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1 Overview

Features

+ MOSFET H-Bridge with Single Inductor DC/DC Controller for HIGH
POWER BUCK-BOOST LED control

» Constant Current and Constant Voltage Regulation

* Wide VIN Range (Device 4.5V to 40V, Power Stage 4.5V to 55V)
» Wide LED forward voltage Range (2V up to 55V)

* Maximum Efficiency in every condition (up to 96%) PG-VQFN-48-31
» Flexible current sense (Highside or Lowside)

» LED current accuracy+/-3% at Tj=25° and 4% over the whole automotive temperature range

» EMC optimized device: Features an auto Spread Spectrum concept to ensure best in class EMC performance
» Open Load, Overvoltages, Shorted LED fault and Overtemperature Diagnostic Outputs

* LED and Input current sense with dedicated monitor Outputs

» Smart power protection features for device and load (open load, short of Load, Overtemperature)

» Switching Frequency Range from 200 kHz to 700 kHz

» Capability to supply Gate Drivers via external Voltage Regulator

* Adjustable Soft Start

* Enhanced Dimming features to adjust average LED current and PWM dimming

* Available in a small thermally enhanced PG-VQFN-48-31 package

» Automotive AEC Qualified

Description

The TLD5190QV is a synchronous MOSFET H-Bridge DC/DC controller with built in protection features. This
concept is beneficial for driving high power LEDs with maximum system efficiency and minimum number of
external components. The TLD5190QV offers both analog and digital (PWM) dimming.The switching frequency is
adjustable in the range of 200 kHz to 700 kHz. It can be synchronized to an external clock source. A built in Spread
Spectrum switching frequency modulation and the forced continuous current regulation mode improve the overall
EMC behavior. Furthermore the current mode regulation scheme provides a stable regulation loop maintained by
small external compensation components. The adjustable soft start feature limits the current peak as well as
voltage overshoot at start-up. The TLD5190QV is suitable for use in the harsh automotive environment.

Type Package Marking
TLD5190QV PG-VQFN-48-31 TLD5190QV
Data Sheet 4 Rev.1.0,2016-05-20
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Table 1 Product Summary

Overview

Power Stage input voltage range Veow 45V ...55V

Device Input supply voltage range VN 45V .. 40V

Maximum output voltage (depending by the Voutmax) 55 V as LED Driver Boost Mode

application conditions) 50 V as LED Driver Buck Mode
50 V as Voltage regulator

Switching Frequency range, few 200 kHz... 700 kHz

Typical NMOS driver on-state resistance at 7; = Rpson_pu) 23Q

25°C (Gate Pull Up)

Typical NMOS driver on-state resistance at 7; = Rpson_pp) 1.2Q

25°C (Gate Pull Down)

Protective Functions

* Over load protection of external MOSFETs

» Shorted load, open load, output overvoltage protection

» Input overvoltage and undervoltage protection

* Thermal shutdown of device with autorestart behavior

» Electrostatic discharge protection (ESD)

Diagnostic Functions

» Diagnostic information via Error Flags
* Open load detection in ON-state

» Device Overtemperature shutdown

* Advanced diagnostic functions provide |, g5 and I information

Applications

» Especially designed for driving high power LEDs in automotive applications

» Automotive Exterior Lighting: full LED headlamp assemblies (Low Beam, High Beam, Matrix Beam, Pixel Light)

» General purpose current/voltage controlled DC/DC LED driver

Data Sheet
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2 Block Diagram

Block Diagram
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Pin Configuration

3 Pin Configuration
3.1 Pin Assignment
9 5
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Figure 2  Pin Configuration - TLD5190QV
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Pin Configuration

3.2 Pin Definitions and Functions
Pin ‘ Symbol ‘ o " ‘ Function
Power Supply
1,12, n.c. - Not connected, tie to AGND on the Layout;
15, 45,
48
44 VIN - Power Supply Voltage;
Supply for internal biasing.
47 IVCC_EXT | | PD|External LDO input;
Input to alternatively supply internal Gate Drivers via an external LDO.
Connect to IVCC pin to use internal LDO to supply gate drivers. Must not
be left open.
5,8 PGND1, 2 - Power Ground;
Ground for power potential. Connect externally close to the chip.
26 VSS - Digital GPIO Ground;
Ground for GPIO pins
40 AGND - Analog Ground;
Ground Reference
- EP - Exposed Pad;

Connect to external heatspreading Cu area (e.g. inner GND layer of
multilayer PCB with thermal vias).

Gate Driver Stages

2

HSGD1

Highside Gate Driver Output 1;

Drives the top n-channel MOSFET with a voltage equal to Vycc ext
superimposed on the switch node voltage SWN1. Connect to gate of
external switching MOSFET.

11

HSGD2

Highside Gate Driver Output 2;

Drives the top n-channel MOSFET with a voltage equal to Vycc ext
superimposed on the switch node voltage SWN2. Connect to gate of
external switching MOSFET.

LSGD1

Lowside Gate Driver Output 1;
Drives the lowside n-channel MOSFET between GND and Vycc gxt
Connect to gate of external switching MOSFET.

LSGD2

Lowside Gate Driver Output 2;
Drives the lowside n-channel MOSFET between GND and Vycc egxt
Connect to gate of external switching MOSFET.

SWN1

Switch Node 1;
SWN1 pin swings from a diode voltage drop below ground up to Vy

SWN2

Switch Node 2;
SWN2 pin swings from ground up to a diode voltage drop above Vgt

46

IvCC

Internal LDO output;
Used for internal biasing and gate driver supply. Bypass with external
capacitor close to the pin. Pin must not be left open.

Inputs and Outputs

Data Sheet
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Pin Symbol /0 Y |Function
23 TEST1 - Test Pin;
Used for Infineon end of line test, connect to GND in application
25 TEST2 - Test Pin;
Used for Infineon end of line test, connect to GND in application
28 TEST3 - Test Pin;
Used for Infineon end of line test, connect to GND in application
29 TEST4 - Test Pin;
Used for Infineon end of line test, connect to GND in application
30 TEST5 - Test Pin;
Used for Infineon end of line test, connect to GND in application
31 TEST6 - Test Pin;
Used for Infineon end of line test, connect to GND in application
41 EN/INUVLO I PD | Enable/Input Under Voltage Lock Out;
Used to put the device in a low current consumption mode, with additional
capability to fix an undervoltage threshold via external components. Pin
must not be left open.
35 FREQ I Frequency Select Input;
Connect external resistor to GND to set frequency.
34 SYNC | PD | Synchronization Input;
Apply external clock signal for synchronization
24 PWMI I PD | Control Input; Digital input 5Vor 3.3V.
13 FBH I Output current Feedback Positive;
Non inverting Input (+)
14 FBL I Output current Feedback Negative;
Inverting Input (-)
3 BST1 10 Bootstrap capacitor;
Used for internal biasing and to drive the Highside Switch HSGD1. Bypass
to SWN1 with external capacitor close to the pin. Pin must not be left open.
10 BST2 10 Bootstrap capacitor;
Used for internal biasing and to drive the Highside Switch HSGD2. Bypass
to SWN2 with external capacitor close to the pin. Pin must not be left open.
17 SWCS | Current Sense Input;
Inductor current measurement - Non Inverting Input (+)
18 SGND I Current Sense Ground;
Inductor current sense - Inverting Input (-)
Route as Differential net with SWCS on the Layout
42 IIN1 I Input Current Monitor Positive;
Non Inverting Input (+), connect to VIN if input current monitor is not
needed
43 IIN2 | Input Current Monitor Negative;
Inverting Input (-), connect to VIN if input current monitor is not needed
19 COMP (e Compensation Network Pin;
Connect R and C network to pin for stability phase margin adjustment
38 SOFT_START (0] Softstart configuration Pin;

Connect a capacitor Cgoer start 0 GND to fix a soft start ramp default
time.

Data Sheet
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Pin Symbol /10 Y |Function

36 INOVLO I Input Overvoltage Protection Pin;
Define an upper voltage threshold and switches OFF the device in case of
overvoltages on the VIN supply. Must not be left open.

20 VFB | Voltage Loop Feedback Pin;
VFB is intended to set output protection functions.

22 SET I Analog current sense adjustment Pin;
A voltage Vg1 between 0.2V and 1.5V will adjust the [, g or Vyrina
linear relation.

37 SPREAD_SPECT || PD | Spread Spectrum Pin;

RUM This pin is enabling and disabling the SPREAD SPECTRUM function. This

feature is beneficial to improve the EMC performance.

