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Figure 1. Typical Application
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Figure 2. Block Diagram
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Table 1. PIN FUNCTION DESCRIPTION

Pin Name Function

1 FB The FB pin is the inverting input of the internal error amplifier. A resistor divider scales the output voltage to VREF to
maintain regulation. The feedback voltage is used for overvoltage and undervoltage protections. The controller is disabled
when this pin is forced to a voltage less than VUVP, a voltage greater than VOVP, or floating.

2 Control The Control pin is the output of the internal error amplifier. A compensation network is connected between the Control pin
and ground to set the loop bandwidth. A low bandwidth yields a high power factor and a low Total Harmonic Distortion (THD).

� Ct The Ct pin sources a current to charge an external timing capacitor. The circuit controls the power switch on time by
comparing the Ct voltage to an internal voltage derived from VControl. The Ct pin discharges the external timing capacitor
at the end of the on time.

 CS The CS pin limits the cycle−by−cycle current through the power switch. When the CS voltage exceeds VILIM, the drive
turns off. The sense resistor that connects to the CS pin programs the maximum switch current.

� ZCD The voltage of an auxiliary winding is sensed by this pin to detect the inductor demagnetization for CrM operation.

6 GND The GND pin is analog ground.

7 DRV The integrated driver has a typical source impedance of 12 � and a typical sink impedance of 6 �.

8 VCC The VCC pin is the positive supply of the controller. The controller is enabled when VCC exceeds VCC(on) and is disabled
when VCC decreases to less than VCC(off).

Table 2. MAXIMUM RATINGS

Rating Symbol Value Unit

FB Voltage VFB −0.3 to 10 V

FB Current IFB ±10 mA

Control Voltage VControl −0.3 to 6.5 V

Control Current IControl −2 to 10 mA

Ct Voltage VCt −0.3 to 6 V

Ct Current ICt ±10 mA

CS Voltage VCS −0.3 to 6 V

CS Current ICS ±10 mA

ZCD Voltage VZCD −0.3 to 10 V

ZCD Current IZCD ±10 mA

DRV Voltage VDRV −0.3 to VCC V

DRV Sink Current IDRV(sink) 800 mA

DRV Source Current IDRV(source) 500 mA

Supply Voltage VCC −0.3 to 20 V

Supply Current ICC ±20 mA

Power Dissipation (TA = 70°C, 2.0 Oz Cu, 55 mm2 Printed Circuit Copper Clad) PD 450 mW

Thermal Resistance Junction−to−Ambient
(2.0 Oz Cu, 55 mm2 Printed Circuit Copper Clad)
Junction−to−Air, Low conductivity PCB (Note 3)
Junction−to−Air, High conductivity PCB (Note 4)

R�JA
R�JA
R�JA

178
168
127

°C/W

Operating Junction Temperature Range (Note 5) TJ −55 to +125 °C

Maximum Junction Temperature TJ(MAX) 150 °C

Storage Temperature Range TSTG −65 to +150 °C

Lead Temperature (Soldering, 10 s) TL 300 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.
1. This device series contains ESD protection and exceeds the following tests:

Pins 1 – 8:  Human Body Model 2000 V per JEDEC Standard JESD22−A114E.
Pins 1– 8:  Charged Device Model 1000 V per JEDEC Standard JESD22−C101E.

2. This device contains Latch−Up protection and exceeds ±100 mA per JEDEC Standard JESD78.
3. As mounted on a 40x40x1.5 mm FR4 substrate with a single layer of 80 mm2 of 2 oz copper traces and heat spreading area. As specified for

a JEDEC 51 low conductivity test PCB. Test conditions were under natural convection or zero air flow.
4. As mounted on a 40x40x1.5 mm FR4 substrate with a single layer of 650 mm2 of 2 oz copper traces and heat spreading area. As specified

for a JEDEC 51 high conductivity test PCB. Test conditions were under natural convection or zero air flow.
5. For coldest temperature, QA sampling at −40°C in production and −55°C specification is Guaranteed by Characterization.
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Table 3. ELECTRICAL CHARACTERISTICS 
VFB = 2.4 V, VControl = 4 V, Ct = 1 nF, VCS = 0 V, VZCD = 0 V, CDRV = 1 nF, VCC = 12 V, unless otherwise specified
(For typical values, TJ = 25°C. For min/max values, TJ = −55°C to 125°C (Note 6), VCC = 12 V, unless otherwise specified)

Characteristic Test Conditions Symbol Min Typ Max Unit

STARTUP AND SUPPLY CIRCUITS

Startup Voltage Threshold VCC Increasing VCC(on) 11 12 12.5 V

Minimum Operating Voltage VCC Decreasing VCC(off) 8.8 9.5 10.2 V

Supply Voltage Hysteresis HUVLO 2.2 2.5 2.8 V

Startup Current Consumption 0 V < VCC < VCC(on) − 200 mV Icc(startup) − 24 35 �A

No Load Switching
Current Consumption

CDRV = open, 70 kHz Switching,
VCS = 2 V

Icc1 − 1.4 1.7 mA

Switching Current Consumption 70 kHz Switching, VCS = 2 V Icc2 − 2.1 2.6 mA

Fault Condition Current Consumption No Switching, VFB = 0 V Icc(fault) − 0.75 0.95 mA

