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About this document
Product Highlights

«  Lowest count of external components

« 650V half-bridge driver with Coreless Transformer Technology

«  Supports customer in-circuit test mode for reduced tester time

«  Supports multi-lamp designs (in series connection)

+ Integrated digital timers up to 40 seconds

«  Numerous monitoring and protection features for highest reliability

+  Very high accuracy of frequencies and timers over the whole temperature range
+  Very low standby losses

Features PFC

+  Discontinuous mode PFC for load ranges 0 to 100 %

+ Integrated digital compensation of PFC control loop

« Improved compensation for low THD of AC input current, also in DCM operation
« Adjustable PFC current limitation

Features Lamp Ballast Inverter

« Adjustable detection of overload and rectifier effect (EOL)

«  Detection of capacitive load operation

+ Improved ignition control allows for operation close to magnetic saturation of inductors

«  Restart with skipped preheating at short interruptions of line voltage (for emergency lighting)
«  Parameters adjustable by resistors only

+  Pb-free lead plating; RoHS-compliant

In our UV-C ballast design we have deployed 600V CoolMOSTM from the new PFD7 family. The PFD7 family of
products combine highest efficiency with a very high level of robustness. In order to reduce system cost we
decided to use a version in a low cost SOT223 package. The ballast was designed for 54W T5 lamp, but can be
used with L55 W 2G11UV-C lamp.
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1 Introduction

The fluorescent lamp ballast Controller ICB2FL03G is designed to control a boost converter as an active

power factor correction (PFC) filter in critical/discontinuous conduction mode (CritCM/DCM) and in half-bridge
topologies as a lamp inverter. The intelligent control concept enables designers to develop cost-effective
ballasts for fluorescent lamps (FL) that fulfill the requirements of a high-performance T5 lamp ballast as well
as multi-lamp topologies (series connection), T8 and T4 designs. A state machine controlling the operating
modes, a completely integrated digital control loop for the PFC output voltage and low tolerances for reference
voltages and operating frequency over the whole temperature range are a result of the advanced mixed signal
technology with only few components required externally. Combined with a high-voltage level shift driver with
Coreless Transformer Technology for the half-bridge inverter, the IC offers a significant number of exceptional
features for FL ballasts.

The FL ballast controller ICB2FL03G has improved and extended functionality to enable high-quality single or
multi-lamp ballasts (series connection) with a low number of external components. It helps to save system costs
and to easily achieve class A2 of the energy efficiency index (EEI) for fluorescent lamp ballasts.

Further information and the data sheet can be found at: http://www.infineon.com/smartlighting
Unless otherwise specified, all values given in this Application Note are typical values.

1.1 Functional Description

The functional description is given based on the circuit diagram of a lamp ballast for the T5 fluorescent lamps
(Figure 1).
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Figure1 Schematic for 54W T5 demo board

The schematic shows the circuit of the demo board with the reference name of each component for a single
lamp design with voltage mode preheating. This schematic supports all protection functions of the IC.

After switching on the mains, the filter capacitor C, and the bulk capacitor C;, are charged to the peak voltage
of the mains supply. The capacitors C;, and Cy3, which support the IC supply voltage VCC, are charged via the
startup resistors Ry; and Ry;,. The current consumption of the IC at this stage is typically below 90 pA until the
supply voltage has reached typ. 10.6 V. Above this level the current consumption is typ. 120 pA, and a current
source of typically 21.3 pA at the RES pin is activated, which detects a connected low-side filament. As long as
the voltage level at the RES pin is below 1.6V, the filament is assumed to be undamaged. A resistor Rzg is placed
on the path of the measured current to adjust the voltage drop and - in conjunction with the capacitor C;9 -
filters the alternating voltage on the filament during run mode. A current is fed through the resistors R34 and R3s
to the high-side filament and through the resistors R4, R4y, Rs3 and Ry4 to the LVS pin. A filament is detected if
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the current is above typ. 12 pA. If the measured current at the LVS pin is too small, this fault generates a higher
current level of typically 42.6 pA at the RES pin. The following points are checked in the sequence below before
the IC activates the driver outputs.

«  Connected filaments
+ VCC=>VVCCOn (14.0V)
+  Busvoltage between 12.5 % and 105 %

Inverter section

With the first pulse the low side MOSFET Qs of the half-bridge is turned on. Then the floating capacitor Cy4,
which supplies the high-side control logic like a battery, is charged from capacitor C;3 via R3y and the diode Dg.
The resistor R3g prevents activation of the overcurrent protection at the LSCS pin. This means that the high-side
MOSFET Q, can already be turned on with the next half cycle. The capacitor C,4 together with the diodes D; and
Dg acts as a charge pump at the output of the half-bridge inverter. The continuous recharging of C;¢ with the
inverter frequency shifts energy for the supply voltage VCC of the IC to Cy3. A surplus of energy is dissipated by
the zener diode Dq. In addition, C;¢ is used to limit the voltage slew rate and to produce zero voltage switching
conditions.

During operation Cg is recharged without losses in the deadtime periods of MOSFET Q, and Q3 by the
inductively driven current of the load circuit. Consequently, the succeeding turn-on of the MOSFET occurs at
zero voltage. At turn-off, C;4 limits the voltage slew rate in such a way that the MOSFET channel is already
turned off before the drain-to-source voltage has reached considerable levels. The inverter therefore creates
negligible switching losses in normal operation. The load circuit of the inverter consists of a series resonant
circuit with the resonance inductor L, and the resonance capacitor Cyo. The lamp is connected in parallel

to the resonance capacitor. This example shows voltage-controlled preheating. This means that the resonance-
inductor L, has two additional windings. Each of those windings drives a current in the filament via the
band-pass consisting of L,;/C,; and L,,/C,,. The band-pass filter ensures that the current in the filaments is only
flowing during the preheat phase. By reducing the frequency during run mode, the heating current is almost
completely blocked by the band-pass. The load circuit also contains a capacitor C;7. This capacitor is charged
to half the value of the bus voltage - operating the lamp symmetrically to the ground potential of the rectified
mains supply is possible as a result.

PFC

The MOSFET Q; of the PFC boost converter starts the operation simultaneously with the inverter. This circuit
consists of the inductor L;, diode Ds, MOSFET Q; together with the bulk capacitor C;,. Such a boost converter
can transform the input voltage to any arbitrary higher output voltage. Using a suitable control method this
converter is used as an active harmonic filter and for correction of the power factor. The input current follows
the same sinusoidal waveform as the AC mains supply voltage. At the output of the PFC preconverter a
feedback-controlled DC voltage is available at capacitor C;, for the application. The PFC stage is operated with
a controlled turn-on time without input voltage sense. A turn-on time set by the control unit is followed by

a turn-off time, which is determined by the duration until the current in the inductor and hence in the diode
too has reached the level zero. This point of time is detected by the voltage level at the zero current detector
winding on the inductor L; and is fed to the IC via the resistor R;3 and the PFCZCD pin. The result is a gapless
triangularly shaped current through inductor L, (so-called critical conduction mode), which is sustained for a
turn-on time in the range of 24.0 us down to 270 ns. A further reduction of the energy flow extends the turn-off
time of the PFC MOSFET, causing triangularly shaped currents with gaps (discontinuous conduction mode).
Such a control method allows stable operation of the boost converter over a large range of input voltage as well
as output power. The current into the PFCZCD pin is used to perform THD correction for optimized THD.

The IC includes a couple of protection features for the PFC preconverter. The overcurrent is sensed at the
PFCCS pin. The bus voltage, overvoltage and undervoltage are monitored at the PFCVS pin as well as the open
loop detection. The ICB2FL03G includes the error amplifier with entire compensation built up by a digital PI
regulator and a self-calibrating notch filter to suppress the voltage ripple of the bulk capacitor.

Startup

The inverter starts at a frequency of 135 kHz. The frequency is reduced within 10 ms in 15 steps to the
preheating frequency, which is adjustable by the resistor R,,. The duration of preheating can be selected
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between zero and 2500 ms by the resistor Ry3. Subsequently, the frequency is further reduced in 127 steps and
a time period of 40 ms to the run frequency fryn, which is adjustable by the resistor R,;. The ballast should be
designed in such a way that during the preheating phase the voltage across the lamp is low and at the same
time the current in the filaments is large.

In the ignition phase following the preheating period the frequency of the inverter should be at - or at least
close to - the resonance frequency of the resonant circuit in order to reach a voltage sufficient for ignition of
the lamp. After successful ignition and frequency reduction to the run frequency the current in the lamp should
reach its nominal value and the current in the filaments should become minimal. During the ignition period a
high voltage at the lamp and a large current in the resonant circuit are generated due to the unloaded resonant
circuit. The current in the resonant circuit is monitored by the resistors Ry, and R,s. As soon as the voltage at pin
LSCS exceeds a level of 0.8 V, the operating frequency is controlled by the integrated ignition regulator, which
works stable close to magnetic saturation of the resonant choke. If the level of 0.8 V at pin LSCS is not crossed
any more, the operating frequency of the inverter decreases with the typical step width of the ignition phase
towards the run frequency. As a result of this measure the ignition phase is extended from 40 ms up to 235 ms
with a lamp not willing to ignite, while the voltage at the lamp remains on the level of the ignition voltage. If
the run frequency is not achieved within 235 ms after finishing the preheating period, the IC switches to the
failure mode. In such a situation the gate drives will be shut down, the current consumption of the IC will be
reduced to max. 170 pA and the detection of the filaments and the input voltage will be activated. A restart is
initiated dependent on the failure counter directly or either by lamp removal or after a new cycle of turn-off
and turn-on of the mains voltage. After successful ignition a fixed pre-run time of typ. 625 ms is implemented to
block several protection functions until stable lamp operation can be guaranteed.

Protection functions

Numerous protection functions complement the basic functions of the ICB2FL03G. As soon as the level at

pin LSCS exceeds the voltage threshold of 0.8 V for longer than 500 ns, it is recognized as a risky operating
condition as it can occur during lamp removal in a running device or during transients in the mains voltage,

and the IC switches to the failure mode. During run mode of the inverter a deviation from the typical zero
voltage switching is recognized as an operation with capacitive load. Under such operating conditions, peak
currents occur during turnon of the MOSFETs due to switched charging of the charge pump capacitor C;¢. The IC
distinguishes between two different types of capacitive load as follows:

« Capload 1 (idling detection / current mode preheating) Cap Load 1 (Idling Detection / Current Mode
Preheating)

« Capload 2 (overcurrent / operation below resonance) Cap Load 2 (Overcurrent / Operation Below
Resonance)

Finally, dangerous operating conditions can arise when the fluorescent lamp reaches the end of lifetime or
under operating conditions leading to thermal instability of the lamp. As a consequence, the lamp voltage
becomes unsymmetrical or increases. To detect such operating conditions, the resistors Rs1, Rs42, Ra3, Ras, Ras
and the capacitor C4y measure the lamp voltage by evaluating the current through these resistors at the pin
LVS. The turnoff threshold for EOL1 (End of Life 1) is at 210 pApp with a duration of 620 ps. The rectifier effect
with unsymmetrical lamp voltage is called EOL2 (End of Life 2) and the turn-off threshold is at +/- 42 pA with a
duration of typ. 2500 ms. Due to intelligent failure differentiation, the ICB2FL03G is able to detect a surge at the
input voltage without latching this failure.

The IC controls the operating frequency of the inverter during the different operating sequences, such as soft
start, preheat, ignition, pre-run and run mode. During the different operating sequences only some of the
protection features are active at first. All the protection features are active during run mode only. The integrated
circuit ICB2FLO3G has a unique combination of features that make design of high-quality lamp ballast with a
low number of external components possible.
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1.2 Pinning and Picture of the Demo Board

The following section shows the pinning of the IC and a picture of the demo board described in this document.

Pin |Symbol [Function
LSGD & |1 O 16 | HSGD 1 LSGD Low side Gate drive (inverter)
2 LSCS Low side current sense (inverter)
LSCS 2 15 HSVCC 3 VCC Supply voltage
VCC |3 o 14 |0 HSGND 4 GND Low side Ground
| | 5 PFCGD |PFC Gate drive
i — o — 6 PFCCS |PFC current sense
GND 4 =2 13 RES
LNL 7 PFCZCD |PFC zero current detector
PFCGD =H|5 m 12| LVS 8 PFCVS |PFC voltage sense
& 1 9 RFRUN Set R for run frequency
PFCCS /|6 1 —— RTPH 10 RFPH Set R for preheat frequency
11 RTPH Set R for preheating time
PFCZCD |7 10 |F= RFPH 12 LVS Lamp voltage sense
13 RES Restart after lamp removal
PFCVS 8 9 RFRUN 14 HSGND High side ground
15 HSVCC High side supply voltage
P?’I_?OSOI_; 6 16 HSGD High side Gate drive (inverter)
mi
Figure 2 Pinning of IC

The pinning and a short pin description is given in Figure 2. A detailed pin description can be found in the data
sheet.

