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The NCP1370 is a primary side constant current controller. It
features a built in control algorithm that allows to precisely regulate
the output current of a Flyback converter from the primary side. This
eliminates the need for an opto-coupler and associated circuitry.
The control scheme also support non-isolated topology such as
Buck-Boost and SEPIC. The output current regulation is within ±2%
over a line range of 85 − 265 V rms.

The power control uses a Critical Conduction Mode (CrM)
approach with valley switching to optimize efficiency and EMI
filtering. The controller selects the appropriate valley for operation
which keeps the frequency within a tighter range than would normally
be possible with simple CrM operation.

This manual covers the specification, testing and construction of the
NCP1370 demonstration board. The board demonstrates a 50-W LED
driver for TV backlighting. A dimming circuitry is also provided to
show the dimming performances of the NCP1370.

The board allows building 2 different power converters:
• 200-V Output Voltage with an Output Current of 250 mA

• 100-V Output Voltage with an Output Current of 500 mA

Specifications
The board is designed to meet the specifications of Table 1.

Table 1. LED Driver Specifications

Description Symbol Value Units

Minimum Input Voltage VIN,Min 120 V dc

Maximum Input Voltage VIN,Max 375 V dc

Minimum Output Voltage VOUT,Min 175 V

Nominal Output Voltage VOUT,Nom 200 V

Maximum Output Voltage VOUT,Max 215 V

Output Voltage at which the OVP is
Activated

VOUT(OVP) 340 V

Output Current (Nominal) IOUT 250 mA

Input Voltage for Brown-In VIN(Start) 110 V dc

Switching Frequency at POUT,Max
and VIN,Min

FSW 100 kHz

Description of the Board
The board has been designed using the method described in the

application note AND9131/D [1].
Figure 2 shows the schematic of the 200-V, 250 mA LED driver

which is the default board version. Figure 3 portrays the schematic of
the 100-V, 500 mA LED driver.

The resistor R12 connected to pin 1 (ILIM) of the controller sets the
peak current limit threshold VILIMIT to 2.4 V. A resistor divided
formed by R34 and R35 is used to limit the voltage and current in ZCD
pin.

R16 is the line feedforward resistor that compensates the output
current variation caused by the propagation delays.
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Figure 1. NCP1370 Evaluation Board
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R1, R3, R5, R7, R8 and R10 are the brown-out resistors
which have been calculated to start operating at
VIN = 110 V dc.

The controller is supplied by an external power supply. In
order to start, the controller needs at least 12 V on VCC pin.

The output current is set to 250 mA by the sense resistors
R17, R18, R20, R21 and R23.

R23 is used to adjust the output current exactly to 250 mA.
A small output capacitor of 470 nF is used in order to have
a square output current waveform when PWM dimming is
used.

The board has a low profile and its height does not exceed
15 mm.

Figure 2. Evaluation Board wit 200-V/250-mA Output
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Figure 3. Evaluation Board wit 100-V/500-mA Output
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Valley Switching and Valley Lockout
The NCP1370 implements a current-mode,

quasi-resonant architecture which optimizes the efficiency
over a wide load range by turning on the MOSFET when its
drain-source voltage is minimal (valley).

Depending on the power supply design, it is possible to
achieve almost zero voltage switching as shown by Figure 4.

When the light is dimmed, the controller selects
a following valley to reduce the switching frequency and

keep the switching losses low. For stable operation,
the valley at which the MOSFET is switch-on remains
locked until the light demand is changed. Practically, the
NCP1370 transitions from quasi-resonant operation to the
2nd valley at low line and from 3rd valley to 4th valley at high
line when the LED driver load goes below 80% of its
nominal value. A table summarizing the valley transitions
can be found in the NCP1370 data sheet [2].

