#�
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4.`��abRS

(eq. 21)RS �
VCS(limit)

Ipeak
� 0.14 �

PRS � IM(RMS)
2 � RS � 0.22 W

(eq. 22)

VCS(limit) = 0.5 V (typ)

5.�]/E
�^�_CBULK

32 � 2� � POUT
2

9 � � � VacLL � VOUT � �2 � (ILOAD(rms))
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(eq. 24)tSTART �
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RSTART
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�"�()rs0PQ#����-/5��
(UVLO)&�0OP !"#$@�ª�KAC���
+����2�9�µ!�VCC��B8�	0d;
#��h�±R8*I%¶º��"#$��2��

8��ZCD�o�#$9�*ZCD�o�¥5#�
�����B8VCCq�]�+�±R�!t�%k
+"#0*9%� �VCC0d;#����«�8X
·�\EØ�6oF0K·*8h�i8+"�¬$
~���8oF0Figure 8�H*"#$

Figure 8. The ZCD Winding can Supply VCC
through a Charge Pump Circuit
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(eq. 25)�VC1 �
VOUT � VCC

NB : NZCD

*9%� 
�^�_CVCC�Ã��Û���8�
4���IV+�#$

(eq. 26)IAUX�C1 � fSW � �VC1 � C1 � fSW �
VOUT � VCC

NB : NZCD

PFC0�BI#�[�E���AC−DC�2�t�
��uM�2y��%G���"#$1y¦�CRMH
���PFC�#$@�a&2y¦(uMN�����
-/"9��Ü.�����º»n
����)��
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	0d;*"#$@��68&�
���Ý�9�
�0?¼��"#$*a*��<Z*��	�4%
Ö8!9:�PFCy�xB�#$È?�PFC%[�
�""�I�C�K|�M�%��#��h�#$
NCP1230eNCP13818��� 8
������

�<Zrs0�2* PFC�C·-�Z��0½H
*"#(Figure 9)$NCP1607�@���8oFK��
#�@I%��"#%�d;���VCC%�Ía&
NCP1607�VCC(on)q�]�+��!@I%}m�
#0

Figure 9. Using the SMPS Controller to Supply Power to the NCP1607
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�%¥5*"#$@�àÀ�lË�������	
1¦�¡0Áp* ! �
��%aa+#®"
#$�&��NCP1607��@�àÀ0ÂÃ#��y
%"�9>k+"�¬$H���E��-X0[�
�#�I�àÀ%�&�ÄÂ*"#$@�àÀ�á
ÅN8��6���2J�#$

1.u(*����34U~ 
�	��I2	��I�I�34U(DBYPASS)
0J�#��6�#(Figure 10)$@�34U
����Z/���u(�40Æo�� p
c-�]/E
�^�_�4#Æ�0*"#0
@��68&�ß¿[���Cs���g 
8��Z/��4�8>�AC�������
�/¡"��]/E
�^�_%Ã���"
#0u(¨��DBYPASS��Ç��5�%aa

�9:�H���E
����0À #�@

I�k+"�¬$

2.âÊh¾��4�fab~ 
NTC(<È ã\)_�¨��0H���E�
�Z/�Ip��cU* �¾��40�f
#��6�#(Figure 11)$NTC_�¨���
ab¡��I2R��	w���� ¶É���
9:�\[�|a&\¨A[�|���*"
#$H���EZ�[��Ip��cU#�
�6�k+"#$@��68&��	�4�
�8>2	�4�h%ab�4��9:�
()*�M�%z���"#$*a*NTC
ab�����������V�WoÊ*8
��AC�2��Ë*�¥5#�¾��4a&
��Z/�I�]/E
�^�_0±RN/
��8!V~�%k+"#$

Figure 10. Use a Second Diode to Route the
Inrush Current Away from the Inductor
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+