OVERVOLTAGE AND UNDERVOLTAGE PROTECTION

Overvoltage Detect Threshold VFB = Increasing VOVP/VREF 105 106 108 %

Overvoltage Hysteresis VOVP(HYS) 20 60 100 mV

Overvoltage Detect Threshold
Propagation Delay

VFB = 2 V to 3 V ramp, 
dV/dt = 1 V/�s

VFB = VOVP to VDRV = 10%
TJ = −40°C to +125°C

TJ = −55°C to +125°C (Note 6)

tOVP

300
210

500
500

800
800

ns

Undervoltage Detect Threshold VFB = Decreasing VUVP 0.25 0.31 0.4 V

Undervoltage Detect Threshold Propa-
gation Delay

VFB = 1 V to 0 V ramp,
dV/dt = 10 V/�s

VFB = VUVP to VDRV = 10%
TJ = −40°C to +125°C

TJ = −55°C to +125°C (Note 6)

tUVP

100
50

200
200

300
300

ns

ERROR AMPLIFIER

Voltage Reference TJ = 25°C
TJ = −40°C to 125°C

TJ = −55°C to 125°C (Note 6)

VREF 2.475
2.460
2.450

2.500
2.500
2.500

2.525
2.540
2.540

V

Voltage Reference Line Regulation VCC(on) + 200 mV < VCC < 20 V VREF(line) −10 − 10 mV

Error Amplifier Current Capability VFB = 2.6 V
VFB = 1.08*VREF

VFB = 0.5 V
TJ = −40°C to +125°C

TJ = −55°C to +125°C (Note 6)

IEA(sink)
IEA(sink)OVP
IEA(source)

6
10

−250
−250

10
20

−210
−210

20
30

−110
−88

�A

Transconductance VFB = 2.4 V to 2.6 V
TJ = 25°C

TJ = −40°C to 125°C
TJ = −55°C to +125°C (Note 6)

gm
90
70
70

110
110
110

120
135
150

�S

Feedback Pin Internal Pull−Down
Resistor

VFB = VUVP to VREF RFB 2 4.6 10 M�

Feedback Bias Current VFB = 2.5 V
TJ = −40°C to +125°C

TJ = −55°C to +125°C (Note 6)

IFB
0.25
0.2

0.54
0.54

1.25
1.25

�A

Control Bias Current VFB = 0 V IControl −1 − 1 �A

Maximum Control Voltage IControl(pullup) = 10 �A, VFB = VREF
TJ = −40°C to +125°C

TJ = −55°C to +125°C (Note 6)

VEAH
5
5

5.5
5.5

6
6.05

V

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
6. For coldest temperature, QA sampling at −40°C in production and −55°C specification is Guaranteed by Characterization.
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Table 3. ELECTRICAL CHARACTERISTICS  (Continued)
VFB = 2.4 V, VControl = 4 V, Ct = 1 nF, VCS = 0 V, VZCD = 0 V, CDRV = 1 nF, VCC = 12 V, unless otherwise specified
(For typical values, TJ = 25°C. For min/max values, TJ = −55°C to 125°C (Note 6), VCC = 12 V, unless otherwise specified)

Characteristic UnitMaxTypMinSymbolTest Conditions

ERROR AMPLIFIER

Minimum Control Voltage to Generate
Drive Pulses

VControl = Decreasing until
VDRV is low, VCt = 0 V
TJ = −40°C to +125°C

TJ = −55°C to +125°C (Note 6)

Ct(offset)

0.37
0.37

0.65
0.65

0.88
1.1

V

Control Voltage Range VEAH – Ct(offset) VEA(DIFF) 4.5 4.9 5.3 V

RAMP CONTROL

Ct Peak Voltage VControl = open VCt(MAX) 4.775 4.93 5.025 V

On Time Capacitor Charge Current VControl = open
VCt = 0 V to VCt(MAX)

Icharge 235 275 297 �A

Ct Capacitor Discharge Duration VControl = open
VCt = VCt(MAX) −100 mV to 500 mV

tCt(discharge) − 50 150 ns

PWM Propagation Delay dV/dt = 30 V/�s
VCt = VControl − Ct(offset)

to VDRV = 10%

tPWM − 130 220 ns

CURRENT SENSE

Current Sense Voltage Threshold VILIM 0.45 0.5 0.55 V

Leading Edge Blanking Duration VCS = 2 V, VDRV = 90% to 10% tLEB 100 190 350 ns

Overcurrent Detection Propagation De-
lay

dV/dt = 10 V/�s
VCS = VILIM to VDRV = 10%

tCS 40 100 170 ns

Current Sense Bias Current VCS = 2 V ICS −1 − 1 �A

ZERO CURRENT DETECTION

ZCD Arming Threshold VZCD = Increasing VZCD(ARM) 1.25 1.4 1.55 V

ZCD Triggering Threshold VZCD = Decreasing VZCD(TRIG) 0.6 0.7 0.83 V

ZCD Hysteresis VZCD(HYS) 500 700 900 mV

ZCD Bias Current VZCD = 5 V IZCD −2 − +2 �A

Positive Clamp Voltage IZCD = 3 mA
TJ = −40°C to +125°C

TJ = −55°C to +125°C (Note 6)

VCL(POS)
9.8
9.2

10
10

12
12

V

Negative Clamp Voltage IZCD = −2 mA
TJ = −40°C to +125°C

TJ = −55°C to +125°C (Note 6)

