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XDPL8218 design guide

For high power factor flyback converter with constant voltage output

About this document

Scope and purpose

This document is a design guide using XDPL8218 as the control IC of the front-stage High Power Factor (HPF)
flyback converter, which regulates the secondary output voltage supply to the second-stage Constant Current
(CC) converter for LED lighting applications.

Intended audience

Power supply design engineers, field application engineers.
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1 Introduction

XDPL8218 regulates Constant Voltage (CV) output of a HPF flyback converter, according to its feedback (FB) pin
voltage signal, which is controlled by the secondary-side regulation FB circuit via an isolated optocoupler, as
shown in Figure 1.
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Figure 1 XDPL8218 flyback converter simplified circuitry with secondary-side regulated CV output

For LED lighting applications, XDPL8218 flyback CV output usually is converted to a CC output by a second-
stage DC-DC switching or linear regulator.

XDPL8218 comes in a PG-DSO-8 package with eight pins, as shown in the datasheet [1]. The main functions of
each pin are shown in Table 1.

Table 1 XDPL8218 pins assighment

Pin | Symbol | Type Pin name and main functions

1 ZCD Input Zero Crossing Detection pin:
e Transformer auxiliary winding ZCD via external resistor/divider

o Sensing of the reflected input and output voltage signals from auxiliary winding
via external resistors divider

2 FB Input Feedback pin:
e Feedback voltage sensing for secondary-side output regulation

3 () Input Current Sense pin:
e Flyback MOSFET current sensing via external shunt resistor

4 GD Output | Gate Drive pin:
e Flyback MOSFET gate-drive control via external series resistor

5 HV Input High Voltage pin:
e Vcc chargingviaits internal 600 V start-up cell during start-up and protection

e Rectified AC input voltage sensing via external series resistor for line
synchronization

Design Guide 30f48 V1.0
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Pin | Symbol | Type Pin name and main functions
6 UART Input Universal Asynchronous Receiver Transmitter pin:
/Output | e Digital communication interface for IC parameter configuration
7 Vee Input Voltage at Common Collector pin:

e IC operating voltage supply and sensing

8 GND - Ground pin:
e ICgrounding

XDPL8218’s IC parameters are configurable digitally via its UART interface, using Infineon’s user-friendly
Graphical User Interface (GUI) on a PC. This enables a lower Bill of Materials (BOM) and rapid engineering
changes without the need for complex component design iterations.

Note: By default, the configurable parameters of a new XDPL8218 chip from Infineon are empty, so itis
necessary to configure them before any application testing.

Figure 2 shows the XDPL8218 design guide document sectioning for each step of the recommended design
flow.

Create system Performance check

LRI based on system design FEER ) S and optimization

system design (If any problem, refer

to section 19 for
debugging guide)

(Refer to section 17 for
IC parameterization
setup and procedures)

(Refer to section
18 for fine-tuning
guide)

(Refer to section
2 to 16)

Figure 2 XDPL8218 design guide document sectioning for each step of the recommended design
flow
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2 Design specifications

A front-stage HPF flyback converter with CV output set-point Voutsetpoint Of 54 V (54 V/0.8 A) has been selected as a
design example. The design specifications are shown in Table 2.

Table 2 Design specifications
Specification Symbol Value Unit
Normal operational minimum AC input voltage Vac,min 90 Vims
Normal operational maximum AC input voltage Vac,max 305 Vie
Normal operational AC input frequency Fiine 47 ~ 63 Hz
Secondary-side regulated CV output set-point Vout,setpoint 54 v
Steady-state output load current lout 0~3800 mA
Steady-state full-load output power Poutful 43.2 W
Minimum efficiency at Pout sl Mrmin,at,Poutfull 90 %
Target minimum switching frequency at Pousut fow,minat,p out full 52 kHz
Note: Poutrun 0f 43.2 W is defined in this design example, to be able to supply a second-stage CC converter
which has minimum efficiency of 93 percent (or maximum 3.2 W loss) at full load, for a 40 W LED
driver design.
Note: The recommended fou,min,at poutrul IS between 50 kHz and 65 kHz. In general, higher fo, minatpout i

value would result in a smaller flyback transformer with lower efficiency, while lower fsu, minat pout ful
value would result in a larger flyback transformer with higher efficiency.

Design Guide 50f48 V1.0
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3 Transformer design

To achieve both high efficiency and high power quality in QR Mode with first valley switching (QRM1), the
flyback transformer primary main winding to secondary main winding turns ratio, N, should be high enough,
but without exceeding the flyback MOSFET drain-source breakdown voltage Vgrpss. Based on the Vac max
requirement of 305 Vims, MOSFET Vigripss = 800 V is selected for a good price to performance ratio.

To reduce transformer leakage inductance for low MOSFET voltage spike Vspike rer, transformer design with
sandwich construction as shown in Figure 3 is highly recommended. Additionally, with the primary RCD
snubber network deployed across the primary main winding (see Figure 1), Vspice rer Can be estimated to be
around 30 percent to 45 percent of Vacmax @s a rule of thumb. In this design example, Vacmax is 305 V, ., SO we
simply assume Vspie rer @s an absolute number of 100 V, which is approximately 33 percent of Vacmax.

-« BW ——» «— B ——»
le—— BWe —p
B = Primary second .
Creepage C | ! half Primary second
distance SRR = half
i Secondary Triple Insulated
00000000 ’ Secondary
Triple insulation —IESI======0003 t= Al Wire
9 Auxiliary
Primary first Primary first
/ et haff
<> <>l
margin margin
Figure 3 Transformer design with sandwich construction

For good reliability against input voltage surge, it is recommended to reserve a voltage margin Vmargin et Of
minimum 50 V from Vigryoss. If XDPL8218 input Over-Voltage Protection (OVP) would be enabled later in Section
10, as a rule of thumb, Vimarginrer Should be at least 25 percent of Vacmax, Which is equivalent to 76.25 V based on
Vac,max Of 305V, In this design example, Vimarginrer 0f 90 Vis selected.

Based on the above, N can be defined as:

N < VBRrR)DSs =V acmax(k) — Vspike,FET — Vmargin FET (1)
- Voutsetpoint +Vd

Where Vacmaxpk 1S V2 times Vacmax, and Vq is the secondary main output diode forward voltage.
Taking V4=0.7 V, N can then be calculated as:

800 — 2 - 305 — 100 — 90
N < 2 = 3.27
54+ 0.7

Based on the above, N =3.2 is selected.

The maximum primary peak current lripw,max €an then be defined and calculated as:

I - 4 Pout, full . 1 1
pri(pk)max ~

+
Nmin,at,P,out,full N- (Vout,setpoint+ Vd) VAC,min(pk)

Where Vac,min(pk) is \/2 times Vacmin.

| _ 4-432 [ 1 1 ]
pri(pk)max = Tgg, 32-(54+07) ' v2-90

Ipri(pk),max ~ 2.606 A
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As a result, the primary main winding inductance L, can be defined and calculated as:

Lp _ VAC,min(pk) "N+ (Vout,setpoint +Vg) (3)

Ipri(pk),max ' fsw,min,at,P,out.full ' [VAC,min(pk)+ N- (Vout,setpoint+ Vd)]

L. = V2:90-3.2- (54 +0.7)
P 2606-52-103-[v2-90 + 3.2+ (54 + 0.7)]

L, = 544 pH

Based on core cross-sectional area, A = 120.1 mm? and saturation flux density at 100°C, Bsatr-100°c) = 0.41 Tesla
for TDG PQ26/20 core with TPW33 material, the transformer primary main winding turns N, can be defined as:

Ly 1ypi

p " lpri(pk)max

Ny =2 ) (4)
Ae Bsat(T:100°C) Df,Bsat

Where Dsgsat is the derating factor to ensure the designed transformer maximum flux density Bmax is below
Bsat(r=100c) by @ margin of (100 percent - Dsgsat) from saturation, and itis typical to set Degsat in the range of 85
percent to 95 percent for a margin of 5 percent to 15 percent from transformer core saturation.

Taking Dsgsat = 90 percent, N, can then be calculated as:

544-107%-2.606
Np > — = 31.99
120.1-1076:0.41-90%

Based on the above, N, =32 is selected.

The transformer secondary main winding turns Ns can then be calculated as:

_& 32
NS_N_3.2
N, = 10

To ensure fast Vcc supply takeover from the primary auxiliary winding for avoiding IC reset during start-up, and

also to be able to deliver peak gate-drive voltage Vop peak Of 12 V with high enough primary auxiliary winding Vec

supply during steady-state, the minimum primary auxiliary winding demagnetization voltage V. min is therefore

defined as 14 V. As a result, the recommended minimum primary auxiliary winding turns N, min can be defined

and calculated as:

N = Va,min " Ns __14-10 _
amin Vout,setpoint +Va)  (54+0.7)

2.56 (5)

To ensure proper HV pin line synchronization, V¢ voltage should be lower than 19 V, the maximum auxiliary
winding demagnetization voltage V. max is therefore defined as 19 V. As a result, the recommended maximum
primary auxiliary winding turns Namax can be defined and calculated as:

|4 "N, 19-10
Nomax = Lo = = 3.47 (6)
’ (Vout,setpoint + Va) (54 +0.7)

Based on the calculation results of equations (5) and (6), primary auxiliary winding turns N. = 3 is selected.

A secondary auxiliary winding is added to supply the operating voltage of the Secondary Side Regulation (SSR)
FB circuit, since its op-amp or shunt regulator’s maximum operating voltage is less than Voutsetpoint of 54 V. The
recommended minimum secondary auxiliary winding turns Naecmin and recommended maximum secondary
auxiliary winding turns Nasecmax can be defined respectively as per Namin and Namax, s shown below:

Na,sec,min = Na,min = 2.56 (7)
Na,sec,max = Na,max = 3.47 (8)
Based on the calculation results of equations (7) and (8), secondary auxiliary winding turns Nasec = 3 is selected.

Design Guide 70f48 V1.0
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4 Flyback MOSFET and secondary main output diode selection

The CoolMOS™ P7 MOSFET series is the latest CoolMOS™ product family and targets customers looking for high
performance and at the same time being price sensitive. Through optimizing key parameters (Coss, Eoss, Qg, Ciss
and Veswn); integrating Zener diode for ESD protection and other measures, this product family fully addresses
market concerns in performance, ease-of-use, and price/performance ratio, delivering best-in-class
performance with exceptional ease-of-use, while still not compromising on price/performance ratio. The 700 V
and 800 V CoolMOS™ P7 series have been designed for flyback and could also be used in PFC topologies.

MOSFET drain-source breakdown voltage V(erjpss = 800 V is selected in this design example based on Vacmax of
305V, and transformer design in Section 3.

Before selecting which MOSFET drain-source on-resistance at room temperature Ruson) 25+ is to be used, the
maximum primary rms current lyrigms,max has to be estimated based on:

k
Ipri(rms),max ~ Ipri(pk),max ’ \/; (9)

Where k is a number obtained from the function curve in Figure 4, based on the variable factor of
VAC,min(pk)
N- (Vout,setpoint+ Va) )

Va C,min(pk)

can be calculated as:
N - (Vout,setpoint+ Va)

In this design example, the variable factor of

VAC,min(pk) _ V2:90 _
= = 0.727
N (Voutsetpoint* Va) 3.2: (54+0.7)

Referring to the function curve in Figure 4, k = 0.31 is obtained.
Based on equation (9), lprirms),max €an then be calculated as:

0.31
Lyrirms)max = 2.606 - —

Ipri(rms),max ~ 0.8384

0.5
0.45
0.4 \
0.35 \
0.3

L 0.325 \
0.2 \
0.15
0.1 \.\—-

---"-—-—__
0.05
0 L !
o ;“ 1 2 3 4 5 5 7 8 g 10
1":-1 C.min (pk}
M- Cl'rﬂut,SEl‘F:l'lﬂt + 1“'r-::l)
Figure 4 Function curve of k
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The selectable MOSFET Rgs(on)25:c Can be defined as:

m-P
Rds(on),25°C < out/ul

(10)

2
Ipri(rms),max 'ARds(on),100°C

. . . . . . R o
Where m is the desired ratio of MOSFET conduction loss over Pou i and ARdsion100c is the ratio of —2em.00¢
ds(on),25°C

It is typical to select min the range of 0.025 to 0.03 and ARs(on),100°c in the range of 1.75 to 1.85. Taking m =0.0275
and ARgs(on),100°c = 1.8, Ras(on),25:c Can then be calculated as:

0.0275-43.2
Rason)2s°c = T gagr 1 = 0940

Referring to the calculation results of equation (10) and Table 3 below, Rs(on),2s.c = 900 mQ is selected.