B omo B
S 2 x8
Vo B2
z
g-xg.
8
P o

® 00

Figure 3 Top and Bottom Views of the Demo Board

Figure 3 shows a picture of the demo board for the 54W T5 design with voltage mode preheating. Please visit
the Infineon Smart Lighting website (http://www.infineon.com/smartlighting) for further information.

1.3 Parameters of the Demo Board

Table 1 gives an overview of the operational characteristics of the demo board.

Table 1 Operational characteristics of the 54W T5 demo board
Value Unite Comment
Vin 230 VACRMS (180 V-270V)
Application Note 7 Rev1.2
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Table1 Operational characteristics of the 54W T5 demo board (continued)
Value Unite Comment

IiN 257 MARMS @ 230V input voltage

Pin 59.1 Wgrus @ 230V input voltage
(EEI = A2 CELMA efficiency
class)

VBus 410 VRrus

pr 106.4 kHz

fRUN 45.5 kHz

tPH 1000 ms

Viamp 118 VRrus

ILamp 460 MARums

Vien >620 VRrms

n >91 % With lamp after 30 min.
operation in run mode @
230 Vacrms

PF >0.99 @ 230 Vacrus input
voltage

AThp <4 % @ 230 Vacrus input
voltage

1.4 Description of Normal Start-up Steps

This section describes the normal start-up procedure from phase 1 (UVLO) to phase 8 (run mode). Figure 4
shows a measurement and diagram from the start-up procedure. Dependent on the voltage at the RES pin, the
current consumption of the IC can be higher due to Iggs; to Iggss.

'YOKOGAWA
Stopped T, ) VLa mp requency

Fi /
Vain :5.25 M oms/di Lamp Voltage

| 186kHz_| e ] — (L S —
o @ Vs (E1ko) N e )

] sz | @D 1 @ _ 1O @O _&_ _I\E __0O |
/ _ OV i S N A P S
- | L VVCC_Pm3 | L~ Lampvoitage
= Goms | wsms [ om fms |0z | 4v.zems | azsms Mode
E \Y/ Rated BUS. Time
i ® VRFPH_Pin10 Voltage Vs
| (DAC) POV IS R I
L o5 4 — — L |/ _RatedBUSVoltage 1 _ _ _ I _ _ _ _ _ |
K ‘10ms/div 5ms/

Mode /
Time

Chip Supply
Voltage Vee

I 2] [3

DC Full DCFull  [DCFull  |DC 16k
200 V/div  |[100 V/div  |[5.00 V/div ||1.00 V/div
100:1 100:1 10:1 10:1

Figure 4 Start-up Procedure

UVLO | Monitoring |Start UplSoft Start] Preheating Ignition Pre-Run ‘R““M"de

The current consumption of the IC in Phase 1 (UVLO) is lyccqui- The current fed via the high ohmic VCC
start-up resistors (Ry; and Ry,) charges the VCC capacitor and delivers this quiescent current. After reaching
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a first threshold of Vyccoff the IC goes into monitoring mode and checks for connected cathodes. The current
consumption in this Phase 2 is lyccquz and has to be also delivered via the start-up resistors. The voltage at

the VCC pin rises up to Vyccon and the IC becomes active and starts inverter switching (provided that both
cathodes are present). Phase 3, also called start-up, activates the whole IC and leads to a current consumption
of lyccsupply-

The internal reference starts up within the first 130 ps and the IC checks the level of the bus voltage. If the bus
voltage is in the specified range of 12.5 % and 105 %, the LSGSD switches on several times to charge the HSVCC
capacitor via R3g and Dg. After reaching the HSVCC turn-on threshold of Vysyccon the HSGD also starts working
(HSGD and LSGD alternating) and supplies the IC via a charge pump, and the VCC voltage rises to the voltage
clamped by Dg. The inverter works with a start-up frequency of fs,typ. To prevent the IC reaching the UVLO
threshold of Vy,ccoff Wwhen all gate drives become active at the same time, the PFC section starts working with a
delay of about 200 us (see also Figure 5). After reaching a bus voltage of 95 % the IC enters soft start, phase 4.

In this phase the IC shifts the frequency down to the adjusted preheating frequency. This frequency shift can be
seen at the signal at the RFPH pin when the voltage rises from GND to 2.5V (Figure 4).

After reaching the preheating frequency the IC stays in this preheating phase (Phase 5) for the adjusted
preheating time. At the end of the preheating time the IC enters ignition mode (Phase 6) and begins reducing
the frequency down to the adjusted run frequency. This can also be seen on the signal at the RFPH pin. The
voltage at this pin falls until the voltage at the LSCS pin reaches the threshold of 0.8 V. Then the ignition
regulator begins regulating the ignition voltage to this maximum level, also during magnetic saturation of the
resonant choke. While regulating the ignition voltage, the voltage at the RFPH pin remains at the achieved level
between 2.5V and GND.

After successful ignition during tyojgnition (limited duration of the ignition phase) the IC enters the pre-run
mode, Phase 7, and the voltage at the RFPH pin falls to GND. The pre-run mode is a safety mode (with limited
protection functions active for tprgryn) in order to prevent a malfunction of the IC due to an instable system -
e.g., the lamp parameters are not in a steady state condition. In this phase the ignition regulator is also active
in order to re-ignite the lamp if the lamp shows very poor ignition behavior. After a duration of tpggryn the IC
disables the ignition regulator and switches to the run mode (Phase 8) and all protection functions become
active.

YOKOGAWA
Stopped

Z1:625k

, ® VisGD_pin2

50us/div
' VPin18-Pin17

(HSVCC)
s @) chc_Pin3

® VprceD Pins

tPFceD_Delay = 235 s

LSGD Switch on at 14 V at
VCC_Pin3

HSGD switch on at 10,1 V at
HSVCC_Pin18-Pin17

DC Full
5.00 V/div
100:1

DC Full
5.00 V/div
100:1

DC Full
5.00 V/div
10:1

DC Full
500 V/div
10:1

Figure5
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A detailed evaluation of the start-up is shown in Figure 5. After reaching the Vy,ccon threshold the IC enters
power-up mode and starts LSGD switching with a short internal delay. The LSGD turns on several times to
charge the HSVCC. In this time the voltage at the VCC pin breaks down a little bit because the IC current
consumption is now higher than the current fed from the high ohmic start-up resistors R;; and Ry,. The VCC
capacitors Cy, and/or C;3 must be large enough to store the energy needed for charging the HSVCC capacitor
Cy4 to the Vysyccon threshold without reaching the UVLO threshold at VCC. After reaching the Viysyccon threshold
(typ. 10.4 V) the HSGD starts working too, and the VCC supply is now generated from the working half-bridge via
the charge pump and the energy provided is high enough to increase the VCC voltage up to the clamped limit
of the external Z-diode Do. The PFCGD starts working with a delay of about 235 ps. This delay is implemented

in the IC to ensure a stable VCC supply before the current consumption of the IC becomes higher due to the
additional working PFCGD. This feature prevents UVLO during the start-up process. Troubleshooting provides
advice on how to react to malfunctions in the functional sequence described here.
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2 VCC Chip Supply

The high ohmic resistors (R;; and Ry,) for the startup supply have to be connected to the bus electrolytic
capacitor to ensure an IC supply during start-up mode, latch mode and short interruption of the input voltage
(emergency lighting feature according to VDE 0108). The IC logic implements an ability for self-generated reset.
The condition for reset is an active IC with a current consumption of about lyccsypply With inactive gate drives.
This results in a falling VCC voltage down to the Vyccos threshold, also called UVLO (Undervoltage Lockout),
which resets the IC via the VCC. At this self-generated UVLO the IC goes into active mode with inactive gate
drives. Without a working half-bridge there is no supply via the charge pump and the VCC capacitor discharges
down to Vyccos (UVLO threshold), leading to a restart of the IC.

Please refer to Sections 3.2 and 3.3 of the Data Sheet for further information to functional restrictions in cases
in which the start-up resistors or an external supply can provide too much current, and the IC cannot discharge
the VCC capacitor. In latched failure mode the IC has a current consumption of lycc| atch and this current has to
be delivered by the start-up resistors. The current out of the RES pin has to be considered for calculation of the
start-up resistors together with lyccatch-

2.1 Operation with Half-Bridge not Working

Without an active inverter section the start-up resistors have to supply the IC with a minimum current of
lyccLatch Please note that this current must be possible at the minimum input voltage. (This range is necessary
for correct restart after internally generated UVLO and correct function of the hiccup mode). A maximum current
of 2 mA is a good design proposal for correct IC function at self-generated UVLO.

For the start-up of the IC supply it is important to check the voltage level at the RES pin. Due to the capacitor
and resistor at the RES pin, the dv/dt at this pin is limited and, for example, might be slower than the VCC

dv/dt at external supply or with low-ohmic start-up resistors. The voltage Vges must reach the filament detection
level before the IC supply voltage VCC reaches the Vyccon threshold. Otherwise, removed filaments cannot be
detected correctly because the filament detection status is checked between Vyccos and Vyccon-
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Figure 6 dv/dt at VCC and RES Pins @ Start-up

Figure 6 shows two oscillograms with the signals at the VCC and RES pins when connecting the input voltage.
The left oscillogram shows the signals when the cathodes are open and the voltage at the RES pin rises to >

1.6 V. This voltage level must be reached while the IC monitors the cathodes for correct filament detection. The
right oscillogram shows that the IC goes into power-up when the cathodes are connected.
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2 VCC Chip Supply

2.2 Operation with Half-Bridge Working

With continuous working of the inverter section (LSGD and HSGD) the IC is supplied mainly via the charge pump
(C16, D7 and Dg) connected to the half-bridge. With this solution of a VCC supply during run mode, the IC can
generate an UVLO by itself by stopping the inverter.

An example of a self-generated UVLO is shown in Figure 7. To understand the following explanation, the state
diagram in the Data Sheet (Section 3.3) must be viewed. Removing the board supply V,y in run mode leads

to discharging of the bus electrolytic capacitor. After Vg reaches the 75 % threshold the IC detects bus
undervoltage and goes into “Fault U” failure handling with deactivation of the gate drives and entry to the
powerdown mode. After about 750 ms the state machine exits the decision block “Counter Skip Preheat > 7”
with “Y” and then goes into active mode with inactive gate drives. As a consequence, the VCC capacitor is
discharged to the Vyccof threshold (red circle). This UVLO resets the IC logic.
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Figure 7 Example of Self-Generated UVLO after Counter Skip Preheat>7=Y
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3 PFC

The control of the PFC starts with a fixed operating frequency and increasing on-time, and changes over into
critical conduction mode (CritCM) operation (also called borderline/transition conduction mode) as soon as a
sufficient signal level at the pin PFCZCD is available. The benefit of this feature is to save external components
for the compensation and for the synchronization with the AC input voltage. The dynamic response and the
suppression of the superimposed ripple of the bus voltage fulfill even high requirements. Finally, during light
load conditions the PFC control changes the operating mode from CritCM to DCM (discontinuous conduction
mode) which provides stable operation even down to no load.

A detailed description of the digital control loop for PFC can be found in the Data Sheet (Section 2.4.3)
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Figure 8 DCM and CritCM Mode of the PFC Stage

Figure 8 shows an oscillogram of the two operating modes DCM and CritCM of the PFC. The bottom left of the
oscillogram shows the DCM waveforms under light load in the preheating phase. The bottom right illustrates
the CritCM waveforms during run mode with a higher load.