VCL(NEG)
−0.9
−1.1

−0.7
−0.7

−0.5
−0.5

V

ZCD Propagation Delay VZCD = 2 V to 0 V ramp,
dV/dt = 20 V/�s

VZCD = VZCD(TRIG) to VDRV = 90%

tZCD − 100 170 ns

Minimum ZCD Pulse Width tSYNC − 70 − ns

Maximum Off Time in Absence of ZCD
Transition

Falling VDRV = 10% to
Rising VDRV = 90%

tstart 75 165 300 �s

DRIVE

Drive Resistance Isource = 100 mA
Isink = 100 mA

ROH
ROL

−
−

12
6

20
13

�

Rise Time 10% to 90% trise − 35 80 ns

Fall Time 90% to 10% tfall − 25 70 ns

Drive Low Voltage VCC = VCC(on)−200 mV,
Isink = 10 mA

Vout(start) − − 0.2 V

Product parametric performance is indicated in the Electrical Characteristics for the listed test conditions, unless otherwise noted. Product
performance may not be indicated by the Electrical Characteristics if operated under different conditions.
6. For coldest temperature, QA sampling at −40°C in production and −55°C specification is Guaranteed by Characterization.
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TYPICAL CHARACTERISTICS

Figure 3. Overvoltage Detect Threshold vs.
Junction Temperature

Figure 4. Overvoltage Hysteresis vs. Junction
Temperature
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Figure 5. Undervoltage Detect Threshold vs.
Junction Temperature

Figure 6. Feedback Pin Internal Pull−Down
Resistor vs. Junction Temperature
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Temperature

Figure 8. Error Amplifier Output Current vs.
Feedback Voltage
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TYPICAL CHARACTERISTICS

Figure 9. Error Amplifier Sink Current vs.
Junction Temperature
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Figure 10. Error Amplifier Source Current vs.
Junction Temperature
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Figure 12. Error Amplifier Transconductance
and Phase vs. Frequency

Figure 13. Minimum Control Voltage to Generate
Drive Pulses vs. Junction Temperature
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vs. Junction Temperature
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TYPICAL CHARACTERISTICS

Figure 15. Ct Peak Voltage vs. Junction
Temperature

Figure 16. PWM Propagation Delay vs.
Junction Temperature
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Figure 17. Current Sense Voltage Threshold
vs. Junction Temperature

Figure 18. Leading Edge Blanking Duration vs.
Junction Temperature
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Figure 20. Drive Resistance vs. Junction
Temperature
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TYPICAL CHARACTERISTICS

Figure 21. Supply Voltage Thresholds vs.
Junction Temperature

Figure 22. Startup Current Consumption vs.
Junction Temperature
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Figure 23. Switching Current Consumption vs.
Junction Temperature
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1��*B�C���p�R12�� ���
�V1CD��,-
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(> 150 W)���]�^"#|�<��!7��8
E�!9���E"F���<MSJ�J�N�
|GC,3��$|�6�,-NCP1608�]�^
"#"5B ��G>�MJS�J�N�1HI

��,-

• !$`�8��ab�J-_���������
ab�J�8��@�+�J�5�@%`="
>%B �2.5 V ±1.6%�qJ#$ <�,-4$
"56�
1�9��8|<�$�,-

• c<'d()�*-'dE�()�*���G"
��cK#$ <�,(< 35 �A)-4$"5B �
LM�N����<VCC���1s�"��,-

NCP1608�
�8+N&�k*1A�� �6�
'dE"���VCCiJ'�ZJ1�P� �
VCC��p�R��1G#�,34�|�j�,-

• O��9�0���-f�J�*500 mA/Z�&
�*800 mA�*�'�g�S�h�*�0���
"5B �����V�����V�LM��6
P�|s��,-4$"5B v�|Q�#$�

56!���MOSFET10��),34�|�j
�,-�&'()�R�MNZ)�R1S�x>
}34�"56�VCC|VCC(on)1T��<�x

"�0����9��8|�U,3�1H�
�,-

• 
1��
#$%/�8q0 (OVP)-OVP��
��ZJ'V"N�1��3��$��3/��

9����Z��*m��PFCJ'�K1q0�
�,-������Z��*�'d���%�/

VWX�Y"GC��,-

• c�8q0ZUVP)-UVP����Cbulk����

MJ|[\� <3Zn�6�Cbulk"����]
�x"�ZJ'V1q0��,-

• ������(�0�N&�S��m��q0-
OVP���5�UVP����9����zN*{

�&�FBl���[\m�q0��,-FBl�
|^< <3�x�A��_` (RFB)|ZJ'V
1q0��,(�+�'(�Y�l�q0
(FPP))-

• /�*q0(OCP)-l�&����&��*
��R�&S�TU��
1"W4#$�,-� 
l�&����&��*���*��J_`1¡

a,34�"5623�j�,-A�#$ <3
LEB�(S���]�^"5B F���</�
*W4|GC,31�1cK��,-

• Z¢N*�k���-PFC���������FB
l���81OW>"VUVP56£c�,34�
"5B �Z¢N*�k�#$�,-Z¢N*�
k��/�0���ICC�()�*|K���_

�������p(��)S#$�,-

�'(�)*�/0

¤�¥���	
��5�J�NX�Y�B��
����0�)�NK3*�� ¦b��p�R1
2�� �§¨�AC���m�DC�81CD��,
(Figure 24)-CD#$%DC�8�c©�R"5B ª
d#$�e>�9�10��)��,-

Figure 24. Typical Circuit without PFC
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3*�R��fEAC�8|��p�R��81
T�3�����m���*1()��,-4$�
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g9�,-4$"5B
 ���|K���,(���< 0.6)-��h8�
imE��7�����?j"WX"Pk#$3�
�56£ j��6�,-l��p��J|®¯7
����"mn#$ <3�x�4�v8|° 
��±²o\³|C¯�,(Figure 25)-