To utilize the PCB as a heatsink for the MOSFET, IPD80R900P7 with TO-252 (DPAK) package is selected.

Table 3 800V CoolMOS™ P7 selection table

Ros(on) TO-220 TO-220 FullPAK T0-247 T0O-252 TO-251 TO-251 S0T-223 T0-220 FullPAK narrow
[mQ] (DPAK) (IPAK) (IPAK Short Lead) lead
280 | IPPBOR280PT IPABOR280P7 IPW80R280PT IPD80R280PT IPAN8BOR280PT
360 | IPPBOR360PT IPABOR360P7 IPWB0R360PT IPD8OR360PT7 IPAN8BOR360PT
450 | IPPBOR450P7 IPABOR450PT7 IPD80R450PT IPAN8BOR450PT
600 | IPPBORGOOPT IPASOR600PT IPD8ORE0OOPT IPUBORG0OPT IPSBORGOOPT IPNSOR600PT
750 | IPP80OR750P7 IPABORT50P7 IPD80R750P7 IPUSORT50PT IPS8ORT50PT IPN8ORT50P7
900/950| IPP80R300PT IPABOR300PT IPD80OR300PT IPUSOR900PT IPSB0R900PT IPN8OR9I50P7
1200 | IPPS8OR1K2PT IPABOR1K2PT IPD80R1K2P7 IPUSOR1K2PT IPS80R1K2PT IPN8OR1K2PT
1400 | IPPBOR1KA4PT IPABORLKAPT IPD80R1KAPT IPUBOR1K4PT IPSBOR1K4PT IPNSORLK4PT
2000 IPD80R2KOPT IPUBOR2KOPT IPS80R2KOPT IPN8ORZKOPT
2400 IPD80R2K4PT IPUSOR2K4PT IPSB0RZK4PT IPNSOR2K4PT
3300 IPD80R3K3PT IPUSBOR3K3PT IPN8OR3K3PT
4500 IPD8OR4KSPT IPUBOR4K5PT IPNSOR4K5PT

For the secondary main output diode selection, it is necessary to first estimate the maximum reverse voltage
Vi(diode)max @aNd maximum secondary main winding peak current lsecpi,max, based on:

_ VAC,max(pk)"' Vmargin,FET
Vr(diode),max — Vspike,diode + Vout,setpoint + N (11)

Where Vpike diode 1S the diode reverse voltage spike.

V acmax(pk)t Vmargin,FET)
)

Assuming Vspike,diode ~ 35%- (Vout,setpoint + N

Vacmaxpk)t Vmargin,FET) = 135% - (54 n V2305 + 90)

Vr(diode),max ~ 135%- (Vout,setpoint + N 3.2

Vr(diode),max ~ 29281V

N. 32
Isec(pk),max ~ Ipri(pk),max' N_I: = 2.606 - 10 (12)
Isec(pk),max ~ 8344

Based on the above, a secondary main output diode with repetitive reverse voltage rating Vrem =300 V is
selected. To minimize its switching and conduction losses, the selected diode also has the properties of hyper-
fast recovery speed and low forward voltage drop at lsec(ok),max-

Additionally, a RC secondary snubber network, e.g. 10 Q resistor in series with 150 pF capacitor, is deployed
across the secondary main output diode, to suppress the diode reverse voltage spike and the EMI.

Design Guide 9of 48 V1.0
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5 CS resistor and GD pin-related design

Figure 5 shows the connections of the Current Sense (CS) resistor Rcs, gate resistor Rs and gate source resistor
RGS-

Figure 5 GD pin, CS pin, Rcs, Rs and Rgs connections

Based on the CS pin voltage across Rcs, the MOSFET current can be measured.

The recommended minimum CS resistor value Resmin is defined and calculated as:

0.45 0.45
RCS,mL'n B Ipri(pk),max - 2.606 - 0173 Q (13)

The recommended maximum CS resistor value Resmax is defined and calculated as:

Resmay = ——a— = 222 — 0207 (14)

Ipri(pk)max 2.606

Based on the calculation results above, CS resistor Res = 0.2 Q is selected in this design example.

Re is to damp the gate-rise oscillaton, and Res is to ensure the MOSFET remains in an off-state when AC input is
applied, with the IC not being activated yet. Re = 10 Q and R¢s =20 kQ are selected in this design example.

The gate-drive peak voltage Veppk is typically 12 V with sufficient Vcc voltage supply. To achieve a good balance
of switching loss and EMI, the gate voltage rising slope can be controlled by configuring the gate driver peak
source current parameter lop ok (configurable range: 30 mA to 180 mA). This saves two components (see Drastoff,
Rsiowon iN Figure 6), which are conventionally added for the same purpose.

V'.iD
A
i Diastoff !
1 k1 K
1 M I
Rg ! [ ‘ ]
VGD,pk T GD i I : [ } :
(12 typ)) | Riowon !
L A -
Not needed ' Fcs
>t
Figure 6 Gate-drive voltage rising slope control with lgp -« parameterization for component saving

With the high-speed switching characteristics of CoolMOS™ P7 MOSFET, it is recommended to configure the
leo,pk parameter in the range of 30 mA to 49 mA.

As aresult, lep,oxk =30 mA is selected in this design example.
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6 MOSFET maximum current cycle-by-cycle limit and start-up phase
design

Under the single-fault condition of second-stage CC converter MOSFET drain and source pins being shorted, the
connected output LEDs could clamp the flyback output voltage below its constant voltage regulation set-point.

To limit the flyback output power to the LEDs below 100 VA as per UL1310 requirements under such fault
conditions, especially at high input voltage, XDPL8218 regulated mode features the CS pin voltage level 1 for
MOSFET maximum current cycle-by-cycle limit Vocei1(Vin), which is adaptive based on the estimated input
voltage Vin, as shown in Figure 7.

Note: Regulated mode is a controller operating state, which is entered after the start-up phase, to
regulate the output based on the FB voltage mapping, as shown in Figure 8.

Note: The estimated input voltage Vi, used for Voce:(Vin) adaptation is in rms value, which is assumed as
0.707 of estimated peak input voltage Vi, ..., regardless of whether actual input voltage is AC or
DC. As the input voltage is estimated based on ZCD pin and CS pin switching signals, proper ZCD
resistor selection (see Section 12) and R;, parameter fine-tuning (see Section 18.1) are needed.

VOCPl(Vin)
A

VOCPl,at,V,in,Iow

VOCPl,at,V,in,high

>
Vin,Iow Vin,high Vin

Figure 7 Regulated mode CS pin voltage level 1 for MOSFET maximum current cycle-by-cycle limit

Vocpi,atyniow Parameter defines the value of Vocei(Vin) variable when the estimated input voltage Vin is same as or
lower than the lowest operational input voltage parameter Vin,iow-

Vinlow @aNd Vocpiaty,inow Parameters can be defined and calculated as:

Vintow = @ * Vacmin (15)
Where a is the ratio recommended to be between 0.9 and 0.95.

Takinga=0.91,

Vinjow = 0.91-90

Vinjow = 82 Vyms

VOCPl,at,V,in,low = Ipri(pk),max ‘Res (16)

Vocpi,aty,intow = 2.606-0.2
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Vocriatviniow = 0.52V

Vocpi,aty,inhigh Parameter defines the value of Voce1(Vin) variable when the estimated input voltage Vi, is the same
as or higher than the highest operational input voltage parameter Vinpign. To better limit the maximum output
power transfer to the LEDs under the fault condition mentioned above, Vocpiaty,inpnigh Should be configured less
than Voceiaty,in,low-

Vinnigh and Voce1aty,innigh parameters can be defined and calculated as:

Vinhigh = b " Vacmax (17)
Where b is the ratio recommended to be between 1.05 and 1.10.

Taking b=1.07,

Vinhigh = 1.07 - 305

Vinhigh = 326 Vi

1 1

| s

2
v, mnioh =€ *Res Ly - Loy : ; : [ +
OCP1,at,V,in,high CcS p lpri(pk)max fsw,mm,at,P,out,full Vinhigh(oh) N- (Vout,setpoint+ Vd)

Where Vinnighok is V2 times of Viqnign and c is the ratio recommended to be between 1.05 and 1.15.

Takingc=1.12,

_ 1 1
Vocrratv,imhigh = 1.12 + 0.2 - 544 -107¢- 2.606% - 52-10% - [ﬁ_326+ 3.2_(5“0.7)]

Vocpiaty,inhigh = 0.34V

Note: Vocei,atv,inhigh parameter minimum configurable value is fixed as 0.34 V. If the calculation result of
equation (18) is below 0.34 V, parameter setting of Vocesatvinnign = 0.34 V should be selected.

Voltage Startup phase Regulated Mode
Soft start phase Outp.ut Vout
_ : . charging [
(based on ng = 3 configuration as example) phase o
Vout,start I
VoutUV,start \ Start of regulation according to
feedback voltage mapping

Vocp1(Vin)

CS pin voltage level 1 for MOSFET

Pre-Startup Check max current cycle by cycle limit

(e.g. input voltage,
IC temperature)

Vstart,OCPl

Vocpy,init |-

Startup with 1%
soft start step

f—— \ i \ t time
0 tSS 2 tSS 3 tSS tout,charge tstart,max
(0.5ms typ.) (1.0ms typ.) (1.5ms typ.)
Figure 8 Pre-start-up check, start-up phase and regulated mode

Pre-start-up check ensures the estimated input voltage Vi» and IC junction temperature T; are within the
configured protection limits before start-up, as shown in Figure 8. The parameter configurations of the input
voltage levels and maximum T; for start-up are covered in Section 11 and Section 15.3 respectively.
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Voceiinit Parameter in Figure 8 denotes the initial CS pin voltage level 1 for MOSFET current limit on the input
voltage measurement pulse, during pre-start-up check. It can be defined and calculated as:

v _ d-Rcs- Vinhigh(pk) " tonminV,instart,sense 19
0cPLinit = T (19)
14

Where ton,miny,instartsense 1S the minimum on-time for the pre-start-up input voltage measurement pulse and d is
the ratio recommended to be between 1.2 and 1.3.
Take tonminvinstartsense = 1.38 us, and d = 1.29,

_ 1.29-0.2-v/2-326-1.38-107°
Vocp1init = =27 10-6

Vocpiimit = 0.3V
Note: A typical leading-edge blanking time tcs.es of 480 ns applies on Vocei(Vin), Vocpy,inic @A Vitartocr1.

The start-up phase consists of the soft-start phase and output charging phase. The soft-start phase is to
minimize the component stress during start-up, while the output charging phase is to fast-charge the output
voltage for fast Vcc self-supply takeover from the primary auxiliary winding.

During the soft-start phase, the switching frequency is fixed as 20 kHz. The MOSFET current is limited in the first
soft-start step based on the CS pin maximum voltage limit of Vsareoce1/(Nss + 1), where Veareoce: is the parameter
for the output charging phase CS pin maximum voltage limit, and ng is the parameter for the number of soft-
start steps. The soft-start phase CS pin maximum voltage limit is increased by Vsaroce1/(nss + 1) after each soft-
start step, and the typical duration of each soft-start step is 0.5 ms.

During the output charging phase, the output voltage is fast-charged with MOSFET switching pulses based on
either the output charging phase CS pin maximum voltage limit of Vsroce: Or the maximum on-time in QRM. To
exit the start-up phase and enter the regulated mode without triggering the start-up output UVP, the ZCD pin
estimated output voltage Vo has to either reach the output charging voltage set-point of Vouestart before the
maximum allowable start-up phase duration of tsanmax is reached, or reach at least the start-up output UVP
level of Voutwystart at the timing of tstar,max.

It is generally recommended to set the ns, parameter value between 2 and 4. In this design example, nss=3
parameter setting is selected, as shown in Figure 8.

To ensure fast Vcc self-supply takeover from the primary auxiliary winding, the Vearoce: parameter is
recommended to be configured as per Vocei,aty,injow- HENCE, Vstart,ocer = 0.52 V parameter setting is selected in this
design example.

Voustart parameter can be defined and calculated as:

_ Vastart " Ns
Vout,start - Ng - Vd (20)

Where Vst is the desired primary auxiliary winding demagnetization voltage when output voltage is Voutstart.

Vastart IS recommended to be between 8 Vand 9 V. So, taking V,star: = 8.3V,

8.3-10
Vout,start = 3 0.7

Vout,start =27V
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7 HV pin-related design

As shown in Figure 9, HV series resistor Ruy is connected from the HV pin to the cathodes of HV diode Dy and
Dwv2, While bridge rectifier AC input should be applied across the Dy, anode and D, anode.

Additionally, a HV capacitor Cwy should also be connected between the HV pin and ground.

