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XDPL8210 design guide

For high power factor Flyback converter with dimmable constant
current output

About this document

Scope and purpose

This document is a design guide using XDPL8210 as the control IC of the High Power Factor (HPF) Flyback
converter, which has a dimmable Constant Current (CC) output based on Primary-Side Regulation (PSR), for
LED lighting applications. It also includes a design guide on pairing XDPL8210 with a dimming interface IC
named CDM10VD, to achieve 0-10 V dimming with dim-to-off option, while isolating the connected dimmer not
only from the primary-side circuitry, but also from the LED load-connected circuitry.

Intended audience

Power supply design engineers, field application engineers.
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1 Introduction

XDPL8210 regulates the CC output of a HPF Flyback converter, based on PSR. The secondary-side circuitry and
optocoupler used for output regulation can therefore be omitted.

Figure 1 shows the simplified circuitry for non-dimming application.
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Figure 1 Simplified circuitry for non-dimming application

Figure 2 shows the simplified circuitry for 0-10 V dimming application, which uses a device called CDM10VD
plus an optocoupler for transmitting the dimming signal to the XDPL8210 PWM pin, while isolating the
connected dimmer not only from the primary-side circuitry, but also from the LED load-connected circuitry.
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Figure 2 Simplified circuitry for 0-10 V dimming application
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Note: CDM10VD is a device which transmits analog voltage-based signals from a 0-10 V dimmer or
potentiometer to the dimming or PWM input of a lighting controller IC in the form of a 5 mA current-
based PWM signal to drive an external isolated optocoupler. It replaces many components in a
traditional solution and reduces the Bill of Materials (BOM) and PCB space significantly. For more
details about CDM10VD, please visit the Infineon website: http://www.infineon.com/cdm10vd.

Figure 3 shows the simplified circuitry for the wireless or DALI dimming application, which typically has a
microcontroller for transmitting the PWM dimming signal to the XDPL8210 PWM pin.
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Figure 3 Simplified circuitry for wireless or DALI dimming application

XDPL8210 comes in a PG-DSO-8 package with eight pins, as shown in the datasheet [1]. The main functions of
each pin are shown in Table 1.

Table 1 XDPL8210 pins assignment

Pin | Symbol | Type Pin name and main functions

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

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

2 PWM Input Pulse Width Modulation pin:
¢ Dimmingsignal input pin

3 CS Input Current Sense pin:
¢ Flyback MOSFET current sensing via external shunt resistor

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

Design Guide 4 of 51 V12
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Pin | Symbol | Type Pin name and main functions

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

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

6 UART Input Universal Asynchronous Receiver Transmitter pin:
/Output | Digital communication interface for IC parameter configuration

7 Vee Input Voltage at Common Collector pin:
e |IC operating voltage supply and sensing

8 GND - Ground pin:
¢ |Cgrounding

XDPL8210’s IC parameters are configurable digitally via its UART interface, using Infineon’s user-friendly
Graphical User Interface (GUI) on a PC. This enables a lower BOM and rapid engineering changes without the
need for complex component design iterations.

Note: By default, the configurable parameters of a new XDPL8210 chip from Infineon are empty, so it is
necessary to configure them before any application testing.

Figure 4 shows the XDPL8210 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

XDPL8210
system design

(If any problem, refer
to section 20 for
debugging guide)

(Refer to section 18 for
IC parameterization
setup and procedures)

(Refer to section
19 for fine-tuning
guide)

(Refer to section
3to 17)

Figure 4 Recommended design flow I (referring to design guide document sections)

Apart from referring to the design guide document (see Section 3 to Section 17), the XDPL8210 system design
step can also be done by using the Microsoft Excel-based design tool, as shown in Figure 5.

Create system Performance check

ARl 1Y based on system design AR and optimization

system design (If any problem, refer

to section 20 for
debugging guide)

(Refer to section 18 for
IC parameterization
setup and procedures)

(Refer to section
19 for fine-tuning
guide)

(Using design
tool)

Figure 5 Recommended design flow Il (using Excel tool and referring to design guide document
sections)
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2 Design specifications

A HPF Flyback converter with the following design specifications (see Table 2) and operating window has been
selected as a design example.

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 Vs
Normal operational AC input frequency Fiine 47~ 63 Hz
Steady-state maximum output current set-point lout full 830 mA
Steady-state minimum output current set-point lout,min 41.5 mA
Dimmer voltage (analog) Voimmer 0~10 %
Dimming curve Com Linear -
Dim-to-off ENpim.T0,0rF Yes -
Steady-state maximum output LED load voltage Viep,max 54
Steady-state maximum output LED power Pout futl 35 W
Steady-state minimum LED load voltage at Vowmer = 10 V (non-
dimmed) Vi minon-dimmed 18 v
Steady-state minimum LED load voltage at lout,min VLED,min,at L out,min 14 \%
Steady-state minimum LED load voltage at Vowmer = 0 V (fully
dimmed) Vieo,min ty-dimmed 13 v
Minimum efficiency at Poutfut Nimin,at,Pout,full 90 %
Target minimum switching frequency at Poutsut fw,min,at,pout full 52.5 kHz
Note: The recommended fo,min,at pout i IS between 50 kHz and 65 kHz. In general, a higher fu,minatpout futl
value would result in a smaller Flyback transformer with lower efficiency, while a lower
fow,min,at pout i Value would result in a larger Flyback transformer with higher efficiency.
Design Guide 6 of 51 V12
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3 Output set-points and dimming related parameters design

Based on the design specifications in Table 2, the desired operating window shown in Figure 6 can be achieved
by configuring:

e Steady-state maximum output current set-point, lout,fut = 830 mA

e Steady-state maximum output power limit set-point, Pout,set =35 W

e Steady-state minimum output current set-point, loutmin = 41.5 mA

lout SEt-pOint
A Pout,set = 35 W
I \ I
Iout,full B e \ |
=830 mA | \ |
I I
Pout,set/ Vieo,max T~ — |_ —————————————— + - = ~ I
= 648 mA | : '
I | |
I | |
I | I
I | |
I I
Iout,min R N I ,
=41.5 mA f f } } } P LED voltage
OUtpUt VLED,min,dimmed Pout,set VLED,max OUtpUt
uvp =13V Iout,full =54V OovP
=42V
Figure 6 Operating window
Note: If the maximum output power limit is not desired in the operating window, Poutse: can be

configured above the multiplication of Viep,max aNd lout futt

Based on the design specifications in Table 2, the dimming-type parameter setting of DIM¢ype = Dim (to off) is
selected, which activates the PWM duty-cycle level for entering dim-to-off Do, and PWM duty-cycle level for
exiting dim-to-off Dpiw,on, as shown in Figure 7.

lout SEt-point
lout,full Non power limiting
: : (Pout < Pout.sel)
I
I
i
I
I
I
I
I
I
I
I
Iout,min T I | I PWM
DDuvI,ofr Dpim,min I 100% duty cycle
Dbim,on Dbim max
(90% typ.)
Figure 7 Output set-point based on measured PWM duty-cycle levels
Design Guide 7of51 V12

2021-07-01



.
XDPL8210 design guide |nf|ne0n
For high power factor Flyback converter with dimmable constant current output

Output set-points and dimming related parameters design

Note: If dimming operation is desired but without dim-to-off, the DIMy,,. parameter can be configured as
“Dim (without off)” to deactivate Dom,orr and Dpim,on.

Note: If non-dimming operation is desired, the DIMy,,. parameter can be configured as “Non-dim”.

When using an optocoupler plus a device called CDM10VD to convert the 0-10 V dimmer voltage into PWM for
transmission to the XDPL8210 PWM pin (see Figure 2), the PWM pin internal pull-up resistor should be enabled
by configuring the PWMg puiup parameter between 2.25 kQ and 30 kQ. With lower pull-up resistance, the PWM
duty cycle accuracy generated by the optocoupler is better with shorter voltage rise time, hence PWMg puu,up =
2.25 kQ is selected.

Based on the circuit operation In Figure 2, in which the output current and 0-10 V dimmer voltage are
proportionate to the PWM pin voltage duty cycle based on an inverted PWM-type signal, the PWM-type
parameter setting of PWMy,. = Inverted shown in Figure 8 is therefore selected in this design example.

The PWM period Tewu should be fixed in the range from 0.5 ms to 2 ms. Tewm generated by CDM10VD is typically 1
ms with 5% tolerance. Therefore, in this design example, the maximum PWM frequency parameter setting of
fowm,max = 1050 Hz and minimum PWM frequency setting of fewm,min = 950 Hz are selected.

VPWK PW My, parameter setting
Normal Inverted
1 PWM
Vin g 100% 0%
uty cycle
P time
Vewm ¢ Trwm N PWMyype parameter setting
town L Normal Inverted
S
Vi PWM tpwim,H tpwm L
Vi duty cycle Terwm Trwm
Ll
— time
v tPwm,H
PWM PW My, parameter setting
Normal Inverted
PWM
0 0
ViL duty cycle 0% 100%
P time
Figure 8 PWM duty-cycle measurement based on PWM-type parameter setting (normal/inverted)
Note: If the PWM pin is supplied with an active voltage signal, for example with the circuitry in Figure 3,

PWMy,.. parameter can be configured as “Normal”, while the PWMg puiup parameter can be
configured as “Disabled”.

Either a linear or quadratic dimming curve can be configured based on the Cpm parameter, as shown in Figure
9. Based on the design specifications in Table 2, the parameter setting of Coim = Linear is selected.
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lout SEt-point lout SEt-point
louful - —————=—————————— Non power limiting  loutur ———————-—-—-—————— 1 Non power limiting
: : (POU[ < POUI SQI) : : (POU[ < POU[ Sel)
[ [
[ [
i ! |
wy oy 9 I I I I
Cons="Linear : | Coiv="Quadratic” : I
I I
[ [
[ [
[ [
[ [
[ [
Iout,min T [ | | PWM Iout,min T I | | PWM
DDn\loff Dpimmin { 100% duty cycle DDII\},off Dpim,min { 100% duty cycle
Doim.on Doimmax Doimon Dpim,max
(90% typ.) (90% typ.)
Figure 9 Output set-point based on selected dimming curve and measured PWM duty-cycle levels

Figure 10 shows the relationship between the PWM duty cycle and 0-10 V dimmer voltage, based on the
CDM10VD datasheet. For example, the PWM duty-cycle level for maximum output current Dpmmax = 90 percent is
reached when the dimmer voltage Vomwer is 8.52 V.

