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Flyback IC for lighting applications O

Scope and purpose

Two-stage topologies are growing 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 Jevelsnore
complex systems with sensors and MCUs require a stable output voltagéledaby constant voltag€CV)
secondary-side regulated (SSR topology.Morestringent standards for flicker andbtal harmonic distortion
(THD as well as harmonics are algmints in favor of SSR topologyhe controller used in SSR configuratiois
suitable for on/off LED drivers anid the best solution for minimum dimming levels down to 0.1 percent and
dim-to-off.

Intended audience

Engineers interested in using ICL88xx as SSR high power féREflyback with CV output.
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Introduction
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SSRis the bestfit topology for on/off LED drivers and drivers with minimum dimming down to dtoroff. The

main difference betweenSSR angbrimary-side regulation(PSRtopology is based on the fact thah the PSR
systemthe main channekecondarysideoutput voltageis measured indirectly on the primary auxiliary supply
winding. This meanghe coupling between themain secondary and auxiliary windingsoesaffectthe

regulation accuracyln contrast,the SSR system directly measures the outpwhich makes the transformer

design easier and less complicated. For the best THD and PF performance the cro$smysncy of the

feedbackloop should be in the range of 5 to 24x.If the crossover frequency is too low, the feedback reaction
would be very slow, making iinsuitable for dynamic loadchangessuch assudden load lossAt the samdime,

alower crossover frequel=S CGJLI P?M 4($n )NAM ; =1 GJLI @BONfa <? NQ
faster loadjump-dependent loop is required a fast path can be easily added to the existing feedback loop.

For the secondanside overvoltageprotection (OVPJt is necessary to say thatlitas a 1(ercenttolerance

overthe production and temperature range; this fact must be considerddring the design of the drivenf the
overvoltage level is too close to the normal operation voltage, it may lea@d¢oidental triggering of the

protection during fast load changesspecially at high inpuvoltages Here te feedback loop is too slowo

react to a suddendad lossandit=; HAN =1 HNL | F wiNBnZhe Ve€ NghtlQimit aRymdreN Tha ?
converter wil therefore move to hiccup oscillation. Th&VPF? P? F GOMN B; P? ; JLI J?L
to improve regulation accuracy, there am@few options:

I To useadynamic feedback or dynamic bleeder, which is active only whbka voltagereachesa certan
point. Thisadds some complexity and increases cost.

1 To ncrease the size of the output capacitor

If onlydimming to 5to 10percentis required and a larger outpuioltage tolerance (30 5 percent)is
acceptablethen it might bepossibleto go for aPSR desigrwhere the system costs are lower compared with

the SSR solution. The ICL88xx family can be used with all the features in the SSR system as well as the PSR
topology. More information abut the PSR solution can be found in tliagineering Report of the PSR

reference design.

As a defaulsetup, the reference design board is assembleith a startup circuit based ora depletion mode
MOSFEBSS126i on gery small adapteboard. After the first startthe ICis thensupplied from the auxiliary
winding and the startup circuit is disabledThis setup offers the lowest standby lossdtlow standby
consumptionis not necessarys an optionthe startup circut can be changed to a resistive stanp. Here only
the resistorR35in the main schematic Figure 2) with Omand a protective Zener diode with 22 needs to be
added while the daughterboard gets removed.

This reference design is provided with two reguilat circuits. Both circits are designed as plug arglay
solutions, but at least one has to be congéed to the main board.

The two boards shall show the tradeff between costhere the TL431 board dfs the cheaper solution, and
standby performance while the op-amp board shavsan overall 30 mW better performance.
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Introduction

ICL8800is a family memberwhich is costoptimized and can be perfety used for oroff drivers and dmming
down to 5percent,as shown irFigure 29.

ICL8810is a family member witlthe burst mode(BM)feature. Thishelpsto control the output voltage quite
accurately down to a very low output power levahd dim-to-off operation. Afterthe limit of ICL880Ghown in
Figure 28, the IC moves gradually BM, as shown irsection7.3, and finally to tle standoy mode shown in
Figure 36.