39 IINMON O Input current monitor output;
Monitor pin that produces a voltage that is 20 times the voltage V y1.no-
[INMON will be equal 1V when V-V n2=50mV

16 IOUTMON @) Output current monitor output;
Monitor pin that produces a voltage that is 200mV + 8 times the voltage
Vegh.reL- IOUTMON will be equal 1.4V when Vegy g = 150mV.

21 VREF O |PD |Voltage Reference Output Pin;
Supplies an accurate 2V output voltage for standalone analog dimming
and LED temperature compensation via external resistors. Bypass with an
external 100nF capacitor close to the pin. Pin must not be left open.

Logic Outputs

27 CLKOUT (e Clock Output Pin;
Switching Oscillator output signal to supply additional SYNC Inputs of
other DCDC devices (beneficial for standalone operations without uC)

33 EF1 (e Error Flag 1;
An open drain output which is pulled to LOW when an output Short to GND
or Overtemperature occurs

32 EF2 (0] Error Flag 2;

An open drain output which is pulled to LOW when an OPEN load,
Overvoltages or Overtemperature occurs

1) O: Output, I: Input,
PD: pull-down circuit integrated,

PU: pull-up circuit integrated

Data Sheet
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4 General Product Characteristics

4.1 Absolute Maximum Ratings

Table 2 Absolute Maximum Ratings"
T; = -40°C to +150°C; all voltages with respect to AGND, (unless otherwise specified)

General Product Characteristics

Parameter Symbol Values Unit | Note / Number
Min. ‘Typ. ‘Max. Test Condition

Supply Voltages

VIN Vuin -0.3 - 60 \Y - P_4.11

Supply Input

IVCC Vivee -0.3 - 6 Vv - P_41.3

Internal Linear Voltage Regulator Output

voltage

IVCC_EXT Vivee ext |-0.3 - 6 Vv - P_41.4

External Linear Voltage Regulator Input

voltage

VREF VRer -0.3 - 3.6 \Y - P_4.1.5

Voltage reference output

Gate Driver Stages

LSGD1,2 - PGND1,2 Visep12 |-0.3 - 5.5 \Y - P_4.1.54

Lowside Gatedriver voltage PGND

HSGD1,2 - SWN1,2 Visepr2- |-0.3 - 5.5 \Y - P_4.1.55

Highside Gatedriver voltage SWN1,2

SWN1, SWN2 Vownt, 2 |1 - 60 Vv - P 41.6

switching node voltage

(BST1-SWNH1), (BST2-SWN2) Vest. -0.3 - 6 Y - P_41.7

Boostrap voltage SWNx

BST1, BST2 Vest12 |-0.3 - 65 \Y - P_4.1.8

Boostrap voltage related to GND

SWCS Vswes -0.3 - 0.3 \Y - P_41.9

Switch Current Sense Input voltage

SGND Vseno -0.3 - 0.3 V - P_4.1.10

Switch Current Sense GND voltage

SWCS-SGND Vswes. -0.5 - 0.5 Vv - P_4.1.11

Switch Current Sense differential voltage | sgnp

PGND1,2 Veenpr2 |-0-3 - 0.3 \Y - P_4.1.28

Power GND voltage

High voltage Pins

IIN1, IIN2 Ving, 2 -0.3 - 60 Vv - P_4.1.12

Input Current monitor voltage

IIN1-1IN2 ViNtane 105 - 0.5 \Y - P_4.1.13

Input Current monitor differential voltage

Data Sheet
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General Product Characteristics

Table 2 Absolute Maximum Ratings" (cont'd)

T; = -40°C to +150°C; all voltages with respect to AGND, (unless otherwise specified)
Parameter Symbol Values Unit | Note / Number

Min. |Typ. | Max. Test Condition

FBH, FBL Vegn el |-0-3 - 60 Vv - P 4.1.14
Feedback Error Amplifier voltage
FBH-FBL Vegurs, |-0.5 - 0.5 Vv - P_4.1.15
Feedback Error Amplifier differential
voltage
EN/INUVLO Vennnuvio | -0-3 - 60 \Y - P_4.1.16
Device enable/input undervoltage
lockout
Digital (I/0) Pins
PWMI Vewm -0.3 - 5.5 V - P 4.1.17
Digital Input voltage
SYNC Vsyne -0.3 - 5.5 Vv - P_4.1.22
Synchronization Input voltage
CLKOUT Veikour |-0.3 - 5.5 \Y - P_4.1.23
Clock Output voltage
SPREAD_SPECTRUM Vspreap s |-0-3 - 5.5 \Y - P_4.1.24
Spread Spectrum Input voltage PECTRUM
Analog Pins
VFB Vves -0.3 - 5.5 Vv - P_4.1.25
Loop Input voltage
INOVLO Vinovio  |-0.3 - 5.5 \Y - P_4.1.26
Input overvoltage lockout
EF1, 2 Ver12 -0.3 - 5.5 \Y - P_4.1.27
Error Flags output voltage
SET Vser -0.3 - 5.5 V - P_4.1.29
Analog dimming Input voltage
COMP Veome 0.3 - 3.6 \Y - P_4.1.30
Compensation Input voltage
SOFT_START Vsort sta |03 - 3.6 \Y - P_4.1.31
Softstart Voltage RT
FREQ Verea -0.3 - 3.6 \Y - P_4.1.32
Voltage at frequency selection pin
IINMON Vinmon | -0.3 - 3.6 V - P _4.1.33
Voltage at input monitor pin
IOUTMON Vioutmon |-0.3 - 5.5 Vv - P_4.1.34
Voltage at output monitor pin
Temperatures
Junction Temperature T -40 - 150 °C |- P_4.1.35
Storage Temperature Ty -55 - 150 °C |- P_4.1.36
ESD Susceptibility
ESD Resistivity of all Pins Vesorm |2 |- |2 (kv |HBM? P_4.1.37

Data Sheet
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General Product Characteristics

Table 2 Absolute Maximum Ratings" (cont'd)
T; = -40°C to +150°C; all voltages with respect to AGND, (unless otherwise specified)

Parameter Symbol Values Unit | Note / Number
Min. |Typ. |Max. Test Condition
ESD Resistivity to GND Vespcom [-500 |- 500 \Y CDM? P_4.1.38
ESD Resistivity of corner Pinsto GND | Vegpcpy_ |-790 |- 750 \Y, cbm® P_4.1.39
corner

1) Not subject to production test, specified by design.
2) ESD susceptibility, HBM according to ANSI/ESDA/JEDEC JS001 (1.5k Q, 100 pF)
3) ESD susceptibility, Charged Device Model “CDM” ESDA STM5.3.1 or ANSI/ESD S.5.3.1

Note: Stresses above the ones listed here may cause permanent damage to the device. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability.

1. Integrated protection functions are designed to prevent IC destruction under fault conditions described in the
data sheet. Fault conditions are considered as “outside” normal operating range. Protection functions are not
designed for continuous repetitive operation.

4.2 Functional Range

Table 3 Functional Range

Parameter Symbol Values Unit |Note / Number
Min. Typ. | Max. Test Condition

Device Extended Supply Voltage | Vyy 4.5 - 40 Y, R P_4.2.1

Range

Device Nominal Supply Voltage Vuin 8 - 36 V - P 422

Range

Power Stage Voltage Range Veow |45 - 55 Y R P_4.25

Junction Temperature T, -40 - 150 °C |- P 424

1) Not subject to production test, specified by design.

Note: Within the functional range the IC operates as described in the circuit description. The electrical
characteristics are specified within the conditions given in the related electrical characteristics table.

4.3 Thermal Resistance

Note: This thermal data was generated in accordance with JEDEC JESD51 standards. For more information, go
to www jedec.org.

Table 4

Parameter Symbol Values Unit |Note/ Number
Min. |[Typ. |[Max. Test Condition

Junction to Case Riuc - 0.9 - Kw |12 P_4.3.1

Junction to Ambient Ryn - 25 - KW |¥2s2p P_4.3.2

1) Not subject to production test, specified by design.

Data Sheet 13 Rev. 1.0, 2016-05-20
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General Product Characteristics

2) Specified RthJC value is simulated at natural convection on a cold plate setup (all pins and the exposed pad are fixed to
ambient temperature). Ta=25°C; The IC is dissipating 1W.

