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Scope and purpose

This document is an engineering report for the 53 W FF&ER flyback evaluation board (orderable part number:
%6! ,)#,33f" 1 .4/ "/ eH QBC = Btage RFCNybackic@®sller,|IGDAIR20PE2S 3 3 ¢ |
700V CoolGaNuTransistor and BSS126 600 cNannel depletion mode MOSFET.

This evaluation board can be used for on/off LED drivers or LED drivers with minimum dimming levels down to
0.1% and dimto-off. Please refer to theerformance sectiorof this document for morénformation.

Intended audience

This document is intended formgineers interested in using ICL88as SSR high power fact@PF)flyback with
CV output.

l <1 ONJ INIBCOEN @; GCF S

Product family

) H @C KedlGdNdgallium nitride power solutions enable exceptionally high efficiency, switching speed, and
power density in modern power conversion. By minimizing switching losses and enabling higher operating
frequencies, CoolGaMNhelps reduce system size, improve thermal performance, and unlock new design
headroom across both ADC and D@C stages. The portfolio is designed to address demanding performance
targets while supporting robust, reliable operation in volume applications

Target applications

1 Adapters and fast chargers
Server power supply units
TelecomACGDC power conversion
Industrial SMPS

Audio amplifierssolutions
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Twao-stage topologies are growing in popularity because of the convenient scalability of power on the primary
side as well as the features on the secondary side. High light quality, very low dimming levels, and complex
systems with sensors and MCUs requirstable output voltage enabled by a constant voltage (CV) secondary
side regulated (SSR) topology. More stringent standards for flicker and total harmonic distortion (THD) as well
as harmonics are also points in favor of a flyback SSR topology. The S8iguration is suitable for on/off LED
drivers and is the best solution for minimum dimming levels down to 0.1 percent and-throff.

The main difference betweeB8SR angbrimary-side regulation(PSR flybacktopology isthat in the PSR system
the main channekecondaryside output voltageisindirectly measuredthrough the primary auxiliary supply
winding. This meanghe coupling between the main secondary and auxiliary windindgsesaffectthe
regulation accuracyln contrast,the SSR system directly measures the outpwhich makes the transformer
design easier and less complicated.

If only 5% to 10% dimming is required and a larger output voltage tolerance (3% to 5%) is acceptable, then it
might be possible to go for a PSR design, where the system costs are lower compared with the SSR solution.
ICL8®0,ICL8&0 and ICL8820evicescan be used with all the features in the SSR system as well as the PSR
topology. For more information about the PSR solution, see thaegineering Report of the PSR reference

design

ICL880Gs a family member, which is cogiptimized and can be perfectly used for on/off drivers and dimming
down to 5%.

ICL8810s a family member with the burst mode (BM) feature. This helps to control the output voltage quite
accurately down to a very low output power level and dito-off operation.

ICL8820Gs a family member with a BM and jitter feature. In addition to the BM, this IC offers a jitter function
during DC operation. This helps to pass the EMI requirements for DC operation, required for the emergency
lighting system.

ICL8&0isthe latest family member of Infineon ICL88xx singttage PFC flyback controllerfCL8830 is tailored
for high-frequency switching operation and capable to drive Gafdnsistorand Si MOSFET switching devices. It
detects high frequency oscillation of the flyback switch drain voltage and provides the gate signal with a small
delay for accurate and reliable quasesonant mode (QRM) operatidin achieve high efficiency while providing
ahigh power factor.The integratedBMfeature allows designs with lowstandby and lightload power
consumptionevenin high-switching-frequency designs. The controller is easy to desig and requires a
minimum number of external componentdCL8830 does not suppoRSR topology.

1.2 3N; LNOJ ; H> @??><;=E | JNCI HM

As a defaulsetup, theevaluationboard is assembledavith an activestartup circuit based ora BSS126
depletion-mode MOSFET on a very small adapter boakéter the first startthe IC is thersupplied from the
auxiliary windingand the startup circuit is disabledThis setup offers the lowest standby losses.

If low standby consumptions not necessanas an optionthe active startup circuit can be changed to a
resistive startup For resistive startup, the active startugaughterboardneeds to be removedand the main
board must be modified as requiredgeeFigure 2and Section 6.1 for further information.
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Theevaluationboard is equippedwith two different regulation circuits, designed on two separate small plug
and-play boards. To operate the evaluation board, at least asfeehem must be connected to the main board.

The twofeedbackboards are designed to demonstrate the traekdf between cost and performanceHere the
TL431 board offers the cheaper solution, and shoadyantage in standby performance, while th@pamp-
basedfeedbackboard provides better regulation characteristics and improved harmonic performance.

1.3 4($Y0& /JIJNCGCT; NCI H

For the bestotal harmonicdistortion (THD and power factor PP performance the crossoverfrequency of the
feedbackloop should be in the range of 5 to M.If the crossover frequency is too low, the feedback reaction
will be extremely slow making itunable to adaptfor dynamic loadchanges(e.g., sudden load lossAt the
sametime, alower crossover frequency improves THIhis creates a tradeff between feedback reactiomnd
harmonic performance Howevery, if a faster loadjump-dependent loop is required a fast path can be easily
added to the existing feedback loop.