Vac

VIN

VOUT

DBYPASS

Figure 11. Use an NTC to Limit the Inrush Current
Through the Inductor

NCP1607
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����9� 9:;<=���>?��

Î��IV+��Ì2	��A-6]�9:��
PFC�L���-/E]�6���e�uM�20 Hz
���""�#$C�6]8��61��,-�.
�/��FB��IControl���I�ä·�C�01
å�hÍV*"#$�L���-/E,-�.�/
�Û�G(s)������P&�"#$

(eq. 27)G(s) � 1
s � ROUT1 � CCOMP

*9%� ��]/���A-6]0xÎ���
���B8º������P&�"#$

(eq. 28)CCOMP � 10G�20

4 � � � fline � ROUT1

G�dBæz�Ï*9xÎq�](uM�60 dB)�#$
fline�AC�����\��«¡(47 Hz)�#$ Figure 12. Gain and Phase for a Type 1

Feedback Network
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+"�¬$ab�<Z�t��@��±R�*ç�(Figure 13)$*a*SMPSoF���8T�	<Z�t
���zÓ²%«�>8+"#(Figure 14)$
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Figure 13. Boost Demo Board with a Resistive Load
(Phase margin = 30°)

Figure 14. Boost Demo Board with a Constant Power Load
(Phase margin is reduced to 17°)

Phase
Margin = 17°
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C�K|�;T�0§è��B%k�t�����62���,-�.�/0?'*"#0@�K����
abI
�^�_0CCOMPI½��cU*"#(Figure 15)$
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Figure 15. Type 2 Compensation Network
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��62�!45�6�é�%\���IV+�#$

G(s) �
1 � s � RCOMP1 � CCOMP1

s � ROUT1 � (CCOMP � CCOMP1) � �1 � s � RCOMP1 � �CCOMP�CCOMP1
CCOMP�CCOMP1

��
(eq. 29)

@�@Ia&�1J�Ð%0 Hz�Ñ�%fZ (eq. 30)���1J�Ð%fP (eq. 31)�k�@I%Ra+"#$

f Z � 1
2 � � � RCOMP1 � CCOMP1

(eq. 30) f P � f Z � �CCOMP � CCOMP1
CCOMP

� (eq. 31)

Phase

Gain

Figure 16. Representative Gain and Phase for a Type 2 Feedback Network
(Note the Phase Boost)
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Figure 17. Improved Stability with a Type 2 Compensation Network
(Phase Margin = 50 deg)
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�Äc��)��62�#�iFigure 17"�z���
"#$
zÓ²V�W/�[����\������
�[c �Â*"#$*9%� �����8��

��k&ê�()}m��Û�−zX�0ÒT#
�@I%>B�#$@�ÒT��Figure 18�H#C
�6]8�Ó�oFI,-�.�/E5ë��ì�
h!"#$
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Figure 18. Gain-Phase Measurement Setup for Boost PFC Pre-Converters
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#$�&�	���0§è��B%k�t���
�����¸�����0�Ö*>��!$

1@(AB��B�C!D����E�FGHI�JK

LMNOC!THDKPF�PQ���

CRM�#�1J�àÀ��AC���%{E/
�#�I����%x±R��¿T[�E��|¹
Iv�h��H���E��Z/��±R�£,]
r�%¸P&�8!@I�#$£,]r�%îI¬
�Ë_��1�“{E/�[��×b”(Figure 19)
%¥5*"#$

Figure 19. Zero Crossover Distortion

VIN (50 V/div)

IIN (500 mA/div)

~��®�THD%Ô¶*�6A
�����PF%
�%� *"!"#$NCP1607��4×b0±RD
P�@I%���9:�IEC1000Bm0E9#��-
uM�@�@I�àÀ��k+"�¬$THD"9�
PF0�&�z�#��B%k�t���@�{E
/�[��×b0�x��"#$~�Ø��	�
�%�!I��[�E��|0�>¤i#@I�

#$@���+���Z/��£,]r�0¸P�
9:�*I0¤����9:�×b%}"���q
�]%�%+"#$
Ù!�@��6�NCP1607��Úæ�?'��"
#$��3 (Ct)I�	���I�ab0cU#�I�
�*������iÒ*9�4%Ct�ª���"#
(Figure 20)$@��4���������/*��
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�>8+"#%��	��%�!I��Ç�)��
k+"�¬$

