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XDPL8219 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 XDPL8219 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

This design guide is intended for power supply design engineers and field application engineers.
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1 Introduction

XDPL8219 regulates the constant voltage (CV) output of a high power factor (HPF) flyback, according to its
feedback (FB) pin voltage signal, which is controlled by the secondary side regulation (SSR) feedback circuit via
anisolated optocoupler, as shown in Figure 1.

L Ll T[T S T

___________ ! E

voltage —-

i s lﬂ

Feedback
Circuit

Figure 1 XDPL8219 flyback converter simplified circuitry with secondary-side regulated CV output

For LED lighting applications, XDPL8219 flyback CV output should be converted to a CC output by a second-
stage DC-DC switching or linear regulator.

The device operates in quasi-resonant mode with multiple valley number switching (QRMn), to maximize the
efficiency and minimize the EMI, across a wide load range. It enters active burst mode (ABM) at light load to
prevent audible noise and at the same time achieving no-load standby power as low as <100 mW. It also has a
unique feature called UART reporting, which can be enabled to transmit data.

XDPL8219 comes in a PG-DSO-8 package. The main functions of each pin are shown in Table 1.

Table 1 XDPL8219 pin definitions and functions
Name Pin Type Function(s)

ZCD 1 Input Zero-crossing detection:

The ZCD pin is connected to the transformer auxiliary winding via
external resistors divider. It is used for zero-crossing detection, primary-
side output voltage sensing and input voltage sensing.

FB 2 Input Secondary side feedback:
The FB pinis used as a feedback pin for secondary side regulation.

CS 3 Input Current sensing:
The CS pin is used for flyback MOSFET current sensing via external shunt
resistor.

Design Guide 30f51 V1.0
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Name Pin Type Function(s)
GD 4 Output | Gatedriver:
The GD pinis used for flyback MOSFET gate drive control via external
series resistor.
HV 5 Input High voltage:
The HV pinis connected to the rectified input voltage via external series
resistor. The HV pin is used to charge Vcc pin voltage during start-up and
protection, via an internal 600 V start-up cell. In addition, it is also used
for line synchronization.
UART 6 Input Universal asynchronous receiver transmitter (UART):

/Output The UART pin is used as the digital interface for IC parameter
configuration. It can also be used for the information reporting based on
the unidirectional UART communication (when UART reporting is
enabled).

Vee 7 Input Operating voltage supply and sensing
GND 8 - IC grounding
Note: By default, the configurable parameters of a new XDPL8219 chip from Infineon are empty, so it is

necessary to configure them before any application testing.

Figure 2 shows the XDPL8219 design guide document sectioning for each step of the recommended design
flow.

Create system Power up svstem Performance check
based on system design psy and optimization

(Refer section 19 for IC
parameterization setup
and procedures)

XDPL8219

system design (If any problem, refer

section 21 for
debugging guide)

(Refer section 20
for fine-tuning
guide)

(Refer section
2to 18)

Figure 2 XDPL8219 design guide document sectioning for each step of the recommended design
flow

Design Guide 4 of 51 V1.0
2020-06-17



o,
XDPL8219 design guide |nf|ne0n
For high power factor flyback converter with constant voltage output

Design specifications

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 Vims
Normal operational AC input frequency Fiine 47~ 63 Hz
Secondary-side regulated CV output set-point Voutsetpoint 54 \
Steady-state output load current lout 0~800 mA
Steady-state full-load output power Pout ful 43.2 W
Minimum efficiency at Pout sl Nrmin,at,Pout,full 90 %
Target minimum switching frequency at Poytfu fow,min,at,pout,full 52 kHz
Note: Pous i 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 fo,minatpout i IS between 45 kHz and 65 kHz. In general, higher fo, min atp.out i Value

would result in a smaller flyback transformer with lower efficiency, while lower fo, minatpout i Value
would result in a larger flyback transformer with higher efficiency.

Design Guide 50f51 V1.0
2020-06-17



o _.
XDPL8219 design guide |nf|ne0n
For high power factor flyback converter with constant voltage output
Transformer design

3 Transformer design

To achieve both high efficiency and high power quality in the quasi-resonant valley switching operation, 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 Vpike e, transformer design with
sandwich construction as shown in Figure 3 is recommended. Additionally, with the primary RCD snubber
network deployed across the primary main winding (see Figure 1), Ve rer Can be estimated to be around 30
percent to 45 percent of Vacmax as a rule of thumb. In this design example, Vacmax is 305 V,,,,, SO we simply
assume Vgike,rer = 100 V, which is approximately 33 percent of Vacmax-

[————— B} —————
Creepage C : ::lrfmry second Primary second
Triple insulation ) E= i:;:::w Tnmelml‘:’i | jm:aw
e seooeocee IR
-~ = T,
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 XDPL8219 input overvoltage protection (OVP) would be enabled later in Section 6,
as a rule of thumb, Vimarginrer Should be at least 25 percent of Vacmax, Which is equivalent to 76.25 V based on Vacmax
of 305 V... In this design example, Vmargin,cer = 90 V is selected.

Based on the above, N can be defined as:

N < VBR)DSS =V acmax(k) — Vspike,FET — Vmargin FET (1)

Voutsetpoint +Vd
Where Vacmaxpk) IS 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
54 + 0.7

N <

= 3.27

Based on the above, N = 3.2 is selected.

The maximum primary peak current luripk,max Can then be defined and calculated as:

- 4 Pout, full 1 1
Ipri(pk),max ~ ’ [ (2)

+
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) ' 290

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:

VAC,min(pk) "N (Vout,setpoint +Va)
L, = (3)
Ipri(pk),max ) fsw,min,at,P,out.full ) [VAC,min(pk)+ N- (Vout,setpoint+ Vd)]

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, Bsat-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 1y

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 D¢gsat 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

= 31.99
P = 1201-1076-0.41-90%

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 Vep peak Of 12 V with high enough primary auxiliary winding Vec

supply during steady-state, the minimum primary auxiliary winding demagnetization voltage Vamin = 14 V is

therefore defined. As a result, the recommended minimum primary auxiliary winding turns Namin can be defined

and calculated as:

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

2.56 (5)

To minimize the IC power consumption and, Vcc voltage should not exceed 19V, the maximum auxiliary
winding demagnetization voltage Va,max = 19 is therefore defined. 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 7of51 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, Qc, 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 types of the CoolMOS™ P7 series have been designed for flyback and could also be used in PFC
topologies.

MOSFET drain-source breakdown voltage V(grjpss = 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 lyrims,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) )

V acmin(pk)

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

In this design example, the variable factor of

VAC,min(pk) _ V290 _
= = 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

Ipri(rms),max =~ 2.606 - =

Ipri(rms),max ~ 0.8384

0.5

0.45
0.4 \
0.35 \
031

0.3
k 025 \

0.2 \

0.15 \

01 \\_

I
0.05
0 L |
o “ 1 2 3 4 5 6 7 8 g 10
1"2-LC, min (pk}
N - {‘”r:lut,set;:li.nt + V::l}
Figure 4 Function curve of k
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The selectable MOSFET Rgs(on),25:c Can be defined as:

m - Pout,full 10
Loy Z7AR (10)
pri(rms)max ds(on),100°C

Rds(on),25°C <

. . . . . . R o
Where m is the desired ratio of MOSFET conduction l0ss over Pout i and ARgsion)100°¢ is the ratio of —25em.100¢.
ds(on),25°C

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

0.0275 - 43.2
Rastom25°c S G gzez 15 = 0940

Referring to the calculation results of equation (10) and Table 3 below, Rason),25°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

TO-220 Lt TO-251

FullPAK Na:'r‘;::‘?_':a . Lo IPAK SL
4500 IPDSOR4KSPT IPUSOR4K5P7 IPNSOR4K5P7
3300 IPDS8OR3K3P7 IPUSOR3K3PT | | IPNSOR3K3PT
2400 IPD8OR2K4PT IPUSOR2KAPT | IPSBOR2K4PT | IPN8OR2K4PT
2000 IPDS8OR2KOP7 IPUSOR2KOP7 | IPSSOR2KOP7 | IPNSOR2KOP7 |
IV [PASOR1K4PT IPDSOR1K4PT | IPPSORIKAPT IPUSOR1K4P7 | IPSSOR1K4P7 | IPNSORIK4PT
P [PASOR1K2P7 IPDSOR1K2P7 | IPP8ORIK2PT IPUSORIK2P7 | IPSSORIK2P7 | IPNSORIK2PT
ELOI  [PASOR900P7 IPDSOR900P7 | IPPS8OR900P7 IPUSOR900P7 | IPS80R900PT | IPNSOR9I0OPT
"EO  |PASORTS0PT IPD8OR750P7 | IPP8ORT50P7 IPUSORTS0PT | IPSS0RTS0P7 | IPNSORTSOPT
T IPASOR600PT IPDS8OR60OPT | IPP8OR600P7 IPUSORG0OP7 | IPSB80R600PT | IPNSORG0OPT
"CLI  [PASOR450P7 | IPANSOR450P7 | IPDS8OR450PT | IPP8OR450P7 |
ETOIN [PASOR360P7 | IPANSOR360P7 | IPD8OR360PT | IPPSOR360P7 | IPWSOR360P7
PTII  |PASOR280P7 | IPANSOR280P7 | IPD8OR280P7 | IPPSOR280P7 | IPWSOR280P7 |

For the secondary main output diode selection, it is necessary to first estimate the maximum reverse voltage
Vr(diode),max aNd maximum secondary main winding peak current lsec(pi,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

v Vonarai 2305 + 90
Vi (diode)max = 135% - (Vout,setpoint + Ac'max(pk)N margm'FET) =135%- (54 + \/_—3.2 hi )

Vr(diode),max ~ 29281V

N. 32
Isec(Pk),max ~ Ipri(l?k),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 Vrsm =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(pk),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 9of51 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:

Resmin = ——— = 225 — 01730 (13)

Ipri(pk),max 2.606

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

0.54 0.54
RCS,max B Ipri(pk),max - 2.606 - 0207 Q (14)

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

Rc is to damp the gate-rise oscillation, and Rgs is to ensure the MOSFET gate has relatively low impedance to
prevent it from being switched on undesirably. R =10 Q and Res= 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 loppx (configurable range: 30 mA to 118 mA). This saves two components (see Drastoff,
Rsiowon in Figure 6), which are conventionally added for the same purpose.

