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Current Mode Controllers with Integrated 650 V Startup Cell/Depletion CoolIMOS™

Product Highlights
- Constant power
» Adjustable blanking window for high-load jumps to increase reliability

* Frequency jittering for low EMI
- Pb-free lead plating, RoHS-compilant

Features

Frequency jittering for low EMI

Constant power

650 V avalanche-rugged CoolMOS™ with built-in switchable startup cell
67 kHz fixed switching frequency

Auto Restart mode for overtemperature detection

Auto Restart mode for overvoltage detection

Auto Restart mode for overload and open loop

Auto Restart mode for VCC undervoltage

Floating Load Protection (FLP) mode in the case of open loads
User-defined soft start

Minimum number of external components required

*  Maximum duty cycle of 75 %

» Overall tolerance of current limiting <+ 5 %

+ Internal leading edge blanking

+ BiCMOS technology provides a wide VCC range

Data Sheet 7 Version 1.0, 2011-05-19



. LED System Driver ICs
(Infineon. L s6x Serics

Description

ICLS6x Series controllers employ a fixed-frequency operation mode optimized for offline LED lighting. The
integrated constant power function (patented by Infineon Techologies AG) and the frequency jitter enable high
performance without investment of too much effort in stabilization of the system and filtering in terms of EMC.

A wide VCC range up to 26 V is provided by use of BiICMOS technology to cover changes in the auxiliary supply
voltage if a CV/CC regulation is implemented on the secondary side.

Auto Restart Mode is entered in the case of overtemperature, VCC overvoltage, output open loop or overload and
VCC undervoltage. If an open load event occurs, the device enters the so-called Floating Load Protection (FLP)
mode to protect the LED against destruction. The dimensions of the transformer and the secondary diode can be
reduced owing to the internal precise peak current limitation to yield greater cost efficiency.

~ 20V/350mA
i f] I | BE
Infineon T v .
«“ - < T
~ J_ ~ .
0T 1 T
VA
e—-T N % AN
. T T
Lo N
J l TZ e 8| GND 3lcs
rx = ‘
LIV TITTT ..
] ) ) ) Il <
Figurel  Typical application of ICLS6x Series controllers
Type Package Marking | Vps | Fosc | Roson® |230 VAC %15 %2 | 110 VAC * 15 %?
ICLS6021J | PG-DIP-8-6 | ICLS6021J | 650V |67 kHz | 6.45 Q 12W 5W
ICLS6022J | PG-DIP-8-6 | ICLS6022J | 650V |67 kHz | 4.70 Q 17 W 9w
ICLS6022G | PG-DS0-16/12 | ICLS6022G | 650 V | 67 kHz | 4.70 Q 17 W 9w
ICLS6023J) | PG-DIP-8-6 | ICLS6023J | 650V |67 kHz | 1.70 Q 26 W 15 W

1) typ.@T=25°C
2) Calculated maximum input power rating at T, = 80 °C, T;= 125 °C and without copper area as heat sink
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Pin Configuration and Functionality

1 Pin Configuration and Functionality

1.1 Pin Configuration for PG-DIP-8-6

Table 1 Pin Configuration for PG-DIP-8-6

Pin Symbol Function

1 SoftS Soft start

2 FB Feedback

3 CS Current Sense / 650 V! depletion CoolMOS source™
4 Drain 650 V! depletion CoolMOS source™
5 Drain 650 V") depletion CoolMOS source™
6 n.c. Not connected

7 VCC Controller supply voltage

8 GND Controller ground

1) @T;=110°C

1.2 PG-DIP-8-6 Package

SoftS

Cs

Drain |{ 4 5

Figure 2 Pin configuration of PG-DIP-8-6 (top view)

Mm
w
—a ™
N
\'
[ g S— p S—— ———
S
(@]

Data Sheet 9 Version 1.0, 2011-05-19



. LED System Driver ICs
(Infineon. L s6x Serics

Pin Configuration and Functionality

1.3 Pin Configuration for PG-DS0-16/12

Table 2 Pin Configuration for PG-DS0-16/12

Pin Symbol Function

1 n.c. Not connected

2 SoftS Soft start

3 FB Feedback

4 CS Current Sense / 650 V! depletion CoolMOS source™
5 Drain 650 V") depletion CoolMOS source™
6 Drain 650 V") depletion CoolMOS source™
7 Drain 650 V! depletion CoolMOS source™
8 Drain 650 V") depletion CoolMOS source™
9 n.c. Not connected

