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About this document

Scope and purpose

This document is a step-by-step guide for designing high-performance dual-stage digital PFC+Flyback AC-DC
converter using the Infineon XDPL8220 controller for LED lighting applications. The document also describes
parameter handling for typical use cases using the Infineon .dp Vision tool for the Infineon XDPL8220.

Intended audience

This document is intended for anyone wishing to design high-performance dual-stage digital PFC+Flyback
AC/DC-DC converter for LED lighting based on the digital controller IC XDPL8220.
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1 Introduction

The digital controller IC XDPL8220 belongs to the Infineon XDP™ digital power family generation 2.0. It provides
an independent PFC boost and Flyback dual stage control to achieve an output which combines a constant
voltage (CV), constant current (CC) and limited Power (LP) for LED luminaires. The IC is available in a PG-DSO-16
package and supports wide features with only a minimum requirement of external components. The digital
engine of the IC offers the possibility to configure operational parameters and protection modes, which helps
to ease the design phase and allows a reduced number of hardware variants. Accurate primary side output
voltage and current control eliminates a secondary side feedback loop.

This design guide provides detailed calculation of major power stage component values, as well as the setting
of parameters for general functions and protection features. Useful tips on PCB layout are included to help the
customers optimize their PCB design. Finally, the installation and usage of a General User Interface - .dp Vision
is described to guide the customer to set parameters for the digital IC. The numeric values below are shown for
the 50W reference board with universal input voltage.

1.1 Product Highlights

e Primary side controlled constant voltage (CV), constant current (CC) and limited power (LP) output

e High current accuracy output of typical +/- 2% across universal input voltage range (90 to 305VAC or 90 to
305VDC) and a factor three output voltage range till 48VDC.

e Multi-mode control (QR+DCM) ensures high power efficiency and low dimming output

e High power factor (PF >0.9) and low input current total harmonic distortion (iTHD < 15%) for load from 35%
with advanced switching cycle modulation scheme

e Integrated startup cell ensures fast time to light and low power consumption
e Adaptive Temperature Protection
e Parameter configurability using graphic user interface .dp vision.

1.2 Design Features

e Universal ACinput (90 - 305VAC) or DC input (90- 305VDC)
e Applicable power range of 30 W to 100 W
e Low Bill of Materials (BOM)

1.3 Target applications
e Electronic control gear (ECG) for LED luminaires (20 W to 100W)

Application Note 3 Revision 1.0
2016-08-16
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Figurel XDPL8220 Typical Application Schematic

14 Pin Configuration and Description

Pin assignments and basic pin description information are shown below.

GDFBI ] | 1O le
CSFBLI | |2 15
VCCT ] |3 14
GND[T] | 4 13
ZCD] |5 12
vsd ] |6 11
NU] |7 10
HVCI | |8 9

[ TIN.C.

[ TIN.C.

[ TIN.U.
[ T1GDPFC
[ TTUART
I T1CSPFC
[ TITEMP
I TTPWM

PG-DSO-16(150mil)

Figure2 Pin Configuration of XDPL8220
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Table1 Pin Definitions and Functions
Name Pin | Type | Function

GDFB 1 0 Flyback Gate Drive Output
Output for directly driving a power MOSFET of the Flyback converter via a resistor.
CSFB 2 I Flyback Current Sense Input

Connected to an external shunt resistor and the source of a power MOSFET of the
Flyback converter.

VCC 3 I Positive Power Supply
IC power supply
GND 4 - Ground
IC Ground
ZCD 5 [ Flyback Zero-crossing Detection

Connected to the Flyback auxiliary winding via a resistive divider for zero-crossing
detection as well as primary side output voltage sensing for output regulation and
backup bus voltage sensing for safety.

VS 6 I PFC Voltage Sense

Connected to DC bus via a resistive divider for the PFC boost converter output
voltage sensing.

N.U. 7 - Not Used

HV 8 I High Voltage Input

Connected to the AC mains via an external resistor. An internal 600V HV startup-cell
is used to charge VCCinitially. In addition, sampled high-voltage sensing is also used
for AC/DC detection and brown-out.

PWM 9 [ PWM Dimming
The PWM pinis used as a dimming input.

TEMP 10 || External Temperature Sensor
Connected to an external NTC resistor to sense the environment temperature.
CSPFC 11 |1 PFC Current Sensing

Connected to an external shunt resistor and the source of a power MOSFET of the
PFC boost converter. Additionally, it is connected to the PFC aux winding for zero-
crossing detection.

UART 12 |1/0 Universal Asynchronous Receiver Transmitter (UART) Communication

The UART pin is used for the UART interface to support parameterization.

GDPFC 13 |0 PFC Gate Drive Output

Output for directly driving a power MOSFET of the PFC boost converter via a resistor.
N.U. 14 |- Not Used

N.C. 15 |- Not Connected
N.C. 16 |- Not Connected
Application Note 5 Revision 1.0
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2 Hardware Design

The hardware design part provides detailed calculation of power component values as well as the setting of
parameters of general functions and protection features for both PFC boost and Flyback converters. Useful tips
on PCB layout are included to help the customers optimize their PCB design.

The design example used in this hardware design part is a 50W ECG reference design for LED lighting
applications. The customer can easily apply their own target specifications and obtain the design parameters
by themselves.

2.1 System Specification of a 50W ECG for LED Lighting Application

The system specification of a 50W ECG reference design for LED lighting applications is given as following:

Table 2 System Specification of a 50W ECG Reference Design

Parameter Symbol Target Value Unit
50W ECG for LED Lighting Applications
Nominal AC input voltage Vin_ac 90 ~ 305 VAC
Nominal DC input voltage Vin_pc 90 ~ 305 VDC
Output voltage Vour 16~ 48 VDC
Output current lout 550 ~ 1500 mA
Output power Po 50 W
Power factor >0.9
THD <15 %
Efficiency n 89 %
PFC Boost Converter
MOSFET maximum drain-source voltage Vps_prc 600 vDC
Output power Po prc 55 W
Minimum switching frequency fswmin_prc 22 kHz
Flyback Converter
Nominal input voltage Voc 460 VDC
Output power Po 50 W
Output overvoltage threshold Vout,ov 53 vDC
MOSFET maximum drain-source voltage Vos_rs 800 VDC
Minimum switching frequency fsw.min 16 kHz
Application Note 6 Revision 1.0
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2.3 Bridge Rectifier

The bridge rectifier usually has the highest semiconductor power loss in the PFC boost converter. Using a
higher rated current bridge rectifier can reduce the forward voltage drop, which reduces the total power
dissipation at a small incremental cost. The total power loss is calculated using the average input current
flowing through two of the bridge rectifying diodes if the forward voltage is assumed as 1V:

2\/5 " PO_PFC_max

Vin_rms_min *Nprc

Pioss BR = Ipravg * 2 * Vp gr = * 2% Vg pp = 1.15W
With the value of power loss, an appropriate bridge rectifier based on its thermal characteristics should be
selected.

2.4 Design the PFC Boost Converter

Power Factor Correction (PFC) shapes the input current of the power supply to be in synchronization with the
mains voltage, in order to maximize the real power drawn from the mains. In a perfect PFC circuit, the input
current follows the input voltage as a pure resistor, without any input current harmonics. In the ECG reference
design, PFC is implemented as a boost converter which works in the Quasi-Resonant Mode (QRM) and
Discontinuous Conduction Mode (DCM) with constant on-time control. The converter provides the following
flyback stage a constant high DC voltage as input which reduces variations in the ECG output current (flicker) to
a non-visible level. This chapter describes the methodology for designing the Multimode control (QRM+DCM)
PFC Boost converter based on XDPL8220; including PFC boost inductor design, equations for power losses
estimation, selection guide for power semiconductor devices and passive components.

2.4.1 Main PFC Boost Inductor

As the key magnetic component of the PFC boost converter, the boost inductor has the main function of energy
storage. Its inductance is given as the following formula:

Vi%_pk * (Vbus - Vin_pk) *Nprc

4 * Vipus * Po_prc * fprc

Lppc =

Where:

L,qc -- Inductance of the PFC boost inductor

Vi, ok -- Peak value of the input AC mains

Vbus -- Bus voltage as the PFC output

Neec -- Estimated power efficiency of the PFC boost converter

P, prc -- Output Power of the PFC boost converter

o O O O O O

f.rc -- Operation switching frequency of the PFC boost inductor

In the 50W ECG reference design, the output of the PFC boost converter is chosen as 460V so that a high power
factor is still guaranteed at the maximum AC/DC input. The minimum switching frequency limited at 22 kHz to
avoid audible noise is controlled by XPDL8220 through “maximum switching period time-out” approach, which
starts the next switching cycle when 45us of maximum switching period is reached. The detailed variables
values are given in the following table:

Table 3 PFC Boost Converter Design Target Specification

PFC Boost Converter
Parameter Symbol Value Unit
Minimum AC/DC input voltage Vin_rms_min 90 v
Application Note 8 Revision 1.0
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Minimum input peak value Vin_pk_min 127 Vv
Maximum AC/DC input voltage Vin_rms_max 305 v
Maximum input peak value Vin_pk_max 431 v
Maximum PFC boost converter output power Po _prc_ max 55 W
Minimum switching frequency fow,min_pFc 22 kHz
Estimated PFC boost converter power efficiency | Rpgc <96 %
@ maximum AC input voltage

Nominal PFC boost converter output voltage Vbus 460 v
Power Factor PF >0.9 -

The maximum possible inductance is first calculated at the min and max AC input with full load and lowest
switching frequency:

@ 90V AC input

(90 +vZ)” % (460 — 90 * v/2) * 0.96
LPFC 90 — ~ 2.3mH
- 4 % 460 * 55 x 22 * 103

@ 277VACinput

(277 +V2)" * (460 — 277 + VZ) * 0.96
Lprc_ 305 = ~ 4.5mH
- 4 % 460 * 55 * 22 * 103

The proper inductance must be less than the smaller one of both.
LPFC < min(Lppc90,Lppc305) = 2.3mH

To cover the worst cases like start-up and load transient, L, =1mH is chosen as the PFC boost converter
inductance.

i A .
o I, pk
.......... § e ’__I'/n T l,"‘,IZi[,,pL
O Va \E/ TN >
t()n E r()/f geg osc¢
¢ 4
Lyw P

Figure4 BoostInductor Current Waveform in a Switching Cycle

From the Figure 4 above, other important parameters of the PFC boost converter can be obtained as following:
Maximum input current (RMS) happens at minimum AC input and maximum output power:

PO PFC
I in_rms max — - = 0.644

Vin_rms_min *Nprc

Application Note 9 Revision 1.0
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Maximum input peak current:

V2P, O_PFC_max
Iin_pk_max =V2* lip yms max = v — = 0.94
in_rms_min *Nprc

Maximum inductor peak current:

V2P 0_PFC_max

Vin_rms_min *NpFrc

=1.84

IL,pk_PFC_max =2x] in_pk_max = 2\/5 * [ in_rms max —

Maximum on-time:

_ Lprc * I pr_prc_max

ton_max = = 14.14ps
h Vin_pk_min
The off-time at minimum AC input and maximum output power:
L * [
toff — PFC Lpk_PFC_max =54 1H5

Vbus - Vin_pk_min

If we ignore the T, the lowest frequency for maximum output power is:

1
in =————=>51.12kHz
f PFC_min ton_max + toff

Maximum input current (RMS) during on-time:

Iin,PFC_on_rms_max = 2% Iin_rms_max * \/ § * Lon max * f PFC_min = 0.634

Input current (RMS) during off-time:

1
Iin,PFC_off_rms_max = 2% Iin_rms_max * \/§ * toff * fPFC_min = 0.394

Maximum inductor current (RMS):

— 2 2 —
IL_rms_max - \/ Iin,PFC_on_rms_max+Iin,PFC_of f_rms_max — 0.74A

The other function of the PFC boost inductor is to detect the moment when the inductor current goes to zero
(Zero-crossing Detection). This is realized by introducing an auxiliary winding additionally. To achieve the
voltage at auxiliary winding below 50V while the maximum voltage across the PFC boost inductor primary
winding is around 430V, a turns-ratio of 10:1 is recommended.