Vep
A
: Diastoff !
1 I"L\/-} :
Rg : : ‘ e

Vep,pk +~ 8_— —} ,

(12V typ.) A — ;
I A
Not needed [Res

>t
Figure 6 Gate-drive voltage rising slope control with lep o« parameterization for component saving

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

As aresult, lep,pox = 30 mA is selected in this design example.
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6 Input voltage parameters for operation, start-up and
protection

The lowest operational input voltage parameter Vi 0w and the highest operational input voltage parameter
Vinpigh can be defined and calculated as:

Vintow = @ * Vacmin (15)
Vinhigh = b " Vacmax (16)
Where ais recommended to be between 0.9 and 0.95, and b is recommended to be between 1.05 and 1.10.
Takinga=0.91and b=1.07,

Vintow = 82 Vs

Vinhigh = 326 Vi

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

ENyvp,, parameter refers to the enable switch for minimum input voltage start-up check and input UVP, based
0N Vinstart,min @nd Vinuy levels, respectively. ENyyp,, = Enabled is selected in this design example.

Vinstart,max Parameter refers to the maximum input voltage level setting for start-up, which is recommended to be
configured as Vin high. 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 = Vin,start,max *107% = 349 Vs (17)

Vinstart,min Parameter refers to the minimum input voltage level setting for start-up, which is recommended to be
configured as Vinow. 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 (18)
Based on the above, Vinov = 350 Vims and Vinuy = 70 Vims are selected in this design example.

The input voltage protections (based on Vinov and Vinwy) in ABM can be optionally enabled with ENyiy agm
parameter. If ENynasm is enabled, the enable switches for Vinoy and Vingy protections in ABM are respectively
based on ENgyp,, and ENyyp . In this design example, ENviv,aem = Enabled is selected. The input OVP blanking
period number parameter tvinov,piank = 1 is recommended and selected in this design example.

Vin

A

Protection
triggeredN
Vinov

Vin,start,max R
/ Startup

Startup \ Startup
Vin,start,min N Z
VinUV A
Protection
triggered >t
Figure 7 Input voltage levels for start-up and protection (with auto restart reaction)
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7 HV pin-related design

As shown in Figure 8, HV series resistor Ry 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.

A high voltage capacitor Cyy should also be connected between the HV pin and ground, to filter the switching
noise for a robust HV pin line synchronization. In addition, Cyy also improves the input voltage surge and ESD
capability of the HV pin.

The repetitive reverse voltage rating Versm = 1000 V for Div: and Dwy. is recommended and selected in this design
example, to ensure good reliability of the diodes against input voltage surge.

Figure8  HV pin, Ruv, Cuv, Duv: and Dy, connections

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

Vinhigh(pk)
RHV,min - T4V max (19)

Where luymax is the HV pin maximum peak input current of 9.6 mA, and Vin startmax(ek) 1S V2 times Vin pigh.

V2326
RHV,min == m == 48 k.Q

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

R = Min 105 Vac, min(rect,avg) — Vvcconmax [1 _ E . sin~ 1 VVCCON max ] (20)
H =
V.max THv min(avg) T VAC min(pk)

Where Vac minect,avg) iS the average value of the rectified Vacmin, While Viccon,max is the maximum Vcc turn-on voltage
threshold of 22 V, and ly,min@vg is the recommended HV pin minimum average input current of 1 mA.

. 0.9-90 — 22
RHV,max = Mln [105’ 1-10-3

'[1_% -sin‘l \F 90 ”

RHV,max = 525 kQ

Based on the above, the HV resistor value and IC parameter setting of Ry = 52 kQ are selected in this design
example.

The HV series resistor dielectric withstand voltage should be above the total of Vacmaxpk @nd Vimarginrer (from
Section 3), which is equivalent to 521.3 V. As an example, the selected Ruy =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).

Cwv =1nF isrecommended and selected in this design example.
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8 DC link filter and secondary 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,sitter (1LF)
90 ~ 107 Less than 26 0.1
26 ~35 0.15
35~ 44 0.22
Greater than 45 Greater than 0.22
Greaterthanor | Lessthan31 0.1
equalto 108 31~40 0.15
40~ 55 0.22
Greater than 55 Greater than 0.22

Referring to Table 4, initial Cocfirer = 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 9.

~ + 9 - o
T Line Filter l T
AC and Ve s
Input Bridge Coc,fitter]  Rbc;filter DC,filter
l Rectifier l
. —4 O
Figure 9 Coc,sitter aNd Roc sier across the DC link bus voltage

Vripple,out(pk-pk),max d€Notes 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 Dpuckmax Of 95 percent,
Viipple out(pk-pk),max CaN be defined and calculated as:

14 48
Vripple,out(pk—pk),max =2 (Vout,setpoint - %) =2 (54 - E) =695V (21)

The secondary main output capacitor Coumain Value can then be defined and calculated as:

Cout,main 2 oo = 132 = 390 uF (22)

21 Fiinemin " Vripple,out(pk—pk)max * Voutsetpoint 2m- 4769554

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

For switching noise filtering, low-ESR ceramic capacitors Cout,main,lowesr1 = 1 F and Cout,main,lowesr2 = 0.1 uF are
also added in parallel with Coutmain.

The secondary auxiliary output capacitor Coutauxsec is recommended to be at least 47 uF, to ensure stable
operating voltage supply of the Secondary Side Regulation (SSR) FB circuit, during ABM.

Cout,aux,sec= 47 UF is selected in this design example.

Design Guide 130f51 V1.0
2020-06-17



o,
XDPL8219 design guide |nf|ne0n
For high power factor flyback converter with constant voltage output

VCC capacitance and VCC self-supply circuit

9 Vcc capacitance and Ve self-supply circuit

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

_ VAC,typ,low(rect,avg)_ Vvccon,max 2 . _1( Vvcconmax
CVCC,max = Rorr -V ' tVCCON,charge,max ‘|1 —="sin v (23)
HV ' VVCCON,max T ACtyp,low(pk)
Where Vycconmax is the maximum Ve turn-on threshold of 22 V, Vac yp owtrect,avg) iS the average value based on the
rectified sine wave of the lowest typical input voltage, and Vacyp, 0wk is the peak of the lowest typical input
voltage.

Take the lowest typical input voltage Vac,yp,low @5 120 Vims in this design example,

_09-120-22 _3 2 .
Cveemax = 2 10% 22 350-10 [1—; sin (

22
V2120

The Vcc capacitor value and IC parameter setting of Cvec = 22 uF are selected. In addition, a noise decoupling
ceramic capacitor of Cyccgecoupte = 0-1 UF with low ESR is added in parallel to Cycc.

)] = 24.13 uF

Typically, the Cvcc and Cycceecouple @re the only capacitors needed to store the rectified auxiliary winding voltage
for the Vcc voltage supply. An additional capacitor Coutaux and a blocking diode Dpiockycc are however needed if
the UART reporting feature is enabled, as shown in Figure 10, to increase the Vcc hold-up time for a proper
UART reporting operation, while not increasing the tyccon,charge,max-

/s - - - N
Dyplock,vee

S
I
|

VCC :
|
| _—
|
|

O
°

Na

CVCCdeooupIe Cvcc Coutaux

I

Needed if XDPL8219 UART reporting is
enabled with ENyarr,reporting Parameter

Figure 10 Vcc self-supply circuit

In this design example, the UART reporting is enabled, S0 Dyiock,vec aNd Coye aux = 220 pF are added.
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10 Pre-start-up check and start-up phase
Voltage Startup phase Regulated Mode
Soft start phase (aUtp,Ut Vout
(based on ng = 3 configuration as example) cpiragslzg o
Vout,start )
\ Start of regulation according to
feedback voltage mapping
Vocp1(Vin)
CS pin maximum voltage limit
Pre-Startup Check
(e.g. inputvoltage, Vv
IC temperature) start,0CP1
Vocpa,init
Startup with 1%
soft start step
— l t t i t time
0 tSS 2 tSS 3 tSS tout,charge tstart,max
(0.5ms typ.) (1.0ms typ.) (1.5ms typ.)
Figure 11 Pre-start-up check, start-up phase and regulated mode entering

Pre-start-up check ensures the estimated input voltage Vi, and IC junction temperature T; are within the
configurable protection limits before start-up. During the pre-start-up check, the input voltage measurement
switching pulse has an initial CS pin maximum voltage limit Vocpy i, Which can be defined and calculated as:

d-Rcs- VAC,max(pk) *tonminV,in,start,sense (24)

Vocp1,init = L

Where ton,miny,instartsense 1S the minimum on-time for the MOSFET switching pulse to measure the input voltage
during the pre-start-up check, and d is a ratio recommended to be between 1.3 and 1.4.
Take ton)min,v,in,start,sense = 1.38 HS, and d = 1.37,

v _ 137-0.2-y/2-305-1.38-107°
OCP1l,init — c44-10-6

Vocpiimit = 0.3V

During the start-up phase, the soft start phase is initiated and followed by the output charging phase. The soft
start phase minimizes the component stress by limiting the CS pin maximum voltage for a number of steps
based on n. parameter. nss = 3 setting is recommended and selected. The output charging phase fast-charges
the estimated output voltage Vou: to the Voustart parameter value for fast Ve self-supply from the primary
auxiliary winding, with the MOSFET switching pulses based on either the CS pin maximum voltage limit of
Vstartocp1, OF the maximum on-time of tonmax(Vin), in QRMn operation.

Vstartoce: and Voutstart parameters can be defined and calculated as:

Vstartocr1 = Iprigpk)max * Res = 2.606 - 0.2 (25)
Vstart,OCPl = 0.52V

_ Vastart " Ns
Vout,start - Ng - Vd (26)

Where V. sart is the desired primary auxiliary winding demagnetization voltage when output voltage is Voutstart.
Vastart IS recommended to be between 9V and 10.5V. So, taking Vaswart = 9.5V,

9.5-10 —07

Vout,start =

Vout,start =31V
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11 Output UVP-related design

In start-up phase, if the estimated output voltage Vou: is lower than the Vouesiat parameter level over a time-out
period of tsarma parameter, the start-up output UVP is triggered, as shown in Figure 12 (right). t.. ma
parameter can be indirectly configured with Vcc capacitance parameter C, based on:

Cstart max = 967 Cycc (27)

Based on the earlier selected Cvcc = 22 uF and equation (27), tstart,max = 21.3 ms is applied in this design example.