Figure 20. Add RCTUP to Modify the On Time and Reduce the Zero Crossing Distortion
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AC����¹���\�(�xÖ*"#$@��6
�Ü���RCTUP��� Ý<Z*��	w�%Ô

Q#�@I�#$THDV�WPF�C:&����
I�Ý<Z*��	w��l#�Bm�2J���
��0í��B%k+"#$

Figure 21. On Time and Switching Frequency with and without RCTUP
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Figure 22. Effect of RCTUP on Full Load (100 W) THD
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2@(RNOCSTUV���.3C!THDKPF�PQ

���
�<Z*"9�������*��B8[�E�
�|%�«[�E��|�+�v!I�g 8�	
%2	��"#$@���+��#��%�«q�
](VEAL)�"���*"#$���2	��%�>
8+#®8!������H(�NOVP)0^L`�
H]*"#$!�9¬2	%��*9¨��#��
%§L*�@�_�/]%à+á��"#$@�¼
â%u��I��	�4�×bI2	���A-6
]%Ô¶*"#$�<Z*"9�������*�
THDV�WPF0z�#��6���2J�#$

1.
�^�_Ct0�
8º��#�@I$
Î��IV+�
�^�_Ct�º���<<

Z*V�W������*���B8[�E
��|%�&��� �Q�>8h�i8+
"�¬$*a*k"+Q�#®�I��<Z
*"9�������*��#q�]��¤
%�"+"#$

2.éã£¤0��#�~

�^�_Ct�º�0�
Â* ���B8
��%����8!t���PWM�éã£¤
0��#��B%k��*ç�$Ct���%
VCONTROL��T¡0nP�I�PWM
��
q��%�����[�E��|0äð��
�²³02	*"#(Figure 23)$

Figure 23. Block Diagram of the Propagation Delay Components
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Figure 24. Driver Turn Off Propagation Delay
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<ò�£¤*ItDELAY�(eq. 32)�VV�~���
�"#$

t DELAY � t PWM � t GATE (eq. 32)

@�£¤��� ?Ô�[�E��|%óW"#0
ab(RCT)0
�^�_Ct�p��J�*9t��
<ò�[�E��|�����������¡�h
v>8+"#$

�t � Ct �
�VRCT
�IRCT

� Ct � RCT

*9%� �éã£¤0��#�9:��
(eq. 33)�RCT0��*"#$

RCT �
t DELAY

Ct
(eq. 33)

NCP1607�^��C�����itPWM�lm¡�
100 ns�#$£¤*ItGATE��MOSFET�����
ZIabRDRV�[c �Â*"#$@�56AB�
CD�EF���H#^�Eô������£¤*
I��150 ns�ÒT��"#$éã£¤0��#
����RCT = 300 ��±R�#$@���<Z*V
�W������*�PFITHD%z���"#
(Figure 25)$
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Figure 25. Effect of RCT on Light Load THD at 265 Vac/50 Hz ( RCTUP = Open)
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Figure 26. 100 W PFC Pre-Converter Using the NCP1607
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Figure 27. THD vs. Input Voltage at Full Load
and 50% Load

Figure 28. Individual Harmonic Current at
115 Vac and 230 Vac
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Figure 29. PF vs. Input Voltage at Full Load
and 50% Load
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Figure 30. Efficiency vs. Input Voltage at Full
Load and 50% Load
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0"å��"#(Figure 32)$440 V�g��N/&
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Figure 31. Full Load Input Current at 115 Vac/60 Hz Figure 32. Startup Transient Showing OVP
Activation and Recovery
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NCP1607 Starts Up Here
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FPPAB�C
@�^�Eô�����NCP1607�FPP&�0?
Ó#��yI* �NCP1607���1I�L���-
/E,-�.�/�I�\·��0'æ��"#$
�	�	0µ¶#�Î�\·��0÷+â*9t�
-���H�^L`�H]��"#(Figure 33�34)$