ICL88 is a family member with 8Mand jitter feature.In additionto the BMthis IC offers a jitter function
during DC operationThis helps to pass the EMI requirements for DC operatrequiredfor the emergency
lighting system. This behavior is shown sections7.4 and 11.2.
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Specifications
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Input and output speciications of the ICL88xPFCSSRlybackdemoboard are shown in the table below.

Table 1 Design specifications
Specification Symbol Value Unit
Maximum AC input voltage VAC 90to 305 Vims
Normal operational AC input voltage VAGhax 100to 277 Vims
Normal operational AGnput frequency Fine 47 ~ 63 Hz
Secondaryside regulated CV output sqioint Vout setpoint 54 \%
Steadystate output load current lout 0~ 800 mA
Steadystate full-load output power Pout ful 43.2 W
Minimum efficiency at R Aminatp.out full 91 %
Target minimum switching frequency atoRui fsw,min.atP.out ful 52 kHz
Minimum load for ICL8800 10percentat
277VAQ
5percentat
230VAQ1.5
percentat
120VAC
Standard compliance
Harmonics X EN610003-2 X
classC
EMI X EN55015 X
Board dimensions
Size LxB Mainboard: | mm
171 x 27
Size LxB PlugINTL: | mm
36.5 x 27
Engineering Report 40f47 V1.0
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Connections
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PE Z
DB i Start-up
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(components

facing inside)

Figure 1 Top side with connections
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Schematics
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Schematic of the ICL8&x PFGSSRflyback demo board

Engineering Report

Figure 2




infineon

43 W PFESSR flyback demo board with ICL88xx
Flyback IC for lighting applications

Schematics
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Figure 3 Schematic of the daughterboard with start -up circuit
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Figure 4 Schematic of the op-amp plug-in board with the feedback loop
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Schematics
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Figure 5 Schematic ofthe TL431 plug-in board with the feedback loop
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Figure 6 Layout of the top and bottom side of the main power board

Connect to ICL88xx SSR 40W Ref Design Main Board| °
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Figure 7 Layout of the op-amp regulation plug-in board
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Figure 8 Layout of the TL431regulation p lug-in board
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Figure 9 Layout of the start -up board
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Board combinations
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Based on the markingon the top side of the boargh different IC out of the ICL88xx family is assembled. The
ICs and the boards can be changed without any additional measures. Based on the selectitfdf@nt
features are butin.

Jo @ —@®;
ICL88xx SSR @
®40W Ref. Design
Main Board v1.0

o |ICLESOOM gt
Ca ICL8810N

ICL8820

. J4 ! J2
‘Weee:” ¢
Board T

Figure 10 The soldered-in IC is marked on the powerboard’ top side

6.1 3N;-@QIN I INCI HM

As described arlier, the board offers two options for startip. The resistive circuit is cheap but has constant
losses which aredependenton the inputvoltage.lt is perfect foron/off driversand dimmable drivers without
standby requiremens.

The active starup circuit can provide faster charging of thed¢apacitor. The biggest advantage tise
controllable resistive path. In that way the losses are only present during stgrtand if the \cgets too low.
This option ismost suitablewhere standby losses matter

If testing without the startup board, the start-up resistors have to bencreased to around 20& Aand R36 has
to be added,and D6 with 22V has to be addedrhisstart-up board has to be unplugged.

/ on-Offor ﬂ)immahle Drivers\ Dimmable Drivers Dimmable Drivers

Single Input Vinex < 600V Vinex < 600V Vinpe < 800V
Voltage ’

a

3x 1206

Figure 11 A selection of start-up options
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Board combinations

6.2 332CL=0CN

Here again,two options are offered. The TL431 is the simpler circuit but has higher losses due to the minimum
current for the TL431 in order to stay operational.

Thechoice is betweendw-cost higher standby lossesand higher-cost better standby performance

N
>
1 X
™~

Figure 12 TL431circuit

On the otherhand, the op-amp with integrated voltage referenceffersthe best standby performance.