10 n.c. Not connected

11 VCC Controller supply voltage

12 GND Controller ground

1) @T,=110°C

1.4 PG-DS0-16/12 Package
N.CI{ 1 ~ 12 ::]GND
SoftS { 2 11 ::]VCC
FB { 3 10 ]] N.C
cs { 4 9 }] N.C.

Drainl{ 5 8 ::]Drain
Drain|{ 6 7 ::]Drain

Figure 3 Pin configuration of PG-DS0O-16/12 (top view)
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Pin Configuration and Functionality

15 Pin Functionality

SoftS (soft start, auto restart & frequency jittering control)

The SoftS pin combines the soft start function during startup and the error detection function for Auto Restart
mode. These functions are implemented and can be adjusted by means of an external capacitor at the SoftS pin
connected to ground. This capacitor also provides an adjustable blanking window for high load jumps before the
IC enters Auto Restart mode. In addition, this pin is also used to control the period of frequency jittering under
normal loads.

FB (feedback)

The information on the regulation is provided by the FB pin to the internal protection unit and to the internal PWM
comparator to control the duty cycle. In the event of an open load event, the device enters the Floating Load
Protection (FLP) mode.

CS (current sense)

The current sense pin senses the voltage developed on the series resistor inserted into the source of the
integrated depletion CoolMOS™. If CS reaches the internal threshold of the current limit comparator, the driver
output is immediately switched off. The current information is provided to the PWM comparator to realize the
current mode.

Drain (drain of integrated depletion CoolMOS™)
The drain pin provides the connection to the drain of the internal depletion CoolMOS™,

VCC (power supply)
The VCC pin is the positive supply of the IC. The operating range of the supply is between 10.3 V and 26 V.

GND (ground)

The GND pin is the common ground of the controller.

Data Sheet 1M1 Version 1.0, 2011-05-19
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wui ICLS6x Series
Block Diagram
2 Block Diagram
Vce DRAIN
O e
Power Management 5V
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Auto Restart — Power
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A
FB :
ICLS602xX
Figure4  Block diagram of ICLS6x Series controllers
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Functional Description

3 Functional Description

All values used in the functional description are typical values. When calculating the worst cases, the
minimium/maximum values listed in Electrical Characteristics on page 24 have to be considered.

3.1 Introduction

For ICLS6x Series controllers, a high voltage startup cell is integrated into the system IC, which is switched off
once the undervoltage lockout-on threshold of 18 V is exceeded. This startup cell is part of the integrated depletion
CoolMOS™. The external startup resistor is no longer necessary as the startup cell is connected to the drain,
resulting in reduced power losses. This increases the efficiency under light load conditions drastically.

The soft start capacitor is also used for providing an adjustable blanking window for high load jumps. The overload
detection function is disabled during this window. With this concept, no further external components are necessary
to adjust the blanking window.

An Auto Restart mode is implemented in the IC to reduce the average power conversion in the event of malfunction
or unsafe operating conditions in the LED drives. This feature increases the system’s robustness and safety, which
would otherwise lead to a destruction of the LED drive. Once the malfunction is corrected, normal operation is
automatically initiated after the next startup phase.

Together with the soft start capacitor, the feedback can also sense a missing load, which leads to rising output
and auxiliary voltages. This triggers the Floating Load Protection (FLP) mode. When feedback falls below 1.35 V,
the Soft Start voltage begins to rise up to a threshold of 4 VV (depends on the C4 value) and the IC is switched into
FLP mode.

The precise internal peak current limitation reduces the costs for the transformer and the secondary diode. The
influence of the change in the input voltage on the power limitation can be avoided together with the integrated
Propagation Delay Compensation circuit. Consequently, the maximum power is practically independent of the
input voltage required for wide range LED drives. There is no need for additional oversizing of the LED drives —
e.g., for the transformer or the secondary diode.