Figure 4. 1st Valley Operation at Low Line, Full Load Figure 5. 3rd Valley Operation at Low High, Full Load

Figure 6. 4th Valley Operation at 50% Nominal Output
Current, Low Line

Figure 7. 6th Valley Operation at 50% Output Current,
High Line
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Output Current Regulation
The output current value is set by the sense resistor RSENSE

formed by R17, R18, R20, R21 and R23 on the board.
The sense resistor value can be calculated with:

RSENSE �

VREF

2 � NSP � IOUT

(eq. 1)

Where:
• NSP is the transformer turn ratio: secondary turns

divided by primary turns
• IOUT is the targeted output current

• VREF is the reference voltage for constant current
regulation

In order to compensate the current variation caused by the
propagation delays, line feedforward is needed. The resistor
in series with the CS pin R16 adjust the voltage offset on the
current sense signal as a function of the input voltage.

The capacitor on CS pin C8 must be kept small in order to
avoid delaying the current-sense signal and thus increasing
the propagation delays. Here a capacitor value of 22 pF was
chosen.

Because of the line feedforward and also for reason
inherent to the constant current algorithm, the obtained
output current is slightly lower than the targeted output
current. Thus, it may be necessary to adjust slightly the sense
resistor by decreasing it. That’s why we added R23 = 33 �

in parallel of the other four 3.9 � sense resistors.

http://onsemi.com/


NCP1370BGEVB

www.onsemi.com
5

Figure 8. Output Current Variation for VLED = 175 V to 220 V

Figure 9. Output Current Variation for VLED = 100 V to 200 V
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Figure 8 and Figure 9 shows the output current measured
when the input voltage is varied from 120 V dc to 375 V dc
for different LED string voltages. A Chroma electronic load
in LED mode is used to emulate the LED string voltage
variation.

Looking at Figure 8 where the LED voltage is varied from
175 V to 220 V (roughly 200 V ±11%), we can calculate the
mean output current value and the current regulation.
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The mean output current is calculated by considering the
maximum and the minimum value measured over the output
voltage and the input voltage range:

IOUT,Mean �

IOUT,Max � IOUT,Min

2
(eq. 2)

�
253.8 � 246.8

2
� 250.3 mA

The output current regulation is then calculated as
follows:

�IOUT

IOUT

� 100 �

IOUT,Max � IOUT,Mean

IOUT,Mean

(eq. 3)

� 100 �
253.8 � 250.3

250.3
� 1.4%

The output current regulation is thus ±1.4% for a LED
string voltage varying from 175 V to 220 V and for the input
voltage varying from 120 V dc to 375 V dc.

Figure 9 portrays the current variation when the LED
voltage is decreased down to 100 V (the nominal voltage
being 200 V) in order to simulate the case where several
LEDs are shorted.

We can see that the current regulation is still good. We
have 254.6 mA ±2.5%

IOUT2,Mean �

IOUT2,Max � IOUT2,Min

2
(eq. 4)

�
260.9 � 248.3

2
� 254.6 mA

�IOUT2

IOUT2

� 100 �

IOUT2,Max � IOUT2,Mean

IOUT2,Mean

(eq. 5)

� 100 �
260.9 � 254.6

254.6
� 2.5%

Dimming
A circuit made of the opto-coupler OC1, the transistor Q2

and some resistors is used to send the digital dimming signal
from the secondary side to the DIM pin of the controller on
the primary side.

By default at start-up, the controller is in OFF mode. In
OFF mode, the controller consumes less than 50 �A. The
controller leaves the OFF mode when VCC > VCC(on) and
VDIM > VDIM(EN). During normal operation, the OFF mode
is entered when VDIM stays below VDIM(EN) for 4 seconds.

Back to the evaluation board, in order to start, a voltage of
at least 3.3 V must be applied on P_DIM connector. For
digital or PWM dimming, apply 3.3 V on DRV_ON and
apply a square signal varying between 5 V to 0 V with
a 200-Hz frequency on P_DIM.

By varying the duty-cycle of this signal, the output current
will also vary. Figure 10 shows the output voltage and
current when dimming with 50% duty-cycle. Figure 11
shows the dimming pin voltage VDIM and the drain voltage
in addition to the output current when the dimming signal
has a duty-cycle of 10%. The resistors R12 and R11 with the
capacitor C4 adds in an extra soft-stop which delays the LED
turn-off and compensates the internal soft-start of the
NCP1370 and also the time needed for the output voltage to
be high enough to turn-on the LED.