° N 1
*Ns -:TT—_- Outiput
\

Na,sec vaupply,SSR VsuppIy,REF Vout,senseSSR
4
|%)ias.opto IsenseSS
Iopto,SSF R)iasREF I:{Jpper

o
‘)i Iopto,SSl
Opto-

coupler

CV output

R Secondary Side
Svey Regulation(SSR

feedback circuit

Figure 13 Op-amp circuit

Both circuits have the advantages and downsidesind there is no general answéo which circuit is the best.
It always depends on the input and output specificatisnthe focus on cost or performanc¢and the availability
of components.

For testpurposes, both boards can be usedsplug and play.

Attention: Make sure the ouput capacitor is dischgred and the AC mains voltage is turned dbefore
changing the feedback board.To make theprocesseasier,the footprint of a discharge circuit
is already added m the main PCB. After assembling it the ouput capacitor can be safely
discharged by the push of a button.
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This partshowsthe start-up behavior of the driver at various input voltages and loads.

The \{pull-up resistors and M-capacitor are selected such that the stadp time in the worst case is less than
200 ms.

In order to save energy and make the desigmneasier the gate volage is reduced during staiap.

Help Tektronix
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Figure 24 Start-up at 277Vat no load

Table 2 Self-supply during start -up referring to Figure 24
Section Explanation
1 Start of the AC inpuvoltage and start of thé/c
capacitor charging
2 Start of the 1C supply only from thé/.ccapacitor
3 Auxiliary winding delivering power to th&tc
capacitor
4 Normal operation with selisupply
Engineering Report 180f 47 V1.0
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Figure 26 Start-up at 120Vat no load
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Figure 27 Start-up at 120Vat full load
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Figure 28 Start-up at 90V at full load, delay due to V,, pin averaging
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Becausethe input voltage is interndly averaged it may result indelayed startups close to the browsin
voltage.
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8.2 3N?:MNS N?
This chaptershowsthe switching waveforms in gady-state operation.

Becausethe ICL8800 has nBMand the minimum ontime is limited, the output voltage will rise to the output
OVP if the lowest power limit is reached.

45 42

w
ol

)

Power in W
=
v N

o
o

o

277 250 230 200 180 150 120 90
Input voltage in V

Figure 29 Lower power limit of the ICL8800 in this design due to missing BM
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Figure 33 230V burst mode operation ICL8810 and ICL8820 only\V,,, ripple pk -pk 1.01V)
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8.3 " OLMN OGIHFS ) #HPr83BBFI 6

The oscilloscope screenshots in this chiagp offer an insighinto the very smooth and nearly rippléree BM
operation of the ICL8810 and ICL8820.

In order to save energy and make tlesignin easier the gate voltage is reduced iBM Furthermore the BM
has a very smooth emy and exit. This gradual change of modeskown in the imagedelow.
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Vee on-time
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— Trend 2 o] o o Horizontal Trigger Acquisition Roll
Figure 34 Operating point between BMand normal operation, smooth BMentry (365.9 mV pk-pk at
Vout)
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Figure 35 Operating point with partial IC sleep (458 mV pk-pk at V,,,)
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Figure 36 Operating point fully in BM (437 mV pk-pk at V)

Ch2 Ch7 Ch5 — == Horizontal Trigger

Engineering Report 250f47 V1.0
2021-06-02




o _.
43 W PFESSR flyback demo board with ICL88xx Infineon
Flyback IC for lighting applications
Key waveforms

Trend
on-time
File  Edit  Utility o _ Tektronix

Waveform View Add New...

Cursors | | Callout

Measure = Search

LEY

Table | POt
|

At: 4461 ms  1/At: 22417 Hz D | More...

Av:51.249 mV  Av/A:(11.49 V/s

23,102 ms g 1t: 27.563 ms Meas 9 o

v:56.173 V v: 56.122V 40 ms 50 ms RMS
2293V

Meas 11 ©
Frequency

: 59.98 Hz
Meas 6 o
Frequency

- 21.61 kHz
Meas 7 o
Positive Pulse Wi...