Figure 25. Typical Line Waveforms without PFC
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p´:W�5���µq������*�!¶9
D�1K�,4�1�r� <�,-:W"sL"
��MNZ)�R�%��&'()�R�<·$m
"53��	
1??��,-MNZ)�R"��
AC���¶9��de,3� ¦b��p�R�
���&��3*��S�x>}|¬�$�,-
�&'()�R��!¶9J�NX�Y�����
�12�� �7��*�!291	
H#}�
,-�&'()�R��!¶9�de,3%IG¸
H�tbH|s���6�MNZ)�R56£v�

>"de��,-�&'()PFCJ'�K1��"
W ,34�"56�¥�"lu�WX�£\v
_`1_¹�b�*,34�|�j��$"5B 
�*�!29D�|w��K���,-�&'()
PFC�R��4�5L�º��%I"�!29D�
�Q"�x,3�£»x>�;y��B <�,-
����&'()PFC�R��3*�)�NK��
S&���p�R�Y"PFC�������1z7
� {D#$�,(Figure 26)-

Figure 26. Active PFC Pre−Converter with the NCP1608
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��,-CrM���)�J*����&��*|¿
+"�3�0��������V|~À��,-
CrMde��CCMde�c<l�&�*��DCM
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�5�9v127"���,-

Figure 27. Schematic and Waveforms of an Ideal CrM Boost Converter
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J�NX|�¯3�����&��*�l�&�
���\>"°©��,-J�NX|~�����
�&��*�¿+"�3���\>"K���,-
���&��*|K�� ¿+"�3��J�NX
�0b���8(Vdrain)��+�*� K��ÀI�
,-A�J�NX�Y�R�&S|À���<�
x�Vdrain�Vin"\m<�|���Ä�Y��,-
AND8123"��#$ <3ym�.9�%h8"5
B �CrMde��ACR�&S��J�NX���
��V(ton)|»
��x"!<��|�D#$34
�|�mB <�,-����y1m���#$�
,-

ton �
2 � Pout � L

� � Vac2 (eq. 1)

44��Pout�9����L����&�����v
��Vac�7�RMS�8�,-

AC����R�&S��J�NX�Y��61�
Figure 28"���,-����V�»
�,|�
����V�fE����8"5B ¡H� <�
,-
����V"5B GC�%���&��*
�l�&(IL(peak))��AC����8�l�&"Å�
� <�,-NCP1608�
1�	
H�R�c()
�*�'d�R��5�!`�q0��1A�,3
4�"5B �)�v8"w$%+�J*�f��
�Z[�"53
����VCrMW 1?�,3d
�>���1�P��,-

Figure 28. Inductor Waveform During CrM Operation
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��FBl�"Æj9#$�
���2.5 V ±1.6%�
��ab�J�8(VREF)"mn#$ <�,-
�%�EA�9���Controll�"Æj9#$ <
�,(Figure 29)-
*��J���&��J�_������12�
,3�x�����FBl���8|����de�
����9��8"mn,3_`���zN*{�
&"5B ���
#$34��,-4$"5B
 �_����������� �FBl�1/�8
���%�c�8����9"2��j35L"�
6�,-

Figure 29. Error Amplifier and On Time Regulation Circuits
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_`���(Rout1 and Rout2)��)�J*9��8
(Vout)1�G� �FBl�"mn#$ <�,-
9��8|e+9��856£c<�x�VFB|
VREF56c��3%I�EA"5B W �8
(VControl)|�U��,-4$"5B 0�����
���V|°©��9�"Pk#$3��|°©�
�,-Pk,3��|°©,3��e+9��8"
�,3��Vout|�U��,-»;�Vout|e+9�
�856£!<�x�VControl|cÇ��Vout|e+
9��8"cÇ,3������V|K���
,-4$"5B �Vout��Rout1�Rout21È� FB
"©��$3�GVout|VREF�����35L"	

H#$�,-���zN*{�&���y"��
FPP�%I�RFB (+,�4.6 M�)|¬�$ <�
,-
9��8��y212�� �
#$�,-

Vout � VREF � �Rout1 �
Rout2 � RFB
Rout2 � RFB

� 1� (eq. 2)

���zN*{�&����J�*��]�^"
#�()���*b�0��|��"�35L"�

�#$�,-Rout1�����J�*�9��812
�� �y3���#$�,-

Rout1 �
Vout

Ibias(out)

(eq. 3)

44��Ibias(out)��9����zN*{�&���
�J�*�,-Rout2��Vout�Rout1��5�RFB"
5B ¡H��,-Rout2��y4���#$�,-

Rout2 �
Rout1 � RFB

RFB � � Vout
VREF

� 1�� Rout1

(eq. 4)

PFCJ'�K��
g9����8�
g9�*
1()��,-�����|WX"Pk,3��
��ÉÊ>��"»�,3�����,-9���
p�R(Cbulk)��Pk���WX�()����Ë
1	Ì��,-WX��Pk��|WX�()��
56G#<�x�Cbulk|����,-Pk��|W
X�()��56£ j<�x�Cbulk���#$ 
Í��_zSÄ�1���,-4���1�
Figure 30"���,-

Figure 30. Output Voltage Ripple for a Constant Output Power
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¬�$�,-Vout��N�S�	
HS��"5B 
K�#$�AC����R�&S��VControl|»
"
�6�����*|���9v"�6�,-AC��
��R�&S�"VControl|»
"�35L"�
���S��ÑÒ:�20 HzÓÇ"�
#$�,-
���1�	Ì�R��Controll��Y��0�l�
�Y"��p�R(CCOMP)1mn� {D#$�,
(Figure 1Ô5)-S��ÑÒ:1�
,3��p�R
���y5���#$�,-