3.1 THD Correction

Figure 3-2 shows two oscillograms at different input voltages. The bottom thirds of the oscillograms show

the PFCGD on-time over one input voltage half-wave. When the input voltage is decreasing, the on-time of

the PFCGD increases and has its maximum at the minimum of the input voltage. The oscillogram on the left
side shows the on-time at 180 V¢ input voltage and the oscillogram on the right side is taken at an input
voltage of 230 V,c. The oscillograms demonstrate the excellent performance of the PFC stage. In both cases the
THD is below 4 % and no gap in current flowing near the input voltage minimum is visible. For proper THD
correction in other designs it is necessary to modify the resistance at the PFCZCD pin in respect to the ratio
and value of the PFC choke and the MOSFET size. A good way to find an optimum is to calculate Rz¢p with
#unique_14/unique_14_Connect_42_equation-block_uj3_xzq_nnb in a first step.
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Calculation of Rz¢p:

Rzep = =7 5ma
In a second step a potentiometer can be used to evaluate the optimal value for best THD optimization.
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Figure 9 THD Correction: PFC On-time Extension over Input Half-Wave

Figure 9 shows the waveform of the input current with a THD-optimized resistor at the PFCZCD pin. The overall
THD for the input current harmonics is <4 % with a gapless input current (magenta waveform). The bottom
third of the oscillogram shows the on-time of the PFC MOSFET. Near to the zero-crossing of the input voltage,
the on-time is increased by the IC via the signal at the PFCZCD pin for THD optimization.

Application Note 14 Rev1.2
2020-04-11



o~ _.
Ballast Design for 54W UV-C Disinfection Lamp (Voltage Mode |n f| neon
Preheating) with Controller IC ICB2FL03G & 600V CoolMOS™ PFD7

4 Ignition Regulator - Control during Ignition

4 Ignition Regulator - Control during Ignition

After entering the ignition mode, the frequency decreases from the preheating frequency to the run frequency.
This frequency shift (generated by the internal digital logic) can be measured at the RFPH pin. The voltage

is 2.5V during preheating mode and decreases down to GND potential. When the adjusted ignition voltage

is reached for the first time, the digital frequency control stays at its working point and an analog regulator
takes over the ignition voltage regulation in respect to the adjusted frequency of the digital logic. The digital
logic readjusts the frequency only when the working point leaves the regulation area of the analog regulator.
After lamp ignition, the resonant circuit is damped by the lamp and the IC reduces the frequency down to the
adjusted run frequency (Figure 4-1). The ignition regulator is also active in the pre-run phase to improve the
ignition of lamps with bad ignition behavior.
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Figure 10 Normal Ignition Phase

If the voltage at the RFPH pin (DAC) reaches 0V during the ignition phase without successful lamp ignition, the
sequence control enters the pre-run phase with the ignition regulator still activated. This can be caused due to
very high EMI at the LSCS pin, or due to a calculation of the resonant circuit and/or LSCS shunt resistors, that
the ignition frequency is close to or below the run frequency. Several heavy bus voltage breakdowns during
ignition can cause this behavior too. The ignition timeout timer cannot be set and the ignition voltage can stay
about 625 ms longer than the maximum ignition time at the lamp.

4.1 Operation Close to Different Saturation Levels

Figure 11 shows four oscillograms taken with chokes of different saturation levels. The top-left oscillogram was
taken with the standard choke of the demo board, the other ones use modified chokes with a smaller current
capability and saturation effects. The ignition voltage is approximately constant over the saturation behavior of
the lamp choke and best ignition voltage regulation (also at high temperatures of the lamp choke) is possible.

Application Note 15 Rev1.2
2020-04-11



Ballast Design for 54W UV-C Disinfection Lamp (Voltage Mode
Preheating) with Controller IC ICB2FL03G & 600V CoolMOS™ PFD7

infineon

4 Ignition Regulator - Control during Ignition

'YOKOGAWA . YOKOGAWA
Stopped Stopped ) VLamp
T T i T -
‘AAAAAAAAAAMAEK A ﬁ'.'A' Som=/di ; AAAAAS MA'A'A' SQms/div
A AMAAAAA AL i !
BN I
: ® Vig_shunt
)
- il ® Vrepi_pinto (DAC)
e Sus/div 162500 Sus/div .
| A A sl . Current (green signal)
. . X . . . - CH 3: 1,47 A/ Div
4 N 1 7N K\ 4 ‘ n"/ 7 { :/ A
/ g | ! ) l / | S/ vl ).
-/ \| | \ ./ \f N 4 i 7/ !
\ \l | \l
| \ / § il 7 A\ A ¥ A
| \ / /] \ | \ ) L)
o i/ . 5 w: P R Npservsss 1 e o
W Y I \ / S P N
CH3 INPUT
=805 Vrus DCFull — |DCFull  fDCFull —{DC16k | Vigaiton =825 Vrus
- 69,2 iz 0w [10Viaw _Jsbomifan [o0m | o =705 Kbz
Isat = 2,34 Apeak (Standard) Isat = 2,11 Apeak
'YOKOGAWA 'YOKOGAWA V
Stopped Stopped [ ]
soms/div] 50ms/div] Lamp
® Veys
i I
® ViB.shunt
T 7 ® VgepH_pinto (DAC)
7162500 Sus/di 0 71562500 Su/di _
P ~ i RO SIS SRR ... N Lo ] | b, :&QL Current (green signal)
. o P SNy ;
i - ] i \ | " CH 3:1,47 A/ Div
; AN 7N A i g i1 e
‘ Lo X X X / N A (B 20| S e |
1| / | | / / / i vl f i / Al / §
i ‘ | [ \l 1 { “ | { \ { \| i \|
t / i ¥ il 1 il } o ¥ = L / *
\ / ; \ /) /) NN NG . WOt z{ SN]SOV S W 5 v
i . } N g . S T R 7 3
! | N / | | W S ]
| | | i \; " \ |
CH3 INPUT CH3 INPUT
IDC Full IDC Full IDC Full IDC 16k Vignition =843 Vrus IDC Full IDC Full IDC Full IDC 16k Vignition =758 Vrus
500 V/div ||100 V/div ||500mV/div ||500mV/div | f_ oo =755kHz 500 V/div |[100 V/div |[S00mV/div [[SOOmV/div | fi =86.6 kHz
100:1 100:1 10:1 10:1 onit ! 100:1 100:1 10:1 10:1 ianiton ’
Isat = 1,81 Apeak Isat = 1,41 Apeak

Figure 11

Ignition voltage @ different levels of saturation of the resonant choke

These oscillograms demonstrate the performance of the ignition regulator at different levels of saturation.

Actually, at relatively low saturation levels the ignition voltage is a little bit higher than with the standard choke.
Even at very high saturation levels the ignition voltage breakdown is only about 5 %. Consequently, this ignition
control concept is very suitable for designs working close to the magnetic saturation of the resonant choke

and enables best ignition voltage regulation, also at higher temperatures of the ballast components. Due to the
thermal behavior of the ferrite, the ability of the ignition regulator to work with saturated chokes offers a great
advantage for restarts with a warmed-up ballast - for example, after a certain running time.

4.2

The following measurements of the ignition regulator at bus voltage breakdown were taken with small
modifications to the demo board. The resonant capacitor C,, was mounted in a direction to realize current
mode preheating. The demo board was prepared with 10 Q substitution resistors for each cathode. This results
in very high power consumption during ignition mode. The input voltage was also reduced to 170 V¢ to
provoke bus voltage breakdown during ignition mode because of the limited power that can be transferred by
the PFC stage. Figure 12 shows two oscillograms taken under these conditions to demonstrate that the ignition
voltage control concept is also very suitable for current mode preheating ballasts in which the load during
ignition becomes very high.

Bus Voltage Breakdown during Ignition
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Figure 12 Ignition Regulator at BUS Voltage Breakdown during Ignition Phase

The left oscillogram shows the ignition voltage without saturation effects of the resonance inductor. The
ignition frequency over time is illustrated in the bottom third of the oscillograms. After entering the ignition
mode, the frequency decreases from about 107 kHz down to 70 kHz. At this point the frequency is regulated
by the analog ignition voltage regulator to the maximum ignition voltage level. The oscillogram shows that
there is no influence of the heavy bus voltage breakdown on the ignition voltage. The ignition regulator can
compensate the bus voltage breakdown of about 25 % from 400 V down to 300 V completely

The oscillogram on the right shows the behavior in the same application under the same conditions but with
heavy saturated choke - see Figure 11, bottom right. The digital logic reduces the inverter frequency down to
about 75 kHz, then the ignition voltage reaches the adjusted ignition voltage and the analog regulator takes
over the voltage control (Point 1). Due to the high bus voltage breakdown the analog regulator reaches the

end of its working area and the digital logic compensates for this by reducing the inverter frequency again
(Point 2 to Point 3). After this, the analog regulator takes over the regulation as seen at Point 1. At Point 4 the
working area of the analog regulator is left again and the digital frequency control reduces the frequency. From
this point onward, the analog ignition control regulator takes over and almost entirely eliminates the high bus
voltage ripple of about 150 V.
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5 Filament Detection

The high-side filament is detected via the LVS pin while the low-side filament is monitored via the RES pin. For
proper filament detection the LVS and RES circuits have to be dimensioned correctly because they act together
and not independently of each other. The RES pin acts as a current source and in order of the voltage at this
pin (generated with a resistor Rzg, connected via the low-side filament to GND) the IC detects the filaments. The
current flowing out of the RES pin depends on the voltage level Vges and the status of the high-side filament.

When there is no current or a current below the filament detection limit flowing into the LVS pin, the current out
of the RES pin is doubled and, as a consequence, the voltage at this pin rises and reaches the level for detecting
missing filaments. In this way, the result from the high-side filament detection is mirrored at the RES pin. If

the lowside filament at the RES pin is not inserted, the voltage at this pin rises and also reaches the level for
detecting missing filaments because there is no GND connection.

5.1 LVS Pin

This pin has the function of detecting the high-side cathode before the IC starts and lamp removal in failure
mode. In the run mode the pin detects the EOL1 (overload) and EOL2 (rectifier effect) conditions. This is realized
by analyzing the amplitude and the DC offset of the lamp voltage via an equivalent current into the pin. If the
functions are not needed, the LVS pin can be deactivated by connecting the pin directly to GND. In this case
EOL1 and EOL2 detection via this pin is not possible. A deactivated LVS pin can be reactivated when the voltage
at this pin goes higher than Viysgnable1 during run mode. For correct functioning of the LVS pin, the resistors for
filament detection have to be connected directly after the line rectifier to ensure that the short input voltage
interruption can be detected with the LVS pin. The charge of the preheating capacitor C;; must be covered by
the capacitor in the EOL network C4q in such a way that no fail detection of inserted cathode occurs. If the
capacitor in the preheating circuit C,; has a high capacitance and Cy4 is relatively low, a transient current flows
via C,; and L,; that can be high enough to lead to high-side filament detection. An internal voltage of 5V can be
used for calculation of the LVS current before startup (not specified in the Data Sheet - see also The IC Starts
without a High-Side Filament). This means that the current flowing into the LVS pin can be calculated with the
voltage over the LVS series resistor (between R4; and Ry,) related to GND subtracted by 5V and divided by the
value of Ry;. The safest solution is to design the LVS network in such a way that the voltage at C4 stays below 5
V without a connected HS filament.

Calculation of I ysstartup:

I _ Vesoroonn — VBus
LVSstartup — R41

Figure 13 shows an oscillogram with the waveforms for start-up without a connected high-side filament. The
voltage across Cy4q in reference to GND is below 5V (green signal). Due to the internal voltage of 5V there is no
current flowing into the LVS pin and no wrong high-side filament detection can occur. If this voltage rises above
5V+l yssink multiplied by the value of R4, wrong high-side filament detection can provoke a single start-up of the
IC. In this case the value of C4 or R4; can be increased. If possible, decreasing the capacitance in the preheating
circuit can help to reduce the current flowing into the LVS pin. A third option is to reduce the feeding voltage by
the divider Ry, Ry, Dy, from the rectified AC input voltage.
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Figure 13 Startup without High-side Filament

During run mode there is no high-side filament detection via the LVS pin.

A step-by-step tutorial for dimensioning of the EOL1 and EOL2 thresholds is given in Sample Calculation: EOL
for 54W T5 Design (Excel) of this document.

5.2 RES Pin

To deactivate the filament detection for high-side and low-side filaments the RES pin can be connected directly
to GND. As explained in Filament Detection, this pin is a current source and detects if the filaments are present
via the voltage drop at Rsg. The current out of the RES pin is affected by the LVS status during start-up and the
actual voltage at this pin. During run mode, this pin detects the low-side filament. When this filament is broken
or removed, the voltage will rise to 5 V. The voltage passes the Vges3 threshold for detecting a missing low-side
filament.

For current mode preheating designs an additional series resistor to the RES pin (for example 330 Q) is
recommended to avoid destroying the ESD structure if the voltage at the RES pin rises to higher levels. This
voltage spike can occur in current mode preheating designs during lamp removal and depends on the resonant
circuit and RES pin wiring.