Data Sheet 13 Version 1.0, 2011-05-19
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Functional Description

3.2 Power Management
Drain VCC
T Startup Cell T
)

) ®
A

Power Management

Internal Bias l«f—— Undervoltage Lockout
18V
10.3
5V
Voltage —O
Power -Down Reset Reference
[ —
Auto Restart
Mode

Figure5  Power management of ICLS6x Series controllers

The undervoltage lockout function monitors the external supply voltage V,,cc. When the LED drive is connected to
the main line, the internal startup cell is biased and starts to charge the external capacitor C, ¢, which is connected
to the VCC pin. The VCC charge current that is provided by the startup cell from the drain pin is 1.05 mA. If V¢
exceeds the on-threshold V., (= 18 V), the bias circuit is switched on. Then the startup cell is switched off by the
undervoltage lockout; therefore no power losses are present due to the connection of the startup cell to the drain
voltage. An hysteresis loop is implemented to avoid uncontrolled ringing at switch-on. Switch-off of the controller
can only take place after the active mode has been entered and V,, has fallen below 10.3 V.

The maximum current consumption before the controller is activated is about 300 pA.

If Vyc falls below the off-threshold V.« (= 10.3 V), the bias circuit is switched off and a power-down reset causes
discharging of the soft-start capacitor Cg4g at pin SoftS via T4 (see Figure 5). This ensures in every startup cycle
that the voltage ramp at the SoftS pin starts at zero.

The bias circuit is switched off if Auto Restart mode is entered. The current consumption is then reduced to 300 pA.

Once the malfunction condition is resolved, this block will then turn back on. The recovery from Auto Restart mode
does not require disconnection of the LED drive from the AC line.

Data Sheet 14 Version 1.0, 2011-05-19
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Functional Description

3.3 Startup Phase

Freq Jitter
Charging
current | gy

—-—— - - - — -—
|

Freq Jitter
Discharging

| :

Coots | current | gy = L ETLTree Freq Jitter
—_ Control
1! =

= VTSoSET T sonsn
: Comparator
Gate Driver
Cc7 &
| -
| t G7
] S
| c2
iz 20+
| PWM OP
|
[ x3.2 cs
I oev 1T

Figure 6  Soft start

At the beginning of the startup phase, the IC provides a soft start period during which it controls the maximum
primary current by means of duty cycle limitation. A capacitor Cg in combination with the internal pull-up resistor
Rsois determines the duty cycle until Vg g €xceeds 3.2 V.

When the soft start begins, Cg.xg is immediately charged up to approx. 0.8 V by T2. The soft start phase takes
place between 0.8 V and 3.2 V. Above Vg s = 3.2 V there is no longer any duty cycle limitation DC,,, that is
controlled by the comparator C7 since the comparator C2 blocks the gate G7 (see Figure 7). This maximum
charge current in the very first stage when Vg is below 0.8 V is limited to 0.9 mA.

VS oftS
N max. Startup Phase |

40V o
3.2V d

0.8V o

DG |
DC:

Figure 7  Startup phase
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Functional Description

As a consequence of this extra charge stage, there is no delay at the beginning of the startup phase when there
is still no switching. Furthermore, soft start is finished at 3.2 V to have maximum power capability even earlier. The
duty cycles DC, and DC, vary according to the mains and the primary inductance of the transformer. The limitation
of the primary current by DC, is related to Vg5 = 3.2 V. However, DC, is related to a maximum primary current,
which is limited by the internal current limiting function with CS = 1 V. Therefore the maximum startup phase is
divided into a soft start phase until t1 and a phase from t1 to t2 during which maximum power is provided if
demanded by the FB signal.

3.4 PWM Section

PWM Section

Oscillator

Duty 1 1

Cycle
max I I

Clock

—— Frequency
Jitter

Soft Start FF1
Comparator Gate Driver

PWM _EE e HR oH &
Comparator
pal O G9

Current

Limiting

Figure8 PWM section

3.4.1 Oscillator and Jittering

The oscillator generates a fixed frequency with frequency jittering of £ 4 % from the fixed frequency (i.e., £ 2.7 kHz
for 67 kHz) at a jittering period Tg. The switching frequency is f,;, = 67 kHz.

A resistor, a capacitor, a current source and current sink for determining the frequency are integrated. The
charging and discharging current of the implemented oscillator capacitor are internally trimmed in order to achieve
a very accurate switching frequency. The ratio of controlled charge to discharge current is adjusted to reach a
maximum duty cycle limitation of D,, = 0.75.

