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43 W PFC-SSR f lyback demo board with ICL88xx 

Flyback IC for lighting applications  

Scope and purpose 

Two-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 more 
complex systems with sensors and MCUs require a stable output voltage enabled by 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 SSR topology. The controller used in SSR configuration is 
suitable for on/off LED drivers and is 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 factor (PF) flyback with CV output.
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Introduction  

  

1 )HNLI>O=NCIH 

SSR is the best-fit topology for on/off LED drivers and drivers with minimum dimming down to dim-to-off. The 

main difference between SSR and primary-side regulation (PSR) topology is based on the fact that in the PSR 
system the main channel secondary-side output voltage is measured indirectly on the primary auxiliary supply 

winding. This means the coupling between the main secondary and auxiliary windings does affect the 
regulation accuracy. In contrast, the SSR system directly measures the output, which makes the transformer 
design easier and less complicated. For the best THD and PF performance the crossover frequency of the 

feedback loop should be in the range of 5 to 20 Hz. If the crossover frequency is too low, the feedback reaction 

would be very slow, making it unsuitable for dynamic load changes such as sudden load loss. At the same time, 
a lower crossover frequeH=S CGJLIP?M 4($ӆ )NӒM ; =IGJLIGCM? <?NQ??H @??><;=E L?;=NCIH ;H> C4($ӆ But, if a 

faster load-jump-dependent loop is required, a fast path can be easily added to the existing feedback loop.  

For the secondary-side overvoltage protection (OVP) it is necessary to say that it has a 10 percent tolerance 
over the production and temperature range; this fact must be considered during the design of the driver. If the 

overvoltage level is too close to the normal operation voltage, it may lead to accidental triggering of the 
protection during fast load changes, especially at high input voltages. Here the feedback loop is too slow to 
react to a sudden load loss, and it =;HӒN =IHNLIF NB? IONJON PIFN;A? within the very tight limit anymore. The 
converter will therefore move to hiccup oscillation. The OVP F?P?F GOMN B;P? ; JLIJ?L G;LACHӆ )@ CNӒM G;H>;NILS 

to improve regulation accuracy, there are a few options: 

¶ To use a dynamic feedback or dynamic bleeder, which is active only when the voltage reaches a certain 

point. This adds some complexity and increases cost. 

¶ To increase the size of the output capacitor. 

If only dimming to 5 to 10 percent is required and a larger output voltage tolerance (3 to 5 percent) is 

acceptable then it might be possible to go for a PSR design, where 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 about the PSR solution can be found in the Engineering Report of the PSR 
reference design.  

As a default setup, the reference design board is assembled with a start-up circuit based on a depletion mode 
MOSFET BSS126i on a very small adapter board. After the first start, the IC is then supplied from the auxiliary 

winding and the start-up circuit is disabled. This setup offers the lowest standby losses. If low standby 

consumption is not necessary as an option, the start-up circut can be changed to a resistive start-up. Here only 
the resistor R35 in the main schematic (Figure 2) with 0 ʍ and a protective Zener diode with 22 V needs to be 

added while the daughterboard gets removed. 

This reference design is provided with two regulation circuits. Both circuits are designed as plug and play 
solutions, but at least one has to be connected to the main board. 

The two boards shall show the trade-off between cost; here the TL431 board offers the cheaper solution, and 

standby performance, while the op-amp board shows an overall 30 mW better performance. 
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Introduction  

  

ICL8800 is a family member, which is cost-optimized and can be perfectly used for on/off drivers and dimming 
down to 5 percent, as shown in Figure 29.  

ICL8810 is 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 dim-to-off operation. After the limit of ICL8800 shown in 
Figure 28, the IC moves gradually to BM, as shown in section 7.3, and finally to the standby mode shown in 

Figure 36.  

ICL8820 is 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. This behavior is shown in sections 7.4 and 11.2. 

https://www.infineon.com/cms/en/product/power/lighting-ics/ac-dc-led-driver-ic/icl8800/
https://www.infineon.com/cms/en/product/power/lighting-ics/ac-dc-led-driver-ic/icl8810/
https://www.infineon.com/cms/en/product/power/lighting-ics/ac-dc-led-driver-ic/icl8820/
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2 3J?=C@C=;NCIHM 

Input and output specifications of the ICL88xx PFC-SSR flyback demo board are shown in the table below. 