CCOMP �
gm

2 � � � fCROSS
(eq. 5)

44��fCROSS�&+J���¶9��gm�_��
�����*��J���&��J�,-&+J�
��¶9��20 Hz��"�
��,-

4�	56
)�(��

J�NX�Y�M�����
����V��5
�7�RMS�8�9�WX"5B ¡H,3���
�Vm�D6�,-NCP1608��Ctl�"mn#$
%��p�R�����V1W ��,-�*B
��Controll���8m�<�$3�8(VCt(off))�
��Ct��p�R1����,-VCt(off)��y6�
��#$�,-

VCt(off) � VControl − Ct(offset) �
2 � Pout � L � Icharge

� � Vac2 � Ct
(eq. 6)

Ct��p�R|VCt(off)"�,3��0������
"�6�,(Figure 31)-
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Figure 31. On Time Generation
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ton �
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(eq. 7)

y7�y11hx,3��y8"�6�,-

Ct �
2 � Pout � LMAX � Icharge

� � VacLL
2 � VCt(MAX)

(eq. 8)

Ct��G�1��,3"��A��12���,-
VCt(MAX) = 4.775 V (�G�)�
Icharge = 297 �A (maximum value)�VacLL��G7�

RMS�8�LMAX�� ���&���,-

47	56
)�(��

CrMde���AC����R�&S������
V�»
��6�����V�fE7��8"5B
 ¡H��,-���&��*|¿+"�3��0
b���8(Figure 27�Vdrain)�Vin"\mB ¨ �
�,-���&��*|¿+"�3��¹�Y1Ö

,31n�;y��Vdrain1�¡,34��,-
�m��!�8�Vdrain1�m�¡,3���»x
"¢£>����?�>�£�6�}¥-×>6
"�)�J*����&�"�Ø\|c©#$ <
�,-4�Ø\�¿+�*�9(ZCD)Ø\�ÙÚ
$����&��81�G�%�81GC#}�
�$1��*+��|�9��,-Figure 32"�
ZCDØ\12��%d�>�CrMde�9v1��
�,-

Figure 32. Ideal CrM Waveforms Using a ZCD
Winding
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(eq. 9)

4 4 � �Vin � f E 7 � � 8 �N B : N ZC D
�)�J*Ø\�ZCDØ\��Ø�¥�,-
����V�"Z C DØ\"GC,3�8

(VZCD(WIND),off)��y 10���#$�,-

VZCD(WIND),off �
Vout � Vin
NB : NZCD

(eq. 10)

���&��*|¿+"�3��ZCDl���8
(VZCD)�ZCDØ\��8(VZCD(WIND))"cs� K
��ÀI�¿+�ÛS*"\mB ��Ä�Y��
,-NCP1608��VZCD��ÜÇ|6_NK1�9�
 0���1��"��,-ZCD�Ý�*1¦�9
��<5L",3%I�NCP1608�+KN&��
VZCD|VZCD(ARM)1T� <3�11§� m��
VZCD|VZCD(TRIG)��"K�,3�1�9��,
(Figure 33)-
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Figure 33. Implementation of the ZCD Block
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ZCDl�"/���8|mm3�1H��,-ZCD
Ø\|W�8��x�ZCDl��A��VCL(NEG)"
&���#$�,-®¨"�ZCDØ\|
�8��
x�ZCDl��A��VCL(POS)"&���#$�,-
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(Figure 33�RZCD)|7��,-ZCDl��� �*
(IZCD(MAX))�10 mA��"W4#$�,-RZCD��
y12���#$�,-

RZCD �
2
 � VacHL

IZCD(MAX) � (NB : NZCD)
(eq. 12)

RZCD�ZCDl��ÞC¦b���ZCDØ\�ßà
|�9#$ 0���������|~À,3��
¹�Y|��6�,-RZCD��| j<��ZCD�
Ý�*1�9,3���©áEY|@��6�,-
���x���*+���DCM�de���|K
���,-RZCD��|G#,�3��0b���8
|!<�j"0���|��"�3%Iv�|ª�
�6�,-RZCD1��,3»x>�;y�����
��E�0b���8|�G"�35L�RZCD��
12�,34��,-4���?«"5B inE
�,-Figure 34"�RZCD�ZCDl�¦b���3
CrMde�?j�9v1���,-

Figure 34. Realistic CrM Waveforms Using a ZCD
Winding with RZCD and the ZCD Pin Capacitance
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RZCD�ZCDl�¦b"5B ©á|GC,3Y"�Figure 35"�,MJ1È� �â0b��¦b
(CEQ(drain))|��#$�,-

Figure 35. Equivalent Drain Capacitance Discharge Path
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Z[�(> 150 W)���VControl� 9����
Ct(offset)|»
"q%$3c�8"��K���
,-��h8� 9����VCt(off)�c�8"cÇ
��,-VControl�VCt(off)��8|c<��]�^�
°±1ëEì,��6�,-VControl�VCt(off)|c<
 9�����x�W ßà�5�����V�²
nEY"]�^|í³,3î´#|!��6�,
(Figures 36�5�37)-]�^�Controll��Ctl�
"�8JM�&1¤G���$"560�����
���V|�(�0�N&�S�����3���
�V(ton(loop))56£K���,-����V�K�

"56����&�(L)"���$3_zSÄ�|
K���,-��h8�VZCD�VZCD(ARM)1T�3
4�|�j·�0����tstartEY|¢/,3��
������,-4�Z�O�J"5B �MSJ
�J�N�����K�|C¯�,-