Figure9  HV pin, Ruy, Cv, Duv: and Dyy, connections

The recommended minimum HV series resistor value Ry, is defined and calculated as:

_ Vinnigh(pk)
RHV,min - I4v max (21)

Where lpymax is the HV pin maximum peak input current of 9.6 mA.

V2 -326
RHV,min == 96-10-3 == 4‘8 kQ

The recommended maximum HV series resistor value Ry ., is defined and calculated as:

_ Vacmin(rect,avg)~ Vvcconmax . [1 _ 2, Sin_l (VVCCON,max )] (22)
T

RHV,max -
IHV,min(avg) VAC,min(pk)

Where Vac mingect,avg) iS the average value of the rectified Vacmin, While Vuccon,max is the maximum Vcc turn-on voltage
threshold of 22 V, and liy,minavg is the recommended HV pin minimum average input current of 1 mA.

R _09:90-22 _[1 2 -sin‘l( 22 )]
HV,max — —4.109-3 T V2 -90

RHV,max = 525 kQ

Based on the above, Ruwv =52 kQ is selected in this design example.

The HV series resistor dielectric withstand voltage should be above the total of Vacmaxpk @and Vinarginfer (S€€
Section 4 for their respective values), which is equivalent to 521.3 V. As an example, the selected Ry =52 kQ in
this design example can be formed using a 36 kQ 0.5 W resistor (dielectric withstand of 350 V) in series with a 16
kQ 0.25 W resistor (dielectric withstand of 200 V).

For better line synchronization stability against noise interference, Chv shown in Figure 9 is needed. In addition,
Cwv also improves the surge and ESD capability of the HV pin.

Cuwv =1 nF isrecommended and selected in this design example.
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8 Vcc capacitance and output UVP design

To fulfill the Energy Star time-to-light requirement of 500 ms, the Vcc voltage maximum charging time for IC
activation, tuccon,charge,max Should not exceed 350 ms. Therefore, the maximum Vcc capacitance Cycemax Can be
defined and calculated as:

CVCC,max -

VAC,120(rect,avg) - VVCCON,max 2 P— VVCCON,max
Roro -V ’ tVCCON,charge,max ‘|1 —="sin v (23)
HV ' VVCCON,max T AC,120(pk)

Where Vycconmax is the maximum Vec turn-on threshold of 22 V, Vac 1opectavg) iS the average value of rectified 120
Vims AC input, and Vac,120pk is the peak value of 120 Vs AC input.

_ 09-120-22 qa=3.[1 2. -1 22 _
Crccmax = soimr e 350-1073 - [1 =2 sin (ﬁ_lzo)] = 2413 uF

toarmax Parameter refers to the maximum allowable duration of the start-up phase, which consists of the soft-
start phase and output charging phase. It can be indirectly configured with Vcc capacitance parameter Cyc,
based on:

0.8-Cycc - (Vvecon —Vuvorr) _ 0.8 Cycc- (205-6) _ 967 - C (24)
I1c,avg est 12-1073 vee

tstart,max =

Where Viccon is the typical Ve turn-on voltage threshold of 20.5 V, Vuvorr is the typical Vcc turn-off voltage
threshold of 6 V and lic agest is the estimated IC current consumption of 12 mA.

For proper start-up, as shown in Figure 10 (left), Cvcc has to be high enough to ensure its corresponding tstartmax
calculated from equation (24) is longer than toutcharges; Wheh toutcnarge is the time needed to charge the output
voltage to the start-up output UVP level Vouwy,stare OF higher.

Based on the considerations above, Vcc capacitor value and IC parameter setting of Cvcc =22 uF are selected in
this design example, which results in tsarmax = 21.3 ms. In addition, a noise decoupling ceramic capacitor of
Cuccdecoupte = 0.1 UF with low ESR is added in parallel to Cycc.

In the start-up phase, if the ZCD pin estimated output voltage Vou is lower than Vouwystart OVer a time-out period
of tsarmax, the start-up output UVP is triggered. For instance, this could happen if the flyback output is shorted
during the start-up, as shown in Figure 10 (right). It is recommended to configure Voutuystart @S Voutstart. HeNce,
Voutuv,start = 27 V is selected in this design example.

The reaction of start-up output UVP is fixed as auto-restart and the auto-restart time is based on the tayto restart
parameter. tauto,restart = 1.2 sec setting is selected in this design example. Please note that tauto restart IS @ cOmmon
auto-restart time used for other system protections with auto-restart reaction.

Normal startup Output short startup
Voltage Voltage
A tstart,max A tstart,max
K— K—
. tout,charge&) .
Output setpoint Output setpoint+
Vout,start Vout,start
v V
ouv\\llcsct;: °Ut\l;\\ll’csct;: " Startup output undervoltage
(20.5V typ) S Ve (20.5Vtyp) | V/yee protection triggered
“ (Vout < VoutUV,start :at tstart,max)
Vuvorr 5 Vuvorr ;
(6Vtyp.) »- time (6Vtyp) P time
fvccoru,charge, tvee,holdup tvccon,charge e holdup

Figure 10 Normal start-up and start-up output UVP (short) waveforms
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Under the single-fault condition of second-stage CC regulator MOSFET drain and source pins being shorted, the
main output could be clamped by a low-output LED voltage, which could result in the flyback MOSFET
continuously operating in the saturation region due to low V¢c and gate-drive voltages.

Hence, in this design example, ENyvevout = Enabled parameter setting is selected to enable the regulated mode
output UVP, which could be triggered if the ZCD pin estimated output voltage V.. is below the regulated mode
output UVP level Vouwy for longer than a blanking time of tvoutuv,biank, @5 Shown in Figure 11.

Voutuv parameter can be defined and calculated as:
Vauv " Ns
Voutuv = % —Vq (25)

Where V,uv is the desired primary auxiliary winding demagnetization voltage when output voltage is Voutuv.

V,,uv is recommended to be between 9.5V and 10.5 V. So, taking Vauv=10.1V,

10.1 - 10
Vourwy = ——5— =07

Vowuvv = 33V

To prevent the regulated mode output UVP from being triggered by the output undershoot during input voltage
step-down, e.g. from 277 Vims t0 120 Vims, tvoutuvpiank IS recommended to be at least 100 ms. Hence, tvoutuv,piank =
500 ms is selected in this design example.

VOUt
Output load current
A too high causing
. ower limit and
Output setpoint —----—-—--———————————— P
b P Start of regulation Vout drop below
according to feedback ¥ set-point Output under-
v voltage mapping voltage protection
out,start ——-------————————-- triggered after
Vouov 4--omooeeee 1‘\/ tvoutuv,blank
Turn—oni l
N i .
0 N < time
N\ '\ 7\ 7
Startup Regulated Mode Regulated Mode
phase (Vout > VoutUV) (Vout < VoutUV for tVoutUV,bIank)

Figure 11 Regulated mode output UVP (based on ZCD pin voltage sensing)

The reaction of regulated mode output UVP is configurable to latch-mode or auto-restart, based on the
Reactionuwevout parameter. Reactionyve,vout = Auto-Restart is selected in this design example.

Note: The regulated mode output UVP is not active in Active Burst Mode (ABM).
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9 Output OVP-related design

Under the single-fault condition of the FB pin open, the main output voltage would rise quickly above Vout setpoint.
As shown in Figure 12, the output OVP would be triggered when the ZCD pin estimated output voltage Vou is
higher than the output OVP level Vouov for longer than a blanking time.

Note: The output OVP blanking time is typically a quarter of the half sine wave period, e.g. 2.5 ms for Fiine
=50 Hz with line synchronization established.

To prevent the output OVP from being triggered by the output overshoot during input voltage step-up, e.g.
from 120 Vims t0 277 Vims, the output OVP level Vouov Should be configured well above Voutsetpoint. Therefore, the
Vouov parameter can be defined and calculated as:

Voutov = 120% * Voyrsetpoint = 120% - 54 = 64.8V
Based on the above, Voutov = 65 V is selected in this design example.

Considering the ZCD pin estimated output voltage protection accuracy is subjective to the the sampled signal
accuracy, sampling delay, indirect sensing delay (e.g. output voltage cannot be estimated near AC input phase
angle of 0 degrees and 180 degrees) and blanking time, the output capacitor voltage rating Vout,cap,rating Should be
selected well above Voutov. As @ result, Voutcap rating Can be defined and calculated as:

Voutov __ 65
Vout,cap,rating = 087— o5 = 722V (27)

Based on the above, Vout,cap,rating = 80 V is selected in this design example.

Attention: It is mandatory to ensure that V...ov is configured well below the actual output capacitor
voltage rating Vous,cap,ratings While the Vous cap rating is Not exceeded in actual testing with all the
necessary test conditions.

Vout
A Voutov protection triggered
after blanking time

Vout,cap,rating —

VougOV -
Output setpoint

Vout,start .

Start of regulation 1|
according to I
feedback voltage

i mapping i

il
I
i
!
I
Turn-on, i}

NV I .
— 3 > time
N N\ 7

Startup  Regulated Mode Auto-restart time

phase

(based on tautommmrr)

Figure 12 Output OVP (based on ZCD pin voltage sensing)

The reaction of output OVP is configurable to latch-mode or auto-restart, based on the Reactionove,vout
parameter. Reactionovpvout = Auto-Restart is selected in this design example.

Note: The output OVP is not active in ABM.
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10 DC link filter and secondary main output capacitance

Cocsiter denotes the DC link filter capacitor placed after the bridge rectifier. A higher Coc firer Value gives lower EMI
but worse power quality, and vice versa.

Table 4 Recommended initial Cpc ficer value
Vac,min (V) Steady-state full-load output power Py suu (W) Recommended initial Coc,sier (1LF)
90 ~ 107 Less than 26 0.1
26~35 0.15
36~45 0.22
Greater than 45 Greater than 0.22
Greaterthanor | Lessthan3l 0.1
equalto 108 31~40 0.15
41~55 0.22
Greater than 55 Greater than 0.22

Referring to Table 4, initial Cpcfirer = 0.22 UF is selected in this design example. To improve the estimated input
voltage Vi» accuracy during pre-start-up check, it is also recommended to deploy DC link resistor Roc,itter = 30
MQ in parallel with Cpcjiter, as shown in Figure 13.

O

T Line Filter T

AC and

Cocsna T Rociiter[| Vb fitter

Bridge

l Rectifier l

O

Figure 13 Coc,fitter aNd Roc sier across the DC link bus voltage

To compensate for the input current displacement caused by the Coc;iter, the XDPL8218 enhanced Power Factor
Correction (PFC) feature can be enabled by configuration of the compensation gain parameter named Cewi. As a
start, it can be configured as per the Cociter Value. Hence, the initial Cemi = 0.22 uF parameter setting is selected
in this design example. Upon successful powering-up of the sytem, refer to Section 18.3 for the fine-tuning
guide.

Viipple,out(pk-pk),max denotes the maximum allowable secondary main output voltage peak-to-peak ripple level.
Assuming the flyback output in this design example is connected to a second-stage CC buck regulator, which
has a maximum LED voltage load Viepmax 0f 48 Vand maximum allowable duty cycle Dyuckmax Of 95 percent,
Viipple,out(pk-pk),max CaN be defined and calculated as:

v max 48
Vripple,out(pk—pk),max =2 (Vout,setpoint - L) =2 (54 - E) =695V (28)

Dbuck,max
The secondary main output capacitor Cou Value can then be defined and calculated as:

Pout,full _ 43.2 _
T 2m-47-695-54 390 uF (29)

Cout =
out = 21 Fr: Vo v .
T Fline,min " Vripple,out(pk—pk),max " ¥ out,setpoint

Considering the tolerance of the electrolytic capacitor value, Cout =470 uF is selected in this design example.

For lower EMI, low-ESR ceramic capacitors Coutlowesr: = 1 UF and Coutiowesr2 = 0.1 uF are also added in parallel
with Cout.
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11 Input voltage levels for start-up and protection

ENove,n parameter refers to the enable switch for maximum input voltage start-up check and input OVP, based
0N Vinstartmax and Vinov levels, respectively. ENgyp , = Enabled is selected in this design example.

ENyve,n parameter refers to the enable switch for minimum input voltage start-up check and input UVP, based
0N Vinstartmin and Vinuy levels, respectively. ENyyp \, = Enabled is selected in this design example.

Note: The estimated input voltage Vi, used for start-up check and protection is in rms value, which is
assumed as 0.707 of estimated peak input voltage Vi, pear regardless of whether actual input
voltage is AC or DC. As the input voltage is estimated based on ZCD pin and CS pin switching
signals, proper ZCD resistor selection (see Section 12) and Ri, parameter fine-tuning (see Section
18.1) are needed.