100 T T

D (o]
o o
L T

PWM
=

duty cycle [%]

Dpwar = 0.1131 - Vpyymer — 0.0631, 1< Vpryypr < 9.4

N
[ — ]

Voimmer [V]

Figure 10 PWM duty cycle generated by CDM10VD based on 0-10 V dimmer voltage

By referring to Figure 10, Dow,min, Domon @and Domor parameter values can be defined respectively according to
the desired dimmer voltage for minimum output current Vom,min, the desired dimmer voltage for exiting dim-to-
off Voim,on and the desired dimmer voltage for entering dim-to-off V.

Taking Vommin = 1.88 V, Vom,on = 1.53 V and Vom,ert = 1.44 V, parameter values of Dpm,min = 15 percent, Dpm,on = 11
percent, and Dom,oss = 10 percent are selected in this design example.

To achieve good light quality, PWM duty-cycle jittering is suppressed by configuring the PWM duty hysteresis
parameter PWMpuyty,nyst = 0.1 percent.
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4 Transformer design

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

To reduce transformer leakage inductance for low MOSFET voltage spike Vspike rer, transformer design with
sandwich construction as shown in Figure 11 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 @s a rule of thumb. In this design example, Vacmax is 305 V ., SO we simply assume
Vspike,re7 @S @an absolute number of 100 V, which is approximately 33 percent of Vacmax.

-« BW —» «— B ——»
le—— BWe —p
B = Primary second .
Creepage C | ! half Primary second
distance SRR = half
i Secondary Triple Insulated
00000000 ’ Secondary
Triple insulation —IESI====="000T t= Al Wire
9 Auxiliary
Primary first Primary first
/ half half
<> <>l
margin margin
Figure 11 Transformer design with sandwich construction

For good reliability against input voltage surge and output open-load condition, it is recommended to reserve a
voltage margin Vmarginrer Of minimum 50 V from Vigrpss. If XDPL8210 input Over-Voltage Protection (OVP) would
be enabled later in Section 12, as a rule of thumb, Vimarginrer Should be at least 25 percent of Vacmax, Which is
equivalent to 76.25 V based on Vacmax 0f 305 V,.. In this design example, Vimarginrer 0f 80 Vis selected.

Based on the above, N can be defined as:

N < V(BR)DSS - VAC,max(pk) - Vspike,FET - Vmargin,FET (1)
- VLED,max +Va

Where Vacmaxpk 1S V2 times Vacmax, and Vq is the secondary main output diode forward voltage.
TakingV4=0.7 V, N can then be calculated as:

800 — 2 - 305 — 100 — 80
N < V2 = 3.46
54+ 0.7

Based on the above, N = 3.4 is selected.
The maximum primary peak current loripk,max IS reached at the LED load voltage of Viep at, pri(pk),max-

lpri(pk),max AN Viep at 1 priok,max €AN be defined and calculated as:

Pout,full 35
v - = —outfull — 3> _ 417y (2)
LED,at,I,pri(pk),max Tout,full 0.83
4 Pout,full 1 1
i n - Powwpun + | 3)
prl(pk),max Nmin,at,P,out,full N - (VLED,at,I,pri(pk),max + Vd) VAC,min(pk)

Where Vac,min(pk) is \/2 times Vac min.
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I _ 435 [ 1 1 ]
pri(pk)max = ‘gg9, 34-(4217+0.7) | +Z-90

Ipripiymax = 2.289 A

As a result, the primary main winding inductance L, can be defined and calculated as:

L. = VAC,min(pk) "N- (VLED,at,I,pri(pk),max + Vd) (4)

p Ipri(pk),max . fsw,min,at,P,out,full . [VAC,min(pk)+ N- (VLED,at,I,pri(pk),max + Vd)]

L. = \V2-90-3.4-(42.17 +0.7)
P ™ 2289-52.5-103-[y2-90 + 3.4- (42.17 + 0.7)]

L, = 566 uH

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

Ly 1,
Np > p " lpri(pk)max (5)
Ae- Bsat(T:100°C) ) Df,Bsat

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

Taking Dsgsat = 88 percent, N, can then be calculated as:

566-107°-2.289
N.

= 579
P = 62-10-6-0.41-88%

Based on the above, N, =58 is selected.

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

N, =Y 58
N 3.4
N, =17

To ensure fast XDPL8210 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 peax Of 10 V with high enough primary auxiliary
winding Vcc supply during steady-state, the minimum primary auxiliary winding demagnetization voltage Va,min
is therefore defined as 12 V. As a result, the recommended minimum primary auxiliary winding turns Namin can
be defined and calculated as:

Vamin * Ns 1217

N,y in = = = 14.89 6
@R (V) epmin, fully—dimmed + Va) (13 +0.7) (6)

Based on the above, N, =15 is selected.

A secondary auxiliary winding is added to supply CDM10VD operating voltage. The recommended minimum
secondary auxiliary winding turns Nasecmin can be defined based on Namin, as shown below:

Na,sec,min = Na,min = 14.89 (7)

Based on the above, Nasec = 15 is selected.
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5 Flyback MOSFET and secondary main output diode selection

The CoolMOS™ P7 MOSFET series is the latest CoolMOS™ product family and targets customers looking for high
performance and at the same time being price sensitive. Through optimizing key parameters (Coss, Eoss, Qg, Ciss
and Vesen) and integrating a Zener diode for ESD protection and other measures, this product family fully
addresses market concerns in performance, ease-of-use, and price/performance ratio, delivering best-in-class
performance with exceptional ease-of-use, while still not compromising on price/performance ratio. The 700 V
and 800 V CoolMOS™ P7 series have been designed for Flyback and could also be used in Power Factor
Correction (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 4.

Before selecting which MOSFET drain-source on-resistance at room temperature Ryson)2s+c is to be used, the
maximum primary rms current lyrigms max has to be estimated based on:

k
Ipri(rms),max ~ Ipri(pk),max ' \/; (8)

Where k is a number obtained from the function curve in Figure 12, based on the variable factor of
VAC,min(pk)

N '(VLED,at,I,pri(pk),max + Vd)

VAC,mL‘n (pk)

In this design example, the variable factor of can be calculated as:

N- (VLED,at,I,pri(pk),max+ Va)

VAC,min(pk) _ V2 -90 — 0873
N (VLED,at1pri(pk)maxt Vd) 3.4 (42.17 +0.7) )

Referring to the function curve in Figure 12, k= 0.29 is obtained.

Based on equation (8), lrirms,max Can then be calculated as:

Ipri(rms),max ~ 2.289 - %
Ipri(rms),max ~ 0.712 4
05
0.45
0.4
035
0.29-0-3_J--1°8 .
k 025 :
02
0.15 i
0.1
0.05
ol L]
o 21 2 3 4 5 6 7 8 ] 10
Ve min(zr)
N - (Vigp.aespri(prmaz + Va)
Figure 12 Function curve of k

The selectable MOSFET Rgs(on),25:c Can be defined as:
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m - Pout,full
Rds(on),25°C < - 2. A (9)
Iprl(rms),max Rds(on),100°C

. . . . . . R .
Where m is the desired ratio of MOSFET conduction loss over Poutui and AResion100°c is the ratio of —45em.00¢
ds(on),25°C

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

0.025- 35
Rds(on),25°C < 07122 1.8 0.96 Q

Referring to the calculation results of equation (9) and Table 3 below, Ras(on),2s:c = 900 mQ is selected.

To utilize the PCB as a heatsink for the MOSFET, IPN8OR900P7 with SOT-223 package is selected from Table 3.

Table 3 800V CoolMOS™ P7 selection table

Ros(on) TO-220 TO-220 FullPAK TO-247 TO-252 TO-251 TO-251 S0T-223 TO-220 FullPAK ThinPAK 5x6
[mQ)] (DPAK) (IPAK) (IPAK Short Lead) narrow lead
280 IPP80R280P7 IPABOR280PT IPW80R280P7 IPD80R280P7 IPANBOR280P7
360 IPP8OR360PT IPABOR360PT IPW8OR360PT IPD80R360P7 IPAN8OR360P7
450 IPP80R450P7 IPABOR450PT IPD80R450P7 IPANBOR450P7
600 IPP8ORE0OPT IPABORG0OPT IPD80R600PT IPUSBORG600PT IPS80R600PT IPN8ORGOOPT IPLK8ORGOOPT
750 IPP8OR750P7 IPABOR750PT IPD80OR750P7 IPUSOR750P7 IPS80R750P7 IPN8OR750P7 IPLK8ORT750P7
900 IPP80R900PT IPABOR900PT IPD80R900OPT IPUSOR900PT IPS80R900P7 IPN8OR900PT IPLK8OR900P7
1200 IPP8OR1K2P7 IPABOR1K2PT IPD80R1K2PT IPUSOR1K2P7 IPS80R1K2PT IPN8OR1K2P7 IPLK8OR1K2P7
1400 IPP8OR1K4PT IPABOR1K4PT IPD80R1K4PT IPUSOR1K4PT IPS80R1K4PT IPN8OR1K4P7 IPLK8OR1K4PT
2000 IPD80R2KOPT IPUSOR2KOPT IPS80R2KOPT IPN8OR2KOPT IPLK80R2KOP7
2400 IPD80R2K4PT IPUSOR2K4PT IPSB0R2K4PT IPN8OR2K4PT
3300 IPD80R3K3PT IPUSOR3K3P7 IPN8OR3K3P7
4500 IPD80R4KS5PT IPUSOR4KSPT IPN8OR4KSPT

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 + VLED,max + N (10)

Where Vpike diode IS the diode reverse voltage spike.

Va C,max(pk) + Vmarg in,FET)
)

Assuming Vspike gioge = 35%° (VLED,max + N

v +V i -305
Vr(diode),max ~ 135% - (VLED,max + Ac'max(pk)N margm'FET) =135%: (54 + —ﬁ 3;4+80)

Vr(diode),max ~ 2759V
N 58
Isecpr)max = Tpripk)max * N—i = 2.289 - T (1)

Isec(pk),max ~ 7814

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

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

Design Guide 130f51 V12
2021-07-01



o~ _.
XDPL8210 design guide |nf|ne0n
For high power factor Flyback converter with dimmable constant current output
CS resistor and GD pin-related design

6 CS resistor and GD pin-related design

Figure 13 shows the connections of the CS resistor Rcs, gate resistor Rs and gate-source resistor Res.

Figure 13 GD pin, CS pin, Rcs, Rc 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 = 025 =2 _ 0.197 Q (12)

Ipri(pk),max 2.289

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

0.54 0.54
RCS,max = Ioritpkmax = 2289 0.236 Q) (13)

Based on the calculation results above, CS resistor Res = 0.22 Q is selected in this design example.

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

The gate-drive peak voltage Voo 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 lgppx (configurable range: 30 mA to 180 mA). This saves two components (see Drastoff,
Rsiowon in Figure 14), which are conventionally added for the same purpose.

