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Smart Ballast Control IC for
Fluorescent Lamp Ballasts

Product Highlights

Lowest Count of external Components

digital and optimized analog control functi

Features PFC

Discontinuous Conduction Mode PFC
Integrated Compensation of PFC Control Loop
Adjustable PFC Current Limitation

Adjustable PFC Bus Voltage

Features Lamp Ballast Inverter

Supports Restart after Lamp Removal and End-of-
Life Detection in Multi-Lamp Topologies
End-of-Life (EOL) detected by adjustable

+ Thresholds of sensed lamp voltage

Rectifier Effect detected by ratio of + Amplitude of
Lamp Voltage

Detection of different capacitive Mode Operations
Adjustable Inverter Overcurrent Shutdown
Self-adaption of Ignition Time from 40ms to 235ms
Parameters adjustable by Resistors only

Pb-free lead plating; RoHS compliant
Halogen-free mould compound, WEEE compliant

HV-Driver with coreless Transformer Technology
Improved Reliability and minimized Spread due to

ICB1FLO2G

PG-DSO-18-2

ons

Description

The Smart Ballast IC is designed to control a Fluorescent
Lamp Ballast including a Discontinuous Conduction
Mode Power Factor Correction (PFC), a lamp Inverter
Control and a High Voltage Level Shift Half-Bridge
Driver.

The application requires a minimum of external
components. There are integrated low pass filters and an
internal compensation for the PFC voltage loop control.
Preheating time is adjustable by a single resistor only in
the range between 0 and 2000ms. In the same way the
preheating frequency and run frequency are set by
resistors only. The control concept covers requirements
for T5 lamp ballasts such as detection of end-of-life and
detection of capacitive mode operation and other
protection measures even in multilamp topologies.
ICB1FLO2G is easy to use and easy to design and
therefore a basis for a cost effective solution for
fluorescent lamp ballasts.
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Pin Configuration and Description

1 Pin Configuration and Description
11 Pin Configuration PG-DSO-18-1 1.2 Pin Description
- . LSCS (Low side current sense, Pin 1)
Pin | Symbol | Function This pin is directly connected to the shunt resistor
1 LSCS Low side current sense (inverter) which is located between the Source terminal of the
- — low-side MOSFET of the inverter and ground.
2 LSGD Low side gate drive (inverter) Internal clamping structures and filtering measures
3 VCC Supply voltage allow for sensing the Source current of the low-side
inverter MOSFET without additional filter components.
4 GND Controller ground There is a first threshold of 0,8V, which provides a
5 PFCGD | PFC gate drive couple of increasing steps of frequency during ignition
mode, if exceeded by the sensed current signal for a
6 PFCCS | PFC current sense time longer than 250ns. If the sensed current signal
exceeds a second threshold of 1,6V for longer than
! PFCZCD | PFC zero current detector 400ns during all operating modes, a latched shut down
8 PFCVS | PFC voltage sense of the IC will be the result.
9 RFRUN | Set R for run frequency
10 |RFPH Set R for preheating frequenc LSGD (Low side gate drive, Pin 2)
P g frequency The Gate of the low-side MOSFET in a half-bridge
11 RTPH Set R for preheating time inverter topology is controlled by this pin. There is an
active L-level during UVLO (undervoltage lockout) and
12 |RES Restart after lamp removal a limitation of the max. H-level at 11V during normal
13 |LVS1 Lamp voltage sense 1 operation. Turning on the MOSFET softly (with reduced
dipran/dt), the Gate drive voltage rises within 220ns
14 |Lvs2 Lamp voltage sense 2 from L-level to H-level. The fall time of the Gate drive
15 |n.e. Not existing voltage is less than 50ns in order to turn off quickly.
— This measure produces different switching speeds
16 |ne. Not existing during turn-on and turn-off as it is usually achieved with
17 | HSGND | High side ground a diode in parallel to a resistor in the Gate drive loop. It
- - is recommended to use a resistor of about 150hm
18 |HSVCC | High side supply voltage between drive pin and Gate in order to avoid
f : : oscillations and in order to shift the power dissipation of
19 |HSGD High side gate drive discharging the Gate capacitance into this resistor. The
20 |HSGND | High side ground dead time between LSGD signal and HSGD signal is
1800ns typically.
VCC (Supply voltage, Pin 3)
This pin provides the power supply of the ground
Lscs |10 20 |Eo HSGND related section of the IC. There is a turn-on threshold at
14V and an UVLO threshold at 10,5V. Upper supply
LSGD | 2 19| HSGD voltage level is 17,5V. There is an internal zener diode
VCC |3 18 |0 HSVCC clamping Vcc at 16V (2mA typically). The zener current
) is internally limited to 5mA max. For higher current
GND == 4 N 17| == HSGND levels an external zener diode is required. Current
PFCGD | 5 3 16 consumption during UVLO and during fault mode is
pECCS | s LL 5 less than 150pA. A ceramic capacitor close to the
5' supply and GND pin is required in order to act as a low-
PFCZCD o | 7 O 14 |2 LVS2 impedance power source for Gate drive and logic
PECVS | 8 - 13|Eo Lvsi signal currents.
RFRUN 9 12 RES
™ - GND (Ground, Pin 4)
RFPH == 10 it)== RTPH This pin is connected to ground and represents the

PG-DS0-18-2 (300mil)

ground level of the IC for supply voltage, Gate drive
and sense signals.
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PFCGD (PFC gate drive, Pin 5)

The Gate of the MOSFET in the PFC preconverter
designed in boost topology is controlled by this pin.
There is an active L-level during UVLO and a limitation
of the max. H-level at 11V during normal operation.
Turning on the MOSFET softly (with a reduced dipgan/
dt), the Gate drive voltage rises within 220ns from L-
level to H-level. The fall time of the Gate voltage is less
than 50ns in order to turn off quickly. A resistor of about
100hm between drive pin and Gate in order to avoid
oscillations and in order to shift the power dissipation of
discharging the Gate capacitance into this resistor is
recommended.

The PFC section of the IC controls a boost converter as
a PFC preconverter in discontinuous conduction mode
(DCM). Typically the control starts with Gate drive
pulses with an on-time of 1us increasing up to 24us and
a off-time of 40us. As soon as a sufficient ZCD (zero
current detector) signal is available, the operating
mode changes from a fixed frequent operation to an
operation with variable frequency. During rated and
medium load conditions we get an operation with
critical conduction mode (CritCM), that means
triangular shaped currents in the boost converter choke
without gaps when reaching the zero level and variable
operating frequency. During light load (detected by the
internal error amplifier) we get an operation with
discontinuous conduction mode (DCM), that means
triangular shaped currents in the boost converter choke
with gaps when reaching the zero level and variable
operating frequency in order to avoid steps in the
consumed line current.

PFCCS (PFC current sense, Pin 6)

The voltage drop across a shunt resistor located
between Source of the PFC MOSFET and GND is
sensed with this pin. If the level exceeds a threshold of
1V for longer than 260ns the PFC Gate drive is turned
off as long as the ZCD (zero current detector) enables
a new cycle. If there is no ZCD signal available within
40us after turn-off of the PFC Gate drive, a new cycle
is initiated from an internal start-up timer.

PFCZCD (PFC zero current detection, Pin 7)

This pin senses the point of time when the current
through the boost inductor becomes zero during off-
time of the PFC MOSFET in order to initiate a new
cycle. The moment of interest appears when the
voltage of the separate ZCD winding changes from
positive to negative level which represents a voltage of
zero at the inductor windings and therefore the end of
current flow from lower input voltage level to higher
output voltage level. There is a threshold with
hysteresis, for increasing voltage a level of 1,5V, for
decreasing voltage a level of 0,5V, that detects the
change of inductor voltage. A resistor connected
between ZCD winding and sense input limits the sink

Pin Configuration and Description

and source current of the sense pin, when the voltage
of the ZCD winding exceeds the internal clamping
levels (6,3V and -2,9V @ 4mA) of the IC.

If the sensed level of the ZCD winding is not sufficient
(e.g. during start-up), an internal start-up timer will
initiate a new cycle every 40us after turn-off of the PFC
Gate drive.

PFCVS (PFC voltage sense, Pin 8)

The intermediate circuit voltage (bus voltage) at the
smoothing capacitor is sensed by a resistive divider at
this pin. The internal reference voltage for rated bus
voltage is 2,5V. There are further thresholds at 0,375V
(15% of rated bus voltage), 1,83V (73% of rated bus
voltage) and 2,725V (109% of rated bus voltage) for
detecting open control loop, undervoltage and
overvoltage.