3) Specified Ry, value is according to JEDEC 2s2p (JESD 51-7) + (JESD 51-5) and JEDEC 1s0p (JESD 51-3) + heatsink
area at natural convection on FR4 board; The device was simulated on a 76.2 x 114.3 x 1.5 mm board. The 2s2p board
has 2 outer copper layers (2 x 70pm Cu) and 2 inner copper layers (2 x 35um Cu). A thermal via (diameter = 0.3 mm and
25 pym plating) array was applied under the exposed pad and connected the first outer layer (top) to the first inner layer and
second outer layer (bottom) of the JEDEC PCB. Ta=25°C; The IC is dissipating 1W.

Data Sheet 14 Rev. 1.0, 2016-05-20
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Power Supply

5 Power Supply

The TLD5190QV is supplied by the following pins:

* VIN (main supply voltage)

+ IVCC_EXT (supply for internal gate driver stages)

The VIN supply provides internal supply voltages for the analog and digital blocks.

IVCC_EXT is the supply for the low side driver stages. This supply is used also to charge, through external
schottky diodes, the bootstrap capacitors which provide supply voltages to the high side driver stages. If no
external voltage is available this pin must be shorted to IVCC, which is the output of an internal 5V LDO.

The supply pins VIN and IVCC_EXT have undervoltage detections.

Undervoltage on IVCC_EXT or IVCC voltages forces a deactivation of the driver stages, thus stopping the
switching activity.

Moreover the double function pin EN/INUVLO can be used as an input undervoltage protection by placing a
resistor divider from VIN to GND (refer to Chapter 10.3).

If EN/INUVLO undervoltage is detected, it will turn-off the IVCC voltage regulator,and stop switching.

Figure 3 shows a basic concept drawing of the supply domains and interactions among pins VIN and
IVCC/IVCC_EXT.

VIN
X
I
VREG (5V)
R i ‘
Internal pre-regulated ! Xivee
ENINOVLO voltage Supply Undervoltage
*| detection
R
%@ IVCC_EXT
VREG VREG .
analog digital LS - Drivers
i %PGND
Bandgap BSTx
Reference ’—‘E
Y HS - Drivers

LOGIC
% SWNx

Figure 3 Power Supply Concept Drawing

Data Sheet 15 Rev. 1.0, 2016-05-20
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Power Supply

Usage of EN/INUVLO pin in different applications

The pin EN/INUVLO is a double function pin and can be used to put the device into a low current consumption
mode. An undervoltage threshold should be fixed by placing an external resistor divider (A) in order to avoid low
voltage operating conditions. This pin can be driven by a yC-port as shown in (B) .

®

Vin Vin

i—[lj VIN i—[lj VIN
Ri R,

I—[ ] ENINUVLO —I—I_[ ] ENINUVLO
R, GND uC POM R, GND

i—“ﬁf H

Figure 4  Usage of EN/INUVLO pin in different applications

Data Sheet 16 Rev. 1.0, 2016-05-20
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Power Supply

5.1 Different Power States
TLD5190QV has the following power states:
* SLEEP state

+ |IDLE state

* ACTIVE state

The transition between the power states is determined according to these variables after a filter time of max. 3
clock cycles:

* VIN level
«  EN/INUVLO level
 IVCC level

* IVCC_EXT level

The state diagram including the possible transitions is shown in Figure 5.

The Power-up condition is entered when the supply voltage ¥,y exceeds its minimum supply voltage threshold
Muiniony-

SLEEP

When the TLD5190QV is in the SLEEP state, all outputs are OFF, independently from the supply voltages ¥,
IVCC and IVCC_EXT. The current consumption is low. Refer to parameter: /i eep)-

The transition from SLEEP to ACTIVE state requires a specified time: #5c7ye-

IDLE

In IDLE state the internal voltage regulator is working. Diagnosis functions are not available. The output drivers
are switched OFF, independently from the supply voltages V', IVCC and IVCC_EXT.

ACTIVE

In active state the device will start switching activity to provide power at the output only when PWMI = HIGH. To
start the Highside gate drivers HSGDx the voltage level Vggr, - Vsynx N€€ds to be above the threshold VBSTx-
VSWNx_UVth. In ACTIVE state the device current consumption via ¥}y is dependent on the external MOSFET
used and the switching frequency fq-

l Power-up
EN/INUVLO = HIGH ' EN/INUVLO = LOW
- SLEEP -
EN/INUVLO = LOW i
A\
IDLE EN/INUVLO = LOW ACTIVE
A
A
VIN =LOW
VIN f HIGH orlVCC =LOW
& IVCC = HIGH orVCC_EXT =LOW
& IVCC_EXT = HIGH

Figure 5  Simplified State Diagram

Data Sheet 17 Rev. 1.0, 2016-05-20
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Power Supply

5.2 Electrical Characteristics
Table 5 EC Power Supply
Vi =8V to 36V, T, = -40°C to +150°C, all voltages with respect to AGND; (unless otherwise specified)
Parameter Symbol Values Unit |Note/ Number
Min. ‘Typ. ‘ Max. Test Condition
Power Supply V
Input Voltage Startup Vyuinion) - - 4.7 Vv V\nincreasing; P_5.31
Venmuvio = HIGH;
IVCC = IVCC_EXT =
10 mA;
Input Undervoltage switch OFF | Vyy(orr) - - 4.5 \Y V\n decreasing; P_5.3.14
Venmuvio = HIGH;
IVCC = IVCC_EXT =
10 mA;
Device operating current LynacTvey |~ 44 |6 mA | VACTIVE mode; P_5.3.2
CLKOUT freq.
300KHz;
Vewm =0V,
V\n Sleep mode supply current IV,N(S,_EEP) - - 1.5 MA Vennuvio= 0 V; P_5.3.3
Vin=13.5V;
Vivee=Vivee ext=0'V;
EN/INUVLO Pin characteristics
Input Undervoltage falling Veninuviom | 1.6 1.75 |1.9 \Y - P_5.3.7
Threshold
EN/INUVLO Rising Hysteresis | Veninuvion |— 90 - mv | P_5.3.8
yst)
EN/INUVLO input Current LOW | lgyinuvioo |0-45  {0.89  [1.34  |pA Venmnuvio = 0.8 V; P_5.3.9
W)
EN/INUVLO input Current HIGH | lgnnuviomi | 1-1 2.2 3.3 MA Veninuvio =2 V; P_5.3.10
GH)
Timings
SLEEP mode to ACTIVE time | tactive - - 0.7 ms |1 P 5.3.11
Vivee = Vivee exs
Civcc= 10uF;
Vin=13.5V;
1) Not subject to production test, specified by design.
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6 Regulator Description
The TLD5190QV includes all of the functions necessary to provide constant current to the output as usually
required to drive LEDs. A voltage mode regulation can also be implemented (Refer to Chapter 6.6).

It is designed to control 4 gate driver outputs in a H-Bridge topology by using only one inductor and 4 external
MOSFETSs. This topology is able to operate in high power BOOST, BUCK-BOOST and BUCK mode applications
with maximum efficiency.

The transition between the different regulation modes is done automatically by the device itself, with respect to the
application boundary conditions.

The transition phase between modes is seamless.

6.1 Regulator Diagram Description

The TLD5190QYV includes two analog current control inputs (IIN1, [IN2) to limit the maximum Input current (Block
A1 and A7 in Figure 6).

A second analog current control loop (A5, A6) connected to the sensing pins FBL, FBH regulates the output
current.

The regulator function is implemented by a pulse width modulated (PWM) current mode controller. The error in the
output current loop is used to determine the appropriate duty cycle to get a constant output current.

An external compensation network (Roomp, Ccomp) is Used to adjust the control loop to various application
boundary conditions.

The inductor current for the current mode loop is sensed by the Rg g resistor.
Rgwes is used also to limit the maximum external switches / inductor current.

If the Voltage across Rgyycs €xceeds its overcurrent threshold (Vsycs puck OF Vswes_poost fOr buck or boost operation
respectively) the device reduces the duty cycle in order to bring the switches current below the imposed limit.

The current mode controller has a built-in slope compensation as well to prevent sub-harmonic oscillations.

The control loop logic block (LOGIC) provides a PWM signal to four internal gate drivers. The gate drivers
(HSGD1,2 and LSGD1,2) are used to drive external MOSFETSs in an H-Bridge setup .

