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Over voltage management with TLD5190QU/QV

How to safely design the over voltage limit

About this document

Scope and purpose

TLD5190QU/QV is a 4 switches buck boost controller specially designed for LED application in the harsh
automotive environment. Due to his synchronous topology, it perfectly fits for high power demanding
application where the overall efficiency of the system has impacts on PCB size and heat sink.

The device can work as pure buck, buck boost and even pure boost mode, depending on the output voltage
and input voltage. The transition between modes are seamless.

In case of high output current with low inductor, low output capacitor and with output voltage lower than input
voltage, if a load current persists during overvoltage event, repetitive overvoltage triggering may occur with a
frequency higher than switching activity. This prevents inductor current regulation and the output current may
even increase.

This document explains how to properly design the over voltage limit in way to avoid this condition

Intended audience

This document is indented for hardware designer that want to efficiently use the over voltage protection with
TLD5190QU/QV in buck or buck boost mode with high output current.
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1 System overview

For automotive application, LED manufacturers are developing and proposing in the market high power LED
with extremely high current. Just as an example, OSLON Boost HX KW CULPM1.TG can be driven up to 6.6 A
producing more than 2000 Im. Having a lot of light available on single point source enables to have simpler
optic and also modern design for the headlamp.

With a small string with only two or even one LED, designer have to select buck or buck boost converters
because they have to cover all the load and input voltage scenario. The requirement of current higher than 5 A
forces the choice of synchronous topology and for this application, the TLD5190QU/QV perfect fits. Moreover,
high current of LED string introduces some limitations on maximum inductor value, because, the higher
saturation current, the lower the inductor value available on the market.

A preferred solution is then depicted on Figure 1
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Figure 1 Typical application with TLD5190QU/QV as current regulator
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Behavior during over voltage

2 Behavior during over voltage

Aging of LEDs usually produces a positive shift of forward voltage. If the forward voltage of the LED string hits
the overvoltage protection threshold, then an over voltage event occurs even with output current at load side
(LED not open).

With TLD5190QU/QV, an over voltage event is triggered when the voltage on voltage feedback pin VFB reaches
the VFB over voltage feedback threshold (Virs_ovn). Once its voltage touches the threshold, the device starts
protection mechanism and goes through the following phases:

1. Phase 1: The device enters in over voltage fault state. The two high side MOSFETs will be turned off and
the two low side MOSFETs will be turned on. Therefore the current path from the inductor into the
output capacitance will be immediately stopped and the inductor current circulates through the low
side MOSFETSs. Also error flag EF2 toggles to low state in order to indicate the error state.

2. Phase 2: The device exits overvoltage conditions when the voltage on VFB pin decreases by the output
over voltage feedback hysteresis (Vyes_ovnuvs) value. Then the device re-starts with one full cycle of
HSGD1 and HSGD2 high; error flag EF2 returns to high state.

3. Phase 3: The device continuous in normal mode regulating the output current

There is the risk that in special application cases TLD5190QU/QV cannot reach phase 3 and permanently goes
from phase 2 back to phase 1. This may be the case for applications where the output voltage can raise and
drop very fast (e.g. when having high output currents, small output capacitors and low inductor value). Then
special care has to be taken when designing overvoltage protection. In such cases overvoltage re-occur in
phase 2 when the both high side gate drivers turn on and the inductor current is still on a high level and thereby
output voltage shoots up to the overvoltage threshold again. That means that the TDL5190QU/QV can not enter
phase 3 and therefore can not regulate the current. Thus overcurrent may occur.

This phenomena can be checked by monitoring the switching frequency of left side of H-bridge: the frequency
triggered by overvoltage could be higher than the desired switching frequency of the DC/DC. This is also
reflected on EF2 activity.
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Over voltage
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Figure 2 Re-triggering of over voltage in buck mode
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The right system design of over voltage threshold

3 The right system design of over voltage threshold

As reported in Section 2, if the over voltage threshold is reached, a hysteretic behavior could be triggered,
losing the control of the inductor current.

A proper sizing of inductor and output capacitor are an efficient countermeasure if during the phase 2 the over
voltage threshold is not re-triggered. This means the TLD5190QU/QV is able to keep the regulation of the
inductor current. As a final result, the hysteretic behavior of the system has a frequency lower than the
switching frequency of the device. As a design hints, the two points to be highlighted are:

e Having higher output capacitor allows to have longer duration time of phase 1
e Having higher inductor impacts on having lower voltage increase during high side ON time (phase 2).
In this case, the system performs the over voltage detection as depicted in Figure 3.

During the phase 1 state, the inductor current remains quite stable because it recirculate through low side
MOSFETs (same behavior reported in Section 1), but when the device restarts with high side ON time (phase 2),
the big inductor keeps the current more stable and the voltage do not touch the over voltage threshold. After
that, the control loop is able to keep the regulation, changing the duty cycle of the left side of the bridge.
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Figure 3 Over voltage behavior with increased inductor and output capacitor
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The right system design of over voltage threshold
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Sometime this design approach is not feasible, mainly because inductors with high saturation current are
available only with low inductance value. Then, another way to avoid a continuous retriggering of over voltage
event is to move the over voltage threshold above the maximum input voltage available.

As depicted in Figure 4, if the over voltage threshold is above the input voltage, during phase 2, the inductor
current is discharged because with both high side gate driver in ON state the voltage across the inductor is
negative (Vour > Viv). Having the overvoltage higher than input voltage forces the DC/DC to work in boost mode
when the fault is released.

Ves

VVFB_OVTH

LSGD2

EF2

Overvoltage
detection

Faultreleased

>t

.
-

Normal operation

Fault triggered - both low side gate drivers ON

Fault released - both high side gate drivers ON

Figure 4
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Conclusion

4 Conclusion

Over voltage threshold can be triggered due to aging of LED junction or due to increased resistance of the path
(aging of contacts). If this protection is triggered in boost mode, the TLD5190QU/QV is able to keep the current
under control. Special care has to be taken if the protection is triggered in special cases (e.g. when having high
output currents, small output capacitors and low inductor value).

There are mainly two ways to avoid to trigger the hysteretic behavior: one is to use higher inductor and larger
output capacitor, another way is to move the over voltage threshold above the maximum input voltage.

The first solution proposed can be used mainly if the output current is quite low, while the second solution
works without limitation.
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IMPORTANT NOTICE

The information contained in this application note is
given as a hint for the implementation of the product
only and shall in no event be regarded as a
description or warranty of a certain functionality,
condition or quality of the product. Before
implementation of the product, the recipient of this
application note must verify any function and other
technical information given herein in the real
application. Infineon Technologies hereby disclaims
any and all warranties and liabilities of any kind
(including without limitation warranties of non-
infringement of intellectual property rights of any
third party) with respect to any and all information
given in this application note.

The data contained in this document is exclusively
intended for technically trained staff. It is the
responsibility of customer’s technical departments
to evaluate the suitability of the product for the
intended application and the completeness of the
product information given in this document with
respect to such application.

For further information on the product, technology
delivery terms and conditions and prices please
contact your nearest Infineon Technologies office
(www.infineon.com).

WARNINGS

Due to technical requirements products may contair
dangerous substances. For information on the type:
in question please contact your nearest Infineor
Technologies office.

Except as otherwise explicitly approved by Infineor
Technologies in a written document signed by
authorized representatives of Infineor
Technologies, Infineon Technologies’ products may
not be used in any applications where a failure of the
product or any consequences of the use thereof car
reasonably be expected to result in personal injury.
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