Vinstart,max Parameter refers to the maximum input voltage level setting for start-up, which is recommended to be
configured as Vinhigh. Hence, Vin start,max = 326 Vims is selected in this design example. Vinov parameter refers to the
input OVP level setting, which is recommended to be:

Vinov 2 Vinstart;max " 107% = 349 Vs (30)

Vinstart,min Parameter refers to the minimum input voltage level setting for start-up, which is recommended to be
configured as Vin ow. HENCE, Vinstart,min = 82 Vims is selected in this design example. Vinuy parameter refers to the
input UV (brown-out) protection level setting, which is recommended as:

Vinuv < Vin,start,min *93% = 76 Vi (31)
Based on the above, Vinov = 350 Vims and Vinuy = 70 Vims are selected in this design example.
ENvinvem refers to the enable switch for input voltage protections (based on Vinoy and Viquy) in ABM.

If ENvinaem is enabled, the enable switches for Vinov and Vi protections in ABM are respectively based on ENgyp ),
and ENyyp . If ENvivsem is disabled, both Vinoy and Viauy protections are inactive in ABM.

In this design example, ENviv,aem = Enabled is selected.

Note: The reaction of Vinov and Vinuv protections is auto-restart. A typical blanking time of either 10 half
sine wave periods or 10 burst periods applies on Vinoy and Vinuy protections triggering.

Vin

A

Protection
triggeredN
VinOV

Vin,start,max R
/ Startup

Startup \ Startup
Vin,start,min N Z
\V2
inUv 7|

Protection
triggered -

Figure 14 Input voltage levels for start-up and protection
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12 ZCD pin-related design

ZCD pin filter capacitor Czcp, ZCD series resistor Rzcp,y and ZCD shunt resistor Rzcp, are connected based on the
connections shown in Figure 15.

Rzcp,1

—L RZCD,ZQ
—_r cZCD

ZCD

Figure 15 ZCD pin, C,cp, Rycp, and R,¢p, connections

Czco is mainly for ZCD pin noise-filtering, so a fixed value can generally be used for different designs. Czco = 47 pF
is selected in this design example.

Note: QR first valley switching of the MOSFET drain voltage can be achieved with tzcoro parameter fine-
tuning based on Section 18.2. Initial t;copp = 350 ns can be used for powering-up of the system
before the fine-tuning.

Apart from zero crossing detection, the ZCD pin is also used to measure the reflected input voltage signal when
the MOSFET is turned on, and to measure the reflected output voltage signal when the MOSFET is turned off
afterward. Hence, it is important to select the correct Rzcp: and Rzcp,, values, which can cover the necessary
measurement range, not only for normal conditions but also for protected conditions.

The recommended minimum ZCD series resistance Rzcp1min and maximum ZCD series resistance Rzcp 1 max are
defined as:

_ Ng VinpcLNmin ' N (Voutov + Va)
RZCD,l,min = - - - | Vinov pk + (32)
1 N. \%4
IV, max,VinoV " ‘'p ZCDSH,max,Voutov
_ Ng VinpciNmax ' N Voutov +Va)
RZCD,l,max =77 . N ' [VinUV(pk) - AVin,HF,ripple,eslt + v - (33)
IV, min,VinUVv P ZCDSH,minVoutOVv
Where:

Vinovipky @Nd Vinuyew are respectively v2 times Vinoy and v/2 times Vinuy.

[vmaxvinov @and lyminyinuv are respectively the recommended maximum ZCD pin negative clamping current for Vinoy
sensing and minimum ZCD pin negative clamping current for Vi,uv sensing.

Vzcpshmaxvoutov @Nd Vzcpshminvoutov are respectively the recommended maximum and minimum ZCD pin voltage
sensing levels for Vouov S€NSING.

Vinpcin,max @Nd Vinecunmin @re respectively the maximum and minimum ZCD pin negative clamping voltages.

AVin pir ripple.est 1S the estimated difference between the Vinuvpi level and the high-frequency ripple minimum
voltage level at the peak of AC input half sine wave. As a rule of thumb, it can be assumed to be between 25V
and 30 V.

Ta king lv,maxvinov = -3.1 MA, Ly minyinuv = -0.15 MA, Vzcoshmaxvoutov = 2.6 V, Vzeoshminyoutov = 2.35 V, Vinecinmax = -0.22 V,
VINPCLN,min = '014 V, and AVin,HF,ripple,est = 275 V,
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3 —0.14-3.2-(65+0.7)
Racpamin = ——romray " [V2 350 + = | =146 k0
3 —0.22-3.2- (65 + 0.7)
Rzcpamax = = —steo—y " |V2- 70— 27.5 + 2L | =324k

In general, it is recommended to select Rzcp: to be closer to Rzep,1max, for lower power dissipation. Hence, Rzep,1 =
27 kQ is selected in this design example.

The recommended minimum ZCD shunt resistance Rzcpzmin and maximum ZCD shunt resistance Rzcpamax are
defined and calculated as:

Rzcp,1* Ns*VzepsHminvoutov 27-10%-10-2.35
Rzcp,2min = T P = = 3.65 kQ (34)
e Ng - (Voutov +Va) — Ns - VzepsaminVoutov 3-(65+0.7)—10-2.35
— Rzcp,a  Ns VzepsH,maxvoutov _ 27-103-10-2.6 _
Rzcp,2,max = = 4.1 kQ (35)

Ng * (Voutov +Va) = Ns* VzcpsHmax,voutov "~ 3:-(65+0.7)-10-26
Based on the above, Rzcp,» = 3.9 kQ is selected in this design example.

When the AC input voltage decreases at full-load output, the DC link filter capacitor high-frequency peak-to-
peak voltage ripple would increase, and this would also result in higher ripple on the ZCD pin negative
clamping current, which is used for estimating input voltage Vi.. Hence, for good Vi, estimation via the ZCD pin,
especially at input UVP level Viny, such a ripple effect should be minimized and compensated with proper
configuration of tonmaxaty,iniow aNd Rin parameters, respectively.

tonmacatyintow Parameter denotes the maximum on-time at the lowest operational input voltage Vi, ..
tonmaxatviniow ShOuld be configured not too high, while being able to deliver the steady-state full-load output
power P, ¢ at Vi, 0. Therefore, t,, macatviniow €@N be defined and calculated as:

€Ly lyri
_ p " lpri(pk)max
ton,max,at,V,in,low - N Vintow (36)

Where e is the ratio for margin on the maximum on-time, which is recommended to be between 1.2 and 1.25.
Takinge=1.23,

1.23-544-107°-2.606

ton,max,at,V,in,low - V282

ton,max,at,V,in,lgw = 15 us

Rin parameter is to compensate the DC link filter capacitor voltage ripple for accurate Vi, measurement. As this
parameter configuration is subjective to the line filter and the DC link filter capacitance design, parameter fine-
tuning based on actual waveform measurement is required.

For powering up the board, the initial Ri, parameter can be defined and calculated as:

L. AV; i
I'l’lltlal Rin — inHF,ripple,est (37)
Ipri(pk),max
275
Initial R;,, = —
nitial Ry, 606

Initial R;, = 10.6 Q

Upon successful powering-up of the system, please refer to Section 18.1 for the fine-tuning guide for the Ri
parameter.
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13 Secondary-side regulation FB circuit design

The FB pin filter capacitor Crs, optocoupler and the SSR FB circuit are connected based on the connections
shown in Figure 16.

The FB pin does not need any external pull-up as XDPL8218 has a fixed voltage reference Vrer 0f 2.428 V, which is
internally connected to its FB pin via an internal pull-up resistor. The internal pull-up resistor value is
configurable based on the Reg puiup parameter.

. T 2
Output
4

N
asec Vsupplv,SSR Vsupplv,REF Vout,sense,SSR
p

Rbias,opto Isense,SSR

lopto,ssk Roias,rer  Rupper

Iopto,SSR
CV output

R Secondary Side
lower Regulation (SSR)

feedback circuit

Ccomp R<:omp

Figure 16 FB pin internal pull-up, C:s, optocoupler and CV output SSR FB circuit connections

Vsuppiy,ssk from the secondary auxiliary winding rectified output is mainly used to supply the SSR circuit op-amp
operational voltage Voo and optocoupler LED current lopto,ssr Via resistor Ryiasopto. FOI Vsupply,ssk NOise decoupling,
in this design example, a ceramic capacitor of Cypp = 100 nF with low ESR is selected and placed near the op-
amp Vpp pin.

As shown in Figure 16, the SSR op-amp non-inverting input should be connected to the SSR reference voltage
Vrer,ssr, While the inverting input should be connected to a resistor/divider formed by Rugper and Riower for output
voltage sensing. In this design example, the selected op-amp part number is TSM103W, which has dual op-
amps, and the non-inverting input of one op-amp is wired to a voltage reference Vgerssk 0f 2.5 Vinternally.

Vsupply,ssk €an be used as the SSR voltage reference supply Vsuppiy,rer, to provide a minimum biasing current of lxamin
via voltage reference biasing resistor Rpiasrer, fOr generating the Veer ssr. However, in this design example, to
minimize the standby l0ss, Vsuppiy,rer is Not supplied by Veuppy,sse based on Nasec = 3, but by another rectified
output with lower voltage, based on a partial secondary auxiliary winding turns number of Nasec partial = 2.

Hence, the recommended maximum voltage reference biasing resistance Ryias rer,max Can be defined and
calculated as:

_9 .
IKA,min

Rbias,REF,max = [(Vout,setpoint + Vd) ' (Na,sec,partial/Ns) - Vd,aux - VREF,SSR] (38)
Where g is the ratio recommended to be between 0.75 and 0.85, and V..u is the auxiliary output diode forward
voltage.

Taking g = 0.8, Vgaux = 0.5V and lkamin = 1 mA based on the selected op-amp datasheet,

0.8
1-1073

-[(54+0.7)-(2/10) — 0.5 — 2.5] = 6.35 kQ

Rbias,REF,max =
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Based on the above, Ryias,rer = 6.2 kQ is selected in this design example.

To achieve accurate output voltage regulation based on Voutsetpoint, the op-amp input biasing current I, has to be
much smaller than the output sensing upper resistor/divider current lsense,ssr. As compared to using the
conventional shunt regulator TL431, which has a maximum reference input current of 4 pA, the selected op-
amp has a maximum input bias current of liymax = 0.2 HA, which results in much lower regulation offset error
ERRoftsetip With the same level of lsense ssr.

Considering that ERRyset,» is desired to be not more than 0.1 percent in this design example, the maximum
output sensing upper divider resistance Rupper,max Can be de defined and calculated as:
Rupper,max — ERRoffsetib * (Voutsetpoint— VREF) _ 0.1%- (54 — 2.5) — 2575 k() (39)

Iibmax 0.2-1076

Since the ABM burst frequency is fixed based on the fu.s: parameter for low audible noise, as a rule of thumb to
achieve stable main output voltage at no-load, the Rupper Selection should also ensure the output sensing
resistor/divider power consumption is at least the power transfer of a single ABM pulse. Therefore, the Rupper,max
value can also be defined and calculated as:

Rupper,max -

Lp i Vout,setpoint ) (Vout,setpoint_ VREF) (40)
i 2, . 2, .
Vinov” * tonminaBM”~* fburst *N1aBM

Where ton,minsem is the ABM minimum on-time parameter and naeu is the estimated power efficiency in ABM.

Take fourst = 130 Hz, tonminasm = 1 Us and assume naem = 65 percent,

544-107%-54- (54 —2.5)
R = = 146.15 kQ
upper,max 3502 (1-106)2-130-65% 6.15k

Based on the smaller Rypper,max calculated from equation (39) and (40), the output sensing upper resistance Rypper
should be selected near to Rypper,max = 146.15 kQ to achieve low standby power, so Rypper = 127.5 kQ is selected in
this design example.

The output sensing lower divider resistance Riwer an then be defined and calculated as:

Rupper " VREF _ 1275- 103-25

R lower —

(41)

Vout,setpoint— VREF 54 -25
Rlower ~ 6.2 kQ

For good control-loop stability, the FB pin internal pull-up resistance parameter Rre pui,up Should be configured
not too high. On the other hand, for low standby power, Res puiup Should be configured not too low either. Ina
practical system, Respuiup may be around 5 kQ. Hence, Reg pu,up = 5.5 kQ is selected in this design example.

XDPL8218’s internal ADC sampling point for the FB pin voltage signal is right after the GD pin signal becomes
high for a period of tcs es (480 ns typ.), to ensure a high Signal to Noise Ratio (SNR). The FB pin capacitor Ces is
mainly used to filter the switching-on MOSFET current ringing noise, which might not be fully damped after
teses. As the frequency of such ringing noise is normally at least a few MHz and the ADC sampling frequency
fsampiinganc iS @ few kHz, the RC filter frequency frc s formed by Ces and Res puiup is recommended to be in the range
of 40 kHz to 100 kHz. Therefore, Crs can be defined and calculated as:

1

L 42
FB 27 RrBpullup " fRC,FB !