RFRUN (Set R for run frequency, Pin 9)

A resistor from this pin to ground sets the operating
frequency of the inverter during run mode. Typical run
frequency range is 20kHz to 100kHz. The set resistor
Rgrrun €aN be calculated based on the run frequency
frun @ccording to the equation

_5- lOBQHz

RRFRUN = %
RUN

RFPH (Set R for preheating frequency, Pin 10)

A resistor from this pin to ground sets together with the
resistor at pin 9 the operating frequency of the inverter
during preheat mode. Typical preheat frequency range
is run frequency (as a minimum) to 150kHz. The set
resistor Rgepyy Can be calculated based on the preheat
frequency fy,, and the resistor Rger according to the
equation:

_ __ Rrrrun
RFPH ~ f_ R

PH "RFRUN _,
5. 1089Hz

The total value of both resistors Rgepy and Rgegun
switched in parallel should not be less than 3,3kOhm.

R

RTPH (Set R for preheating time, Pin 11)

A resistor from this pin to ground sets the preheating
time of the inverter during preheat mode. A set resistor
range from zero to 18kOhm corresponds to a range of
preheating time from zero to 2000ms subdivided in 127
steps.

RES (Restart after lamp removal, Pin 12)

A source current out of this pin via resistor and filament
to ground monitors the existence of the low-side
filament of the fluorescent lamp for restart after lamp

Datasheet Version 2.1
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removal. A capacitor from this pin directly to ground
eliminates a superimposed AC voltage that is
generated as a voltage drop across the low-side
filament. With a second sense resistor the filament of a
paralleled lamp can be included into the lamp removal
sense.

During typical start-up with connected filaments of the
lamp a current source Iges; (20pA) is active as long as
Vee> 10,5V and Vges< Vgeser (1,6V). An open Low-
side filament is detected, when Vges> Vigeges. Such a
condition will prevent the start-up of the IC. In addition
the comparator threshold is set to Vgese, (1,3V) and
the current source changes to Iggg, (17pA). Now the
system is waiting for a voltage level lower than Vgege,
at the RES-Pin that indicates a connected low-side
filament, which will enable the start-up of the IC.

An open high-side filament is detected when there is no
sink current I yggn (15pA) into both of the LVS-Pins
before the V. start-up threshold is reached. Under
these conditions the current source at the RES-Pin is
Ires: (41pA) as long as Vee> 10,5V and Vigeg< Vgeser
(1,6V) and the current source is Igeg, (34pA) when the
threshold has changed to Vgese, (1,3V). In this way the
detection of the high-side filament is mirrored to the
levels on the RES-Pin.

Finally there is a delay function implemented at the
RES-Pin. When a fault condition happens e.g. by an
end-of-life criteria the inverter is turned-off. In some
topologies a transient AC lamp voltage may occur
immediately after shut down of the Gate drives which
could be interpreted as a lamp removal. In order to
generate a delay for the detection of a lamp removal
the capacitor at the RES-Pin is charged by the Igeqs
(20pA) current source up to the threshold Vgege, (1,6V)
and discharged by an internal resistor Rgeggiscn » Which
operates in parallel to the external sense resistor at this
pin, to the threshold Vgesc5 (0,375V). The total delay
amounts to 32 of these cycles, which corresponds to a
delay time between 30ms to 100ms dependent on
capacitor value.

In addition this pin is applied to sense capacitive mode
operation by use of a further capacitor connected from
this pin to the nod of the high-side MOSFET's Source
terminal and the low-side MOSFET'’s Drain terminal.
The sense capacitor and the filter capacitor are acting
as a capacitive voltage divider that allows for detecting
voltage slopes versus timing sequence and therefore
indicating capacitive mode operation. A typical ratio of
the capacitive divider is 410V/2,2V which results in the
capacitor values e.g. of 10nF and 53pF (56pF).

LVS1 (Lamp voltage sense 1, Pin 13)

Before the IC enters the softstart mode this pin has to
sense a sink current above 26pA (max) which is fed via
resistors from the bus voltage across the high-side
filament of the fluorescent lamp in order to monitor the
existence of the filament for restart after lamp removal.
Together with LVS2 (pin 14) and RES (pin 12) the IC
can monitor the lamp removal of totally 4 lamps.

Pin Configuration and Description

During run mode the lamp voltage is sensed by the AC
current fed into this pin via resistors. Exceeding one of
the two thresholds of either +215uA or -215pA cycle by
cycle for longer than 610us, the interpretation of this
event is a failure due to EOL1 (end-of-life). A rectifier
effect (EOL2) is assumed if the ratio of the sequence of
positive and negative amplitudes is above 1,15 or
below 0,85 for longer than 500ms. A failure due to
EOL1 or EOL2 changes the operating mode from run
mode into a latched fault mode that stops the operation
until a reset occurs by lamp removal or by cycle of
power.

EOL1 and EOL2 require an AC current with
zerocrossings at LVS-Pin for a reliable detection. A DC
current at LVS-Pin results in a definite turn-off action
acc. to EOL1 only if the sensed current exceeds the
threshold |, ygeo pc= H-175pA (typically).

If the functionality of this pin is not required (e.g. for
single lamp designs) it can be disabled by connecting
this pin to ground.

LVS2 (Lamp voltage sense 2, Pin 14)

Same functionality as LVS1 (pin 13) for monitoring a
paralleled lamp circuit.

HSGND (High side ground, Pin 17)

This pin is connected to the Source terminal of the
high-side MOSFET, which is also the nod of high-side
and low-side MOSFET. This pin represents the floating
ground level of the high-side driver and high-side
supply.

HSVCC (High side supply voltage, Pin 18)

This pin provides the power supply of the high-side
ground related section of the IC. An external capacitor
between pin 15 and 16 acts like a floating battery which
has to be recharged cycle by cycle via high voltage
diode from low-side supply voltage during on-time of
the low-side MOSFET. There is an UVLO threshold
with hysteresis that enables high-side section at 10,1V
and disables it at 8,4V.

HSGD (High side gate drive, Pin 19)

The Gate of the high-side MOSFET in a half-bridge
inverter topology is controlled by this pin. There is an
active L-level during UVLO and a limitation of the max.
H-level at 11V during normal operation. The switching
characteristics are the same as described for LSGD
(pin 2). It is recommended to use a resistor of about
150hm between drive pin and Gate in order to avoid
oscillations and in order to shift the power dissipation of
discharging the Gate capacitance into this resistor.
The dead time between LSGD signal and HSGD signal
is 1800ns typically.

HSGND (High side ground, Pin 20)
This pin is internally connected with pin 17.

Datasheet Version 2.1

September 2008



ICB1FLO2G

Infineon

Block Diagram

iagram

Block D

2

[[dS SO0 O]

TNMOJ 83M0d

) 950,
1a1seN jonuod  [osq,

1 su0zz 0

11z
Jonuoa adojs ¥ 1

H#H0
£

NIG933d

b
H P00 | A'OT="1A

e

<)

1 100
AST=RIA| | [eUBIa o
INTMd04d debpueg _ u
NG9O . peot an
ASOT="'A

10s5|
yote) Jjnej Joye.
jenowa due|
Buyrentoe Joj
o1esauab Aejaq

“umop somod

Buunp
A9'T > SIUA
1o} uonoatap
uasul dwe

M AG0T <A AQ'T <A
AT <A AT <A LT =
S0T <PA AT ST ity =T
‘AS'0T <PA AT >N wrloz =gl
A0'S

184 0

voneinp U
oy

uvog 3 dn

A

ANHHNO¥INO |
HILHIANI

AON3NO3 NNY |
3A08Y NOILYS3dO

T0YINOD

1 su0zz 0

AZT=
1z
lonuod adoys T 2

(s
sjona) abeon
Juaisuel

esmiaiio
‘apow uni
BuLnp aNO
= yoep 'Loep

150022 0

A2T=
1z

o)
N

0u00 adojs

<<l

‘1 §59[2100

SapoW JaUIo

Zsm
233n-40-aN3

TSAT

[T 33r1-40-0N3

H=0 <=
1=0 <=6T

H=0<=""

gg'0>

7580 =
STT<

(T+N;

(N"A
2

opeoynoay yead

Simplified Blockdiagram of ICB1FL02G

Figure 1

September 2008

Datasheet Version 2.1



ICB1FLO2G

infineon

Functional Description

3 Functional Description

3.1 Typical operating levels during start-up

The control of the ballast should be able to start the operation within less than 100ms. Therefore the current
consumption of the IC is less than 150pA during UVLO. With a small start-up capacitor (about 1uF) and a power
supply, that feeds within 100us (charge pump of the inverter) the IC can cover this feature.