The important parameters of the PFC boost inductor are summarized in the following table:

Table 4 PFC Boost Inductor Design Parameters

PFC Boost Converter

Parameter Symbol Value Unit
Main Inductance of the PFC boost inductor Lprc 1000 uH
Minimum switching frequency forc_min 51.12 kHz
Maximum inductor peak current Iy pk_PFc_max 1.8 A
Application Note 10 Revision 1.0
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Maximum input current (RMS) lin_rms_max 0.64 A
Maximum input peak current lin_pk_max 0.9 A
Maximum inductor current (RMS) 11 _rms_max 0.74 A
Maximum on-time ton_max 14.14 us
Turns-ratio of primary to auxiliary winding Np_prc/Na_prc | 10:1 -

Based on the calculated specifications, the inductor can be constructed according to different design
requirements like size, power efficiency and temperature etc. by selecting different bobbin and core. In order to
avoid core saturation and achieve an optimized core loss, the flux density Bp.x is recommended not to exceed
0.3.

In the Infineon 50W ECG reference design, the PFC boost inductor is constructed by the Wiirth Electronic under
part no. 750343252 as a design example. The specification sheet is given as following:

Table 5 Parameters of Wiirth Inductor 750343252

Parameter Value Unit
Inductance 1060 uH
Bobbin PQ2016 -
Core material TP4A or DMR44 -
Turns-ratio of primary to auxiliary winding 10:1 -
DC resistance primary winding 0.872 Q
DC resistance auxiliary winding 0.175 Q
Saturation current 1.85 A
O
SURTACE A IN_ RECOMMENDED GRID e —
L) _— [=As] DOT LOCATES TERM. #1 ELECTRICAL SPECIFICATIONS @ 25° C unless otherwise noted:
[2.54] [ 735 Max. 845 MAX.
— e fze0l PARAMETER TEST CONDITIONS VALUE
L i_ | D.C. RESISTANCE 24 @20°C 0.872 chms max.
0 T L \ o D.C. RESISTANCE &7 @20°c 0,175 chms max.
— ] [ INDUCTANCE 75 10kHz, 100mV, Ls 1060.00H =10%
01 Nt 9 '||I SATURATION CURRENT 26 20% rolloff from initial 1.854
" i ] 2" DIELECTRIC 7 1B75VAC, 1 second
e i.:_ | ™~ TURNS RATIO (2-6):(8-T) 10:1, £2%
TERM. NO.'s FOR REF. ONLY LOT CODE & DATE CODE l
#.085(14) 738
S
] ]
'Em) i_____:t
+ ¥
PC. Par&?u?'ggnggﬁzm SIDE
G\ Cé\
PRI LIRSS g GENERAL SPECIFICATIONS:
S0-300VAC OPERATING TEMPERATURE RANGE: -40°C to +125°C inchuding temp rise.
40KHz % >_ D
Ol
— || —O

Figure5 PFC Boost Inductor Specification Sheet
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The maximum main inductor copper loss can be calculated based on the specification above as:

— 72 —
Ploss_L_PFC - IL_rms_max * RDCLPFC = 0.48W

2.4.2 PFC Boost diode

Selection of the boost diode is a major design decision in the PFC boost converter and it is related to the
converter efficiency. Following considerations should be taken into account:

e Reverse break down voltage
It must be chosen higher than the bus voltage with 20% margin. A 600V diode is suitable to be used.
o Average rectified forward current

It must be higher than the PFC boost converter output current. Using a diode with high current capability will
be benefit to the power efficiency.

e Forward voltage
Itis directly related to the power efficiency. So the forward voltage should be chosen as small as possible.
e Reverse recovery time

As the PFC boost converter works in the QRM+DCM mode, the PFC boost diode current goes into zero while the
PFC MOSFET turns on. So there is no current commutation and thus no switching loss by reverse recovery. It is
not necessary to choose an ultra-fast diode.

e Powerloss

The only power loss is the conduction loss while the current flows through it. With a forward voltage of 1V
assumed, the diode conduction loss can be calculated by:

P O_PFC_max

Pioss p_prc = Ip_prc_avg * VD PFc = * Ve p prc = 0.12W

Vbus

e Thermal characteristic

The important parameters for boost diode which used in the 50W ECG reference design are summarized in the
following table:

Table6 Boost Diode Design Parameters

Parameter Symbol Value | Unit
Maximum reverse voltage VRrrM_p_PFC 600 Vv
Average rectified forward current I b prc 3 A
Forward voltage VE b prc 1 v
2.4.3 PFC Power MOSFET

The selection of the PFC power MOSFET is based mainly on the break down voltage and the consideration of
the MOSFET power dissipation. According to the operating bus voltage, a 600V MOSFET is suitable. In the
QRM+DCM mode PFC boost converter, the overall MOSFET losses comprise:

e Conduction loss
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These losses are frequency independent and do not scale significantly with frequency. It is calculated as
following:
2

P _ Iin,PFC_on_rms_max R
con_loss_MOS_PFC — > * Rps(on)

e Turn-on transition loss

As the converter works in the QRM+DCM mode, the turn-on transition loss caused by the magnetizing current
can be ignored because the current rises from zero when a switching cycle starts. But to discharge the parasitic
capacitors like Coss and Ceapn through the MOSFET channel can cause significant turn-on transition loss. These
losses occur every switching cycle and are thus frequency dependent.

o Eossand /,+Ccan V2 loss

As mentioned above, the energy stored in €., and Cossat the time of turn-on must be dissipated in the MOSFET
channel and current sense resistor during the turn-on transition. The energy stored in any capacitor is
fundamentally a function of the square of the voltage across it, and thus the Eossand %2« Cc.n* V2 losses can be
very significant during high line conditions. These losses occur every switching cycle and are thus frequency
dependent. To simplify the calculation, we assumed that the switching loss is approximately the half of the
conduction loss:

1
Pgy 10ss Mos_prc = 2 * Peon_loss_ M0S_PFC

e Gatedriver loss

These losses also scale linearly with frequency, but are generally a quite small contribution to the overall losses
(at switching frequencies of below hundred kilohertz) and depend almost exclusively on the MOSFET Qg (total
gate-charge). The gate-driver power is typically dissipated in the external gate resistor and gate-driver itself
and thus does not need to be considered in the thermal calculation of MOSFET.

In the 50W ECG reference design, the 650V Infineon MOSFET IPD60R400CE of CE family is used. With the Rps(on) Of
400mQ, the total loss of the MOSFET is calculated as below:

Ploss_MOS_PFC = Psw_loss_MOS_PFC + Pcon_loss_MOS_PFC =15=% Pcon_loss_MOS_PFC = 0.06W

The important parameters for PFC MOSFET are summarized in the following table:

Table 7 PFC MOSFET Design Parameters

Parameter Symbol Value Unit
Break down voltage Vg pss_prc 650 v
MOSFET on-resistance Ros(on) 400 mQ
PFC MOSFET conduction loss Pioss_mos_pFc_con 0.04 W
PFC MOSFET switching loss Pioss_mos_prc_sw 0.02 w
PFC MOSFET total loss Pross_mos_prc 0.06 W
244 PFC MOSFET Gate Driver

The XDPL8220 PFC boost converter gate driver GDPFC offers following advanced features:
e Configurable charge current from 30 up to 118mA for turn-on slope optimization with dpVision tool

e Configurable gate voltage from 4.5 to up to V.- 0.5V
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Figure6 Configurable Gate Driver with Gate Voltage and Charge Current

Due to the configurable gate charge current and voltage, the external gate resistor should not be selected too
high. A gate resistor of 10Q should fit for most application cases. The soft turn on for improved EMI result is
guaranteed by the configurable constant current gate charging. Following table shows the recommend range
of the external gate resistor for a stable gate drive operation of different MOSFET:

Table 8 Recommended External Gate Resistor Value

Parameter Symbol | Value Unit
MOSFET Gate capacitance C. 1.0~2.0 nF
MOSFET gate source current Igs 100 mA
MOSFET gate source resistance R, 10 100 kQ
Recommended external gate resistor | R; 5~20 15~25 Q
2.4.5 PFC Current Sense and Zero-crossing Detection

The pin CSPFC of the XDPL8220 is used for two different purposes at the different moment in one switching
cycle. During the on time of the PFC MOSFET, it is used as CS pin. The current sense of the PFC boost converter
is used to limit the turn on time of the PFC MOSFET by sensing the peak current flowing through the MOSFET in
order to protect it and also the boost inductor from the over-power situation. When the MOSFET is turned off,
the pin is used as ZCD pin. The zero-crossing detection catches the moment when the boost inductor current
goes to zero and the next switching cycle can be started so that the boost converter always works in the QRM or
DCM mode with minimum switching loss.

As the Figure 7 shows below, when the PFC MOSFET turns on, the rectifier diode D, blocks the negative voltage
drop across the PFC auxiliary winding so that the CSPFC pin is effectively connected only to the shunt resistor
Rcs_prcVia the resistor Rzep; prcand thus only sees the peak current sense voltage signal. When the PFC MOSFET
turns off, a positive voltage drop is forwarded by D,. The CSPFC pin is connected effectively to a resistor divider
Rzcp1_prc and Rzepz prc. A zener diode and a capacitor are necessary to clamp the pin voltage not higher than 3.3V.
Another diode is required to decouple the current sensing signal from the clamping circuit.

Revision 1.0
2016-08-16

Application Note 14



XDPL8220 Design Guide Infl neon

Table of Contents

Ve L e Vius

//

Rzep,1 pre

- <
T

g . D
- O GDPFC
o O CSPFC
Res.pre Rzep 2 pre m
- P\ 1
vce

Figure7 Schematic of Shared CS and ZCD Functions at Pin CSPFC

The important design parameters for bus voltage sensing are summarized in the following table:

Table 9 PFC Current Sense and ZCD Design Parameters

Parameter Symbol Value Unit
Upper resistor of the PFC ZCD divider Rzcp1_pre 18 kQ
Lower resistor of the PFC ZCD divider Rzcp2 prc 18 kQ
PFC current sense resistor Res prc 0.68//0.68=0.34 Q
2.4.6 PFC Output Voltage Sense

As shown in the Figure 8 below, the bus voltage is measured at the VS pin of XDPL8220 through a resistor
divider as the input of the bus voltage regulator to generate the PWM signal or offer the protection functions for
the boost converter. It is strongly recommended to add a filter capacitor near the VS pin to filter the switching
noise in order to get a precise and stable measurement result. The input pin VS has a very low leakage current
so the intolerance can be ignored.

/ /

Rysi
QO vs

Rys2

Figure 8 Bus Voltage measurement

In the XDPL8220, the VS pin is connected to an 8-Bit Analog-to-Digital Converter (ADC) which utilizes two
voltage ranges for the bus voltage measurement results. This gives the advantage that on the one hand, the
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whole voltage range started from 0V is monitored. On the other hand the operating range is sensed with a high
resolution so that the regulation accuracy is guaranteed.

The wide voltage range from 0 to Ve results in a low resolution. If the nominal operating bus voltage Vpus =
460V is assumed in the normal operation and mapped to Vger by the resistor divider as recommended, then a 8-
Bit ADC gives the range 0 ~ 460V a resolution of

Vbus

256

Wide Range Resolution = ~ 1.8V /LSB

This range is used to monitor the start-up behavior or other failures.

The narrow voltage range from 5/6 Vrerto 7/6 Vrer gives a three times better resolution. If the nominal operating
bus voltage Vpus= 460V is assumed and mapped to Ver, then a 8-Bit ADC gives the range from 5/6* Vpys

=383V to 7/6* Vpus= 536V a resolution of

. _ 1 Viys
Narrow Range Resolution = 3 * T6 ~ 0.6V /LSB

So in the steady state operation, the high-resolution range is used to get an accurate bus voltage regulation.