Normal startup QOutput short startup
Voltage Voltage
A Tstart max A Tstart max
. tout,charge(—) .
Output setpoint - Output setpoint-+
Vout,start Vout,start \
v v Startup output undervoltage
VCCON VCCON i i
(20.5V typ.) Vo (20.5Vtyp.) | Vyee protection triggered
\f vee (Vout < Vout,start rat tstart,max)
Vuvore Vuvorr '
(6V typ.) i » time (6V typ.) ; P time
tVCCON,charge tVCC,hoIdup tVCCON,t:harge tVCC,hoIdup

Figure 12 Normalstart-up and start-up output UVP (short) waveforms

In regulated mode, ENyvvout = Enabled parameter setting is selected, to enable the regulated mode output
UVP, which can be triggered if the estimated output voltage Vou: is below the regulated mode output UVP level
Voutuy for longer than a blanking time of tvoutuv,piank parameter. Vouwy parameter can be defined and calculated as:

v - N,
Voutvv = %‘S —Va (28)

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

Va,uv is recommended to be between 10V and 11 V. So, taking V,uw =10.1V,

10.1 - 10
Voutvv = T - 0.7

Voutwv = 33V

toutuvplank IS recommended to be at least 100 ms, SO tyoutuvpiank = 500 ms is selected in this design example. The
regulated mode output UVP reaction is configurable based on Reactionuveyout parameter, so Reactionyve yout =
Auto restart is selected in this design example. The start-up output UVP reaction is fixed as auto restart.

VOUI
Output load current

A too high causing

power limit and

Vout drop below

\ set-point Output under-
voltage protection

Output setpoint-

Voutstart triggered after
VOUIUV Tl ety E\Z tVoutU\/,l:v\ank
| |
ya N \;/ N > tlme
N /N 7'\ 7
Startup Regulated Mode Regulated Mode
phase (Vout > VoutLN) (Vout < VoutU\/ 1:OrtVoutUV,bIank)

Figure 13 Regulated mode output UVP (not active in ABM)
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12 Output OVP-related design

Under the single-fault condition of the FB pin open, the main output voltage could rise above the Voutsetpoint. AS
shown in Figure 14, the output OVP would be triggered when the estimated output voltage V.. is higher than
the output OVP level Vouov for longer than a blanking time.

To prevent the output OVP from being triggered by the output overshoot during line jump, e.g., from low to
high input voltage, the output OVP level Vouov Should be configured well above Voutsetpoint. Therefore, the Voutov
parameter can be defined and calculated as:

Voutov = 120% - Vout,setpoint =120%"-54 = 648V (29)
Based on the above, Voutov = 65 V is selected in this design example.

Considering the 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 Voutcap rating Should be selected
well above Vouov. As a result, Vout,cap,rating €an be defined and calculated as:

Voutov _ 65 _
Vout,cap,rating = 09 _ 09 _ 722V (30)

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 Vout,cap,ratings While the Vout cap,rating is Not exceeded in actual testing with all the
necessary test conditions.

VOUt
A Voutov protection triggered
Voutcapraing | after blanking time
Vou_tOV - f
Output setpoint \ FB pin Open 7|i; i Reactionoyp,vout = Latch-Mode
Voutstart —--=----=--- i i
% Start of regulation ii H
! accordingto !
| feedback voltage | i
i mapping i i
Turn-on, i H H

P time

AY AY
Startup  Regulated Mode Auto-restart time

phase (based on tauto restart)

Figure 14 Output OVP (not active in ABM)

The reaction of output OVP is configurable to latch-mode or auto restart, based on the Reactionove vout
parameter. Reactionovevout = Auto Restart is selected in this design example.
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13 ZCD pin and input voltage sensing 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 chn,zﬁ
I Czep

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. The quasi-resonant valley switching of the MOSFET drain voltage can be
achieved with tzcppo parameter fine-tuning based on Section 20.2. Initial tzcoro = 350 ns can be used for
powering-up of the system before the fine-tuning.

The recommended minimum ZCD series resistance Rzcp1min and maximum ZCD series resistance Rzcp1max are
defined as:

_ Ng VinpcLn,min N (Voutov + Va)
Rzcpamin = —7—————— - [VinOV(pk) + > (31)
IVv,max,VinoV " ‘'p ZCDSH,max,VoutoOv
_ Ng VinpciNmax ' N (Voutov +Va)
RZCD,l,max =77 . N ' [VinUV(pk) - AVin,HF,ripple,eslt + v - (32)
IV, min,VinUVv P ZCDSH,minVoutOVv
Where:

Vinovieky @Nd Viguyew are respectively v2 times Vinoy and v/2 times Vinuy.

Iv,maxvinov @aNd lyminvinuv are respectively the recommended maximum ZCD pin negative clamping current for Vinov
sensing and minimum ZCD pin negative clamping current for Vi,uv sensing.

Vzcps,maxvoutov @Nd Vzcpshminvoutov are respectively the recommended maximum and minimum ZCD pin voltage
sensing levels for Vouov SENSING.

Vineen,max @aNd Vineein,min @re respectively the maximum and minimum ZCD pin negative clamping voltages.

AVin ir 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 minvinuv = -0.15 MA, Vzcoshmaxvoutov = 2.6 V, Vzeoshminvoutov = 2.35 V, Vinecinmax = -0.22 V,
VINPCLN,min =-0.14 V, and AVin,HF,ripple,est =27.5 V,

3 -0.14-3.2-(65+0.7)
Rzcpamin = — 31.10-2 .32 [\/E 350 + T ] =14.6 kQ
3 -0.22-3.2- (65 + 0.7)
Rzcpamar = ——sre—om—y [V2 70— 275 + 2L | =324k

In general, itis recommended to select Rzcp: to be closer to Rzcp,1max, for lower power dissipation. If a higher
input voltage sensing accuracy is desired for the UART reporting, a smaller Rzcp1 is however recommended. In
this design example, Rzep,1 = 27 kQ is selected.
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The recommended minimum ZCD shunt resistance Rzcpzmin and maximum ZCD shunt resistance Rzcpamax are
defined and calculated as:

Rzcpa * Ns ' VzepsHminVoutov 27-10%-10-2.35
Rzcp,2,min = T Lok = = 3.65 kQ (33)
e Ng - (Voutov +Va) — Ns - VzepsHminvoutov 3-(65+0.7)—10-2.35
Rzcpa ' Ns:Vzepsu Voutov 27-10%-10-2.6
Rzcp2,max = e S = =4.1kQ (34)
o 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 sensed for estimating input voltage Vi.. Hence, for good Vi, estimation via the ZCD
pin, especially at input UVP level Vi, such a ripple effect should be minimized and compensated with proper
configuration of tonmaxaty,inows tonmaxaty,inuv and Rin parameters, respectively.

tonmaxatvinjow AN Tonmaxatyinuy Parameter respectively denote the maximum on-time at the lowest operational
input voltage V,, . and at the input UVP level.

tonmaxatviniow ShOUld be configured not too high, while being able to deliver the steady-state full-load output
power P, s @t Vi, 0. Therefore, t,, macatviniow €@N be defined and calculated as:

e Ly I,
_ p " Ipri(pk) max
ton,max,at,V,in,low - /_Z'Vinlo (35)
,low

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

tonmaxaty,inlow = 15 HUS

tonmaxatvinuy IS rfecommended to be configured lower than tonmaxaty,iniow, and can be calculated based on

_ Vinuv
ton,max,at,V,in,UV - ton,max,at,V,in,low' Vi (36)
inlow

_ . -6, 70
ton,max,at,V,in,UV =15 -10 8_2

ton,max,at,V,in,UV =12.8 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:

. AV; ippl
Initial R;,, = —=HErppleest (37)
Ipri(pk),max

27.5

Initial Rin = 2606
Initial R;, = 10.6 Q

Upon successful powering-up of the system, please refer to Section 20.1 for the fine-tuning guide for the Ri,
parameter.
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14 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 XDPL8219 has a fixed voltage reference Vger 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 Rep puiup parameter.

i gal i

Vsupply,SSR Vsupply,REF Vout,sense,SSR

Ve

Isense,SSR

Io:apto,SSR Rbias,REF Rupper

‘)i Iopto,SSR

Opto— CV output _
coupler Riower Second:f\ry Side
Regulation (SSR)
L Cans Reomp ) feedback circuit
Figure 16 FB pin internal pull-up, Ces, 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 Rpiasopto. FOI Vsuppiy,ssr 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 Ruissrer, fOr generating the Veer ssr. However, in this design example, to
minimize the standby loss, Vsuppiyrer is N0t supplied by Vsuppy,ssk based on N, <ec = 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 rermax 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 Va,.ux is the auxiliary output diode forward
voltage.

Taking g=10.8, Vgaux=0.5V and lkamin = 1 mA based on the selected op-amp datasheet,

0.8
Rpias REFmax = T19=5" [(54+0.7)-(2/10) — 0.5 — 2.5] = 6.35 kQ
Based on the above, Ryias,rer = 6.2 kQ is selected in this design example.
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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
ERRoftseti With the same level of lsense ssr.

Considering that ERRet, 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:

_ ERRoffsetin (Vout,setpoint— VREF) _ 01%-(54—-25)
Rupper,max = [ = 02 10-6 = 257.5kQ (39)

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:

L,V int " (V int—V
p ' Voutsetpoint ( out,setpoint REF) (40)

Rupper,max -

VinOV2 : ton,min,ABMZ' Fburst *NaBmM
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-(54-25)
Rupper.max = 3502-(1-10-6)2-130-65% 146.15 Q2

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 can then be defined and calculated as:

Rupper " VREF 127.5-103-2.5
Riower = = (41)

Vout,setpoint— VREF 54 -25

Riower ~ 6.2 kQ

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

XDPL8219’s internal ADC sampling point for the FB pin voltage signal is right after the GD pin signal becomes
high for a period of tcses (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 rs 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

Based on the commonly used ceramic capacitor value which is near to the calculated Ces above, Ces =470 pF is
selected in this design example.
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The minimum power transfer of the system is reached when the filtered FB voltage level Vegjitered is the same as
or less than the Veg min parameter. It is recommended to configure the minimum FB voltage Vs min the same as
Vcesay 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 Rpiasopto aNd Ropto Can be defined as:

(Vout,setpoint‘l'vd) ) Na,sec/Ns - Vd,aux - Vf,opto —Vax (43)

Rbias,opto + Ropto <h- RFB,pull,up *CTRpn [ VREF—VCE sar

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 Vex 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,

Rbiasopto + Ropto < 0.7-5.5+ 1031009 - |21 30008 = 1103

2.428 —0.3

Rbias,opto + Ropto < 16.98 kQ

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

R ias,o o * Ropto
Rpias,optomax = % = 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
Rbias,opto With high resistance is generally cheaper than Cyiasopto With high capacitance, Cpiasopto NOminal 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
Ry; in = = ~1kQ 45
bias,opto,min 2 -7+ Cpias,opto ‘FRC bias,optomax 2-m-33-1076-47 ( )

Based on the Ryias,opto,max aNd Ruias,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,er is suggested to be around 5 Hz to 8 Hz. As aresult, the
initial value of Ccomp and Reomp fOr system powering-up can be defined and calculated as:

1

Initial C, = 46
comp 21" Rupper . fpole,origin ( )
. . — —1
Initial Reomp = 3 - (47)
Taking fpo[e,origin = 2.65 HZ and fzero = 5 HZ’
iy — 1
Initial Ceomp = 2-m7-127.5- 103 - 2.65
Initial C¢opnp = 470 nF
Initial Ry, = :
nitial Keomp = 2-77470-10-9 -5
Initial Ry = 68 kQ
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15 Regulated mode parameters

In regulated mode, the FB pin voltage signal is periodically sampled and digitally filtered. Based on the filtered
feedback voltage Vg fitered, the operating mode of QRMn, discontinuous conduction mode (DCM) or ABM, and
the respective switching parameters (on-time ton, valley number Nyaiey, minimum switching period tsw,min, pulse
number nasv) are periodically updated in each operation cycle.