()v�\·��0÷+â*9t���1 ms�3�
���H%^L`�H]��"#(Figure 35�36)$
@�\·����FPP�&�0"å#�9:�h�
�h !������ä�¦��xB�#$

Figure 33. Startup with Jumper Removed at 265
Vac/50 Hz, IOUT = 0 mA, VCC = 13 V, and TJ = −40�C

Figure 34. Startup with Jumper Removed at 265
Vac/50 Hz, IOUT = 250 mA, VCC = 20 V, and TJ = −40�C

Figure 35. Removing Jumper During Operation at 265
Vac/50 Hz, IOUT = 250 mA, VCC = 20 V, and TJ = −40�C

Figure 36. Removing Jumper During Operation at 265
Vac/50 Hz, IOUT = 0 mA, VCC = 13 V, and TJ = −40�C
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@�^�Eô����çj8�6�K�* ��0�
Â��"#0K�Ò�!>Ja0Table 2�H*"#0

Table 2. SUMMARY OF KEY PARAMETERS FOR DIFFERENT VARIATIONS OF THE DEMO BOARD

RCTUP Ct

Shutdown (VZCD = 0 V)
Pdiss @ 265 Vac

Efficiency @ 100 W THD @ 100 W

115 Vac
60 Hz

230 Vac
50 Hz

115 Vac
60 Hz

230 Vac
50 Hz

Open 1.5 nF 225 mW 92.5% 94.6% 9.5% 16.7%

1.5 MEG 1.8 nF 295 mW 92.5% 94.4% 4.9% 8.9%
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APPENDIX 1: BILL OF MATERIALS (BOM)  