Once the soft start period is over and the IC has entered normal mode, the soft start capacitor is charged and
discharged through the internal current source I, to generate a triangular waveform with a jittering period Tg,
which is externally adjustable by means of the soft start capacitor, Cg 4 (S€e Figure 6).

Ty =Ky *Coops (1)

where K, is a constant = 4 ms/uF.
For example: Tg; =4 ms if Cg4g = 1UF.
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Functional Description

3.4.2 PWM Latch FF1

The oscillator clock output provides a set pulse to the PWM latch when initiating the internal CoolMOS™
conduction. After being set, the PWM latch can be reset by the PWM comparator, the soft start comparator or the
current limit comparator. In resetting situations the driver is shut down immediately.

3.4.3 Gate Driver

The gate driver is a fast totem pole gate drive designed to avoid cross conduction currents. It is active low at
voltages below the undervoltage lockout threshold Ve

VCC

{PWM Latch
—>f = A

Gate

Depl. CoolMOS™

Gate Driver -

Figure9  Gate driver
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Functional Description

3.5 Current Limiting
PWM Latch
FF1
A Current Limiting
Propagation Delay
o— Compensation
' Vcslh
Leading
Edge
Blanking
220 ns
PWM-OP g

Figure 10 Current limiting

Cycle-by-cycle current limiting realized by the current limit comparator C10 to provide overcurrent detection (see
Figure 10). The source current of the integrated depletion CoolMOS™ is sensed by means of an external sense
resistor Rgense- By means of Rg,, the source current is transformed to a sense voltage Vg, Which is fed to the
CS pin. If Vg, €xceeds the internal threshold voltage V., the comparator C10 immediately turns off the gate
drive by resetting the PWM latch FF1. A Propagation Delay Compensation circuit is added to support immediate
shutdown without delay of the integrated internal CoolMOS™ in the case of current limiting. The influence of the
AC input voltage on the maximum output power can be suppressed as a result.

To prevent the current limiting function from causing distortions by leading edge spikes, a Leading Edge Blanking
circuit is integrated into the current sense path for the comparator C10 and the PWM OP.

Data Sheet 18 Version 1.0, 2011-05-19
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Functional Description

3.5.1 Leading Edge Blanking

Each time when the integrated internal CoolIMOS™ is switched on, a leading edge spike is generated due to the
primary-side capacitances and secondary-side rectifier reverse recovery time. This spike can cause the gate drive
to switch off unintentionally. To avoid premature termination of the switching pulse, this spike is blanked out with
a time constant of t gz = 220 ns. During this time, the gate drive will not be switched off. This is illustrated in
Figure 11.

VSense
A
Vcsth
ties = 220ns
»i| i<

'
t

Figure 11 Leading edge blanking

3.5.2 Propagation Delay Compensation

In the case of overcurrent detection, switch-off of the integrated internal CoolMOS™ is delayed due to the
propagation delay of the circuit. This delay causes an overshoot of the peak current | ,.,, which depends on the
ratio of dl/dt of the peak current (see Figure 12).

- Signal2 — Signal1

|Sense tPropagation Delay
A
IpeaIQ lovershoot 2 —» e
| Y
peaki
/

ILimit T / *

IOvershoot1

1
»
t

Figure 12 Peak current overshooting

The overshoot of Signal2 is greater than that of Signal1 due to the steeper rising waveform. This change in the
slope varies according to the AC input voltage. A Propagation Delay Compensation circuit is integrated to limit the
overshoot dependency on dl/dt of the rising primary current. This means that the propagation delay between the
time the current sense threshold V., is exceeded and switch-off of the integrated inernal CoolMOS™ s
compensated over temperature within a wide range.
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Functional Description

Extremely precise current limiting is now possible.

For example, |y, = 0.5 A with Rgs. = 2 Q. Without propagation delay compensation the current sense threshold
is set to a static voltage level V , =1 V. A current ramp of dl/dt = 0.4 A/us (that means, dVg,.../dt = 0.8 V/ps),
and a propagation delay time tp,pagation Delay = 180 ns then leads to an I, overshoot of 14.4 %. With propagation
delay compensation the overshoot is only about 2 % (see Figure 13).