Vep
A
i Diastoff I
| 1 ;
1 N | ‘
Rg | ) e

Veb,pk + 9 __— — ;

(12viyp) : Rslowen :
I AN
Not needed Fcs

>t
Figure 14 Gate-drive voltage rising slope control with lep < parameterization for component saving

With the high-speed switching characteristics of the CoolMOS™ 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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7 MOSFET maximum current cycle-by-cycle limit and start-up phase
design
To avoid transformer core saturation, XDPL8210 regulated mode features the CS pin voltage level 1 for MOSFET

maximum current cycle-by-cycle limit Vocps.

Note: Regulated mode is a controller operating state, which is entered after the start-up phase, to
regulate the output current based on the target set-point (see Figure 15).

Vocp1 = Ipri(pk),max "Res (14)
VOCPl = 2289 " 022
VOCPI = 0 50 V

Volt Startup phase Regulated Mode
oltage Output PWM pin
Soft start phase .
- ) . charging duty cycle
(based on ng = 3 configuration as example) . \V}
phase measuring out
hase -
Vout,dim,min P
Vout,start
oy Control loop
initialization
Voce1
CS pin yoltage level 1 for MOSFET
Pre-Startup Check max clrrent cycle by cycle limit
(e.g. input voltage, V
IC temperature) start,0CP1
Vocpa,init
Startup with 1
soft start step
—+ = H i i time
0 tss 2 tss 3tss tout,charge  Tstartmax

Figure 15 Start-up phase with soft-start step n,;=3

Pre-start-up check ensures the estimated input voltage Vi, and IC junction temperature T; are within the
configured protection limits before start-up, as shown in Figure 15. The parameter configurations of the input
voltage levels and maximum T; for start-up are covered in Section 12 and Section 16.2 respectively.

The Voepy it Parameter in Figure 15 denotes the initial CS pin voltage level 1 for MOSFET current limit on the
input voltage measurement pulse, during pre-start-up check. It can be defined and calculated as:

a-Rcs- VAC,max(pk) *tonminV,in start,sense
VOCPl,init = Max { L B 0.3 (15)
14

Where Vacmaxpk) 1S V2 times Vacmax, tonminyvinstartsense is the minimum on-time for the pre-start-up input voltage
measurement pulse and a is the ratio recommended to be between 1.2 and 1.3.

Take ton,min,v,in,start,sense = 138 IJS, and a= 13,

1.3-0.22-v/2-305-1.38-10"°
Vocp,imit = Max{ 66106 , 0.3}

Vocpiimit = 0.3V

Note: Atypical leading-edge blanking time tcs.es 0f 480 ns applies on Vocei, Vocpy,jnie ANd Vistart,ocpi.
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The start-up phase consists of the soft-start phase, output charging phase and PWM duty-cycle measuring
phase.

The soft-start phase is to minimize the component stress during start-up. The output charging phase is to fast-
charge the output voltage for fast Vcc voltage self-supply takeover from the primary auxiliary winding, while the
PWM duty-cycle measuring phase is to determine the regulated mode output current set-point.

During the soft-start phase, the switching frequency is fixed at 26.9 kHz. The MOSFET current is limited in the
first soft-start step based on CS pin maximum voltage limit of Vs oce1/(Nss + 1), where Vs ocer is the parameter
for the output charging phase CS pin maximum voltage limit and ny is the parameter for the number of soft-
start steps. The soft-start phase CS pin maximum voltage limit is increased by Vsaroce1/(Nss + 1) after each soft-
start step until Vsarocrr is reached, and the typical duration of each soft-start step tss is 3.2/nss ms or 0.5 ms,
whichever is lower.

It is recommended to configure the ns parameter with a higher value, so that during dim-to-off operation, the
secondary main output voltage charging is minimized to keep the LEDs in the off-state, by transferring most of
the soft-start phase transformer demagnetization energy to the secondary auxiliary winding output for
supplying the CDM10VD operating voltage. Therefore, in this design example, nss = 20 parameter setting is
selected, which results in tss of 3.2/20=0.16 ms.

To ensure fast Ve self-supply takeover from the primary auxiliary winding, the Vstartoce: parameter is
recommended to be configured as per Vocp1. Hence, Vstart,oce1 = 0.50 V parameter setting is selected in this
design example.

During the output charging phase, the output voltage is fast-charged with MOSFET switching pulses based on
either the output charging phase CS pin maximum voltage limit of Vsar,oce: O the maximum on-time of tonmax in
QRM1.

In this design example, the fully dimmed condition refers to the dim-to-off condition, so Vieo min fuly-dimmed = 13 V
from Table 2 can also denote the minimum LED turn-on threshold. To ensure no flicker during start-up and no
light during dim-to-off, Voutstart Should be below Viep min fuly-dimmed by sufficient margin. Therefore, Voutstart Can be
defined and calculated as:

Vout,start = b * VLD min fully-dimmed (16)
Where b is the ratio, which is recommended to be between 0.8 and 0.85.

Taking b =0.81,

Vout,stare = 0.81-13

Voutstart = 10.5V

For proper start-up without triggering the start-up output Under-Voltage Protection (UVP) as shown in Figure
15, the ZCD pin estimated output voltage V.. has to reach the output charging voltage set-point parameter
Voustart Defore the maximum allowable start-up phase duration of tsarmax is reached (see Section 10 for details).
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8 HV pin-related design

As shown in Figure 16, HV series resistor Ruy is connected from the HV pin to the cathodes of HV diode Duy; and
Dwv2, While bridge rectifier AC input should be applied across the D, anode and D, anode.

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

I
I
L___—

Figure 16 HV pin, Ruy, Civ, Duv: and Dyy, connections

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

d- VAC,max(pk)

Ryv min = 1Y max (17)

Where Vacmaxpk) 1S V2 times Vacmax, lhvmax is the HV pin maximum peak input current of 9.6 mA, and d is the ratio
recommended to be between 1.05 and 1.1.

Takingd =1.075,

1.075 /2305
RHV,min = W = 483 kQ

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

_ Vacmin(rect,avg)~ Vvcconmax . [1 _ 2, Sin_l (VVCCON,max )] (18)
T

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

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

R _0.9:90-22 _[1 2 -sin‘l( 22 )]
HV,max — q.99-3 T V290

RHV,max = 525 kQ

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

The HV series resistor dielectric withstand voltage should be above the total of Vacmaxpk @and Vimarginger (S€€
Section 4 for their respective values), which is equivalent to 511.3 V. As an example, the selected Ray =52 kQ in
this design example can be formed using three resistors in series, with the power rating of 0.25 W and dielectric
withstand rating of 200 V for each resistor.

For better line synchronization stability against noise interference, Chv shown in Figure 16 is needed. In
addition, Cny also improves the surge and ESD capability of the HV pin.

Cwv =1 nF isrecommended and selected in this design example.
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9 DC-link filter and secondary main output capacitance

Cocssiter denotes the DC-link filter capacitor placed after the bridge rectifier. A higher Cocfier value gives lower EMI
but worse power quality, and vice versa.

Table 4 Recommended initial Cpc,ier value
Vac,min (V) Steady-state full-load output power Py suu (W) Recommended initial Cpc;fiter (1£F)
90 ~ 107 Less than 26 0.1
26 ~35 0.15
35~44 0.22
Greater than 45 Greater than 0.22
Greater than or Less than 31 0.1
equal to 108 31~40 0.15
40 ~55 0.22
Greater than 55 Greater than 0.22

Referring to Table 4, initial Cocfiwer value of 0.15 uF or 0.22 uF can be selected. In this design example, initial
Coc siter = 0.22 uF is selected. To improve the estimated input voltage Vi» accuracy during pre-start-up check, it is
also recommended to deploy a high-ohmic DC-link resistor in parallel with Cocfiter, as shown in Figure 17.

O O
T Line Filter T
AC and -
Input Bridge Cocfiter [ RDC’ﬁ'ter[] Voc fitter
l Rectifier i
O - O

Figure 17 Coc,sitter aNd Roc siter across the DC-link bus voltage

To compensate for the input current displacement caused by the Cocjiter, the XDPL8210 enhanced PFC feature
can be enabled by configuration of the compensation gain parameter named Cew. As a start, it can be
configured as per the Cociwer value. Hence, the initial Cemi = 0.22 uF parameter setting is selected in this design
example. Upon successful powering-up of the sytem, refer to Section 19.4 for the fine-tuning guide.

The secondary main output capacitor Co value can be defined and calculated as:

I 2
( out,full) -1
Aloyt

Cout = (19)

4 -1 Fline " Ramin

Where Alo is the maximum output ripple current and Rqmin is the minimum LED dynamic resistance at loutfuu. In
this design example, Viepminnon-dimmed i 18 V, which is normally formed by six LEDs in series. Assuming each LED
has a dynamic resistance at lout s 0f 1 Q, then Ry min is 6 Q.

Taking Fiine = 50 Hz and Alou: = 0.249 A (equivalent to 30 percent of lou ), Cout can then be calculated as:

2
( 0.83 ) -1
0.249

4-m-50 -6

Cout = =843 pF
Considering the electrolytic capacitance tolerance, Cout = 940 uF is selected in this design example. For lower
EMI, low-ESR ceramic capacitors Coutiowesr: = 1 UF and Cout,lowesr2 = 0.1 UF are also added in parallel with Coyt.
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10 Vcc capacitance and output UVP design

To fulfill the Energy Star time-to-light requirement of 500 ms, the Vcc voltage maximum charging time for IC
activation, tuccon,charge;max IS recommended to be 250 ms. Therefore, the maximum Vcc capacitance Cucemax Can be
defined and calculated as:

CVCC,max -

VAC,120(rect,avg) - VVCCON,max 2 . -1 VVCCON,max
Roro -V ’ tVCCON,charge,max ‘|11 —="sin v (20)
HV ' VVCCON,max T AC,120(pk)

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

_ 09-120-22 aa=3.[4 2. -1 22 _
Crecmar = gt - 2501072 [1 =2 sin™t ()| = 17.23 uF

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

0.8-Cycc - (Vvecon —Vuvorr) _ 0.8 Cycc- (205-6) _ 967 - C (21)
I1c,avg est 12-1073 vee

tstart,max =

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

For proper start-up, as shown in Figure 18 (left), Cvcc has to be high enough to ensure its corresponding tstartmax
calculated from equation (21) is longer than tout,charges, Which toutcharge IS the time needed to charge the output
voltage to the output charging phase voltage set-point Vout, start.