Designator Qty Description Value Tolerance
Foot−
Print Manufacturer

Manufacturer
Part Number

Substitution
Allowed Pb−Free

U1 1 NCP1607 NCP1607 − SOIC−8 ON Semiconductor NCP1607BDR2G No Yes

D1 1 Diode,
General
Purpose

100 V − SOD123 ON Semiconductor MMSD4148T1G No Yes

DAUX 1 Diode,
Zener

18 V − SOD123 ON Semiconductor MMSZ4705T1G No Yes

DBOOST 1 Diode,
Ultrafast

4 A, 600 V − Axial ON Semiconductor MUR460RLG No Yes

BRIDGE 1 Diode,
Bridge

Rectifier

4A, 600 V − KBL Vishay KBL06−E4/51 Yes Yes

DVCC,
DDRV

2 Diode,
General
Purpose

open − SOD123 − − − −

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

LBOOST 1 Inductor,
Boost,

Nboost:Nzc
d = 10:1

400 �H,
10:1

− Custom Coilcraft FA2890−CL No Yes

L1 1 Inductor,
Radial

180 uH 10% Through
Hole

Coilcraft PCV−2−184−05L No Yes

L2 1 Inductor,
Common−M
ode Choke

4.7 mH,
2.7 A

− Through
Hole

Panasonic ELF−20N027A Yes Yes

Q1 1 MOSFET,
N−Channel

11.6 A,
560 V

− TO−220 Infineon SPP12N50C3 Yes Yes

NTC 1 Thermistor,
Inrush

Current
Limiter

4.7 � 20% Radial EPCOS B57238S479M Yes Yes

RCOMP1 1 Resistor,
SMD

54.9 k� 1% 1206 Yageo RC1206FR−0754K9L Yes Yes

R1 1 Resistor,
SMD

100 � 1% 1206 Yageo RC1206FR−07100RL Yes Yes

RCT 1 Resistor,
SMD

0 � 1% 1206 Yageo RC1206FR−070RL Yes Yes

RDRV 1 Resistor,
SMD

10.0 � 1% 1206 Yageo RC1206FR−0710RL Yes Yes

ROUT2A 1 Resistor,
SMD

25.5 k� 1% 1206 Yageo RC1206FR−0725K5L Yes Yes

RO1A,RO1B 2 Resistor,
SMD

2.00 M� 1% 1206 Yageo RC1206FR−072ML Yes Yes

RS1 1 Resistor,
SMD

0.100 �,
1 W

1% 2512 KOA SR733ATTER100F Yes Yes

RS2,RS3 2 Resistor,
SMD

open − 2512 − − − −

ROUT2B 1 Resistor,
SMD

open − 1206 − − − −

RCS 1 Resistor, 1/4
W Axial

510 � 5% Axial Yageo CFR−25JB−510R Yes Yes

RCTUP1,
RCTUP2

2 Resistor, 1/4
W Axial

750 k� 5% Axial Yageo CFR−25JB−750K Yes Yes

RZCD 1 Resistor, 1/4
W Axial

51 k� 5% Axial Yageo CFR−25JB−51K Yes Yes

RSTART1,
RSTART2

2 Resistor, 1/4
W Axial

330 k� 5% Axial Yageo CFR−25JB−330K Yes Yes

C1,C2 2 X Capacitor 0.47u 20% Radial EPCOS B32923C3474M Yes Yes

CIN 1 X Capacitor 0.1u 20% Radial EPCOS B32921A2104M Yes Yes

CVCC 1 Capacitor,
Electrolytic

47 uF,
25 V

20% Radial Panasonic EEU−FC1E470 Yes Yes
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APPENDIX 1: BILL OF MATERIALS (BOM) (continued)

Designator Pb−Free
Substitution

Allowed
Manufacturer
Part NumberManufacturer

Foot−
PrintToleranceValueDescriptionQty

CBULK 1 Capacitor,
Electrolytic

68 �F,
450 V

20% Radial NCC EKXG451ELL680MM
N3S

Yes Yes

CVCC2,CCOMP 2 Capacitor,
Ceramic,

SMD

0.1 �F,
25 V

10% 1206 Vishay VJ1206Y104KXX Yes Yes

CCOMP1 1 Capacitor,
Ceramic,

SMD

0.39 �F,
25 V

10% 1206 Vishay VJ1206Y394KXX Yes Yes

CT1 1 Capacitor,
Ceramic,

SMD

1.5 nF,
25 V

10% 1206 Vishay VJ1206Y152KXX Yes Yes

CT2 1 Capacitor,
Ceramic,

SMD

330 pF,
25 V

10% 1206 Vishay VJ1206Y331KXX Yes Yes

C3 1 Capacitor,
Ceramic,

SMD

22 nF, 
25 V

10% 1206 Vishay VJ1206Y223KXX Yes Yes

CZCD,CCS 2 Capacitor,
Ceramic,

SMD

open − 1206 − − − −

J1 1 Header 1 Row of
3, 1 Row

of 2

− 2.54 mm 3M 929400−01−36 Yes Yes

J2,J3 2 Connector,
156 mil 3 pin

− − 156 mil MOLEX 26−60−4030 Yes Yes

MECHANICAL 1 Jumper,
Shorting

− − − 3M 929955−06 Yes Yes

MECHANICAL 1 Heatsink − − TO220 Aavid 590302B03600 Yes Yes

MECHANICAL 1 Screw 4−40 1/4”
screw

− − Building Fasteners PMSSS 440 0025 PH Yes Yes

MECHANICAL 1 Nut 4−40
screw nut

− − Building Fasteners HNSS440 Yes Yes

MECHANICAL 1 Nylon
Washer

Shoulder
washer #4

− − Keystone 3049 Yes Yes

MECHANICAL 1 TO220
Thermal

Pad

9 mil − − Wakefield 173−9−240P Yes Yes

MECHANICAL 4 Standoffs Hex 4−40,
Nylon
0.75”

− − Keystone 4804K Yes Yes

MECHANICAL 4 Nylon Nut Hex 4−40 − − Building Fasteners NY HN 440 Yes Yes
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APPENDIX 2: LAYOUT DRAWINGS