The control loop block diagram displayed in Figure 6 shows a typical constant current application. The voltage
across Rpg sets the output current. R, is used to fix the maximum input current.
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Rin In Res  lout
e ]
LOUT
IN1IX XIIN2 I
SWCSx
- " A BOPST >
¢ Rswes ) SLOPE SELECTION , As —» HSGD1
& Compensation —» HSGD2
111 LOGIC
~ NI + = LSGD1
* ¥ As —>LSGD2
' BUCK
SETwe—|
Vi Rer® CLK
COMP
Rcomp Veowr
ICCOMP
Figure 6 Regulator Block Diagram - TLD5190QV
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6.2 Adjustable Soft Start Ramp

The soft start behavior limits the current through the inductor and the external MOSFET switches during
initialization (at first turn on and restarting after output fault condition).

The soft start function gradually increases the current of the inductor (Lgyr) over tsoer start to minimize potential
overvoltage at the output. The soft start ramp is defined by a capacitor placed at the SOFT_START pin.

Selection of the SOFT_START capacitor (Csoer start) Can be done according to the approximate formula
described in Equation (1):

Vss_th_eff
Lsorr_starr = — ’ CSOFTfSTART (1)
SOFT_START(PU)

Note: Vs 4 o IS the soft start effectiveness threshold, that depends on load condition. Its value is about 0.7V for
the buck mode and 1.4V for the boost mode

The SOFT START pin is also used to define a fault filter time. Once an open load or a short on the output is
detected, a pull-down current source I5ort starT o (P_6.4.20) is activated. Through a pull-up resistor connected
from VREF to the SOFT START pin it is possible to source a current higher than Isoer start pp. the TLD5190QV
will latch OFF until the EN/INUVLO pin is toggled. Without any resistor to VREF the pull-down current decreases
until Vgorr start reset (P_6.4.22) is reached (the pull-up current source turns on again). If the fault condition
hasn’'t been removed until Vgorr start Lorr (P_6.4.21) is reached, the pull-down current source Isorr starT PD
turns on again initiating a new cyEIe. This will continue until the fault is removed. B -

6.3 Switching Frequency setup

The switching frequency can be set from 200 kHz to 700 kHz by an external resistor connected from the FREQ
pin to GND or by suppliyng a sync signal as specified in chapter Chapter 11.2. Select the switching frequency with
an external resistor according to the graph in Figure 7 or the following approximate formulas.

S [kHz]=5375 *RFREQ [kQ]'O'S )

R [k =46023* £, [kHz] "> 3)

900
800

700 \
600
¥ 500
=
= 400
@ \
I
300 N
200 —
100

0 10 20 30 40 50 60 70 80
Rereq [kOhm]

Figure 7  Switching Frequency fg,, versus Frequency Select Resistor to GND Rpgeq
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6.4 Operation of 4 switches H-Bridge architecture

Regulator Description

Inductor Lyt connects in an H-Bridge configuration with 4 external N channel MOSFETs (M1, M2, M3 & M4)

+ Transistor M1 and M3 provides a path between V  and ground through Lo in one direction (Driven by top
and bottom gate drivers HSGD1 and LSGD2).

+ Transistor M2 and M4 provides a path between VOUT and ground through L7 in the other direction (Driven
by top and bottom gate drivers HSGD2 and LSGD1).

* Nodes SWN1, SWN2, voltage across Rgycs, input and load currents are also monitored by the TLD5190QV.

BOOST BUCK-BOOST BUCK

MODE MODE MODE
M1 ON PWM PWM
M2 OFF PWM PWM
M3 PWM PWM OFF
M4 PWM PWM ON

Figure 8 4 switches H-Bridge architecture Transistor Status summary

}7
e
HSGD1 ]

}7
e
LSGD1 1

VIN

M1

M2

Lourt

Vour

M4

swnie YL g swN2

M3

4{
-
— HSGD2

4{
-
— LSGD2

RSWCS

Figure 9 4 switches H-Bridge architecture overview

6.4.1 Boost mode (V,y < Vour)

+ M1 is always ON, M2 is always OFF

» Every cycle M3 turns ON first and inductor current is sensed (peak current control)
» M3 stays ON until the upper reference threshold is reached across Rgy,cg (Energizing)
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* M3 turns OFF, M4 turns ON until the end of the cycle (Recirculation)
+ Switches M3 and M4 alternate, behaving like a typical synchronous boost Regulator (see Figure 10)

HSGD2 liour

) Recirculation

2
Lout

(1) Energizing

OFF |« m2

Rswes

Figure 10 4 switches H-Bridge architecture in BOOST mode

Simplified comparison of 4 switches H-Bridge architecture to traditional asynchronous Boost approach.
» M2 is always OFF in this mode (open).

* M1 is always ON in this mode (closed connection of inductor to V).

M4 acts as a synchronous diode, with significantly lower conduction power losses (12 x Rpgoy Vs. 0.7V x 1)
Note: Diode is source of losses and lower system efficiency!

L L
M1 (ON) ouT ouT D1

M4
Vin | I Vour Vin Vour
HSGﬂ Fa— M2 ” HSGDZEH_

(OFF)

M3
LSGD1 LSGD2

L i
RSWCS RSWCS
a) 4 switch architecture BOOSTER b) standard asynchronous BOOSTER

Figure 11 4 switches H-Bridge architecture in BOOST mode compared to standard async Booster

6.4.2 Buck mode (V| > Vour)
*+ M4 is always ON, M3 is always OFF

* Every cycle M2 turns ON and inductor current is sensed (valley current control)
+ M2 stays ON until the lower reference threshold is reached across R, s (Recirculation)
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* M2 turns OFF, M1 turns ON until the end of the cycle (Energizing)
+ Switches M1 and M2 alternate, behaving like a typical synchronous BUCK Regulator (see Figure 12)

Vin Vourt

> ON lLour
— HSGD2

SWN2

— T
m3 »1| OFF M1 M1 M1 t
— LSGD2 + + +
M4 M4 M4

M1 (3) Energizing

I—OUT

(4) Recirculation

Rswes

Figure 12 4 switches H-Bridge architecture in BUCK mode

Simplified comparison of 4 switches architecture to traditional asynchronous Buck approach.

* M3 is always OFF in this mode (open).

* M4 is always ON in this mode (closed connection inductor to Vg 1).

+ M2 acts as a synchronous diode, with significantly lower conduction losses (12 x Rpgoy Vs. 0.7V x )

LOUT M4 I—OUT
vV, M1 (ON) M1
IN ] I Vour Vin il Vour
HSGD1 M3 Eonz T HSGD1
J-Llﬂ M2 (OFF) JUL
LSGD1 LSGD2
D1
Rswes
a) 4 switch architecture BUCK b) standard asynchronous BUCK

Figure 13 4 switches H-Bridge architecture in BUCK mode compared to standard async BUCK

6.4.3 Buck-Boost mode (V,y ~ Vour)

*  When Vs close to V7 the controller is in Buck-Boost operation.

» All switches are switching in buck-boost operation. The direct energy transfer from the Input to the output
(M1+M4 = ON) is beneficial to reduce ripple current and improves the energy efficiency of the Buck-Boost
control scheme.

» The two buck boost waveforms and switching behaviors are displayed in Figure 14 below.
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lLout

(2) Direct Transfer

0 (8 e 2/ 0

(4) Direct Transfer

VIN <VOUT

: ILout
— LSGD2

M1 M1 M1 M1 M1 M1 t
+ + + + + +
SWN2 M4 M4 M4 M4 M4 M4

VIN > VOUT

M1 M1 M1 M1 M1 M1 t
+ + + + + +
M4 M4 M4 M4 M4 M4

Figure 14 4 switches H-Bridge architecture in BUCK-BOOST mode

6.5 Flexible current sense

The flexible current sense implementation enables highside and lowside current sensing.

The Figure 15 displays the application examples for the highside and lowside current sense concept.

Highside
Sensing
-

% 7%

N
|
|
|
|
|
Lowside D
Sensing
I
-_

Figure 15 Highside and lowside current sensing - TLD5190QV
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6.6 Programming Output Voltage (Constant Voltage Regulation)

For a voltage regulator, the output voltage can be set by selecting the values Rgg4, Rrg, and Rg5; according to the
following Equation (4):

Viwr _ | ey
VOUT = []FBH + Mj : RFBI + (M - IFBL j : RFB3 + VFBH—FBL (4)

RFBZ FB2

If Analog dimming is performed, due to the variations on the /lrg (/eg nss (P_6.4.9) and Irg g5 (P_6.4.40))
current on the entire voltage spanning, a non linearity on the output voltage may be observed. To minimize this
effect RFBx resistors should be properly dimensioned.