Vs
A
7/6 VREF
High
Vrer N resolution
range
5/6 Vrer
Low
resolution
range
oV _
t

Figure9 Two Different Bus Voltage Sensing Ranges

The calculation of the resistor divider is given as following if the Vyus =460V is mapped to Vger:

R Vpus — Vi
VS1.PFC _ Vbus — YREF _ o0 40

RVSZ_PFC VREF

To reduce the inaccuracy caused by the resistor divider, it is necessary to select the bus voltage sensing
resistors with a tolerance of less than 1%. In the 50W ECG reference design, to reduce the voltage stress, the
upper resistor Rys;_prcconsists of three resistors of each 3.32MQ and the lower resistor Rys;_prcis selected as 52.3
kQ.

The criteria to switch between these two ranges are as following if the tolerance of the resistors can be ignored:

e The PFC boost converter always starts in the narrow (high resolution) range
e Inthe narrow (high resolution) range, if the bus voltage V< 406V then it will be switched to wide range
e Inthe wide (low resolution) range, if the bus voltage Vpus> 430V, then it will be switched to the narrow range
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Note: In order to reduce the switching noise coupled in the Bus voltage sense signal, a filter capacitor of

1nF is strongly recommended to be placed directly near the VS pin.

The important design parameters for bus voltage sensing are summarized in the following table:

Table 10 Bus Voltage Sensing Design Parameters

Parameter Symbol Value Unit
Nominal PFC boost converter output voltage Vius 460 v
XDPL8220 internal ADC reference voltage Vier 2.428 v

Bus voltage sensing divider ratio Rys1_prc/ Rysz prc 188.46 -

Bus voltage sensing divider upper resistor Rysi_prc 3.32x3 MQ
Bus voltage sensing divider lower resistor Rys2_prc 52.3 kQ
Bus voltage sensing filter capacitor Cvs 1 nF
Narrow (High Resolution) range - 383~536 V
Resolution of narrow range - 0.6 V/LSB
Wide (Low Resolution) range - 0~ 460 V
Resolution of wide range - 1.8 V/LSB

2.4.7 PFC Output Capacitor

The PFC bus capacitor can be calculated with the following formula if the ESR of the capacitor is small enough
to be neglected and the peak to peak voltage ripple is selected as 20V:

I out_PFC_max

Chus = = 20uF
w 2% T % fline_min * Vbus_ripple_pp
With
P O_PFC_max
Iout_PFC_max = T =0.124
us

For voltage class, with consideration of over-voltage protection threshold, a 500V capacitor is necessary. But
due to the price and size factors, it is reasonable to use two 250V rating capacitors in series. The ESR of the
capacitor should be selected as small as possible and the allowed maximum ripple current should have enough
margins. In the 50W ECG reference design, two capacitors of 47uF in series with low ESR are selected. To
symmetrize the voltage stress on the two in series connected capacitors, an in parallel connected high ohmics
resistor divider is recommended, which will increase the stand by power consumption lightly nevertheless.

The important parameters for the bus capacitor selection are summarized in the following table:

Table 11 Bus Capacitors Design Parameters

Parameter Symbol Value Unit
Nominal PFC boost converter output voltage Vius 460 v
Maximum PFC boost converter output power Pout prc max 55 W

Bus voltage ripple (peak to peak) Vbus_ripple_pp 20 v

AC input line frequency fiine 45 ~ 66 Hz

PFC Bus capacitor Chus 22 uF
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2.4.8 PFC Multi-Mode Control
The PFC boost converter regulates the output bus voltage through the calculated constant on-time:

_ 2% Py prc_max * Lprc
ton_pPrc = 72 "
in_.rms Nprc

As shown from the formula above, when the inductance is fixed and the line input voltage is constant, the PFC
on-time is only dependent on the converter output power. The output voltage is sensed and fed into the
internal PIT1 regulator for on-time calculation. With the calculated on-time and by designed frequency law
controlled off time, a switching cycle is then defined.

For PFC boost converter operating in the QRM (quasi resonant mode), the PFC MOSFET is turned on with
constant on-time throughout the complete AC half cycle and the off-time is varying during the AC half cycle
depending on the instantaneous input voltage applied. A new switching cycle starts after the inductor current
reaches zero. Itis ideal for full load operation, where the on-time is large. However, the on-time reduces at light
load, resulting in very high switching frequency especially near the zero-crossings of the AC input. The high
switching frequency increases the switching loss, resulting in poor efficiency at light load. Therefore the multi-
mode control is implemented. The multimode PFC control can lower the switching frequency by adding an
additional delay into each switching cycle through selecting further inductor current valleys to achieve QR2M
and up to maximum QRM5 (configurable) operation. Figure 10 illustrates the QRM2 valley switching in
multimode PFC control as an example.

. Lsw Isw
I e >
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2 \ 14 / 1L,ave
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VL pk .. =5§
VL sampled .|...... — i ﬂ
0 R i ;-
Ton U Tdisch G H i .
2 i ) T
QRM1 QRM2 QRM1

Figure 10 PFC Boost Multi-Mode Control with QRM2

The multi-mode control is defined in the frequency law, which consisting of a maximum switching frequency
fow_prc max and @ minimum switching frequency fsu prc min cOntrols the valley selection (QRMn). In this way, the
switching frequency is limited within the defined range and efficiency at light load can be improved. An
illustration of the frequency law is shown in Figure 11.
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Figure1l Frequency Law For Operating Mode

The important design parameters for multi-mode control are summarized in the following table:

Table 12 Input Voltage Sensing Design Parameters

Parameter Symbol Value Unit
Maximum PFC boost converter switching frequency | foy_max_prc 120 kHz
Minimum PFC boost converter switching frequency | foy_min_prc 22 kHz
Maximum allowed valley Nyattey_max_prc 5 -

2.4.9

PFC Start-Up Control

After the AC or DC voltage is applied at the input, the bus voltage is charged to Vius start prc . The V. capacitors
are charged by the start-up cell till the voltage reaches the on threshold and then the XDPL8220 is active. The
first thing that XDPL8220 will do after the activation is the start-up check: if the bus voltage is higher than the
Vius_start_prc, the PFC boost converter will begin with the soft-start phase. After the threshold Vbus steady entry_uv i
reached within the time tseart max_prc, the start-up phase is over and the controller is in the steady state operation
till the operating bus voltage Vpys_set is established. If it is not the case, the PFC soft-start failure will be triggered.
This is shown in the following figure 12:

Vous
A
NN TN
- Vbus,ser / NS ~
I bus, stdy,enfr,UV
Vbus,start PFC ‘__‘// 1
<—Pi€ P > t
vol startup steady state

passive charging
charging

Figure12 PFC Boost Converter Start-Up Control
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The PIT1 regulator parameters used for the start-up and steady state may be different because of different
requirements of the control loop. In the start-up phase, T1 regulator is inactive because a fast dynamic
response is important in order to settle the bus voltage at the defined operation level as soon as possible so
that the flyback stage can start quickly and take over the IC power supply. Furthermore, it also helps to reduce
the time-to-light. On the contrary in the steady state phase, a slow loop response is suitable for the stable bus
voltage regulation and T1 regulator is activated.

The important design parameters for PFC Boost Converter Start-up control are summarized in the table below:

Table 13 PFC Start-Up Design Parameters

Parameter Symbol Value Unit
Voltage threshold to start PFC stage Vbus_start_prc 75 v
Voltage threshold for closed loop regulation Vbus_steady_entry_uv 448 v
Nominal PFC boost converter output voltage Vbus_set 460 \
Proportional gain of PIT1 regulator in the start-up phase SVPstart up 4 -
Integral gain of PIT1 regulator in the start-up phase SVistart up 7 -
Proportional gain of PIT1 regulator in the steady state phase SVP:tcady state 4 -
Integral gain of PIT1 regulator in the steady state phase SVlsteady state 7 -
T1filter gain in the steady state phase 143 6 -
2.4.10 Input Voltage Sensing

The rectified input voltage is measured through an external current limitation resistor Ryy at the HV pin as
shown in the Figure 10. This path provides not only the input voltage sensing function, but also the power
supply via the IC internal built HV start-up cell for XDPL8220 before the V.. reaches the on-threshold.

The input voltage sensing distinguishes whether the AC or DC voltage is connected at input. Meanwhile, input
voltage measurement provides the brown-in, brown-out and input over voltage protection. The threshold of
each protection may be different for AC or DC input.

O E’ —
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Figure 13 InputVoltage Sensing
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To charge the V..capacitors through the IC internal start-up cell, the charge current must be limited not to over-
power the start-up cell. The current limitation resistor Ryy must fulfill the following condition:

Ry > V2 Vimwrms _ g0
IHV_max
Because of internal setup of the HV pin to measure the input precisely, it is mandatory to use the HV current
limitation resistor Ryy= 99kQ in order to limit the maximum HV pin current to 4.8mA. To reduce the voltage and
power stress of the resistor, it is strongly recommended to split it into three 1206 resistors of each 33kQ. To
improve the accuracy of the measurement, resistors with tolerance less than 1% should be selected.

The important design parameters for input voltage sensing are summarized in the following table:

Table 14 Input Voltage Sensing Design Parameters

Parameter Symbol Value Unit
Maximum AC input Voltage Vin_ac max_rms 305 Vrms
Maximum DC input voltage Vin_bc_max 305 V
Maximum current of start-up cell Iuy max 4.8 mA
HV current limitation resistor Ryy 33x3=99 kQ
2.4.11 PFC Protection Features

The digital controller XDPL8220 provides all around protections for both power components and input/output
of the PFC boost converter. As illustrated below in the control state machine (Figure 14), the protections are
active after the system enters the start-up checks state (when Vcc voltage reaches the on-threshold). While the
start-up checks, the input/output are monitored before starts PFC to protect against possible under/over-
voltage. After the system is in the soft-start state, more protections like over-current, over-power and CCM
protection are also activated. An overview of which protection enabled in which operating state is given in the
following table 15.
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Figure 14 PFC Boost Converter Control State Machine
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Table 15 PFC Protection States

(infineon

Protection Stopped Soft-Start SteadyState | Over Voltage
Bus Over Voltage Protection level 2 (OVP2) Disabled Enabled Enabled Enabled
Bus Under Voltage Protection Disabled Disabled Enabled Enabled
Input Over Voltage Protection Disabled Enabled Enabled Enabled
Input Under Voltage Protection Disabled Enabled Enabled Enabled
Over Current Protection level 2 Disabled Enabled Enabled Enabled
Soft-Start Failure Disabled Enabled Disabled Disabled
CCM Protection Disabled Disabled Enabled Disabled

2.4.11.1 Bus Voltage Protection

The voltage at the VS pin which represents the bus voltage is monitored for the bus voltage protection.

Bus over-voltage protection is mandatory to protect the DC-link electrolytic capacitor, boost diode and
MOSFET of the flyback converter. There are two different level protections defined:

e The OVP1 is part of the regulation loop and controlled by the firmware. When the OVP1 threshold Vbys ove:is

continuously triggered beyond the configured blanking time tyank_bus oves, the PFC gate driver is stopped by
the firmware. In this case, flyback converter should go on switching to help discharging the bus capacitor.
The gate driver is only enabled again when the bus voltage falls below the level Vpys_steady_entry ov. NO further
protection action is necessary.

The OVP2 in contrast is a hardware protection and the gate driver is disabled if the fixed OVP2 threshold
Vius_ovez is triggered beyond the defined blanking time tsank_sus ove2 and without any firmware delay. In this
case, flyback converter will also stop working and XDPL8220 will enter the latch mode. The OVP2 threshold
is defined as a VS pin voltage of 2.8V, which together with the bus voltage sense divider results in the
corresponding voltage at the bus.