1.4 & S<; =E I IPONJPONLN;NR?=NC1I| H

For theflyback outputovervoltageprotection (OVP)it is necessary to say thatlitas a 10octoleranceacrossthe
entire production processand temperature rangeThis fact must be considereduring thedevelopment phase
If the overvoltage level is too close to the normal operation voltage, it may leaddcidental triggeing of the
protection during fast load changesspecially at high inpuvoltages Here the feedback loop is too sloto
react to a suddendad loss and itcannotcontrol the output voltagewithin the very tight limit anymore. The
converter willtherefore move to hiccup oscillationTo avoid this, he OVPevel must have a proper margin. If it
is mandatory to improve regulation accuracy, there aadew options:

1 Useadynamic feedback or dynamic bleeder, which is active only wtliba voltagereachesa certain point.
Thisadds some complexity and increases cost

1 Increase thecapacitance valuef the output capacitor

Engineering report 4 V 1.
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Specifications
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Table 1lists thedesignspecifications of the ICL880PFCSSKRlybackevaluationboard.

(infineon

Table 1 Design specifications

Specification Symbol Value Unit
Maximum AC input voltage VAGax 90to 277 Vims
Ratedoperational AC input voltage VAGated 100to 264 Vims
Ratedoperational AC input frequency Rine 47 ~ 63 Hz
Secondaryside regulated CV output sqioint Vout setpoint 66 \%
Flyback autput overvoltage protectionset-point Vout.ove 75 V
Steadystate output load current lout 0 ~ 800 mA
Steadystate full-load output power Pout ful 52.8 W
Minimum efficiency at R Amin.at,Pout ful 91 %
Target minimum switching frequency atoRui fswminatpoutiunr | 200 kHz
Standard compliance

Harmonics X EN610003-2 ClassC X
EMI X EN55015 X
Board dimensions

Main board L xW 169x 27 mm
Plug-in TL431feedback board L xwW 36.5 x 27 mm
Plug-in opampfeedback board L xwW 38.5 x 27 mm
Startup daughterboard L xwW 15x11.5 mm
Engineering report V 1.
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(components facing inside)

Figure 1 Top sidewith connections
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Schematics
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Schematics
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Figure 3 Schematic of the daughterboard with active startup circuit
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Schematics
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Figure 5 Schematic of the plug-in board with the opamp feedback loop circuit
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Figure 6 Layout of the top and bottom sides for the main board
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Figure 7 Layout of the opamp plug-in board
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Figure 8 Layout of the TL431 plug-in board
Engineering report 10 V 1.

202509-25



o~ _.
53 W PFESSR flyback evaluation board with ICL8830 and HV < |nf| neon

CoolGaN-uiransistor
High-frequency flyback IC for lighting applications

Layouts
ICL88xx SSR snw .
Start-up  02/2021 | — .
. V1.0 _i
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Figure 9 Layout of the active startup board
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As described arlier, this evaluationboard offers two options for startup.

The resistive circuit isost-effective but introduces costant power los®s, which varies depending on the input
voltage. It is perfect for oroff driversand dimmable drivers without sandby requiremens.

The active startup circuienablesfaster charging of the décapacitor. Thekeyadvantage ighe controllable
resistive path wherethe powerlosses are only present duringtartup, or whenthe \&cgets too low. This option

is most suitablewhere standby losses matter
If testing without theactive startup daughterboard do the following:

1. Increasethe startup resistordo approximately200E A
2. PopulateR36with 0 A and R28 with 68 K

3. PopulateD6 witha22VZener

4. Unplug theactive startup daughterboard

Voltage

3x 1206

/" on-0Off or \ ﬂ;‘limmable Dri\rers\ Dimmable Drivers Dimmable Drivers
Single Input Vinex < 600V Vinex < 600V Wi pe < 800V

3x 1206

Figure 10 A selection of startup options

6.2 332CL=0CN

Here again,two options are offered.

The TL431 circuit features a simpler structure, resultingailower standby power consumption.
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Board combinations

).
W
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Figure 11 TL431circuit

On the otherhand, the opampwith an integrated voltage reference has better output regulation and harmonic
performance and thesystempeak efficiency is slightly superior to that of the TLA&tcuit.

T %
*Ns :llj Outgput
\

"1

[ ]
Nasec VSUDP'V-SSR VSUDD'V-REF Vout,senseSSR
|sensaSS
IOptO,SSF I:{JiasREF |%Jpper
pi VREFSSR
‘)i Iopto,SSl =
Opto- < CV output _
coupler lip R Secondary Side
ower RegulationSSR
Ceomp Reomp feedback circuit

Figure 12 Opamp circuit

Both circuits have th& advantages andlisadvantagesand there is no general answéo which circuit is the
best. It always depends on thiaput and output specificatiors, PCB space constraint§pcus on cost or
performance and availability of components.

For test purposs, both boards can be usedsplug-and-play.