VOUT

[

| Rrs1
FBH
FBH[
| Rrs2
FBL
FBLL}— <— %
Rra3

L

Figure 16 Programming Output Voltage (Constant Voltage Regulation)
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6.7 Electrical Characteristics
Table 6 EC Regulator
Vi =8V to 36V, T, = -40°C to +150°C, all voltages with respect to AGND; (unless otherwise specified)
Parameter Symbol Values Unit |Note/ Number
Min. ‘ Typ. ‘ Max. Test Condition
Regulator:
V egh.raL) threshold Viesnesy | 1455 150 154.5 |mV | T;=25°C; P_6.4.1
Veer =2V,
V (esh-raL) threshold Viesnray | 144 150 156 mV | Veer =2V, P_6.4.2
V reh-ra) threshold @ analog ViFen- 10 15 20 mV | Vger =0.32V; P_6.4.6
dimming 10% FBL)_10
FBH Bias current @ highside | /gy pss |65 110 155 (WA [ =TV, P_6.4.8
sensing setup Vegn - raL = 150 mV;
FBL Bias current @ highside Iegl wss |17 30 43 A (W =7V, P_6.4.9
sensing setup Vegn - paL = 150 mV;
FBH Bias current @ lowside Iegnss |79 -4 -2.5 VA | =0V, P_6.4.39
sensing setup Vegn - raL = 150 mV;
FBL Bias current @ lowside Ieg 1ss |45 -30 -20 VA | =0V, P_6.4.40
sensing setup Vegn - raL = 150 mV;
FBH-FBL High Side sensing VesH_Hss.i |- 2 - V DV egyq increasing; P_6.9.1
entry threshold ne
FBH-FBL High Side sensing exit | Vigy pss |- 175 |- V DV gy decreasing; P_6.9.2
threshold dec
OUT Current sense Amplifier g, | /FBxgp, - 890 - uS R P _6.4.10
Output Monitor Voltage Vioutmon | 1-33 1.4 1.47 |V Vegh - e =150 mV;  |P_6.4.11
Maximum BOOST Duty Cycle | Dgoost m |89 91 93 % Jew=300kHZ; P_6.4.12
AX
Input Current Sense threshold | Vyiaine |46 50 54 mvV |- P_6.4.13
Vint-inz
Input Current sense Amplifier g, | Iy _gm - 212 |- mS | P_6.4.14
Input current Monitor Voltage Vinvon  10.95 |1 1.05 |V DNt -2 =50 mV;  |P_6.4.15
Vine = Vuinony to
55V;
Switch Peak Over Current Vswes_boo |40 50 60 mv | P_10.8.1
Threshold - BOOST o 5
Switch Peak Over Current Vswes. buck | -60 -50 -40 mv |7 P_10.8.1
Threshold - BUCK 6
Soft Start
Soft Start pull up current Tsoft_start p |22 26 32 MA Vsoft start = 1 V5 P_6.4.19
u
Soft Start pull down current ISOft_Stan_P 2.2 2.6 3.2 MA VSOﬁ_Start =1V; P _6.4.20
D
Soft Start Latch-OFF Threshold | Vo gtart | | 1-65 1.75 1.85 |V - P_6.4.21
OFF
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Table 6 EC Regulator (cont'd)
Vin =8V to 36V, T, =-40°C to +150°C, all voltages with respect to AGND; (unless otherwise specified)
Parameter Symbol Values Unit | Note / Number
Min. |Typ. |Max. Test Condition
Soft Start Reset Threshold Vsoft_start_ | 0:1 0.2 0.3 \Y, - P_6.4.22
RESET
Soft Start Voltage during Vsoft_start r | 19 2 2.1 v No Faults P_6.9.3
regulation eg
Oscillator
Switching Frequency Sfow 285 300 315 kHz | T;=25"°C; P_6.4.23
Rereq= 37.4 kKQ;
SYNC Frequency Jsvne 200 - 700 kHz |- P_6.4.24
SYNC Vsyncon |2 - - \Y, - P_6.4.25
Turn On Threshold
SYNC Vsyncorr | — - 0.8 \Y, - P_6.4.26
Turn Off Threshold
SYNC Isync 15 30 45 MA Vsyne =2.0V; P_6.4.62
High Input Current
SYNC Isync,L 6 12 18 MA Vsyne = 0.8 V; P_6.4.63
Low Input Current
Gate Driver for external Switch
Gate Driver undervoltage Veste- 3.4 - 4 \Y% Veste = Vawnx P_6.4.64
threshold VBSTx-VSWNx_UVth | Vsyny uvin decreasing;
HSGDx NMOS driver on-state | Rpson_puy | 1-4 2.3 3.7 Q Vasts - Vewnk =5 V; |P_6.4.28
resistance (Gate Pull Up) HS L urce = 100 MA;
HSGDx NMOS driver on-state | Rpson_pp) | 0-6 1.2 2.2 Q Vastx - Vawnk =9 V; |P_6.4.29
resistance (Gate Pull Down) HS L = 100 mA;
LSGDx NMOS driver on-state Rpson puy | 144 2.3 3.7 Q Vivec ext =5V, P _6.4.30
resistance (Gate Pull Up) LS Lource = 100 MA,;
LSGDx NMOS driver on-state | Rpgon_pp) | 04 1.2 1.8 Q Vivec ext =5V, P_6.4.31
resistance (Gate Pull Down) Ls L = 100 mA;
HSGDx Gate Driver peak luscox src (380 |- - mA |V P_6.4.32
sourcing current Viscox - Vewng = 1V
to4V,
Vestx - Vawn= 9V
HSGDx Gate Driver peak sinking | lsgpx snk |410 - - mA |7 P_6.4.33
current Visepx - Vewnk =4V
to1V;
Vestx - Vawn= 9V
LSGDx Gate Driver peak lLsepx_src | 370 - - mA |V P 6.4.34
sourcing current Visapx=1Vto4dV,
Vivec ext =9V,
LSGDx Gate Driver peak sinking lLsepx_snk | 990 - - mA |V P _6.4.35
current Visepx=4Vio1V;
Vivee ext =9V,
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Table 6 EC Regulator (cont'd)
Vin =8V to 36V, T, =-40°C to +150°C, all voltages with respect to AGND; (unless otherwise specified)

Regulator Description

Parameter Symbol Values Unit | Note / Number
Min. |Typ. |Max. Test Condition

LSGDx OFF to HSGD ON delay | sogr- 15 30 40 ns R P_6.4.36
HSON_delay

HSGDx OFF to LSGD ON delay | fysorr. 35 60 75 ns |V P_6.4.37
LSON_delay

1) Not subject to production test, specified by design
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7 Digital Dimming Function

Digital Dimming Function

To change brightness of LED loads without affecting the lighting-color of the LED a digital Dimming function via

PWM (Pulse Width Modulation) is often required.

71 Description

PWM dimming is commonly practiced to prevent color shift in the LED light source.

Via Parallel Interface

The PWMI pin detects a pulse width modulated (PWM) signal that disable the gate drivers from delivering output

current.

uC

PWM

Digital dimming[}-——————»[

JPWMI

VS8S AGND
r !

X

Figure 17 Digital Dimming Overview
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1 tacTive -
VEN/lNUVLO 4
VENINUVLOth
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Towmi tewmiH
< <« e
Vewmd - >a—p
Vewmi,on / \
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PWMI, OFF- i \ i 1 .
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Figure 18 Timing Diagram LED Dimming and Start up behavior example ( V,,y stable in the functional
range and not during startup)
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7.2 Electrical Characteristics

Table 7 EC Digital Dimming
Vi =8V to 36V, T, = -40°C to +150°C, all voltages with respect to AGND; (unless otherwise specified)

Parameter Symbol Values Unit Note / Test Condition |Number
Min. ‘ Typ. ‘ Max.

PWMI Input:

PWMI Vewmi.on 2 - - Vv - P 721

Turn On Threshold

PWMI Vewm,oFF - - 0.8 \Y - P_722

Turn Off Threshold

PWMI Towmin 15 30 45 MA Vewm =2.0V; P_724

High Input Current

PWMI Loy, 6 12 18 MA Vewm = 0.8 V; P 725

Low Input Current
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8 Analog Dimming

The analog dimming feature allows further control of the output current. This approach is used to:
* Reduce the default current in a narrow range to adjust to different binning classes of the used LEDs.