Bus under-voltage protection is meaningful to prevent the flyback transformer from running into saturation.
When the threshold Vs uv is continuously triggered beyond the configured blanking time toiank_bus_uv, both
PFC and flyback converter operations are stopped and XDPL8220 will enter the auto-restart mode. The
different OVP thresholds are illustrated in the following figure 14:
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Figure 15 PFCBus Voltage Protection Thresholds
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The important design parameters for bus voltage protection are summarized in the table below:

Table 16 PFC Bus Voltage Protection Design Parameters

Parameter Symbol Value Unit Configurable
Bus over-voltage protection level 2 threshold | Vbus ove2 536 v No
Blanking time for OVP2 thlank_bus_ovp2 200 ns Yes
Reaction OVP2 - Latch - No
Bus over-voltage protection level 1 threshold | Vius ove: 496 v Yes
Blanking time for OVP1 tolank_bus_ovp1 384 us Yes
Recovery threshold from OVP1 Vbus_steady_entry ov | 472 v Yes
Bus under-voltage protection threshold Vius uv 300 v Yes
Blanking time for under-voltage totank_bus_uv 500 ms Yes
Reaction bus under-voltage protection - Auto-Restart - Yes
2.4.11.2 Input Voltage Protection

Input voltage protection is realized by monitoring the voltage at the HV pin. After the XDPL8220 is active and
before the PFC boost converter is started, the input voltage will be checked first. Only if the input RMS voltage is
between the threshold Vi, _start minand Vin_start max, PFC Will start. After this, input will be monitored continuously. If
the input voltage touches the under-voltage or over-voltage threshold beyond the blanking time, XDPL8220 will
enter the auto-restart mode.

The important design parameters for input voltage protection are summarized in the table below:

Table 17 PFC Input Voltage Protection Design Parameters

Parameter Symbol Value Unit Configurable
Minimum input voltage to start PFC Converter Vin_start_min 90 Vrms Yes
Maximum input voltage to start PFC Converter Vin_start_ max 277 Vrms Yes
Input under-voltage protection during operation | Vin_yv 75 Vrms Yes
Blanking time for input under-voltage tvin_uv 100 ms Yes
Reaction input under-voltage protection - Auto-Restart - Yes
Input over-voltage protection during operation Vin ov 320 Vrms Yes
Blanking time for input over-voltage tyin ov 100 ms Yes
Reaction input over-voltage protection - Auto-Restart - Yes
Note: The thresholds listed in the table above are related to the selected HV resistor of 99kQ. Different

HV resistor will result in different thresholds.

Note: Due to the selected Ryw=99kQ and the current limitation of 4.8mA into the HV pin, the maximum
input voltage protection threshold is only till 277Vrms possible. For an extended threshold till
305Vrms, this input voltage protection should be disabled and the input over-voltage protection
will be covered by the bus over-voltage protection.
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2.4.11.3 Over-Current Protection

The over-current protection is necessary to control the maximum current flowing through the PFC boost
inductor and PFC MOSFET so that they are not over-powered. This is realized by monitoring the voltage across
the PFC shunt resistor. If the voltage reaches the threshold and beyond the blanking time, PFC gate will be
switched off. There are two level of the over-current protection:

e Over-current Protection level 1: by touching the threshold Vcs prc ocp: Of the OCP1 beyond the blanking time
toiank_ocp1_prc, PFC gate will be switched off and the next switching cycle will be started again after the zero-
crossing signal is detected. No further action will be taken. This is a cycle by cycle power limitation.

e Over-current Protection level 2: by touching the threshold Vcs_prc ocp2 0f the OCP2, both PFC and flyback gate
drive will be switched off and XDPL8220 will enter the latch mode

The important design parameters for PFC over-current protection are summarized in the table below:

Table 18 PFC Over Current Design Parameters

Parameter Symbol Value Unit Configurable
PFC Over-current protection level 1 threshold Ves prc ocr1 0.75 v Yes

Blanking time for PFC OCP1 totank ocp1prc | 200 ns Yes

PFC Over-current protection level 2 threshold Ves prc ocp2 1.6 v No

Blanking time for PFC OCP2 totank ocpz prc | 200 ns Yes

Reaction to PFC OCP2 - Latch - Yes

2.4.11.4 Soft-Start Failure

When the input voltage is very low or the output is over-loaded, the start-up time of the PFC boost converter is
very long. In both cases, the protection is triggered and XDPL8220 will enter the auto-restart mode. The PFC
soft-start time tseart prc is defined and monitored from the moment that PFC stage is started till the bus voltage
reaches the threshold Vius steady entry_uv- If this time exceeds the maximum allowed PFC soft-start time tstare prc max,
protection will be triggered.

The important design parameters for soft-start failure are summarized in the table below:

Table 19 PFC Soft-Start Failure Design Parameters

Parameter Symbol Value Unit Configurable
Voltage threshold for start-up end Vbus_steady entry uv | 448 v Yes

Maximum allowed PFC soft-start time tstart PFC_max 400 ms Yes

Reaction soft-start failure - Auto-Restart - Yes

2.4.11.5

CCM Protection

Continuous conduction mode (CCM) operation occurs when the magnetizing current does not decrease to zero
before the next switching cycle starts. This happens usually when the difference of the bus voltage and input
voltage is very small, which is the case of start-up or boost diode short. However, when the output is over-
loaded or input voltage is too low, the inductor peak current will be very high and the demagnetizing of boost
inductor cannot be operated completely, too. At start-up, the CCM operation is allowed for limited time but in
other conditions, XDPL8220 must enter the protection mode.
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The CCM operation is monitored at the PFC CS pin. When the ZCD signal does not come till the maximum
switching period time-out happens, it will be treated as a CCM cycle. If the CCM operation happens beyond the
blanking time toank_ccm_prc, XDPL8220 will enter the auto-restart mode.

The important design parameters for CCM protection are summarized in the table below:

Table 20 PFC CCM Protection Design Parameters

Parameter Symbol Value Unit Configurable
Blanking time for PFC CCM operation thlank_ccm_pFc 500 us Yes

Reaction PFC CCM protection ; Auto-Restart - Yes

2.5 Design the Flyback Converter

The flyback converter takes the PFC boost output DC voltage at the primary side and converts it to a
configurable wide voltage range DC output with the programmable constant current at the secondary side. The
controller XDPL8220 provides a primary side output voltage and current control without the secondary side
external regulator components as this function is already fully integrated in the controller. This chapter
describes the methodology for designing the Multimode control (QR+DCM) flyback converter based on
XDPL8220; including the flyback transformer design, equations for power losses estimation, selection guide for
power semiconductor devices and passive components. The design target specification for the 50W ECG
reference design is given in the following table:

Table 21 Flyback Converter Design Target Specification

Flyback Converter
Parameter Symbol Value Unit
Minimum DC input voltage Vbus_min 440 v
Nominal DC input voltage Vbus 460 v
Maximum DC input voltage Vbus_max 480 v
Maximum flybackconverter output power Po_max 50 W
Minimum switching frequency fow_rB_min 40 kHz
Estimated flyback converter power efficiency Nes <93 %
Flyback converter output voltage Vout 16 ~48 v
Flyback converter output over-voltage threshold Vout ov 53 v
Flyback converter output current lout 550 ~1500 mA
Maximum flyback MOSFET drain-source voltage Vbs_max 800 v
Secondary diode forward voltage Ve 1 v
Secondary diode voltage rating Virrm 400 v
2.5.1 Design the Flyback Transformer

For flyback converter, the transformer is the most important factor that determines the performance such as
the efficiency, output regulation and EMI. Contrary to the normal transformer, the flyback transformer is
inherently an inductor that provides energy storage, coupling and isolation for the flyback converter. In
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the general transformer, the current flows in both the primary and secondary winding at the same time.
However, in the flyback transformer, the current flows only in the primary winding while the energy in the
core is charged and in the secondary winding while the energy in the core is discharged. Usually
gap isintroduced between the cores to increase the energy storage capacity. The general transformer
design procedures are briefly described below:

2.5.1.1 Transformer Turns-Ratio

The transformer turns-ratio n decides not only the reflected voltage from the secondary side to the primary
side, which affects the primary side flyback MOSFET selection, but also the maximum switching duty cycle Dmax
of the flyback converter.

A higher transformer turns-ratio steps down the voltage from input to output more, such that a higher duty
cycle may be employed. The maximum duty cycle is exactly defined by the turns-ratio, since magnetizing time
and demagnetizing time are functions of input voltage and reflected output voltage respectively. The duty
cycle of the QR mode flyback can be calculated as following:

ton _ nx* (Vout + VF)

D = =
ton + toff Vbus +nx (Vout + VF)

This expression for D clearly approaches 1 asymptotically when n approaches oo (and 0 when n approaches 0).
Nevertheless, a high turns-ratio means high reflected voltage from the secondary to primary side, which
requires a higher MOSFET drain-source break down voltage. Therefore, the maximum transformer turns-ratio
depends on the expected maximum input voltage and reflected output voltage, since the sum of the two
determines the voltage stress across drain-source of primary side MOSFET during the demagnetization period
like following:

VDS_MOS_FB = Vbus_max +nx Vout_max

During turn-off of the primary side MOSFET, energy stored in leakage inductance will charge up the C,ss of the
primary MOSFET causing an overvoltage spike to occur on top of the steady-state stress voltage. Depending on
the leakage inductance value and the €, characteristics of the MOSFET employed, the snubber circuit can be
tuned to guarantee operation within the voltage rating of the MOSFET, when employing a de-rating factor as is
norm in the industry. In the 50W ECG reference design, 800V MOSFET is selected with a de-rating of 85% is
assumed. So the maximum turns-ratio nmaxis calculated as:

0.85 * Vps mos B — Vbus max — 4

n<n =
max Vout_max

A low transformer turns-ratio could be desirable for several reasons as well. One reason is the conduction
losses on the output loop, since the primary peak current is defined independent of the transformer turns-ratio
by the DCM Flyback power equation:

Pour = E* Lpp * izzJ_pk * frp * Mg
The output loop peak-current is the input peak current reflected across the transformer:

iS_pk =n=* ip_pk

A smaller turns-ratio will reduce the secondary peak current and thus the conduction loss. One other reason
could be the construction of the transformer itself. In order to get a strong coupling with accurate turns-ratio,
there is a minimum practical limit to the number of physical turns on the output-side. With a minimum output
winding turns-count and a maximum input winding turns-count, a practical upper limit to the transformer
turns-ratio will also exist. With the electrical requirements known, the minimum transformer turns-ratio can be
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found similarly as the maximum, but based on voltage rating for the desired output rectifier diode Vgru. The
steady state voltage stress across the diode is the sum of the transformer winding voltage and the output
voltage, both of which have known maxima from previous calculations. The MOSFET voltage rating must
adhere to de-rating criteria:

Vb
n=nNpyin = Usmaz = 2.52

0.8 * VRRM - Vout_max

Nevertheless, a very low turns-ratio leads to a low duty cycle or smaller on-time at light load. If this small on-
time is not able to be output by the controller, then the burst mode is unavoidable. In the 50W ECG reference
design, the turns-ratio is chosen as:

n =39

2.5.1.2 Magnetizing Inductance

The magnetizing inductance scaling can be done in several ways. One such way would be to ensure that at least
full power can be produced at lowest bus voltage while staying in QR operation.