Taking fRC,FB =60 kHZ,

Coo = 1
FB ™ 5.7.55-103-60-103

=482 pF
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Based on the commonly used ceramic capacitor value which is near to the calculated Crs above, Crs =470 pF is
selected in this design example.

The minimum power transfer of the system is reached when the filtered FB voltage level Veg itered is the same as
or less than the Ves min parameter. Hence, it is recommended to configure the minimum FB voltage Vegmin the
same as Vcesat based on the selected optocoupler datasheet. As a result, Ves,min = 0.3 V is selected in this design
example.

Based on the minimum current transfer ratio CTRmin from the selected optocoupler datasheet, the total
resistance of Ryiasopto aNd Ropto Can be defined as:

. (Vout,setpoint+Vd) 'Na,ser:/Ns - Vd,aux - Vf,opto —Vax (43)

Rbias,opto + Ropto <h- RFB,pull,up * CTRpin VREF—V B sat

Where h is the ratio recommended to be between 0.7 and 0.8 for compensating the secondary auxiliary winding
rectified output voltage drop under no load at the main output, Vi is the optocoupler LED forward voltage,
Ropto and Vax are respectively the optocoupler series resistance and the forward voltage of D,, as shown in Figure
16.

Taking CTRmin = 100 percent, h = 0.7, Viopto = 1.1V and Vg = 0.5 V for the calculation,

Roiasopto + Ropto S 0.7+5.5+ 103 - 10096 - [S1- 103110 =05 ~14-09)

2.428 -0.3

Rbias,opto + Ropto < 1698 kQ

Based on the above, Ryas,opto T Ropto = 16 kQ is selected in this design example. Ryiasopto IS recommended to be at
least 10 times lower than Ropto, SO Rbiasopto,max, Which denotes the maximum Ryias opto Value, can then be defined
and calculated as:

R ias,0 ot Ropto
Rbias,opto,max = % = 1.455 kQ (44)

The recommended maximum RC filter frequency fre pias,opto,max formed by Rbias opto @Nd Chias,opto IS Fiine,min. Since
Ruias,opto With high resistance is generally cheaper than Cyiasopto With high capacitance, Coiasopto NOmMinal value is
recommended not to exceed 4.7 PF. As a result, in this design example, Cpias,opto = 3.3 UF is selected, while the
minimum optocoupler biasing resistor value Ryiasopto,min Can be defined and calculated as:

1 1
Rbias,opto,min = = =1kQ (45)

2 -1+ Cp *fRCbias,optomax 2-m-33-1076-47

Based on the Ryias,opto,max aNd Ryias,opto,min Calculation results, and also Ryiasopto + Ropto S€lECtion above, Rpias,opto = 1
kQ and Ropto = 15 kQ are selected in this design example.

A type Il FB compensation network is used in this design example. It consists of a resistor Reomp in series with
Ccomp, @S shown In Figure 16. As a rule of thumb, the initial frequency of the pole at origin fyoie,origin can be around
2 Hz to 3 Hz, while the initial frequency of the zero f.e. is suggested to be around 4 Hz to 8 Hz. As aresult, the
initial value of Ccomp and Reomp fOr system powering-up can be defined and calculated as:

1

Ccomp = (46)

2T Rypper " fpoleorigin

1

Reomp = (47)

21 Coomp * fzero
Taking foote origin = 2.65 Hz and fzero = 5 Hz,

c _ 1
comp ™ 5.7.127.5-1032.65

Initial C.q1mp = 470 nF
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R _ 1
comp = 5.7.470-1079- 5

Initial R .y, = 68 kQ
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14 Regulated mode parameters

In regulated mode, XDPL8218 supports multi-mode operation consisting of QRM1, Discontinuous Conduction
Mode (DCM) without valley switching, and ABM. The mode of operation and switching parameters are selected
mainly based on the digitally filtered FB voltage Ves iterea mapping. When the regulated mode is entered after
the start-up phase, the filtered FB voltage maximum limit Vs itered,max ramp is applied initially on the voltage
mapping, to prevent excessive output rise overshoot.

14.1 Digital notch filter

In QRM1 and DCM, a digital notch filter with quality factor of Nquaity is applied, to suppress the double line
frequency component in Vegjitered, in order to achieve high power quality. To allow time for the notch filter
convergence, the notch filter output is only taken as Veg firerea for output regulation after every HV pin line
synchronization has been established for a time-out, which is based on the nnetcnpiank parameter. A digital low
pass filter is used for noise filtering whenever the digital notch filter output has not been taken as Vg iterea. The
recommended Nguaiity and Nnotchpiank Parameter configuration from Table 5 is selected in this design example.

In ABM, line synchronization and notch filter are disabled for power saving, so a digital low pass filter is applied.

Table 5 Notch filter parameter configuration

Parameter name Recommended value Unit

Nquality 1.6 -

Nnotchblank 2 Number of AC input half sine wave period
14.2 On-time limit and switching frequency limit (QRM1/DCM)

The maximum on-time variable tonmax(Vin) is dependent on the estimated input voltage Vin, as shown in Figure
17. When Vi, is Vinow, the maximum on-time is based on the tonmaxaty,now parameter. When Vi, is above Vin jow, the
maximum on-time is reduced, to compensate for the increasing input voltage influence on the FB gain. When
Vin is below Vinow, the maximum on-time foldback can be configured based on the Prodback gain parameter, for
power limitation during brown-out.

ton,max(vm) ton,min(vin)
ton,min,V,out,sense(Vin)

Pfo\db?ck ain =0
ton,max,at,v,in,low oo JOLDaCES

Pfoldbuck,gain >1

ton,min F—F———— Fomm

|
|
|
|
|
|
|
—_— — — -
|

Note: 0 Vinuv Vin‘,low Vinov Vin

|f Vin < Vln,low ’ ton,max(vin) = ton,max,at,v,m,low . [1 - Pfoldback,gam . (Vln,low - Vin) / Vln,low]
lf Vin 2 Vin,low ’ ton,max(vin) = ton,max,nt,v,in,low : (Vin,low / Vin)
ton,min,V,out,sense(Vin) = tdemag,min ° (Np/ Ns) ° (VoutOV/ Vin,peak)

QRM1 and DCM on-time limits

Figure 17

26 of 48 V1.0
2018-06-06

Design Guide



o~ _.
XDPL8218 design guide |nf|ne0n
For high power factor flyback converter with constant voltage output
Regulated mode parameters

In QRM1 and DCM, the minimum on-time variable tonmin(Vin) is based on the t,, ., parameter or t., minv.outsense( Vin)
variable, whichever is higher. The t,, ninv.outsense(Vin) variable denotes the minimum on-time required for Vouov
sensing, which is dependent on Vi, measurement and the tmingemag parameter (see the equation in Figure 17),

The recommended QRM1 and DCM on-time limit related parameter configuration from Table 6 is selected in
this design example.

Table6 QRM1 and DCM on-time limit parameter configuration

Parameter name Recommended value Unit
ton,max,at,v,in, low Refer to calculation in Section 12 s
ton,min 1.38 us
Tmin,demag 4 s
Proldback gain 1 -

In QRM1, the maximum switching frequency parameter fs, max affects the number of first valley switching pulses
over every AC input half sine wave period. To lower the input current total harmonic distortion (iTHD) at high
input voltage and high output power, the number of first valley switching pulses can be reduced by lowering
fswmax. HOwever, please note that the efficiency could be reduced if the number of first valley switching pulses is
reduced too much. As a start, it is recommended to use fsw,max = 136 kHz and fine-tune it later if necessary.

The minimum switching frequency parameter fq.min is not configurable and is fixed as 20 kHz.

14.3 ABM FB voltage sensing and control

In ABM, the switching pulse on-time t.n» and burst pulse number Nagu are controlled based on Veg fiterea taken at
the last pulse of the previous burst cycle, as shown in Figure 18. The ABM minimum on-time and minimum
pulse number per burst are based on the tonminasm and Naswmin parameters, respectively.

During ABM burst pause, the controller enters sleep mode with the FB pin internal pull-up disabled, to reduce
the power consumption. Before the next ABM burst pulse starts, the controller wakes up with the FB pin
internal pull-up re-enabled. To avoid measuring the FB pin voltage spikes, which could present initially when
the internal pull-up is re-enabled, the start of both ABM burst pulsing and FB pin voltage sampling is delayed
upon the controller wake-up, based on the nyakeup parameter.

The ABM switching period is based on 1/f.min (50 Us typ.), while the the burst cycle period tasu is based on
1/fourst, @s shown in Figure 18.

Ve Ve filtered ton = _
N Nagmv = 4 ton = B
LLTTAN A Npgm = 3 ton =V
R PN A Nasm = 2
| ] --------------------I . A
: : T L.
wake | wake | | wake | | wake I |
up sleep up | sleep up | sleep up : sleep
| | | .
: : . 1/fburst L a : . 1/fburst | ‘: . 1/fburst 1 ‘| t
< > | - > - >
[ [ [ |
VGDI | 1/fsw,min [ 1/fsw,min [ 1 fsw,min | 1/fsw min
| -+ | . -+ | | | -+
| | | |
| | to” =a | ton = B | ton =Y
| | Nasv = 4 | Nasv = 3 | Nagv = 2
1 1 ' 1
Approx Approx Approx Approx
r‘|wakeup r‘|wakeup nwakeup nwakeup
x 19 ups x 19 us X 19 ps X 19 ps
Figure 18 ABM t,, and nasm control based on Vg sicerea taken at the last pulse of the previous burst cycle
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Referring to Table 7, the recommended parameter configuration for ABM FB voltage sensing and control is
selected in this design example.

Table7 Parameter configuration related to ABM FB voltage sensing and control

Parameter name Recommended value Unit

NABM,min 1 -

fourst 130 Hz

ton,min,ABM 1.00 s

Nuwakeup 5 Interval (each interval is around 19 ps)
14.4 FB voltage mapping and mode transition

In regulated mode, the multi-mode operation on-time t,n, switching period t.w and ABM pulse number nsem are
mapped to the filtered FB voltage Vesitered, as Shown in Figure 19.

ton t
Tow,aBM Tsw,pem on
ABM DCM QRM1
1/fsw,min
(20kHz typ.)
ton,max(vin)
l/fsw,max
ton,min(vin)
ton,min,ABM
} VFB,fiItered
VFB,min VFB,on VFB,sw VREF
(1.2V typ.) (2.0V typ.) (2.428V typ.)
VFB,ABM VFB,max,map
(0.8V typ.)
Figure 19 Multi-mode operation mapping based on filtered FB voltage V:s fitered

When Vesjitered IS the same as or higher than the Ves max,map parameter, the power transfer is maximum, with the
maximum switching frequency being limited to fu,max and the on-time based on tonmax(Vin) if the CS pin voltage
does not exceed Vocpi(Vin).

At maximum power transfer, the double line frequency ripple on the FB pin signal is high. With the notch filter
enabled, such ripple can be suppressed in Vg iteres. HeNCE, Veg maxmap Should be configured well below V.

When Veg fitered i the same as or lower than the Ves min parameter, the power transfer is minimum, with ABM
minimum on-time ton,minaev and ABM minimum pulse number nagw,min. As described in Section 13, Veg min should
be configured as per Vces.t based on the optocoupler datasheet.

Visasm parameter is the Ve fitered threshold for the transition between ABM and DCM. To enter ABM from DCM,
Vs itered N€€dS to be below the Vs aem threshold, for a minimum time-out based on the tagwpiank parameter. In
ABM, if Vg fiitered rises above the Vig asm threshold, DCM is entered.
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infineon

The on-time ramp increases from tonmin(Vin) @t Vg on, Until tonmax(Vin) is reached at Vg max,map-

Note: tonmin(Vin) and tonmex(Vin) are the on-time limit variables, which are dependent on the estimated

input voltage Vi.. For more details, please refer to Section 14.2.

The switching period ramp increases from 1/fsymax at Ves sw, until 1/fswmin is reached at Vg asv. When the QR first
valley switching period t.w,qr1 is above this switching period ramp, QRM1 is entered. When tsu qr: is below this
switching period ramp, DCM is entered.

Note: fow,max and foumin are respectively the maximum and minimum switching frequency parameters.

As shown in Figure 19, the typical values of Vs asu, Ves.on and Ves sy are fixed as 0.8V, 1.2V and 2.0 V, respectively.

Referring to Table 8, the recommended parameter configuration for FB voltage mapping and mode transition
is selected in this design example.