Note: The period of every XDPL8219 operation cycle is 9.823 ms by default. When the HV pin line
synchronization is enabled and properly in place with an AC input, it is approximately the half-sine-
wave period of an AC input, else it follows the default value.

Note: The switching parameters can be modulated over every operation cycle to achieve the enhanced
power quality for AC input, or the switching frequency dithering for constant DC input voltage.

15.1 Digital notch filter

In QRMn and DCM, when the HV pin line synchronization is properly in place with an AC input, or when a
constant DC input voltage is detected by the controller, for a duration more than the nnotch biank parameter, a
digital notch filter is enabled. Otherwise, the sampled feedback voltage is processed by a digital low pass filter,
to reduce the high frequency component.

The digital notch filter with the quality factor of Nquaity Suppresses either the double-line-frequency sine-wave
component of an AC input, or the sine-wave component generated by the switching frequency dithering for
constant DC input voltage, to stabilize the filtered feedback voltage Vre fitered. The recommended Ngyairy and
Nnotchblank Parameter configuration from Table 5 is selected in this design example.

Table 5 Notch filter parameter configuration

Parameter name Recommended value Unit

Nquality 1.6 -

Nrotch,blank 2 Number of operation cycle
15.2 Initial feedback voltage maximum limit

When the regulated mode is entered, the filtered feedback voltage maximum limit Vee fitered,max iS ramped up
from Vg jimitstart (1.2 V typ.) to Vrer (2.428 V typ.), with an incremental voltage step of Ve imitstep parameter after
every tFB,limit,step- .

Voltage
v Regulated mode entering
Vier I Filtered feedback voltage max. limit
(2.428V typ.) : VFB,ﬂIrered max
: Filtered feedback voltage
| Vs fitered
VFB,Iimit,stan - I ® VFB,Iir;wil,slep
(1.2V typ.) & I Note: trgjimi,step IS €ither the
tFB,limit,step | synchronized AC input half
; | sine wave period, or 9.823 ms
I
: E ;' time
Feedback voltage mapping
based on VEB filtered,max
(When Ve fitered > Vs filtered max)
Figure 17 FB voltage maximum limit ramp when entering regulated mode
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As shown in Figure 17, when Vg itered iS higher than Veg ficereamax initially in the regulated mode entering, the
feedback voltage mapping is based on Vesitered,max ramp, to prevent the excessive output voltage overshoot
during output rise. When Veg itered gets lower than Vg sicerea,max, the feedback voltage mapping then follows
Ves sitered, fOF the steady-state output regulation.

As a start, Vesiimit,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.

15.3 Regulated mode CS pin maximum voltage and minimum QRMn valley
number limits
To better limit the flyback output power, especially at higher input voltage, XDPL8219 features the regulated

mode CS pin maximum voltage Voce1(Vin) and minimum QRM valley number Nyaiiey,min(Vin) limits, which are
adaptive based on the estimated input voltage Vi, as shown in Figure 18.

VOCPl(Vin )AN vaIIey,min(V'\n)

VOCPl,at,V,in,Iow

Voce1,at,v,in,high

Nval\cy,min,at,v,in,high

Vin,low Vin,high Vin

Figure 18 Regulated mode minimum valley number limit and CS pin maximum voltage limit
adapation based on estimated input voltage Vi,

As a rule of thumb, the Nuatiey,min,atv,innigh Parameter in Figure 18 can be configured as:

14
1 or 2, -Atmax - 9
Vacmin

14
4 or 5, -ALmax > 9
VAC,min

(48)

Nvalley,min,at,v,in,high =

The Vacmax to Vac,min ratio is around 3.4 in this design example, s0 Nuatiey,minatv,innigh = 5 is selected based on above.
The Vocp1,atv,inow aNd Vocpiaty,npigh parameters in Figure 18 can be defined and calculated as:

VOCPl,at,V,in,low = Ipri(pk),max ‘Res (49)

VOCPl,at,V,in,low = 2.606-0.2

Vocpri,atv,intow = 0.52V

1 1

2
0.5
VOEPl,at,V,in,high =Rest Ipr[(pk),max ) J [Lp . lpri(pk),max . fsw,min,at,P,out,full ) ( ) ] + 2m- (LP : Co,tr) ) (Nvalley,min,at,v,[n,high - 1) . fsw,m[n,at,P,out,full (50)

Vinhigh(pk) R (Vout setpoint+ Va)
Where Vinnighiok) is V2 times of Viqnign, and Coy is the MOSFET time-related effective output capacitance.

Taking Cox = 135 pF from the selected MOSFET (IPD80R900P7) datasheet,

1 1 2
2 . 44.1 -6 . 1 .1 —-12)0.5 . _1 . 2.1 3
ﬁ-326+3.2-(54+0.7))] + 27 (5441075 135-10-12)05 - (5 — 1) - 52-10

Vocrraty,mpign = 0.2 -2.606-\/[544-10‘6-2.606 .52-103 - (
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Vocpi,atv,inhigh = 0-43V

Note: Vocrs,atv,inhigh parameter is configurable between 0.34 V and Voceyatviniow level only. If the calculated
Vocei,atv,inhigh iS below 0.34 V, Voceiatvinhigh = 0.34 V should be selected. If the calculated Voces,atv,inpigh IS
above the configured Vocei,at viniow, then Voces,atvinnigh Should be configured as per Voces,at vin,ow-

15.4 On-time limits

The maximum and minimum on-time limits in Figure 19 are adaptive based on the estimated input voltage Vin.

* QRMn/DCM:

To sense the output overvoltage level of Vouov parameter, the device calculates a tonminy,outsense(Vin) Variable,
which is the estimated minimum on-time to achieve the desired minimum transformer demagnetization time
of tmindemag Parameter, at the peak of the estimated input voltage Vinpeak. The minimum on-time limit tonmin(Vin)
is based on the tonmin parameter or the ton minvoutsense(Vin) Variable, whichever is higher, as shown in Figure 19.

For Vi, between the lowest operational input voltage parameter Vi, 10w and the input overvoltage protection
level parameter Vinov, the maximum on-time limit tonmax(Vin) is scaled to compensate the influence of input
voltage on feedback gain.

For Vin from Vinow to the input undervoltage protection level parameter Vinuv, tonmax(Vin) can be linearly reduced
from tonmaxaty,injow Parameter to tonmaxat, vinuv Parameter, to limit the maximum power during brown-out.

« ABM:

For Vi, decreased from Vin pigh, the ABM minimum on-time limit tonminaem(Vin) is increased from ton minasm
parameter, to reduce the burst pulse number for a lower standby power at lower input voltage.

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

ton,min,ABM(Vin)

ton,max,at,V,in,Iow ——————————————————

Nvalley =1

ton,max,at,v,in,uv |F=--=-------
Nvalley = Nvalley,min,at,V,in,high

/

(E.g. Using 4 as example)

ton,min ————————————
ton,min,ABM ————————————
VinUV Vin,Iow Vin,high VinOV Vm
Note:
[ tonmaxatvinjow™ [(ton,maxatv,intow = tonmaxatvinuv) * Vin / (Vinjow = Vinuv)]l - when Vip < Vin jow
ton’maX(V ) { ton,maxatv,intow * (Vinjow / Vin) when Vi, 2 Vipjow and Nygjey = 1

1:on,min,V,out,sense(Vin) = tmin,demag : (Np/ Ns) ' (VodtOV/ Vin,peak)

ton,min,ABM : (Vin,high/ Vin) when Vin < Vin,high
1:on,min,ABM(Vin) =

Ton,min,ABM when Vin 2 Vin high
Figure 19 On-time limit adaptation based on estimated input voltage Vi,
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The recommended on-time limits related parameter configuration from Table 6 is selected in this design
example.

Table 6 On-time limits parameter configuration

Parameter name Recommended value Unit
ton,max,at,v,in, low Refer to calculation in Section 13 us
ton,max,atv,in,uv Refer to calculation in Section 13 us
Etmin,demag 2 us
ton,min 1.38 us
ton,min,ABM 1 Us
15.5 ABM FB voltage sensing and control

In ABM, the switching pulse on-time t,, and burst pulse number Nxgu are controlled based on Veg itered taken at
the last pulse of the previous burst cycle, as shown in Figure 20. The ABM minimum on-time and minimum
pulse number per burst are based on the tonminasm(Vin) and nNapu,min 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.

Typically, the controller has a burst interval which is approximately the configured 1/fuurst and enters the sleep
mode for power saving after completing the last pulse of each burst cycle, as shown in Figure 20.

However, if the UART reporting feature is enabled with ENuyarr reporting parameter, either a longer than typical
burst interval or a delayed sleep mode entry, or both can occur occasionally, for instance when the UART signal
transmission can not be completed within the typical burst interval or before the last pulse of a burst cycle.