‘ with com pensation — - - without com pensation
Va
1,3 -
-
1,25
-
-
1,2 -
Q - -
21,15 —
3 - - /
> —
1,05 - —
__//
1
0,95
0,9 >
0 02 0,4 06 0,8 1 1,2 1,4 16 18 2 V
dVSense HS
dt

Figure 13 Overcurrent shutdown

Propagation delay compensation is realized by means of a dynamic threshold voltage V , (see Figure 14). If the
slope is steeper, driver switch-off takes place earlier to compensate for the delay.

Vosc max. Duty Cycle
<
— e
off time
T e e B o
Vsense Propagation Delay t
A y
Vestn
—>
— Signal1 —== Signal2
t

Figure 14 Dynamic voltage threshold V g,
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Functional Description

3.6 Control Unit

The Control Unit contains the functions for the Auto Restart and Floating Load Protection (FLP) modes. The Auto
Restart mode is combined with an adjustable blanking window, which varies according to the value of the external
soft start capacitor. The IC avoids entering into either of these two modes accidentally by means of this adjustable
blanking window. The window also provides a certain time during which overload detection is delayed. This delay
is useful for applications that normally work with a low current and occasionally require a short duration of high
current.

3.6.1 Adjustable Blanking Window

Vsots SWiNgs between 3.2 V and 3.6 V after the LED drive has settled and S2 is on while S3 is off. This behavior
is due to the frequency jittering function that makes use of the soft start pin. If overload occurs, Vg exceeds 4.5 V.
The Auto Restart mode cannot be entered as the gate G5 is still blocked by the comparator C3. However, after
Vg has exceeded 4.5 V, the switch S2 is opened and S3 is closed. The external soft start capacitor can then be
further charged by the integrated pull-up resistor Rg s through the switch S3. The comparator C3 releases the
gate G5 once Vg5 has exceeded 4.0 V. This means that Auto Restart mode cannot be entered during the
charging time of the external capacitor Cgs.

SoftS
? 5V
S3 Rsofs
|
: \._ Frequency
l 3.0V S2 Jitter
|
l S1
|
| =
I 3
| c3
| 40vOA-
[
&
: 45V O— - Auto
C4 G5 [P Restart
: + Mode
¢i,_
i Control Unit
|

Figure 15 Adjustable blanking window
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3.6.2 Protection Modes

The IC provides several protection features to increase the LED drive’s robustness and safety. The following table
shows the possible system failures and the corresponding protection modes.

Table 3 Protection modes

VCC Overvoltage Auto Restart mode during startup
Overtemperature Auto Restart mode during RUN mode
Overload Auto Restart mode during RUN mode
Open Loop Auto Restart mode during RUN mode
VCC Undervoltage Auto Restart mode during RUN mode
Floating Load Protection (FLP) Floating Load Protection mode

3.6.2.1 Auto Restart Mode during Startup

The VCC voltage is observed by the comparator C13 if 20.5 V is exceeded. The output of C13 is combined with
both the output of C3, which checks for Vg4 < 4.0V, and the output of C4, which checks for Vg > 4.5 V.
Therefore, overvoltage detection can only be active during the soft start phase (Vg4 < 4.0 V) and if the FB signal
is outside the operating range (> 4.5 V). This means any small voltage overshoots of V,, occurring during normal
operation cannot trigger the Auto Restart mode during startup.

— (e = = —————_——————
SoftS
+
C3
4.0vVO— - Auto
Restart
——Pp»{ Mode
S &
— R Q
UVLO FF2 G13
Spike
Blanking
— | 8.0us
vcC O+
C13 &
20.5V O = v
+ G12
ca Internal
Bias
4.5V0O=
Thermal Shutdown
T >140°c» I Control Unit
g g g —
FB

Figure 16 Auto Restart mode during startup

In order to ensure system reliability and prevent any false activation, a blanking time is implemented before the IC
can enter Auto Restart mode during startup. The output of the VCC overvoltage detection circuit is fed into a spike
blanking with a time constant of 8.0 ps.
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The other fault detection function which can result in the Auto Restart mode during startup and has the 8.0 ps
blanking time is for overtemperature detection. This block checks for a junction temperature of higher than 140 °C
for malfunctioning operation.