As already described in the previous chapter, the maximum duty cycle occurs at minimum bus voltage and
maximum output voltage:
nx* Vout_max

D. = =0.3
max Vbus_min +nx* Vout_max

The maximum possible magnetizing inductance is then calculated as:

Vbzus min * D72”ax *Nrp
) _ Vs = 4000pH
P_FB_max 2 * Po_max * fSW_FB—min

A larger inductance will increase the operating frequency thus causing more switching losses. Due to the wide
range voltage output and relative small peak current, it is recommended to choose the inductance so that the
switching frequency at maximum output voltage and full load is not higher than 60kHz. In the 50W reference
design, the primary flyback main inductance is set as:

LP_FB = 3100HH
The maximum reflected voltage is:
Vi max = 1 * (Vout max + Vp) = 191V

The maximum switching frequency appears at maximum bus voltage, maximum output voltage and full load:

2 2
_ Vbus_max *D”x NrB
f SwW_FB_max —

= 56kHz

2 % PO_max * LP_FB

The maximum primary peak current appears at minimum bus voltage, maximum output current and full load:

2P, o_max
p-plemax \/ Lp pp * Npp * f: sw_FB

The maximum on-time happens at minimum bus voltage, maximum output current and full load:

LP FB * ip pk_max
tonmax =~ — = 7.38us

Vbus_min
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The maximum primary RMS current is:

D
Ip_RMS_max = Ip pk_max * \/; = (0.294

The maximum primary DC currentis:

Ip_DC_max = E * Ip_pk_max *D =0.12A

The maximum primary AC current is:

Ip_ac_max = \/ I}%_RMS_max - Ig_Dc_max = 0.264

The maximum secondary peak current is:

Is_pk_max =n#x* Ip_pk_max =414

The maximum secondary RMS current is
1-D
Is_RMS_max = Is pk.max * T = 2.07A
The maximum secondary DC current is:

1
Is_DC_max = E * Is_pk_max * (1 — D) = 1.57A

The maximum secondary AC current is:

Is acmax = \/ ISZ_RMS_max - ISZ_DC_max = 1.354

2.5.1.3 Transformer Winding Turns

After the primary main inductance is determined and the maximum primary peak current is calculated, the
turns of each winding of the flyback transformer can be calculated after the selection of the proper core. In the
50W reference design, the EE25 core with an effective area Ae of 52.5mm?is selected. With the assumption of
the saturation flux density Bs,¢ of 0.3, the minimum primary turns to avoid core saturation can be calculated as
following:

N _ Lp * Ip_pk_max

=N, i, = =~ 206 turns
b p-mm Bgar * A,

The secondary turns is calculated as:
N,
N, = Pl 52 turns

The primary auxiliary winding is separated to two parts. One is the forward winding which provides the power
for the controller XDPL8220. This ensures the precision of the primary side regulation. As this winding operates
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in the forward mode, so the winding voltage is proportional to the bus voltage when the flyback MOSFET is
turned on and independent from the output voltage. To make sure that the winding voltage is between 12V and
22V according to the Vcc voltage range, the turns-ratio of the primary to the primary aux forward winding is:
N,

— P ~28

Np_aux_FWD
The other winding is used to sense the output voltage and the secondary side current zero-crossing moment
from the primary side. As this winding operates in the flyback mode, so the winding voltage is proportional to
the output voltage. The turns-ratio of the primary to the primary ZCD winding is:

Np
— =~ 494
Np_aux_ZCD
Another winding, which provides the power for the dimming circuit, is also operated in the forward mode so
that the winding voltage is independent from the output voltage. To make sure that the winding voltage is
between 12V and 22V, the turns-ratio of the primary to the secondary aux forward winding is:

Ny

— =~ 28
Ns_qux_rwp

The important parameters of the flyback transformer are summarized in the following table:

Table 22 Flyback Transformer Design Parameters

Parameter Symbol Value Unit
Primary main inductance of the flyback transformer L, rs 3100 uH
Turns-ratio from primary to secondary winding N,/N; 3.9 -
Turns-ratio from primary to primary aux forward winding Np/Np_aux_rwo 28 -
Turns-ratio from primary to primary ZCD winding No/Ny_zcp 4.94 -
Turns-ratio from primary to secondary aux forward winding Np/N;_aux_rwp 28 -
Maximum duty cycle Dyax 0.3 -
Maximum primary peak current Ip_pk_max 1.05 A
Maximum primary RMS current lo_rms_max 0.29 A
Maximum secondary peak current Is pk_max 4.1 A
Maximum secondary RMS current I5 rms_max 2.06 A
Maximum on-time ton_max 7.38 us
Maximum switching frequency fow FB_max 56 kHz

Based on the above calculated specifications, the flyback transformer can be constructed according to
different design requirements like size, power efficiency and temperature etc. by selecting different bobbin and
core. In order to avoid core saturation and achieve an optimized core loss, the flux density Bmax is
recommended not to exceed 0.3.

In the Infineon 50W ECG reference design, the flyback transformer is constructed by the Wiirth Electronic under
part no. 750343127-Rev01 as a design example. The specification sheet is given as following:

Table 23 Parameters of Wiirth Inductor 750343127-Rev01

Parameter Value Unit
Inductance 3100 uH
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Parameter Value Unit
Bobbin EE25 -
Core material TP4A or DMR44, N87 equivalent | -
Turns-ratio from primary to secondary winding 3.9:1 -
Turns-ratio from primary to primary aux forward winding 28:1 -
Turns-ratio from primary to primary ZCD winding 4.94:1 -
Turns-ratio from primary to secondary aux forward winding 28:1 -

DC resistance primary winding 4 Q
DC resistance secondary winding 2 Q
Cross section of the EE25 core 52.5 mm?
Volume of the EE25 core 2970.92 mm?

The maximum primary side DC conduction loss can be calculated as:

— 72 —
Pioss p rB = Ip_rms.max * Roc_p_rp = 0.34W

The maximum secondary side DC conduction loss can be calculated as:

— 72 —
P loss_s_ FB — Is_rms_max * RDC_p_FB = 0.55W
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Figure 16 Flyback transformer Specification Sheet

The core loss can be looked up in the following figure with the operating frequency and the AC flux density.
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Relative core losses
versus frequency
(measured on R34 toroids)
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Figure 17 Relative core losses of the N87 Material
2.5.2 Flyback Primary Power MOSFET

The selection of the flyback primary side power MOSFET is based mainly on the break down voltage and the
consideration of the MOSFET power dissipation. As already mentioned in the previous chapter, an 800V
MOSFET is used in the reference design. In the QR+DCM mode flyback converter, the overall MOSFET losses
comprise:

e Conduction loss

These losses are frequency independent and do not scale significantly with frequency. It is calculated as
following:

— 72
Pcon_loss_MOS_FB - Ip_RMS_max * RDS(ON)

Due to the high bus voltage, the primary RMS current is quite low. It is recommended to use a MOSFET with a
relative high Rpsin but smaller Cys;.

e Turn-on transition loss

As the converter works in the QR+DCM mode, the turn-on transition loss caused by the magnetizing current can
be ignored because the current rises from zero when a switching cycle starts. But to discharge the parasitic
capacitors like Coss and Cean through the MOSFET channel can cause significant turn-on transition loss. These
losses occur every switching cycle and are thus frequency dependent.

e Eossand!/,+Ccan-\? loss

As mentioned above, the energy stored in Cossand Cca, at the time of turn-on must be dissipated in the MOSFET
channel and current sense resistor during the turn-on transition. The energy stored in any capacitor is
fundamentally a function of the square of the voltage across it, and thus the Eossand /,-Ccan-V? loss can be
very significant during high line conditions. These losses occur every switching cycle and are thus frequency
dependent. To simplify the calculation, we assumed that the switching loss is approximately the same as the
conduction loss:

P, sw_loss_ MOS_FB = P con_loss_MOS_FB

e Gatedriver loss
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These losses also scale linearly with frequency, but are generally a quite small contribution to the overall losses
(at switching frequencies of a few hundred kilohertz and below) and depend almost exclusively on the MOSFET
Q¢ (total gate-charge). The gate-driver power is typically dissipated in the external gate resistor and gate-driver
itself and thus does not need to be considered in the thermal calculation of MOSFET.

In the 50W ECG reference design, the 800 Infineon MOSFET IPD80R1K4P7 of the P7 family is used. With the
Ropsion) 0f 1.4Q), the total loss of the MOSFET is calculated as below:

Ploss_MOS_FB = Psw_loss_MOS_FB + Pcon_loss_MOS_FB = 2% Pcon_loss_MOS_FB = 0.2W

The important parameters for PFC MOSFET are summarized in the following table:

Table 24 PFC MOSFET Design Parameters

Parameter Symbol Value Unit
Flyback MOSFET break down voltage Ver pss r8 800 v
Flyback MOSFET on-resistance Rpsion) 1400 mQ
Flyback MOSFET conduction loss Pioss mos FB con | 0.1 w
Flyback MOSFET switching loss Pioss mos r8 sw | 0.1 W
Flyback MOSFET total loss Pioss mos s 0.2 w
2.5.3 Flyback Primary snubber

When the flyback power MOSFET is turned off, there is a high voltage spike on the drain due to the transformer
leakage inductance and the C,s; of the MOSFET. This excessive voltage may lead to an avalanche break down
and damage the MOSFET. Therefore, it is necessary to use an additional RCD snubber network to clamp the
voltage spike in order to protect the power MOSFET.
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Figure 18 MOSFET Drain-Source Voltage and Snubber Capacitor Voltage

The RCD snubber network limit the high voltage spike by absorbing the current in the leakage inductance by
turning on the snubber diode once the MOSFET drain voltage exceeds a certain voltage limit. The voltage over-
shoot V,s_rs limited by the RCD snubber is related to the power dissipation in the clamping network. Setting the
voltage overshoot too low can lead to severe power dissipation in the clamping circuit. For reasonable
clamping circuit design, voltage over-shoot Vs g is typically 1~2 times the reflected output voltage.
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It is typical to have a margin of 10~20% of the breakdown voltage for maximum MOSFET voltage stress. The
maximum voltage stress of the MOSFET is given as:

Vps stress kB = Vbus_ove1 + Ve max + Vos rB < 0.9 * Vgg pss rB
So the voltage overshoot is:
Vos ke < 0.9 * Vg pss kB — Vbus over1 — Ve max

The peak current of the clamping network is:

2
I — |2 Coss *Vis rp
pk_sn_FB — vk — — 1
Lleak_FB

The leakage inductance measured with an LCR meter tends to be larger than the actual effective leakage
inductance. Moreover, the effective output capacitance of the MOSFET is difficult to measure. The best way to
obtain these parameters correctly is to use the drain voltage waveform. Since L, s can be measured with an
LCR meter, Coss and L.k rs Can be calculated from the measured resonant period. The power dissipation in the
clamping circuit is obtained as:

Ve + Vos rs

— 2
Ploss_sn_FB - E * fsw_FB * Lleak_FB * pk_sn_FB * v
OS_FB

Then the clamping circuit resistor is calculated as:

R _ (VR + VOS_FB)2
sSnFB=—fpH

Plass_sn_FB

In order to reduce the power stress of the snubber resistor, it is recommended to separate the resistor to two
parallel connected resistors. The actual drain voltage can be lower than the design due to the loss of stray
resistance of inductor and capacitor. The resistor value can be adjusted after the power supply is actually built.
The voltage rating of the snubber diode should be higher than the MOSFET drain-source break down voltage.
Usually, an ultra-fast diode with 1A current rating is used for the snubber network. To allow less than 40 V ripple
on the clamping capacitor voltage, the clamping capacitor should be calculated as:

Ve +Vos rp

>
n_FB =
AVsn * Rsn_FB * f sw_FB

Cs

2.5.4 Flyback Secondary Rectifier Diode

The rectifier diode at the secondary side is selected mainly according to the voltage and current ratings.
Because the flyback converter works either in QR or in DCM mode, so there is no reverse recovery requirement
of the diode and an ultra-fast is thus not necessary. The maximum reverse voltage of the diode is given as:

Vbus_ovpz
VRRM_D_sec = 1.25 * (% + Vout ov) = 235V

The maximum average forward current of the rectifier diode is given as:
IF_D_sec > 1.5+% Is_RMS_max =3.14

The forward voltage of the rectifier diode is directly related to the power efficiency. So the forward voltage
should be chosen as small as possible. With an assumption of the forward voltage of 1V, the maximum
conduction loss of the diode is calculated as:

Ploss_D_sec = Iout_max * VF_D_sec = 1.5W
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The important parameters for secondary rectifier diode which used in the 50W ECG reference design are
summarized in the following table:

Table 25 Flyback Secondary Rectifier Diode Design Parameters

Parameter Symbol Value | Unit
Maximum reverse voltage VrrM_b_sec 300 v
Average rectified forward current If b_sec 2x10 A
Forward voltage VE b sec 0.9 v
2.5.5 Flyback Secondary Snubber

When the primary-side MOSFET is turned on, severe voltage oscillation occurs across the secondary-side diode,
as shown in Figure 19. This is caused by the oscillation between the diode parasitic capacitance Cp sec rs and
transformer secondary side leakage inductance Lieak sec rs. TO reduce the oscillation, an RC snubber is typically
used, as shown in the following figure:

Rsn1 CSN2
Liks - VD + }—‘
% LﬁJ
nehal e =0
-
v

Figure 19 Secondary Rectifier Diode Voltage Waveform

The-secondary side leakage inductance and the diode parasitic capacitance are difficult to measure with an
LCR meter. The best way is to use a test capacitor across the diode. First, measure the natural resonance period
Tres_p_sec Without to connect anything to the diode. Then, add a test capacitor across the diode Ces: such that the
test resonance period Tres p sec test DeCOMes about twice its original value and measure the test resonance
period. With the measured Tyes p_sec, Tres_p_sec_test, aNd Ceest, the resonance parameters can be calculated as:

C _ Ctest
D_sec_FB — T 2
( res_D_sec_test) -1
Tres_D_sec
L _ Tres_D_sec 2 1
leak_sec_FB — ( 2 ) * C
T D_sec_FB

Then the snubber circuit parameters can be calculated as following:
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Rsn_D_sec = lggk_sechZB
_sec_

Csn_D_sec =2.5% CD_sec_FB

If the voltage rating of the secondary rectifier diode is selected high enough to provide enough margins, then
the snubber circuit can be saved for a better power efficiency.