Based on the considerations above, Vcc capacitor value and IC parameter setting of Cvcc =15 pF is selected in
this design example, which results in tsarmax = 14.5 ms. In addition, a noise decoupling ceramic capacitor of
Cuccdecoupte = 0.1 UF with low ESR is added in parallel to Cycc.

In the start-up phase, if the ZCD pin estimated output voltage Vou: is lower than Vo start OVer a time-out period of
tstar,max, the start-up output UVP is triggered. For instance, this could happen if the Flyback output is shorted
during the start-up, as shown in Figure 18 (right).

Normal startup Output short startup
Voltage Voltage
A Tstart, max A Tstart,max
tout,cha:ge
Vout,start Vout,start
tart tput It
Vuecon Vuecon Star uptoutpu :r)dervod age
(20.5V typ.) \/mci 205V yp)| Voo protection triggere
3 (Vout < Vout,start ,at tstart,max)

Vuvorr Vuvore \
(6V typ.) : » time (6Vtyp.) : > time

'« —— ¢y

tvccon,charge tvec holdup tvccon,charge tvec, holdup

Figure 18 Normalstart-up and start-up output UVP (short) waveforms

Additionally, the regulated mode output UVP can be triggered if the ZCD pin estimated output voltage Vou: is
below the regulated mode output UVP level Vouwy for longer than a blanking time of tuoutuv,plank, @S shown in
Figure 19. tuoutuvpiank is recommended to be at least 40 ms. Hence, tyoutuv,piank = 40 ms is selected in this design
example.
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VOUI

A

Output under-
voltage protection
! triggered after
VOUIUV iy ettt w‘\/ tvoutuv,blank

N
78 I

S
Regulated Mode Regulated Mode
(Vout > VoutUV) (Vout < VoutU\/ fortVoutUV,bIank)

Figure 19 Regulated mode output UVP (based on ZCD pin voltage sensing)

Voutuv Setting can be indirectly configured based on:

Voutuv = 0.5- Vout,dm,min (22)

Where Viep,min,fuly-dimmed iS @ configurable parameter which is recommended to be in the range of 90 percent to
100 percent of Viep,min fully-dimmed- TaKing Vout,dim,min = 12 V (Which is 92 percent of Viepmin fully-dimmed) in this design
example, the resulting Vouwwv based on equation (22) would be 6 V.

The reaction of both start-up output UVP and regulated mode output UVP is fixed as auto-restart, and the auto-
restart time is based on the tayto,restart Parameter. tauto,restart = 1.6 s setting is selected in this design example.
Please note that taytorestart IS @ COMmMon auto-restart time used for other system protections with auto-restart
reaction.
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11 Output OVP-related and bleeder design

In case of output open, the output voltage may rise to a high level. The output OVP would be triggered when
the ZCD pin estimated output voltage Vou: is higher than the output OVP level Vouov for longer than the blanking
time.

In QRM1 and DCM, the blanking time is typically a quarter of the half-sine-wave period, e.g. 2.5 ms for Fjne = 50
Hz with line synchronization established. In ABM, the blanking time is configurable based on the tyoutov,blanksem
parameter.

The Vouov parameter can be defined and calculated as:

VLEDmax _ 54
Vouroy 2 G55 =555 = 5684V (23)
Based on the above, Voutov = 56.9 V setting is selected in this design example.

Considering the ZCD pin estimated output voltage protection accuracy is subject 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 Voutov. As @ result, Voutcaprating Can be defined and calculated as:

Voutov _ 569 _
Vout,cap,rating = 0.85 - E = 669V (24)

Based on the above, Vout,cap,rating = 80 V setting 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.

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

To have lower output open-load voltage during auto-restart, as shown in Figure 20, the adaptive output OVP
can be enabled with the ENagaptive,ovevout parameter. ENadaptive,ove,vout = Enabled setting is selected in this design
example.

Max. lout
out set-point
4 First triggering of
output OVP
vV ) J, Subsequent triggerings of output OVP Effective output
Vomoi)/urtgj v v v « Z ‘ OVP level
N N N NN\ ~
tH Reconnect of LED load
-auto-restart
N
Remopval of LED load
|out,fuu I
|0ul,OVP‘red
NVout,restore
» time
Regulated Auto-restart protection Regulated
Mode Mode
Figure 20 Output over-voltage protection and recovery waveform (ENagaptive,ove,vout = Enabled)
Design Guide 21 0of51 V12

2021-07-01



o _.
XDPL8210 design guide |nf|ne0n
For high power factor Flyback converter with dimmable constant current output
Output OVP-related and bleeder design

Upon triggering the enabled adaptive output OVP for the first time, the protection level is reduced from Vouov to
Voutovred and the output current set-point maximum limit is reduced from lousu to lout,ove red. FOr a successful
output recovery, the estimated output voltage V..« upon auto-restart has to be lower than Vouov,ed for a number
of half-sine-wave periods based on the Nyoutrestore parameter, in order to restore the protection level and the
output current set-point maximum limit to Vouov and loye s, respectively.

lout,ovp red CAN be defined and calculated as:
Iout,OVP,red = Iout,dim,min = 41.5mA (25)
Based on the above, the lout,ovp,rea = 41.5 MA setting is selected in this design example.

Voutovred Can be defined as:

_ VLED,max,at,l,out,OVP,red
VoutOV,red - 0.95 (26)

Where Viep maxat,outoveed denotes the steady-state maximum LED load voltage at loutovp red-

By estimating Viep,maxat,,outovpred €qual to 90 percent of Viepmax, Which is 48.6 V based on this design example,
Voutovred €aN then be calculated as:

48.6

VoutOV,red = 0.95 = 512V

Based on the above, Voutov,rea = 51.2 V setting is selected in this design example.
Nvout restore CaN be defined and calculated as:

4- Fline,max *Cout’ (VLED,max,at,I,out,OVP,red_Vout,start) 4-63-940-107° (51.2 -10.5)
N > = = =232
Vout,restore I 41.5-1073
out,0VP,red .

(27)

Based on the above, Nvout,restore = 500 setting is selected in this design example.

If the adaptive output OVP is not desired, it can be disabled with the EN.gaptive,ove vout parameter, as shown in
Figure 21.

Max. lout
out set-point
A First triggering of
output OVP  sybsequent triggerings of output OVP
Vouov J v v v Z Z Effective output
M OVP level
N
— Reconnect of LED load
tauto»restart
N
Removal of LED load
|0ut,fuu
» time
Regulated Auto-restart protection Regulated
Mode Mode
Figure 21 Output OVP and recovery waveform (ENagaptive ovp,vout = Disabled)

In this design example, despite the output OVP setting of Vouov = 56.9 V, the actual output OVP level of first
triggering could exceed 60V, since the ZCD pin estimated output voltage protection accuracy is subject to the
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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. With the adaptive output OVP enabled
and adaptive output OVP setting of Vouovrea = 51.2 V, the actual output OVP level of the subsequent triggerings
can then be controlled to be less than 60 V.

To meet the safety standard UL1310 (Class 2), a single pulse exceeding 60 V on the output should be less than
200 ms. Therefore, an active bleeder is deployed in this design example (see Figure 22), so that the output
voltage can be discharged quickly to less than 60V after the first output OVP triggering.

When the Flyback converter is switching, C13, D9, D10 and C6 builds up Q4 gate voltage to ZD3 reverse voltage,

so that Q4 is on and Q5 is off, to disable the bleeding. When the Flyback converter is not switching e.g. after first
output OVP triggering, R22 discharges the Q4 gate voltage so that Q4 is off and Q5 is on, to enable the bleeding.
R23is to pull up Q5 gate voltage to ZD5 reverse voltage and also to limit the current.

To ensure low standby power, the active bleeder should be disabled during dim-to-off. In Figure 22, the active
bleeding is disabled when output voltage is less than the ZD4 reverse voltage, Vzps. To sink ZD4 leakage current,
R28 =1 MQ is added. In this design example, Vzps = 18 V is selected, so that the active bleeder is always disabled
when the output voltage is maintained below Viep min fuily-dimmed Of 13 V during dim-to-off. A weak and passive
bleeding resistor Rpieedpassive IS however necessary to ensure the output voltage is below Viep minfully-dimmed. 1N this
design example, Ropieed,passive = 200 kQ is selected.

The active bleeder discharge resistor value Rpiced,active can be defined as:

t .
Rbleed,active = = dls;harge (28)
ln(%)'cout

Where v, is the output voltage after discharge, vo is the output voltage before discharge, and taischarge is the
discharge time. Considering there is a delay from output OVP triggering until the active bleeder starts
discharging, taischarge = 120 ms is selected in this design example.

Taking vi =90 percent of Vo, Roieed,active Can then be calculated as:

0.12
o012
Rbleed,actlve = In(0.9)-940 - 106 1210 Q

Based on the above, Rpieed,active = 1000 Q is selected in this design example.

[N
T 1”2 ’l‘
|I
Ha | Cout I Rbleed, passive

<7

LED_GND

LED~+

L cni3
InF/630V
ZD4
v 2N
[] Rbleed.active
R [
200k
b &
=
R28
H I ZD5
0.25A/250V 04 PN
100RESOVE—= iy 203 22 2N7002
7K po YT 7N 12v aa0k
0.25A/250V

Active Bleeder LED GND

Figure 22 Passive bleeder and active bleeder circuit
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12 Input voltage levels for start-up and protection

The ENoyp,, parameter refers to the enable switch for maximum input voltage start-up check and input OVP,
based on Vin star,max and Vinov levels, respectively. ENgyp,, = Enabled is selected in this design example.

The ENyyp,, parameter refers to the enable switch for minimum input voltage start-up check and input UVP,
based on Vin star,min @and Vi levels, respectively. ENyyp,, = Enabled is selected in this design example.

Note: The estimated input voltage Vi, used for start-up check and protection is in rms value, which is
assumed as 0.707 of estimated peak input voltage Vin pear- AS the input voltage is estimated based
on ZCD pin and CS pin switching signals, proper ZCD resistor selection (see Section 13) and Ri
parameter fine-tuning (see Section 19.1) are needed.

Vin

A

Protection
triggeredN
VinOV

Vin,start,max R
/ Startup

Startup \ Startup
Vin,start,min N Z
Vinuv / v
Protection
triggered >t
Figure 23 Input voltage levels for start-up and protection

The Vinstart,max parameter refers to the maximum input voltage level setting for start-up, which can be defined
and calculated as:

Vinstartmax = € " Vacmax (29)
Where e is the ratio recommended to be between 1.05 and 1.10.

Taking e =1.07,

Vin,startmax = 1.07 - 305

Vinstartmax = 326 Vi

The Vinov parameter refers to the input OVP level setting, which is recommended as:

Vinov 2 Vinstartmax - 107% = 349 Vs (30)
Based on the above, Vinov = 352 Vs is selected in this design example.