For reliable filament detection during start-up, the voltage Vggs has to reach the filament detection level until
the chip supply voltage VCC reaches the turn-on threshold of Vycco,, (see also Figure 6).
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6 Detection of Failures

This chapter provides advice in the event of failures along with examples for evaluating the failure detection
functions. Detailed descriptions of the failure conditions can be found in the Data Sheet. Chapters 3 and 4 of the
Data Sheet show tables and flow charts indicating which protection feature is active in which operating mode
and how the IC will react to each particular failure.

6.1 Surge Detection

The ICB2FL03G implements a special detection for surge events. Bus overvoltage followed by inverter
overcurrent is detected as a surge, which leads to a restart without latching this failure. Figure 6-1 shows

two oscillograms with the signals under surge conditions. For these oscillograms the half-bridge MOSFETs were
replaced by 500 V types to provoke an earlier avalanche breakdown in the case of bus overvoltage. In the
original mounting with 600 V MOSFETSs the surge voltage must be so high that other components can become
destroyed before the half-bridge breakdown initiates surge detection.
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Figure 14 Surge Detection; Surge Pulse of 1100V

Z

The left oscillogram shows one single surge event with a higher resolution and the right one shows three surge
events for explanation of the flow diagram. Directly after bus voltage rising due to the surge pulse, the PFC
stage detects PFC overvoltage and stops the PFCGD. At a bus voltage of about 620 V the half-bridge MOSFET
breaks down due to the avalanche effect. This results in a high current spike at the LSCS pin. The IC detects this
overcurrent during overvoltage and stops the inverter gate drives (see Chapter 3.3 in the Data Sheet: “Fault A”).
This signal combination does not increment the “Fault Counter” and leads to an IC restart after about 200 ms
with preheating. This can be seen in the right oscillogram.

It is important that the time constant of the low-pass filter at this PFCVS pin (generated by the voltage divider
and Cy;) is small enough that the voltage can rise fast enough to the 109 % threshold during surge conditions.
Otherwise the surge condition cannot be clearly detected.
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6.2 Inverter Overcurrent Protection

The inverter overcurrent protection via the LSCS pin detects two different thresholds dependent on the actual
operation mode. The first threshold of V| scsovcy is only active during preheating and run modes. In all other
modes the detection threshold of V| scsoyc is active for inverter overcurrent protection. Overshooting these
thresholds results in a single restart of the IC. After a second detection within 40 s the IC goes into latched fault
mode. This means that an input voltage interruption or a lamp removal is necessary for a new start-up of the IC.
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Figure 15 Inverter Overcurrent

Figure 15 shows an oscillogram with a generated inverter overcurrent. A series resistor of 1 kQ was inserted in
series with the LSCS pin for this measurement. The overcurrent signal is generated by a waveform generator
and is overlaid directly at the LSCS pin via a diode.

The half-bridge (blue signal) stops immediately after detecting inverter overcurrent: Fault F. With a short delay
of about 100 us the PFCGD stops working too. This delay is caused by the digital logic. About 200 ms after
turning off and incrementing the failure counter, the IC starts another start-up. If a second inverter overcurrent
or another Fault F failure occurs within 40 s, the IC goes into latched fault mode.
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6.3 PFC Overcurrent Protection

Figure 16 shows an oscillogram of the demo board start-up. The green waveform shows the voltage at the
PFCCS pin (across the PFC shunt resistor of 1 Q). In the beginning, the PFC starts in soft start mode and with a
short turn-on time. The turn-on time is increased continuously because the bus voltage is below the nominal
value (red area of the oscillogram).
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Figure 16 PFC Overcurrent

The current through the PFC inductor increases and after reaching the PFC overcurrent threshold of Vpgccsost
the PFCGD turns off cycle by cycle. This working point is shown in the blue area of the oscillogram and is not
handled as an operation fault. This feature protects the PFC stage against overload.
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6.4 Bus Overvoltage Protection 109% - 105% Threshold

Depending on the input voltage, a short bus overvoltage can occur during start-up, which is fully covered by the
bus overvoltage protection. Figure 17 shows an oscillogram explaining the functionality of the bus overvoltage
protection. Start-up activates the inverter gate drives and the PFC gate drive with a short delay. Then the bus
voltage rises and reaches the 109 % threshold. The PFC gate drive stops immediately as long as the bus voltage
is above the 105 % threshold and the PFC gate drive is activated again, and the bus voltage goes to the nominal
value. If the bus voltage is > 109% for longer than 625 ms, the IC goes into power-down and stops working. The
IC restarts automatically without preheating when the bus voltage is below the 105 % threshold.
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............................................................... L VBUS
- | YT ® VisGp_pin2

® VpEcGD_Pins
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T T Veus= 105% |
VBUS =109%

CH2 INPUT

Figure 17 Bus Overvoltage Hysteresis (Start-up)

An additional description of the overvoltage detection in run mode can be found in Surge Detection. The surge
detection described there is a combined detection of bus overvoltage and inverter overcurrent during pre-run
or or run mode.

6.5 Bus Undervoltage Protection in Run Mode with 75% Threshold

This failure protection is described in Emergency Detection because it is used for the emergency lighting
feature. Bus undervoltage can also occur in other operation modes. This results in running with lower bus
voltage until the IC detects this failure condition after entering run mode.

6.6 EOL Detection

This section gives a short introduction on how the EOL (End of Life) tests with high accuracy can be done
on our demo board. More information and a description of the normative measurement can be found in
EN61347-2-3 (VDE 0712-33). The names EOL1 and EOL?2 are defined by Infineon Technologies AG. A lamp
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overvoltage/overload is called EOL1 and the rectifier effect according to the standard is called EOL2. The
standard contains also circuit descriptions that are necessary for performing the EOL tests on the ballast. An
additional description on how this detection works can be found in Section 2.5 of the Data Sheet. The EOL
conditions are monitored via the LVS pin. A step-by-step guide with a detailed explanation for basic calculation
of the LVS network is given in Sample Calculation: EOL for 54W T5 Design (Excel). Due to some omissions in the
calculations, an experimental adjustment in the circuit may be necessary.

For the following measurements the demo board was supplied with 230 Vpc because under DC supply there
is no influence of the AC ripple on the measurement. When the tests are done with an AC supply it is
important that the measurement field covers at least a full input voltage half-wave and an integer multiple of
it. Otherwise, due to the AC ripple, the measurement cannot be reproduced. In this case the resolution of the
oscilloscope must be high enough to record all high-frequency waveforms with good accuracy.

6.6.1 EOL1 (Overload)
Figure 15 shows an oscillogram after EOL1 detection and an example of an EOL2 test setup.
Ca1 O
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- H Sms/div Ci7
L2
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EOL1 Test
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K6 K5
i : Rsub Rsub
DC Full . DC Full § DC Full § VLamp =538 Vpp R36
o0 " oo™ Jioan ™ Viamp =188 Vews
_ RES-PinO
EOL1 Detection J_

Figure 18 EOL1 (Overload) Detection; EOL1 Test Setup

The test was done with a series resistor to the lamp. The resistance of the series resistor was increased until the
IC detected the lamp overvoltage and entered the failure analysis flow. The measured EOL1 shutdown voltage
was 538 Vpp. This value matches very well with the calculated value (Sample Calculation: EOL for 54W T5
Design (Excel)). There is an internal counter which counts up when the EOL1 event is present and counts down
when the EOL1 event is not detected. If the EOL1 threshold is not reached in every cycle, the time to turn off the
IC can be longer than 620 ps.

6.6.2 EOL2 (Rectifier Effect)

Figure 19 shows an example test setup for the EOL2 test. A complete description can be found in the standard
EN61347-2-3 (VDE 0712-33). When the current flows via D1, a positive rectifier effect is simulated (EOL2+).
Current flowing via D2 simulates a negative rectifier effect (EOL2). The level of the positive or negative
superimposed lamp voltage can be adjusted with REOL2. The higher the value of this resistor, the higher

the EOL2 voltage because the resonant circuit of the demo board works like a constant current source for the
lamp current.
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Figure 19 EOL2 Test Setup

This failure condition is allowed for a duration of 2.5 s until the IC goes into failure analysis flow. So for the exact
measurement of the EOL2 thresholds it is important to increase the value of Rgg, very slowly. The EOL2 power
can be calculated by multiplying the RMS values of the current through Rgg; and the voltage over this resistor.
Figure 20 shows an example of a measurement for EOL2+ (left) and EOL2 (right) detection.
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Figure 20 EOL2 (Rectifier Effect) Detection

The measured values for EOL2 detection are +6.1 W and -5.6 W. The calculated values from Sample Calculation:
EOL for 54W T5 Design (Excel) are 5.3 W for EOL2+ and 5.3 W for EOL2, a little bit lower than the measured
values. This is due to some omissions in the calculations and the influence of the voltage drop of the diode

(D1 or D2 of the test circuit), which generates a higher RMS value of the voltage via the EOL2 resistor for the
measured values. This means that an experimental adjustment in the circuit may be necessary. Please note that
parasitic inductivity of the resistors have to be low.

The difference between the positive and negative thresholds is due to the internal IC design. There is an internal
series resistor of about 5 kQ to an internal voltage source of about 600 mV at the LVS pin (not specified in the
Data Sheet). The internal signal processing of the IC generates an internal potential at the LVS pin of about 800
mV at +42 pA and about 400 mV at -42 pA. Due to these differences the positive lamp voltage shift for EOL2

must be higher than the negative to reach the EOL2 turn-off current at the LVS pin. The EOL2 power results

from the lamp current multiplied by the EOL2 lamp voltage shift. Consequently, the difference between positive
and negative EOL2 rises with the lamp current because the EOL2 lamp voltage shift needed for the same EOL2
power is smaller and the influence of the voltage at the LVS pin becomes higher. Figure 6-14 shows a theoretical
example of this effect for a designed EOL2 power rating of 6 W.
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Figure 21 EOL2 Power Difference

When the symmetry between the positive and negative EOL2 power must be as good as possible, an additional
compensation circuit can feed an additional current into the LVS pin to correct the offset/asymmetry between
the positive and negative EOL2 thresholds. Figure 22 shows an example of such a compensation circuit.

LVS-Pin
RLvsmt.D _
o R3
=)
g
HON |
Vivs_int.
R4 l VLampDC_EOL2n
D : 6
R6
vce
R5 o
Figure 22 Compensation Circuit for better EOL2 Symmetry @ High Lamp Currents

The reference names of Ry, Ry, R; and C; are referenced to the small schematic in Figure 35 and these
components are a part of the standard BOM without compensation at the LVS pin. Only three resistors
connected to the IC supply voltage are necessary (shown in red) for the compensation circuit. For this design,
good matching between the positive and negative EOL2 threshold can be achieved with R4 =2.2 MQ, R5 = 680
kQ and R6 =470 kQ. Due to the high-ohmic values of the resistors there are no high losses in this compensation
circuit. Please note that this circuit can influence the filament detection via the current into the LVS pin before
start-up.

6.6.3 Switched Rectifier Effect

Figure 23 shows two oscillograms of the IC behavior when the switched rectifier effect (according to
EN61347-2-3; VDE 0712-33) occurs during run mode. Applying this test to the ballast leads to an EOL1 detection
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because the peak lamp voltage rises to the EOL1 detection limit and the duration to turn off is much shorter
than for EOL2 detection. There is an internal counter which counts up when the EOL1 event is present and
counts down when the EOL1 event is not detected. If the EOL1 threshold is not reached in every cycle, the time
to turn off the IC can be longer than 620 us (e.g. the amplitude is close to the detection limits). After detecting
EOL1 the IC goes into power-down mode with a typical current consumption of lyccpaich- In this mode, the
maximum LVS current for the safe operating area is limited to max. 210 pA. Due to this failure condition the
voltage at C40 in reference to GND can rise to high values and a voltage limitation at C40 might be necessary to
limit the current flowing into the LVS pin.
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Figure 23 Switched Rectifier Effect according to EN 61347-2-3 (VDE 0712-33)

The left oscillogram shows the signals when the switched rectifier effect is applied in the negative direction and
the right one shows the behavior for the positively switched rectifier effect.

Result: The requirements of the standard are fulfilled.

6.6.4 Hard Rectifier Effect

Figure 24 shows two oscillograms with the IC behavior when the hard rectifier effect (according to EN 61347-
2-3; VDE 0712-33) occurs during run mode.

Applying this test in run mode leads to EOL1 detection due to the same reasons as explained in Switched
Rectifier Effect.