2.5.6 Flyback Secondary Output Capacitor

Output capacitance will need to be selected carefully in order to meet the LED ripple current. It represents a
trade-off between LED ripple current and BOM cost that the designer has to meet. In addition, the capacitor has
to be able to handle the ripple current through it. As a rule of thumb, the total output capacitors should be able
to handle at least 2.5 times the max LED DC current at maximum temperature.

The ripple current of the output capacitor is obtained as:

— 2 2
AIout_cap - Is_RMS - Iout

The ripple current should be smaller than the ripple current specification of the capacitor. The voltage ripple on
the outputis given by:

Lout * Dmax Ip_pk_FB * Vg * RCout

AV t=
o Cout * fsw_FB Vout + VF_D_sec

Where R.is the effective series resistance (ESR) of the output capacitor.

Sometimes it is impossible to meet the ripple specification with a single output capacitor due to the
high ESR of the electrolytic capacitor. Then, additional LC filter stages (post filter) can be used. When using
the post filters, be careful not to place the corner frequency too low. Too low a corner frequency may make the
system unstable or limit the control bandwidth. It is typical to set the corner frequency of the post filter at
around 1/10~1/5 of the switching frequency.

2.5.7 Flyback Zero-crossing Detection Divider

The digital controller XDPL8220 provides primary side flyback converter control of output current and output
voltage. No external feedback components are necessary for the current control as the primary side regulation
control loop is fully integrated. This primary side control feature is realized through the ZCD pin of XDPL8220,
which has three functions:

e Outputvoltage measurement:

The output voltage is determined by measuring the reflected output voltage on the auxiliary winding of the
flyback transformer. A resistor divider adapts the voltage to the operating range of the ZCD pin. The voltage
measured at the ZCD pin is calculated:

N ZCD RZCDL FB

Voep = (Vour — V. « P22 =

20 = (Vour = V. sec) Ns  Rzcpu re + Rzepr s

The measurement range of the ZCD pin is from 0V to 2.66V. To ensure that the maximum bus voltage and
output voltage can be measured at the pin, following relation must be fulfilled:
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v " Np_ZCD -V " Vout_OV % Np_ZCD
bus_OVP1 Np ZCD_clamp VZCD_max Ns

= 30kQ

RzcpH re > i
ZCD_clamp_max

where

Vibus_oves is the bus over voltage protection level 1 threshold

V,ut ovis the output overvoltage threshold

Vzep_ctamp = 0.2 V (refer to the XDPL8220 datasheet)

Vzep_max = 2.66 V is the upper measurement range (refer to the XDPL8220 datasheet)
Izco_clamp_max = 3.2 MA (refer to the XDPL8220 datasheet)

O O O O O

In the 50W ECG reference design, Rzcon rs = 68KQ is selected to have enough margin and low power loss for a
better standby power consumption. Then the lower resistor of the divider should fulfill the following relation:

Rzcpn rB * Vzep max

Rzcpr r < N
v p_ZCD v

out ov * Ns — VZCD_max

= 4.7k

RzeoL ks = 3.9KQ is selected. To ensure the output voltage measurement accuracy, it is strongly recommended
that both resistors should have at least 1% intolerance or less.

Attention: Please note that the demagnetizing time has to be longer than 2.0 us to ensure that the
reflected output voltage can be sensed correctly at the ZCD pin.

e Busvoltage measurement:

As already described above, the bus voltage is monitored when the flyback MOSFET is turned on. The resistor
divider adapts the negative voltage to the operating range of the ZCD pin. This second measurement path is
required to protect against component failures in the VS measurement path (open loop protection for the PFC
stage).

e Zero-crossing Detection:

Zero-crossing detection is to catch the moment, when the transformer is completely demagnetized and the
secondary current decreases to zero. It is necessary for the QR and DCM mode. Meanwhile, it is used to realize
the valley switching, which reduces the switching loss of the flyback MOSFET.

In order to filter the noise spike at the ZCD pin so that there is no switching cycle triggered unwanted, it is
recommended to use a 100pF ceramic capacitor directly near the pin. As the capacitance of such ceramic
capacitors varies with temperature, a COG/NPO ceramic capacitor is more suitable.

Note: The filter capacitor at the ZCD pin is not used to delay the MOSFET turning on to realize the valley
switching. This is done in the XDPL8220 internally.

The important parameters for designing the zero-crossing divider are summarized in the following table:

Table26  Zero-crossing Detection Divider Design Parameters

Parameter Symbol Value Unit

ZCD pin voltage measurement range Vzep 0~2.66 V

Upper resistor of the ZCD divider Rzcon r8 68 kQ

Lower resistor of the ZCD divider Rzcou rs 3.9 kQ

Filter capacitor at the ZCD pin Czop 100 pF
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2.5.8 Flyback Current Sense

As the flyback converter operates in the peak current control mode, the power is transferred from the primary
to the secondary side with cycle by cycle current limitation. This peak current control mode compensates the
bus voltage ripple automatically which contributes to the minimization of the secondary current output
variation. The primary peak current is determined by sensing the voltage V¢s at the CS pin which is connected
via a RC-filter to the current sensing shunt resistor. The output current . will then be calculated based on the
output diode conduction time and the switching period.

The recommended operating voltage range at the CS pin is 0 V to slightly lower than 1.2V. According to the
calculated maximum primary peak current which calculated in the previous chapter, the shunt resistor must
follow:

1.2
R.s pp < — = 1.140
N Ip_pk_max

For a lower power consumption, R.s_rs = 0.8Q is selected. To reduce the power stress of the shunt resistor, two
parallel connected resistors of 1.6Q are used. For the control accuracy, resistors with intolerance less than 1%
must be used. The power dissipation of each resistor is then calculated as:

_ 2
Pioss_cs.rB = 2 *1p RMS * Res rB

In order to filter the voltage spike so that the peak current control is not triggered by wrong, there is a leading
edge blanking time built inside the controller. Besides, an external filter is recommended as well. In the 50W
ECG design, a RC-filter is used with Rat ¢s rs=470Q and Ca:_cs_rs = 330pF. The capacitor should be placed directly
near the CS pin.

The important parameters for designing the current sense resistor are summarized in the following table:

Table 27 Flyback Converter Current Sense Design Parameters

Parameter Symbol Value Unit
Flyback current sense pin voltage measurementrange | Vi s 0~1.2 v
Flyback current sense shunt resistor Res r8 1.6//1.6=0.8 Q
Flyback current sense filter resistor Rat cs r8 470 Q
Flyback current sense filter capacitor Cht cs. rB 330 pF
2.5.9 Flyback Output Control Scheme

The XDPL8220 includes three different control schemes for a CC (constant current), CV (constant voltage) or LP
(limited power) output. Different use cases require the controller to operate according to different operation
schemes:

e In the case of typical LED strings, the forward voltage of the LED string determines the output voltage of the
driver. XDPL8220 operates in CC and drives a constant output current lou ruto the load. The forward voltage
of the connected LED string has to be below a configurable maximum value Vout set.

e In the case of LED loads including a power stage (e.g. Infineon BCR linear regulators or Infineon DC/DC buck
ILD2111), XDPL8220 operates in CV, ensuring a constant voltage V,u st to the load. The total output current
drawn by the load has to be below a configurable maximum value lout_fun-
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e In the case of a high output current set-point Ioy n and an overly long LED string which exceeds the
configurable power limit Poye set, XDPL8220 operates in LP to ensure that the power limit of the driver is not
exceeded. The controller reduces the output current automatically, ensuring light output without any
interruption even for overly long LED strings. The forward voltage of the connected LED string has to be
below a configurable maximum value Voue set.

For every update of the control loop, the control scheme is selected on the basis of the current operation
conditions (output voltage Vo, and output current lo,) and their distance to the three limiting set-points
(Vout_set; Paut_set and Iaut_full):

e For CC schemes, the internal reference current Loy s is weighted according to thermal management and a
dimming curve to yield lou set. The calculated output current Iy, is compared with the weighted reference
current loy se to generate an error signal for the output current.

e For CV schemes, the sensed output voltage V., at the ZCD pin is compared to a reference voltage Vout set to
generate an error signal for the output voltage.

e For LP schemes, the output currentis limited to a maximum of loyt set = Pout _set / Vout.
Out of these three schemes, for each step the most critical error is selected (see Figure 20):

1. If any set-point is exceeded, the largest error for power decrease is selected to bring the controller back to
the desired operating point as quickly as possible.

2. If the current operating conditions are below all three set-points, the smallest error for power increase is
selected to avoid overshooting any set-point.

The selected error signal is fed into a compensator to control the gate driver switching parameters (i.e. duty-
cycle and frequency) for the power MOSFET of the Flyback converter.

In dimming cases, the output current set-point loue set is located between loyt minand loue s and varies according
to the sensed PWM duty cycle Dpy. Dimming can be visualized by moving the vertical line for the output current
set-pointin Figure 20 from right to left.

Note: An operation in limited power mode can cause dimmer dead-travel until the controller enters
constant current mode.
Output
voltage Output .
A open Legend:
Vout,ov ] / Y. Poutset [ ] Operating range
] Constant voltage N
Vout set :
Limited
power
€———|———_ | Dimming | Constant
current
1I.I'cnul.sta't—:l Output
Vout v short
7T € Dim-to-Off
I == Output current
lout,min lowt full

Figure 20 Secondary Rectifier Diode Voltage Waveform

Application Note 38 Revision 1.0
2016-08-16



o~ _.
o Infineon
XDPL8220 Design Guide
Table of Contents

Attention: One or more of the output control schemes can be deactivated by configuration of the set-
points. Some examples are given below:

o The LP scheme is not active for Pout set = Vout set * lout fun. FOr such a configuration, the controller
will only select between a CC and CV scheme.

o The CV scheme is not active for Vout set = Vour ov @s the output overvoltage protection will be
triggered.

o The CC scheme is not active for loue un = lout oc @s the output overcurrent protection will be
triggered.

The important parameters to set up the flyback converter output are summarized in the following table:

Table 28 Flyback Converter Output Set-Up Design Parameters

Parameter Symbol Value Unit
Flyback No-dimmed output current lout_fun 1500 mA
Flyback output voltage set-point Vout set 50 v
Flyback output power limitation set-point Pout set 50

2.5.10 Flyback Multi-Mode Control

The control loop of XDPL8220 uses two different switching modes as shown in the following Figure 21. QRM1 is
optimized for high efficiency at high loads while DCM is used in light load conditions.

Power

N Vs max e

Peak-current controlled

Pmax

NV tow,max,Fe

B Bus Voltage

Pm\'n T

| QRM1 |
| W Ves,minfs
% AN tsw,min,FB
| |
I | Frequency controlled
DCM :
|
|

Vbus,uv Vbus,ovP1

Figure21 Flyback Multi-Mode Control

e QRM1: This mode maximizes the efficiency by switching on the 1st valley of the ZCD signal. This ensures zero
current switching with a minimum of switching losses. The power is controlled by regulating the primary
peak current.

e DCM: This mode is used if the peak current limit reaches its minimum value Vcs_min_rs. TO allow lower output
power, the controller extends the switching period later than the 1st valley.