Note: The reaction of Vi starmax and Vinov protections is auto-restart. A typical blanking time of 1 half-sine-
wave period applies on Vinov protection triggering.

The Vinstartmin parameter refers to the minimum input voltage level setting for start-up, which can be defined and
calculated as:

Design Guide 24 of 51 V12
2021-07-01



.
XDPL8210 design guide |nf|ne0n
For high power factor Flyback converter with dimmable constant current output

Input voltage levels for start-up and protection

Vinstartmin = 9 * Vac,min (31)
Where g is the ratio recommended to be between 0.9 and 0.95.

Takingg=0.9,

Vinstartmin = 0.9+ 90

Vinstartmin = 81 Vi

The Vinuv parameter refers to the input UV (brown-out) protection level setting, which is recommended as:
Vinuv < Vinstartmin = 93% = 75 Vi (32)
Based on the above, Vinuy = 63 Vs is selected in this design example.

Note: The reaction of Viystar,min and Vinuy protections is auto-restart. A typical blanking time of 10 half-sine-
wave periods applies on Vi,yy protection triggering.
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13 ZCD pin-related design

ZCD pin filter capacitor Czco, ZCD series resistor Rzcp,; and ZCD shunt resistor Rzcp are connected as shown in
Figure 24.

RZCD,1

—L cho,zﬁ
I Czep

ZCD

Figure 24 ZCD pin, C,c;, Rycp, and R,¢p, connections

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

Note: QR first valley switching of the MOSFET drain voltage can be achieved with tzcoro parameter fine-
tuning based on Section 19.2. Initial t;copp = 350 ns can be used for powering-up of the system
before the fine-tuning.

Apart from zero crossing detection, the ZCD pin is also used to measure the reflected input voltage signal when
the MOSFET is turned on, and to measure the reflected output voltage signal when the MOSFET is turned off
afterward. Hence, it is important to select the correct Rzcp; and Rzcp 2 Values, which can cover the necessary
measurement range, not only for normal conditions but also for protected conditions.

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

_ Ng VinpcLNmin ' N (Voutov + Va)
RZCD,l,min = - - - | Vinov Pk + (33)
1 N. 4
IV, max,VinoV " 'p ZCDSH,max,VoutOv
— Ng ViNpcLNmax N - (VoutOV + Vd)
RZCD,l,max =77 . N ' [VinUV(pk) - AVin,HF,rim)le,est + v - (34)
IV, min,VinUVv P ZCDSHminVoutOV
Where:

Vinovipky @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 the minimum ZCD pin negative clamping current for Vinyy sensing.

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

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

AVin e ripple,est 1S the estimated difference between the Vi 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, Vzcosh,maxvoutov = 2.6 V, Vzepsh,minyvoutov = 2.35 V, Vinpein,max = -0.22 V,
VINPCLN,min = '014 V, and AVin,HF,ripple,est = 275 V,
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15 —0.14-3.4-(56.9+0.7)
Rzcpamin = — oz [V2 352 + - | =406 ka
15 —0.22-3.4-(56.9 + 0.7)
Rzcpamax = ——seae g | V2" 62— 275+ = = 72.1kQ

It is recommended to choose an Rzcp; value which is around or above the mean value of Rzcp,1,min and Rzep 1, max.
Therefore, Rzep,1 = 56.2 kQ is selected in this design example.

The recommended minimum ZCD shunt resistance Rzcpz,min and maximum ZCD shunt resistance Rzcpamax are
defined and calculated as:

Rzcpa * Ns ' VzepsHminVoutov 56.2-10%-17-2.35
Rzcp,2,min = T MUTTOU = = 2.67 kQ (35)
e Ng - (Voutov +Va) — Ns - VzepsHmin,Voutov 15-(56.9+0.7) —10-2.35
Rzcpa' Ns'Vzepsu Voutov 56.2-10%-17-2.6
RZCD 2 max —_ ,1 N ,max,Vout — — 296 k.Q (36)
" Ng * (Voutov +Va) = Ns* VzcpsHmax,Voutov 15-(56.9+0.7) —10- 2.6

Based on the above, Rzcp,» = 2.7 kQ is selected in this design example.

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

ton,max Parameter denotes the maximum on-time. t,, .., should be configured not too high, while being able to
deliver the steady-state full-load output power P, ¢ at Vi, starmin- AS SUCh, the maximum output power can also
be reduced during brown-out, to protect the primary components such as the Flyback MOSFET from
overheating. Therefore, t,, ,..x can be defined and calculated as:

€Ly Ipritpk),max (37)

t =
on,max 1. -
\/E Vm,start,mm

Where e is the ratio for margin on the maximum on-time, which is recommended to be between 1.0 and 1.05.
Takinge=1.02,

_ 1.02-566-107°-2.289
ton,max - V2 - 81

ton,max,at,V,in,low = 11.5 us

Rin parameter is to compensate for the DC-link filter capacitor voltage ripple for accurate Vi, measurement. As
this parameter configuration is subject 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;,, = —=Hbrppleest (38)
Ipri(pk),max

27.5
2.289

Initial R;, = 12.0 Q

Initial Ry, =

Upon successful powering-up of the system, please refer to Section 19.1 for the fine-tuning guide for the Ri,
parameter.
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14 Multimode-related parameters

In regulated mode, there are three different switching modes, which are QRM1, Discontinuous Conduction
Mode (DCM) without valley switching, and Active Burst Mode (ABM). The integrated primary-side control loop
selects the switching mode depending on the operating condition.

Power
N ton,max

On-time controlled

4 ton,min (Vin)
N fow,max OF fow,Qr-1stvalley, Whichever is lower

Frequency controlled

L 1/fsw,minbcm
N fsw,min,DCM/fIing

Pulse number controlled

4
N aBM,min

P> |nput Voltage
VinUV VinOV

Figure 25 Multimode operation scheme

14.1 ABM enable switch

The ENasu parameter refers to the enable switch for ABM. For a dimming application that has lout,min NOt more
than 10 percent of loutfui, the ENsem parameter should be enabled. In this design example, louemin is 5 percent of
loutut, SO the ENagm = Enabled setting is selected.

14.2 On-time limit and switching frequency limit

The minimum on-time variable ton,min(Vin) is based on the t,, i, parameter or t,, ninv.outsense(Vin) Variable,
whichever is higher. The t,, ninv.outsense(Vin) variable denotes the minimum on-time required for Vo, sensing,
which is dependent on Vi, measurement and the tmin demag Parameter (see the equation in Figure 26).

ton,min(Vin)

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

1:on,min ffffffffffffffffffffffffffffffffffff —_——

Note: 0 Vinuy Vioy Vi
ton,min,V,out,sense(Vin) = tmin,demag' (Np/ Ns) : (Vout/ Vin,peak)

Figure 26 Minimum on-time depending on the estimated input voltage
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The recommended on-time limit related parameter configuration from Table 5 is selected in this design
example.

Table 5 On-time limit parameter configuration

Parameter name Recommended value Unit
ton,max Refer to calculation in Section 13 s
ton,min 2.0 s
Etmin,demag 3.0 us

In QRM1, the maximum switching frequency parameter fs, max affects the number of first valley switching pulses
over every AC input half-sine-wave period. To lower the input current Total Harmonic Distortion (iTHD) at high
input voltage and high output power, the number of first valley switching pulses can be reduced by lowering
fswmax. HOwever, please note that the efficiency could be reduced if the number of first valley switching pulses is
reduced too much. As a start, it is recommended to use fsw,max = 70 kHz and fine-tune it later if necessary.

To achieve good EMI and light quality in DCM without valley switching, the maximum switching frequency can
be modulated, based on the modulation attenuation parameter Npocw,mod,gain. HOWever, please note that the
input power quality could be degraded by the modulation. As a start, it is recommended to use Npcm,mod,gain = 16
and fine-tune it later if necessary.

The minimum switching frequency parameter setting of fsu,min,ocw = 20 kHz is recommended and selected in this
design example.

14.3 ABM minimum pulse number

The minimum ABM pulse number parameter Nagu,min Can be defined and calculated as:

VLED minatloutmin " loutmin Lp (39)

N n =
ABM,min 2 2
2-h 'fline,max “Vacmax” tonmin

Where Viep minat),out,min IS the minimum LED voltage at loumin and h is the ratio recommended to be between 0.6
and0.7.

Taking VLED,min,at,I,out,min =14Vand h= 063,

14-41.5-1073-566-107°
Napmmin = - =111
, 2-0.63-63-3052-(2-1076)2

Based on the above and Nagumin Should be an integer, Nagm,min = 11 parameter setting is selected.

Note: The Nasu,min parameter setting cannot be less than 4.

14.4 Control-loop initialization

When the regulated mode is entered initially after the start-up phase, the control loop is initialized. To ensure a
fast and smooth start-up with minimal output current overshoot, XDPL8210 features an adaptive control loop
switching parameter initialization depending on the ENagw parameter and estimated input voltage Vin:

e If ABMis enabled with the ENxsu parameter, ABM is selected as the initial switching mode for the control
loop. The initial controlled ABM switching pulse number Nagu,init is scaled between Nagw,min and Nagwinitvinuv
parameters, depending on Vin.

o IfABMis disabled with the ENaeu parameter, DCM is selected as the initial switching mode for the control
loop. The initial controlled DCM switching frequency number focu,init is scaled between fominocw parameter
and focuinitvinuv (20 kHz typ.), depending on Vin.
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fDCI\/I,init NABI\/I,init

A

foeminitvinuy ==

(20 kHz typ.)
. Initial control loop in DCM
sw,min,DCM ==

when ENagyv = “Disabled”

NABM,init,VinUv ==
N \ Initial control |Oop in ABM
ABMmin =

when ENagm = “Enabled”

! } } |
Vinuv Vinhigh  Vinov Vin

Figure 27 Minimum on-time depending on the estimated input voltage

Vinpign in Figure 27 refers to the high input voltage parameter. With the ENasu parameter enabled in this design
example, Nasw,nit= Naswmin is applied when the estimated input voltage Vin is Vinpigh Or more.