Figure 10. 50% PWM Dimming Figure 11. 10% PWM Dimming
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Figure 12 and Figure 13 show the output current as
a function of the PWM dimming signal duty-ratio. The tests
were made at 162 V dc. We can observe that the output

current is nicely controlled by the DIM pin and the measured
current matches the expected value even at low duty-ratio
dimming thanks to the soft-stop.

Figure 12. Output Current vs. PWM Dimming Duty-Ratio

Figure 13. Output Current Variation for PWM Dimming Duty-Ration between 1% to 5%
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Over Voltage Protection/Open LED Protection
By monitoring the auxiliary winding voltage through D3,

D4, R22 and C6, we have an image of the output voltage. By
connecting a zener diode from C6 to the VIN pin, we can
trigger the over voltage protection (OVP). When pin VIN
voltage exceeds 5 V, the controller stops and restarts
switching after 1 second. In order to reach 5 V on VIN pin,
a current of approximately 900 �A must be injected inside
the pin by the zener diode.

We chose a 16-V zener diode. As the OVP threshold is 5 V,
the comparator will trigger when the voltage on capacitor C6
exceeds 16 V + 5 V + 0.6 V = 21.6 V (0.6 V being the
forward voltage drop of diode D1).

Figure 14 and Figure 15 show the output voltage
waveform in case of open LED. The maximum output
voltage is 345 V. On Figure 15, we can see that the output
capacitor is discharged down to 0 V after the 1 second timer
has elapsed thanks to the dummy output resistor R32.

Figure 14. VOUT Waveform in Case of Open LED Figure 15. VOUT Waveform in Case of Open LED after
the OVP Timer Has Elapsed
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In order to decrease the maximum voltage reached on the
output connector in case no LEDs are connected to board,
the circuit shown in Figure 16 can be used. The maximum

voltage reached on the board when no LED was connected
was 300 V with this circuit.

Figure 16. Alternative Circuit for OVP on VIN Pin Figure 17. Open LED with New OVP Circuit on VIN Pin
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As soon as the zener diode starts conducting, the transistor
Q3 is turned on and then bias Q4 which allow pulling the
VIN pin high above 5 V immediately. In this case, we need

to use an 18-V zener diode instead of a 16-V to avoid
triggering the protection during the normal operating range.
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Test Procedure

Equipment Needed:
• High voltage dc source: 100 to 375 V dc, minimum

500 W capability
• Two dc sources, 30 V

• DC Voltmeter – 300 V dc minimum, 0.1% accuracy or
better

• DC Ammeter – 1 A dc minimum, 0.1% accuracy or
better

• LED load between 175 V to 215 V at 250 mA.
A constant voltage Electronic load is an acceptable
substitute as long as it is stable

Figure 18. 

High Voltage
DC Source
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(5 V Setpoint)

NCP1370EVB
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DC Ammeter
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Test Connections:
• Connect the high voltage source between inputs “+”

and “−” of X1 connector.
• Connect a dc power supply between inputs “VCC” and

“−” of X1 connector
• Connect a dc power supply between inputs 1 and 3 of

X3 connector
• Connect the ammeter to “LED+” output of X2

connector and then connect the LED load positive
terminal to the ammeter and its negative terminal to the
“LED−” output of X2 connector

Functional Test Procedure:
• Set the load at 200 V output

• Set the input voltage to 162 V dc

• Measure the output current: its value should be within
±2% of 250 mA.
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Flyback Inductor Specification

Figure 19. Flyback Inductor Specification
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Bill of Materials