» Adjust the load current to enable the usage of one hardware for several LED types where different current
levels are required.

* Reduce the current at high temperatures (protect LEDs from overtemperature).

* Reduce the current at low input voltages (for example, cranking-pulse breakdown of the supply or power
derating).

8.1 Description

The analog dimming feature is adjusting the average load current level via the control of the feedback error
Amplifier voltage (Vegy.raL)-

The SET pin is used to adjust the mean output current/voltage. The Vg range where analog dimming is enabled
is from 200mV to 1.5V. Different application scenarios are described in Figure 20.

Using the SET pin to adjust the output current:

For the calculation of the output current I the following Equation (5) is used:

Viegn =V
Iy = FBHR FBL (5)
FB

A decrease of the average output current can be achieved by controlling the voltage at the SET pin (Vg7) between
0.2V and 1.4V. The mathematical relation is given in the Equation (6) below:

Vr — 200 my
Loy = —H0— (6)
FB

If Vger is 200mV (typ.) the LED current is only determined by the internal offset voltages of the comparators.
To assure the switching activity is stopped and I, ;;=0, V4et has to be <100mV, see Figure 19

VeghraL 4
150mV
100mV
200mv 14V 15V Vser
| | Analog Dimming Enabled Anag’gg,’:&"i"g

Figure 19 Analog Dimming Overview
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Multi-purpose usage of the Analog dimming feature

1) A uC integrated digital analog converter (DAC) output or a stand alone DAC can be used to supply the SET pin
of the TLD5190QV.

2) The usage of an external resistor divider connected between Vg (accurate regulated supply output) SET and
GND can be chosen for systems without uC on board. The concept allows control of the LED current by placing
low power resistors.

3) Furthermore a temperature sensitive resistor (Thermistor) to protect the LED loads from thermal destruction can
be connected.

4) If the analog dimming feature is not needed, the SET pin should be connected to the VREF pin.

5) Instead of a DAC, the uC can provide a PWM signal and an external R-C filter to produce a constant voltage
for the analog dimming. The voltage level depends on the PWM frequency (fpy) @nd duty cycle which can be
controlled by the pc software after reading the coding resistor placed on the LED module.

O @

D/A-Output

uC

@ uC_supply
1

PWM output [} {1 SET
Riiter 1
uC
(e.g. XC2000)
Ciiter | Veser
GND

L

Figure 20 Different use cases for analog dimming pin SET

8.2 Electrical Characteristics
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Table 8 EC Analog Dimming
Vin =8V to 36V, T; = -40°C to +150°C, all voltages with respect to AGND; (unless otherwise specified)

Analog Dimming

Parameter Symbol Values Unit |Note/ Number
Min. |Typ. |Max. Test Condition
Source current on SET Pin IseT souce |- - 1 HA WVeer=0.2V to P_8.3.4
1.4V,
1) Specified by design: not subject to production test.
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9 Linear Regulator

The TLD5190QV features an integrated voltage regulator for the supply of the internal gate driver stages.
Furthermore an external voltage regulator can be connected to the IVCC_EXT pin to achieve an alternative gate
driver supply if required.

9.1 IVCC Description

When the IVCC pin is connected to the IVCC_EXT pin, the internal linear voltage regulator supplies the internal
gate drivers with a typical voltage of 5V and current up to I, (P_9.2.2). An external output capacitor with low ESR
is required on pin IVCC for stability and buffering transient load currents. During normal operation the external
MOSFET switches will draw transient currents from the linear regulator and its output capacitor (Figure 21,
drawing A). Proper sizing of the output capacitor must be considered to supply sufficient peak current to the gate
of the external MOSFET switches. A minimum capacitance value is given in parameter Cy,cc (P_9.2.4).

Alternative IVCC_EXT Supply Concept:

The IVCC_EXT pin can be used for an external voltage supply to alternatively supply the MOSFET Gate drivers.
This concept is beneficial in the high input voltage range to avoid power losses in the IC (Figure 21, drawing B).

Integrated undervoltage protection for the external switching MOSFET:

An integrated undervoltage reset threshold circuit monitors the linear regulator output voltage. This undervoltage
reset threshold circuit will turn OFF the gate drivers in case the IVCC or IVCC_EXT voltage falls below their
undervoltage Reset switch OFF Thresholds Ve rrhg (P_9.2.9) and Vo ext rTma (P_9.2.5).

The Undervoltage Reset threshold for the IVCC and the IVCC_EXT pins help to protect the external switches from
excessive power dissipation by ensuring the gate drive voltage is sufficient to enhance the gate of the external
logic level N-channel MOSFETSs.

Internal IVCC [|] Internal IvCC
Vin B VReGg [t T Vin VREG r—o—H

Power Power
On Reset L On Reset
L External
I\VCC_EXT I\VCC_EXT T _VREG
\ 4 \ 4 I
Gate Drivers Gate Drivers

Figure 21 Voltage Regulator Configurations
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9.2 Electrical Characteristics

Table 9 EC Line Regulator
Vi =8V to 36V, T, = -40°C to +150°C, all voltages with respect to AGND; (unless otherwise specified)

Linear Regulator

Parameter Symbol Values Unit Note / Test Condition |Number
Min. ‘ Typ. ‘ Max.

IVCC

Output Voltage Vivee 4.8 5 5.2 \Y V=135V, P_9.2.1
0.1mA < [ycc < 50mA;

Output Current Limitation |1}, 70 90 110 mA R P_9.2.2
Vvec =4V,

Drop out Voltage (V) - Vpr - 200 350 mV VNn=5V; P_9.2.3

Vivee) livce = 10 MA;

IVCC Buffer Capacitor | Cyycc 10 - - uF M2 P_9.2.4

IVCC_EXT Undervoltage | Vycc ext |37 3.9 4.1 \Y %) P_9.25

Reset switch OFF RTH.d Vivce_ext decreasing;

Threshold

IVCC Undervoltage Vivee rh, |37 3.9 4.1 \Y %) P_9.2.9

Reset switch OFF d Vivcc decreasing;

Threshold

IVCC and IVCC_EXT Viveex ny | 0.3 0.33 0.36 \Y Vvce increasing; P_9.2.6

Undervoltage Hysterisis | g7 Vivec_ext increasing

VREF voltage VRer 1.94 2 2.06 \ 0 < lyrer < 200pA; P_9.2.8

1) Not subject to production test, specified by design

2) Minimum value given is needed for regulator stability; application might need higher capacitance than the minimum. Use
capacitors with LOW ESR.

3) Selection of external switching MOSFET is crucial. Viyec ext rrig @Nd Viyec rri,g MiN. as worst case Vgg must be

considered.
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10 Protection and Diagnostic Functions

10.1 Description

The TLD5190QV has integrated circuits to diagnose and protect against overvoltage, open load, short circuits of
the load and overtemperature faults.

In IDLE state, only the Over temperature Shut Down, Over Temperature Warning, IVCC or IVCC_EXT
Undervoltage Monitor or Vgynuvio Undervoltage Monitor are reported according to specifications.

In Figure 22 a summary of the protection, diagnostic and monitor functions is displayed.

Protection and Diagnostic
Overvoltages _ EF1. EF2
Open Load —T\
| OR » No output current
Short at the Load L/
Dovice Linear Regulators
Vi OFF
Overtemperature :R\ »! (only IVCC disabled
in case of
Input overtemperature)
Undervoltage
Monitoring
IOUTMON | KILIS Factor 8 IouUT
IINMON o KILIS Factor 20 [IN
Figure 22 Protection, Diagnostic and Monitoring Overview - TLD5190QV
Input Output
Condition Level* EF1 EF2 Gate Drivers IVCC
Open Load / False H H Sw* Active
Overvoltages True H L L Active
False H H Sw* Active
Shorted LED fault True L H L Active
Overtemperature False H H Sw* Active
P True L L L Shutdown
*Note:
Sw = Switching
False = Condition does not exist
True = Condition does exist

Figure 23 Diagnostic Truth Table - TLD5190QV

Note: A device Overtemperature event overrules all other fault events!
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10.2 Overvoltage, Open Load, Short circuit protection

The VFB pin measures the voltage on the application output and in accordance with the populated resistor divider,
short to ground, open load and overvoltage thresholds are set. Refer to Figure 24 for more details.