Attention: Make surethat the output capacitor isdischarged,and the AC mains voltage is turned 6f
before changing the feedback boardTo make theprocesseasier, the footprint of a discharge
circuit is already added on the main PCB. After assembling fhe output capacitor can be
safely dischamged by the push of a button.
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Output voltage regulation
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Figure 13 V. regulation
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Figure 14 Efficiency
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Figure 15 No-load input power
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Figure 16 THD measurement
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Figure 17 PF measurement
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Figure 18 V., regulation
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Figure 19 Efficiency
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Figure 20 No-load input power
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Figure 21 THD measurement
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Figure 22 PFmeasurement
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Key waveforms

8

8.1
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3N; LNOJ

Thissectionshowsthe startup behavior of the converteat variousinput voltage and load conditions, when
equipped with the default active startup circuit board and connected to the opamipig-in board.

The selection of th&/.cpull-up resistorsand V.ccapacitorensures that thestartup time is less thar800 nsin
the worst-casescenaria This is crucial for meetingnergy Star timeo-light requirement of 500 ms

Tosave energy and make the desigmeasier the gate voltage is reduce V typ.)during startup.

Measure
value
status

100 Vidiv
10.000 V ofst

P1:freq(Gate) P2:max(Vin)
89.715789 kHz 367V
n

380
v v
10.0 Vidiv| 1.00 V/div| 50.0 Vidiv! 1.00 A/div|
30000 V 5000 mV| 100.00 V| 25000 A ofst|

P3:min(Vin) P4:max(Vout) P5:ampl(Vout) P6-max(Vcc) P7:ampl(Vce) P8:max(CS)
380V 7M2v 6805V 21V 22170V 1047V

v v v v v

1.20000 kV|

P9 P10 - - P11 P12--

Figure 23 Startup at 264 Vac/no load

Table 2 Self-supply during startup referring to Figure 23

Section Explanation

1 Start of the AC inputoltage and start of the/ccapacitor charging

2 Start of the 1C supply only from thé/cccapacitor

3 Auxiliary winding delivering power to thecccapacitor

4 Normal operation with seHsupply

Engineering report 19 V 1.
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53 W PFESSR flyback evaluation board with ICL8830 and HV |nf| neon
CoolGaNHiransistor
High-frequency flyback IC for lighting applications
Key waveforms

_ foutrack

/\/\/\/\”_ ‘,5,"“"\/\”‘

Yout
(Ve
‘—m)/
- |
¢ | A
/"'\ 4 | AN Vo A QPISW f AV, A A
f 1 ey
£
Measure P1 freq(Gate) P2:max(Vin) P3:min(Vin) P4 max(Vout) P5:ampl(Vout) P6:max(Vee) P7:ampl(Vce) P8:max(CS) P9 -~ P10---- P11--- P12---
value 134 4982554 kHz 366V -380 V 688V 6475V 1922V 17482V 1078V
a v v v v v v v

1.00 Vidiv
500.0 mV|

Flgure 24 Startup at 264 Vac/full load

F1 track(P1) base
V 500 kHz/div ! 12815 {5 ms ™ 100 Ms

50.0 ms/div

\
T /i e rack of :
i Wi S | 1 11
3
Measure P1:freq(Gate) P2:max(Vin) P3:min(Vin) P4 max(Vout) P5.:ampl(Vout) P6:max(Vce) P7:ampl(Vce) P8:max(CS) P9--- P10--- Pi1--- P12---
value 88810318 kHz 320V 333V 696V 66.70V 1884V 18920V 1.000V
status - AREER b = ¥
t T 5 o BT
10.0 V/div 0.0 1.00 V/div 50.0 V/div 1.00 A/div| D 500 kHz/div i 50 MS ge Negative)
10.000 V ofst 30 500.0 mV 100.00V| 25000 A ofsi 20 50.0 ms/div H

Figure 25 Startup at 230 Vac/no load

Engineering report 20 V 1.
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53 W PFESSR flyback evaluation board with ICL8830 and HV

CoolGaN-uransistor

High-frequency flyback IC for lighting applications
Key waveforms

Infineon

[Gate " Vee  CS Ve  HREEEN Ve foutrack

50 MS

NANAANAARNDNNLADADLA
/ i YL 0 / ‘ /'
e e / v—F \ 1 4 =7 i -
4 vl /| \io Vabas X J) ,’
8 ’ ’ -AAAAAAAAAAAAAA‘
Gate
cs
N
Vout
| 1
veg “\ / K O 1 ]
T /’ \ /“ M il AN ANTPRANANANANAPANA NAIAINANAANANANANAN AT IAANANANAN A ANANA
r ful
i 1
Measure P1:freq(Gate) P2:max(Vin) P3:min(Vin) P4 :max(Vout) P5:ampl(Vout) P6:max(Vec) P7:ampl(Vce) P8:max(CS) P9--- P10--- P11 P12----
value 174 8160978 kHz 320V -333v 686 6462V 1877V 17.158V 1002V
'y v v v
12 Bits 50.0 ms/div) < (u;