Table 2. NCP1370 BILL OF MATERIALS  

Qty Reference Description Value
Tolerance/
Constraint

Package/
Footprint Manufacturer

Manufacturer
Part Number

1 C1  NC  SMD0805   

1 C10 Ceramic Capacitor 47 pF 5%, 1 kV Through-Hole Standard Standard

1 C12 Film Capacitor PET 470 nF 400 V Through-Hole Panasonic ECQE4474JF

1 C2 Electrolitic Capacitor 1 �F 35 V Through-Hole Standard Standard

2 C3, C6 SMD Capacitor 100 nF 50 V SMD0805 Standard Standard

1 C4 SMD Capacitor 1 nF 50 V SMD0805 Standard Standard

1 C5 SMD Capacitor 47 pF 50 V SMD0805 Standard Standard

1 C7 Electrolitic Capacitor 47 �F 450 V Through-Hole Rubycon 12X35

1 C8 SMD Capacitor 22 pF 50 V SMD0805 Standard Standard

1 C9 Ceramic Capacitor 1 nF 1 kV Through-Hole Standard Standard

1 CY1 Y1 Capacitor 1 nF 400 V Through-Hole Standard Standard

5 D1, D4, D5, 
D7, D10

Standard Diode 1N4148 100 V SOD−123 ON Semicondutor MMSD4148

1 D2 Zener Diode BZX85−C16 16 V DO−41 Fairchild  

2 D3, D6 Fast Recovery
Rectifier

1N4937 1 A, 600 V DO−41 ON Semicondutor 1N4937

1 D8, D11 Ultra-Fast Diode MUR160 1 A, 600 V DO−41 ON Semicondutor MUR160

1 IC1 PSR Controller NCP1370B  SO−08 ON Semicondutor NCP1370B

1 OC1 Opto-Coupler FOD817B  DIL−04W Fairchild FOD817B

1 Q1 Power MOSFET STD8N80K5 8 A, 800 V DPACK ST Microelectronics STD8N80K5

1 Q2 NPN Transistor BC847A  SOT−23 ON Semicondutor BC847AL

5 R1, R3, R5,
R7, R8

Resistor 2.2 M� 1%, 125 mW SMD0805 Standard Standard

1 R10 Resistor 100 k� 1%, 125 mW SMD0805 Standard Standard

6 R11, R12, R19,
R27, R29, R35

Resistor 10 k� 5%, 125 mW SMD0805 Standard Standard

2 R13, R22 Resistor 22 � 5%, 125 mW SMD0805 Standard Standard

1 R14 Resistor 47 � 5%, 125 mW SMD0805 Standard Standard

1 R15 Resistor 47 k� 5%, 1 W Axial Standard Standard

1 R16 Resistor 2.2 k� 1%, 125 mW SMD0805 Standard Standard

4 R17, R18, R20,
R21

Resistor 3.9 � 1%, 1 W SMD2512 Standard Standard

1 R2 Resistor 12 k� 1%, 125 mW SMD0805 Standard Standard

1 R23 Resistor 33 � 1%, 0.5 W SMD2512 Standard Standard

1 R24 Resistor NC  SMD2512   

3 R26, R28,

R30

Resistor 22 k� 5%, 125 mW SMD0805 Standard Standard

1 R31 Resistor 47 k� 5%, 125 mW SMD0805 Standard Standard

1 R32 Resistor 470 k� 5%, 250 mW Axial Standard Standard

1 R33 Resistor 1 � 5%, 250 mW Axial Standard Standard

1 R34 Resistor 22 k� 5%, 250 mW Axial Standard Standard

1 R4 Resistor 10 � 5%, 250 mW Axial Standard Standard

1 R6 Resistor 0 � 5%, 250 mW Axial Standard Standard

2 R9, R25 Resistor 4.7 k� 5%, 125 mW SMD0805 Standard Standard

1 TR1 Flyback Inductor   Through-Hole Wurth 750315357

1 X1 Input Connector   Through-Hole Standard Standard

1 X2 Output Connector   Through-Hole Standard Standard

1 X3 Dimming Connector   Through-Hole Standard Standard
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ADDITIONAL INFORMATION
TECHNICAL PUBLICATIONS:
Technical Library: www.onsemi.com/design/resources/technical−documentation
onsemi Website: www.onsemi.com

ONLINE SUPPORT: www.onsemi.com/support
For additional information, please contact your local Sales Representative at
www.onsemi.com/support/sales

onsemi,  , and other names, marks, and brands are registered and/or common law trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates
and/or subsidiaries in the United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A
listing of onsemi’s product/patent coverage may be accessed at www.onsemi.com/site/pdf/Patent−Marking.pdf. onsemi is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