Vinnigh can be defined and calculated as:

V max
Vin,high = % (40)

Where k is the ratio recommended to be between 1.05 and 1.1.
Takingk=1.1,

305
Vin,high = 11

Vin,high =277 Vims

Naem,inityinuv iN Figure 27 refers to the initial ABM pulse number when the estimated input voltage Vin is Vinuv.
Naem,inityinuv Can be defined as:

2 2
_ Vin,high ton,min
Nagm,initvinuv = Napmmin ° (V, ) e . (41)
instart,min ton,mln( Ln,start,mln)
Where tonmin(Vinstartmin) IS the minimum on-time at Vin startmin, Which can be defined and calculated as:
t . (V . ) — Max{ t . . (&) . (VLED,min,at,I,out,min) t i } (42)
onmin\Vin,start,min min,demag Nq VZ Vinstaremin » lton,min

tonmin(Vinstaremin) = Max {31076 (2£)- (\/%) 2-107°} = Max{ 127107, 2-107%} = 2 s

Taking tonmin(Vinstart,min) = 2 US into equation (41), Nagm,initvinuv Can be calculated as:

]2: 131.9

277)2 [2 1076

ABM,init,VinUV 30 2-10-6

Based on the above and Nagu,initvinuv Should be an integer, Nagm,init,vinuv = 132 parameter setting is selected.

Note: The Nagu,min parameter maximum configurable limit is fu,minpcu/80 + 20. In this design example,
fow,minpcm S 20 kHz, so the resulting Naswmin parameter maximum configurable limit is 270.
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14.5 Control-loop response

The XDPL8210 uses a Proportional-Integral (Pl) regulator as the control loop for its primary-side output current
regulation, thus the control-loop response is determined by the proportional gain parameter (Kp) and integral
gain parameter (K)) of the Pl regulator. For each switching mode, the control-loop response is determined by
each dedicated set of Kr and K, parameters.

In ABM, the PI regulator will be active only if the absolute error is higher than a threshold which is defined by
the multiplication of the ABMins mutipier parameter and the ABM first pulse averaging output current over the
ABM cycle period.

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

Table6 Control-loop response parameter configuration
Parameter name Recommended value Unit
Kr,orM 512 -
Ki,qrm 32 -
Kp,pcu 2048 -
Kioem 512 -

Kp aem 128 -
Kiaem 32 -
ABMihrsmuttiptier 3.00 -

If necessary, the control-loop response can be improved by adjusting these parameter values but it is
important to be aware of the possible side-effects. Table 7 shows the effects of increasing the value of Kr and K;
respectively.

Table7 Effects of increasing the values of K, and K|

Parameter Outputrise time Output overshoot Output settling time | Output stability

Ke Decrease Increase Small change Degrade

K Decrease Increase Increase Degrade
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15 Vee supply-related and dimming circuit design

In this design example, the transformer primary and secondary auxiliary winding are designed to supply the Vcc
of XDPL8210 and CDM10VD, respectively. Based on the winding turns ratio selected in in Section 4, the
maximum primary auxiliary winding demagnetization voltage V,max and the maximum secondary auxiliary
winding demagnetization voltage V. secmax can be defined and calculated based on:

N, 15
Vamax = (Viepmax + Va) - = (54+07) 2 =483V (43)

Ng sec 15
Va,sec,max = (VLED,max + Vd) ' N_s = (54‘ + 0-7) T 48.3V (44)

As the calculated V,ma exceeds 22V, a voltage regulator circuit for XDPL8210 Vcc supply is deployed, as shown
in Figure 28, and the VCCsuppy = “Wide” parameter setting is therefore selected.

Note: If the calculated V,max is 22 V or below, the voltage regulator circuit in Figure 28 can be bypassed
and the VCCsuepy = “Narrow” parameter setting can then be selected. However, it is mandatory to
ensure its Vcc absolute maximum rating of 26 V is not exceeded in actual testing with all the
necessary test conditions, such as the output open test.

Note: If Vec supply is not supplied from the primary auxiliary winding, the VCCsuppy = “External”
parameter setting should be selected.

As the calculated V,secmax €xCe€ds 22V, a voltage regulator circuit for CDM10VD Vcc supply is also deployed, as
shown in Figure 28.

Note: If the calculated Vi, secmax is 22 V or below, the voltage regulator circuit for COM10VD Vcc can be
omitted. However, it is mandatory to ensure its Vec absolute maximum rating of 26 V is not
exceeded in actual testing with all the necessary test conditions, such as the output open test.

T
* l——Ll Out%ut

N Cout
S —l_ g

Dbiockvee | Vee voltage v
[ ]

Voo Vce voltage |
a,sec i
regulator

circuit

regulator
circuit

CVCCdecoupIe

out,aux,sec

L

—_———

L C _1_
VCCdecouple,sec ! VCC,sec

ﬁ

opto lout ;
< —d)l A
| 0-10V
i | input
opto shunt IR 7
* O
L L .
|
|

Isolated 0-10 V dimming circuit

XDPL8210

Figure 28 Vcc supply and isolated 0-10 V dimming circuit
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The primary auxiliary output capacitor Couaux dimensioning is important to hold up the V¢ voltage, especially
during ABM. The recommended minimum primary auxiliary output capacitor value Cout,auxmin Can be defined as:

1 _ NaBM,min )

I1c.avg.est” (
avyg, 2 Flinemin fswminDCM

— Cyce (45)

Cout,aux,min = Ng
(VLED,minat,1out min +Va) - (N_s) —Va,uvorr

Where V. uvorr is the estimated primary auxiliary winding demagnetization voltage when XDPL8210 V¢ reaches
IC turn-off threshold.

Taking Vauvorr = 9V, Coutauxmin Can be calculated as:

12-1073 - (- - -5

247 20-103)_ —
o (s 15 = 15.5 uF

Cout,aux,min =

Based on the above, Cout,aux = 22 UF is selected.

The secondary auxiliary output capacitor Coutauxsec and the CDM10VD Vcc capacitor Cycesec dimensionings are
important to hold up the Vcc voltage, especially for the PWM duty-cycle measuring phase during dim-to-off. For
proper dim-to-off exiting, it is recommended to use a ceramic capacitor, which has low ESR for both Cout,auxsec
and Cuccgsec. Coutyauxssec = 4.7 UF and Cycc,sec = 4.7 UF are recommended and selected in this design example.

A noise decoupling ceramic capacitor of Cyccgecoupte,sec = 0-1 UF with low ESR is added in parallel to Cyccsec. In
addition, Cpwm =100 pF and Caim =22 nF are added for noise filtering on the XDPL8210 PWM pin and CDM10VD
Raim+ pin respectively.

Dectamp,rdim iS connected from the Rqim: pin to the Vcc pin to ensure the voltage level at the Ryim: pin does not
exceed its maximum voltage rating of Vcc+ 0.7V, in case of an active voltage source (e.g. DC power supply)
being applied to it for testing or productive use. For productive use with only a passive voltage source (e.g.
potentiometer, current sink dimmer) it can be connected to the Rgim+ pin, and Dciamprdim CaN be omitted. It is
highly recommended to use a low-leakage Schottky diode for Dcamp,raim fOr high accuracy of the dimmer voltage
measurement on the Rgim+ pin. In this design example, Dciamp,rdim With Ve = 0.42 V, Vr =30V and Ir=10 pA is
selected.

The optocoupler with photo-transistor output and base connection shown in Figure 28 is recommended
and selected in this design example, to have faster switching response with the base resistor Rs connected, for
more accurate PWM duty-cycle sensing by XDPL8210. Rs =300 kQ is recommended and selected in this design
example. Roptoshunt IS Optional, to discharge the opto-diode residual forward voltage after the falling edge of lopto.
In this design example, Ropto,shunt = 47 KQ is selected.

Figure 29 and Figure 30 show a BJT-based Vcc regulator circuit and depletion MOSFET-based Vcc regulator
circuit respectively.

XDPL8210 CDM10VD
Vcc voltage regulator circuit Vcc voltage regulator circuit

(BJT based) (BJT based)

—_—— - ——— — — =

QVCCreg‘sec |
C outaux,sec

CDM10VD
——0O VCC

—————————— = Cuvce.sec

Figure 29 Vcc voltage regulator circuit (BJT based)
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XDPL8210 CDM10VD

Vcc voltage regulator circuit Vcc voltage regulator circuit

(Depletion MOSFET based) (Depletion MOSFET based)
s - _—_———-——-- AY i , T == AN
[ | =—{¢ i p—= | |
| | o | i | e | |
: | 1 | QVCCreg,sec |
[ T |
| | Comaux Coumux.soc : |
: | | |

XDPLE210  Dboskvee : I : CDM10VD
vcc O—¢ | ' , ] O vce
| | | ZDvccreg sec I
\
— -7 SN — — ——V o
Cvce vee
L L

Figure 30 Vcc voltage regulator circuit (depletion MOSFET based)

The depletion MOSFET-based Vcc regulator circuit has lower losses than the BJT-based Vcc regulator circuit,
especially when the difference between primary auxiliary output voltage and ZDvccreg reverse voltage increases.

Dbiockvec IS to block the HV pin current from flowing into the V. voltage regulator circuit, during start-up and
auto-restart.
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16 Other protection-related parameters

16.1 Regulated mode peak output OCP

When the ENjoutmaxpeak parameter is enabled, the regulated mode peak output Over-Current Protection (OCP) is

triggered when the estimated average output current per switching cycle is above loutmaxpeak fOr a longer period

than the tioutmaxpeak blank Parameter. loutmaxpeak IS recommended to be at least 2.25 times the loutsu, Which is at least
1867.5 mA for this design example.

|n thIS deSign example, EN]out,max,peak = Enabled, Iout,max,peak = 2100 mA and tlout,max,peak,blank = 1 mS pa I’a metel’
settings are selected.

The reaction of this protection is fixed as auto-restart. The auto-restart speed is configurable based on the
Speedocr,out parameter:

o If Speedocr,out is configured as “fast”, the auto-restart time is approximately 0.4 s.
o If Speedoce,out is configured as “slow”, the auto-restart time is based on the configurable tauto estart parameter.
In this design example, the Speedocr,out = fast parameter setting is selected.

16.2 IC over-temperature protection

The IC over-temperature protection level is based on the T.itcal parameter. Its protection reaction is fixed as
auto-restart, while the maximum junction temperature for start-up/restart is fixed as 4°C below Titical.

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

16.3 Debug mode

The parameter setting of Debugmo.d. = Disabled is selected in this design example. The Debuguese parameter
should only be enabled for debugging purposes. For more details on XDPL8210 debug mode, please refer to
Section 20.1.
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17 PCB layout guide

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

e power switch loop formed by DC-link filter capacitor Cpc ser» Primary main winding, Flyback MOSFET
and CS resistor R

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

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

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

c) Apply the following guide for star grounding:

e Connect ground signal traces of Cyccdecoupte; Czcn, Rzcn2, Cowm, the controller GND pin and the optocoupler
emitter pin.

e Connect Vcc ground traces of the Ve capacitor Cucc and primary auxiliary winding.
e Connect the Ciy GND pin near to the ground pin of Coc fier.
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 PWM pin
and its connected trace.