Table 8 Parameter configuration related to FB voltage mapping and mode transition
Parameter name Recommended value Unit
VB, max,map 2.0 v
Vg, min Veesat (refer to optocoupler v
datasheet)
taBM,blank 6.5 Ms
14.5 FB voltage maximum limit ramp

Whenever the regulated mode is entered, the filtered FB voltage maximum limit Veg fiteredamax IS ramped up from
Vg imitstart (1.2 V typ.) to Veer (2.428 V typ.), with incremental voltage step based on the Veg imitstep parameter and
time step based on the half sine wave period.

As shown in Figure 20, when Vegittered iS higher than Vee fitered,max initially on entering regulated mode, the FB
voltage mapping is based on Ve fitered,max ramp, in order to prevent excessive output rise overshoot. When
Ve ittered €S lower than Ve fierea,max, the FB voltage mapping is then based on Vg fitered.

As a start, Ves,iimit,step = 800 mV is generally recommended. It can be reduced later after successful powering-up
of the system, if there is excessive output rise overshoot found during the start-up test.

Voltage
v Regulated mode entering
Vrer Filtered feedback voltage max. limit
(2.428V typ.) VFB.fi\tered.max

Filtered feedback voltage

|
|
|
|
|
| VEB filtered

VFB,Iimit,stan —_ ® VFB,Iirﬁit,step
1.2V typ.) & I

half sine |

wave period |
! |

: 2 ;' time
Feedback voltage mapping
based on Veg fitered,max
(When Veg fitered > Vs fitered, max)

Figure 20 FB voltage maximum limit ramp when entering regulated mode
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15 Other protection-related parameters

15.1 Vcc OVP

The Vcc Over Voltage Protection (OVP) reaction is configurable to latch-mode or auto-restart, based on the
Reactionycc,ove parameter, while the Vcc OVP level is configurable based on the Vyccmax parameter.

Reactionycc,ove = Latch-Mode and Vyce,max = 23 V are recommended and selected in this design example. Based
on Vveemax = 23 V, Ve capacitor voltage rating of 25 Vis selected.

15.2 Regulated mode Vcc UVP

ENyccuve Parameter refers to the enable switch for the regulated mode Vcc Under Voltage Protection (UVP). The
protection reaction is fixed as auto-restart and it is triggered when Vcc voltage is the same as or lower than
regulated mode Vcc UVP Vieemin, for longer than a blanking period based on tyccuv,biank-

ENvcc,uve = Enabled, Vuce,min = 7.5 V and tuccuv,piank = 1.5 ms parameter settings are recommended and selected in
this design example.

15.3 IC over-temperature protection

The IC over-temperature protection level is based on the Tciica parameter. If Teritical is configured above 119°C,
the maximum switching frequency parameter f.max cannot be configured above 136.4 kHz. The protection
reaction is fixed as auto-restart, while the maximum junction temperature for start-up/restart is fixed as 4°C
beIOW Tcritical-

Teriticat = 119°C is recommended and selected in this design example.

Note: XDPL8218’s lifetime is not guaranteed when operating junction temperature is above 125°C, which
is possible if Tciica is configured above 119°C, with temperature sensing tolerance of + 6°C.

15.4 Primary MOSFET over-current protection

Voce2 denotes the CS pin voltage level 2 for primary MOSFET over-current protection. Under the single-fault
condition of shorted primary main winding, the primary MOSFET over-current protection is triggered when the
CS pin voltage exceeds Vocp, for longer than a blanking time based on the tcsoce, parameter.

tcsocr2 = 240 ns is recommended and selected in this design example.

Voce, level is automatically selected based on the Vocp aty,iniow SEttiNG, as shown in Table 9. In this design
example, Vocpiatviniow = 0.52 V is selected, so Vocr, = 0.8 Vis applied. The protection reaction is fixed as auto-
restart.

Table 9 Automatic Vocp: level selection based on Vocpy,at,v,inlow parameter configuration

Vocpi,at,v,inlow cONfiguration (V) Vocr2 (V)

0.34~0.36 0.6

0.37~0.54 0.8

0.55~0.72 1.2

0.73~1.08 1.6
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15.5 Debug mode

The parameter setting of Debugmod. = Disabled is selected in this design example. The Debuguede parameter
should only be enabled for debugging purposes. For more details on XDPL8218 debug mode, please refer to
Section 19.2.
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16 PCB layout guide

a) Minimize the circumference of the following high-current/high-frequency loop with traces which are short
and wide (or with jumper wires which are short and thick).

e Power switch loop formed by DC link filter capacitor Cpc s, primary main winding, flyback MOSFET
and CS resistor R¢.

e Main output rectifier loop formed by secondary main winding, main output diode and main output
capacitor.

o Auxiliary output rectifier loop formed by auxiliary winding, auxiliary output diode and auxiliary output
capacitor.

b) Place each filter capacitor, Vcc noise decoupling capacitor Cyccdecoupte, ZCD pin filter capacitor Czcp and FB pin
filter capacitor Crs near to its designated pin and the GND pin of the controller.

c) Apply the following guide for star grounding.
e Connect ground signal traces of Cyccdecoupte; Czcn, Rzcn2, Ces, the controller GND pin and the optocoupler
emitter pin.
e Connect Vcc ground traces of the Ve capacitor Cucc and primary auxiliary winding.
e Connect the Ciy GND pin near to the ground pin of Cocfier.
e Connect the GND pin of each Cucc, Cuccdecouple, Res @and bridge rectifier separately to a single point near

CDC,filter-

d) Ensure the high dv/dt traces from the MOSFET drain and GD pin are as far as possible from the FB pin and
its connected trace.

e) Shield signal traces with ground traces or ground plane, which can help to reduce noise pick-up.

f)  Always ensure appropriate safety clearances between the HV and LV nets.
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17 Parameter configuration list, set-up and procedures

17.1 Parameter configuration list

Figure 21 shows the XDPL8218 parameter configuration list, with selected values based on the design
examples from Section 2 to Section 15. For another system design, the values in the list can be different.

For the IC parameter configuration set-up and procedures, please refer to Section 17.2 and Section 17.3. For
safety purposes, before powering up the board, it is important to ensure that the configured IC parameter
values in the hardware configuration section in Figure 21 are compatible with the actual system hardware
dimensioning.

= Hardware configuration =  Multimode
N_p [4|32.000 R_F&_pull_up 5.5 kohm
N_s [/ 10.000 N_quality 1.6
MN_a || 3.000 n_notch_blank 2
Lp [&1|0.5440 mH f_sw_max [@|136.0 kHz
R_CS [&|0.200 ohm t_on_min [&(1.38 us
R_ZCD_1 [@|27.00 kohm t_min_demag [&(4.0 us
R_ZCD_2 [&|3.90 kohm t_on_max_at_V_in_low [@|15.00 us
c_vce [E(22.00 uF f_burst E130 Hz
V_out_cap_rating (80 v n_ABM_min (=]
R_HV [4/52.00 kohm t_on_min_ABM [&[1.00 us
1_GD_pk =]k mA t_ABM_blank .50 ms

= Startup n_wakeup 5
n_ss &3 V_FB_max_map || 2.000 v
V_out_start E|(27.0 v V_FB_min [4|0.30 v
V_start_OCP1 [E|0.52 v V_FB_limit_step [1|800.000 my
V_OCP1_init [&|0.300 v = Power factor correction

- Protections C_EMI [|0.2200 uF
t_auto_restart @12 5 =l Fine tuning
V_OCP1_at_V_in_low [E|0.52 v t_ZCDPD [41/350 ns
V_OCP1_at_V_in_high [&l]0.34 v R_in 10.60 ohm
V_in_low [@[82.0 v = UserID
V_in_high [d|326.0 v User_ID_A 0
t_CS0CP2 ] 240 ns
Reaction_OVP_Vout || Auto-Restart
V_outov [4|85.0 v
V_outlV_start E|27.0 v
EN_UVP_Vout [ |Enabled
Reaction_UVP_Vout || Auto-Restart
V_outlv E|33.0 v
t_VoutlJV_blank || 500.0 ms
EN_OVP_In [ |Enabled
EN_UVP_In [ |Enabled
EN_VIN_ABM [ |Enabled
V_inOV [4/350.0 v
V_in_start_max [@[326.0 v
V_in_start_min [E(s2.0 v
V_inUV [&(70.0 v
P_foldback_gain [&[1.00
Reaction_VCC_OVP Latch-Mode
V_VCC_max 23.0 v
EN_VCC_UVP Enabled
V_VCC_min 7.5 v
t_VCCUV_blank 1.5 ms
T_critical @] 119 degreeC
Debug_Mode Disabled

Figure 21 IC parameter configuration list with selected values based on design examples from

Section 2 to Section 15

Note: Userips parameter in Figure 21 has no effect on the IC behavior and system performance. By
default, the value of this parameter is set to zero. If necessary, it can be configured to store system
information, such as parameter version, LED driver model, etc.
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17.2

Parameter configuration set-up

The tools needed for on-board XDPL8218 parameter configuration are listed in Table 10.

Table 10 Tools needed for XDPL8218 parameter configuration
Tooltype |Toolname Description Ordering/Download link Ordering/Download
content
Hardware | 0P Interface |.dpinterface ¢ po\pp pp.GEND dp Interface Gen2 x1
Gen2 board USB cablex 1
.dp Vision
GUI for
parameter Note: .
.dp Vision configuration Please install .dp Vision L'at.est yersmn otthe -dp
. Vision installer (*.exe)
of all .dp before running the
products XDPL8218 .dp Vision folder
setup file shown below.
Latest version of .dp Vision
folder setup file (*.msi),
which installs the following
Software XDPL8218 40W reference
board homepage
XDPL8218 40 W reference
XDPL8218 . . -
XDPL8218 . design engineering report
parameter Note: R
parameter . . . (*.pdf) and parameter
. configuration Please download the zipped . RN
csv file . . . configuration file (*.csv),
file package which contains the | . o
o . including images for the
.dp Vision folder setup file ) L
.o configuration file.
(*.msi)
XDPL8218 design guide
(*.pdf)

Figure 22 shows the hardware set-up needed for the on-board XDPL8218 parameter configuration.

Note:

Please ensure the board is not supplied with any voltage before connecting the programmable cable

to the target XDPL8218 board. For parameter configuration on the XDPL8218 40 W reference design,
please connect the programming cable to its configuration connector X2.

Figure 22
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17.3 Parameter configuration procedures

After the hardware connections for XDPL8218 configuration (see Figure 22) are done, please start the program
by clicking the shortcut “.dp Vision” on the desktop.

Note: During the program start-up, if the system shows there is a newer version of .dp Vision, please follow
the procedure and update accordingly. As the screenshots were taken based on .dp Vision version
2.0.9.1, it might look different for newer versions of .dp Vision.

A .dp Vision user manual is available by clicking [Help] >> [Help contents], to provide the detailed instructions
on how to use this GUI for parameter configuration. Alternatively, the following simple guide is also available
for quick and easy reference.

Open the XDPL8218 parameter configuration file (*.csv) from the default installation folder of the project add-
on at C:\Users|<Username>\Infineon Technologies AG\.dp vision\Parameters, as shown in Figure 23.

D Infineon Technologies AG, .dp Vision V2.0.9.1 (Build 28092017142632) =B %

W Fie Functions Tools Felp

nterface
- . W - P

e E B Quick Start Guide [1] 4

Caibrated: ) Stotusi - Temp:

& Open Configuration file [

Design parameters

it | =
— Loak in: Parame: tar > Ferm-
JH REPLEZTE FWTT STOCSVO2 0WRDPCBANL HIHLS, 250 2016A

<

Recent ltems

Select XDPL8218
configuration file to open

@ oo [Comma sopmred vaueso — <= ||BndLegal Notes

=— = = . _ Thim st

m ¢

Desktop

2

4

M

Figure 23 Opening the XDPL8218 parameter configuration file (*.csv) in .dp Vision

After opening the parameter csv file, a list of configurable parameters with default values based on the
reference board design will be shown (see the box on the left in Figure 24). These default values can be
changed for another board design, by referring to the design guide from Section 2 to Section 15 and the fine-
tuning guide in Section 18.

If a parameter value is changed and no limit violation is found, the changed value itself will turn blue, like the
example in Figure 24 in which the R parameter in the hardware configuration section has been changed from
0.2 Q10 0.18 Q. Otherwise, if an error is detected (e.g. exceeded min./max. value), the parameter value which
caused the error will turn red and the message bar of .dp Vision (see the top right in Figure 24) will show an
error message. If any error is not resolved, the user is not allowed to configure the IC with the changed value.