100 MS/s|Edge  Negative|

Figure 26 Startup at 230 Vac/full load

[Gate ™ Vee T CS T Vau NN Vo fouirack

1 TELEDYNE LECROY|
~ ~ A /\ " Everywhoroyoulook
T VAV ARV AT AR A T
1 {
Gate
= - cs
Vout
L]
veo
rack ol fsw |
| " i AL AR LL ]
| |
Measure P1 freq(Gate) P2 max(Vin) P3:min(Vin) P4 max(Vout) P5:ampl(Vout) P86 max(Vce) P7:ampl(Vce) P8 :max(CS) P~ P10:--- P11 P12---
value 64 974962 kHz 150V 171V 676V 6677V 1487V 13661V 775 mv
status 5 v v v v v v
F track(P1)
10.0 Vidiv 10.0 Vidiv 1.00 Vidhv 50.0 Vidiv 400 Vidiv|
10.000 V ofsf 30000 V/ 500.0 mV 100.00 V 1.20000 kV| 50.0 ms/div|
Figure 27 Startup at 115 Vac/no load
Engineering report 21 V 1.
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53 W PFESSR flyback evaluation board with ICL8830 and HV

CoolGaN-uransistor

High-frequency flyback IC for lighting applications

Key waveforms

Infineon

[Gate " Vee  CS Ve  HREEEN Ve foutrack

|

Y ~‘

10.0 V; dw
30,000 V

Gate
cs Voaeway - e T T T
Vout
e, —]
v it
| |
track of fsw \_/

Measure P1 freq(Gate) P2max(Vin) P3:min(Vin) P4 max(Vout) P5.ampl(Vout) P6:max(Vce) P7.ampl(Vce) P8 max(CS)
value 190.961366 kHz 160V Anv 680V 6366V 1833V 16726 V 723mV
slatus v v v

.

[ P10---

|l S [ e e e | e V|

P11---

12 Bits

50MS 100 MSIs|

Edge Neg:

AAAAAA J

A J/ N\W\ AN PN DAL

P12---

10 V|
ativel

Flgure 28 Startup at 115Vac/full load

TELEDVNE LECROY|
oy OUOOK

50.0 Vidiv
100.00 V

1.00 A/div
2.5000 A ofst

400 V/div|
1.20000 kV

500 kHz/div
50.0 ms/div|

10.0 Vidiv
10.000 V ofst

Vout
L |
Ve
= i ;1 |
track of fsw | \ T A
Measure P1 freq(Gate) P2 max(Vin) P3:min(Vin) P4 max(Vout) P5.ampl(Vout) P& max(Vce) PT7:ampl(Vce) P8 max(CS) P9--- P10--- P11 P12
value 51725694 kHz 125V 137V 675V 6655V 1478V 13763V 739mvV
status v v v v v v
F1 track(P1)

Figure 29

Engineering report
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CoolGaNHiransistor
High-frequency flyback IC for lighting applications
Key waveforms

* TELEDYNE LECROY|
Evoryvhomyoulook |

track ot fsw |
el

Measure P1:freq(Gate) P2 max(Vin) P3:min(Vin) P4 max(Vout) P5.ampl(Vout) P6 max(Vcc) PT7:ampl(Vce) P8 max(CS) PO--- P10--- P11--- P12---

value 190.005544 kHZ 125V 136V 671V 6169V 1804V 11282V 728 mV

status v v v v v v

v

I 8 F1  track(P1)

10.0 Vidiv 10.0 Vidiv 1.00 V/divi 50.0 Vidiv| 1.00 A/div 400 V/div| 500 kHz/div
10.000 V ofst 30.000 V| 500.0 mV| 100.00 V 5000 A ofst 1.20000 kV/| 50.0 ms/div,

Figure 30 Startup at 90 Vac/full load, delay due to \(n pin averaging

Becausethe inputvoltage is interndly averaged it may result indelayed startups close to the browin voltage.

8.2 3N? ;MNS N?

Thissectionshowsthe switching waveformsiuring steady-state operatian, whenequipped with the opamp
plug-in board.

—— ——— R—

YNELECRUKY'

AV 2 ARV ViV 2 MR V.V P2 MR V.V P AN VIV, W22 N V1N (Vs AR VIV W AR Y T W2 AN | W A

Measure _P1:freq(Gate) P2: rms(Vln) P3 rms(lln) P4 rnax(Vout) PS5 mean(Vou() P6: pkpk(Voul) P7:max(Vcc) P8 mean(Vcc) P9max(CS)  P10:max(Vin) P11 rrf\agg(ZﬂB)r __P12:freq(z1)
value 208.7280 kHZ 2! 1857V 17281V 600 mV 320V 320V 196.6745 kHz

status v v v

2259
< oAk [Tbase 2. igger CHES)
. 10.0 V/div| 5.00V] SOOm\/ 5.00V] 5UUmV 1UUA 50M§ 105?)[?‘!\;2‘; E:Jogpe Pjggv\é
10.000 V ofst| -25.00V -500 mv -90.00 V| 3.000A] 1200 kV 5.00 ps 5.00 ps| 5.00 ps| 5.00 ps| 5.00 ps| 5.00 us ______________
Figure 31 230Vac 3"-valley operation (lout = 0.8A,V,,, ripple pk-pk 6.21V, fsw = 19667 kHz at line
voltage peak region)