Rev 1.2
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Figure 24 Hard Rectifier Effect according to EN 61347-2-3 (VDE 0712-33)

The left oscillogram shows the signals when the hard rectifier effect is applied in the positive direction while the
oscillogram on the left side shows the hard rectifier effect when applied in the negative direction.

Result: The requirements of the standard are fulfilled.

6.7 Capacitive load (Cap Load)

This section is intended to give an understanding of the effects that take place when the ballast works under
capacitive load conditions. To help the explanation, two oscillograms show the signals under cap load 1 and
cap load 2. Further information on this can be found in the Data Sheet (Section 2.6).

6.7.1 Cap Load 1 (Idling Detection / Current Mode Preheating)

This protection feature is only necessary in current mode preheating topologies, where the half-bridge goes
into idling operation when the lamp is disconnected during run mode. In current mode preheating designs,

the resonant capacitor (C,g) is connected “behind” the lamp cathodes, so the cathodes are in series with the
resonant capacitor. Removing the lamp and the cathodes results in an open load condition with direct charging
and discharging of the snubber C;¢ by the MOSFET, and the half-bridge switches into cap load 1 operation.
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Figure 25 Cap Load 1 Detection in Designs with Current Mode Preheating

Figure 25 shows an oscillogram in cap load 1 operation with a modified demo board for current mode
preheating topologies. The modification to the demo board is described beside the oscillogram. The horizontal
red line indicates the Vi scscap1 threshold and the red circle indicates the area where the signal of the LSCS pin
should reach this threshold during normal operation. Only a high current spike at the moment of turning on the
LS-FET is present in this oscillogram. This leads to “Fault F” detection after about 2500 ms.

In current mode preheating designs there is a higher probability of overload detection during ignition mode.
In current mode designs the voltage at the RES pin can increase to very high levels when removing the lamp
during ignition and run modes. Please check RES Pin for information on how the circuit at the RES pin can be
modified for this ballast topology.

6.7.2 Cap Load 2 (Overcurrent /| Operation Below Resonance)

Cap load 2 operation can only occur in designs when the run frequency is below the resonance frequency of the
unloaded resonance circuit. Cap load 2 operation is detected if the voltage at the LSCS pin is below Vi scscaps
for longer than t;scscap, directly before the HSGD is turned on, or if it exceeds a threshold of Vi scscap, for longer
than t scscaps during on-switching of the HSGD. The duration for detecting this failure is 620 ps.
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Figure 26 Cap Load 2 Detection

Figure 26 shows an oscillogram under Cap load 2 operation. The red circle shows the relevant area for detecting
cap load 2.

6.8 Emergency Detection

The ICB2FL03G supports emergency detection requirements (according to VDE 0108). To fulfill this standard, it
is necessary that the illumination returns immediately after short input voltage interruptions. The ICB2FL03G
detects short interruptions of the input voltage via the LVS pin together with the value of the bus voltage, and
restarts within a specific time frame directly with lamp ignition without a prior preheating phase.

Please check the advice given in VCC Chip Supply and LVS Pin on designing the ballast in such a way that
correct emergency detection functionality is guaranteed. In the event of an input voltage interruption, the

IC supply has to be connected to the bus voltage. Figure 27 shows an oscillogram that demonstrates the
functionality of this feature. The oscillogram shows the following sequences: start from connecting the input
voltage to run mode followed by input voltage interruption of about 250 ms with direct lamp ignition without
preheating and then an input voltage interruption of about 3 s in run mode.
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Figure 27 Emergency Detection

The bottom left of the oscillogram shows the phase from turning on the input voltage to the preheating phase.
The bottom right of the oscillogram shows an input voltage interruption in run mode (V) fail) for about 250 ms.
After reaching 75 % of the rated bus voltage the IC detects bus undervoltage, sets the “skip preheating” flag

and stops the inverter. The current consumption falls to a minimum value and the IC checks the presence of

the cathodes 7 times in an interval of t1)yer:- When the input voltage is present again (V)y ok), checked via the
current to the LVS pin, and the counter skip preheating is <7, the IC restarts without preheating. In the top right
of the oscillogram there is a second interruption of the input voltage for longer than 700 ms and the IC goes into
a self-generated reset (via UVLO). This resets the “skip preheating” flag and the IC will start with preheating after
a new input voltage detection. For an external supply it must be ensured that the IC can perform this UVLO.
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7 Advice for Design, Layout and Measurements

This section gives some advice on ballast design with the ICB2FLO03G. It also provides some additional technical
information on the IC function and advice for measurements.

7.1 Deactivation of Lamp Section

7.1.1 Deactivation of Lamp Section

For evaluation of the PFC stage without the lamp section, the lamp circuit can be easily deactivated. In a first
step, the voltage level at the LSCS pin must be higher than Vi scscap: to prevent detection of cap load 1. A voltage
divider from VCC with a level of about 200 mV at the LSCS pin is the easiest way for realizing this. Without the
lamp section, the VCC supply cannot be realized via the charge pump, so an external supply is necessary (please
note the information in the Data Sheet, Section 3.3, for restrictions at the external supply). The LVS and RES pins
can be directly connected to GND to deactivate the lamp protection functions. With these modifications, the
pins and assembly around HSGD, HSVCC, HSGND and LSGD can remain unconnected for full PFC functionality
without a lamp section.

7.2 Deactivation of the PFC Section

For evaluation of the lamp circuit without the PFC stage, the PFC stage can be easily deactivated. To prevent
any failure detection of the deactivated PFC section, a voltage level at the PFCVS pin of between Vpgcysgs and
VprcysLow IS necessary. If the voltage at PFCVS is < Vpgcysgs, the IC restarts 80 ms after activation of the halfbridge
and the PFCGD. A level > VpeysLow Prevents the IC going into startup and no pulse out of the gate drives is
visible. The easiest way is to set this voltage with an external DC supply or a combination of Z-diode, resistor
and voltage divider connected to the VCC voltage of the IC. With this modification, the pins and assembly
around AUX, PFCZCD PFCGD and PFCCS can remain unconnected for full inverter functionality without a PFC
section. If the voltage at PFCCS is between Vpeccsoff and Vppees_max (6 V), the PFCGD is inactive and there is no
EMI influence of this gate drive.

7.3 RFPH pin (Preheating Frequency)

The resistor at the RFPH pin sets the preheating frequency. This pin is also very helpful for evaluating the device
because the voltage level indicates the status of the digital logic during preheating phase. Figure 28 shows an
oscillogram for a description of the signals at this pin. The voltage at this pin was filtered by a 16 kHz low-pass
filter in the oscilloscope. This can be done because there is no interest in fast signal changes. During the soft
start phase the voltage at the RFPH pin rises to 2.5V in 16 steps and the inverter frequency is reduced from
fstartup down to the adjusted preheating frequency. Reaching a level of 2.5 V indicates entry into the preheating
phase. The logic stays in this phase for the time adjusted by the resistance at the RTPH pin. On reaching the end
of the preheating time, the logic enters the ignition phase and the voltage at the RFPH pin begins decreasing
down to the GND potential in 127 steps within 40 ms while at the same time reducing the inverter frequency
down to the run frequency adjusted by the resistance at the RFRUN pin. Decreasing stops when the ignition
control becomes active and goes on when the lamp ignites.
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Figure 28 Status at the RFPH Pin

Begin ignition

This measurement was done only with cathode substitution resistors and no ignition is possible. In this case the
logic detects ignition time-out after tyggnition and generates a single restart after 200 ms.

7.4 RTPH Pin (Preheating Time)

The preheating time can be adjusted with a resistor between 0 Q and 25 kQ (equivalent to a preheating time of
0to 2.5s) at the RTPH pin. The voltage at this pin is also linear to the resistance at the RTPH pin (0 - 2.5 V). The
preheating time tgypy is divided into 127 counter steps, each with a duration of about 20 ms and an equivalent
voltage step at the RTPH pin of about 20 mV. Depending on the voltage at the RTPH pin, the preheating time can
fluctuate up to 20 ms when the voltage at this pin is close to these voltage steps.

7.5 PFCVS Pin

This pin senses the bus voltage and has protection against open loop protection if the bus voltage falls below
12.5 % of the rated level. This protection function can also be used for switching the IC off and on with a
microcontroller. When using this pin for IC shutdown it is important that the voltage drops very quickly below a
level of 12.5 % to prevent the PFC regulation from increasing the bus voltage to higher levels for compensation.
A level higher than 12.5 % leads to a new IC startup without preheating for a restart time < tyygr; and with
preheating if the turn-off phase is longer than tyygr1.

Application Note 33 Rev1.2
2020-04-11



o .
Ballast Design for 54W UV-C Disinfection Lamp (Voltage Mode |n f| neon
Preheating) with Controller IC ICB2FL03G & 600V CoolMOS™ PFD7

7 Advice for Design, Layout and Measurements

YOKOGAWA
Stopped o VLam o]

|| b © F.25 1) ; : : 50

XA

Y adsiisisiisasisisisiia ® Vycc pin3

® VpEcGD_Pins

® Vprcvs_Ppins

-“‘i M"--\.«MMM‘-H’\-.‘\.‘ '\.. \_\Q’Tfs}aﬁv-r .1%1-.71.-1.1—511'1-.1'.1%1 L} r...T%‘I’ L n 2
21:5-25k§ SUus/div . RS : 55ms div
r PFCVS = 12,5% ..............................
]| |PFCGD -> Off ; :
T / . \
MM
SRR Y N S — 5 \
= :-[rw o o " :
[inverter > ot ] [[PFCvs > 12,5 %
DC Full DC Full DC Full DC Full
500 V/div  [|5.00 v/div ||2.00 V/div ||1.00 ¥/div
100:1 100:1 10:1 10:1
Figure 29 IC Turn-Off and Turn-On via the PFCVS Pin

Figure 29 shows an example of a measurement to explain the logic flow in the case of turning off the ballast

via the PFCVS pin. The PFCGD stops working directly after switching the PFCVS signal to a level < 12.5 %. With a
delay of about 200 us the inverter stops working too because of reaching the 75 % threshold for bus voltage and
the IC detects “Fault U - bus undervoltage” (see Section 3.3 of the Data Sheet). Within a time of tyygr; the IC
restarts without preheating when the level at the PFCVS pin is > 12.5 %. After this time the IC goes into power-up
because the lamp detection is ok and VCC is > Vyccop. This results in a current consumption of jyccsypply and, due
to the level <12.5 % at the PFCVS pin, the gate drives remain off. This combination generates a UVLO (resets the
whole IC) followed by monitoring and a new power-up. This flow continues until the voltage at the PFCVS pin
becomes >12.5 % again and the IC restarts with preheating.

This method of turning off the IC is only suitable when the IC is in run mode because in other modes the 75 %
threshold for the bus voltage is not active. A turn-off signal in phases out of the run mode leads to operation
of the IC without a PFC section and to a resulting lower BUS voltage with a higher ripple until the run mode is
reached. Then the ballast turns off when activating the 75 % threshold after the pre-run phase.

It is important that the time constant at the PFCVS pin (generated by the voltage divider and Cy;) is small
enough that the voltage reaches the 109 % threshold quickly enough during surge conditions, otherwise the
surge condition cannot be clearly detected.

7.6 RES Pin

This pin is needed for filament detection and can be disabled by setting it to GND. When the voltage at this pin
rises higher than Vges3 the IC detects an open filament, handled as “Fault F”. This protection function can also
be used for switching the IC off and on with a microcontroller. This implementation only works in run mode,
and the minimum duration of turn-off should be 400 ms for correct functionality.
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Figure 30 IC Turn-Off and Turn-On via the RES Pin

Figure 30 shows an example of a measurement to explain the logic flow in the case of turning off the ballast

via the RES pin. About 700 ps after reaching a level > Vges3 at the RES pin, the IC detects “Fault F” and the
inverter and the PFC stop working. The “Fault Counter” increments by 1 and after a first delay of about 200 ms

a decision according to the “Fault Counter” has to be taken. This is the reason for the minimal duration of the
turn-off time in this solution. If the “Fault Counter” > 2, for example after a second turn of within 40 s, the logic
waits for lamp removal (Vges > Vgres3) of min. 100 ms until a restart can happen. If the voltage at the RES pin falls
to a level within the area for correct lamp detection, the IC cannot start because the lamp has not been removed
for longer than 100 ms. So an additional turn-off signal with a minimum turn-off time of 100 ms is necessary for
restarting the ballast. This can be avoided with the minimum turn-off time of 400 ms mentioned before.

The IC starts with a delay of about 100 ms after reaching the filament detection level at the RES pin.