As long as the Vcc is less than 10,5V, the current consumption is typically 80pA. Above a Vcc voltage level of
10,5V the IC checks whether the lamp(s) are assembled by detecting a current across the filaments. The low-side
filament is checked from a source current (20pA typ.) out of pin RES, that produces a voltage drop at the sense
resistor, which is connected via low-side filament to ground. An open filament is detected, when the voltage level
at pin RES is above 1,6V. The high-side filament (or the high-side of a series topology) is checked by a current
(15pA typ.) into the LVS pin. An open high-side filament causes a higher source current (41pA / 34pA typ.) out of
pin RES in order to exceed the 1,6V threshold. If one of both filaments is not able to conduct the test current, the
control circuit is disabled. The IC is enabled as soon as a sufficient current is detected across the filaments or the
supply voltage drops below the UVLO threshold (10,5V) e.g. by turn-off and turn-on of mains switch.

Ve A
14,0V
Il/I\/ 1
10,5V 1 ] ]
1 1 1
i i i
| START-UP I IC ACTIVE |
UVLO | HYSTERESIS | SOFTSTART |
1 1 1
i i Pt
ec d
5mA
80uA SOpA <150pA + QGate -~
t
Voo | | |
3,2v : : ¢
1,6V E - \ [ \<32V
|// / -
i t
! A : 1 ]
RES : :
20pA 20pA ‘
) i t
1
lvs A 1
>15pA
>I5pA /\Uf\ .
< +/-2,5mA| U
Figure 2 Progress of levels during a typical start-up.

When the previous conditions are fulfilled, and Vcc has reached the start-up threshold (14V), there is finally a
check of the Bus voltage. If the level is less than 15% of rated Bus voltage, the IC is waiting in power down mode
until the voltage increases. If the level is above 109% of rated Bus voltage there is no Gate drive, but an active
IC. The supply voltage Vcc will fall below the UVLO threshold and a new start-up attempt is initiated.

As soon as start-up conditions are fulfilled the IC starts driving the inverter with the start-up frequency of 125kHz.
Now the complete control including timers and the PFC control can be set in action. There are current limitation
thresholds for PFC preconverter and ballast inverter equipped with spike filters. The PFC current limitation
interrupts the on-time of the PFC MOSFET if the voltage drop at shunt resistor exceeds 1V and restarts after next
input from ZCD. The inverter current limitation operates with a first threshold of 0,8V which increases the operating
frequency during ignition mode if exceeded. A second threshold is provided at 1,6V that stops the whole control
circuit and latches this event as a fault.
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Functional Description

VCC
16,0\
14,0\
10,5V
LS FILAMENT IOPEN LAMP REMOVAL Vo> 1,3V 1C ACTIVE
UVLOIHS FILAMENT i CLOSED LS + HS OPEN SOFTSTART
START-UP t
Wee HYSTERESIS
5mA
80uA T BOpA <170pA <150pA + QGate
t
VRES
5,0V
3,2V
%g& [\ [ \<sav
t
IRES
20pA 20pA 17pA 34pA 17pA 20uA
ILVS t
>15pA >15pA S15uA7 | () (1 .
1
POWER 4 +/- 2,5mA|t
DOWN | .
SIGNAL [ L,
t
Figure 3 Start-up with LS filament broken and subsequent lamp removal.
VCC
16,0\
14,0V
10,5V
HS FILAMENTI OPEN LAMP REMOVAL 1V, > 1,34 IC ACTIVE
UVLO ILS FILAMENT ICLOSED LS + HS OPEN SOFTSTART
START-UP t
e HYSTERESIS
5mA
80pA 8O0HA <170pA <150pA + QGate
t
VRES
5,0V
3,2V
1,6V <3,2V
1,3V 13V
IRES
20uAT 41pA 34pA 34pA T70A 20uA
IL\/S
>1SuAT— >15pA/ [AWA Ly
POWER < +/-2,5mA|t
DOWN |
SIGNAL H »
t
Figure 4 Start-up with HS filament broken and subsequent lamp removal.
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Functional Description

3.2

PFC is starting with a fixed frequent operation (ca. 25kHz), beginning with an on-time of 1us and an off-time of
40ps. The on-time is enlarged every 400us to a maximum on-time of 23us. The control switches over into critical
conduction mode (CritCM) operation as soon as a sufficient ZCD signal is available. There is an overvoltage
threshold at 109% of rated Bus voltage that stops PFC Gate drive as long as the Bus voltage has reached a level
of 105% of rated Bus voltage again. The compensation of the voltage control loop is completely integrated. The
internal reference level of the Bus voltage sense (PFCVS) is 2,5V with high accuracy.

The PFC control operates in CritCM in the range of 23us > on-time > 2,3us. For lower loads the control operates
in discontinuous conduction mode (DCM) with an on-time down to 0,5us and an increasing off-time. With this
control method the PFC preconverter covers a stable operation from 100% of load to 0,1% .

VBUS T

PFCZCD

PFC Preconverter

D1..4 L1
!
Ll

2=

o— -
90 ...
270 VAC

LVS:
LVS1

ICB1FL02G

RFRUN

¥ 0w |11

cr L R12 R13
Vce -

Figure 5 Circuit Diagram of the PFC preconverter section.

Overvoltage, undervoltage and open loop detection at pin PFCVS are sensed by analog comparators. The BUS
voltage loop control is provided by a 8bit sigma-delta A/D-Converter with a sampling rate of 400us and a resolution
of 4mV/bit. So a range of +/- 0,5V from the reference level of 2,50V is covered. The digital error signal has to pass
a digital notch filter in order to suppress the AC voltage ripple of twice of the mains frequency. A subsequent error
amplifier with PI characteristic cares for stable operation of the PFC preconverter.

The zero current detection is sensed by a separate pin PFCZCD. The information of finished current flow during
demagnetization is required in CritCM and in DCM as well. The input is equipped with a special filtering including
a blanking of typically 500ns and is combined with a large hysteresis between the thresholds of typically 0,5V and
1,5V. In case of bad coupling between primary inductor winding and secondary ZCD-winding an additional filtering
by a capacitor at ZCD pin might be necessary in order to avoid mistriggering by long lasting oscillations during
switching slopes of the PFC MOSFET.

PFCVS PFCGD
ZA-ADC Notch Pl Loop Pulse width Gate
D—< SRate 400us Filter Control Generator Driver
Res 4mV/bit
PFCCS
Undervoltage Overcur(ent
PFCZCD

Overvoltage
+/-2,0%)]

i

Open Loop Clock Reference
‘—————| Detection 600kHz 2,50V
15% +/- 20% +/-1,5%

Figure 6

Structure of the mixed digital and analog control of PFC preconverter.
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Figure 7 Relative output power and operating frequency of PFC control at VIN = VOUT /2 versus control step.
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Figure 8 On-time and operating frequency of PFC control at VIN = VOUT /2 versus control step.
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3.3 Typical operating levels during start-up

Within 10ms after start-up the inverter shifts operating frequency from 125kHz to the preheating frequency set by
resistor at pin RFPH. Preheating time can be selected by programming resistor at RFPH pin in steps of 17ms from
Oms to 2000ms.

After preheating the operating frequency of the inverter is shifted downwards in 40ms typically to the run
frequency. During this frequency shifting the voltage and current in the resonant circuit will rise when operating
close to the resonant frequency with increasing voltage across the lamp. As soon as the lower current sense level
(0,8V) is reached, the frequency shift downwards is stopped and increased by a couple of frequency steps in order
to limit the current and the ignition voltage also. The procedure of shifting the operating frequency up and down
in order to stay within the max ignition level is limited to a time frame of 235ms. If there is no ignition within this
time the control is disabled and the status is latched as a fault mode.

Typical variation of operating frequency during start-up

A
125kHz A
f,v
Frequency
65kHz +— }
1
1
50kHz T ———————————
40kHz T JI- ——————————— —\:—:—
H Lamp Voltage : i i
I I ] ]
1 1 [
T T
10ms | 0-2000ms :40—235ms: 250ms | t
1 1 - .
Softstart Preheating | lgnition I Pre-Run I Normal Operation

Softstart proceeds in 15 steps a 650us according Af,,, = (120kHz - )/ 15steps.
Ignition proceeds in 127 steps a 324ps according  Af o = (fo; - fryn)/ 127steps.