Once Auto Restart mode is entered, the internal bias is switched off in order to reduce the current consumption of
the IC as much as possible. In this mode, the average current consumption is only 300 pA as the only working
blocks are the reference block and the Undervoltage Lockout (UVLO), which controls the startup cell by switching
on/off at Vycoon/Vvecos

As there is no longer a self supply provided by the auxiliary winding, VCC starts to drop. The UVLO switches on
the integrated startup cell when VCC falls below 10.3 V. It continues to charge VCC up to 18 V, at which point it
is switched off again and the IC enters the startup phase.

Once all fault conditions have been removed, the IC automatically powers up as usual with a switching cycle at
the GATE output after the soft start period has elapsed — hence the name Auto Restart mode.

3.6.2.2  Auto Restart Mode during RUN Mode

In the case of overload or open loop, the FB voltage exceeds 4.5V, which is observed by C4. At this time, the
external soft start capacitor can then be further charged by the integrated pull-up resistor Rg 45 Via the switch S3
(see Figure 15). If Vg 45 exceeds 4.0V, which is observed by C3, Auto Restart mode during RUN mode is
activated as both inputs of the gate G5 are high.

|
|
' f Internal
| | SoftS Bias
+
| c3 *
|| 40V -
: 3 Auto
45V On- —p»| Restart
| C4 5 Mode
O +
l FB
| Control Unit

Figure 17 Auto Restart mode during RUN mode

This charging of the soft start capacitor from 3.2 V ~ 3.6 V to 4.0 V defines a blanking window, which prevents the
system from entering Auto Restart mode during RUN mode unintentionally during large load jumps. In this event,
FB will rise close to 5.0 V for a short duration before the loop regulates FB to less than 4.5 V.

In the case of VCC undervoltage — i.e., VCC falls below 10.3 V, the IC is turned off with the startup cell charging
VCC as described earlier in this section. Once VCC is charged to above 18 V, the IC starts a new startup cycle.

This blanking time window for the Floating Load Protection mode can be forced via the external Cg x5 capacitor.

3.6.2.3 Floating Load Protection (FLP)
The circuit starts up as usual, but a missing load leads to a rise in the output and auxiliary voltages.

Reaching the VCC threshold of 24.5 V (voltage divider RD2/R4 and Q2) leads to a reduction in the feedback
voltage and hence to reduced output current pulses in order to keep the output voltage below the maximum rating
of the components. If the feedback level falls below 1.35 V, the Soft Start voltage begins to rise up to a threshold
of 4 V (depends on the C4 value) and the IC is switched into the FLP mode.
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Electrical Characteristics

All voltages are measured in respect to ground (GND, pin 8). The voltage levels are valid if other ratings are not

violated.

4.1

Absolute Maximum Ratings

Absolute maximum ratings are defined as ratings, which when exceeded may lead to destruction of the integrated
circuit. For the same reason, ensure that any capacitor to be connected to pin 7 (VCC) is discharged before
assembling the application circuit.

Parameter Controller | Symbol Limit Values Unit Remarks
min. max.
Drain/source voltage ICLS602xX Vps - 650 V. |T;=110°C
ICLS6021J Io_pulst - 1.6 A
Pulse drain current, t, ICLS6022J | Ip pys2 - 23 A
limited by max. T; =150 °C | |CLS6022G Ip_puis3 - 2.3 A
ICLS6023J I puiss - 6.1 A
ICLS6021J Eari - 0.005 mJ
Avalanche energy, ICLS6022) |  Epgy _ 001 | mJ
rTeEe: ';'(\)’ei,g‘% mited by max. | | $6022G Ears - 0.01 mJ
J ICLS6023) | Ep - 0.15 | mJ
ICLS6021J IAR1 - 0.3 A
Avalanche current, ICLS6022J i _ 0.5 A
rTef f gg\%’}R mited by max. | | $6022G lars - 0.5 A
J ICLS6023) |  lans - 15 A
VCC supply voltage ICLS602xX Vyee -0.3 27 \%
FB voltage ICLS602xX Veg -0.3 5.0 \Y
SoftS voltage ICLS602xX Vsofis -0.3 5.0 \
CS voltage ICLS602xX Ves -0.3 5.0 \
Junction temperature ICLS602xX T -40 150 °C |Controllers & CoolMOS™
Storage temperature ICLS602xX Tg -55 150 °C
Thermgl resistgnce ICLS6023X R - 90 K/W  |PG-DIP-8-6
— junction ambient - 110 K/IW | PG-DS0O-16/12
ESD capability ICLS602xX Vesp - 2 kV  |Human body model?