A VFB,filtered ton=0a a
Nagm = ton = B ton = B
ecoca n =3 Nagm = 3
i A . ABM
| I L A
| | |
| | |
wake wake | wake |
up sleep up | sleep up | sleep
| |
: | |
| | t
|y T=1/fourst | k: P T=1/fpurst | J
Vv I
GD: | 11£sw,min : : 1££sw,m|n : : 1</Isw,min
| | |
| | _ | _
I I ton=a I ton =B
I I Nasmv = 4 | Nasm = 3
| | |
Approx. Approx. Approx.
nwakeup nwakeup nwakeup
x 19 ps x 19 ps x 19 ps

Figure 20 Typical ABM switching waveforms

Referring to Table 7, the recommended parameter configuration for ABM FB voltage sensing and control is
selected in this design example.
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Table 7 Parameter configuration related to ABM FB voltage sensing and control
Parameter name Recommended value Unit
fburst 130 Hz
NABM,min 3 -
ton,min,ABM 1.00 Us
Nwakeup 3 Interval (each interval is around 19 ps)
15.6 Filtered FB voltage mapping and mode transition
ton NVaIIey tSW,min
tsw,min tsw,QR!\/In ton
ABM DCM QRMn
1/fsw,min
(26.9 kHz typ.)
~~~~~~~~ — ton,max(vin)
e -.--" 2 e 1/fsw,max
ton,min(vin)WW"W . N
N )% Y e eeee- : vglley,ma>|(
0 .g. 9 as example
ton,min,ABM(Vin)
1 oo 1/ when NvaHey,min(V\'n) =1
V ! VFB,ﬁItered
FBmin Vi valley 1 Virer
VFB ABM (2.428V typ.)
(O.8\;typ.)
VFB,on VFB,sw VFB,max,map
(0.8V typ.)
FB,valley,max
(0.8V typ.)
Figure 21 Filtered FB voltage mapping
*« QRMn/DCM:

The ton, tswmin and Nyaiey in Figure 21 are mapped from the filtered feedback voltage Ves sittered.

In QRMn, to switch on the MOSFET at the N.aiey Of the drain voltage, the system-dependent QRMn switching
period tsw,qrun has to be more than tswmin. If the drain voltage valley of Nyaiey happens before tqmin is reached,
the controller operates in DCM and the DCM switching period tew,ocm follows tsw min.

The minimum switching period tswmin is decreased from 1/foumin (37.2 us typ.) to 1/fowmax When Vessitered IS
increased from Veg asm parameter (0.8 V typ.) to Vs sw parameter or more. fomin and fswmax are respectively the
minimum and maximum switching frequency parameters.

When Vegitered iS Vep valiey,max Parameter, Nyaiey is mapped to the maximum valley number parameter Nyaiiey,max.
The minimum Nyaiey Value is however based on Nuajieymin(Vin), as described in Section 15.3 . When Nuaiieymin(Vin) iS
1 and the Vegfitered is the same as or higher than Veg vaiey,s parameter,Nyaieyis mapped to 1.

For a smoother transition when the N.aiey changes, the device can compensate the to, curve using Catiey,comp
parameter. To stabilize the N..iey in steady state operation, a hysteresis on Nvaiey change is applied, and the
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Nvatey is only updated once in each operation cycle. If the Nyaiey change is more than a Nuayey st parameter, the
controller can speed up the N,aiey update for a better dynamic load response.

When Ve ittered increases from Veg on parameter (0.8 V typ.), ton increases from tonmin(Vin). When Ve siered IS
increased to Vesmaxmap Parameter or more, the power transfer is maximum, with the to, based on tonmax(Vin) OF
Vocr1(Vin), and the switching period depending on either 1/fqumax Or the minimum QRMn valley number limit

Nvalley,min(vin) .
« ABM:

ton @and Npurst are mapped from Ves siered taken at the last pulse of previous burst cycle.

Vesem parameter (0.8 V typ.) is the Vesjikered threshold for ABM entry and exit. To enter ABM, Ve siered N€€dS to be
below the Ve asm threshold, for a minimum time-out based on the tapwpiank parameter. If ENpyrst exit Filter Feedback
parameter is enabled, ABM will be exited when Ve sitered rises above the Ves asm threshold. If it is disabled, ABM
will be exited when the sampled FB voltage rises above the Ve asu threshold.

When Ves sitered decreases from Veg asw parameter (0.8 V typ.) to Vs min parameter, to, decreases from tonmin(Vin) to
ton,minam(Vin), While Npurst decreases from Nagw max tO Nagmmin Parameter. Nasumax is an integer which is
approximately the ratio of fs.min parameter over fous: parameter.

When Vesjitered IS the same as or lower than the Vs min parameter, the power transfer is minimum, with the to,
based on tonminaem(Vin) and pulse number nasv based on Nagumin.

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
fow,max 186.4 kHz
ENBgurst,exit Filter,Feedback Enabled
TagM,blank 6.5 ms
Nvaliey,max 14
Nvatley,fast 9
Cualley,comp 3.0
VeB,valley,1 1.5 \Y
Ve maxmap 2.0 Vv
Veg,sw 1.5 Vv
Vg min Vceeay (refer to optocoupler datasheet, |V
as described in Section 14)
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16 UART reporting

All UART reporting data packets are sent based on the unidirectional UART communication (XDPL8219 as
master), with a fixed baud rate of 9600 bps.

When ENuyarrreporting parameter is enabled, XDPL8219 UART pin transmits a regular data packet once every 14
operation cycles, which contains the following information:

« Last estimated input voltage rms value Vi,
« Last detected line frequency or input voltage type based on Fineusrr

« Last measured IC junction temperature T, yart, based on its internal sensor

Note: In ABM, the Fiine,uarr cannot be synchronized with the input voltage frequency, for power savings. It only
shows the last detected values before entering ABM.

The regular data packet information are useful for the power monitoring, and also for the reliability
improvement, such as to reduce the second-stage constant current regulator maximum output power, when
the Vi, drops too low or T, uarr rises too high.

When both ENUART,REPORTING and ENSEND,V,IN,LOSS parameters are enabled, XDPL8219 UART pln transmits one or more
data packets which indicate the input voltage loss, if the consecutive number of too low ZCD pin clamping
current -ly sampling value has exceeded a limit.

When both ENygrrrerorting and ENsenp,ast error,cone parameters are enabled, XDPL8219 transmits a data packet
which contains the error code of the last triggered protection, right before every auto restart. If the triggered
protection reaction is hardware restart, stop-mode or latch-mode, the error code will not be sent out.

Note: Upon protection triggering, XDPL8219 flyback converter without switching cannot deliver the
operating voltage supply of the micro-controller, for receiving and decoding the error code.

When UART 01arity parameter is configured as high, the UART reporting bus idle level is high (3.3 V typ.), with the
data logic level based on high =1 and low = 0. This parameter setting is recommended for the non-isolated
unidirectional UART communication e.g., with a micro-controller on primary side.

When UART o2ty parameter is configured as low, the UART reporting bus idle level is low, with the data logic
level based on low =1 and high = 0. This parameter setting is recommended for the isolated unidirectional
UART communication e.g., with a micro-controller on secondary side, via an opto-coupler.

Figure 22 shows the recommended isolated UART circuit, when the UART .oty parameter is configured as low.
This circuit is mounted on the isolated UART reporting evaluation plugin board, which is included in the
XDPL8219 40 W reference design package, and it can be connected to the main board easily for evaluation.

33VorSV
MCU VCC

Approx. 15V Ul
vee p I:Im LA 5 LS 2
3 : &
}ZQ_E c 4 MCU RX
S ' £ |3
"‘I TCLTI103
UART Lo
—1 T'2N7002 R3
4 o 20k
100k
= MCU_GND
PGND
Figure 22 Isolated unidirectional UART circuit (when UART ;..rity parameter is configured as low)
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In Figure 22, VCC_P net connects to the positive polarity of either Cycc (if error code sending is needed),

or Coutaur, While the UART net connects to XDPL8219 UART pin, and PGND symbol connects to the
primary ground.

The UART reporting data packet decoding and interpretation are shown in Table 9, Table 10 and Error! R
eference source not found..

Table9 UART reporting data packet format for decoding
Type of data packet | Bytel Byte 2 Byte 3 Byte 4 Byte 5 Byte 6
Checksum
Low byte of | High byte of (XOR sum of
tin dat T4 dat
Regular data packet TEy Vi data Vi data ata s data Byte 1t0 5
before)
Typical loss of input
voltage indication 404 - - - - -
data packet
ED ED
Loss of input voltage orH orH EDx EDx
indication within the TEH Lowbvte of | Hieh byte of or or EDw
regular data packet owbyteo Igh byte o .
g Y Vi data Vi data tin data T data
Checksum
Error code data 60 Low byte of | High byteof | (XORsum of i i
packet " Error code Error code Byte1to3
before)
Table 10 Interpretation of the decoded regular data
Regular | Decoded regular | Decoded regular
data data minimum | data maximum | Datainterpretation
type decimal value decimal value
If tin = FFy, the input voltage type has not been detected.
If tin = 004, the last detected input voltage type is constant DC.
If tin # FFy and tin # 004, the last detected input voltage type is
tin 0 255 AC and the Fineuarr (Unit: Hz) can be calculated based on:
P _ {5828/tin, Teriticar > 119°C
line,UART = 7726 /tin,  Teriticaw < 119°C
Where Teitca is the IC overtemperature protection level
parameter setting.
Vin
Vin aux 0 40960 _ 0.005460 " Vi quy - Np/Na: tin # FFy and ty, + 00y
| 0.007722 *Vipgux* Np/Nq,  tin = 00y
Tao 0 190 T;yarr = T4o — 40
Note: The micro-controller receiving the regular data packet should do the averaging on the decoded Vi,
and Fineuarr data samples, to obtain the more stable value.
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Note: The microcontroller should store the necessary calibration data for its post-processing, to compensate
the offset on Vin,, which varies based on the IC and system tolerances of each board.

Table 11 Interpretation of the error code data
Error code data . .
UART ourty = High | UART soumy= Low Last triggered protection
00004 FFFF4 None
00014 FFFEx Output OVP
0008 FFF7y Regulated mode output UVP
00104 FFEFx Start-up output UVP
00204 FFDF4 Transformer demagnetization time shortage protection
00404 FFBFy Input UVP
00804 FF7F 4 Input OVP
01004 FEFFy, IC overtemperature protection
02004 FDFF4 Vcc OVP
04004 FBFFy Interrupt watchdog protection (may get triggered for input UVP)
08004 F7FFy MOSFET over-current protection
40004 BFFFy ADC watchdog protection (may get triggered for input UVP)
80004 TFFF 4 Regulated mode Vcc UVP

In this design example, ENUART,REPORTING = Enabled, ENSEND,V,IN,LOSS= Enabled, ENSEND,LAST,ERROR,CODE =Enabled and
UART potarity = LOoW parameter settings are selected.
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17 Other functions and protections

17.1 Enhanced power factor correction

To compensate for the input current displacement caused by the Cpcjiter and line filter, the XDPL8219 enhanced
power factor correction (EPFC) feature can be enabled by configuring the correction gain parameter named Cew
above zero. As a start, it can be configured as per the Cocier value. Therefore, the initial Cemi = 0.22 uF
parameter setting is selected in this design example.

The EFPC gain is reduced from Cewi parameter to zero for a smooth transition to ABM, when the Ve itered iS
decreased from Vepec,on parameter to Veg asw parameter (0.8 V typ.). Verec,on = 1 V parameter setting is