Figure 9 Typical variation of operating frequency and lamp voltage during start-up.
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Figure 10 Typical lamp voltage versus operating frequency due to load change of the resonant circuit.
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34 Detection of End-of-Life and Rectifier Effect

After ignition the lamp voltage breaks down to its run voltage level (typically 50Vpeak to 300Vpeak). Reaching the
run frequency there follows a time period of 250ms called Pre-Run Mode, in which some of the monitoring features
(EOL1, EOL2, Cap.Loadl) are still disabled. In the subsequent Run Mode the End-of-life (EOL) monitoring is
enabled. The event EOLL1 is detected by measuring the positive and negative peak level of the lamp voltage by a
current fed into the LVS pin (R17, R18,R19 in Fig. 11). If the sensed current exceeds 215pA for longer than 610us
the status end-of-life (EOL1) or the exceeding of the maximum output power is detected. In Fig. 12 the different
levels of the sensed lamp voltage are illustrated.

(O]
N
o
-
L
— -
T a0}
c2 )
z
2
o
&
o
D9 R30 RME L C9 /%/Dlo
vee R5 R12 R13 L C7
o—e ‘ Ful

Figure 11 Circuit diagram of the lamp inverter section.
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Figure 12 Sensed lamp voltage levels.
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Figure 13 Maximum ratio of amplitudes versus sense current.

Furthermore the rectification effect (EOL2) is detected when the ratio of the higher amplitude divided by the
smaller amplitude of the lamp voltage is bigger than illustrated in Fig. 13. for longer than 500ms. The ratio is
evaluated each cycle of the lamp voltage. The limit of the ratio increases dependend on the peak current of the
smaller amplitude of the lamp voltage from 1,15 at I, ,s= 200pA nonlinear to 1,4 at |, ,s= S0pA.

If the EOL2 conditions are detected, the control is disabled and the status is latched as a failure mode. Measuring
the duration of incorrect operating conditions is done by a check every 4ms. If the fault condition is existing, a
counter counts up, if the fault condition is not existing, the counter counts down. So we get an integration of the
fault events that allows a very effective monitoring of strange operating conditions.

The detection of EOL1 and EOL2 requires an AC current input at the sense pins LVS1 and LVS2 for proper
operation. A DC current at pin LVS will lead to a defined reaction only, if the level exeeds 175pA (typically) for
longer than 610us which results in a shut down and change over into the latched failure mode.

35 Detection of capacitive mode operating conditions

If there happens a situation like an open resonant circuit (e.g. a sudden break of the tube) the voltage across the
resonant capacitor and current through the shunt of the low-side inverter MOSFET rise quickly. This event is
detected by inverter current limitation (1,6V) and results in shut down of the control. This status is latched as a
failure mode.

In another kind of failure the operation of the inverter may leave the zero voltage switching (ZVS) and move into
capacitive mode operation or into operation below resonance. There are two different levels for capacitive mode
detection implemented in the IC. A first criteria detects low deviations from ZVS (CapLoadl) and changes
operation into fault mode, if this operation lasts longer than 500ms. For CapLoadl the same counter is used as
for the end-of-life evaluation.
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A second threshold detects severe deviations such as rectangular shapes of voltage during operation below
resonance (CapLoad2). Then the inverter is turned off as soon as these conditions last longer than 610us and the
IC changes over into fault mode. The evaluation of the failure condition is done by an up and down counter which
samples the status every 40ps.

CapLoadl is sensed in the moment when low-side Gate drive is turned on. If the voltage level at pin RES is above
the Vgescap threshold (typ. 0,24V) related to the level Vgeg . conditions of CapLoadl are assumed.

CapLoad? is sensed in the moment when the high-side Gate drive is turned on. If the voltage level at pin RES is
below the Vigegcqp threshold related to the level Vg, conditions of CaplLoad2 are assumed. As the reference
level Veg v is a floating level, it is updated every on-time of the low-side MOSFET.

D10 limits voltage transients at pin RES that can occur during removal of the lamp in run mode.
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Figure 14 Levels and points in time for detection of CapLoadl and CapLoad?2.

3.6 Interruption of Operation and Restart after Lamp Removal

In the event of a failing operation the fault latch is set after the specified reaction time (e.g. 500ms at EOL2). Then
the Gate drives are shut down immediately, the control functions are disabled and the current consumption is
reduced to a level of 150pA (typically). Vcc is clamped by internal zener diode to max 17,5V at 2mA. So the
internal zener diode is only designed to limit Vcc when fed from the start-up current, but not from the charge pump
supply! There is a current limitation at the internal zener diode function (max 5mA at Vcc= 17,5V) in order to avoid
conflicts with the clamping level of the external zener diode.

The capacitor at pin RES is discharged and charged during 32 cycles in order to generate a delay of several 10ms.
The delay is implemented for avoiding malfunctions in detecting the lamp removal due to voltage transients that
can occur after shut down. The reset of the fault latch happens after exceeding the 1,6V threshold at pin RES and
enabling the IC after lamp removal and subsequent decreasing voltage level at pin RES below the 1,3V threshold.
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The status failure mode is kept as long until a lamp removal is detected (interruption of current across filaments
and detection of the return of the current) or the supply voltage drops below UVLO. After a break down of the
supply voltage below the undervoltage lockout (UVLO) threshold the IC resets any failure latch and will try to
restart as soon as Vcc exceeds the start-up threshold.

An undervoltage (75%) of the bus voltage will not be latched as a fault condition. If the undervoltage lasts longer
than 80us the Gate drives are switched off and the IC tries to restart after a Vcc hysteresis has been passed.

Vec &
16,0V ;
|
14,0V :
:
iLavp | |
10,5V | REMOVAL | !
1 ILS+HS | !
| ]
Ic I FAULT LATCH IOPEN v >13V] ICACTIVE
ACTIVE | SET E.G. BY EOL i ! | SOFTSTART
: ! | i t
lvee 4 ! : : i
5mA b 5mA
+ QGate <170pA ! <150pA + QGate o
1 1 t
VRESA : : 1 !
5,0V : T /—T\ i
H | |
L €

3,2V

1,6V [\ / / l 16V
A SNV IV s

0,375\

B
lRES A ! | R

= ==
|

.
. 1
lys A : 32 CYCLES (>50ms typically) :
<2,5mA : .
A STEA ST
Y i i
o TRANSIENT !
EOVV‘\’IER A ! AT LVS PIN :
SIGNAL A . i
1
FAULT A \ i i
LATCH ] SET SIGNAL :
SIGNAL ' ! [TRESET sIGNAL t

Figure 15 Interruption of operation by a fault condition and subsequent lamp removal.
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State Diagram

Mains Switch turned on; 0 < Vcc < 10,5V; IS< 80pA; IRES= OpA l 10,5 < Vce < 16,0V; IRES= 20pA;
f= F_RUN
10,5 < Vce < 14,0V; IS< 150pA; IRES= 20pA l
10,5 < Vee < 16,0V; Earliest
Vee > 14,0V & VRES< 1,6V=> Start = F RUN Stop
125kHz > f> F_PH; = by EOL
10,5 <Vcec <16,0V; 10,5 <Vcec <16,0V;
f=F_PH F_PH>f>F_RUN
62ms 35ms 10ms 0ms ...2000ms 40ms ...235ms 250ms 500ms
uvLO Monitoring | Softstart Preheating Ignition Pre-Run | Run
| |
BUS Overvoltage >109% | active active active active active
BUS Undervoltage <75% act,Restart
BUS OpenLoop  <15% | active active active active active
OvercurrentPFC 1,0V | active active active active active
Overcurrent Inverter 1,6V | active active active ,& 0,8V active active
Capacitive Load 2 active active
Cap.Loadl; EOL1,2 active

Fault Mode: disabled by Lamp Removal or UVLO;
10,5 < Vcee< 16,0V IS< 150pA; IRES= 20pA

Figure 16 State Diagram
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Protection Functions