&L Infineon Technologies AG, .dp Vision V2.0.9.1 (Build 28092017142632) — o o5

File Functions Tools Help

e | © D e A @@ | T ] T o B ik st G 1] PIS

Caibrated: Status: - Temp:

late and select the this value based on desin guide document. Message Bar

e: 0.100 Maximum value: 3.000

Minimum

Parameter value
gﬂhm&e example

Highast sperational Input voltage: Viyugn
Lowest operational input voltage: Vin,cw

LTI e T

Figure 24 Changing parameter values of XDPL8218 configuration file in .dp Vision

Note: For safety and proper system functioning, it is important to ensure the hardware configuration
section parameter values are compatible with the actual system hardware dimensioning.
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There are two options available to configure the IC based on the list of parameter values shown in .dp Vision.

- Burn configuration

It is important to note that the new XDPL8218 chip from Infineon does not contain any parameter
configuration by default, so the user should first burn a full set of parameters on the new chip using this
function, before any application testing. If the XDPL8218 chip on board has already been burned with a
first full set of parameters in its One-Time Programmable (OTP) memory space, such as the XDPL8218
40 W reference board, any IC parameter value change on it with this option is considered as parameter
patching. There are total 77 patchable OTP memory spaces.

Each time the burn configuration function is executed, .dp Vision will detect if there is parameter value
difference between the saved configuration file and the target XDPL8218. If a difference is detected,
each burn configuration will consume a minimum of three patchable memory spaces. However, the
process will be aborted if it requires more memory space than what is available on the target IC. In that
case, the user will have to replace the XDPL8218 chip with a new one in order to burn the configuration.

Table 11 shows the recommended procedures for using the burn configuration function in .dp Vision to
burn a first full set of parameters or patch the parameters into the OTP memory.

Table 11 Burn configuration procedures

Step | Instruction

[ Open configuration file using .dp Vision (see example in Figure 23).

Il If necessary, change any parameter value (see example in Figure 24), then click [File] >>
[Save] or [File] >> [Save as] to save the configuration file. Otherwise, proceed to step Ill.

I Ensure that the primary supply voltages (e.g. AC input) to the board are switched off or
disconnected, and the hardware connection for configuration is OK based on Figure 22.

v Click @ to su pply power and establish a connection to the target XDPL8218. After this
step, XDPL8218 will be in configuration mode (with Vcc voltage for OTP programming at
7.5V +0.15 V) and the device status & should changeto &,

[t
v Click “/to burn the configuration to the target XDPL8218.
After this step, you should see a pop-up window, which is similar to one of those below.

Burning new p: et (Step 1 of 2) (m—EEm
Found tween values from dp device (Dp Value) and .dp Vision
e ue).
Difference(s)
Patching parameter(s) [
= = | Addwess DpVaue | New Vaie
1 1 parameter(s) have been changed. 1 0x8106 0x0000 0x456C
This operation il consume 3 patch(cs) outof 3 fee patches. T oesi X000 0653
Do you want to proceed with buring procedure? S P 0000 e
1 [
NOTE: Please be aware that this process is irreversible 4 (x8104 0x0000 0x3833 J
5 0x8108 0%0000 0x0048
Cancel  §[  Proceed | [Show differences OR s 0x810C 0x0000 0x0B44 |
7 0x810D 0x0000 0x018%
8 0x810F 0x0000 0x00A2 I
o | essin 0x0000 0x0002 |8
|
|
Do you want to proceed with burning procedure? |
|
R , [
T —
M €« ”» 3 ” - H
Vi Click “Proceed” or “Yes” to burn/patch the configuration.

After this step, a pop-up window should show that the burning/patching is successful.

Vil Click “OK” on the pop-up window, then disconnect the programming cable from the
XDPL8218 configuration connector and test the application, if needed.
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- Test configuration

This function will download the parameter values from the list in .dp Vision into the XDPL8218 RAM,
followed by an automatic IC start-up, for application testing with the new configuration.

Unlike using the burn configuration, parameter configuration with this option is not permanent
because the loaded RAM contents will be lost once the IC supply voltage is turned off, but the
advantage of using this option is that it does not consume OTP memory space, thus there is no limit on
the number of parameter value changes.

Table 12 shows the recommended procedures for using test configuration functions in .dp Vision to
load the new parameter values to the RAM and test the application with the new configuration.

Table 12 Test configuration procedures

Step | Instruction

[ Open the configuration file using .dp Vision (see example in Figure 23).

Il Ensure that the primary supply voltages (e.g. AC input) to the board are switched off and
the hardware connection for configuration is OK based on Figure 22.

1] If necessary, change any parameter value (see example in Figure 24). Otherwise, proceed
to step IV.

Click @ to su pply power and establish a connection to the target XDPL8218. After this step,
XDPL8218 will be in configuration mode and the device status © should change to ©.

v Ensure the board test set-up (e.g. output load) is OK, then apply the AC input to the board.
After this step, the board does not start up because XDPL8218 is still in configuration mode.

VI . . . .
Click "* to test the new configuration with the target XDPL8218.

VIl | Ifthe IC automatically starts up with the new configuration, you should see a pop-up
window like the one shown below. Click “OK” to proceed.

.
Test Configuration Set =)

10'1 New configuration is successfully downloaded to RAM.

Note: If there is any protection being triggered after step VI, the pop-up window would show
that the test configuration is unsuccessful instead; please refer Section 19.2 for firmware
status code read-out in debug mode.

VIII | To test another configuration change, repeat steps Il to VII. If the following message box
appears in between the steps, click “Yes” to proceed.
External supply error - .- ld:hj

External power supply connected. Please be aware that the external power supply can affect voltage set commands in the test procedure.

[ ne

[l |
Do you want to proceed?

Otherwise, turn off the AC input and disconnect the programming cable from the XDPL8218
configuration connector.

Note: If any error occurs during the burn configuration or test configuration procedures, please refer to the
message bar of .dp Vision for the error description. For more details, please refer to the .dp Vision user
manual.
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18 Fine-tuning guide

This section presents guidelines for how to fine-tune the value of a few essential XDPL8218 parameters, based
on the actual measurement waveform or data.

18.1 Input voltage-sensing parameter fine-tuning

When the primary MOSFET is switched on, the XDPL8218 measures the current flowing out of the ZCD pin -y, to
estimate the DC link filter capacitor voltage Vocjiter-

Ideally, Voc siter Should be a low-frequency (e.g. typically 100 Hz ~ 120 Hz) rectified sinusoidal waveform, as
shown in Figure 25, where the peak value of Vpcjiter is equal to AC input peak value Vin peak, and the estimated
input voltage Vi in rms value is assumed to be 0.707 times Vinpeak. However, due to the input line filter
impedance and the filter capacitor ESR, the actual Vociter has high switching frequency ripple (in the kHz range)
over the low-frequency sinusoidal waveform, whose ripple peak-to-peak voltage level varies based on the peak
current being drawn by the transformer primary main winding. Step Ill of Table 13 shows an example of the
actual Vo sirer waveform.

To improve the input voltage estimation accuracy, Ri» parameter fine-tuning is important for the IC to estimate
the correct Vinpeak by compensating such switching frequency ripples, which appears in -ly measurements as
well.

Na Np Voc filter
, o e e Vinpeak
A‘ : J_ MTAVAYAS /N Vv,
Rzep,1 i , 1%
72CD " ; VDC,ﬂIter ]:CDC,filter Ol time
O“ 4 VAUX H [ ]
Coeo =T Rzcp,2 Rs GD
VINPCLN
Rcs Vcs
Figure 25 -ly measurement for input voltage sensing

Table 13 shows the recommended procedures for Ri» parameter fine-tuning.

Table 13 Recommended procedures for R;, parameter fine-tuning

Step | Instruction

I Apply two voltage probes on the board, which respectively measure the waveform of the DC link
filter capacitor voltage Voc sier and CS pin voltage Vcs.

Il Ensure the target XDPL8218 has already been burned with at least a first full set of parameters.
Power up the board with normal operational minimum AC input voltage Vacmin and full load output.
If it cannot be powered up, retry by burning the input UVP to enable switch parameter ENyw,n as
“Disabled” (if it was not before) or refer Section 19 for the debugging guide.

I Capture the voltage waveform with a time base of 1 ms and zoom into the peak voltage for
measuring the minimum level of the Vo iter high-frequency voltage ripple (Voc,ur ripecemin) and the
maximum level of V¢s (Vcs,max). Below is an example of a waveform captured on the 40 W reference
design with Vacmin = 90 Vims, Fine = 60 Hz and full-load output (I, = 0.8 A).
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Zoom in at the peak ¥ R TELEDYNE LeCROY
L Evoryaheroyouook

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

v Turn off the AC input. Calculate R1 with the equation below and voltage measurements from step
[:

R1 = Ry - ( Y2-Vacmin = VDCHERIPPLEMIN ) o on full load output
s VCS,max ’

Calculation example based on 40 W reference design with Vacmin = 90 Vims, Fine = 60 Hz and full-load
output (l,,.=0.8 A):

R1=10.2- (w) =10.73Q
0.501
v Repeat step Il to obtain another measurement of Vioc pr rippiemiv @Nd Ves max based on 33 percent load.
Vi Turn off the AC input. Calculate R2 with the equation below and voltage measurements from

step V:

R2 = Rgs - ( V2V acimin — VDCHERIPPLEMIN ), based on 33 percent load output
VCS,max
Calculation example based on 40 W reference design with Vacmin = 90 Vims, Fine = 60 Hz and 33

percent load output (l,,,=0.265 A):

R2=10.2- (M) =7.590
0.281
Vil Calculate the fine-tuned R, parameter value with the following equation:

Fine tuned Ry, = 0.5 (R1+ R2) + Rys(on)25°c + Racpriwinaing T Res

Where Rason)25:c is the MOSFET drain-source on-resistance at 25°C, and Rec priwinding iS the primary
main winding DC resistance.

Calculation example based on 40 W reference design:

Fine tuned R;, = 0.5-(10.73 4+ 7.59) + 0.9 + 0.265 + 0.2

Fine tuned R;,, = 10.5 ()

Vil Use the burn configuration in .dp Vision to patch the Ri, parameter with the value from step VIl and

also enable the ENywen parameter (if it was set to “Disabled” before). Then, verify the AC input UVP
accuracy at full load and low load.

18.2 QR valley switching parameter fine-tuning

Unlike conventional analog solutions which achieve QR valley switching by introducing an external hardware
delay on the zero-crossing signal with the ZCD pin capacitor, the XDPL8218 ZCD pin capacitor is mainly used for
noise filtering only. Therefore, a fixed capacitor value, e.g. 47 pF, can be used across designs of different power
classes. To achieve QRM1, the XDPL8218 dynamically measures the resonant period and delays the MOSFET
switch-on by a quarter of the resonant period after zero-crossing of the primary auxiliary winding voltage.
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tzcoeo parameter fine-tuning is, however, necessary to compensate for XDPL8218 internal propagation delay in
ZCD and also external delay caused by the noise-filtering capacitor at the ZCD pin. Table 14 shows the
recommended procedures for tzcopp parameter fine-tuning.

Table 14 Recommended procedures for tzcoro parameter fine-tuning

Step | Instruction

I Apply a differential probe on the board to measure the flyback MOSFET drain voltage waveform.

Il Set the tzcoro parameter to 0 and use the test configuration function in .dp Vision to power up the
board with low AC input voltage, e.g. 120 Vims, and full-load output.

If the board cannot be powered up, please refer to Section 19 for the debugging guide.

1 Capture the waveform with a 1 ms time base and zoom into the voltage peak with a 1 ps time base.

v Place a horizontal cursor at the highest possible level which crosses two points on the resonance
part of the waveform (see a and b below), and measure the time between them (t.). In the
example below, which is based on the 40 W reference design, t..,is measured to be approximately
744 ns.

Zoom in at the peak = | AP IELEore Lechor
|

ms/du S
S SisjEdge _Positive
X1= 10173421 ms AX=  744ns
X2= 10174165 ms VAX= 1344 MHz

v Set the tzcorp parameter as approximately half of t.., and burn the configuration with .dp Vision.

VI Disconnect the programming cable after burning, then power up the board and the flyback
MOSFET drain voltage waveform should be switching at the QRM1 (see example below based on
the 40 W reference design with fine-tuned tzcpro = 370 ns).

|
H -~ TELEDYNE LECROY
Zoom in at the peak 7 | | et

1 o
X1= 10.172789 ms ~ AX= 744
X2= 10.173533 ms 1AX= 1.344 MHz
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18.3 Input power quality related parameter fine-tuning

The enhanced PFC feature can be enabled by configuring the Cewi parameter above zero and fine-tuning the
value to compensate for the current displacement effect, which is mainly caused by the DC link filter capacitor.
A higher Cemi parameter value gives higher compensation and vice versa.