recommended and selected in this design example.

Upon successful powering-up of the system, refer to Section 20.3 for the fine-tuning guide.

17.2 Enhanced THD correction

By enabling the ENernoc parameter, the controller compensates the input current distortion caused by the
changing QRMn duty cycle over the AC input half-sine-wave period. Such compensation can however increases
the EMI at higher input voltage, caused by the higher switching peak current. Hence, it is only recommended to
enable the ENgrupc parameter when the extremely low THD is required at full output power, where the QRM
valley number is the lowest and such compensation effect would be the highest.

Using the XDPL8219 40 W reference design as an example, even with ENeripc parameter disabled by default,
THD less than 10 percent can be achieved over wide operating range. In this design example, ENerupc = Disabled
parameter setting is selected.

Upon successful powering-up of the system, refer to Section 20.3 for the fine-tuning guide.

17.3 Switching frequency dithering for constant DC input

To lower the EMI while operating with a constant DC input voltage, the switching frequency dithering feature
can be enabled by configuring the cqitner parameter above zero. Based on the modulation gain parameter Caither,
ton and tewminare modulated in QRMn and DCM, while tswmin is modulated in ABM, to dither the switching
frequency.

Caither = 10 percent parameter setting is recommended and selected in this design example.

17.4 Auto restart time

For all protections with the auto restart reaction, the auto restart time is common and configurable based on
tauto,restart parameter.

tauto,restart = 1.2 S€C parameter setting is recommended and selected in this design example.

17.5 Vcc OVP

The Vcc overvoltage protection (OVP) reaction is configurable to latch-mode or auto restart, based on the
Reactionvccove parameter. In addition, the Vcc OVP level is also configurable based on the Viycemax parameter.

Reactionycc,ovr = Latch-Mode and Ve, max = 23 V are recommended and selected in this design example.
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17.6 Regulated mode Vcc UVP

ENyccuve parameter refers to the enable switch for the regulated mode Vcc undervoltage 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 level of Vice,min, for longer than a blanking time.

ENvcc,uve = Enabled and Vyee,min = 7.5 V parameter settings are recommended and selected in this design
example.

17.7 IC overtemperature protection

The IC overtemperature protection level is based on the Teiica parameter. If Terical is configured above 119°C,
the maximum switching frequency parameter f.max cannot be configured above 186.4 kHz. The protection
reaction is fixed as auto restart, while the maximum junction temperature for start-up/restart is fixed as 4°C
belOW Tcritical-

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

17.8 Primary MOSFET over-current protection

Voce2 denotes the CS pin voltage level 2 for the 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.

tesoce2 = 240 ns is recommended and selected in this design example.

Vocez level is automatically selected based on Table 12. In this design example, Vocp,aty,ingow = 0.52 Vis selected,
so Vocp2 = 0.8 V is applied automatically. The protection reaction is fixed as auto restart.

Table 12 Vocr2 level selection based on Vocps,atv,inlow pParameter value

VOCPl,at,V,in,low (V) VOCPZ (V)
0.34t00.36 0.6

0.37 t0 0.54 0.8
0.55t0 0.72 1.2
0.73t0 1.08 1.6
17.9 Debug mode

When the Debugw.s. parameter is enabled, the controller enters the stop mode, after a protection is triggered
except for the Vcc undervoltage lockout. There is no GD pin switching in stop mode and the controller stays in
this mode to allow the error code readout for identifying the triggered protection, as long as the Vc stays above
the Vuvore (6 V typ.).

The parameter setting of Debugmod. = Disabled is selected in this design example. The Debuguese parameter
should only be enabled for debugging purposes.
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18 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).

o Power switch loop formed by DC link filter capacitor Cy sier » primary main winding, flyback MOSFET
and CS resistor Rcs.

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

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

b) Place eachfilter 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 Cvccdecouple; Czcn, Rzco2, Crs, the controller GND pin and the optocoupler
emitter pin.

e Connect Vcc ground traces of the Ve capacitor Cuec 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 high voltage and low voltage nets.
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19 Parameter configuration list, setup and procedures

19.1 Parameter configuration list

Figure 23 shows the XDPL8219 parameter configuration list, with selected values based on the design
examples from Section 2 to Section 17. For another system design, the values in the list can be different.

For the IC parameter configuration setup and procedures, please refer to Section 19.2 and Section 19.3. 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 23 are compatible with the actual system hardware
dimensioning.

=l Hardware configuration - Multimode
IN_p 2[32.000 [ [R_FB_pul 1o 5.5 lkohm
N_s = /10,000 | N_gualty |16 [
N_a 2/3.000 | In_natch_blank [2
Lp 2 /05490 I |f_sw_max [186.4 kHz
lR_cs & 0200 lahm 't_on_min 2L lus
lR_Zco_1 & /27.00 kohm t_min_demag 220 lus
\R_ZcD_2 2200 kohm t_on_max_at_V_n_low &/ 15.00 lus
|e_vee 2|22.00 luF [EN_Burst_Exit_Fitter_Feedback [Enabled [
V_out_cap,_rating FIE v f_burst B30 Hz
r_rv [@/52.00 kohm In_ABM_min =3 [
11_GD_pk FIET) ma t_on_min_ABM |10 us
- Startup [t_ABM_blank 6,50 Ims
In_ss 16} [ In_wakeup 2 [
.\'_l:ut_start 2/3La v 'N_val'ley_rrax 214
\V_start_ocP1 @052 v IN_valley_fast =15
V_0CPL_int & /0.300 v IN_valley_min_at_¥__high s
-/ Protections |c_valey_comp 2300
-t_au:o_reslzrl BlLz s '\'_FB_\'ale','_i &/ 1500 v
|v_ocp1_at_v_in_low =lo.52 v |v_FB_max_map 2| 2.000 v
\V_0CP1_at_v_n_high B0 |v v_FB_sw (150 v
V_n_low Elazo |v v_F8_mn 20,30 v
W_n_igh 3260 v v_Fe_lmit_step 21800, 000 Imv
[t_csocez 290 ns | Power factor correction
\Reachon_OVP_Vout & | Auto Restart | [e_em &0.2200 uF
V_putaw 2le5.0 v [v_EPFC_on |L.on |v
|EN_UVP_vaut & [Enabled | | UART reporting
\Reachon_UVP_vaut & | Auto-Restart | EN_LIART_REPORTING |Enatied
V_outt [F]EET) v |EN_SEND_L AST_FRROR_CODE Enabled
|t_VoutLw_blank [2|s00.0 |ms EN_SEND_V_IN_L OGS Enabled
lEen_ove_in 21 [Enabled | |UART_pPOLARITY Low
[EN_UVP_In 21 [Enabled | | Fine tuning
|EN_VIN_sEM 21 [Enabled | t_2C0PD 350 Ins
Iv_now |3s0.0 |v Rn 10.60 ohm
[t_VinOV_blark [1 | EN_ETHDC Disabled
W_n_start_max 23260 v c_dither i) M
.\'_n_start_r.'m @ az0 v | UserID
IV_nlv /7.0 v User_ID_A 0
.t_un_max_at_\'_n_uv & /12.80 lus
Reacton_vCC_OWP Latch-Mode |
|v_vee_max |23.0 [v
|EN_vec_uve |Enabied |
v_vce_min 7.5 v
T_ritical & |degreec
\Debug_Made Disabled |
Figure 23 IC parameter configuration list with selected values based on design examples from
Section 2 to Section 17
Note: Userip s parameter in Figure 23 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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19.2

Parameter configuration setup

The tools needed for on-board XDPL8219 parameter configuration are listed in Table 13.

Table 13 Tools needed for XDPL8219 parameter configuration
Tooltype |Toolname Description Ordering/Download link g::::‘:g/ Download
Hardware .dp Interface | .dp Interface IF-BOARD.DP-GEN2 .dp Interface Gen2 x 1
Gen2 board ' USB cablex 1
.dp Vision
GUI for Note:

.dp Vision par?m etetr. ; Please install .dp Vision \I;ta\t'est V er:'ﬁn o(tthe .)dp
cindlgu ra (ljon:) before running the XDPL8219 Islon Instafiert-.exe
afl.dp products .dp Vision folder setup file

shown below.
Latest version of .dp Vision
folder setup file (*.msi),
which installs the following
Software XDPL8219 40W reference
board homepage
XDPL8219 XDPL8219 40 W reference
XDPL8219 arameter Note: design engineering report
parameter P . . ) . (*.pdf) and parameter
. configuration Please download the zipped . i
csv file . . . configuration file (*.csv),
file package which contains the | . S
o . including images for the
.dp Vision folder setup file . .2
.o configuration file.
(*.msi)
XDPL8219 design guide
(*.pdf)

Figure 24 shows the hardware setup needed for the on-board XDPL8219 parameter configuration.

Note:

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

to the target XDPL8219 board. For parameter configuration on the XDPL8219 40 W reference design,
please connect the programming cable to its configuration connector X2.

Figure 24
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19.3 Parameter configuration procedures

After the hardware connections for XDPL8219 configuration (see Figure 24) 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
2.0.9.4, 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 XDPL8219 parameter configuration file (*.csv) from the default installation folder at
C:\Users\<Username>\Infineon Technologies AG\.dp vision\Parameters, as shown in Figure 25.

L]

File Functions Tools Help

v eS| ™ e o I ek sun Guda [1] 4

Catbratad: - St - Temp: -

| @ Open Configuration file X

okin: | | Parameters ~| e
3
Re?;nt
rems Select XDPL8219
! . . .
- configuration file to open
DAcUMENtS g name: | REF-XDPL219-UAUW_FWOOLI_STDCSVDDD3_ParA.cov
L | Files of type:  Comme-Separated Velues(™.csv) ~ Cancel

Figure 25 Opening the XDPL8219 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 26). These default values can be
changed for another board design, by referring to the design guide from Section 2 to Section 18 and the fine-
tuning guide in Section 20.

If a parameter value is changed and no limit violation is found, the changed value itself will turn blue, like the
example in Figure 26 which the R.s parameter in the hardware configuration section has been changed from 0.2
Qto0 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 26) will show an
error message. If any error is not resolved, the user is not allowed to configure the IC with the changed value.

% Infineon Technologies AG, .dp Vision V2.0.9.4 (Build 2702201917341 - u} x

File Functions Tools Help

e @ ODeEd \ P @@ | ™ e e [ pEn——— O

Catoratad - s - T -

"Listof configurable parameters ——=—==r=

tor vake. Piease cakuiate and select the this vaiue based on desgn guide document.

Minimum vele: 0.100 Maximum vabse: 3.000

! Parameter value
K:’ change example

Explanatory image

Highest operational input voltage: Vin s Ve
16D ok =E] mA Lowest operational input voltage: Vi jow 0.7V typ.)

T — o—r et ¢

RV &5200 o

Voot g B v 1

Figure 26 Changing parameter values of XDPL8219 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

The new XDPL8219 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 XDPL8219 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 XDPL8219 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 XDPL8219. 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 XDPL8219 chip with a new one in order to burn the configuration.