Figure 37. Top View of 100 W Board Layout

Figure 38. Bottom View of 100 W Board Layout
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APPENDIX 3: SUMMARY OF BOOST EQUATIONS FOR THE NCP1607  

RMS Input Current
Iac �

POUT
� � Vac

� (the efficiency of only the Boost
PFC stage) is generally in the range
of 90 − 95%

Maximum Inductor Peak
Current Ipk(MAX) �

2 � 2� � POUT
� � VacLL

Where VacLL is the minimum line
input voltage. Ipk(MAX) occurs at the
lowest line voltage.

Inductor Value

L �
2 � Vac2 � �VOUT

2�
� Vac�

VOUT � Vac � Ipk(MAX) � fSW(MIN)

fSW(MIN) is the minimum desired
switching frequency. The maximum
L must be calculated at low line and
high line.

Maximum On Time
ton(MAX) �

2 � L � POUT

� � VacLL
2

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

Off Time

toff �
ton

VOUT

Vac�sin(�)� 2�
� 1

The off time is greatest 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.

Frequency

fSW �
Vac 2 � �

2 � L � POUT
� �1 �

Vac � |sin �| � 2�

VOUT
�

Pin 3 Capacitor
Ct 


2 � POUT � L � ICHARGE

� � Vac 2 � VCTMAX

ICHART and VCTMAX are given in the
NCP1607 specification table.

Boost Turns to ZCD Turns
Ratio

NB : NZCD �
VOUT � VacHL � 2�

VZCDH

Where VacHL is the maximum line
input voltage. The turns ratio must
be low enough so as to trigger the
ZCD comparators at high line.

Resistor from ZCD
winding to the ZCD pin
(pin 5)

RZCD 

VacHL � 2�

ICL(NEG) � (NB : NZCD)

RZCD must be large enough so that
the shutdown comparator is not
inadvertently activated.

Boost Output Voltage
VOUT � VREF �

ROUT1 � REQ

REQ

REQ �
ROUT2 � RFB

ROUT2 � RFB

Maximum VOUT voltage
prior to OVP activation
and the necessary ROUT1
and ROUT2.

VOUT(OVP) � VOUT � ROUT1 � IOVP

ROUT1 �
VOUT(OVP) � VOUT

IOVP

REQ � ROUT1 �
VREF

VOUT � VREF

ROUT2 �
REQ � RFB

RFB � REQ

IOVP is given in the NCP1607
specification table.

Minimum output voltage
necessary to exit
undervoltage protection
(UVP)

VOUT(UVP) �
ROUT1 � REQ

REQ
� VUVP

VUVP is given in the NCP1607
specification table.

Bulk Cap Ripple
Vripple(pk−pk) �

POUT
CBULK � 2 � � � fline � VOUT

Use fline = 47 Hz for worst case at
universal lines. The ripple must not
exceed the OVP level for VOUT.

Inductor RMS Current
IL(RMS) �

2 � POUT

3� � VacLL � �

Boost Diode RMS Current
ID(RMS)MAX � 4

3
� 2 � 2�

�
� �

POUT

� � VacLL � VOUT
�
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APPENDIX 3: SUMMARY OF BOOST EQUATIONS FOR THE NCP1607 (continued)

MOSFET RMS Current

IM(RMS)MAX � 2
3
�

POUT

� � VacLL
2 � 1 ��8 � 2� � VacLL

3 � � � VOUT
��

MOSFET Sense Resistor
RS �

VCS(limit)

Ipk(MAX)

PRS � IM(RMS)
2 � RS

VCS(limit) is given in the NCP1607
specification table.

Bulk Capacitor RMS
Current IC(RMS)MAX �

32 � 2� � POUT
2

9 � � � VacLL � VOUT � �2 � (ILOAD(RMS))
2�

CCOMP for Type 1
CCOMP � 10G�20

4 � � � fline � ROUT1

G is the desired attenuation in
decibels (dB). Typically it is 60 dB.
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