The recommended starting value of the Cewi parameter is the value of the DC link filter capacitor Cociter placed
after the bridge rectifier. If necessary, fine-tune the Cewi parameter using the test configuration functionin .dp
Vision, to achieve the optimized power factor and iTHD. For example with the XDPL8218 40W reference design,
the initial Cewi based on Cocjiter is 0.22 uF for powering up of the board, and fine-tuned Cem = 0.2 uF parameter
is then selected for performance optimization.

In QRM1, the maximum switching frequency parameter fy, max affects the number of first valley switching pulses
over every AC input half sine wave period. To lower the iTHD at high input voltage and high output power, the
number of first valley switching pulses can be reduced by lowering f..max. However, please note that the
efficiency could be reduced if the number of first valley switching pulses is reduced.
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19 Debugging guide

This section presents guidelines for system debugging if the board has any problems with powering up or
shutting down during testing.

19.1 Pin signal debugging

Scenario I: Vcc voltage stays above Vcc turn-off threshold (6 V typ.) and the UART pin signal toggles every 0.4 sec
for a duration of tauo restart efore every restart. See an example in Figure 26.

This scenario means a protection with auto-restart reaction has been triggered. It is recommended to activate
the XDPL8218 debug mode for firmware status code read-out in this case, to know exactly which protection has
been triggered. For more details on the XDPL8218 debug mode, please refer Section 19.2.

Note: As shown in Figure 26, the actual auto-restart time of a protection with auto-restart time is typically
longer than the configured t,z, .siar: Value, due to an additional time of tyccon,recharge N€€deEd fOr Ve
recharging to Vcc turn-on threshold (20.5 V typ.) before every restart.

Actual auto restart time ’ﬁ‘ EFEE”".!'E,EES‘&Y

(tauto,restan ¥ tVCCON,recharge)

1st 2nd 3rd
0.4 sec

e - - 2
=)
S
w
©
(2]
1
kS
w
©
(2]

-
A

... UART {2T

Vcc turn off threshold Vo

GD @ 3 I I l

T GEE
20.0 V/di 5.00 Vidiv 10,0 V/diy 500 ms/div|Stop 180 V)
-59.50 V] 4.950 V| -20.05V 10 MS_ 2MS/s|Edge _Positive

Figure 26 Scenario | waveform example (protection with auto-restart reaction)

Scenario IlI: V¢ stays above Vcc turn-off threshold (6 V typ.) and the UART pin always stays low. See an example
in Figure 27.

This scenario means a protection with latch-mode reaction has been triggered. It is recommended to activate
the XDPL8218 debug mode for firmware status code read-out in this case, to know exactly which protection has
been triggered. For more details on the XDPL8218 debug mode, please refer to Section 19.2.

As there are only a few system protections in which the reaction can be configured to latch-mode, an
alternative debugging option could be to identify which system protection with latch-mode reaction, after its
reaction is configured to auto-restart, would cause the triggered protection waveform change from scenario |l
to scenario I.
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".‘ TELEDVNE LECROY

Everywhereyoulook

UART 22

= vee

VCC\/ '/\
/
7

20.0 V/di 5.00 Vidiv)
-59.50 Vi 4.950 V.

Figure 27 Scenario Il waveform example (protection with latch-mode reaction)

Scenario llI: Vcc hits Vcc turn-off threshold (6 V typ.) and followed by GD pin signal switching restarts after every
Vcc recharge to Ve turn-on threshold (20.5 V typ.). See an example in Figure 28.

This scenario means the Vcc Under Voltage Lockout (UVLO) protection has been triggered, which is likely caused
by either one of the following:

- Issue(s) with Vcc supply circuit or/and start-up related parameter.

- Debug mode enabled, plus any protection triggering. For more details on the XDPL8218 debug mode,
please refer Section 19.2.

YN TELEDYNE LeCROY
harcy ok
Actual restart time SRR

L tVCCON ,recharge
K—).

SNENTN RN NERNaNE

UART

J

Vee turn on threshold Vyeeoy

D e S e e S T TR R AR
vcc//’{ %} //4/? N A ///1 //\ /\ ’/m ﬂ a”',.:\ ’/}%1 /\\ ,’//A‘ 7\ /! { N /\ / /ﬂ /i
/M.’l/}’M’-‘/’i,&'i/ "//1/"' / '%i/:h/-"i//m,&’}//\/w:"*h/’flﬂhﬂ

vy Y R I T Y ¥ ey e ey S T AT o Y A
ARARARAAAREARARAAANAA RN

(3 [TGase 1077 [Tigger GOEH)
20.0 V/d 5.00 V/div| 500 ms/div] Stop 180V
-59.50 Vi 4.950 V| 10 MS 2MS/sjEdge Positive

Figure 28 Scenario Ill waveform example (Vc.c UVLO protection)

Design Guide 43 0f48 V1.0
2018-06-06



XDPL8218 design guide iﬁ“EOn

For high power factor flyback converter with constant voltage output
Debugging guide

Scenario IV: V¢ repeatedly hits Vcc turn-off threshold (6 V typ.) and the GD pin signal always stays low despite
Vcc recharge to the turn-on threshold (20.5 V typ.). See an example in Figure 29.

This scenario means the configuration mode has likely been entered due to no parameter at start-up. To avoid
this, please burn the first full set of parameters to the XDPL8218 chip.

".‘ TELEDYNE LECROY
Everywheroyoulook

UART

TSI IS I IS IS I IS S

Vcc turn on threshold Vyecon

he B ’“ “""T'"&T . "”1 ' /} KRR A
vcc ] /// A A A I, A A N T AR
/W\,/ /\ Vi vy i

fy 7
/ i // /i / \ /7 \ Fyv /L £ L/
AVAVAVAVAY /"’ TAVAVAVAVAVAVAVAY
.:/. W ;'l, / N/

V AAAARAANA V¥

_____________________

20.0 V/d 5.00 V/div| 500 ms/divjAuto 180V
-59.50 Vi 4.950 V 10 MS 2MS/s|Edge Positive|
Figure 29 Scenario IV waveform example (configuration mode entered with no parameter at start-
up)

Scenario V: Vcc stays constant at approximately 7.5 V and the UART pin signal stays mostly high (see an
example in Figure 30).

This scenario means the configuration mode has been entered due to IC activation by .dp Interface Gen2 before
ACinputis applied. To avoid this, disconnect the .dp Interface Gen2 before AC input is applied.

"‘\ TELEDYNE LECROY |
Everywhereyoulook™
UART usrt
=t i i n;t o L] |
VCC —vee approx. 7.5V
GD )
5 [y
20.0 V/di 5.00 Vidiv] 10.0 V/div} 500 ms/divjAuto 180 V|
-59.50 V/ 4.950 V -20.05 V 10MS _ 2MS/s}Edge Positive

Figure 30 Scenario V waveform (configuration mode entering due to IC activation by .dp Interface
Gen2 voltage supply, before AC input is applied)
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19.2 Firmware status code read-out procedures with debug mode

For further debugging, the XDPL8218 debug mode can be activated to read out the firmware status code, to
identify which protection has been triggered.

Table 15 shows the recommended procedures for firmware status code read-out in debug mode.

Note: Debugweqe parameter should only be enabled for debugging purposes along with the configuration
set-up connection shown in Figure 22. For stand-alone board testing without connecting the .dp
Interface Gen2, please ensure the Debugu.q. parameter is set to disabled.

Table 15 Procedures for firmware status code read-out in debug mode

Step | Instruction

[ Open the configuration file (see the example in Figure 23) used in the system which has the
problem of powering up or shutting down, then set the Debugu.s. parameter to “Enabled”.

Il Ensure that the AC input to the board is switched off and that the hardware connection for
configuration is OK based on Figure 22, plus a low-ESR ceramic capacitor of 1 nF soldered across
the UART pin and ground for noise decoupling.

i Click @ to su pply power and establish connection to the target XDPL8218. After this step, the
XDPL8218 will be in configuration mode and the device status & should changeto ©.

v Supply the board with AC input and output conditions, which trigger the problem.
After this step, the board does not start up because XDPL8218 is still in configuration mode.

-
Click * to test the configuration with the target XDPL8218.

After this step, the IC will automatically start up in debug mode and you should see a pop-up
window like the one shown below.

Test Configuration Set (oS

110] Mew configuration is successfully downloaded to RAM.

If any protection is triggered, the IC’s GD pin will stop switching and the output will stay low.

VI Click “OK” in the pop-up window.

Vil Click the “Refresh” button in the .dp Vision application section and switch off the AC input.

After this step, the firmware status code is read out. If any protection has been triggered after
step V, the status code will show a value in red. Otherwise, it will show 0x0000 in black.

Application
HW: - F: -

Refresh
Status: - Temp: -

Vil Hover the mouse over the status code and the description of the status code will be shown. For
example, 0x0040 means input UVP has been triggered.

IX Apply the necessary counter-measure or repeat the steps above to debug again. Otherwise, ensure
the AC input is switched off before disconnecting the programming cable from the XDPL8218
board.

Design Guide 45 of 48 V1.0
2018-06-06



o .
XDPL8218 design guide |nf|ne0n
For high power factor flyback converter with constant voltage output

References

20 References

[1] XDPL8218 datasheet
[2] REF-XDPL8218-U40W engineering report

Design Guide 46 of 48 V1.0
2018-06-06


https://www.infineon.com/dgdl/Infineon-XDPL8218-DS-v01_00-EN.pdf?fileId=5546d46266f85d6301670d686dc33676

o,
XDPL8218 design guide |nf|ne0n
For high power factor flyback converter with constant voltage output

References

Revision history

Document Date of release Description of changes
version
V1.0 2018-06-06 Initial version
Design Guide 47 of 48 V1.0

2018-06-06



Trademarks

All referenced product or service names and trademarks are the property of their respective owners.

Edition 2018-06-06
Published by

Infineon Technologies AG
81726 Munich, Germany

© 2019 Infineon Technologies AG.
All Rights Reserved.

Do you have a question about this
document?

Email: erratum@infineon.com

Document reference
DG_1711_PL21_1802_031149

IMPORTANT NOTICE

The information contained in this application note
is given as a hint for the implementation of the
product only and shall in no event be regarded as a
description or warranty of a certain functionality,
condition or quality of the product. Before
implementation of the product, the recipient of this
application note must verify any function and other
technical information given herein in the real
application.  Infineon  Technologies  hereby
disclaims any and all warranties and liabilities of
any kind (including without limitation warranties of
non-infringement of intellectual property rights of
any third party) with respect to any and all
information given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments
to evaluate the suitability of the product for the
intended application and the completeness of the
product information given in this document with
respect to such application.

For further information on the product, technology,
delivery terms and conditions and prices please
contact your nearest Infineon Technologies office
(www.infineon.com).

WARNINGS

Due to technical requirements products may
contain dangerous substances. For information on
the types in question please contact your nearest
Infineon Technologies office.

Except as otherwise explicitly approved by Infineon
Technologies in a written document signed by
authorized representatives of Infineon
Technologies, Infineon Technologies’ products may
not be used in any applications where a failure of
the product or any consequences of the use thereof
can reasonably be expected to result in personal
injury.


mailto:erratum@infineon.com;ctdd@infineon.com?subject=Document%20question%20
http://www.infineon.com/

	About this document
	Table of contents
	1 Introduction
	2 Design specifications
	3 Transformer design
	4 Flyback MOSFET and secondary main output diode selection
	5 CS resistor and GD pin-related design
	6 MOSFET maximum current cycle-by-cycle limit and start-up phase design
	7 HV pin-related design
	8 VCC capacitance and output UVP design
	9 Output OVP-related design
	10 DC link filter and secondary main output capacitance
	11 Input voltage levels for start-up and protection
	12 ZCD pin-related design
	13 Secondary-side regulation FB circuit design
	14 Regulated mode parameters
	14.1 Digital notch filter
	14.2 On-time limit and switching frequency limit (QRM1/DCM)
	14.3 ABM FB voltage sensing and control
	14.4 FB voltage mapping and mode transition
	14.5 FB voltage maximum limit ramp

	15 Other protection-related parameters
	15.1 VCC OVP
	15.2 Regulated mode VCC UVP
	15.3 IC over-temperature protection
	15.4 Primary MOSFET over-current protection
	15.5 Debug mode

	16 PCB layout guide
	17 Parameter configuration list, set-up and procedures
	17.1 Parameter configuration list
	17.2 Parameter configuration set-up
	17.3 Parameter configuration procedures

	18 Fine-tuning guide
	18.1 Input voltage-sensing parameter fine-tuning
	18.2 QR valley switching parameter fine-tuning
	18.3 Input power quality related parameter fine-tuning

	19 Debugging guide
	19.1 Pin signal debugging
	19.2 Firmware status code read-out procedures with debug mode

	20 References
	Revision history