The minimum primary peak current I,_pk_min is restricted by:

N, V.
14 out_ov
Ip_pk_min = toff_min * N_ *———— = (.154
S p_FB
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And the mode change from QRM1 to DCM happens if the CS pin voltage:

VCS_min_FB S Ip_pk_min * RCS_FB = 012V

The minimum power is limited by the transformer primary inductance L, g, the minimum switching frequency
fow_min_rgand the minimum primary peak current Ip_pk_min:

PO_min = E * LppB * I;_pk_min * fsw_min_FB = 0.58W

The important parameters to set up the flyback converter multi-mode control scheme are summarized in the
following table:

Table 29 Flyback Converter Multi-Mode Set-Up Design Parameters

Parameter Symbol | Value Unit

Flyback minimum primary peak current Ip_pk_min 0.15 A

Flyback minimum CS voltage for the QR1 and DCM mode change Ves minrs | 0.12 v

Flyback minimum output power Po_min 0.58 W

Note: If the load drops below the minimum load of Po_min, the output voltage will rise up to the output

overvoltage threshold Vout_ov and trigger the protection. An auto-restart can be used to keep the
output voltage close to Vout_ovuntil the load increases again.

2.5.11 Flyback Start-Up Control

After the bus voltage reaches the threshold Vpys stare ks for the flyback converter to start-up, the controller
XDPL8220 initiates a soft-start for the flyback converter to minimize the switching stress for the flyback power
MOSFET and secondary rectifier diode.

As shown in the following Figure 22, after the start-up check, the flyback converter starts with switching
frequency fu stare ;e @and the cycle-by-cycle current limit is increased in steps of Vs step With a configurable
duration tsnstare for each step. After the final limit level Vis max start ;8 has been reached, the output will be
charged until the minimum output voltage Vou starr has been reached. At this condition, the Continuous
Conduction Mode (CCM) as well as the output under-voltage protections are activated and the control loop
takes over. The starting point for the control loop is to operate in DCM at lowest switching frequency and
shortest on-time. These switching parameters avoid any overshoot of output current for short LED string in
dimmed conditions.

Output voltage
Peak current

A

Startup I Control loop
I Output |

Soft start phase I charging !
| phase

active

Vcs,0cPystart T —

Tsoftstart

Figure22 Flyback Start-Up Control
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The important parameters to set up the flyback converter start-up control are summarized in the following
table:

Table 30 Flyback Converter Multi-Mode Set-Up Design Parameters

Parameter Symbol Value Unit
Bus voltage threshold for the flyback stage start-up Vbus_start rB 460 v
Flyback soft-start switching frequency fou start ro 20 kHz
Flyback soft-start peak current limit changing step Ves step 0.1 v
Flyback peak current limit threshold to end the soft-start phase Vs max_start_re 0.6 v
and enter output charging phase

Flyback soft-start time duration of each step tooftstart 0.5 ms
Flyback output voltage threshold for control loop to take over Vout start 12.5 V

the regulation

2.5.12 Flyback Protection Features

Protections ensure the operation of the controller under restricted conditions. Protections are triggered if fault
conditions are present longer than the blanking time configured for each protection. The controller will react to
a triggered protection as configured. The following table defines which protections are enabled or disabled
with respect to the state of the stages described in the last chapter:

Table 31 Flyback Protection States

Protection Stopped Start-Up Regulation
Flyback primary over-current level 2 protection Disabled Enabled Enabled
Flyback output under-voltage protection at startup Disabled Enabled Disabled
Flyback output under-voltage protection during operation Disabled Disabled Enabled
Flyback output over-voltage protection Disabled Enabled Enabled
Flyback output over-current protection Disabled Enabled Enabled
Flyback output over-power protection Disabled Enabled Enabled
Flyback CCM protection Disabled Disabled Enabled
Flyback soft-start failure Disabled Enabled Disabled
2.5.12.1 Flyback Primary Over-Current Protection

The primary side overcurrent protection implemented in hardware covers fault conditions like a short in the
transformer primary winding or an open CS pin. The primary side current is compared to a configurable
overcurrent protection threshold Vcs ocp2. If the threshold is exceeded for longer than the blanking time
toank_ocr2_re, the protection will be triggered. The flyback gate driver will be disabled at once by hardware and
PFC stage is disabled, too by the firmware. After then, XDPL8220 will enter the latch mode.

The important design parameters for primary over-current protection are summarized in the table below:
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Table 32 Flyback Primary Over-Current Protection Design Parameters

Parameter Symbol Value Unit Configurable
Flyback OCP level 2 threshold Ves_ ocp2 1.6 v No

Blanking time for flyback OCP2 totank_cp2_rB 250 ns No

Reaction for flyback OCP2 - Latch - No
2.5.12.2 Flyback Output Under-Voltage Protection

In the case of a short in the output, the output voltage may drop to a very low level. Detection of the under-
voltage of the output is realized by measurement using the ZCD pin. The output voltage is compared to a
configurable under-voltage protection threshold Vo uv. If the threshold is exceeded for longer than the
blanking time tpiank out vv, the protection will be triggered. Both PFC and flyback stages are disabled and
XDPL8220 will enter auto-restart mode.

Output under-voltage protection is disabled during startup. The startup threshold V,u starthas to be configured
higher than the under-voltage threshold to allow undershoots. This occurs especially for resistive loads.

The important design parameters for output under-voltage protection are summarized in the table below:

Table 33 Flyback Output Under-Voltage Protection Design Parameters

Parameter Symbol Value Unit Configurable
Flyback under-voltage protection threshold Vout uv 8 v Yes

Blanking time for output under-voltage protection | toiank out vv | 1 ms Yes

Reaction for output under-voltage protection - Auto-Restart - Yes

2.5.12.3

Flyback Output Over-Voltage Protection

In case of an open output, the output voltage may rise to a high level. The Overvoltage detection of the output
is provided by measurement at the ZCD pin. The output voltage is compared to a configurable overvoltage
protection threshold Vou ov. If the threshold is exceeded for longer than the blanking time tpiank out ov, the
protection will be triggered. Both PFC and flyback stages are disabled and XDPL8220 will enter auto-restart

mode.

Note: The blanking time tpiank_vout ov Should be set to the minimum value to minimize overshoots of the
output voltage above the protection threshold.
Note: This protection is usually triggered if the output is open or the output load drops below the

minimum load Pmin.

The important design parameters for output over-voltage protection are summarized in the table below:

Table 34 Flyback Output Over-Voltage Protection Design Parameters

Parameter Symbol Value Unit Configurable
Flyback over-voltage protection threshold Vout ov 53 v Yes

Blanking time for output over-voltage protection totank_out_ov 0.2 ms Yes
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Parameter Symbol Value Unit Configurable
Reaction for output over-voltage protection - Auto-Restart | - Yes

In addition to the output over-voltage provides by the XDPL8220 from the primary side, there are also two other
analog hardware protection features necessary against the output over-voltage:

e To protect the secondary output capacitors, a zener diode with a current limitation resistor will clamp the
output voltage under the voltage rating of the output capacitor.

e An active bleeder at the secondary side will discharge the output capacitor continuously if the flyback
converter is in the auto-restart or latch mode.

2.5.12.4 Flyback Output Over-Current Protection

Overcurrent detection in the output current is provided on the basis of the calculated output current. The
calculated output current is compared to a configurable overcurrent protection threshold I oc. If the
threshold is exceeded for longer than the blanking time tpiank out oc, the protection will be triggered. Both PFC
and flyback stages are disabled and XDPL8220 will enter auto-restart mode.

Table 35 Flyback Output Over-Current Protection Design Parameters

Parameter Symbol Value Unit Configurable
Flyback over-current protection threshold lout oc 1600 mA Yes

Blanking time for output over-voltage protection totank_out oc 1 ms Yes

Reaction for output over-voltage protection - Auto-Restart | - Yes
2.5.12.5 Flyback Output Over-Power Protection

Overpower detection of the output power is provided on the basis of the calculated output power. The
calculated output power is compared to a configurable overpower protection threshold P,y op. If the threshold
is exceeded for longer than the blanking time tyank_out o, the protection will be triggered. Both PFC and flyback
stages are disabled and XDPL8220 will enter auto-restart mode.

Table 36 Flyback Output Over-Current Protection Design Parameters

Parameter Symbol Value Unit Configurable
Flyback over-current protection threshold Pout op 52 W Yes
Blanking time for output over-voltage protection totank_out_op 1 ms Yes
Reaction for output over-voltage protection - Auto-Restart | - Yes

2.5.12.6 Flyback CCM Protection

Continuous conduction mode (CCM) operation occurs when the magnetizing current does not decrease to zero
before the next switching cycle starts. This happens usually in the soft-start phase or when the output voltage is
shorted. However, when the output is over-loaded or bus voltage is too low, the inductor peak current will be
very high and the demagnetizing of the flyback transformer cannot be operated completely, too. In the soft-
start phase, the CCM operation is allowed for limited time but in other conditions, XDPL8220 must enter the
protection mode.
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The CCM operation is monitored at the flyback ZCD pin. When the ZCD signal does not come till the maximum
switching period time-out happens, it will be treated as a CCM cycle. If the CCM operation happens beyond the
blanking time tpiank_ccm_rs, both PFC and flyback stages are disabled and XDPL8220 will enter auto-restart mode.

The important design parameters for flyback CCM protection are summarized in the table below:

Table 37 PFC CCM Protection Design Parameters

Parameter Symbol Value Unit Configurable
Blanking time for PFC CCM operation thlank_ccm FB 1 ms Yes

Reaction PFC CCM protection Auto-Restart - Yes

2.5.12.7 Soft-start Failure

When the bus voltage is very low or the output is over-loaded/shorted, the start-up time of the flyback
converter is very long. In both cases, the protection is triggered and XDPL8220 will enter the auto-restart mode.
The flyback soft-start time is monitored from the moment that the bus voltage reaches threshold to start
flyback converter till the secondary output voltage reaches the threshold V,ue stare. If this time exceeds the
defined maximum allowed flyback soft-start time tsere max_rs, protection will be triggered. Both PFC and flyback
stages are disabled and XDPL8220 will enter auto-restart mode.

The important design parameters for flyback soft-start failure are summarized in the table below:

Table 38 PFC Soft-Start Failure Design Parameters

Parameter Symbol Value Unit Configurable
Voltage threshold for flyback soft-start end Vout_start 12.5 v Yes

Maximum allowed flyback soft-start time tstart_max_FB 30 ms Yes

Reaction flyback soft-start failure - Auto-Restart - Yes

2.6 Design the Power Supply for XDPL8220

The power supply for the controller XDPL8220 is provided by the capacitors connected to the V. pin. It is
strongly recommended to use both electrolytic capacitor and ceramic capacitor parallel connected as V.
capacitors. Due to its high capacitance, electrolytic capacitor is suitable as charge stores but has a bad AC
coupling behavior. Ceramic capacitor in the contrary has an excellent AC decoupling effect but has a
capacitance derating strongly dependent on voltage and temperature. There are three different way to charge
the V.. capacitors for power supply of XDPL8220:

e Start-up Cell

At every cold start, after the AC or DC is applied at input, the V.. capacitors are charged by the start-up cell
before the V..reaches the on-threshold. The start-up cell is connected through the HV pin to the rectified AC or
DC input. After the XDPL8220 is active, the start-up cell is switched off. The charging current is dependent on
the RMS value of the input voltage. Using AC input as example, the maximum charge current through the start-
up cell happens at maximum AC input:

2 *xV;
— \/_ n_max_rms — 3_95mA

I charge_max R
HV
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And the minimum charge current through the start-up cell happens at minimum AC input:

V2 xV,

- in_min _rms = 1.29mA

I charge_min R
HV

e PFC auxiliary winding

When the XDPL8220 is active, the start-up cell will be switched off. After the input AC/DC detection, XDPL8220
will start PFC boost converter. The V.. capacitors can be then charged by the PFC auxiliary winding. Due to the
slowly increased voltage difference across the PFC boost inductor in the start-up phase, the charging current is
very limited at the beginning. It is recommended to use a charge pump together with a linear regulator for the
power supply. The linear regulator ensures that the V.. is under the over-voltage threshold and the zener diode
can be so selected that later when the flyback converter is active, the PFC auxiliary winding power supply can
be disabled.