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

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

18.1 Parameter configuration list

Figure 31 shows the XDPL8210 parameter configuration list, with selected values based on the design
examples from Section 2 to Section 16. For another system design, the values in the list might be different.

For the IC parameter configuration set-up and procedures, please refer to Section 18.2 and Section 18.3. 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 31 are compatible with the actual system hardware
dimensioning.

Output Set-Points Protections
1_out_ful 3 830.0 mA t_auto_restart a6 H
P_put_sat 3 [34.5 (] V_OCP1 0.50 v
D:m,...._.,‘g Reacton_OVP_Veut 4 Auto-Restart
DIM_type 2 |Dim (to off) V_outOv i |56.9 v
I put_min & laLs A t_Voutov_iank_ABM 0.50 ms
c- :u'; 3 |Linear EN_adaptive_OWP_Vout ol Enabled
PYWM_type 2| Inverted V_ourtOW_red |51.3 v
D DIM_min 5150 " I_out_OVP_red 415 mA
0 DM on 5110 = N_Nout_restare 2 500
0 DIM off 5100 o t_VoutLv_blank o 40.0 ms
P.;.M_D_uw_h_st o = EN_fout_max_peak Enabled
Hardware configuration I_out_max_peak 2100.0 ma
Np 558,000 t_lout_max_peak_bilank L0 ms
s = 7,000 Speed_OCP_fout Fast
Na =000 EN_OVe_In o Enaled
i =~ = EN_UVP_In o Enaled
R_CS a[0.220 ahm Rt 83520 E
R_ZCD T Slse2 e V_in_start_max o 326.0 W
R_ZCD_:. & .70 kohim i =t K
—— v_nlv 2 63.0 v
VEC_SUPPLY 2 wide
- T_critical | 119 degreeC
c_vee 2 15.00 uF
——— — Debug_Mode Disabled
\_D?I.[_LSU_IB'J"Q o 80 L S Multimode
R /5200 i f_sw_max = (70.0 KHz
1.6D_pk a[% - N_DCM_mod_gain 16
PM_R_pull_up 2.25 kahm e —~m =
=il t_min_demag |0 us
n_ss o t_on_max (1150 us
V_out,_dm_min |12.0 h F_ew_min_DCM 2200 \Hz
V_out_start 2 10.5 v BN A ===
v_start_OCP1 & 0.50 v AN m
VECPL nk i |0.30 ¥ N_ABM_init_VinLIV @132
_in_high (2770 v
- Control loop response
K_P_QRM 512
¥_1_QRM 1
¥_P_DCM 1048
K_I_DCM 512
¥_P_aBM 18
¥_I_ABM 1
AEM_thrs_multipher 3.00
Power factor correction
c_em 2 0.1000 s
Fine tuning
t_ZC0PD &z ns
t_ZCDdel 4380 ne
t_PDC 2200 s
K_coupling 0.960
G_out_loss 0.38 mS
R_in 11.00 ohim
User ID
User ID_A 1018
N . . N o .
Figure 31 IC parameter configuration list with selected values based on design examples from
Section 2 to Section 16
Note: The Userp parameter in Figure 31 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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18.2

Parameter configuration set-up

The tools needed for on-board XDPL8210 parameter configuration are listed in Table 8.

Table 8 Tools needed for XDPL8210 parameter configuration
Tooltype | Toolname Description Ordering/Download link | Ordering/Download content
.dp Interface Gen2x 1
Hardware |:dP!Mterface |.dpinterface \\p poaRp pp.GEND pneriace Hensx
Gen2 board USB cablex 1
Infineon Toolbox
GUI for
parameter Note: .
.dp Vision configuration Please install .dp Vision L?t_eSt yersmn oithe dp
. Vision installer (*.exe)
of all .dp before running the
products XDPL8210 .dp Vision folder
set-up file shown below.
Latest version of .dp Vision
folder setup file (*.msi),
which installs the following:
Software XDPL8210 35W reference
h
board homepage XDPL8210 35 W reference
XDPL8210 . - -
XDPL8210 design engineering report
parameter Note: R
parameter . . (*.pdf) and parameter
. configuration Please download the . PN
csv file . . . configuration file (*.csv),
file Zipped package which . o
. .. including images for the
contains the .dp Vision e tion fil
folder setup file (*.msi). contiguration tie.
XDPL8210 design guide
(*.pdf)

Figure 32 shows the hardware set-up needed for the on-board XDPL8210 parameter configuration.

Note:

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

to the target XDPL8210 board. For parameter configuration on the XDPL8210 35 W reference design,
please connect the programming cable to its configuration connector X2.

Figure 32
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18.3 Parameter configuration procedures

After the hardware connections for XDPL8210 configuration (see Figure 32) 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 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 XDPL8210 parameter configuration file (*.csv) from the default installation folder at
C:\Users\<Username>\Infineon Technologies AG\.dp vision\Parameters, as shown in Figure 33.

File Functions Tools Help

& Open Configuration file X

Lookin: | | Parameters v FPE-

g B XDPLSZI 0_FW4200_STDCSV032_35WRDPCBV100_HW241018 ParB

o Select XDPL8210

Iems

¥al configuration file to open

Desitop

File name:  8210_FW4200_STDCSV032_35WRDPCBV100_HW241018_ParB.csv Open

= Flesoftyme: | comma-separated Values(*.csv) Cancel

Figure 33 Opening the XDPL8210 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 34). These default values can be
changed for another board design, by referring to the design guide from Section 2 to Section 17 and the fine-
tuning guide in Section 19.4.

If a parameter value is changed and no limit violation is found, the changed value itself will turn blue, like the
example in Figure 34 which the o5 parameter in the hardware configuration section has been changed from
830 mA to 800 mA. 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 34) will show
an error message. If any error is not resolved, the user is not allowed to configure the IC with the changed value.

7]
File Functions Tools Help
e |0 O Ek \ f e @& | T — — B ok s 1] T
List of configurable parameters
T e oo e i o e e e P s e D Message bar
Fem - - 5o 20
:7 g 2 ; : Parameter value
= 1 change example
: = : ey
| o S 1 .
o i - - lois set-point
Figure 34 Changing parameter values of XDPL8210 configuration file in .dp Vision
Note: For safety and proper system functioning, it is important to ensure the hardware configuration
section parameter values are compatible with the actual system hardware dimensioning.
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There are two options available to configure the IC based on the list of parameter values shown in .dp Vision.

- Burn configuration

It is important to note that the new XDPL8210 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 XDPL8210 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 XDPL8210
35 W reference board, any IC parameter value change on it with this option is considered as parameter
patching. There are a total of 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 XDPL8210. 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 XDPL8210 chip with a new one in order to burn the configuration.

Table 9 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 9 Burn configuration procedures

Step | Instruction

[ Open configuration file using .dp Vision (see example in Figure 33).

Il If necessary, change any parameter value (see example in Figure 34), then click [File] >>
[Save] or [File] >> [Save as] to save the configuration file. Otherwise, proceed to step IIl.

I Ensure that the primary supply voltages (e.g. AC input) to the board are switched off or
disconnected, and the hardware connection for configuration is OK based on Figure 32.

v Click @ to su pply power and establish a connection to the target XDPL8210. After this
step, XDPL8210 will be in configuration mode (with Vcc voltage for OTP programming at
7.5V +0.15 V) and the device status & should changeto &,

[t
v Click "/ to burn the configuration to the target XDPL8210.
After this step, you should see a pop-up window, which is similar to one of those below.

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

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

Vil Click “OK” on the pop-up window, then disconnect the programming cable from the
XDPL8210 configuration connector and test the application, if needed.
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- Test configuration

This function will download the parameter values from the list in .dp Vision into the XDPL8210 RAM,
followed by an automatic IC start-up, for application testing with the new configuration.

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

Table 10 shows the recommended procedures for using test configuration functions in .dp Vision to
load the new parameter values to the RAM and test the application with the new configuration.

Table 10 Test configuration procedures

Step | Instruction

[ Open the configuration file using .dp Vision (see example in Figure 33).

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 32.

1] If necessary, change any parameter values (see example in Figure 34). Otherwise, proceed
to step IV.

Click @ to su pply power and establish a connection to the target XDPL8210. After this step,
XDPL8210 will be in configuration mode and the device status © should change to ©.

v Ensure the board test set-up (e.g. output load) is OK, then apply the AC input to the board.
After this step, the board does not start up because XDPL8210 is still in configuration mode.

VI . . . .
Click * to test the new configuration with the target XDPL8210.

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

.
Test Configuration Set =)

10'1 New configuration is successfully downloaded to RAM.

Note: If there is any protection being triggered after step VI, the pop-up window would show
that the test configuration is unsuccessful instead; please refer Section 20.1 for firmware
status code read-out in debug mode.

VIII | To test another configuration change, repeat steps Il to VII. If the following message box
appears in between the steps, click “Yes” to proceed.
External supply error - ‘_ I.&J

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

[ no

[l |
Do you want to proceed?

Otherwise, turn off the AC input and disconnect the programming cable from the XDPL8210
configuration connector.

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

This section presents guidelines for how to fine-tune the value of a few essential XDPL8210 parameters, based
on the actual measurement waveform or data.

19.1 Input voltage-sensing parameter fine-tuning

When the primary MOSFET is switched on, the XDPL8210 measures the current flowing out of the ZCD pin -y, to
estimate the DC-link filter capacitor voltage Vociter.

Ideally, Voc siter Should be a low-frequency (e.g. typically 100 Hz ~ 120 Hz) rectified sinusoidal waveform, as
shown in Figure 35, where the peak value of Vpcjiter is equal to AC input peak value Vinpeak, 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 11 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 for such switching frequency ripples, which appears in -ly measurements as
well.

Na Np VDC,fiIter

o]
Rzcp,1 Voc i l )
7CD Iy E Sfilter Cboc filter
- Vaux : ¢
Re GD

Rzcp,2

CZCD
VINF‘CLN
Rcs TVCS

Figure 35 -lv measurement for input voltage sensing

time

o

Table 11 shows the recommended procedures for Ri, parameter fine-tuning.

Table 11 Recommended procedures for R, parameter fine-tuning

Step | Instruction

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

Il Ensure the target XDPL8210 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 ENyve,in @s
“Disabled” (if it was not before) or refer to Section 19.4 for the debugging guide.

1 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 siter high-frequency voltage ripple (Voc i ripriemn) and the
maximum level of Vcs (Vcs,max). Below is an example of a waveform captured on the 35 W reference
design with Vacmin = 90 Vims, Fine = 60 Hz and LED load voltage at around Viepat,pripk,max = 42.17 V,
under non-dimming condition.
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Zoom in atthe peak —»

A

AN

<« Vocnrripeiemin = 104.4V

<+ VCS,max =0.482V

1.00 ms/dw]'S 7
25MS_ 250 MS/s{Edge Positive

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

R1=Rne- V2V acmin — VDCHF,RIPPLEMIN
s VCS,max

), based on Viep at,pripk,max and non-dimming.