Table 1 Design specifications 

Specification  Symbol Value Unit  

Maximum AC input voltage V AC 90 to 305 Vrms 

Normal operational AC input voltage V ACmax 100 to 277 Vrms 

Normal operational AC input frequency Fline 47 ~ 63 Hz 

Secondary-side regulated CV output set-point Vout,setpoint 54 V 

Steady-state output load current Iout 0 ~ 800 mA 

Steady-state full-load output power Pout,full 43.2 W 

Minimum efficiency at Pout,full ẫmin,at,P,out,full 91 % 

Target minimum switching frequency at Pout,full fsw,min,at,P,out,full 52 kHz 

Minimum load for ICL8800  10 percent at 

277 V AC/ 

5 percent at 
230 V AC/1.5 

percent at 

120 V AC 

 

Standard compliance 
   

Harmonics ӝ EN 61000-3-2 

class C 

ӝ 

EMI ӝ EN55015 ӝ 

Board dimensions    

Size L x B Main board: 

171 x 27 

mm 

Size L x B PlugIN-TL: 

36.5 x 27 

mm 
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3 #IHH?=NCIHM  

 
 

 

Figure 1 Top side with connections 
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Figure 2 Schematic of the ICL88xx PFC-SSR flyback demo board 
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Figure 3 Schematic of the daughterboard with start -up circuit  

 

Figure 4 Schematic of the op-amp plug-in board with the feedback loop  
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Figure 5 Schematic of the TL431 plug-in board with the feedback loop  
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5 ,;SIONM 
 

 

Figure 6 Layout of the top  and bottom  side of the main power board 

 

Figure 7 Layout of the op-amp regulation plug-in board 

 

Figure 8 Layout of the TL431 regulation p lug-in board 
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Figure 9 Layout of the start -up board 
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6 "I;L> =IG<CH;NCIHM 

Based on the markings on the top side of the board, a different IC out of the ICL88xx family is assembled. The 

ICs and the boards can be changed without any additional measures. Based on the selected IC, different 
features are built in. 
 

 

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

6.1 3N;LN-OJ IJNCIHM 

As described earlier, the board offers two options for start-up. The resistive circuit is cheap but has constant 

losses, which are dependent on the input voltage. It is perfect for on/off drivers and dimmable drivers without 

standby requirements. 

The active start-up circuit can provide faster charging of the VCC capacitor. The biggest advantage is the 

controllable resistive path. In that way the losses are only present during start-up, and if the VCC gets too low. 
This option is most suitable where standby losses matter. 

If testing without the start-up board, the start-up resistors have to be increased to around 200 EἈ, and R36 has 
to be added, and D6 with 22 V has to be added. This start-up board has to be unplugged. 
 

 

Figure 11 A selection of start-up options 
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6.2 332 =CL=OCN 

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. 

The choice is between low-cost higher standby losses, and higher-cost better standby performance. 
 Ci 

 

Figure 12 TL431 circuit  

On the other hand, the op-amp with integrated voltage reference offers the best standby performance.  
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Figure 13 Op-amp circuit  

Both circuits have their advantages and downsides, and there is no general answer to which circuit is the best. 

It always depends on the input and output specifications, the focus on cost or performance, and the availability 
of components. 

For test purposes, both boards can be used as plug and play.  

Attention:  Make sure the ouput capacitor is discharged and the AC mains voltage is turned off before 
changing the feedback board. To make the process easier, the footprint of a discharge circuit 
is already added on the main PCB. After assembling it the ouput capacitor can be safely 

discharged by the push of a button. 
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7.1 0?L@ILG;H=? QCNB IJ-;GJ 
 

 

 

Figure 14 Vout regulation  

 

Figure 15 Efficiency 
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Figure 16 No-load input power  

 

Figure 17 THD measurement 
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Figure 18 PF measurement 

7.2 0?L@ILG;H=? QCNB 4,Ҕғґ 
 

 

 

 

Figure 19 Vout regulation  
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Figure 20 Efficiency 

 

Figure 21 No-load input power  with a very low current optocoupler optimized for efficiency  
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Figure 22 THD measurement 

 

 

Figure 23 PF measurement 
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8.1 3N;LN-OJ 

This part shows the start-up behavior of the driver at various input voltages and loads.  