23 V1.
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53 W PFESSR flyback evaluation board with ICL8830 and HV |nf| neon
CoolGaNHu#ransistor

High-frequency flyback IC for lighting applications
Key waveforms

c— % N — mmz LECROY*

(DAE— » WE: [D———— ST - MU |- WU (— NOTIREDRYD:. SS—— -
| oot - DY NS ! 7 VG
~~~~~~~~~ Vo ULVAAAA A AR ASAIAA N A NS UANINANAANNT! VAVAVAV, W, W.W Wl CARAVAVAWAW WA WA

T —r— —r— —r—

Measure P1 freq(Gate) P2:rms(Vin) P3:rms(lin) P4 max(Vout) P5.mean(Vout) P6:pkpk(Vout) P7:max(Vce) P8:mean(Vcc) P9 :max(CS) P10:max(Vin) P11.max(Z8) P12 freq(Z1)

value 1129689 kHz 2269V 164 3mA 6746V 65793V 330V 1696V 15969V 597 mv 21V 321V 114 0244 kHz

status a v v v v v v v v v v a

- 21 zoom Tbase -2.4 ms||Tri

10.0 Vidiv 500 mV 100 V| 100 Al 400V 100 V| 500 mV 100V 100 Aj 400V 1268
10.000 V ofst 500mv] -9000v|] 3000A|] 1200kv] 500ps 500ps| 500ps| 500ps| 500ps)

Figure 32 230Vac 9"-valley operation (lout = 0.4A,V,, ripple pk-pk 3.3V, fsw = 11402 kHz at line
voltage peak region)

P Iin T g

YNE LECROY *

Measure P1.freq(Gate) P2:rms(Vin) P3:rms(lin) P4 max(Vout)

P5 mean(Vout) P8 pkpk(Vout) P7:max(Vce) P8:mean(Vcc) P9:max(CS)
value 64 45072 kHz 227

P10:max(Vin) P11:max(Z8) P12:freq(Z1)
1194 mA 6658 V 65793V 163V
1

1607V 15058V 608 mv 320V 319V 64 65025 kHz

270V 3
status a v v v v v v v v v v v
[ @@ 71 zoom(Ga Tbase .24 ms(Trigger
T Stop 200V
100V 500V 500 mV| 100V 1.00A| 400 V| 10.0 Vidiv| 500V 500 mV| 100 V| 00 A 400V Edge Positive]
1000 V| 2500 V| S 90.00 V] 3000 A 1.200 kv 500 ps/div| 500 ps| 500 ps| 500 ps| 5.00 ps 5.00 ps|

Figure 33 230 \ac20"-valley operation (lout = 0.16 A, V,, ripple pk-pk 1.63V, fsw =64.65kHz at line
voltage peak region)
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53 W PFESSR flyback evaluation board with ICL8830 and HV |nf| neon

CoolGaNHiransistor
High-frequency flyback IC for lighting applications
Key waveforms

| — i — el s
{
|
(" 1N N T Y N T T N N N N NN T N N O N N Y T T N N T O N T Y N A Y
|
N I 1 ) I I 0 I o
' oo - Y | . el :
P i i R N T T T e N N e e e e N N N S T T
N || | (S [N (A S I /S S I G S B
. : R NN JONNNG AR W———
Measure P1 freq(Gate) P2 rms(Vin) P3rms(lin) P4 max(Vout) P5mean(Vout) P8 pkpk(Vout) P7 max(Vce) P8 mean(Vcc) P9 max(CS) P10:max(Vin) P11:max(Z8) P12 freq(Z1)
value 736854 kHz 270V 1036 mA 6607V 65786V 580 mv 1521v 14170V 589 mvV 320V 319V 742195 kHz
status fd v v v v v v v v v v 2
-m I M
e — - - , |7m3
100V 500V 500 mv 10.0 V| 400 V| 10.0 Vidiv; 5.00V 500 mV| 100V 4
10.00V| 2500V 500 mV 90.00 V| 1.200 kV 50.0 ps/div: 50.0 ps| 50.0 ps| 500 ps

Figure 34 230Vacburst-mode operation (lout = 0.01 A, V,, ripple pk-pk 0.58V)

8.3 "OLMN GI >7?

The oscilloscope screenshots in thigctionoffer an insightinto the very smooth and nearly rippkree BM
operation of ICL830.

Tosave energy and make thdesignin easiet the gate voltage is reduced iBM(7V typ.) Furthermore the BM
has a very smooth emy and exit. This gradual change of modesi®wn in thefollowing images

D)

e ! K o f
PAAAAAANAANNROSANNANAAANNA NN AN AN\ A A A A A
(AR g T T 4 f £ X0 3 { [\ AL RNy [ {1\ f 'R \/ ) R YR
- \/ v My v vy WY [\ Vv VO TV VA VA VA Y \ y V¥V WV VY 'O )
Measure P1 freq(Gate) P2:ms(Vin) P3:ms(lin) P4 max(Vout) PS5 :mean(Vout) P& pkpk(Vout) P7 max(Vcc) P8 mean(Vcc) P9 pkpk(Vce) P10.max(TD) P11:-max(CS) P12max(VS)
value 461479 kHz 2271V 1098 mA 449 mvV 20mv 864 mV 1547V 14370V v 224V 569 mv 145V
slatus a v v v v v v v
track(P1)| I Timebase 0 gge |
3 12 5 Stop 200V
10.0 Vidiv| 10.0 Vidiv| iv 2.00 Vidiv 1.00 V/div| iv| 1.00 A/div| 400 Vidiv| ] b Edge Positive)

5 //dl
10.000 V ofst 30.000 V| 7.500 V ofst] 2.0000 V| 0.0 mV offset| 2 54 Vi 3.0000 A ofst| 1.20000 kV

Figure 35 Operating point between BMand normal operation, smooth BMentry (864 mV pk-pk at
VOUt)

V 1.
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53 W PFESSR flyback evaluation board with ICL8830 and HV < |nf| neon
CoolGaNHu#ransistor

High-frequency flyback IC for lighting applications
Key waveforms

1 43 V 76 mV l4
v v v v v v v v
F1 track(P1 imebase 0 ms||Trigger |