1) Repetetive avalanche causes additional power losses that can be calculated as P,y = Ejg* f
2) According to EIA/JJESD22-A114-B (discharging a 100 pF capacitor through a 1.5 kQ series resistor)
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4.2 Operating Range

The IC operates as described in the functional description once the values listed here lie within the operating
range.

Parameter Symbol Limit Values Unit Remarks
min. max.
VCC supply voltage Vyee Vyecoft 26 \Y,
Junction temperature of controller Ticon -25 130 °C | Max. value limited due to
integrated thermal shutdown
Junction temperature of T coomos -25 150 °C
CoolMOS™
4.3 Characteristics

4.3.1 Supply Section

The electrical characteristics involve the spread of values guaranteed within the specified supply voltage and
junction temperature range T, from —25 °C to 130 °C. Typical values represent the median values, which are
related to 25 °C. Unless otherwise stated, a supply voltage of VCC = 18 V is assumed.

Parameter Symbol Limit Values Unit Remarks

min. | typ. | max.

Startup current lvcestart - 300 | 450 MA  |Vyee =17V
VCC charge current lycccharget 5.0 mA  |Vyec=0V
lvcochargez | 0:55 | 1.05 | 1.60 | mA V=1V
lvcecharges - 0.88 - mA | Vygc =17V
Leakage current of the IstartLeak - 0.2 50 MA | Vpain= 450V
startup cell & CooIMOS™ atT;=100 °C
Supply current with lvcosupt - 1.7 | 25 mA | Soft Start pin is open
inactive gate
Supply current with active gate lvecsups - 25 | 36 MA | Vgps =3.0V
lrg =0
Supply current in Auto Restart lvccrestart - 300 - MA |lg=0
mode with inactive gate lsois =0
Supply current in Floating Load lvecrLp - 500 | 950 MA |V =25V
Protection (FLP) mode with lsois = 3.0V
inactive gate lvcorira — | 500 | 950 | A |Vc=115V
Veg =25V
VCC turn-on threshold VyveconVveeo | 17.0 | 18.0 | 19.0 \Y
VCC Turn-off threshold #Vvcchys 96 | 10.3 | 11.0 \
VCC Turn-on/off hysteresis - 7.7 - \Y
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4.3.2 Internal Voltage Reference

Parameter Symbol Limit Values Unit Remarks
min. | typ. | max.

Trimmed reference voltage VRrer 490 | 5.00 | 5.10 V | measured at pin FB

g =0

4.3.3 PWM Section

Parameter Symbol Limit Values Unit Remarks
min. | typ. | max.

Fixed oscillator frequency fosca 58 67 76 kHz

fosca 62 67 | 745 | kHz |T;=25°C

Frequency jittering range fdelta - 2.7 - kHz | T;=25°C

Max. duty cycle Dinax 0.70 | 0.75 | 0.80

Min. duty cycle Dmin 0 - - Vg <03V

PWM OP gain Ay 30 | 32 | 34

Max. level of voltage ramp V\iax-Ramp - 0.6 - \Y

Vg operating range, min. level Vegmin - 0.5 - \Y

Vg Operating range, max. level VB max - - | 43 V | CS=1V limited by comparator C4"