If an average IC power consumption of 8mA is assumed and the V.. must be hold higher than the off-threshold
for 15ms without any power supply due to the PFC input check, the V. capacitors must fulfill following
requirement:

IIC_avg_startup

Cyce > * 15ms = 9.2pF

VVCC_on_min - VVCC_of f

e Flyback auxiliary winding

After the bus voltage is boosted to the threshold to start flyback converter, the charging of V.. capacitors should
be taken over by the flyback auxiliary winding. The flyback auxiliary winding operates in the forward mode so
the winding voltage is dependent only on the fixed bus voltage and almost constant. In comparison to the
flyback mode operation, the advantages are obviously: no linear regulator is required due to the wide output
voltage range and the influence on the accuracy of the primary side regulation is also minimized.

With the winding turns-ratio Np/N,_aux_rwo Of 28:1 and the voltage drop 1V of the rectifier diode, the V.. voltage is
around 15V. The zener diode of the linear regulator for PFC auxiliary winding power supply should be selected
as 12V so that the PFC power supply is disabled after flyback converter is active.

In the 50W ECG reference design, there are 3 V.. capacitors of 9.5 pF all together connected parallel directly to
the V.. pin. One electrolytic capacitor of 4.7uF and two ceramic capacitors: 4.7 uF and 100nF. The ceramic
capacitors should be placed directly near the V. pin. At the start-up, the maximum time to charge these
capacitors to the V.. on-threshold is:

VVCC_on_max

tHV charge = Cyec * = 162ms

I HV_min

With a start-up time 50ms of PFC and 30ms start-up time for flyback, the time-to-light can be controlled within
250ms as following calculated:

time_to_light = tyv_charge t tstartup prc + tstartup FB = 242ms

The important parameters for designing the power supply for XDPL8220 are summarized in the following table:

Table 39 Power Supply for XDPL8220 Design Parameters

Parameter Symbol Value Unit
Minimum AC input Voltage Vin ac min_rms | 90 Vrms
Maximum AC input voltage Vin ac minms | 277 Vrms
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Parameter Symbol Value Unit
Maximum V.. on threshold Ve on_max 22 V
Minimum Vcc on threshold vac_on_min 20.5 v

V.. off threshold Vvee_off 6 Vv

HV current limitation resistor Ryy 33x3=99 kQ
V.. capacitor Cvec 4.7+4.7+0.1=9.5 uF
2.7 Design the Active bleeder

Output bleeder circuitry is necessary to discharge the remaining electrical charge stored in the output
capacitor when the LEDs are disconnected. In the case of Dim-to-off, output bleeder helps to keep the output
voltage under the LEDs forward voltage so that there is no light.

The active bleeder consists of three mainly parts: charge pump, two MOSFET switches and discharge resistor.
As the schematic shows below in the figure 23, if the flyback converter is in the normal operation, the charge
pump will charge the capacitor €106 continuously and the MOSFET Q101 is on and Q100 is off. There is no
discharge of the output capacitor. If the flyback converter is in the auto-restart or latch mode, capacitor C106
will be discharged so the MOSFET Q101 is off and Q100 is on. The output capacitor is discharged. The discharge
resistors R103 and R104 decides the discharge current and the discharge resistor R105 for capacitor C106
decides how long after the no-switching of the flyback converter the discharge should begin.

Bleeder
SEC_MAIN*
=—C105 L |
10/630V/NPO . |I—}
D101 - | Q100
20 N N I 2N7002
1o sew | e 78
D102 BAVIOW C106 105 o ?\112[%0? ZD102
VN - N 75V [T v
BAVIOW %]23‘1 0
1000/S0V/XTR SEC'?G_\'D
Figure 23 Active Bleeder Reference Design Schematic
2.8 Design the Adaptive Temperature Protection

XDPL8220 offers adaptive temperature protection using internal and/or external temperature sensors. This
feature reduces the output current according to temperature to protect the load and driver against over-
temperature.

Whenever the temperature Tho is exceeded, the current is gradually reduced from the maximum current loye fun
to the minimum current Loy reaWith the programmed current changing step lout stepand time step Tiep, as shown
in Figure 24. If the temperature drops below The, the output current is increased again. This allows the
controller to ensure operation at or below a temperature of Thot.
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If a reduction down to a minimum current loue rea is NOt able to compensate for any continued increase in
temperature, over-temperature protection is then triggered if Titicais exceeded and XDPL8220 will enter auto-
restart mode. After the temperature decreases to the safe level of T, the system will go back to the normal
operation again.

Output Current Output Current

A A

|cut:fu [} |c>ut:full T

|0ut,red |0ut,red |
T<Thot T=Thot | T=Thot | T<Thot | T=Thot
| | |
= Temperature : : | g Time
Tstat Thot Teritical
Figure 24 Adaptive Temperature Protection
Note: Please note that the internal temperature sensor can only protect external components which

have sufficient thermal coupling to XDPL8220. The external temperature sensor can be used to
protect the temperature of external components (e.g. power MOSFETs or LED engine).

If an external NTC resistor is connected at the temp pin, the temperature threshold will be converted
correspondingly to the NTC resistor value.

The important parameters for designing the adaptive temperature protection for XDPL8220 are summarized in
the following table:

Table 40 Power Supply for XDPL8220 Design Parameters

Parameter Symbol Value Unit
Internal temperature threshold to trigger the internal | Teiticar 110 °C
over-temperature protection

Internal temperature threshold to activate the Thot 100 °C

adaptive temperature protection

Temperature threshold for normal operation Tstart 90 °C

Time step to reduce the output currentin the tstep 2 s

adaptive temperature protection

Minimum output current level in the in the adaptive lout red 200 mA
temperature protection

Current step to reduce the output currentin the lout_step 5 mA

adaptive temperature protection

External NTC resistor value threshold to trigger the Ryt criticat 1657 Q

external over-temperature protection

External NTC resistor value threshold to activate the Rurc hot 2293 Q

adaptive temperature protection

Reaction internal over-temperature protection - Auto-Restart configurable
Reaction external over-temperature protection - Auto-Restart configurable
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2.9 Design the Dimming Interface

As the dimming signal input interface, the PWM pin is used to sense the duty cycle of the applied PWM signal to
determine the output current level. The XDPL8220 can be configured to use either a linear or a quadratic
dimming curve. Either normal or inverted dimming curves can be selected.

Output current Output current

lowfulf— 4 ——pF—————————— — loutful4— | — — - — — — — — — — — — — —

——————————— lout, min | - —— — — —— =

; - PWM duty cycle — - PWM duty cycle
Doim,oft Doim,min Doﬁmm ty ey Dom,or Doim,min Dmﬁmm ty cy

Dom,on Do on

Figure 25 Configurable Dimming Curves

Figure 25 shows the relationship of the PWM duty cycle to the output current target value. Configurable levels
Dpim_minand Dpm_maxensure that the minimum current loye minand maximum current loye ncan always be
achieved, thereby making the application robust against component tolerances.

Using the optional Dim-to-Off feature, the light output can be stopped without removal of input voltage. In
Dim-to-off, the controller will enter auto-restart operation to minimize power consumption. The auto-restart
recharges the output voltage to a minimum output voltage of Vout stare to measure the PWM duty cycle. With this
feature, the output voltage can be maintained in a specific range by configuration of the startup voltage Voutstart
and auto-restart time tyg, and by dimensioning of an active or passive output bleeder. If Voue startis configured to
be low enough than the minimum forward voltage of the LED string, the LEDs will show no light in this state.

Note: Either an active or passive output bleeder is required to allow the controller to maintain the output
voltage if the Dim-to-Off feature is enabled. Dim-to-Off is entered if the PWM duty cycle exceeds the
configurable threshold Dpmof (see purple line in Figure 25). As soon as the duty cycle exceeds
Domm_on, the controller will start to continuously regulate output voltage or output current again.

The important parameters for designing the dimming interface of XDPL8220 are summarized in the following
table:

Table 41 Dimming Interface of XDPL8220 Design Parameters

Parameter Symbol Value Unit

Dimming curve - Linear/Quadratic -

Dimming curve direction - Normal/Inverted -

Duty cycle threshold to enter Dim-to-off state Doim_ofe 5 %

Duty cycle threshold to leave Dim-to-off state Do on 7 %

Maximum duty cycle for the full output current Doim_max 95 %

Minimum duty cycle for the minimum output current | Dpm_min 10 %

Minimum output current lout_min 48 mA
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2.10 PCB Layout Guidelines

Printed Circuit Board (PCB) layout and design are very important for switching power supplies where the
voltage and current change with high dv/dt and di/dt. Good PCB layout minimizes excessive EMI and
prevents the power supply from being disrupted during surge / ESD tests. AS XDPL8220 combines the PFC
boost and flyback in one controller, to prevent the interference of these two stages plays also a very critical role
in the PCB layout. The following guidelines are recommended for layout designs:

2.10.1 Star connection of grounding
A good grounding of XDPL8220 is proven to minimize the risk of mutual interference among signals:

e The electrolytic PFC bulk cap ground is taken as the system ground reference at primary side. The other
power ground of PFC stage, flyback main stage, MOSFET/Diode heatsink and EMI return ground should have
separated connections to this system ground reference point in a star structure with preferably thick and
short traces.

e The second ground reference is the ground of the XDPL8220 V. electrolytic capacitor which should be
placed close to the IC. The flyback auxiliary winding ground is treated as power ground and should be
connected to this second ground reference directly with a preferably thick and short trace.

e The V¢ electrolytic capacitor ground should be connected to the PFC bulk cap ground directly with a
preferably thick and short trace.

e The ground of the XDPL8220 should be first connected to the V¢c ceramic capacitors ground and then to the
Vccelectrolytic capacitor ground with a preferably short and thick PCB track.

e All ground connections of small signals like CS, ZCD, PWM and UART around the controller XDPL8220 should
be connected to the V¢ ceramic capacitors ground with preferably short traces in a star structure.

2.10.2 Filtering capacitors of XDPL8220

Generally, filtering capacitors are used to suppress the high frequency noises which could cause interference or
ground shifting when entering IC controller and will trigger some protections unwanted. These capacitors are
usually made from ceramic and must be placed very close to the XDPL8220 and the ground of them must be
connected to the IC ground as short as possible.

e Vccfilter capacitor: 100nF recommended

e PFC VSfilter capacitor: 1nF recommended

e Flyback ZCDfilter capacitor: 100pF recommended
e Flyback CSfilter capacitor: 330pF recommended
o PWMfilter capacitor: 100pF recommended

e An optional 100nF high-frequency-and-high-voltage bypass capacitor is recommended to be mounted in
parallel with the PFC bulk capacitor, and close to the PFC MOSFET and PFC diode, to suppress EMI.

2.10.3 PFC Voltage Sense Circuit

The design and layout of the PFC voltage sense circuit play a critical role for the PFC boost stage operation, or
over-voltage protection could be triggered unwanted by wrong layout. The trace of the sensing divider must be
as short as possible and must be routed as far as possible from the PFC and flyback MOSFET. The filter
capacitor of 1nF is mandatory and must be placed directly at the pin.
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2.10.4 Minimum Current Loop

Minimized power and gate current loop areas reduce the radiated EMI noise and interference to the other signal
traces.

e The PFC and flyback power current flowing loop area should be minimized as small as possible.

e The gate current of PFC and flyback stage should be minimized as small as possible and if allowed, the gate
current should has its own ground trace back to the XDPL8220 ground instead of using the power ground
traces.

2.10.5 Other Layout Considerations

e It is suggested that the track to HV pin shall be kept away from other small signal tracks. The distance is
better to be more than 3mm.

o Keep distance of small signal tracks from MOSFET drain trace of at least 4mm.

e Any PCB track with high current should be designed as short and wide as possible to reduce the parasitic
inductance like traces through the MOSFET Drain-Source and shunt resistors.

The ground traces should be designed as wide as possible and better as area if possible. This helps also
increase the immunity to noise.

e The PFC and flyback MOSFET drain tracks should be designed to areas and as large as possible if SMD
packages are used. These areas are used as heat sink and spread the heat dissipated by the MOSFETSs.

e An ESD protection diode is recommended to be designed for the UART pin as it may be touchable through
the programming connector.
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