50.0 ms/div| Stop 200V
00 V/div 1.00 Aldiv 400 Vidiv 50 100 MS/s|Edge  Positive)
500( 0000 A ofst 1.20000 kV

Figure 36 Operating point with partial IC sleep (779mV pk-pk at V)

_ foutrack

Aﬂdﬁﬁﬂfﬂﬂ“f\‘ﬂ“/\“f\/\ﬂﬂ\fﬂ”ﬂ'ﬁ‘
e 4 et b g g o W o e (haeg he g (ad afhed afbd ohad o !

MMHMFMMHW TR A A MMM AT WIM

J Il HHIH H\!H H i HHH HH \ V IHHHH\H Il \H \ HIM H

I 1 HW\HH

HH\HI H ! HH ﬂ

Figure 37 Operating point fuIIy in BM (574 mV pk—pk at V)
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CoolGaN-uransistor

High-frequency flyback IC for lighting applications
Key waveforms

L 1 — —

[ |
AR AN AR
| || o B

Measure P1 freq(Gate) P2:ms(Vin) P3 rms(lin) P4 max(Vout) P5mean(Vout) P6.pkpk(Vout) P7:max(Vcc) P8 mean(Vcc) P9 pkpk(Vce) P10:max(TD) P11:max(CS) P12 freq(VS)
value 41798918 Hz 271V 102.7 mA 230 mv B10pv 509 mv 1357V 1202V 30V
status 2 v v

220V 567 mV 393.715476 Hz
v

v v v

v e
= 4 EE o Fi track(P1)

~ 100 Vidiy 100 Vidiv| soovidv| 100Vidv| 1.0 Vidiv 100AGv] |

10.000 V ofsf 30000V 7500V ofst 20000V| 0.0 mV offset 25000V  30000A ofst

Figure 38 Operating point in standby mode (509 mV pk-pk at \V,,,)

1.20000 kV|

8.4 6::G; CHN? @l H2?

Becausethis IC only generas pulses when the feedback requires it, after a load drthe flyback outputOVP
might betriggered. In thiscase it will be a long time until the next pulses are generated (this is highly
dependenton the system and the size of thedéapacitor). InBM, during the IC sleepthe VS pin voltage is zero.
To check the power demandhe VS pin gets pulled up after the wakeup of the fQol pulseis neededthe IC
falls back to sleep again. This Wilappen every 2061z.

If the Vcvoltage gets t@ low, there aremechaniansto keepthe IC operational:

1 In addition to theBMwakeup according to the control loop, a highgariority Vccwakeup threshold may
trigger a burst start if ¥-drops as low as W.cwake The controller continues with the burst untilo¢increases
up to Mceours@again €his behaviorcan be seen ifrigure 39

1 In parallel, the TD pin lowers its voltage to allow an external startup circuit to charge gaeapacitor until
WcenursiS reached

ThisBMcontrol allows tight output regulation and reduces the standby powdyecauseno unnecessary pulses
are generated. In additionit allows the use of a smalkytapacitor.

ThisVccmaintenancemode is designed to have miniatimpact on the output voltage. Furthermorgthe
coupling and the fact that in this case the auxiliary winding has the highest pogeanand should helpwith
minimizing the impact on the output voltageThisbehaviorcan also help to keeghe microcontroller
functional, asshown inFigure 39

Engineering report 27 V 1.
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53 W PFESSR flyback evaluation board with ICL8830 and HV
CoolGaNHuiransistor

High-frequency flyback IC for lighting applications
Key waveforms

T g 7 1 p ItﬂED“EI.ECRD‘;
ARNANANANNANNANNNANNANAND AW e

ANNANANA , ;
URVERVIETRYR RV VTRV TRV RY
L
L

T

MH
UL

—_—
—
—

T e

| [ il
) = ? Il
R AYAYAYAY A I R AR A A
25% 1
- *2
25M
50 Jts 50ms 100 ms 150 ms 200 ms 250 ms 300 ms 350 ms 400 ms 450 ms
Measure P1:freq(GD) P2:ms(VIN) P3:max(VIN) P4 ms(I0UT) P5max(lOuT) P6:max(VOUT) P7 pkpk(VOUT) P8 max(VCC) Pmin(VCC) P10:max(CS) P11.max(Z2) P12min(Z2)
value 70.0430472 kHz 274V 324V 2425mA 804 mA 787V 1662V 1873V 741V 681 mV 1237V 743V
status a8 v v v v v
; 12 Bits top 400 mA|
10.0 Vidiv| 200 Vidiv 1.00 Vidiv| 20.0 Vidiv| 1.00 A/div| 500 Vidivy > |50MS 100 MS/s| Edge Negative)
14.000 V ofst 20000 V| 500.0 mV ofst 120.000 V 3.0000 A ofst| 1.5000 kV|
I\ TELEDYNE LECRQY '«
\/ 4
I T

0 T T

L L 1 i

¥ * - = -
= 3 —j —h =] o=y =

L l 1 L
. O - il

L ) Nl ) )
114 m: 14m 33314 ms 33414 ms 335 14 ms 33614 ms 337.14ms 338 14 ms 339.14 ms 34014 ms 341 14 ms
Measure P1:freq(GD) P2:ims(VIN) P3:max(VIN) P4:ms(IOUT) P5:max(IOUT) P6 max(VOUT) P7:pkpk(VOUT) P8 max(VCC) P9min(VCC) P10max(CS) P11:max(Z2) P12min(Z2)
value 70.0430472 kHz 2274V 324V 2425mA 804 mA 787V 6.6. 1873V 741V 681 mv 1237V 743V
v v v v

50.0 ms/div|Stop 400 mA|
100 MS/s|Edge  Negativel