Figure 36. Control Pin Noise Induced On Time
Reduction and Pulse Skipping
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Figure 37. Ct Pin Noise Induced On Time
Reduction and Pulse Skipping
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NCP1608��W =|;<%I�W =�µ
<p��J"¥u VControl�VCt(off)|!��6�
,-Figure 38���A�M�Ï��1²n���O
�Z[�"n< �NCP1608�W =3V�p��
J�VCt(off)1¥¶� <�,-

Pout = 250 W

L = 200 �H

� = 92%

VacLL = 85 Vac

VacHL = 265 Vac
Figure 38��NCP1608�VCt(off)|W =3 V�p
��J56£50% j<4�1�� <�,-
NCP1608��4�50%�°©"5B �!7��8
�5�!9�����F���<MSJ�J�N�
1HI�j�,-
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Figure 38. Comparison of Ct Charging Threshold
vs. Output Power

NCP1608

Vin = 265 Vac

3 V Control
Range

?@

»x"�VCC��p�R��3*#$%AC���
�VCC�Y"mn#$%_`"5B �VCC(on)"�
,3����#$�,-c<'d()�*(< 35 �A)
"56�J����()����GH�'dEY�
·�|s��,-VCC|VCC(on)1T�3��
NCP1608A���ab�J�+KN&|�z�)S
#$�,-��*+����VCC|VCC(off)1Ç�3
��NCP16081�z�)S,3c�8+N&�k*
(UVLO)��1Ã� <�,-4�iJ'�ZJ"
5B �	ïØ\|VCC"�81Pk,3�"��
�EY|1q#$�,(Figure 39)-

Figure 39. Typical VCC Startup Waveform

VCC
VCC(on)

VCC(off)

PFC�������1J�NX/�0�B(SMPS)
�®d,3�x��ð"SMPS��*+��1'd
,3�|»x>�,-A"�SMPSm�NCP1608�
VCC"��1Pk��,-NCP1230ìNCP1381�
�!����*+����PFCJ'�K��z�)
S1W � (Figure 40Ô5)����ZJ'V#�
1?���,-4�Z�O�J"5B 'd_`|
��"�6�ZJ'V�J����()��|Q�
#$�,-
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Figure 40. NCP1608 Supplied by a Downstream SMPS Controller (NCP1230)
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VCC|VCC(on)1T�3��tstart�Ðk�*|~À
#$�,-tstart|¢/,3�_������|�z
�)S#$�	Ì�R���1~À��,-0��
���VControl|Ct(offset)1T�3��z�)S#$
�,-	Ì�R|��#$3��0�������
�V|�G����V(tPWM)m�
�����V�
�¸ìm"°©��,-4$"5B ¹��f�*
�J��*�/�0|?�#$����F�J*b
J|¸ñ#$�,(Figure 41)-

BC��5D

NCP1608��f�J�*500 mA�Z�&�*
800 mA|s��O��9�0���1Ã� <
�,-4$"5B ��*+�������
(≤ 350 W)���O�Z[��M{�MOSFET1v�
>"0��),34�|�j�,-�%�0���
�J'�K"�MNZ)�5��&'()�ò;�
�S�k��R(Figure 42)|�6�,-�S�k�
�R��VCC(on)"���<�j��OW>"0��
�9��81M{�MOSFET�������JbN
Z[S0�8ÓÇ"Çó�,-

Figure 41. Startup Timing Diagram Showing the
Natural Soft Start of the Control Pin
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Figure 42. Output Driver Stage and Pull−Down Circuits
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EFGHI(OVP)
�(�0�N&�zN*{�&�ÑÒ:|µ<
��9�WX�%�7��8�¡H"Å,3�&'
()PFCJ'�K�ã�|º��6�,-��h
8�'d�WXJ'N������J'N��"�
���Z��*|GC,3î´|�6�,-ß»#
�!<de1?�,3"��/�8q0(OVP)"5
B �9��8|PFGJ'�K��F�
¼1T�
�<5L",34�| ��,-NCP1608��/�
�9��81�9,3��Vout|	@�bÝS"c
Ç,3��0���1p(��)S� �Vout|1
?"PFCJ'�K��F�
¼A"ô�35L"�
�,-A��FBl�"mn#$ <3��Mb��
|�OVPq0��1�P� <�,-OVP�9�8
��y13���#$�,-

Vout(OVP) �
VOVP
VREF

� VREF � �Rout1 �
Rout2 � RFB
Rout2 � RFB

� 1�
(eq. 13)

44��VOVP/VREF��OVP�9JbNZ[S0�
,-

Cbulk��OVP Vout�100 Hz�%�120 Hz��N�
S�¦de��<R�^"��,-Cbulk��G�
��y 14���#$�,-

Cbulk �
Pout

2 � � � Vripple(peak−peak) � fline � Vout
(eq. 14)

44��Vripple(peak-peak)�l�&�*õ�l�&9
��8�N�S�fline�AC���¶9��,-

Vripple(peak-peak)��y15���#$�,-

Vripple(peak−peak) � 2 � �Vout(OVP) � Vout� (eq. 15)

OVP+KN&�iJ'�ZJ(VOVP(HYS))1Ã� 
�6�NCP1608|ê'd1½�3��"Vout|��
,3�"���EY11q��]�^"#1?��
 <�,-NCP1608|ê'd1½�39��8
(Vout(OVPL))��y16���#$�,-

