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75 W Output, High Efficiency, Single Stage Flyback

Power Supply With PFC for LED Ballasts

Application m Input Voltage Output Voltage Topology

LED Ballast TOP250YN 75 W

208 - 277 VAC 24V Flyback

Design Highlights

Single stage PFC-based CV/CC power supply

Meets harmonic content limits as specified in IEC 61000-3-2 for
Class C Equipment (see Figure 2)

Meets minimum PF requirement of 0.9 for industrial environ-
ments (>0.97 worst case at 277 VAC, see Figure 3)

High efficiency (>85%) across entire input range

Meets EN55015 B conducted EMI limits with >10 dBuV margin
(see Figure 4)

Auto-restart provides indefinite output short circuit protection

Operation

A flyback converter with no input capacitance operating in
discontinuous conduction mode inherently provides a high power
factor. The schematic shown in Figure 1 takes this approach and
adds an output current limit to form a high power LED driver. The
circuit description below highlights the key circuit differences
between this and a standard flyback converter.

To prevent large voltage transients due to AC line inductance or
surges, a clamp circuit consisting of C4, D5 and R3 limits the DC
bus voltage to a safe value. Once in steady state, the capacitor is
effectively decoupled from the circuit by D5 so as to not impact
Power Factor (PF). Resistor R3 provides a discharge path for C4.

Diode D6 prevents reverse currents through U1 that would occur
when the AC input voltage is less than the reflected output
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voltage. In a standard flyback converter, this condition is
prevented by the DC voltage on the input bulk capacitor.

Resistors R11, R12, R13, Q2, Q3, Q4 and their associated
circuitry together with the LED in U2, form the low drop CC sense
circuit and program the average output current to 3.1 A (£10%).
Without a load, the output voltage is limited to about 28 V (max)
by R16 and VR2.

The phototransistor (U2B) drives the emitter follower Q1 and the
PFC loop compensation capacitor C10. Capacitor C10 and
resistor R6 set the dominant pole for the PFC at around 0.02 Hz
while R7 provides loop compensation.

Over the period of one line cycle, the current into the control pin of
U1 is constant, giving a constant duty cycle and thereby providing
a PFC input current waveshape.

The CONTROL pin capacitor C5 sets the startup time with D8,
isolating U1 from the rest of the feedback components before
regulation is reached.

An optional soft-start circuit is formed by D12, C15, R18, R19,
R20, C16 and Q5. This charges C10 before the output has
reached regulation and prevents output overshoot.

Diodes D10 and D11 rectify the secondary winding voltage. To
distribute dissipation and improve efficiency, parallel secondary
windings and diodes are used.
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Figure 1. 75 W Single Stage LED Driver Power Supply With PFC, Using a TOP250YN Device.
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Key Design Points

» Use PI Xls spreadsheet to design the transformer. To determine
the value of primary inductance, enter a peak power of 106 W,
which corresponds to an average power of 75 W (106 / /2). .
Directly enter into the spreadsheet a minimum DC voltage equal
to the peak of the minimum input AC voltage.

« Set the value of KP to 1.0 to ensure critically discontinuous
mode at the peak of minimum AC input voltage. Ensure that

» Select the TOPSwitch-GX based on acceptable efficiency and

TOPSwitch-GX.

the converter operates in discontinuous mode (during steady

temperature rise using the X pin to program to appropriate
current limit from the design spreadsheet.

More effective thermal management through the use of
thermally conductive potting compound to spread the heat from
the transformer, MOSFET and diode to surrounding areas may
allow a design with reduced size of heat-sink, transformer and
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Figure 2. Harmonic Content Measured at 208 VAC. Bobbin EER28, 10 pin, vertical
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200 220 240 260 280 Table 1. Transformer Parameters.
(AWG = American Wire Gauge, TIW = Triple Insulated Wire,
InPUt Vo“age (AC) NC = No Connection, )
Figure 3. Power Factor (PF) Plotted Against Input Line Voltage (VAC).
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