The VCC pull-up resistors and VCC capacitor are selected such that the start-up time in the worst case is less than 

200 ms. 

In order to save energy and make the design-in easier, the gate voltage is reduced during start-up. 

 

Figure 24 Start -up at 277 V at no load  

 

Table 2 Self-supply during start -up referring to Figure 24 

Section Explanation 

1 Start of the AC input voltage and start of the VCC 

capacitor charging 

2 Start of the IC, supply only from the VCC capacitor 

3 Auxiliary winding delivering power to the VCC 

capacitor 

4 Normal operation with self-supply 
 

 

 

Input voltage and current 

Output voltage 

Gate drive 

Trend of the gate frequency 

Trend of the gate on-time 
 

1 

Supply voltage VCC 

2 3 

Current sense signal 

4 
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Figure 25 Start -up at 277 V at full load  

 

Figure 26 Start -up at 120 V at no load 
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Figure 27 Start -up at 120 V at full load  

 

Figure 28 Start -up at 90 V at full load, delay due to Vin pin averaging 

Because the input voltage is internally averaged, it may result in delayed start-ups close to the brown-in 
voltage. 
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8.2 3N?;>S-MN;N? 

This chapter shows the switching waveforms in steady-state operation. 

Because the ICL8800 has no BM and the minimum on-time is limited, the output voltage will rise to the output 
OVP if the lowest power limit is reached. 
 

 

Figure 29 Lower power limit of the ICL8800 in this design due to missing BM 

 

 

 

ACin Iin Vout Gate VCC CS 

 

Figure 30 230 V first valley operation  (Vout ripple pk -pk 5.3 V) 
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ACin Iin Vout Gate VCC CS 

 

Figure 31 230 V third valley operation ( Vout ripple pk -pk 3.7 V) 

ACin Iin Vout Gate VCC CS 

 

Figure 32 230 V ninth valley operation ( Vout ripple pk -pk 2.5 V) 
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ACin Iin Vout Gate VCC CS 

 

Figure 33 230 V burst mode operation ICL8810 and ICL8820 only (Vout ripple pk -pk 1.01 V) 
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8.3 "OLMN GI>? ӨIHFS )#,ҘҘґҐ ;H> )#,ҘҘҒҐө 

The oscilloscope screenshots in this chapter offer an insight into the very smooth and nearly ripple-free BM 
operation of the ICL8810 and ICL8820. 

In order to save energy and make the design-in easier, the gate voltage is reduced in BM. Furthermore, the BM 

has a very smooth entry and exit. This gradual change of modes is shown in the images below.  
 

 

ACin Iin Vout Gate VCC CS VS TD 
Trend gate 
frequency 

Trend 
on-time 

 

Figure 34 Operating point between BM and normal operation, smooth BM entry  (365.9 mV pk-pk at 

Vout) 
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Figure 35 Operating point with partial IC sleep  (458 mV pk-pk at Vout) 

ACin Iin Vout Gate VCC CS VS TD 
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Trend 
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Figure 36 Operating point fully in BM (437 mV pk-pk at Vout) 
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Figure 37 Operating point in BM  

8.4 6## G;CHN;CH;H=? GI>?  

Because this IC only generates pulses when the feedback requires it, after a load drop the OVP might be 
triggered. In this case it will be a long time until the next pulses are generated (this is highly dependent on the 
system and the size of the VCC capacitor). In BM during the IC sleep the VS pin voltage is zero. To check the 

power demand the VS pin gets pulled up after the wake-up of the IC. If no pulse is needed, the IC falls back to 

sleep again. This will happen every 200 Hz. 

If the VCC voltage gets too low there are mechanisms to keep the IC operational: 

¶ In addition to the BM wake-up according to the control loop, a higher-priority VCC wake-up threshold 
may trigger a burst start if VCC drops as low as VVCCwake. The controller continues with the burst until VCC 

increases up to VVCCburst again (this behavior can be seen in Figure 38). 
 

¶ In parallel, the TD pin lowers its voltage to allow an external start-up circuit to charge the VCC capacitor 

until VVCCburst is reached. 
 

This BM control allows tight output regulation and reduces the standby power, because no unnecessary pulses 
are generated. In addition, it allows the use of a small VCC capacitor. 
 