Feedback pull-up resistor Res 9 14 22 kQ

Soft start pull-up resistor Rsofts 30 45 62 kQ

1) This parameter is not subject to production testing and is verified by design/characterization
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Electrical Characteristics
4.3.4 Control Unit
Parameter Symbol Limit Values Unit Remarks
min. | typ. | max.
Deactivation level for SoftS Vsorsc2 298 | 3.10 | 3.22 V  [Vgg=5V
comparator C7 by C2
Clamped Vgg Voltage during Vsottsoimp FLp | 2-88 | 3.0 | 3.12 \
Floating Load Protection (FLP)
mode
Activation limit of Vsortscs 3.85 | 4.00 | 4.15 V. |Vgg=5V
comparator C3
SoftS startup current Isottsstart - 0.9 - MA  |Vgius=0V
Overload detection limit for Vegca 433 | 450 | 4.67 V. |Vgs =45V
comparator C4
Floating Load Protection level for Veges 1.23 | 1.35 | 1.43 V. |Vguis =45V
comparator C5
Floating Load Protection level for | Vigega 348 | 3.61 | 3.76 | V |After Floating Load Protection
comparator C6a mode is entered
Floating Load Protection level for | Vegeep 288 | 3.0 | 312 | V |After Floating Load Protection
comparator C6b mode is entered
Overvoltage detection limit Vyecove 19.5 | 20.5 | 21.5 V  |Veg =5V, Vgps=3V
Thermal shutdown™ Tiso 130 | 140 | 150 | °C
Spike blanking tspike - 8.0 - V&

1) The parameter is not subject to production testing and is verified by design/characterization

Note: The trend of all the voltage levels in the Control Unit is the same regarding the deviation except VVCCOVP.

4.3.5 Current Limiting
Parameter Symbol Limit Values Unit Remarks
min. | typ. | max.
Peak current limitation (incl. 1.01 | 1.06 | 1.11 V' |dVgee !/ dt = 0.6 V/ps (PG-DIP-8-6)
propagation delay time) Vesth _
(see Figure 13) 1.02 | 1.07 | 112 | V |dV .,/ dt=0.6 Vius (PG-DSO-16/12)
Peak current limitation during
Floating Load Protection mode Vesg | 027103210371V
Leading edge blanking tes - 220 - ns |Vgus =3.0V
CS input bias current ICSbias | -1.0 | -0.2 0 MA |Veg=0V
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4.3.6 CoolMOS™ Section

Parameter Controller Symbol Limit Values Unit Remarks
min. | typ. | max.
Drain/source breakdown 600 - - V |T,=25°C
J
voltage ICLS602xX | Vierpss | 50 | - | - vV |T,=110°C
T=25°C
- 6.45| 7.50 Q )
ICLS6021J Rbsont 3 T,=125 °c?
13.70/17.00| Q atly =03 A
Drain/source on resistance ICLS6022 R a 470 544) Q L : 3255 °CC1)
ICLS6022G DSon2 - 110.00{1250| Q b
atl;=05A
T=25°C
— J
ICLS6023J Rbson3 17011961 Qo5 00n
- 3.57| 412 Q !
atl;=15A
ICLS6021J Coen - | 365 - pF
' ICLS6022J C - | 475 - F
Effect|.ve output ofer)2 p Vog =0V 10 480 V
capacitance, energy-related | |CLS6022G Coens - | 475 | = pF
ICLS6023J Coena - |11.63]| - pF
Rise time ICLS602xX tice - 1302 | - ns
Fall time ICLS602xX tea - 1302 | - ns

1) The parameter is not subject to production testing and is verified by design/characterization
2) Measured in a typical flyback converter application
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Temperature Derating Curves
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Figure 18 Safe Operating Area (SOA) curve for ICLS6021J

Safe Operating Area for ICLS6022J and ICLS5022G
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Figure 19 Safe Operating Area (SOA) curve for ICLS6022J and ICLS6022G
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Outline Dimensions

6 Outline Dimensions

6.1 Outline Dimensions of PG-DIP-8-6

T.BT 10

1 Fi
aE2al
]

ingisc Maridng
1 Do rot include plastis or metal profrusion of .25 mEx. por slde

Figure 22 PG-DIP-8-6 (Pb-free lead plating plastic dual inline outline)

6.2 Outline Dimensions of PG-DS0-16/12

PG-DS0-16/12
(Plastic Dual In-Line Outline)

z g 033x45°
i 11 55/ 3
s & v =
[ © Z’nx
llimimimli Il
127 L * %
[2]0.1] 0.64t025

002" Al
Index Marking

1) Does not include plastic or metal protrusion of 0.25 max. per side

Figure 23 PG-DS0-16/12 (plastic dual inline)
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7 Marking

ICLS602xX +— Part Marking
D@ Grmimg
XXKXXXXXX XXM Oh

\ LOTCODE

Figure 24 Marking for ICLS6x Series controllers
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