VIN
o

Cwece
| I
D, D | Vout
/ Rrs
8- I 1
—
— ChsT1 CBSTj_ l—| l
¢ —— [ M
—] T : ICOUT Rvren_» VVFB_OVTH
Lour —
VVFBfOL,rise
Hl M3
Rvel ™ Vire_s2c Q

Figure 24 VFB Protection Pin - Overview

10.2.1 Short Circuit protection

The device detects a short circuit if this condition is verified:
* The pin VFB falls below the threshold voltage Vg g5 for at least 8 clock cycles
A voltage divider between V1, VFB pin and AGND is used to adjust the application short circuit thresholds

following Equation (8).

R + R
V VVFB . VFBH VFBL ( 7 )

short _led — 526G

RVFBL

The TLD5190QV provides an open-drain status pin, EF1, which pulls low when the short circuit is detected. The
only time the FB pin will be below Vg 5o is during start-up or if the LEDs are shorted. During start-up the
TLD5190QYV ignores the detection of a short circuit or an open load until the soft-start capacitor reaches 1.75V.
To prevent false tripping after startup, a large enough soft-start capacitor must be used to allow the output to get
up to approximately 50% of the final value.

Note: If the short circuit condition disappears, the device will re-start with the soft start routine as described in
Chapter 6.2.

10.2.2 Overvoltage Protection

A voltage divider between V5,1, VFB pin and AGND is used to adjust the Overvoltage protection threshold (refer
to Figure 24).
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To fix the overvoltage protection threshold the following Equation (8) is used:

V _ V . RVFBH + RVFBL 8
OUT _OV _ protected — " VFB_OVTH R ( )
VFBL

In case of overvoltage events at the input and output, the open-drain status pin EF2 will toggle to LOW, while EF1
will stay at HIGH. After the overvoltage event disappeared the device will auto restart and the status pin EF2 will
toggle to HIGH.

10.2.3 Open Load Protection

To reliably detect an open load event, two conditions will be observed:
1) Voltage threshold: Vyeg>Vyeg oL rise
2) output information: V gy rp)<VreH_FeL oL

The TLD5190QV provides an open-drain status pin, EF2, which pulls low when the VFB pin is above Vyeg o rise
threshold and the voltage across Vggy.rg) is less than Vegyy gg o, - If the open LED clamp voltage is programmed
correctly using the VFB pin, then the VFB pin should never exceed 1.28V (V\ggo 1o When the LEDs are connected.

After an Open Load error the TLD5190QV is autorestarting the output control accordingly to the implemented
Softstart routine. An Open Load error causes an increase of the output voltage as well. An Overvoltage condition
could be reported in combination with an Open Load error (in general, multiple error detection may happen if more
error detection thresholds are reached during the autorestart funcion, as possible consequence of reactive
behavior at the output node during open load).

The COMP capacitor is discharged during an Open Load condition to prevent spikes if load reconnects. This
measure could artificially generate Short Circuit detections after open loads events.

10.3 Input voltage monitoring, protection and power derating

Input overvoltage and undervoltage shutdown levels can both be defined through an external resistor divider, as
shown in Figure 25.

Both INOVLO and EN/INUVLO pin voltages are internally compared to their respective thresholds by means of
hysteretic comparators.
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Neglecting the hysteresis, the following equations hold:

RI

urv, =1+ ———
R, + R,

J .EN | INUVLO ,

oV, = (1 + R';—RzJ . INOVLO

3

Protection and Diagnostic Functions

©)

(10)

(11)

n
( Vour Lour J
1
VIN _ boundary = (12)
n
%
IIN — I]}le—INZ (13)
IN
%
]OUT — Fi;l—FBL (14)
FB
Py 4 Rin
IN Vi 1 [T]
[ IN2
{1IN1
=
= _8 REGULATION OFF R4
g P (output current loop) 7 EN/INUVLO
o
E 3 R
= 1INOVLO
-3
OFF £ Rs
I -
VeninuvLoth VIN_boundary VinovLom VI N
Figure 25 Input Voltage Protection
Data Sheet 41 Rev. 1.0, 2016-05-20



o« . H-Bridge DC/DC Controller
@l Nn eo/n TLD5190QV

Protection and Diagnostic Functions

10.4 Input current Monitoring
The IINMON pin provides a linear indication of the current flowing through the input. The following Equation (15)

is applicable:
VI]NMON = [IN 'RIN -20 (15)

Note: If the R, value is choosen in a way that the current limitiation is much bigger than the nominal input current
during the application the current measurement becomes inaccurate. Best results for an accurate current
measurement via the V,on pin is to set the current limit only slightly above the specific application related
nominal input current.

10.5 Output current Monitoring

The IOUTMON pin provides a linear indication of the current flowing through the LEDs. The following
Equation (16) is applicable:

Viovrmon = 200mV + 1., - Ry -8 (16)
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10.6 Device Temperature Monitoring

A temperature sensor is integrated on the chip. The temperature monitoring circuit compares the measured
temperature to the shutdown threshold.

If the internal temperature sensor reaches the shut-down temperature, the Gate Drivers plus the IVCC regulator
are shut down as described in Figure 26.

The CLKOUT function is disabled during an overtemperature event and will autorestart when the device cooled
down and IVCC is present again.

Note: The Device will start up with a soft start routine after a overtemperature condition disappear.

T;

Tiso

AT
Tiso

Ta t

T

xSGDx

LED
current

EF1, EF2
and IVCC

5V

Overtemp
Fault

Overtemp!
Fault

Overtemp
Fault

Device Overtemp
OFF Fault

Figure 26 Device Overtemperature Protection Behavior

Data Sheet 43 Rev. 1.0, 2016-05-20



o« . H-Bridge DC/DC Controller
@l Nn eo/n TLD5190QV

Protection and Diagnostic Functions

10.7 Electrical Characteristics

Table 10  EC Protection and Diagnosis
Vi =8V to 36V, T, = -40°C to +150°C, all voltages with respect to AGND; (unless otherwise specified)

Parameter Symbol Values Unit |Note / Test Condition |Number
Min. ‘Typ. ‘ Max.

Short Circuit Protection

Short to GND Vyrs_s26 0.53 0.563 0.59 \Y, V\rg decreasing; P_10.8.1
threshold

Temperature Protection:

Over Temperature | T gp 160 175 190 °C R P_10.8.4
Shutdown

Over Temperature | 7} gp pyst - 10 - °C R P_10.8.5
Shutdown

Hysteresis

Overvoltage Protection:

VFB Over Voltage | Vyeg oyt 1.42 1.46 1.50 \ P_10.8.6
Feedback

Threshold

Output Over Vies ovtHpy |29 40 58 mV Output Voltage P_10.8.7
Voltage Feedback |g decreasing;

Hysteresis

Open Load and Open Feedback Diagnostics

Open Load rising | Vyeg oLrise | 1-29 1.34 1.39 \ Vegrra, =0V, P_10.8.9
Threshold

Open Load VesnreL oL |~ 15 225 mV Veg =14V, P_10.8.10
reference Voltage

VEsH-FBL

Open Load falling | Ve o fai 1.23 1.28 1.33 \Y Vegrra, =0 V; P_10.8.11
Threshold

Input Overvoltage protection

Input Overvoltage | V\yoviom 1.9 2 2.1 \% - P_10.8.12
rising Threshold

Input Overvoltage | Vinovionysy | 18 40 62 mV - P_10.8.13
Threshold

Hysteresis

Error Flags

EF1,2 Pin Output | Rggqs - 2.1 - kQ DFault Condition P_10.8.14
Impedance I=100uA

1) Specified by design; not subject to production test.
Note: Integrated protection functions are designed to prevent IC destruction under fault conditions described in the

data sheet. Fault conditions are considered as “outside” normal operating range. Protection functions are
not designed for continuous repetitive operation.
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11 Infineon FLAT SPECTRUM Featureset

11 Description

The Infineon FLAT SPECTRUM feature set has the target to minimize external additional filter circuits. The goal
is to provide several beneficial concepts to provide easy adjustments for EMC improvements after the layout is
already done and the HW designed.

11.2 Synchronization Function

The TLD5190QV features a SYNC input pin which can be used by a pC pin to define an oscillator switching
frequency. The uC is responsible to synchronize with various devices by applying appropriate SYNC signals to
the dedicated DC/DC devices in the system. Refer to Figure 27

Note: The Synchronization function can not be used when the Spread Spectrum is active.