Table 14 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 14 Burn configuration procedures

Step | Instruction

I Open configuration file using .dp Vision (see example in Figure 25).

Il If necessary, change any parameter value (see example in Figure 26), then click [File] >>
[Save] or [File] >> [Save as] to save the configuration file. Otherwise, proceed to step IIl.

1 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 24.

v Click @ to supply power and establish a connection to the target XDPL8219. After this
step, XDPL8219 will be in configuration mode (with Vcc voltage for OTP programming at

7.5V +0.15V) and the device status & should change to ©.

[
v Click “*' to burn the configuration to the target XDPL8219.
After this step, you should see a pop-up window, which is similar to one of those below.

Burning new parameters set (Step 1 of 2) X
Found 87 difference(s) between values from dp device (Dp Value) and
5 .dp Vision configuration set (New Value).
Patching parameter(s) X Difference(s):

‘a 1 parameter(s) have been changed. # Address Dp Value New Value o
This operation will consume 3 patch(es) out of 77 free patches. 1 0x8106 0x0000 0x2446
Do you want to proceed with burning procedure? O r ) 0x8107 00000 0x1B00
NOTE: Please be aware that this process is irreversible. 3. 0x8108 0x0000 0x0DD9
4. 0x8109 0x0000 0x005E
hiccecc M| |showditteienecs 5. 0x8104 0x0000 0x0014
6. 0x810B 0x0000 0x000F
. 0x810C 0x0000 0x001E
8. 0x810D 0x0000 0x0066

9. 0x810E 0x0000 0x007F v

Do you want to proceed with burning procedure?

No

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
XDPL8219 configuration connector.
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- Test configuration

This function will download the parameter values from the list in .dp Vision into the XDPL8219 RAM,
followed by an automatic IC start-up, for application testing with the new configuration (See the
recommended procedures in Table 15).

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 15 Test configuration procedures

Step | Instruction

[ Open the configuration file using .dp Vision (see example in Figure 25).

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 24, plus a low-ESR
ceramic capacitor of 1 nF soldered across the UART pin and ground for noise decoupling.

1] Ensure ENuartreroring Parameter is disabled and change the desired parameter value (see
example in Figure 26).

= UART reporting
EN_UART_REPORTING Disabled

Note: If the ENuarrrerortive parameter is enabled, the success of test configuration cannot be
guaranteed, since .dp Vision will show an error due to unable to get the status from XDPL8219
with UART reporting, after the automatic IC start-up with the new configuration in RAM.

Click @ to su pply power and establish a connection to the target XDPL8219. After this step,
XDPL8219 will be in configuration mode and the device status 9 should changeto ©.

v Ensure the board test setup (e.g., output load) is OK, then apply the AC input to the board.
After this step, the board does not start-up because XDPL8219 is still in configuration mode.

VI . iR . . .
Click " to test the new configuration with the target XDPL8219.

Vil If the 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 X

\ﬁ 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; Please refer Section 21 for the debugging guide.

VIII | Totest 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 X

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

Do you want to proceed?

Otherwise, turn-off the AC input and disconnect the programming cable from the XDPL8219
configuration connector.

Note: If any error occurs during the parameter 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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20 Fine-tuning guide

This section presents guidelines for how to fine-tune the value of a few essential XDPL8219 parameters, based
on the actual measurement waveform or data.

20.1 Input voltage-sensing parameter fine-tuning

When the primary MOSFET is switched on, the XDPL8219 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 27, where the peak value of Vpcjiter is equal to AC input peak value Vin pea, 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 16 shows an example of the
actual Vpc 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 Vo ilter
[ ) H in,pea
Rzcp,1 H ! 0 -
7CD Iy Voc fitter :[CDC,filter | time
O“ \ 4 VAUX H o
Czcp—T— Rzcp,2 Re GD
VINPCLN
Rcs Vcs
Figure 27 -ly measurement for input voltage sensing

Table 16 shows the recommended procedures for Ri» parameter fine-tuning.

Table 16 Recommended procedures for Ri, 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 Vocjiter and CS pin voltage Vcs.

I Ensure the target XDPL8219 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 ENyye,n s
“Disabled” (if it was not before) or refer Section 21 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 fiter high-frequency voltage ripple (Voc,ueripeiemn) and the
maximum level of V¢s (Vs 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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Zoomin at the pea i e ez oy

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

I

R1=Rgs- (\E Vacmin = VDC,HF,RIPPLEMIN
VCS,max

Calculation example based on 40 W reference design with Vacmin = 90 Vims, Fine = 60 Hz and full-load

output (I,,.=0.8 A):

), based on full load output

R1=02- (w) =10.73 0
0.501
v Repeat step Il to obtain another measurement of Vo e ripriemin @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 =R - V2 *Vacmin —VDCHF,RIPPLEMIN
s VCS,max

), based on 33 percent load output

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 =02 (M) =7.590
0.281
VI Calculate the fine-tuned Ri, parameter value with the following equation:

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

Where Ras(on)25°c is the MOSFET drain-source on-resistance at 25°C, and Rac priwinding IS the primary
main winding DC resistance.

Calculation example based on 40 W reference design:

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

Fine tuned R;, = 10.5 ()

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

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

20.2 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 XDPL8219 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 QRMn, the XDPL8219 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 XDPL8219 internal propagation delay in
ZCD and also external delay caused by the noise-filtering capacitor at the ZCD pin. Table 17 shows the
recommended procedures for tzcopp parameter fine-tuning.

Table 17 Recommended procedures for tzcopp parameter fine-tuning

Step | Instruction

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

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

If the board cannot be powered up, please refer to Section 21 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.

. I
Zoom in at the peak b» ! AP Tne o

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 tzcoro = 370 ns).

Zoom in at the peak » i R TEEDYNE Ly

MS S/s) Edge sitivel
X1= 10172789 ms AX=  74dns
X2= 10173533 ms V/AX= 1.344 MHz
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20.3 Power factor 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
and the line filter. A higher Cem parameter value gives higher compensation and vice versa.

The recommended starting value of the Cew 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 THD. For example with the XDPL8219 40W reference design,
the initial Cewi based on Cocjiter is 0.22 uF for powering up of the board, and the fine-tuned Cemi = 0.16 uF
parameter is then selected for performance optimization.

20.4 THD related parameter fine-tuning

To achieve low THD in QRMn and DCM, it is important to stabilize the Veg siterea Which is based on the digital
notch filter output, by ensuring the a.c. component of the FB pin voltage signal to be a sinusoidal wave with
double-line frequency.

Figure 28 (left) shows an input current distortion near the peak due to the FB pin non-sinusoidal a.c. wave,
which has its peak clamped at FB pin pull-up voltage Vger (2.428 V typ.). To avoid the voltage clamp for a more
sinusoidal a.c. wave signal on the FB pin, the SSR feedback compensation network, consisting of Rcomp and Ceomp
(see Figure 16), can be fine-tuned to reduce the FB pin voltage ripple. In this design example, such distortion
can be seen when using the initial Reomp = 68 k€ and initial Ccomp =470 nF (calculated from Section 14) for
powering up of the board. Therefore, the fine-tuned Rcomp = 47 k{2, fine-tuned Ccomp =470 nF are then chosen,
to overcome such distortion, as shown in Figure 28 (right).

If the ENerroc parameter is enabled to further enhance the THD correction, it is important to ensure the output
and FB pin voltage ripple increase would not cause the peak clamped to Vger similarly as Figure 28 (left).

FB pin voltage

Vjpe: 120 Vrms, Output: 100% load
initial R, =68 kQ, initial C.;n, =470 nF
") (250ks7s 1.68V 500mv_ & oms 250kS/s
10k points CRINE 10k points

FastAcq Delay  Horizontal
off on [offf Position Display off

|| waveform XY Display s e FastAcq Delay Horizontal |~ Waveform XY Display
21:2018 Re A off isplay off

on [off] Position Di

Figure 28 Input current distortion near the peak due to the FB pin non-sinusoidal a.c. waveform, and
fine-tuning

When fq, max parameter is configured too low, there can be input current glitches (distortion) caused by the non-
valley switching, as shown in Figure 29 (left). Therefore, a higher fo.ma value (e.g., 186.4 kHz) is recommended
and selected in this design example, to minimize the fine-tuning effort, while ensuring a good power quality, as
shown in Figure 29 (right).
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FB pin voltage

V¢ 120 Vrms, Output: 60% load
fowmax = 100 kHz, Vg o\, = Veg a1y 1 = 1.5V

FB pin voltage

Vac: 120 Vrms, Output: 60% load
fow,max = 186.4 kHz, Vig o\, = Veg yajiey1= 1.5 V

@ sSoomv_ & 3.00ms 250KkS/s
@ v 19160 —l@s1.18 10k points

Mode
Hi Res Langih

@\ 6V @ 500mv_ & ) 3.00ms
@ Viax 1.836 V. _ $0.53
Record Delay
Mode FastAcq s
Length T
Hi Res ok off on [off]

250kS/s @\ aav
10k points

6V
Record FastAcq Dely | Horizontal | waveform
of __ on_[of]

Position Display

Horizontal Waveform
Position Display

XY Display XY Display ST
off ot " 20

25 May 2020 20
21:36:32 21:37:23

Figure 29 Input current glitches (distortion), when f;, max is too low

When Nuaiiey,min,atv,inhigh Parameter is configured too low for an universal input design, there can be input current
glitches (distortion) at higher input voltage, which are caused by the non-valley switching and changing quasi-
resonant duty cycle over the half-sine wave period, as shown in Figure 30 (left). Therefore, a higher
Nuvaltey,min,atv,innigh Value (e.g., 4 or 5) is recommended for an universal input design and selected in this design
example, to minimize the fine-tuning effort, while ensuring a good power quality, as shown in Figure 30 (right).

Vjc: 277 Vrms, Output: 100% load
=186.4 kHz,

Vye: 277 Vrms, Output: 100% load