The evaluation board/kit (research and development board/kit) (hereinafter the “board”) is not a finished product and is not available for sale to consumers. The board is only intended
for research, development, demonstration and evaluation purposes and will only be used in laboratory/development areas by persons with an engineering/technical training and familiar
with the risks associated with handling electrical/mechanical components, systems and subsystems. This person assumes full responsibility/liability for proper and safe handling. Any
other use, resale or redistribution for any other purpose is strictly prohibited.

THE BOARD IS PROVIDED BY ONSEMI TO YOU “AS IS” AND WITHOUT ANY REPRESENTATIONS OR WARRANTIES WHATSOEVER. WITHOUT LIMITING THE FOREGOING,
ONSEMI (AND ITS LICENSORS/SUPPLIERS) HEREBY DISCLAIMS ANY AND ALL REPRESENTATIONS AND WARRANTIES IN RELATION TO THE BOARD, ANY
MODIFICATIONS, OR THIS AGREEMENT, WHETHER EXPRESS, IMPLIED, STATUTORY OR OTHERWISE, INCLUDING WITHOUT LIMITATION ANY AND ALL
REPRESENTATIONS AND WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, TITLE, NON−INFRINGEMENT, AND THOSE ARISING FROM A
COURSE OF DEALING, TRADE USAGE, TRADE CUSTOM OR TRADE PRACTICE.

onsemi reserves the right to make changes without further notice to any board.

You are responsible for determining whether the board will be suitable for your intended use or application or will achieve your intended results. Prior to using or distributing any systems
that have been evaluated, designed or tested using the board, you agree to test and validate your design to confirm the functionality for your application. Any technical, applications or
design information or advice, quality characterization, reliability data or other services provided by onsemi shall not constitute any representation or warranty by onsemi, and no additional
obligations or liabilities shall arise from onsemi having provided such information or services.

onsemi products including the boards are not designed, intended, or authorized for use in life support systems, or any FDA Class 3 medical devices or medical devices with a similar
or equivalent classification in a foreign jurisdiction, or any devices intended for implantation in the human body. You agree to indemnify, defend and hold harmless onsemi, its directors,
officers, employees, representatives, agents, subsidiaries, affiliates, distributors, and assigns, against any and all liabilities, losses, costs, damages, judgments, and expenses, arising
out of any claim, demand, investigation, lawsuit, regulatory action or cause of action arising out of or associated with any unauthorized use, even if such claim alleges that onsemi was
negligent regarding the design or manufacture of any products and/or the board.

This evaluation board/kit does not fall within the scope of the European Union directives regarding electromagnetic compatibility, restricted substances (RoHS), recycling (WEEE), FCC,
CE or UL, and may not meet the technical requirements of these or other related directives.

FCC WARNING – This evaluation board/kit is intended for use for engineering development, demonstration, or evaluation purposes only and is not considered by onsemi to be a finished
end product fit for general consumer use. It may generate, use, or radiate radio frequency energy and has not been tested for compliance with the limits of computing devices pursuant
to part 15 of FCC rules, which are designed to provide reasonable protection against radio frequency interference. Operation of this equipment may cause interference with radio
communications, in which case the user shall be responsible, at its expense, to take whatever measures may be required to correct this interference.

onsemi does not convey any license under its patent rights nor the rights of others.

LIMITATIONS OF LIABILITY: onsemi shall not be liable for any special, consequential, incidental, indirect or punitive damages, including, but not limited to the costs of requalification,
delay, loss of profits or goodwill, arising out of or in connection with the board, even if onsemi is advised of the possibility of such damages. In no event shall onsemi’s aggregate liability
from any obligation arising out of or in connection with the board, under any theory of liability, exceed the purchase price paid for the board, if any.

The board is provided to you subject to the license and other terms per onsemi’s standard terms and conditions of sale. For more information and documentation, please visit
www.onsemi.com.
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