This VCC maintainance mode is designed to have minimal inpact on the output voltage. Furthermore, the 
coupling and the fact that in this case the auxiliary winding has the highest power demand should help with 
minimizing the impact on the output voltage. This behavior can also help to keep microcontroller functional, 
and it is shown in Figure 38. 
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VCC VS Gate Vout 

 

Figure 38 VCC maintainance mode if VCC drops too low, with minimum impact on output ; VS signal 

shows wake-ups and gate-only pulses if necessary 

8.5 $# DCNN?L ӨIHFS )#,ҘҘҒҐө 

The VIN pin automatically detects the AC and DC voltage. If it detects DC, the jitter is added to the ouput of the 
pulse-width modulation (PWM) generator.  

This function eases the design of the emergency lighting driver, as no additional circuit is needed. This feature 

helps to pass the required EMI standard. The fast restart time of 200 ms also qualifies this IC for designs where a 

fast restart after the change to DC is required. 

Pulling down the VIN pin lets the IC restart even faster. Here the restart conditions are checked every 25 ms. 

Please refer to the chapter EMI to see the effect of the jitter on the measured spectrum. 
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Figure 39 ICL8820 DC jitt er at 30 W, amplitude: 6.443 kHz 

 

Figure 40 ICL8820 DC jitter at 13 W, amplitude: 1.681 kHz 
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8.6 3?=IH>;LS-MC>? IONJON /60 

The secondary-side OVP is very accurate compared with other products. The IC senses the current flowing into 
the ZCD pin. This current is internally multiplied with a fixed factor. The resulting current is injected into the CS 

pin during the off-time of the MOSFET. 

This multifunctional use of the OCP offers an 8 percent IC accuracy over the whole temperature range and 

production variations.  

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

 

ACin Iin Vout Gate VCC 
 

Figure 41 Secondary-side OVP at 59.85 V after sudden output open condition following BM entry  
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Table 3 Thermally measured components 

SP1 CMC  

SP2 Diode bridge 

SP3 MOSFET 

SP4 Transformer 

SP5 Output diode 

 

Figure 42 Thermal image ӝ bottom side 90 V 
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Figure 43 Thermal image ӝ top side 90 V 

Figure 44 Thermal image ӝ bottom side  300 V 
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Figure 45 Thermal image ӝ top side 300 V 
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¶ AC source: Chroma 61502 

¶ Load: Chroma 63105A in CC mode with Von threshold of 25 V  

¶ Power-up of the board must be done with the adapter boards plugged in 

¶ If testing without the start-up board, the start-up resistors have to be changed ӝ R36 has to be added, D6 
with 22 V has to be added 

¶ Because the feedback loops are optimized to deliver a good THD and PF, the crossover frequency of the loop 
is very low. This compromises the load-jump behavior and favors soft-dimming behavior. For dynamic load 

changes an additional D-path in the feedback loop is required. This can usually consist of a resistor and a 

capacitor in parallel to the upper voltage divider resistor. But non-linear feedback with diodes instead of a 
resistor is also possible. A circuit example is shown in Figure 46. 

¶ The fast-reacting second OVP and the slow feedback loop may cause unwanted behavior, where the system 
is stuck in repetitive restarts. Here the output voltage rises very fast to the OVP level (half-charged output 

capacitor, fast AC restart, etc.) and triggers the protection while the feedback loop had no time to react. This 

can occur for multiple reasons, such as a too-small output capacitor or when the output voltage set-point is 
too close to the OVP level. Solutions include increasing the output capacitor, increasing the threshold for 
the OVP, lowering the set-point or changing the behavior of the load. 

 

 

 

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

steady-state performance 
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Because the ICL88xx family are primarily designed for lighting, they can easily pass the harmonic standard. 
 

 

 

 

Figure 47 Harmonics measurement at 277 V full load 

 

Figure 48 Harmonics measurement at 230 V full load 
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Figure 49 Harmonics measurement at 120 V full load 
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12.1 !# CHJON 

The SSR reference board can easily pass the EMI standard for AC operation. 

Figure 50 120 V L 

Figure 51 120 V N 
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The EMI measurements for DC input are given below. 

With regard to DC operation, only the ICL8820 can pass the DC test due to the implemented jitter. 

The sudden jump at 30 MHz is due to measurement system error and can also be seen with no device 
connected. 

Figure 52 120 V DC 

Figure 53 160 V DC  

 

 

 






