Jalley,min,atV,inhigh = 51 fsu max=186.4 kHz,
Vg su = Vesaliey1= 1.5V

valley,min,atV,in,high = 1, fsw,max

@\ v

a 250K5/5 ©@ . laav S00mv & 3.00ms
u 10k points Max e e —— 7

250Kk5/s
10k points

Figure 30 Input current glitches (distortion) at higher input voltage, when Nyauey,min,at,v,in,nign iS t00 low

for an universal input design
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21 Debugging guide

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

With XDPL8219, there are 3 debugging options, to identify the triggered protection for the powering up or
shutting down problem:

i)  UART reporting error code readout (Refer the procedures in Section 21.1)
ii) Debug mode error code readout by test configuration (Refer the procedures in Section 21.2)
iii) Debug mode error code readout by burn configuration (Refer the procedures in Section21.3)

Figure 31 presents the flowchart to systematically choose the suitable debugging option for the problem,
depending on the following checkpoints:

- Does Vcc drop to Vuvorr (6 V typ.) when the powering up or shutting down problem takes place? (Yes/No)
- Isthe UART reporting feature enabled for the target application? (Yes/No)

- Isthere any ABM operation, ABM entering or exiting, needed to trigger the powering up or shutting
down problem? (Yes/No/Not sure)

Debug mode
Error code readm‘lt by Ve
Burn configuration
(Refer )

V¢c dropped EN UART reporting
S to Vuyvorr U“RT'mmgNG o (w4 error code readout
o = Enabled?
(6 V typ.)? (Refer

Any ABM
operation, ABM
entering or exiting
before protection
triggered?

Debug mode

Error code .readm'lt ] 4«No / Not sure—
Test configuration

(Refer

The powering up
or shutting down
problem was due
to Vcc under-
voltage lockout
triggering.
Please check the
Ve self supply.

Error code Error code Error code
Readout Readout . Readout
success? success? success?

Figure 31 Flowchart to choose the debugging option (for powering up or shutting down problem)

Depending the error code readout success of the first debugging option recommended by the flowchart, a
second debugging option might be recommended by the flowchart, to read out the error code or to identify the
triggered protection.
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21.1 UART reporting error code readout

Table 18 Procedures for UART reporting error code readout

Step | Instruction

I Open the configuration file (see the example in Figure 25) used in the system which has the
powering up or shutting down problem.

Il If both UARTReporting aNd ENsenp,Last,error,coe parameters have already been “Enabled”, proceed
to next step. Otherwise, save the configuration file with both parameters being “Enabled”
and burn the configuration (follow the burn configuration procedures in Table 14).

[ UART reporting
[En_uarT_REPORTING |Enabled |
|EN_SEND_LAST_ERROR_CODE |Enabled |

1l Ensure the primary supply voltage (e.g., AC input) to the board is switched off and the
programming cable is disconnected from the board.

v Apply 2 voltage probes, to measure the GD pin and UART pin signals. Set the oscilloscope on
roll mode with 500 ms time base and the sampling rate of at least 200k samples per second.

Y Supply the board with the initial primary supply voltage (e.g., AC input) and output load,
which can trigger the powering up problem, or the shutting down problem afterwards. Proceed to
Step VII, if a protection has been triggered.

VI To debug the desired shutting down problem, after the powering up, apply the necessary
input/output condition change to trigger the protection for the shutting down.

Vil Capture the oscilloscope waveform upon triggering the protection in step V or VI, and zoom into
the UART signal at auto restart, which is approximately the fast auto restart time of 0.4 sec, or the
configured auto restart time tauto restart, after the IC’s GD pin stops switching.

Note: If the triggered protection reaction is not auto restart, with the auto restart time of
approximately 0.4 sec or tauo,restar, the error code data readout will not be successful, so please refer
Figure 31 for the next debugging step.

VIl | Decode the UART data packet based on the configured UARTroariTy parameter setting (Low or
High) and the baud rate of 9.6 kbps (without parity). Ensure that an error code data packet with
the first byte value of 60,4 has been found, before proceed to next step.

IX Read out the lower byte and higher byte of error code (second byte and third byte of the error
code data packet) and identify the triggered protection based on Error! Reference source not f
ound..

Below is an example of a captured error code data packet based on UARTroiarity parameter = “Low”.
The error code readout is FFEF,. Based on Error! Reference source not found., the start-up output U
VP has been triggered.

. RS—232 Inputs|
Lower Higher

byte of byte of T Input
errorcode  error code

RX na!:'ul

Polarity
Normal
(High = 0)

polarity
Inverted
(High = 1)

Configure ET
Thresholds 9600-8—N Bus Display  Eve able ;3 ’1\‘5“13“20

Label
RS-232

X To abort the error code readout, switch off the primary supply voltage (e.g., AC input), and if
necessary, revert the step Il parameter change by burn configuration.
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21.2 Debug mode error code readout by test configuration

Table 19 Procedures for debug mode error code readout by test configuration

Step | Instruction

I Open the configuration file (see the example in Figure 25) used in the system which has the
powering up or shutting down problem, then set Debuguo.d. parameter to “Enabled” and ensure
ENuarr,reportin Parameter is “Disabled”. —

E UART reporting -
[EN_UART_REPORTING [Enabled [ ‘ |Debug_Mode |Enabled |

Il Ensure the primary supply voltage (e.g., AC input) to the board is switched off and the
hardware connection for configuration is OK based on Figure 24, plus a low-ESR ceramic
capacitor of 1 nF soldered across the UART pin and ground for noise decoupling.

i click @ to supply power and establish connection to the target XDPL8219. After this step, the
XDPL8219 will be in configuration mode and the device status & should changeto ©.

v Supply the board with the initial primary supply voltage (e.g., AC input) and output load,
which can trigger the powering up problem, or the shutting down problem afterwards. After this
step, the board does not start-up yet because XDPL8219 is still in configuration mode.

Click " * to test the configuration with the target XDPL8219.

After this step, the IC will automatically start-up in debug mode. If a protection is triggered when
powering up, the IC’s GD pin stops switching and the output will stay low.

Note: If the desired powering up problem cannot be reproduced, please repeat the steps above to
debug again or refer Figure 31 for the next debugging step.

Vi There should be a pop-up window like the one shown below. Click “OK” in the pop-up window.
Proceed to Step VIII, if a protection has been triggered after step V.

Test Configuration Set X

\ﬁ New configuration is successfully downloaded to RAM.

Note: If there is an error pop-up instead, please repeat the steps above to debug again or refer Figure
31 for the next debugging step.

Vil To debug the desired shutting down problem, after the powering up, apply the necessary
input/output condition change to trigger the protection for the shutting down. If a protection
is triggered, the IC’s GD pin stops switching and the output will stay low.

Note: If the desired shutting down problem cannot be reproduced, please repeat the steps above to
debug again or refer Figure 31 for the next debugging step.

VIIl | Switch off the primary supply voltages (e.g., AC input) and click the “Refresh” button in the
.dp Vision application section. Proceed to next step if there is a status code readout.

Appliczstion

" HW: - P -

Status: - Temp: -

Note: If there is device status change to 9 or any error pop-up before this step, the “Refresh” button
will not be available for error code readout. Please repeat the steps above to debug again or refer
Figure 31 for the next debugging step.

IX 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.

X To repeat the error code readout, start from step Il again. To abort this, ensure the primary
supply voltage (e.g., AC input) is off, then disconnect the programming cable from the board.
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21.3 Debug mode error code readout by burn configuration

Table 20 Procedures for debug mode error code readout by burn configuration

Step | Instruction

I Open the configuration file (see the example in Figure 25) used in the system which has the
powering up or shutting down problem.

I Save the configuration file with Debugw.cc parameter = “Enabled”, and burn the configuration
(follow the burn configuration procedures in Table 14).

B Protections
| o= =

1l Ensure the primary supply voltage (e.g., AC input) to the board is switched off, then
disconnect the programming cable from the .dp Interface Gen2’s 8 pins connector.

v Ensure DC source output is off, then connect DC source (Setting: 8 V) to XDPL8219 V. via a diode.

Source - XDPL8219
(Setting: 8 V)

v Switch on the DC source output

Source m XDPL8219
(Setting: 8 V)

VI Supply the board with the initial primary supply voltage (e.g., AC input) and output load,
which can trigger the powering up problem, or the shutting down problem afterwards.

After that, if a protection is triggered when powering up, the IC’s GD pin stops switching and
the output will stay low. Proceed to Step VI, if a protection has been triggered.

Note: If the desired powering up problem cannot be reproduced, please repeat the steps above to
debug again or refer Figure 31 for the next debugging step.

Vil To debug the desired shutting down problem, after the powering up, apply the necessary
input/output condition change to trigger the protection for the shutting down. If a protection
is triggered, where the IC’s GD pin stops switching and the output will stay low.

Note: If the desired shutting down problem cannot be reproduced, please repeat the steps above to
debug again or refer Figure 31 for the next debugging step.

VIIl | Turn-off the primary supply voltage (e.g., AC input).

IX Ensure again the primary supply voltage is off, then reconnect the programming cable to the
.dp Interface Gen2. Ensure the hardware connection for configuration is OK based on Figure 24.

X click ¥ to supply power and establish connection to the target XDPL8219. After this step, the
XDPL8219 will be in configuration mode and the device status @ should change to ©

Xl Click the “Refresh” button in the .dp Vision application section. Proceed to next step if there is a
status code readout.

Application
== -

Xl 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.

XIll | To repeat the error code readout, turn-off the DC source before starting from step Ill again.
To abort this, burn the configuration with Debugw.«. parameter = “Disabled”, and disconnect
the programming cable from the board.
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