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With integrated PFC function, PF >0.9

Accurate output voltage and current regulation, £5%

Very low ripple current, <10% of | oyt

Highly energy efficient, > 89 % at 230 V

Low cost and low component count for compact PCB solution
Dimming functions

1 0 VDC- 10 VDCanalog dimming

1 10V PWMsignal (frequency range: 300 Hz to 3 kHz)

9 Variable resistance (0 to 100 kW)

9 DALI 2.0 enabled

Integrated protection and reliability features

1  Output short-circuit

1 Line and output OVP

91 Line surge or line overvoltage

1 Thermal foldback and over temperature shutdown with hysteretic automatic power recovery
No damage during line brown-out or brown -in conditions
Meets IEC 2.5 kVring wave, 1 kV differential surge

Meets EN55015 conducted EMI
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1 Introduction

This engineering report describes a constant voltage (CV) and constant current (CC)
output 42 W LED ballast with 3-way + DALI dimming functions. At constant voltage
application, the LED ballast is designed to provide a 42 V output voltage across 0 mA to
1000 mA output current load while at constant current mode operation, it can provide
1000 mA (3-way dimmable) constant current at 42 V i 33 V LED voltage string. The
design is optimized to operate from an input voltage range of 90 VAC to 277 VAC.

The LED ballast employs a two-stage design with a boost PFC at first stage and an
isolated flyback DGDC for the secondary stage. The boost PFC utilizesHiperPFS4 device
while the second stage flyback uses LYTSwitch6 controller.

The HiperPF5-4 devices incorporate a continuous conduction mode (CCM) boost PFC
controller, gate driver and 600 V power MOSFET in a single power package. This device

eliminates the need for external current sense resistors and their associated power loss,

and uses an innovative control technique that adjusts the switching frequency o ver

output load, input line voltage, and input line cycle .

LYTSwitch6 ICs simplifies the flyback stage by combining primary, secondary and
feedback circuits in a single surface IC. This IC includes an innovative new technology,
FIl uxLinkE, Woiidges the isoktiore bayrier and eliminates the need for an
optocoupler. Through this, the architecture of LYTSwitch-6 allows the IC to have primary
and secondary controllers, with sense elements and a safety-rated mechanism into a
single IC.

DER750 offers high power factor, wide inp ut and output voltage ranges, 3 -way and
DALI 42 W LED ballast. The key design goals were low component count, high power
factor, high efficiency and low ATHD.

The document contains the power supply specification, schematic, bill of materials,
transformer documentation, printed circuit layout, and performance data.

_p"‘ Power Integrations, Inc.
Tel: +1 408 414 9200 Fax: +1 408 414 9201
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Figure 2 7 Populated Circuit Board, Top View
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2 Power Supply Specification

The table below represents the minimum acceptable performance of the design. Actual
performance is listed in the results section.

Description Symbol Min Typ Max Units Comment
Input
Voltage Vi 90 |115/60| 277 |VAC/ Hz| 2" Foatng Quiputor
Frequenc f 230/°50
dueney LINE 2771 60
Output
Output Voltage Vout 42 \%
Output Current I out 950 960 1050 mA +5%
Total Output Power
Continuous Output Power Pourt 42 W
Efficiency
Full Load h 89 % 230 V/ 50 Hz at 25 °C.
Environmental
Conducted EMI CISPR 15B / EN55015B
Safety Isolated
Ring Wave (100 kHz) 2.5 kv
Differential Mode (L1-L2) 1.0 kv
Measured at 115 V/ 60 Hz, 230
Power Factor 0.9 VAC/ 50 Hz and 277 V/ 50 Hz.
Ambient Temperature Tamve 60 °C Free Air Convection, Sea Level.
Power Integrations ™
Tel: +1 408 414 9200 Fax: +1 408 414 9201 —p
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3  Schematic
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Figure 47 Input Stage Schematic.
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4  Circuit Descriptio n

The LED ballast circuit employs two-stage PFCwith 3-way dimming circuit functions. The
first stage is a boost PFC usingPFS623C from the HiperPFS4 family of devices. The
second stage is an isolated flyback DC-DC power supply using a LYTSwitch6 IC.

HiperPFS4 PFS623C is a PFCcontroller with integrated power MOSFET and external
boost diode. This stage is intended as a general purpose platform that operates from 90
VAC to 277 VAC input voltage that provides a highly efficient single-stage power factor
corrector regulated at 410 V DC output voltage and continuous output power of 46 W.