Vout(OVPL) ���VOVP
VREF

� VREF�� VOVP(HYS)� ��Rout1 �
Rout2 � RFB
Rout2 � RFB

� 1� (eq. 16)

Figure 43"�OVP�R�de1���,-

Figure 43. OVP Operation

OVP Fault

DRV

Vout(OVPL)

Vout(OVP)

Vout

JFGHI(UVP)
PFCJ'�K"7��8|ö©#$3��Vout�
����8�l�&"»���,-NCP1608�¾VFB
|VUVP56c<�x��Vout|¿�"c<�x�
c�8¯ç1�9��,-UVP¯ç�GC���
0����_�������p(��)S#$�
,-UVP����Cbulk����¢R|[\� <3
(n�6Cbulk1����)�x��%�Rout1|�6À
#$ <3�x"ZJ'V1q0��,-

UVP¯ç1Æj'4,9��8��y17���#
$�,-

Vout(UVP) � VUVP � �Rout1 �
Rout2 � RFB
Rout2 � RFB

� 1� (eq. 17)

4���
7K��DL�
M��HI

NCP1608��OVP�UVP�FPP�������
�(�0�N&�S����"Å,3=x>�q0
��1Ã� <�,-Figure 44"��(�0�N&
�S��|����"�33n���1���,-
Figure 44�÷��"n< �Å�,3Áàø�"Ó
Ç��6��,-

1. UVPq0Â
Rout1m�FBl���mn|�������
,-Rout2��FBl�1Y��0"�S�k
���,-UVP��Mb���UVP¯ç1�
9��0����_�������p(��
)S#$�,-

2. OVPq0Â
Rout2m�FBl���mn|�������
,-Rout1��FBl�1Vout"�S�N���
,-ESD����0�FB��8110 V"&�
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����Rout1|FBl�"*7,3�*1W
4��,-OVP��Mb���OVP¯ç1�
9��0���|p(��)S#$�,-

3. FPPq0Â
FBl�|^< <�,-RFB��FB��81
VUVP��"�S�k���,-UVP��Mb
���UVP¯ç1�9��0����_��
�����p(��)S#$�,-

UVP�c<�S&�8m��OVP�ÃÄ�de�
�¡Hm��$ù$ZJ'V1q0��,-ú;�

FPP��+�'(�Y��(�0�N&�l���
m�ZJ'V1q0��,-FPP|??#$·"�
Å¦Ë"5B FBl�|^<%��"�B <3�
x�VFB�ZJ'VA�5�¶=Æ¾�}d� ¡
H��,-}d� ¡H,3VFB|:WW4A(,�
>Ü�VUVP < VFB < VREF)"ô�6���*+��
|/����1Pk,34�|�6�,-��h
8��8J*bJ"5B p��J"¯ç|GC,
3���Vout|�U��,-

Figure 44. Open Feedback Loop Protection
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NCP1608�û�CSl���l�&����&�
�*1�9��CSl���8|VILIM1T�%�x
��0��������V1W4��,-� l�
&����&��*��Rsense123� �+Y�
V�j�,-l�&����&��*��y18��
�#$�,-

IL(peak) �
VILIM

Rsense
(eq. 18)

A�LEB�(S�(Figure 45)��J�NX�Y�
]�^"5B /�*W4|¦de,31�1cK
��,-4��(S���²nEY|tLEBÓA�CS
ßà1�Õ��,-#�"�(S�|7���x

��G¸RC�(S�1Rsense�CSl��Y"mn�
�,-

Figure 45. OCP Circuitry with Optional
External RC Filter

CS
+
−+

OCPLEB DRV

optional
Rsense

VILIM

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


NCP1608

www.onsemi.jp
21

�������	
��

NCP1608��ü�ý|��*+��1J����
de/�0"�
�j�,-��*+��1Z¢N
*�k�,3"��FBl���81OW>"VUVP
ÓÇ"��,-FBl�1Z¢N*�k�"2�,3
�x(Figure 46)�Z¢N*�k��R� j��
�&�*|GC��<5L"��,37�|�6�
,-��&�*��9��8�	
H"ª°±1þ
���,-

Figure 46. Shutting Down the PFC Stage
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� <�,-

Figure 47. Application Schematic
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BOOST DESIGN EQUATIONS  Components are identified in Figure 1 

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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BOOST DESIGN EQUATIONS  Components are identified in Figure 1  (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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STYLE 4:
PIN 1. ANODE