status a v v v v
H base
F‘m‘v hUMS
140V| -18V| -15V| -20V| 500 12 |300A}15kV] 1ms 100msidiv| 1ms| 1ms|] Tms] 1ms| 1ms| 1ms|
*1: Aload jump eventtriggers theflyback output OVP protection, and Vcc drops accordingly.
*2: When ¥cdrops to Wcewakd7.6 V typ.)the controller continues the burst pulsing untildé = Wecours(8.1 V typ.).

*3: The TD pin internal pullown when \écdrops to Wccwake to allow an external startup circuit to chargecw'to Wecburst

Figure 39 Vccmaintenance mode if Vccdrops too low, with minimum impact on output ; VS signal
shows wakeup andTD pin internal pull-down
Attention: The \tcwakeup burst control mechanism is intended to work with the &€ voltage supply via

the ZCD winding. In case of thec¢voltage is supplied via a winding voltage, which follows a
certain ratio of the primary bus voltage,you must ensure that the \écvoltage during burst
mode is always higher than Vecpurst maximumvalue (9.1 V maximum) by a sufficient margin,
especially when the input voltage is low and close to brownout level, so that thec¥wakeup
burst mechanism can be avoided, to achieve a good output regulation.
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High-frequency flyback IC for lighting applications
Key waveforms

8.5 &FS<I;GNEJON /60

Theflyback output OVFeatures industryleading precision.The IC senses the current flowing into the ZCD pin.
This current is interndly multiplied with a fixed factor. The resulting current is injectéato the CS pin during
the offtime of theprimary power switch

This multifunctional use of the OCIPthresholdachievesan 8% ICaccuracy over the whole temperature range
and production variations.

Offering an accurate and cycley-cycle-based fast OVP can save cost and eases the design of SELV LED drivers.

| P
VUV VU VUV VVV VUV VUV VYV VYV VY
2 O A A
8 SR
A PPREAR AAPARSARIN . !
[t e
- O
_),g/vvvvvvwvvwvwvvvwf - AR ARIREREEAEL LR RN AR AR O AARARARLL
T B e T B e B 1 e £ 1 A A 17+
Figure 40 Flyback output OVP at78.3V after sudden output open condition following BMentry at
230Vac
Engineering report 29 V 1.
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CoolGaN-uransistor

High-frequency flyback IC for lighting applications

Thermal images

9 AB?LGGFA? M
Table 3 Thermally measured components
SP1 CM{core orwinding)
SP2 Diode bridge
SP3 CoolGaNHuransistor case (bottom view) or thermal pad (top view)
SP4 Transformer(core orwinding)
SP5 Output rectifier diode (case)
SP6 Snubberdiode (bottom view) or thermal pad (top view)
SP7 Single-stage PFGlyback controller
Measurements
SP1 35.7C
SP2 62.7C
SP3 73.3°C
SP4 74.5°C
SP5 36.7C
SP6 95.1°C
SP7 64.5°C
Parameters:
Backgroundtemp. |242°C
Emissivity 0.95
Note:

230Vac, 50 Hz, full load:;

bottom side

with opamp board connected;

Figure 41 Thermal image bottom side at 230 Vac, 50 Hz

Engineering report
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High-frequency flyback IC for lighting applications
Thermal images

Measurements :glwdo OC
SP1 33.7C
SP2 59.5C
SP3 63.2C
SP4 75.3C
SP5 35.9C
SP6 820°C
SP7 NA

Parameters
Backgroundtemp. |24.1°C
Emissivity 0.95

Note:

230Vac, 50 Hz, full load;

with opamp board connected;

top side

Figure 42 Thermal image stop side at 230 Vac, 50 Hz

Measurements
SP1 53.7°C
SP2 69.1°C
SP3 68.5C
SP4 63.9C
SP5 40.2C
SP6 94.8C
SP7 60.2C IR0, \) et
Parameters 3 3 NG + :
Backgroundtemp. | 23.3°C 'g""%'sowﬁ 2;:}04
Emissivity 0.95 \—
Note:
115Vac, 60 Hz, full load;
with opamp board connected,;
bottom side

Figure 43 Thermal image *bottom side at 115Vac, 60 Hz
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High-frequency flyback IC for lighting applications

Thermal images

(infineon

top side

Measurements
SP1 55.2°C
SP2 67.3°C
SP3 56.0C
SP4 66.1°C
SP5 39.C°C
SP6 80.1°C
SP7 NA

Parameters
Backgroundtemp. |24.8°C
Emissivity 0.95

Note:

115Vac, 60 Hz, full load;
with opamp board connected;

Figure 44

Engineering report

Thermal image sktop side at 115 Vac, 60 Hz
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CoolGaN-uransistor

High-frequency flyback IC for lighting applications