1.7 VCC Pin

The ICB2FL03G is very robust against EMI and shows best functionality also under high EMI influence. A ceramic
capacitor with a capacity of several 10 nF (10 nF or 47 nF) is recommended to cover the load jumps for gate
driver operation. The signals at this pin are very suitable for evaluating and distinguishing the states in the state
diagram (see Data Sheet Sections 3.2 and 3.3).

If there are extremely high spikes at the VCC pin it might be necessary to modify the capacitance at this pinin
order to improve EMI stability. EMI problems via VCC can be evaluated very easily. To evaluate this situation,
the signal at the VCC pin and a signal of the half-bridge (for example HSGND) are necessary. If the half-bridge
stops working and immediately after this the voltage at the VCC pin breaks down to Vyccoss followed by a restart
after reaching the Vyccon threshold, an EMI problem at the VCC pin can be the reason. All failures covered by the
protection functions of the IC which lead to a restart have a minimum duration of ty)ygr; until a new restart can
be achieved.
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For correct emergency functionality it is necessary that the IC supply via the startup resistors is connected to
the bus voltage and is designed in such a way that the supply current in latched fault mode is guaranteed
(please see also VCC Chip Supply in this document for further information).

7.8 LVS Pin

The LVS pin is necessary for high-side filament detection before startup and for EOL detection in run mode. This
function can be disabled by connecting the LVS pin to GND. This connection should be as short as possible to
prevent unintentional reactivation. Reactivation of the deactivated LVS pin is possible when the voltage at the
LVS pin reaches a level of V|ysgnabie1 for a typical duration of 1 us (not specified in the Data Sheet).

7.9 LSCS Pin

For correct working of the adaptive deadtime, the -50 mV threshold must be achieved in all working points (for
min. tiscscaps), Otherwise the adaptive deadtime cannot be detected properly and wobbling of the deadtime
will be the consequence. Also the +50 mV threshold must be reached in normal operation to prevent cap load 1
detection.

For some dimming applications it can happen that the +50 mV threshold for cap load 1 detection cannot be
reached at low dimming levels. Infineon Technologies AG provides a special IC (ICB2FL02G) with deactivated
cap load 1 detection to cover all dimming solutions (please contact Infineon Technologies AG for further
information or visit http://www.infineon.com/smartlighting).

The maximum voltage level at this pin should not be limited below 1.6 V because half-bridge shootthrough
detection and correction is realized at the LSCS pin.

7.10 Advice for Board Layout

For greater robustness while evaluating the board, high ohmic resistors (for example 18 kQ) from the MOSFET
gate to FET source are suggested to prevent destruction of the components if there is a broken gate resistor or
broken conductor path on the PCB.

Figure 31 shows a simplified circuit diagram with the power path shown in bold. This figure helps to
differentiate between the signal and power GND. The blue path is the signal GND, to which the resistors

for sensing voltages or adjusting IC parameters should be connected. Wires where high current is flowing should
be connected to the GND potential shown by the heavy lines. If possible, connect all signal GND lines radiating
to the IC GND and all power GND lines radiating to the electrolytic condensator GND.
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Figure 31 Simplified Diagram of GND Flow
The demo board provides a good example of an effective layout for this circuit.
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8.1 Built-In Customer Test Mode

The Built-In Customer Test Mode is implemented to reduce time for the ballast end test dramatically. More
information on this test can be found in Chapter 2.8.3 of the Data Sheet. The requested signal levels and the
timing diagram for activating the test mode can also be found there. The following three figures show the
benefit of testing time with the accelerated clock. The left oscillograms show the normal sequence without
acceleration while the right oscillograms show the accelerated sequences. Additional acceleration can be
realized by reducing the preheating time via R,3 temporally for the ballast end test. A UVLO at VCC resets the test
mode acceleration.

'YOKOGAWA “YOKOGAWA
Stopped Stopped
ez o] ] T o 2 ® Viamp
® Vieph_pinto (DAC)
_ i ® VRes pin12
B ® VRFRUN_Ping
= ) =
E Tignition=220 ms 200ms/di| o ['gnition=112 ms [soms/dv Starting only with cathode
Preheating=1,04 s | o Preheating=272 ms substitution resistors of 4,8 Q for
A each cathode

For the right oscillogram:
- Preheating accelerated by ~3,8

A ol Ignition accelerated by ~2
Sequence=384 ms
Normal Sequence Accelerated Sequence (Test Mode)
Figure 32 Built-In Customer Test Mode - Acceleration Preheating & Ignition

Figure 32 shows a comparison between the preheating and ignition phases. Acceleration of about a factor
4 for the preheating phase and of about a factor 2 for the time until time-out ignition can be seen in these
oscillograms.

'YOKOGAWA 'YOKOGAWA ° V
Stopped Stopped
Man 525 M 1s/di Main .25 M 1s/div] Lamp
® Vieph_pinto (DAC)
i} i ® VRes pin12
S B [ ] VRFRUN_Pin9
|
[Ignition+PreRun+EOL1=700 ms [0 [ignition+PreRun+EOL1=87 ms [ "/ | gy rting only with EOL1 from the
Preheating=1,04 s | ) Preheating=272 ms beginning of ignition
AL N
: For the right oscillogram:
Ignition Phase = 42 ms
= # — PreRun +EOL1 =45 ms
= — PreRun ~44 ms
- . sy -EOL1~1ms
1
Sequence=1,74's |Sequence=359 ms PreRun accelerated by ~15
CH2 INPUT _ [CH3INPUT: CH1 INPUT CH3 INPUT | CH4 INPUT
K 1.00 V/div  |1.00 V/div 200 V/div 1.00 V/div 1.00 V/div
100:1 10:1 10:1 100:1 100:1 10:1
Normal Sequence Accelerated Sequence (Test Mode)
Figure 33 Built-In Customer Test Mode - Acceleration Pre-Run

Figure 33 shows acceleration of about a factor 15 for the pre-run phase. The minimum duration of the ignition
phase is 42 ms for this IC. This time must be subtracted from the time of ignition+pre-run+EOL1 because it is not
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affected by the acceleration. EOL1 has a duration of 620 ps and also has to be subtracted before calculating the
acceleration of the pre-run phase.

YOKOGAWA | YokogawA V
Stopped Stopped [ ]
TR Van M v Lamp

® Vieph_pinto (DAC)

® VRes pin12

® VRFRUN_Ping

|Ignition+PreRun+EOL2:125 ms f0m5/div

Preheating=272 ms

Starting only with EOL2 from the
beginning of ignition

a2
Preheating=1,04 s | |Ignition+PreRun+EOL2=3,15 s
A

For the right oscillogram:
Ignition Phase = 42 ms

— PreRun +EOL2 =83 ms
— PreRun ~44 ms

— EOL 2~39ms

[sequence=4,19s | Sequence 397 ms EOL2 accelerated by ~62

CH1 INPUT  [CH2 INPUT [CH4 INPUT CH1 INPUT _ [CH2 INPUT (}H ]NPUT
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iv A iv(|1.00 V/div ||1.00 V/div 200 V/d 1.00 V/d l 00 V/d 1 00 V/d
B B 10:1 10:1 100:1

Normal Sequence Accelerated Sequence (Test Mode)

Figure 34 Built-In Customer Test Mode - Acceleration EOL2

Figure 34 shows the acceleration of about 62 for the time until EOL2 detection. With values of about 700 ms and
86 ms for the ignition and pre-run phases, the measurement in Figure 33 shows that a normal time of 2450 ms
for detecting EOL2 can be calculated. The accelerated time for EOL2 detection is about 39 ms.

8.2 Calculations

The following section describes some necessary calculations for the demo board design (according to the
design used for this Application Note 1 x 54 W T5 with voltage mode preheating).

8.2.1 Sample Calculation: EOL for 54W T5 Design (Excel)

Figure 35 shows a picture of the “EOL calculation Excel sheet” that supports the design of the EOL network.
Contact us at http://www.infineon.com/smartlighting to obtain the tool.

A step-by-step guide for using this Excel sheet is given in this section. Design-relevant data can be entered in the
green fields and the orange-colored fields indicate that the value will be calculated via implemented formulas.
Due to some omissions in the calculations an experimental adjustment in the circuit may be necessary.

A description of the planned design data can be entered in the first green field at the top of the page. After this,
the nominal values for lamp voltage and lamp current can be entered in the parameter section. Also necessary
are the inputs for operation frequency, max. allowed EOL power and the factor for the allowed lamp voltage.
After entering these values, the peak-peak lamp voltage for EOL1 and the DC offset of the lamp voltage for EOL2
can be calculated with the currents from the Data Sheet for the EOL1 and EOL2 detection thresholds.

The EOL2 resistors R; and R, can be calculated with negligence of the influence of C; and Rz because C; blocks
the DC current in a steady state (run mode). The ratio between R, and R; has an influence on the necessary
voltage strength of C;. For major designs a resistance of about 50 kQ to 70 kQ for R, is suitable, so a selection of
R; values regarding this resistance is helpful. It can also be helpful to separate the resistance for R; into several
resistors (in this example 3 x 68 kQ). This segmenting reduces the voltage drop for each separated resistor of R;.
The selected values for R; and R, can be entered in the two green fields.

The first field in the EOL1 calculation area calculates the actual max. lamp voltage for EOL1 detection without
C; and Rs. This value must be lower than the voltage calculated in the parameter section in the first steps. If this
condition is true, Rz and C; are necessary for reducing the amplitude of the AC current to the LVS pin (indication
in the result field). The following calculations are necessary for dimensioning these two components; the
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influence of C; for Rz calculation will be neglected. The voltage across R, is calculated with the nominal EOL1
detection current (l,yssourceac) Multiplied by the calculated value of R,. The voltage across R; is the difference
between the max. allowed peak-peak lamp voltage (U, amp pp) and the voltage across R; (Ugypp). This voltage
drop results in a current through Ry (Ig;pp) that is higher than the threshold for EOL1 detection of I yssourcesc-
This current difference (Irspp) must be fed via C; and R to GND. The field “R; calculated” shows the calculated
value for the needed resistance. If the selected value for R3 is higher, the EOL1 detection reacts earlier and if
the selected value for Ry is smaller, the EOL1 detection is triggered at a higher lamp voltage than defined in the
parameter section. To reduce the influence of C; on the EOL1 threshold, the capacitance should be as high as
possible and in no case smaller than the calculated value C; ;.. After entering the selected value for C; in the
green field, the values for the resistors and the capacitor in the EOL detection network for this design will be
summarized at the top of the page.
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- - Date: 18.02.2009
® ate
Infineon For internal use only! Version: 1.0
i FL2-1_Demo_1x54W_T5_VM_180AC-270AC_090223.xls
EOL: Demoboard 1x54W T5 - VM - 180VAC to 270VAC - ICB2FL03G
LVS R2 R1
This sheet supports designing the EOL circuit with the FL-Controller ICB2FL03G.
Please fill out the green fields top down. The result is listed in the next line.
The design is: R1=204kQ, R2=68kQ, R3=6,8kQ and C1=100nF.
Please note, that it can be necessary to split R1 because of the limited power dissipation.
In this Design the calculated EOL2 Power is about 5,3W+/5,3W- and the calculated EOL1 threshold is about 486V pp.
Parameter short comment calculation unit Values
Lamp voltage (Lamp data) ULamp[RMS] Vrus 118,00
Lamp current (Lamp data) I amp[RMS] mMARvs 460,00
Operation frequency frun kHz 45,00
max. allowed EOL Power (DC) PeoLbc_max w 5,00
Factor for allowed Lamp Voltage  [Uiamp Fact 1,50
EOL1 threshold (Overvolage) ILvssourceAC >620us (Datasheet) MAG, 210,00
EOL2 threshold (Rectifier) lLvsbc >2500ms (Datasheet) +UARMS 42,00
Lamp voltage (peak-peak) ULamp_pp U, =U, 2 ﬁ U, e Vpp 500,63
Lamp _pp Lamp Lamp_ Fac

Lamp voltage (DC offset) ULamp_bc ) N— Vpe 10,87

UL(ImprC = 7 -

Lamp

EOL2 calculation (Rectifier Effect)
DC voltage across Ry and R, Vbe 10,87
R; and R; calculated RicaictRaocalc U, e kQ 258,80

Ripie + Ry =—=

]LVSD('
R; selected R Select R, in respect to the voltage strength of C 1. R; >> R, kQ 204,00
R2 calculated Rocaic R, =R+ Ry — R, kQ 54,80
R, selected R, kQ 68,00
R; and R; real Ri:R; R +R, kQ 272,00
EOL Power (DC) calculated PeoLpc+_calc Proine mx = ( R + Rz) Livspe *Liamy w 5,26
EOL Power (DC) calculated PeoLoc- _cale Proive wx =R+ Ry) L, pspe * Lamp w 5,26
EOLA1 calculation (Lamp Overvoltage)
Actual max voltage ULamp*pprou Uan/) pp EOL2 — ILVSSourwAC '(Rl + Rz) Vpp 2
Result ULamp_pp_EOL1 too small, R3 and C1 requiered!
Voltage across R, Urzpp U = Livssourenc "R Voo 14,28
Voltage across R4 Ur1pp Usiry =Usanp op ~Uropy Voo 486,35
Current through R, Ir1pp Up MAL, 2384,08
— )24

1R1pp - RI
Current through R; Irapp C, neglected 1RW - Im,),, 1 yssourcesc MAG, 2174,08
R; calculatet Rscalc Up, kQ 6,57

P
Ry = 7
R3pp
R; selected R;3 kQ 6,80
C, calculated C1_min C, should affect the 100 nF 52,01
Select C1 as high as possible in current less than 1% > 247 foy ‘R
respect of the high side RUN-3
preheating Capacitor!
C, selected C, select C, as high as possible under consideration of the results of nF 100,00
Startup calculation sheet (C40)
EOL1 max voltage calculated ULamp,_pp_EOLA_calc. U _ Livssoreenc (R R+ R-R+ Ry RV 486
_pp_EOL1_ Lamp_pp_EOL2 R

Figure 35

Excel-based EOL Calculation Tool

Contact us at http://www.infineon.com/smartlighting to obtain the tool.
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8.2.2 Sample Calculation - Start-up Network for 54W T5 Design (Excel)

Figure 36 shows a calculation example for the start-up network to the LVS pin.