Protection Functions

Description of Fault Fault-Type Detection active during Consequence
)
5 2, 5,2
8. |- |ZE2EZ |2
ER3] H 58l 9l S o
O. .“‘qi) 7R 2 S -g Ql & g =
cuw EEloVE | S| S
= . OO = ! o| = 3
=0 NndEldol 2F|an|x
+/- Peak Level of Lamp Voltage EOL1 610us X Power down,
above threshold latched Fault Mode
Ratio of +/- amplitudes of lamp EOL2 500ms X Power down,
voltage > 1.15 or < 0.85 latched Fault Mode
No zero voltage switching Cap.Load 1 500ms X Power down,
latched Fault Mode
Voltage at Pin RES > 3.0V Open Filament | 500ms X Power down,
latched Fault Mode
Bus voltage > 109% of rated level Overvoltage 500ms X Power down,
in active operation latched Fault Mode
Bus voltage > 109% of rated level Overvoltage Gate drivers off, restart
10us after power up after V¢ hysteresis
Bus voltage > 109% of rated level PFC 5us X X X X X Turn-off PFC MOSFET
in active operation Overvoltage until Bus Voltage < 105%
Bus voltage < 75% of rated level Undervoltage 80us X Gate drivers off, restart
after V¢ hysteresis
Bus voltage < 15% of rated level Open Loop 1ps X X X X X Power down
Detection
Capacitive Load, Cap.Load 2 610us X X Power down,
Operation below resonance latched Fault Mode
Run frequency can not be achieved | No Ignition 235ms X Power down,
latched Fault Mode
Voltage at Pin RES > 1.6V LS open ims Prevents power up
before power up Filament
Current into Pin LVS1 < 12pA HS open ims Prevents power up
Filament
Current into Pin LVS2 < 12pA HS open ims Prevents power up
Filament
Voltage at Pin PFCCS > 1.0V PFC 260ns X X X X X Turn-off PFC MOSFET
Overcurrent immediately
Voltage at Pin LSCS > 0.8V Inverter Current | 250ns X Increases the Operating
Limit Frequency
Voltage at Pin LSCS > 1.6V Inverter 400ns | X X X X X Power Down, Latched
Overcurrent Fault Mode
Supply voltage at Pin VCC < 14.0V | Below startup 1ps Prevents power up
before power up threshold
Supply voltage at Pin VCC < 10.5V | Below UVLO 1ps X X X X X Power Down, Reset of
after power up threshold Latched Fault Mode
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6 Electrical Characteristics

Note: All voltages without the high side signals are measured with respect to ground (pin 4). The high side
voltages are measured with respect to pin17/20. The voltage levels are valid if other ratings are not
violated.

6.1 Absolute Maximum Ratings

Note: Absolute maximum ratings are defined as ratings, which when being exceeded may lead to destruction
of the integrated circuit. For the same reason make sure, that any capacitor that will be connected to pin 3
(VCC) and pin 18 (HSVCC) is discharged before assembling the application circuit.

Parameter Symbol Limit Values Unit Remarks

min max
LSCS Voltage Viscs -5 6 \%
LSCS Current I scs -3 3 mA
LSGD Voltage Visep -0.3 V,+t03 |V internally clamped to 11V
VCC Voltage Vyee -0.3 18 \% see VCC Zener Clamp
VCC Zener Clamp Current lveczener -5 5 mA IC in Power Down Mode
PFCGD Voltage Vercep -0.3 Vt03 |V internally clamped to 11V
PFCCS Voltage Veeces -5 6 \
PFCCS Current Iorces -3 3 mA
PFCZCD Voltage Veeczen -3 6 v
PFCZCD Current Iprczen -5 5 mA
PFCVS Voltage Vprcvs -0.3 5.3 \%
RFRUN Voltage VreruN -0.3 5.3 \%
RFPH Voltage Viepn -0.3 5.3 \%
RTPH Voltage Viren -0.3 5.3 \%
RES Voltage Vges -0.3 53 \%
LVS1 Currentl livs1 1 -1 1 mA IC in Power Down Mode
LVS1 Current2 lvs1 2 -3 3 mA IC in Active Mode
LVS2 Currentl lvs2 1 -1 1 mA IC in Power Down Mode
LVS2 Current2 lvsz 2 -3 3 mA IC in Active Mode
HSGND Voltage Vusenp -900 900 \ referring to GND
HSGND, Voltage Transient dVygenp/dt | -40 40 Vins
HSVCC Voltage Vysvee -0.3 18 \% referring to HSGND
HSGD Voltage Vysep -0.3 Vysveet |V internally clamped to 11V

0.3 referring to HSGND

PFCGD Peak Source Current lorcapsomax | — 150 mA < 100ns
PFCGD Peak Sink Current lorcepsimax | — 700 mA <100ns
LSGD Peak Source Current | sepsomax | — 75 mA <100ns
LSGD Peak Sink Current I saDsimax — 400 mA <100ns
HSGD Peak Source Current lisepsomax | — 75 mA <100ns
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HSGD Peak Sink Current lhsGDsimax 400 mA <100ns

Junction Temperature T -25 150 °C

Storage Temperature Tg -55 150 °C

Max possible Power Dissipation | P, — 2 w PG-DSO-18-1, T, = 25°C
Thermal Resistance (Both Chips) | Ry,;a — 60 K/w PG-DSO-18-1
Junction-Ambient

Thermal Resistance (HS Chips) | Ryjans — 120 KIW PG-DSO-18-1
Junction-Ambient

Thermal Resistance (LS Chips) Rias — 120 KIw PG-DSO-18-1
Junction-Ambient

Soldering Temperature 260 °C wave sold. acc.JESD22A111
ESD Capability Vesp — 2 kv Human body model®

Y According to EIA/JJESD22-A114-B (discharging an 100pF capacitor through an 1.5k series resistor).

6.2 Operating Range
Parameter Symbol Limit Values Unit Remarks
min. max.

HSVCC Supply Voltage Vhsvee Vusveeor | 170 \ referring to HSGND
HSGND Supply Voltage Vhseno -900 900 \ referring to GND
VCC Supply Voltage Vyvee Vyccoft 175 \
LSCS Voltage Range Viscs -4 5 \
PFCVS Voltage Range Vprcvs 0 4 \Y
PFCCS Voltage Range Vpeces -4 5 \Y
PFCZCD Current Range leeczen -4 4 mA
LVS1, LVS2 Voltage Range Vivsiivsz | 0.3 D \Y IC in Power Down Mode
LVS1, LVS2 Current Range lLvs1Lvs2 2 300 HA IC in Power Down Mode
LVS1, LVS2 Current Range lLvs1Lvs2 -25 25 mA IC in Active Mode
Junction Temperature T -25 125 °C
Adjustable Preheating Frequency | Fgepy Frerun 150 kHz
Range set by RFPH
Adjustable Run Frequency Range | Frerun 20 100 kHz
set by RFRUN

Adjustable Preheating Time trrpH 0 1980 ms

Range set by RTPH

Set Resistor for Run Frequency | Rggyy 5 25 kQ

Set Resistor for Preheating Rerun 3.3 kQ

Frequency (Regyy Parallel Repy) | 1 Repy

Set Resistor for Preheating Time | Rypy 0 20 kQ

1

2)

Limited by maximum of current range at LVS1, LVS2

Limited by minimum of voltage range at LVS1, LVS2
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6.3 Characteristics

6.3.1
Note:

Power Supply Section
The electrical characteristics involve the spread of values given within the specified supply voltage and

Electrical Characteristics

junction temperature range T, from — 25 °C to 125 °C. Typical values represent the median values, which
are related to 25°C. If not otherwise stated, a supply voltage of V¢ = 15 V and Vygycc = 15V is assumed
and the IC operates in active mode. Furthermore all voltages are referring to GND if not otherwise