Al 11040

gold Bl Peak-to-Peak
- " 290.9 mV.

Trend 1 Trend 2 ——|— izontal ion Triggered

200 mV/div | 2.8 V/di 2.8023 k... | 183.528 ... Iﬁdd ﬁdd ﬁ’—*’—* RPN 10 ms/civ 100 ms Auto, Analyze
Ter... Frequency | Positive P... M:g Reevf” BTJVSV SR: 12.5 MS/s 80 ns/pt. sample: 12 bits 07 Aug 2020
Meas 6 Meas 7 RL: 1.25 Mpts ¥ 40% 520 Acgs 12:18:54

8.4 6:46G; CHN: CH:; H=7? GI >7?

Becausethis IC only generats pulses when the feedback requires it, after a load drop the @¥iht be
triggered. In this case it wilbe a long time until the next pulses are generated (this is higtlgpendenton the
system and the size of thecdtapacitor). InBMduring the IC sleephe VS pin voltage is zero. To check the
power demand the VS pin gets pulled up after the wakg of the IC.flno pulseis neededthe IC falls back to
sleep again. This wihappen every 20®iz.

If the Vecvoltage gets t@ low there aremechanismsto keepthe IC operational:

T In addition to theBMwake-up according to the control loop, a highgriority Vccwake-up threshold
may trigger a burst start if dddrops as low as Wcwae The controller continues with the bursintil Vec
increases up to Ycours@gain ¢his behavior can be seen igure 38).

1 In parallel, the TD pin lowers its voltage to allow an external stapt circuit to charge the d¢capacitor
until WecoursiS reached.

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

ThisVccmaintainance mode is designed to have minatinpact on the output voliage. Furthermorethe
coupling and the fact that in this case the auxiliary winding has the highest podeanand should helpwith
minimizing the impact on the output voltageThis behavior can also help to keep microcontroller functional
andit is shown inFigure 38.
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Vee Vs [Gate Vau

Overall VCC dip | Zoom in on VCC falling |Further zoom in on VCC falling
Blue: 24V; Yellow: VCC; Green: VS voltage; Purple: Gate voltage of Mosfet

Zoom in on VCC rising

Figure 38 Vccmaintainance mode if Vecdrops too low, with minimum impact on output ; VS signal
shows wake-ups andgate-only pulses if necessary

8.5 $SHCN®PHFS ) #, 33FT e

The VIN pirautomatically detects the AC and DC voltage. If it detects, D€ jitter is added to the ouput of the
pulse-width modulation (PWMyenerator.

This function eases the design tife emergeng lighting driver, asno additional circuit is needed. This featar
helps to pass the required EMI standarithe fast restartime of 200 malsoqualifies this IC for designs where a
fast restartafter the change to DC is required.

Pulling down the VIN pin lets the IC restart even faster. Here the restart conditionstereked every 25 ms.
Please refer to the chapter EMI to see #féect of thejitter on the measured spectrum.
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Figure 40 ICL8820 DGitter at 13 W, amplitude: 1.681 kHz
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8.6 3?=1 HMCES3 | ONJON /60

The secondaryside OVRs very accurateeompared with other products. The IC senses the current flowing into
the ZCD pin. This current is interlig multiplied with a fixed factor. The resulting current is injectéuto the CS
pin during the offtime of the MOSFET.