(infi
Startup-LVS: Demoboard 1x54W T5 - VM - 180VAC to 270VAC - ICB2FL03G
This sheet supports designing the LVS-startup-circuit with the FL-Controller ICB2FL03G.
Please fill out the green fields top down. The result is listed in the next line.
The design is: R1=470kQ, R2=470kQ, DR12=110kQ, R34=150kQ, R35=150kQ and C40=220nF.
Parameter short comment |calculation unit Values
Minimal Input voltge VIN_min DC-voltage or peak-voltage for AC-supply Vpeak 176,0
BUS-voltage Vaus | Voc 410,0
Current for filament detection ILvssink max. value from Datasheet A 18,0
Internal voltage source LVS Vivs int typical value, not tested in End-Test Vbe 5,0
R4 Ry R, (from EOL-calculation) kQ 68,0
Rs2 Rs2 Ry (from EOL-calculation) kQ 68,0
R4z R4s kQ 68,0
Rus Rus kQ 68,0
Rus Rys R3 (from EOL-calculation) kQ 6,8
with HS-filament inserted, filament must be detected in the whole input voltage range - C40 and R45 neglected
Resistor EOL-DC-Path@Startup |ReoL pc Rsou)c =R, +R,+R,;+R,, kQ 272,0
Voltage across Reo pc VreoL bc for lamp detection VREOAD(_ =1, i - REOLJJC \% 4,9
Voltage Ratio Nyoltage . B Vs 2,3
voltage —
¢ V/A'Jmn
actual Voriz Without Res*Rss VDR12—1 Vanz 1= VLVs mt VREUL DC v o5
def. Vprs2 at min. input voltage Vpriz2 min_def  |Should be about 6V higher than Vpg+; 4 \% 16,0
R34 and R35 calculated R34 catRas cal Vumimi ar Vosz kQ 339,1
R347£‘u[ +R357cul =
ILVSSink
R34 selected Ras kQ 150,0
R35 selected Ras kQ 150,0
R34 and Rss selected R34+R35 must be smaller than calculated value kQ 300,0
worst case, R 4; to GND instead of LVS-Pin (for calculation of voltage divider R ;, R, and DR , for V pr12 min)
R from DR,-to-LVS-DC@Startup |Rsartup_pc stmnc =Ry, + R, + REOLfDC kQ 572,0
Necessary voltage at DR+, Voriz min VDRImein = VLVSJm 1 1yssink 'Rmm;pf DC v fleis
Ratio of R4, to DRy, NR1+2_to_DR12 v 11,5
n _ N _min
R1+2_to_DRI2
T VDR127Win
DRy, selected DRy, take care to Ry and R, kQ 110,0
parallel circuit DR12, Rstanup_pc DR12+startup_pc ~ DR, 'RSWMDC kQ 92,3
DR12+S/ar/u,LL)(' - DR R
12 + Startup_DC
Resistor Ri*R, Ri_cai*Rz cal R * Ry s = By siarp pC '(nR1+27m7 DRI2 1) kQ 969,3
R; selected R, kQ 470,0
R, selected R, kQ 470,0
R; and R; selected Ri+R, must be smaller than calculated value kQ 940,0
UDRA12 at minimum input votlage |Vpr12_min_input - B VI"Vimin _DRIde"I%D(_ \% 15,7
DR12_min_input —
- R +R, + DRIZ+S/ar/u[LD('
UDR12 at maximum input voltage [Vpri2 max_input Vaus 'DR12+Szar-zU/LD(' \Y 36,6
VuRlsz& input —
Rl + RZ + DR]Z+Stur'tu;L DC
without filament, prevent IC startup
worst case, R4y open (not connected to LVS-Pin); At maximum input voltage, VC40-to-GND must be < VLVS_Int
C21 defined (% nF 22,0
VDR12_max_input votlage VbR12_temp \% 43,0
min. value for Cy4q Cao_cal ~ VszJmp -C,, nF 189,0
C41Lm1
VLVSJm
selected value for C40 Cyo selected value must be higher than calculated value nF 220,0
Figure 36 Excel-based Start-up Network Calculation Tool
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Contact us at http://www.infineon.com/smartlighting to obtain the tool.

8.2.3 Inductor L1 of the Boost Converter

The inductivity of the boost inductor is typically designed to operate within a specified voltage range above a
minimum frequency in order to obtain easier RFI suppression. It is well known that in critical conduction mode
(CritCM) there is a minimum operating frequency at low input voltages and another minimum at maximum
input voltage. In state-of-the-art CritCM PFC controllers the lowest value of these two criteria is used.

At minimum AC input voltage:
B (Vinacmin - V2)* - (VBUS - (VINACmin : \/5)) ‘n
B 4 fumin - Pouterc - VBus
(180V - y2)° - (410V — (180 V - 2)) - 0.95
La= 4 - 25kHz - 60W - 410V
At maximum AC input voltage:
(VINACmax' V2) - ( VBus —( ViNaCmax - \/5)) i/
4 - fmin - Poutprc © VBus
(270 v - V2)*- (410V — (270V -y2)) - 0.95

Ly = 4 - 25kHz - 60W - 410V = 1.58 mH

With the new control principle for the PFC preconverter a third criterion that covers the maximum on-time
tprcON_max IS Necessary.

‘A

= 3.89 mH

B=

At maximum on-time:

— (VINACmin : \/5)2 - ToNmax * n
4 - Pourprc
(180 v - y2)*- 24.0ps - 7
Le = T CowW = 6.16 mH
With the assumed conditions the lowest value out of Ly, Lg, L¢ is 1.58 mH.

The selected valueis: L; = 1.58 mH

Lc

8.2.4 Shunt Resistors for Ignition Voltage R,4, Ry5

The selected lamp type 54W T5 requires an ignition voltage of Vigy => 620 Vgys. The board is designed for an
ignition voltage of Vigy =800 Vgys (1130 Veay). In this application example the resonant inductor is evaluated
as L, = 1.46 mH and the resonant capacitor as C,; = 4.7 nF. With these inputs the ignition frequency figy can be
calculated in a first step:

Calculation of ignition frequency fign:
VBUS - 2 410V - 2
1+ 7 - VIGN 1+ T - 1130 Vpeak
fion = 5 = > = 67410 Hz
4 - 77 - L2 . C20 4 - - 1,46 mH - 4.7 nF

The second solution of this equation (with the minus sign) leads to a result of 50163 Hz, which is on the
capacitive side of the resonant rise. This value is not a solution because the operating frequency approaches
from the higher frequency level.

In the next step, the current through the resonant capacitor C,o must be calculated when reaching a voltage
level of 800 Vpeak

Calculation of resonant capacitor current I¢yq:
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Icao = Vien * 2+ T - fign~ Cao = 1130 Ve - 2+ 7w+ 67410 Hz - 4.7 nF = 2.25 A

Finally, the resistors Ry4 and R,5 can be calculated with I, and the ignition regulating value at the LSCS pin of
about 0.8 V.

Calculation of Ry, and Rys:

Ry-Rys _ 08V _ 08V
Ryu+Rys  Icy 225A

The selected values are: Ry, = Ry5=0.68Q (= 0.34 Q).

=0.356 Q

8.2.5 Ballast Parameters

The following formulas give advice on calculating relevant ballast parameters.
Calculation of start-up resistors Ry; and R;,:

VBUS min Input 254V

= =1132 kQ
Iyccratch — Irest min - 170 pA +54.3 pA

Ri1+ Ry =

The selected values are: R;; = Ry, =470 kQ
Calculation of PFCVS resistor Ryq:

VPECVSREFR 25V
< = =
Ry < 100 - Ippcpias  100-1.0 pA 25 ka

The selected value is: Ryg = 10 kQ
Calculation of PFCVS resistors Ry, and Rys:

VBus — VPFCVSREF | Ry = 410 V—-25V

=———==- " .10 kQ =1630 kQ
VPRCVSRER 25V

Riy+Ry5 =

The selected values are: R;4 = Ri5 =820 kQ
Calculation of low pass capacitor Cy; (corner frequency fc; =10 kHz):

1-(Ry+ Ris+ Rys) 10 kQ + 820 kQ + 820 kQ

U 27 fo1 Ry (Riu+Rys)  2-7-10 kHz-10 kQ - (820 kQ + 820 kQ)
The selected valueis: C;; =2.2 nF
Calculation of PFC shunt resistors R;g and Ryo:
Ris-Rig _ Vprccsorr * 7) - ViNacMIN © V2 _1V-095-180 V42 —10 O
Rig + Ryg 4 - Poutprc 4-60 W ’
The selected values are: R;g=1 Q and R;9 = not assembled
Calculation of run frequency resistor R,; for fryy = 45 kHz:
5-10Q-Hz _ 5-10° Q- Hz
21 FRUN fRUN 45 kHz
The selected value is: Ry; = 11 kQ
Calculation of preheating frequency resistor Ry, for fpy; = 105 kHz:
_ _ _Reppon 11 kKQ
Ry2 = Rppu = fPH-Rpguny 105 k}éz T kg — 84 kQ
S 10%.0 Hz 5.10%.Q-Hz
The selected value is: Ry, =8.2 kQ
Calculation of preheating time resistor Ry for tpy = 1000ms:
_ _ tpp-kQ 1000 ms-kQ _
Ros =Rren = 56 ms =~ 100 ms  — 10 KO
The selected value is: Ry3 =10 kQ
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The gate drive resistors Ry, Ry and Ry7 are recommended to be equal to or greater than 10 Q (selected: 10 Q).
Calculation of bootstrap current limitation resistor Rzq:

> 2 Vvccon Ry Rys _2-140 V 068 Q-0.68 Q _
~ Viscsover  Roa - Ros 1.6 V 0.68 Q-0.68 Q

The factor of 2 is used in order to keep away from the limit value.

R3p 6 Q

The selected value is: Rz =33 Q
Calculation of LS filament sense resistor Rzg:

Vresivin _ 1.55 V
IRpssmin =~ 26.6 PA

VResimax _ 1.65 V
Iresimax ~ 32.0 pA

The selected value is: R3g = 56 kQ

Calculation of low pass capacitor C;q:

B VFp’ —1 B 4/300% — 1

- 2'7TfRUN'R36 - 2745 kHZ'56 kQ

The capacitor Cyq provides a low pass filter together with resistor R36 in order to suppress AC voltage drops at
the LS filament. With an estimation of the AC voltage of about 10 Vpeayto-peak at the LS filament during run mode
for frun = 45 kHz, suppression by a factor of at least F p = 300 is necessary

R36 < = 58.3 kQ

R36 > = 516 kQ

Cig =189 nF

The selected value is: C;9 =22 nF.