mentioned.
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
High Side Leakage Current liseNDleak 0.01 2 HA Viseno = 800V
Venp = OV
VCC Quiescent Current lvecqut 80 120 HA Vyee = Vveeorr - 0.5V
VCC Quiescent Current lvecque 110 150 HA Vyee = Vveeon - 0.5V
VCC Supply Current with lveesupt 5 7 mA Vpeevs > 2.725V
Inactive Gates
VCC Supply Current in lveciateh — 110 170 HA Viges = 5V
Latched Fault Mode
LS VCC Turn-On Threshold Vyecon 13.6 14.1 14.6 \
LS VCC Turn-Off Threshold Vyecoft 10.0 105 11.0 \Y
LSVCC Turn-On/Off Hysteresis | Vyccnys 3.2 3.6 4.0 \Y
VCC Zener Clamp Voltage Vyccemp 15.7 16.3 16.9 \Y lyee = 2MA
Vges = 5V
VCC Zener Clamp Current lvcczener 25 — 5 mA Vyee = 17.5V
Vges = 5V
HSVCC Quiescent Current lusvecq? | — 170 250 HA Visvee = Visvecon -0-5V
HSVCC Supply Current with lusvecsups” | — 0.65 1.2 mA
Inactive Gate
HSVCC Turn-On Threshold Vasvecon? | 96 10.1 10.7 \
HSVCC Turn-Off Threshold Vysveeor. | 79 8.4 9.1 \Y
HSVCC Turn-On/Off Hysteresis VHS\,CChyS1 14 17 2.0 \
Y With reference to High Side Ground HSGND
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6.3.2 PFC Section
6.3.2.1 PFC Current Sense (PFCCS)
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Turn-Off Threshold Verccesoff 0.95 1.0 1.05 \
Duration of Overcurrent for turn-off thrcesoff 200 250 320 ns
Spike Blanking tlanking 140 200 260 ns
PFCCS Bias Current lprcesbias -0.5 0.5 HA Vpeces = 1.5V
6.3.2.2 PFC Zero Current Detector (PFCZCD)
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Zero Crossing Upper Threshold Veeczcouw 1.4 15 1.6 \%
Zero Crossing Lower Threshold Verczeoow | 04 0.5 0.6 \
Zero Crossing Hysteresis Verczephys 1.0 \
Clamping of Positive Voltages Verczeopep | 90 6.3 7.2 \ lprczep = 4MA
Clamping of Negative Voltages Verczeonep | -3-5 -2.9 -2.0 \ lpeczep = 4MA
PFCZCD Bias Current lorczepbias | -0-5 0.5 HA Vpeczep = 1.7V
PFCZCD Ringing Suppression Time | tingeun 350 500 650 ns
6.3.2.3 PFC Bus Voltage Sense (PFCVS)
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Trimmed Reference Voltage Vpecvsret 2.47 25 2.53 \%
Overvoltage Upper Detection Limit Vercvsup 2.675 2.725 2.78 \%
Overvoltage Lower Detection Limit Veecvsiow 2.57 2.625 2.67 \%
Overvoltage Hysteresis Vercvshys 70 100 130 mvV
Undervoltage Detection Limit Vercvsuy 1.79 1.83 1.87 \
Undervoltage Shut Down Vpecvssd 0.30 0.375 0.45 \%
Bias Current (ESD-Stress<1KV) loEcvsbias -1 1 HA Vpecvs = 2.5V
Bias Current (ESD-Stress>1KV) loEcvsbias -25 25 HA Vpecvs = 2.5V
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6.3.2.4 PFC PWM Generation
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Initial On-Time torcon-niial | 2:0 3.0 3.8 us Verczep = OV
Max. On-Time torcon-max 19 23.5 28 us 0.45V < Vpeeys <
2.45V
Repetition Time when missing Zero | tpecyep 38 50 62 us Vpeczep = OV
Crossing
Off-time when missing ZCD Signal torcoff 35 42 49 us Vprczep = OV
6.3.2.5 PFC Gate Drive (PFCGD)
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
PFCGD Low Voltage VpecDiow 0.4 0.7 0.9 \% lprcgp = BMA
0.4 0.75 11 \% lorcep = 20MA
-0.1 0.3 0.6 \ lprcep = -20MA
PFCGD High Voltage Vercephigh 10.2 11 11.8 \% lpecap = -20mMA
9.0 — — \% lpecap = -1MA
Vyvee = Vveeoft +
0.3V
8.5 — — \% lprcep = -BMA
vee = Vveeo t
0.3V
PFCGD Voltage Active Shut Down Vpecensd 0.4 0.75 11 \% lorcep = 20MA
Vyee = 5V
PFCGD Peak Source Current IprceDsource — 100 — mA Rigaq = 4Q
+ Cloag = 3.30FY
PFCGD Peak Sink Current lbrcapsink — -500 — mA Rioad = 4Q
+ C\oaq = 3.3nFY
PFCGD Rise Time tprcaDrise 110 220 400 ns Rigaq = 4Q
2V <V ggp< 8V + Cloaq= 3.3nF
PFCGD Fall Time torceptal 20 45 70 ns Rioad = 4Q
8V >V ggp> 2V + Cloag = 3.3nF

Y The parameter is not subject to production test - verified by design/characterization
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6.3.3 Inverter Section
6.3.3.1 Inverter Control (RFRUN, RFPH, RTPH)
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Fixed Start-Up Frequency Fstartup 112 125 138 kHz
Duration of Soft Start, shift F from tsoftstart 9.0 11.0 135 ms
Start-Up to Preheating Frequency
Preheating Frequency Frepta 97.0 100 103.0 kHz Rgepy = 10kQ
Reerun = 10kQ
Run Frequency Frerunt 49.0 50.0 51.0 kHz Rgerun = 10kQ
Preheating Time trTPHL 720 900 1080 ms Rgrpy = 8.06kQ
Preheating Time trTPH2 50 90 130 ms Rgrpn = 806QY
Current Source Preheating Time — 132 140 148 HA
Min. Duration of Ignition, shift F from | tgymion 34 40 48 ms D
Preheating to Run Frequency
Max. Duration of Ignition, shift F from | tyggnmon | 210 235 290 ms D
Preheating to Run Frequency
Duration of Pre-Run, time period after | torerun 210 250 290 ms D
operating frequency has reached Run
Frequency first time after ignition
Minimum Duration of fault condition | tcap oap1 420 500 580 ms D
by EOL2, Cap.Load 1, Open filament
and Overvoltage for entering latched
Fault Mode
Minimum Duration of fault condition | tcapLoap2 520 610 770 Hs
by EOL1, Cap.Load 2 for entering
latched Fault Mode

Y The parameter is not subject to production test - verified by design/characterization

6.3.3.2 Inverter Low Side Current Sense (LSCS)
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
Current Limit Threshold during V. scsiimit 0.76 0.80 0.84 \%
Ignition Mode
Duration of Current above Threshold |t scgjimit 200 250 320 ns
for enabling Frequency Increase
Overcurrent Shut Down Threshold Vi scsove 1.55 1.60 1.65 \%
Duration of Overcurrent for entering | t scsove 320 400 480 ns
Latched Fault Mode
Bias Current LSCS I, scsbias -0.5 0.5 HA Vi gcs = 1.5V
Inverter Dead Time between LS off tyeadtime 1.50 1.75 2.0 us
and HS on
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6.3.3.3 Restart after Lamp Removal (RES)
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.

Low-side Open Filament Threshold | Vgggosi 3.1 3.2 3.3 \

Capacitive Load Detection Threshold | Vgegcap 0.18 0.24 0.30 \%

Discharge Resistor during Latched RRresdisch 37 56 75 kQ

Fault Mode

11 Current Source lrest -54.3 -41 -30.0 uA Vges=1V;
LVS1=5pA

12 Current Source Ires2 -46 -34 -24.2 UA Vises=2V;
LVS1=5pA

I3 Current Source lress -27.0 -20 -15.1 HA Vies=1V;
LVS1=50pA

14 Current Source Iresa -22.6 -17 -12.3 uA Vises=2V;
LVS1=50pA

C1 Comparator Threshold Vgesc1 1.55 1.6 1.65 \%

C2 Comparator Threshold Vgese2 1.25 1.3 1.35 \%

C3 Comparator Threshold Vgescs 0.32 0.375 0.46 \%

6.3.3.4 Lamp Voltage Sense (LVS1, LVS2)

Parameter Symbol Limit Values Unit Test Condition
min. typ. max.

Source Current before Start Up I vssource -8 -5 -2 HA 11 < Vyee <13V
Viys =0V

Threshold for enabling Lamp Vi vsenable 15 2.3 3.0 \ 11 <Vyee <13V

Monitoring

Sink Current Threshold for Lamp I vssink 9 15 26 HA Vivs > Vyee

Detection

Positive EOL Current Threshold livspeorac | 185 215 250 HA T >0°C, AC input

Negative EOL Current Threshold llvsneolac | -250 -215 -185 HA T >0°C, AC input

EOL Current Threshold lLvseoLpe +/-145 | +/-175 | +/-210 |pA T >0°C, DC input

Maximum Ratio between positive and | RO ygiyax | 1.1 1.2 13 I vssourpeak=150HA

negative Current Amplitude? RO, ysomax I, vssinkpeak™
increasing

Minimum Ratio between positive and | RO, yg;un | 0.75 0.85 0.95 I vssinkpeak=150HA

negative Current Amplitude) RO, ysomin LvSsourcepeak™
increasing

Positive Clamping Voltage I vscimp - Vyeet+ |- \Y lvs = 300pA

v
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1 Referring to the following equations:

Electrical Characteristics

_ lLVSsinkgeak(n+1) _ lLVSsource(n+2)
ROLvs 7§ n ROvs* i 7D
LVSsourcepeak( ) ILVSsinkpeak(n+ D
6.3.3.5 Inverter Low Side Gate Drive (LSGD)
Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
LSGD Low Voltage V. scDlow 0.4 0.7 1.0 \% I sep = 5MA
0.5 0.8 1.2 \% I sep = 20mA
-0.3 0.1 0.4 \ I sep = -20mA
LSGD High Voltage V. sGphigh 10.0 10.8 11.6 \% lpecap = -20mMA
9.0 — — \% lpecap = -1MA
vee = Vveeot *
0.3V
8.5 — — \% lpecap = -BMA
Vyvee = Vveeott +
0.3V
LSGD Voltage Active Shut Down Vi sebsd 0.5 0.8 1.2 \% lusep = 20mA
Vhsvee = 5V
LSGD Peak Source Current I sepsource — 50 — mA Ripag = 10Q +
CLoad = lnFl)
LSGD Peak Sink Current |, sepsink — -300 — mA Ripag = 10Q +
CLoad = 1nF1)
LSGD Rise Time t scorise 110 220 400 ns Rjoaq = 10Q2 +
2V < Vi gep < 8V Cioag = 1NF
LSGD Fall Time t seofall 20 35 60 ns Ripag = 10Q +
8V >V ggp > 2V Cioad = 1nF

Y The parameter is not subject to production test - verified by design/characterization
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6.3.3.6 Inverter High Side Gate Drive (HSGD)

Electrical Characteristics

Parameter Symbol Limit Values Unit Test Condition
min. typ. max.
HSGD Low Voltage VisGolow 0.02 0.05 0.1 V| lysep=5mMA
0.5 1.1 25 V| luseo = 100mA
-0.4 -0.2 -0.05 \ lhsep = -20mMA
HSGD High Voltage Visephigh 9.5 105 11.0 \% lusep = -20mA
7.8 — — V| lysep = -1MA
Vusvee = Vhsvecoft
+0.3V
HSGD Voltage Active Shut Down Vysceosd 0.05 0.22 0.50 \% lhsep = 20mA
Vhsvee = 5V
HSGD Peak Source Current lisepsource — 50 — MA | Rjgq = 10Q +
Cloag = INFY
HSGD Peak Sink Current lhscosink — -300 — MA | Rjpaq = 10Q +
Cload = 1nFY
HSGD Rise Time thseDrise 140 220 300 ns Rigag = 10Q +
2V < Vyeep < 8V Cioad = 1nF
HSGD Fall Time tuscofal 20 35 70 NS | Riaq = 10Q +
8V > Vygep > 2V Cioag = 1F

Y The parameter is not subject to production test - verified by design/characterization
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7 Application Examples

7.1 Operating Behaviour of a Ballast for a single Fluorescent Lamp

After turning on the mains switch the peak value of the rectified AC input voltage is available at C02 and smoothing
capacitor C10 (Fig. 17). Via R11 and R12 the supply voltage increases at bypass capacitors C12 and C13. At a
level of 10,5V a source current out of pin RES is sensing the existence of the low-side filament of the fluorescent
lamp. Fed from the BUS voltage a current is detected at pin LVS1 via R31...R35, when the high-side filament is
connected. The current fed into pin LVS1 is used to charge C12 via internal clamping diode. The IC changes into
active mode when Vcc level achieves the turn-on threshold of 14V and both filaments are detected. If not required
the pin LVS2 can be disabled by connecting to GND.

The active IC is sensing the BUS voltage level via R14, R15. Gate drives are disabled when open loop or
overvoltage are detected. If BUS voltage level is within the allowed range, the low-side Gate drive is starting with
the first pulse of the 125kHz softstart frequency. Only few cycles are required to charge the bootstrap capacitor
C14 via D6, R30 and Q3. Without R30 there is a risk of overcurrent shut down by exceeding the 1,6V threshold
at pin LSCS. The power supply is generated by a charge pump C16, D7 and D8. In normal operation C16 is
charged and discharged via C17 from the current forced by the resonance inductor L2 during the deadtime of the
inverter producing a zero voltage switching (ZVS) operation. Run frequency, preheating frequency and preheating
time are set by resistors R21, R22 and R23.

Lvs2 O

ICB1FL02G

C10 |
(o Dy
D9 D6 &
E ﬁ | — L22
R18R19 C11R20 R3Oi} ‘DL E D8 % T019/%/D10

R21 R22 R23 L C13| R24R25
‘ =

Tc12
=

Figure 17 Application circuit of a Ballast for a single Fluorescent Lamp with voltage mode Preheating.

During run mode the lamp voltage is sensed via R31...R33 in order to detect an abnormal increasing of lamp
voltage or an rectifier effect that can occur at end-of-life conditions of the lamp. At the pin RES there is also
detected a non-ZVS operation, classified into Capmodel and Capmode2. This will be done by the capacitive
divider C18, C19, that transfers the divided AC-part of the inverter output voltage to pin RES. Dependent on the
shape of the signal two different time windows can be started at abnormal conditions in order to protect the ballast.
Zener diode D10 limits voltage transients at pin RES that can occur during removal of the lamp.

Voltage mode preheating is done by two separate windings on the resonant inductor L2. The bandpass filters L21,
C21 and L22, C22 are designed to pass preheating current at preheating frequency only and to block any current
during run mode. Ignition is provided by shifting the operating frequency towards the resonant frequency of L2
and C20. The voltage level during ignition is limited by the current sensed at Shunt resistors R24, R25 with a level
of 0,8V at pin LSCS. Overcurrents that exceed a voltage level of 1,6V for longer than 400ns will disable the IC at
any time and change into fault mode.

The PFC preconverter with L1, Q1 and D5 is starting with a fixed frequent operation and change over to a critical
conduction mode (CritCM) as soon as the level at pin PFCZCD is sufficient to trigger the operation. During light
load the operation mode changes into discontinuous conduction mode (DCM). Compensation of the voltage
control loop is completely integrated with a digital filter and error amplifier. PFC overcurrent is sensed by R18,
R19, Bus overvoltage and undervoltage at pin PFCVS. A bypass diode D11 between the DC side of the mains
rectifier and BUS capacitor is recommended in order to avoid an overload of the PFC MOSFET Q1.
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7.2 Design Equations of a Ballast Application

Subsequent the design equations are listed:

Start-up resistors R11, R12:

_ VINMIN _ 200V

12
lvcequa  190mA

R;, +R

1 = 1,33MQ

Selected value: R11= 470k; R12= 470k

Current limitation resistor R13 of PFC zero current detector (PFCZCD).
The additional factor 2 is used in order to keep away from limit value.

R VBus Nsec'? | 410v.13-2 _ o g
137 N 1 4mA-128-1
PFCZCD "PRIM

Selected value: R13= 33k.

PFC Voltage sense resistor R20:

\%
REF 2, 50V
RAA < = > = 10kQ
207100 1ppcgias 10002, 5uA

Selected value: R20= 10k.

PFC Voltage sense resistors R14, R15:

\Y

V _
_ YBUS”VREF _ 410V —(2,5V) _
Ryt Ry5 = v ‘Ryg = 5BV -10k = 1630kQ
REF >
Selected values: R14= 820k; R15= 820k
Low pass capacitor C11:
Selected corner frequency f-,= 10kHz.
o o P (RetRyutRy) 1. (10 + 820k + 820k) - 1 60nF
117 2. 7. . . T2 . . -
2:m-foq"Rog (Ryy +Ryg)  2-m-10kHz- 10k - (820k +820k)
Selected value C3= 2,2nF
PFC Shunt resistors R18, R19:
Rig 19 _ Vprocsore M VinacMIN 2 | 1v.0.5-180v-2 _ 4
Rig* Rig 4-PoutpPrC 4- 55w

Selected values: R18= 2,20hm; R19= 2,20hm
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Set resistor R21 for run frequency, at a projected run frequency of 45kHz:

- 5»108»QHZ _ 5-108-QHZ

R FRUN — T = = 11, 1kQ
RUN

=R

21 45kHz

Selected value: R21= 11,0k

Set resistor R22 for preheating frequency, at a projected preheating frequency of 105kHz:

R

FRUN 11, Ok
R,, = R = = . = 8,4kQ
22 FPH . . >
fPH RFRUN_ 105kH§ 11, Ok—l
5-108-QHZ 5.-10 - QHz
Selected value: R22= 8,2k
Set resistor R23 for preheating time, at a projected preheating time of 900ms:
T [Ms]
R.. =R - PH - 900ms = 8 93kQ
23 TPH = (112ms)/(kQ)  (112ms)/(kQ)

Selected value: R23= 8,2k
Gate drive resistors R16, R26, R27 are recommended to be equal or higher than 100hm.

Shunt resistors R24, R25:

The selected lamp type 54W-T5 requires an ignition voltage of V,;\= 800V peak. In our application example the
resonant inductor is evaluated to L2= 1,46mH and the resonant capacitor C20= 4,7nF. With this inputs we can
calculate the ignition frequency fig :

1+ 410V -2
n - 800V

4.72. 1 46mH - 4, 7nF

= 69759Hz

The second solution of this equation (with the minus sign) leads to a result of 50163Hz, which is on the capacitive
side of the resonant rise. This value is no solution, because the operating frequency approaches from the higher
frequency level.