This multifunctional use of tie OCP offersra8 percentlCaccuracy 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.
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AGn
Figure 41 Secondary-side OVPat 59.85V after sudden output open condition following BMentry
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9 4 B?LGGFA? M
Table 3 Thermally measured components

SP1 CMC

SP2 Diode bridge

SP3 MOSFET

SP4 Transformer

SP5 Output diode

Measurements 05/03/2021 10:54:53 °iC
Sp1 573°C 90 0
Sp2 i o

Sp3 88.2°C

Sp4 S17°€

Sp5 714°C

Parameters

Emissivity 09

Refl. temp. 20°°€

Note

Bottom side 90V

FLIR0003.jpg FLIR T600 55905689

Figure 42 Thermal image »bottom side 90 V
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Measurements 05/03/2021 11:03:05 °C
Sp1 66.4 °C 90.0
Sp2 574 °C

Sp3 84.2°C

Sp4 56.2 °C

Spd 744 °C

Parameters

Emissivity 0.9

Refl. temp. 20 °C

Note

Top side 90V

FLIR0005.jpg FLIR T600 55905689

Figure 43 Thermal image stop side 90V

Measurements 05/03/2021 10:51:31 °
Sp1 2E8°C 90.0
Sp2 382°C

Sp3 T3¢

Sp4 489°C

Sp5 70.5°C

Parameters

Emissivity 09

Refl. temp. 20 °C

Note

Bottom side 300V

FLIR0002 jpg FLIR T600 55905689

Figure 44 Thermal image skbottom side 300V
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(infineon

Measurements 05/03/2021 11:00:17
Sp1 41.1°C

Sp2 445°C

Sp3 724 °C

Sp4 55.59°C

Sp5 686 °C

Parameters

Emissivity 09

Refl. temp. 20 °C

Note

Top side 300V

FLIR0004 jpg

55905689

Figure 45 Thermal image sktop side 300V
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Set-up and measurement remarks

10 3?20 GA> MOL?G?HN L?G; LEM

1 AC source: Chroma 61502

1 Load: Chroma 63105A in CC mode withthtreshold of 25V

1 Powerup of the board must be done with the adapteoards plugged in

1 If testing without the startup board, the start-up resisbrs have to be change#R36 hado be added, D6

with 22V has to be added

1 Becausehe feedbackloops are optimized to deliver a good THD and, Bfe crossoveifrequency of the lo@
is very low. Thigompromisesthe loadjump behavior and favors softimming behavior. For dynanic load
changes an additional Epath in the feedbackoop is required.Thiscanusuallyconsist of a resistor and a
capacitor in parallel to the upper voltagdivider resistor. But nodinear feedback with diodes instead of a
resistor is also possibleA circuit example is shown iRigure 46.

1 The fastreacting second OVP and the slow feedback loop may cause unwanted behavior, wherg/stem
is stuck in repetitive restarts. Here the output voltage rises very fast to the OVP leveldimaifed output
capacitor, fast AC restaretc.) and triggers the protection while the feedback loop had no time to react. This
can occurfor multipl e reasons such as @aoo-small output capacitor or when the output voltage sqtoint is
too close to the OVP level. Solutioinxlude increasingthe output capacitor,increasingthe threshold for
the OVP, lowéng the setpoint or changingthe behavior ofthe load.

s
—
<

N
]

Figure 46 Non-linear feedback circuit for highly dynamic loads without compr omising THD and
steady-state performance
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Harmonics

11 (; LGl HC=M

Becausehe ICL88xx familgre primarily desighed for lighting, they can easily pass the harmonic standard.

Harmonics Vs. Standard class C
30,00%

25,00%
20,00%
15,00%

10,00%

5,00% ‘l
0.00% alll, .I dJdd 111111111111
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Figure 47 Harmonics measurementat 277 V full load
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Figure 48 Harmonics measurementat 230 V full load
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Harmonics
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Figure 49 Harmonics measurementat 120 V full load
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EMI measurements

12 %-) G?; MOL?G?HNM

12.1 '# CHJON

The SSR reference board can easily pass the EMI standard for AC operation.
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Figure 50 120V L
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Figure 51 120V N
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EMI measurements

12.2 $# CHJON ©)#, 33FI | HFSe
TheEMImeasurements for DC input are given below.
Withregardto DC operationonly the ICL8820 can pass the DC test due to the implemented jitter.

The sudden jump at 3MHz is due to measurement system error acah also be seewith no device
connected.

Figure 52 120V DC

Figure 53 160V DC
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