Note: The voltage at the RES pin must reach the filament detection level until VCC reaches the Vyccon
threshold (see The IC Starts without a Low-Side FilamentThe IC Starts without a Low-Side
Filament).
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8.3 Troubleshooting

This section gives some advice on finding and handling typical start-up problems in designs with the
ICB2FLO3G. Please check the function in the sequence described in Figure 4. If these checks do not solve
the problem, please take a look at VCC does not reach 10.5 V (Vyccoss) or 14 V (Vyccon) to The IC Stops about
3 s after Ignition. If these checks also do not solve the problem, please contact Infineon Technologies AG for
further support.

Depending on the voltage at the RES pin, the current consumption of the IC can be higher due to Izgs; t0 Iress

8.3.1 VCC does not reach 10.5 V (Vyccos) or 14 V (Vyccon)

If VCC does not reach the Vyccos threshold (also called the UVLO threshold), the current consumption of the
ICis too high or the current through the VCC start-up resistors is too low. The minimum current required,
fed across the start-up resistors, is lyccqui Until Vyccort is reached and lyccquz until Vyecon is reached. Another
powerconsuming device at VCC may be the reason for preventing VCC rising to Vyccof.

+  Remove any other consumer at VCC.
+  Check the bus voltage and calculate the minimum current across the start-up resistors.
«  Checkifawrong Z-diode Dg is mounted that limits the voltage at VCC.

8.3.2 VCC Hiccup between 14 V (Vyccoss) and 10.5 V (Vyccon)

If VCC reaches the Vyccon, threshold and then goes down to Vyccof repeatedly (called hiccup operation), the
following reasons may apply. There can be a problem in detection of the bus voltage or in the VCC supply via the
charge pump.

+ Isthe bus voltage in the specified range of 12.5 % and 105 % (~0.39 V and 2.57 V at PFCVS pin)?

+ Isthe voltage divider for bus voltage sensing broken?

+  Arethe LSGD and HSGD working during VCC breakdown? Otherwise check the next two subcategories.

+ Arethe diodes of the charge pump correctly mounted (D7 and Dg)?

« Checktheratioof C;pand Cy4

+ Isthe charge pump design strong enough? Note: Layout and components have to handle the peak currents.
Calculation of charge pump

Icnarce = (Vus = Vvee) - f - Cie

8.3.3 No LSGD Pulse

When all start-up conditions are ok, the first pulse out of the IC is normally visible at the LSGD pin. If the VCC is
above the Vyccon threshold and the bus voltage is in the specified range between 12.5 % and 105 %, a filament
detection problem can cause this behavior.

+  The bus voltage must be smaller than the min. value of Vprcysiow (105 %) before start-up.
+  Setboth LVS pins temporarily to GND to disable the high-side filament detection.
+  Setthe RES pin temporarily to GND to disable the high- and low-side filament detection.

If this solves the problem, a redesign of the LVS path and the resistor R36 is necessary (see Calculations) for
correct operation with filament detection.

8.3.4 No HSGD Pulse

If there is no HSGD pulse after a number of initial LSGD pulses, a problem with the HSVCC supply may be the
reason.
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«  The bus voltage must be smaller than min. value of Vpgcysiow (105 %) before start-up.

«  Check if VCC breaks down to Vyccos While charging the HSVCC capacitor C14 - a higher capacitance at the
VCC pin might be helpful.

«  Checkif the HSVCC reaches a level of min. Vysyccon (Max. value); does C;4 have the right value?
+  Checkif R3gand Dg are mounted in the right way.
«  Checkif the V| scsovci threshold is reached; increasing R3o might be helpful.

8.3.5 No PFCGD Pulse

If there is no PFCGD pulse after 300 ps of correct inverter working, there can only be a problem in the
monitoring of the bus voltage or the connecting tracks to MOSFET.

+  The bus voltage must be smaller than the min. value of Vpgcysiow (105 %) before start-up.
+  The busvoltage must be smaller than the min. value of Vprcysrup (109 %) during run mode.

A bus overvoltage hysteresis is implemented. If the 109 % threshold is reached in run mode, the PFCGD turns off
immediately and the bus voltage must undershoot the 105 % threshold for reactivating the PFCGD.

8.3.6 The IC Starts without a High-Side Filament

If the IC starts without a high-side filament, a startup current flows into the LVS pin. If a current of min. value of
lLvssink flows into the LVS pin, the IC interprets this as a present high-side filament. Due to a less than optimum
design, this current can flow via other components if no filament is present. If the capacitor in the preheating
circuit Cy; has a high capacitance and Cy is relatively low, a transient current flows via C,; and L,y, that is high
enough to lead to a high-side filament detection.

+  Measure the peak voltage between C4g and Ry, in reference to GND before VCC reaches Vyccon, Subtract 5
V1)) and calculate the current flowing into the LVS pin with the value of Ry; (further information can be
found in LVS Pin)

«  Tryacapacitor with a higher capacitance for Cy4, this reduces the voltage across R4; and leads to a lower
transient current into the LVS pin.

Another reason can be that the VCC rise is too fast, and the voltage at the RES pin cannot reach the filament
detection level until VCC reaches the Vy,ccon threshold. Also check the EOL calculation in Sample Calculation:
EOL for 54W T5 Design (Excel).

8.3.7 The IC Starts without a Low-Side FilamentThe IC Starts without a
Low-Side Filament

If the IC starts without a low-side filament, a component at this pin leads to a limited voltage at this pin.
+ Isthe capacitance of C;4 too high?
+ Thevoltage at the RES pin must be higher than Vggs; before VCC reaches the Vyccop threshold

Another reason can be that the VCC rise is too fast and the voltage at the RES pin cannot reach the filament
detection level until VCC reaches the VVCCOn threshold (see also Calculations).

8.3.8 The IC Stops within tpregryy after Ignition

The Protection Function Matrix in Section 4 of the Data Sheet shows in which operating mode special fault
detection becomes active. If the IC stops within tpreryn after ignition, some basic parameters of the circuit

1 The Data Sheet specifies the voltage Vivsclamp = 6.5V at l;ys =300 WA. An internal comparator threshold of 5
V (see also LVS Pin) can be used for calculation of the start-up current.

Application Note 47 Rev 1.2
2020-04-11



o~ _.
Ballast Design for 54W UV-C Disinfection Lamp (Voltage Mode |n f| neon
Preheating) with Controller IC ICB2FL03G & 600V CoolMOS™ PFD7

8 Annex

will not be in the specified area because in pre-run mode only a few fault detection functions are active. The
following list gives an overview of which conditions must be fulfilled for correct IC operation.

+  Voltage at VCC must be > Vyccof

+ Busvoltage mustbe>12.5%

+  Voltage at the PFCCS pin must be < Vpgccsofs
«  Voltage at the RES pin must be < Vggs;

+  Voltage at the LSCS pin must be <V|scsovc

8.3.9 The IC Stops about tpgeryn after Ignition

When the IC stops about 625 ms after ignition a failure of a short duration (several us) can be the reason. The
following list gives an overview of what conditions must be fulfilled for correct IC operation.

+ Voltage at RES pin <Vgggzsese

+  Busvoltage>75%

+  EOL1 (overvoltage); set the LVS pin temporarily to GND to verify if this is the problem.

«  Cap. load 2; check the waveform at the LSCS pin and compare it with Section 2.6.2 in the Data Sheet.
+  Voltage at LSCS pin <V scsovc2

8.3.10 The IC Stops about 3 s after Ignition

If the IC stops about 3 s after ignitionm a failure of lengthy duration (2500 ms) can be the reason. The following
list gives an overview of what conditions must be fulfilled for correct IC operation.

«  EOL2 (rectifier effect); set the LVS pin temporarily to GND to verify if this is the problem.
« Cap.load 1; Check the waveform at the LSCS pin and compare it with Section 2.6.1 in the Data Sheet.
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8.4 BOM Schematic Layout
The documentation of the demo board can be found in this section.
BOM: Demoboard 1x54W T5 - VM - 180VAC to 270VAC - ICB2FL03G
ICB2FL03G
Input voltage = 180VAC to 270VAC VBUS = 410 VRMS
Package Package
F1 Fuse 1A fast Wickmann Typ 370 R1 470kQ .1206
R2 470kQ .1206
K1/1 AC Input R11 470kQ .1206
K1/2 AC Input WAGO 250-203 R12 470kQ .1206
K1/3 PE R13 33kQ .1206
K2/1 not connected R14 820kQ .1206
K2/2 | High Side Filament WAGO 250-203 R15 820kQ .1206
K2/3 | High Side Filament R16 10Q .0805
K3/1 Low Side Filament R18 1Q .1206
K3/2 Low Side Filament WAGO 250-203 R19 not assembled .1206
K3/3 not connected R20 10kQ .0805
I1C1 ICB2FL03G Infineon SO-16 R21 11kQ .0805
Q1 IPN60R1K5PFD7S Infineon SOT223 R22 8.2kQ .0805
Q2 IPN60R1K5PFD7S Infineon SOT223 R23 10kQ .0805
Q3 IPN60R1K5PFD7S Infineon SOT223 R24 0.68Q .1206
D1...4 S1M Fairchild [(1000V/1A/2us) DO-214AC R25 0.68Q .1206
D5 MURS160T3 ON Semi [(600V/1A/75ns) SMB R26 10Q .0805
D6 BYG20J Philips  |[(600V/1,5A/75ns) SOD124 R27 10Q .0805
D7 BYG22D Philips  |(200V/1A/25ns) DO214 R30 33Q .1206
D8 BYG22D Philips  |(200V/1A/25ns) DO214 R34 150kQ .1206
D9 BZV55-C16 NXP SOD-80C R35 150kQ .1206
DR12 110kQ .1206 R36 56kQ .1206
D82 0Q .2512 R41 68kQ .0805
R42 68kQ .1206
L101 2x68mH/0.6A Epcos |B82732F2601B001 R43 68kQ .1206
L1 PFC| 1.58mH Epcos |B78326P7373A005 | EFD25/13/9 R44 68kQ .1206
L2 1.46mH Epcos |B78326P7374A005 | EFD25/13/9 R45 6,8kQ .1206
L 21 100pH/760mA Epcos |B82144B1104J000 RM5 R61 0Q .0805
L 22 100pH/760mA Epcos |B82144B1104J000 RM5
C1 220nF/X2/305V Epcos |B32922C3224M000 RM15
C2 33nF/630V/MKT Epcos |B32521N8333K000 RM10
C3 3,3nF/Y2/300V Epcos |B32021A3332K000 RM10
C4 220nF/X2/305V Epcos |B32922C3224M000 RM15
C10 10uF/450V Epcos |B43888C5106MO000 | single ended
C11 2,2nF/50V X7R .0805
C12 100nF/50V X7R .0805
C13 1uF/25V X7R 1206
C14 68nF/50V X7R .0805
C15 22nF/630V/MKT Epcos |B32621A6223K000 RM10
C16 1nF/630V/MKT Epcos |B32529C8102K000 RM5
C17 100nF/630V/MKP Epcos |B32612A6104K008 RM15
C19 22nF/50V X7R .0805
C20 4,7nF/1600V/MKP Epcos |B32612-J1472J008 RM15
C21 22nF/400V/MKP Epcos |B32620A4223J000 RM7,5
C22 22nF/400V/MKP Epcos |B32620A4223J000 RM7,5
C23 10nF/50V X7R .0805
C40 220nF/50V X7R .0805
More information:
http://www.infineon.com/smartlighting
http://www.infineon.com/CoolMOS
http://www.epcos.com Email: wolfgang.dreipelcher@epcos.com
Figure 37 Bill of Material for Demo Board 1x54W T5 Single Lamp with Voltage Mode Preheating
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8.5 Interference Suppression according to EN 55015

Figure 40 shows the results of the standard test for interference suppression.
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Figure 40 Interference Suppression according ti EN 55015
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Acronyms Explanation

ATHD Input current - Total Harmonic Distortion
BOM Bill of material

CritCM Critical Conduction Mode

DCM Discontinuous Conduction Mode

EEI Energy Efficiency Index

EOL1 End of Life 1 (Inverter Overload)

EOL2 End of Life 2 (Rectifier Effect)

FL Fluorescent Lamp

fon Preheating frequency

Frun Run frequency

HSVCC IC Supply Voltage (High Side)

lLamp Lamp current

n efficiency

PF Power factor

PFC Power Factor Correction

THD Total Harmonic Distortion

tpH Preheating time

UvLO Undervoltage Lockout (Restart after VCC hysteresis)
Vaus Electrolytic condensator voltage

VCC IC Supply voltage (Low Side)

VieN Ignition voltage

Vin Board Input voltage

Viamp Lamp voltage
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