In the next step we can calculate the current through the resonant capacitor C20 when reaching a voltage level
of 800V peak.

| =V 2.n-f C,n = 800V -2-7m-69759Hz - 4, 7nF = 1, 65A

Cc20 IGN’ IGN " ~20

Finally the resistors R24, R25 can be calculated from IC20 and the current limitation threshold during ignition
mode.

R
R

24" Ros _ ViscsuimiT _ o8v
oa* Ros lo20 1,65A
Selected values are R24= 0,820hm; R25= 0,820hm.

= 0, 4850
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Lamp voltage sense resistors R31, R32, R33:

The selected lamp type 54W-T5 has a typical run voltage of 167V peak. We decide to set the EOL-thresholds at
a level of 1,5 times the run voltage level (= 250,5V peak).

v
+Ro +R LEOL

_ 250,5V
30+ Rz = = SEaA
'LvseoL

215pA

R = 1165kQ

31

Selected values: R31= 390k; R32= 390k; R33= 390k (=1170Kk).

Current source resistors R34, R35 for detection of high-side filament:

200V _ 1170k = 6522kQ2

v
INMIN -
~(R31*Rgp*R33) = Z60a

LVSSINKMAX
Selected values: R34= 2,2M; R35= 2,2M;

R, +Roe =

34" '35 |

Current limitation resistor R30 for floating bootstrap capacitor C14:
A factor of 2 is provided in order to keep current level significant below LSCS turn-off threshold.

r s 2 Vocon RaaRes 2.1av om0 _ .0
30 VLSCSOVC R24+R25 1,6V 0,82+0,82
Selected value: R30= 100hm.
Low-side filament sense resistor R36:
For a single lamp ballast
VRESCIMIN _ 1,55V
R36S I == = 57,4kQ
RES3MIN  27-0nA
Selected value: R36= 56k
VRESCIMAX _ 1,65V
R36A > | = = = 109, 3kQ
RES3MAX  151uA

Selected values in a topology with 2 lamps in parallel: R36A= 110k; R36B= 110k.

Low pass filter capacitor C19:

Capacitor C19 provides a low pass filter together with resistor R36 in order to suppress AC voltage drop at the
low-side filament. When we estimate an AC voltage of 10V peak-to-peak at low-side filament during run mode at
frun= 40kHz, we need a suppression of at least a factor F = 100 (-40dB).

_ | 100°-1
‘Rgg)  N(2-m-40kHz-56k)

Selected value for better ripple suppression: C19= 22nF.

= 7,1nF
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Detection of capacitive mode operation via C18:

The DC level at pin RES is set by R36 and the source current Ico5. The preferred AC level is in the range between
AV pcres= 1,5V 10 2,0V at a AVg,g= 410V.

AVACRES 2v

= 22nF. —— = 107pF
19 Avgys

¢ 410V

18=C

Selected value: C18= 82pF.

Bandpass filters L21/C21 and L22/C22 can be used in order to conduct filament currents preferred at preheating
frequency and to suppress these currents during run mode.

Inductor L1 of the boost converter:

The inductivity of the boost inductor typically is designed to operate within a specified voltage range above a
minimum frequency in order to get an 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 we use the lowest value out of these two criterias:

At minimum AC input voltage:

2
Vinacmin Y2 Vgys=(Vinacmin Y2 1

4-F Poutprc 'V

LA:

MIN’ BUS

2
_ (180V -./2)" - (410V - (180V - /2)) - 0,95
4-25kHz - 60W - 410V

LA = 3,89mH

At maximum AC input voltage

2
Lo VinacMax ¥ Vgys=Vinacmax ¥
B~ : : :
4 Fmin Poutpre VBUS
(270V - ﬁ)z» (410V —(270V - /2)) - 0,95
Lg = :95 = 1 s8mH

4.25kHz - 60W - 410V

With the new control principle for the PFC preconverter we have a third criteria that covers the maximum on-time
torcom-max= 23,5

Y ﬁz T
VinacMIN Y2 Tonmax M

4 PoutpPrc

LC=

2
L= (180 4/2)” - 23,5us- 0,95
c=

4.60W

With the assumed conditions the lowest value out of L, Lg, L¢ is 1,58mH.
Selected value: L1=1,58mH.

= 6,03mH
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Bill of material for the application circuit of figure 17 and the design equations standing ahead. This design was

used as an evaluation board.

Table 1 Bill of Material for a FL-Ballast of a 54W-T5 Lamp
F1 Fuse 1A fast Cc17 150nF/630V
IC1 ICBLFL02G c18 82pF/2KV
Q1 SPPO3N60C3 (600V/1,402) C19 22nF/63V
Q2 SPPO3N60C3 (600V/1,4Q) C20 4,7nF/1600V DC
Q3 SPPO3N60C3 (600V/1,4Q) c21 22nF/400V
D1..D4 B250C1000 c22 22nF/400V
D5 MUR160
D6 MUR160 R11 470k
D7 UF4003 R12 470k
D8 UF4003 R13 33k
D9 BZX79C16 R14 820k
D10 BZX79C4V7
D11 1N4007 R15 820k
LO 2x68mH/0,65A R16 22
L1 1,58mH; EFD25/13/9 R18 2,2

Np/Ns= 128/13 R19 2,2
L2 1,46mH; EFD25/13/9 R20 10k

Np/Ns= 153/4 R21 11,0k (45,5kHz)
L21 100pH; R22 8,2k (106,4kHz)
L22 100pH; R23 8,2k (918ms)
co1 220nF/X2/275V AC R24 0,82
co2 220nF/X2/275V AC R25 0,82
Co03 3,3nF/Y1/400V AC R26 22
C10 10uF/450V DC R27 22
c11 2,2nF/63V R30 10
C12 470nF/63V R31 390k
c13 470NF/63V R32 390k
Cl14 100nF/63V R33 390k
C15 150nF/630V R34 2,2M
C16 1nF/1kV R35 2,2M

R36 56k
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7.3 Multilamp Ballast Topologies

How to use ICB1FL02G in multi-lamp topologies is demonstrated in the subsequent figures. In figure 18 we see
an application for a single lamp with current mode preheating. Compared with figure 17 the difference is the
connection of the resonant capacitor in series with the filaments. In respect of operating behaviour the current
mode preheating cannot be designed with same variation of operating parameters: the preheating current is
typically lower and lamp voltage during preheating higher than in topologies with voltage mode preheating.

.
o— P >
90 ... o
270 VAC . 2

ICB1FL02G

RFRUN

Figure 18 Application Circuit of a Ballast for a single Fluorescent Lamp with current mode Preheating.

A topology for two lamps is shown in figure 19. Both lamps including their individual resonant circuit are operating
in parallel at the same inverter output. Such a topology can be done with voltage mode preheating in the same
way. As the control IC is designed to operate such a 2-lamp topology without restrictions in respect to the
monitoring functions, the IC-specific effort is to activate the second lamp voltage sense (LVS2) and an additional
resistor at pin RES in order to sense the lamp removal of the second low-side filament.

LVS2 O

ICB1FL02G

1O RFRUN

Figure 19 Application circuit of a Ballast for two Fluorescent Lamps in parallel with current mode Preheating.

Beside a topology with paralleled lamps it is possible of course to use two lamps in series. In this way we come
to a 4-lamp topology shown in figure 20. The lamp voltage is sensed of each of the two series connections. The
lamp removal is detected on the high-side filaments of the high-side lamps and on the low-side filaments of the
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low-side lamps. In this way ICB1LB02G supports multi-lamp topologies with all required monitoring functions with
a low number of external components.

270 VAC

LVS2 O
LVS1 O-+——

}7::

i
1

;

I
g ]
D
-

ICB1FL02G

LH
D d

— -

D

O RFRUN

-
e
=
H

Figure 20 Application circuit of a Ballast for four Fluorescent Lamps with voltage mode Preheating.

8 Package Outlines
PG-DSO-18-2 % 0.35x45°
(Plastic Dual Small Outline) T - .
34,8 E“) i/ :
tHrrrr { S S 30\
127 0470 Nf\}
0350152 o]
{610.2] 20x 10303

R
1 10
128 4,9

Index Marking

9 boes notindude plastic or metal protrusions of 0.15 mex per side
2 Does notindude dambar protrusion of 0.05 max per side

Figure 21 Package dimensions and mechanical data (Dimensions in mm).
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