LYTSwitch6 incorporates the primary FET, the primary-side controller and a secondary-
side synchronous rectification controller. This IC also includes an innovative new
technol ogy, F | safelylbiidgek the isolation barhier and eliminates the need
for an optocoupler.

4.1 Input  EMI Filter and Rectifier

The input fuse F1 provides safety protection. Varistor RV1 acts as a voltage clamp that
limits the voltage spike on the primary during line transient voltage surge events. A 300
V rated part was selected, being slightly above the maximum specified operating input
voltage (277 V). The AC input voltage is full wave rectified by BR1 to achieve good power
factor and low THD. Capacitors C1, C2 and L2 form a pi filter which together with C3

suppresses differential mode noise. Common mode noise is suppressed by commam
mode choke L1 together with Y capacitor C11 and C12. Additional Y capacitors C34, C35,
C37 and C38 were added for earth wire connection t o suppress common mode noise.

_p"‘ Power Integrations, Inc.
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4.2 First Stage: Boost PFC Using HiperPFS -4
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Figure 7 7 Input Stage Schematic.
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Figure 8 i PFCCircuit Schematic

The boost converter stage consists of the boost inductor T2 and the HiperPFS4 PFS623C
IC U2. This converter stage operates as a PFC boost converter, thereby maintaining a
sinusoidal input current to the power supply while regulating the output DC voltage. On
the other hand, boost diode D4 is an STTH3R®S for cost effective solution with
balanced EMI and switching speed performance.

Diode D2 provides an initial path for the inrush current at start up. This is important as a

way to bypass the switching inductor T2 and switch U2 in order to prevent a reso nant
interaction between the boost inductor and output bulk capacitor C13. The IC is then

powered on the VCC pin by an external bias from the T1. This external bias provides a 20
V DC, which is then regulated by Q1, R50 and VR1 to around 12V DC.

Capacitor C14 provides a short, high-frequency return path to RTN. This effectively
improves EMI results and reduces U2 MOSFET Drain voltage overshoot during turn off.
Capacitor C17is used to select the power mode of the IC. 1 n¥ was used for full power
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mode. Capacitor C22, C23 and R15 for the loop compensation network required to tailor
the loop response to ensure low cross-over frequency and sufficient phase margin. Its
recommended values are 100 nF, 1 nF and 30.1 kW respectively.

ResistorR8, R9, R12,R19 and R20 form the resistor network for the feedback. Voltage at
feedback must be typically at 3.85 V with 3.82 V at its minimum. Resistor R10, R11, R13,
R17 and R18 compise the functionality for the VOLTAGE MONITOR(V) pin. This
minimizes power dissipation and standby power consumption. This also features brown-
in/out detection thresholds and incorporates a weak current source that acts as a pull -
down in the event of an open circuit condition.

DER750 provides a place holder for an option to use PQ26/20 or PQ26/25 for the boost
transformer

4.3 Second Stage: Isolated Flyback DC-DC Using LYTSwitch -6
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Figure 97 Isolated Flyback DGDC Circuit BlockSchematic

The second stage circuit topology is a flyback DGDC power supply controlled by the
LYTSwitch6 IC. One side of the transformer (T1) primary is connected to the positive
output terminal of the PFC while the other side is connected to the integrated 650 V
power MOSFET inside theLYTSwitch6 IC (U4). A low cost RCD clamp formed by D3, R5
and C9 limits the peak Drain voltage spike across U4 at the instant turn-off of the
MOSFET. The clamp helps dissipate the energy stored in the lekage reactance of
transformer T1.
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The VOLTAGE MONITOR (V) pin of the LYTSitch-6 IC is connected to the positive of the
bulk capacitor (C13) to provide input voltage information. The voltage across the bulk
capacitor (C13) is sensed and converted into current through V pin resistors R45, R46
and R47 to provide detection of overvoltage. These resistors detect an overvoltage of
441 V which is between the DC output of the 1% stage (410 V) and the bulk capacitor
rating (450 V). The loy. determines the input overvoltage threshold.