Calculation example based on 35 W reference design with Vacmin = 90 Vims, Fine =60 Hz and LED load
voltage at around Viepat,pri(pi,max = 42.17 V, under non-dimming condition.

R1=022- (M) =10.43Q
0.482
Vv Repeat step Il to obtain another measurement of Vo ur rirpiemin @Nd Ves max based on Viep min non-dimmed-
VI Turn off the AC input. Calculate R2 with the equation below and voltage measurements from

step V:

R2 = Rgs - ( V2 Vacmin — VpcHFRIPPLEMIN ), based 0N Viep minnon-dimmed and non-dimming.
Vesmax
Calculation example based on 35 W reference design with Vacmin = 90 Vims, Fine =60 Hz and LED load

voltage at around Viep minnon-dimmed = 18 V, under non-dimming condition.

R2=02-(E201140) _ g5
0.326
Vil Calculate the fine-tuned Ri» parameter value with the following equation:

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

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

Calculation example based on 35 W reference design:

Fine tuned R;, = 0.5-(10.43 +8.54) + 0.9 + 0.4 + 0.22

Fine tuned R;;, = 11.0 ()

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

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

19.2 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 XDPL8210 ZCD pin capacitor is mainly used for
noise filtering only. Therefore, a fixed capacitor value, e.g. 47 pF, can be used across different power classes. To
achieve QR valley switching, the XDPL8210 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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tzcoro parameter fine-tuning is, however, necessary to compensate for XDPL8210 internal propagation delay in
ZCD and also external delay caused by the noise-filtering capacitor at the ZCD pin. Table 12 shows the
recommended procedures for tzcorp parameter fine-tuning.

Table 12 Recommended procedures for tzcoro parameter fine-tuning

Step | Instruction

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

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

If the board cannot be powered up, please refer to Section 19.4 for the debugging guide.

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

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 35 W reference design, t..,is measured to be approximately
720 ns.

VDRAIN
Zoom Factor: 2.5kX Zoom Position: —4.35ms

{VDRAIN

) (2 'Hsul.\ms./s H
i 7oms ) [5M points ||

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 first valley (see example below based
on the 35 W reference design with fine-tuned tzcoro = 360 ns).

lek PreVu M 1.00

[ VDRAIN
Zoom Factor: 2,5kX Zoom Poslition: —

VDRAIN
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19.3 Output current regulation parameters fine-tuning

Please note that QR valley switching parameter (tzcoep) fine-tuning in Section 19.2 should be done before
output regulation parameters fine-tuning.

The tepc parameter is used to compensate for the propagation delay from one end of the XDPL8210 GD pin gate
pulse until the MOSFET drain current reaches zero, so that the accurate primary peak current can be estimated
for better output regulation against input voltage variation.

The t,caqet parameter is used to compensate for the propagation delay from one end of the XDPL8210 GD pin
gate pulse until the ZCD pin voltage polarity change from negative to positive. The recommended initial tzcqdel is
defined and calculated as:

Czcd'Rzcd1'Rzcdz 47-10712.56.2-103-2.7- 103
= tppc + 56.2-103 + 2.7 - 103

Initial tzcddel = tPDC + (46)

Rzcd1tRzedz

Initial t,. 340 = tppc + 120 ns

The Goutloss parameter is used to compensate for the output current reduction at minimum output current set-
point. The recommended initial Goutoss iS 0.

The Keoupiing parameter is to compensate for the non-ideal transformer primary-to-secondary peak current
transfer ratio, so that the actual output current measurement matches the maximum output current set-point
parameter, loutfui. The recommended initial Keoupiing is 1.

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

Table 13 Recommended procedures for teoc, tzcadets Keoupling aNd Gout10ss parameters fine-tuning

Step | Instruction

[ Calculate the corresponding initial t,casel Values to be used for the teoc parameter fine-tuning. Based
on equation (46), using the 35 W reference design as example, the corresponding initial t;cqeel values
for teoc values of 150, 200, 250, 300 and 350 ns would be 270, 320, 370, 420 and 470 ns respectively.

Il Test the configuration using .dp Vision with the parameter Goutioss = 0 MS, Keoupling = 1, teoc = 150 ns
and the corresponding initial t,cqeel Value calculated from step | (e.g. tzcadet = 270 ns with tepc = 150 ns
in this design example), to power up the board for non-dimmed output current measurement
under the different conditions shown below:

e Maximum AC input voltage (Vacmax) @and non power-limiting maximum LED voltage (Viep,at,,pri(pk),max)

e Minimum AC input voltage (Vacmin) and non power-limiting maximum LED voltage (Viep,at,pri(pk),max)
e Maximum AC input voltage (Vac_max) and non-dimmed minimum LED voltage (Viep,minnon-dimmed)

e Minimum AC input voltage (Vac_min) and non-dimmed minimum LED voltage (Viepmin,non-dimmed)

In this design example, Vacmax = 305 Vims, Vac,min = 90 Vims, Viep atpripky,max = 42.17 V and Viep minnon-dimmed =
18V are applied for the measurement. Please ensure there is no voltage probe connected to the
board during the measurement.

If it cannot be powered up in any condition above, please refer to Section 20 for a debugging guide.

I Calculate the total line, load regulation percentage based on the following equation:

1 -1 .
Alout,full — i (out,full,max out,fullmin x 100 percent)

Iout,full,max + Ifull,min

Where:
loutfullmin iS the minimum full output current measured in the different conditions shown in step II.
loutfullmax iS the maximum full output current measured in the different conditions shown in step II.

v Repeat steps Il to lll with another four sets of tpoc and initial tzcael from step |, to identify the set of
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teoc and initial tcagel Which gives the lowest Aloy . Take the 35 W reference design as an example,
teoc = 200 ns and initial tzcaset = 320 ns are selected.

v Calculate Keoupiing based on the following equation:
2 ><Iout,full

Kcoupling =2-

Where:

loutfullmax 1S the maximum full output current measured in step Il with the selected set of tepc and
initial t,caqel values from step IV.

loutfullmin iS the minimum full output current measured in step Il with the selected set of tepc and
initial t,cqgel values from step IV.

loutfutt IS the full output current set-point in the XDPL8210 configuration.
Taking the 35 W reference design as an example, Keoupiing = 0.96 is calculated and selected.

Iout,full,max + Iout,full,min

VI To optimize the line regulation at minimum output current set-point lout,min, tzcadel Can be fine-tuned
based on its initial value +20 ns per step. In this design example, the fine tuned t,caset = 380 ns is
selected. For non-dimming application, this step can be skipped.

Vil Test the configuration using .dp Vision with the parameter Goutjoss = 0 MS, Keoupiing Value selected
from step V, teoc value selected from step IV and t.cqqel Value selected from step VI, to measure the
load regulation at minimum output current set-point loutmin, including:

o Aloutminatv,acmax Which denotes the output current change at maximum AC input voltage, when
LED load voltage is changed from the maximum LED voltage Viepmaxatoutmin t0 the minimum LED
voltage Viep,min,at,outmin At loutmin.

o Aloutminatv,acmin Which denotes the output current change at minimum AC input voltage, when LED
load voltage is changed from maximum LED voltage Viep maxatoutmin to the minimum LED voltage
Vi ep,min,atLout;min @t lout,min.

In this design example, Vacmax = 305 Vims, Vac,min = 90 Vims, Viepmaxioutmin = 42 V and Viep min,at,outmin = 14 V

are applied for the measurement. Please ensure there is no voltage probe connected to the board

during the measurement. For non-dimming application, this step can be skipped.

Vil Calculate Goutoss based on the following equation:

A1out,min,al:,VAC,max + AIouI:,min,aI:,VAC,min

Gout,loss = oo
2 (VLED,max,at,I,out,min_ VLED,min,at,I,out,min)

Take the 35 W reference design as an example, Gout,loss = 0.38 mS is calculated and selected. For
non-dimming application, this step can be skipped.

IX If necessary, fine-tune the minimum output current set-point lou,min to compensate for the offset
between the actual typical minimum output current and the set-point. For example, if the actual
typical minimum output current is 2 mA higher than the set-point, then loumin parameter can be
reduced by 2 mA. For non-dimming application, this step can be skipped.

19.4 Input power quality-related parameter fine-tuning

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

The recommended starting value of the Cewi parameter is the value of the DC-link filter capacitor Cocsier placed
after the bridge rectifier. If necessary, fine-tune the Cewi parameter using the test configuration function in .dp
Vision, to achieve the optimized power factor and iTHD. For example with the XDPL8210 35 W reference design,
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the initial Cewi based on Cocjieer is 0.22 uF for powering up of the board, and the fine-tuned Cewi = 0.1 uF
parameter is then selected for performance optimization.

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

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

20.1 Firmware status code read-out procedures with debug mode

For further debugging, the XDPL8210 debug mode can be activated to read out the firmware status code, to
identify which protection has been triggered. Table 14 shows the recommended procedures for firmware
status code read-out in debug mode.

Note: The Debugw.de parameter should only be enabled for debugging purposes along with the
configuration set-up connection shown in Figure 32. For stand-alone board testing without
connecting the .dp Interface Gen2, please ensure the Debugu.qe parameter is set to Disabled.

Table 14 Procedures for firmware status code read-out in debug mode

Step | Instruction

I Open the configuration file (see the example in Figure 33) used in the system which has the
problem of powering up or shutting down, then set the Debugu.s. parameter to “Enabled”.

Il Ensure that the AC input to the board is switched off and that the hardware connection for
configuration is OK based on Figure 32, plus a low-ESR ceramic capacitor of 1 nF soldered across
the UART pin and ground for noise decoupling.

I Click @ to su pply power and establish connection to the target XDPL8210. After this step, the
XDPL8210 will be in configuration mode and the device status © should change to ©.

v Supply the board with AC input and output conditions, which trigger the problem.
After this step, the board does not start up because XDPL8210 is still in configuration mode.

=
Click “* to test the configuration with the target XDPL8210.

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

| L L
Test Configuration Set e ]

'0' MNew configuration is successfully downloaded to RAM

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

VI Click “OK” in the pop-up window.

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

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

HW: - P -
Aefresh
Status: - Temp: -

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

IX Apply the necessary counter-measure or repeat the steps above to debug again. Otherwise, ensure
the AC input is switched off before disconnecting the programming cable from the XDPL8210
board.
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