2. ANODE
3. ANODE
4. ANODE
5. ANODE
6. ANODE
7. ANODE
8. COMMON CATHODE

STYLE 1:
PIN 1. EMITTER

2. COLLECTOR
3. COLLECTOR
4. EMITTER
5. EMITTER
6. BASE
7. BASE
8. EMITTER

STYLE 2:
PIN 1. COLLECTOR, DIE, #1

2. COLLECTOR, #1
3. COLLECTOR, #2
4. COLLECTOR, #2
5. BASE, #2
6. EMITTER, #2
7. BASE, #1
8. EMITTER, #1

STYLE 3:
PIN 1. DRAIN, DIE #1

2. DRAIN, #1
3. DRAIN, #2
4. DRAIN, #2
5. GATE, #2
6. SOURCE, #2
7. GATE, #1
8. SOURCE, #1

STYLE 6:
PIN 1. SOURCE

2. DRAIN
3. DRAIN
4. SOURCE
5. SOURCE
6. GATE
7. GATE
8. SOURCE

STYLE 5:
PIN 1. DRAIN

2. DRAIN
3. DRAIN
4. DRAIN
5. GATE
6. GATE
7. SOURCE
8. SOURCE

STYLE 7:
PIN 1. INPUT

2. EXTERNAL  BYPASS
3. THIRD STAGE SOURCE
4. GROUND
5. DRAIN
6. GATE 3
7. SECOND STAGE Vd
8. FIRST STAGE Vd

STYLE 8:
PIN 1. COLLECTOR, DIE #1

2. BASE, #1
3. BASE, #2
4. COLLECTOR, #2
5. COLLECTOR, #2
6. EMITTER, #2
7. EMITTER, #1
8. COLLECTOR, #1

STYLE 9:
PIN 1. EMITTER,  COMMON

2. COLLECTOR, DIE #1
3. COLLECTOR, DIE #2
4. EMITTER, COMMON
5. EMITTER, COMMON
6. BASE, DIE #2
7. BASE, DIE #1
8. EMITTER, COMMON

STYLE 10:
PIN 1. GROUND

2. BIAS 1
3. OUTPUT
4. GROUND
5. GROUND
6. BIAS 2
7. INPUT
8. GROUND

STYLE 11:
PIN 1. SOURCE 1

2. GATE 1
3. SOURCE 2
4. GATE 2
5. DRAIN 2
6. DRAIN 2
7. DRAIN 1
8. DRAIN 1

STYLE 12:
PIN 1. SOURCE

2. SOURCE
3. SOURCE
4. GATE
5. DRAIN
6. DRAIN
7. DRAIN
8. DRAIN

STYLE 14:
PIN 1. N−SOURCE

2. N−GATE
3. P−SOURCE
4. P−GATE
5. P−DRAIN
6. P−DRAIN
7. N−DRAIN
8. N−DRAIN

STYLE 13:
PIN 1. N.C.

2. SOURCE
3. SOURCE
4. GATE
5. DRAIN
6. DRAIN
7. DRAIN
8. DRAIN

STYLE 15:
PIN 1. ANODE 1

2. ANODE 1
3. ANODE 1
4. ANODE 1
5. CATHODE, COMMON
6. CATHODE, COMMON
7. CATHODE, COMMON
8. CATHODE, COMMON

STYLE 16:
PIN 1. EMITTER, DIE #1

2. BASE, DIE #1
3. EMITTER, DIE #2
4. BASE, DIE #2
5. COLLECTOR, DIE #2
6. COLLECTOR, DIE #2
7. COLLECTOR, DIE #1
8. COLLECTOR, DIE #1

STYLE 17:
PIN 1. VCC

2. V2OUT
3. V1OUT
4. TXE
5. RXE
6. VEE
7. GND
8. ACC

STYLE 18:
PIN 1. ANODE

2. ANODE
3. SOURCE
4. GATE
5. DRAIN
6. DRAIN
7. CATHODE
8. CATHODE

STYLE 19:
PIN 1. SOURCE 1

2. GATE 1
3. SOURCE 2
4. GATE 2
5. DRAIN 2
6. MIRROR 2
7. DRAIN 1
8. MIRROR 1

STYLE 20:
PIN 1. SOURCE (N)

2. GATE (N)
3. SOURCE (P)
4. GATE (P)
5. DRAIN
6. DRAIN
7. DRAIN
8. DRAIN

STYLE 21:
PIN 1. CATHODE 1

2. CATHODE 2
3. CATHODE 3
4. CATHODE 4
5. CATHODE 5
6. COMMON ANODE
7. COMMON ANODE
8. CATHODE 6

STYLE 22:
PIN 1. I/O LINE 1

2. COMMON CATHODE/VCC
3. COMMON CATHODE/VCC
4. I/O LINE 3
5. COMMON ANODE/GND
6. I/O LINE 4
7. I/O LINE 5
8. COMMON ANODE/GND

STYLE 23:
PIN 1. LINE 1 IN

2. COMMON ANODE/GND
3. COMMON ANODE/GND
4. LINE 2 IN
5. LINE 2 OUT
6. COMMON ANODE/GND
7. COMMON ANODE/GND
8. LINE 1 OUT

STYLE 24:
PIN 1. BASE

2. EMITTER
3. COLLECTOR/ANODE
4. COLLECTOR/ANODE
5. CATHODE
6. CATHODE
7. COLLECTOR/ANODE
8. COLLECTOR/ANODE

STYLE 25:
PIN 1. VIN

2. N/C
3. REXT
4. GND
5. IOUT
6. IOUT
7. IOUT
8. IOUT

STYLE 26:
PIN 1. GND

2. dv/dt
3. ENABLE
4. ILIMIT
5. SOURCE
6. SOURCE
7. SOURCE
8. VCC

STYLE 27:
PIN 1. ILIMIT

2. OVLO
3. UVLO
4. INPUT+
5. SOURCE
6. SOURCE
7. SOURCE
8. DRAIN

STYLE 28:
PIN 1. SW_TO_GND

2. DASIC_OFF
3. DASIC_SW_DET
4. GND
5. V_MON
6. VBULK
7. VBULK
8. VIN

STYLE 29:
PIN 1. BASE, DIE #1

2. EMITTER, #1
3. BASE, #2
4. EMITTER, #2
5. COLLECTOR, #2
6. COLLECTOR, #2
7. COLLECTOR, #1
8. COLLECTOR, #1

STYLE 30:
PIN 1. DRAIN 1

2. DRAIN 1
3. GATE 2
4. SOURCE 2
5. SOURCE 1/DRAIN 2
6. SOURCE 1/DRAIN 2
7. SOURCE 1/DRAIN 2
8. GATE 1
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