The IC is kick-started by an internal high -voltage current source that charges the BPP pin
capacitor C27 when AC is first applied. Primary-side will listen for secondary request
signals for around 82 ms. After initial power up, primary -side assumes control first and
requires a handshake to pass the control to the secondary-side. During normal operation
the primary-side block is powered from an auxiliary winding on the transformer. The

output of this winding is rectified and filtered using diode D7 and capacitor C26. Resistor
R21 limits the current being supplied to the BPP pin of the LYTSwitch-6 (U4). This
auxiliary winding also powers the IC in the first stage.

The secondary side control of the LYTSwitch6 IC provides output voltage, output current
sensing. The secondary winding of the transformer is r ectified by D4, D13 and filtered by
the output capacitors C7 and C8. Adding an RC snubber (R6and C10) across the output
diode reduces voltage stressacross it.

The secondary-side of the IC is powered from an auxiliary winding FL3 and FL4. During
constant voltage mode operation, output voltage regulation is achieved by sensing the
output voltage via divider resistors R4 and R7. The voltage across R7 is fed into the FB
pin with an internal reference voltage threshold of 1.265 V. Filter capacitor C15is added
across R7to eliminate unwanted noise that might trigger the OVP function or increase
the output ripple voltage.

During constant current operation, the output current is set by the sense resistors R3 1
and R24 across the IS pin and the GND pin. The internal reference threshold for the IS
pin is 35.9 mV. Diode D9 in parallel with the current sense resistor serves as protection
during output short -circuit conditions.
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4.4 3-Way Dimming  Control Circuit
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Figure 10 i 3-Way Dimming Circuit Schematic
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The 3-in-1 + DALI Dimming circuit is done by using only two input terminals for four

possible types of dimming input signals. Dimming is done by sensing the output current,
amplifying the signal and then comparing it with a variable reference and injecting
current into the FB pin.

Output current is sensed through IS pin resistors R31 and R24. The output current
passes through these resistors and the resulting voltage signal is then passed through
the non-inverting amplifier circuit R37, R38, R33, U5B, and C30. The gain is set by R34
and R38 to 268 or about 9.5 V maximum. The output of the op -amp (pin 7) connects to
the positive input (pin 3) through R39. The signal going to the negative input (pin 2)
comes from either of three possible inputs: variable DC supply (0 V - 10 V), variable
resistance (0 Wi 100 kW), or variable duty PWM signal (0-100%, 300-3kHz).

The basic principle of the circuitry is that the output at pin 7 of USB will always try to
match the voltage at pin 2 of US5A which is set by the dimming input. Since U5B is
configured as a non-inverting Op-Amp and its input voltage signal is directly proportional
to the output current, an increase in the voltage at pin 2 of USA will result to an increase
in the output current. When the dimming inp ut is a variable DC supply, the voltage at pin
2 of U5A will just be the set voltage of the DC supply.

When the dimming input is a variable duty PWM signal, the averaging circuit composed
of R23 and C29 converts the signal into DC before feeding to the op-amp input. A
constant current source composed of R27, R14, U3, and Q3 is used to convert the
variable resistance input into the desired variable DC signal. Zener diode U3 clamps the
voltage at R14, therefore setting the emitt er current constant. The emitter current of Q3

is roughly equal to its collector current (around 100 mA) which is connected to the
variable resistance input which in turn produces the 0 Vi 10 V needed at pin 2 of U5A.
VRR2 is placed for protection in case the user has interchanged the dimming input causing
inverted polarity or in case the user forgot to remove the jumpers of connectors J4 and

J5 and engaged the DALI dimming. The dimming circuit can also be controlled via DALI
dimming instead of 3-in-1 dimming by disconnecting the jumpers of J4 and J5.

At start-up, the op-amp output is initially low which causes an unwanted spike in output
current. To counter this effe ct, a blanking circuit Q5, R29, and C25 is added which
initially pulls the inverting input (pin 2) down and in turn results to op -amp output high.
The op-amp output (pin 1) is connected to the FB pin through D14 and R22. Depending
on the op-amp output, current is injected into the FB pin. The feedback voltage will go
up as current is injected. This will normally bring the output voltage down in CV mode.

However , since t he LED | oad i s a constant vol

Instead, the output current goes down as a consequence. The current injection loop has
to be slow enough in order not to trigger feedback overvoltage protection when doing a
step load from 100% to 0%. This is done by increasing the value of R22.
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A low-input offset operational amplifier is also recommended to reduce unit-to-unit
variability. It is also important to place the dimming circuit close to the IS pin and FB pin

to prevent noise from disturbing the loop.
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