Setup and measurement remarks

10 3?NOJG?;HPOL?G?HN L?G; LEM
1 AC source: Chroma 604

1 Load:BK 8601Bn CC mode with {threshold of 25V

1 Powerup of theevaluationboard must be done with the ative startupboard plugged in

1 If testing without theactive startup board

i Increasethestartt:OJ L? MCMNI LM NI ;JJLI RCG; N?FS FfI'I' EA
i 01l JOF; N? 2f)X QCNB I' A :H> 2F3 QCNB X3 EA
T Populate D6 with a 22 V Zener

Becausehe feedbackloops are optimized to deliver a good THD and, Bfe crossoveffrequency of the loop
is very low. Thisompromisesthe loadjump behavior and favors softlimming behavior. For dynanic load
changes an additional Dpath in the feedbacKoop is required.Thiscanusuallyconsist of a resistor and a
capacitor in parallel to the upper voltage divider resistddowever,non-linear feedback with diodes instead
of a resistor is also possiblé circuit example is shown iRigure 45

The fastreactingflyback outputOVP and the slow feedback loop may cause unwanted behavior, where the
system is stuck in repetitive restarts. Herhe output voltage rises very fast to the OVP level (haddfrged
output capacitor, fast AC restaretc.) and triggers the protection while the feedback loop had no time to
react. This can occuior multiple reasons such as #&o0-small output capacitor or when the output voltage
setpoint is too close to the OVP level. Solutiansludeincreasingthe output capacitor, increasingthe
threshold for the OVP, lowarg the setpoint, or changingthe behavior of the load

Wout «

A

20

——
N

Figure 45 Non-linear feedback circuit for highly dynamic loads without compr omising THD and

steady-state performance
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High-frequency flyback IC for lighting applications

Harmonics

i

11 (; LGl HC=M

Becausethe ICL88xx familgre primarily designed for lighting, they can easily pass tlirgternational harmonic
standard.

Avg current harmonic vs IEC 61489 class C
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Figure 46 Harmonics measurementat 230 Vac, 50 Hzand full load , with opamp board attached

Avg current harmonic vs IEC 61€0P class C
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Figure 47 Harmonics measurement at 230 Vac, 50 Hzand full load , with TL431board attached
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High-frequency flyback IC for lighting applications

Harmonics
Avg current harmonic vs IEC 61488 class C
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Figure 48 Harmonics measurement at 115Vac, 60 Hzand full load , with opamp board attached
Avg current harmonic vs IEC 61€0P class C
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Figure 49 Harmonics measurement at 115 Vac, 60 Hzand full load , with TL431board attached
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EMI measurements

12 %-G?; MOL?G?HNM

Under AC operating conditions, the PFESR evaluation board fully complies with the EN 55015
electromagnetic interferencg EMI)standard for conducted emission limits from 9 kHz to 30 MHz.
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Figure 50 115VacL line spectrum overview with opamp board attached
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Figure 51 115VacN line spectrum overview with opamp board attached
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EMI meas

urements
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Figure 52

230Vac L linespectrum overview with opamp board attached
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Figure 53

230Vac N line spectrum overview with opamp board attached
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Figure 55 115VacN line spectrum overview with TL431board attached
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Figure 57

230VacN line spectrum overview with TL431board attached
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Magnetics

13 -, AH?NC=M

The datasheet of the flyback transformer shownin Figure 58

Figure 58 Flyback transformer (T1) specifications
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