H-Bridge DCDC
MASTER BUCK-
SYNC
BOOST
—» —»
LOGIC |H GATE
CONTROL
e.g. 400kHz
Phaseshift A
H-Bridge DCDC
Slave BUCK-
SYNC BOOST defined phase shift between
»[— LOGIC H{ GATE Outputs of different devices
e.g. 400kHz INPUT CONTROL
Phaseshift B

Figure 27 Synchronization Overview

11.3 CLKOUT Function

The CLKOUT pin provides an in-phase clock signal provided by the internal oscillator. This signal can be used to
synchronize two devices for extending output power capability.
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DCDC

MASTER BBgng_T
QUTPUTL, || oaic GATE
S B CONTROL
DCDC
Slave BUCK-
- BOOST
——— = 1+—» LOGIC GATE
INPUT CONTROL
Figure 28 CLKOUT Overview
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1.4 Spread Spectrum

The Spread Spectrum modulation technique significantly improves the lower frequency range of the spectrum
(fF<30MHz).

By using the spread spectrum technique, it is possible to optimize the input filter only for the peak limits, and also
pass the average limits (average emission limits are -20dB lower than the peak emission limits). By using spread
spectrum, the need for low ESR input capacitors is relaxed because the input capacitor series resistor is important
for the low frequency filter characteristic. This can be an economic benefit if there is a strong requirement for
average limits.

The TLD5190QV features a built in Spread Spectrum function which can be enabled via an external Pin
(SPREAD_ SPECTRUM = HIGH). The modulation frequency fr\,, P_11.6.3 and the deviation frequency f,.,, P_11.6.2
are internally fixed. Refer to Figure 29 for more details.

Note: The Spread Spectrum function can not be used when the synchronization pin is used.

fsw 5

ACACAL

4%4

\ fFM

fd ev

Figure 29 Spread Spectrum Overview
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11.5 EMC optimized schematic

Figure 30 below displays the Application circuit with additional external components for improved EMC behavior.

Lei
Vin Dy Rin Cie

AL VI o DU
T 1T
11 11

Cpit Cpi2 Cr Cpu

Alternative 1
external
VREG supply

Lro
Res m
—J
i TT 1T
1
R || 1L L1
R, Crot Cro Cros Cpos
RraL
Rs
Q
4LEDin 2
series /
Digital dimminig 1A X
Advanced monitoring via uC X
SYNC of other DCDC
Spread Spectrum ON /OFF \\

Analog dimminig

Errorflag monitoring

Figure 30 Application Drawing Including Additional Components for an Improved EMC Behavior

Note: The following information is given as a hint for the implementation of the device only and shall not be
regarded as a description or warranty of a certain functionality, condition or quality of the device.
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11.6 Electrical Characteristics

Table 11 EC Spread Spectrum
Vi =8V to 36V, T, = -40°C to +150°C, all voltages with respect to AGND; (unless otherwise specified)

Parameter Symbol Values Unit |Note/ Number
Min. ‘ Typ. ‘ Max. Test Condition
Spread Spectrum Parameters
Frequency Deviation Jaev - 16 |- % | P_11.6.2
SPREAD_SPEC
TRUM = HIGH;;
Frequency Modulation Jem - 12 - kHz |V P_11.6.3
SPREAD_SPEC
TRUM = HIGH;
Input Characteristics (SPREAD_SPECTRUM)
SPREAD_SPECTRUM Vspreap_spe |2 - - \ - P_11.6.5
Turn On Threshold CTRUM.ON
SPREAD_SPECTRUM Vspreap spe |~ - 0.8 \ - P_11.6.6
Turn Off Threshold CTRUM.OFF
SPREAD_SPECTRUM Ispreap spec | 19 30 45 MA | Vepreap_specTrum |P_11.6.8
High Input Current TRUM.H =20V,
SPREAD_SPECTRUM Ispreap _spec |6 12 18 MA | Vepreap_spectrum |P_11.6.9
Low Input Current TRUM.L =0.8V;
Output Characteristics (CLKOUT)
L level output voltage Vewkoury |0 - 0.4 \ Ioikour =-2mMA; |P_11.6.10
H level output voltage Vowkoutry | Vivee = |~ Vvee |V Ioikour =2mA; |P_11.6.11
04V

1) Specified by design; not subject to production test.
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Application Information

Note: The following information is given as a hint for the implementation of the device only and shall not be
regarded as a description or warranty of a certain functionality, condition or quality of the device.

VINC

Alternative
external
VREG supply

EN/INUVLO

INOVLO

Cast1 Cast2

Lour

E [JCOmP Lseprhl X
[ 1SOFT_START swesty . h
[Rewo HLIFREQ SGND : High
SYNC of other DCDC CLKOUT PGNDI I Power
uC SYNC signal [1SYNC PGND2| : LED Load
Spread Spectrum ON/OFF [1Spread_spectum oo [
IVCC_ext Digital dimminig — Rewy L1 PWMI HS\‘?EBZ
nalog dimmini [ Reer ] \S/:'EF FBH Q
1] s montamy 3—CEmt—Tgmon -
- Errorflag monitoring EE; Vs AGND
T
Figure 31 Application Drawing - TLD5190QV as current regulator
Table12 BOM - TLD5190QV as current regulator (Ioyr = 1A, fow = 300kHz)
Reference Designator | Value Manufacturer |Part Number Type Quantity
Dy, D, Schottky Diode TBD TBD Diode 2
Cini 1 uF, 100V EPCOS X7R Capacitor 1
Cinz 4.7 uF, 100V EPCOS X7R Capacitor 5
Ciiter 470 nF, 6.3V EPCOS X7R Capacitor 1
Ceomp 22 nF, 16V EPCOS X7R Capacitor 1
CsoFT START 22 nF, 16V EPCOS X7R Capacitor 1
Cout1 4.7 uF, 100V EPCOS X7R Capacitor 3
Cout2s CoutsiCrer 100 nF, 100V EPCOS X7R Capacitor 3
Cyv 10 uF , 10V EPCOS X7R Capacitor 1
Ciast1r Casra 100 nF, 16V EPCOS X7R Capacitor 2
1C, — Infineon TLD5190QV IC 1
Loyt 10 uH Coilcraft XAL1010- Inductor 1
103MEC
Riter 50 Q, 1% Panasonic TBD Resistor 1
Reg 0.150 Q, 1% Panasonic TBD Resistor 1
Ry 0.003 Q, 1% Panasonic TBD Resistor 1
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BOM - TLD5190QV as current regulator (o1 = 1A, fsw = 300kHz)

Reference Designator | Value Manufacturer |Part Number Type Quantity

Ry, Ry, Rs, Reny Ry | XX KQ, 1% Panasonic TBD Resistor 10

RSense1! RSenseZ; RSYNC!

Rept; Repg, Reer

Ryrg; Ryrsn 1.5 kQ, 56 kQ, 1% Panasonic TBD Resistor 2

Reomp 0Q Panasonic TBD Resistor 1

Rerea 37.4kQ, 1% Panasonic TBD Resistor 1

Res 0.005 Q, 1% Panasonic ERJB1CFRO5U | Resistor 1

M1, M2, M3, M4 Dual MOSFET: Infineon IPG20N10S4L-35 | Transistor 2
100V/35mQ, N-ch

Vino

Alternative
external
VREG supply

EN/INUVLO

==

SYNC of other DCDC

INOVLO

IVCC_ext

Analog dimminig
E E Advanced monitoring

puC SYNC signal
Spread Spectrum ON/OFF

Digital dimminig

Crer

Couts

J_ Errorflag monitoring

A A

—F

O
) Vour

i

Figure 32 Application Drawing - TLD5190QV as voltage regulator

Table 13 BOM - TLD5190QV as voltage regulator (I, = 1A, fsyw = 300kHz)

Reference Value Manufacturer |Part Number Type Quantity
Designator

Dy, D, Schottky Diode TBD TBD Diode 2

Cin 1 yF, 100V EPCOS X7R Capacitor 1

Cinz 4.7 yF, 100V EPCOS X7R Capacitor 5

Ciiter 470 nF, 6.3V EPCOS X7R Capacitor 1

Ceomp 22 nF, 16V EPCOS X7R Capacitor 1

CsoFT START 22 nF, 16V EPCOS X7R Capacitor 1

Couti 4.7 yF, 100V EPCOS X7R Capacitor 3
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Table 13 BOM - TLD5190QV as voltage regulator (15,1 = 1A, fsw = 300kHz)
Reference Value Manufacturer |Part Number Type Quantity
Designator
Coutz CoutsCrer 100 nF, 100V EPCOS X7R Capacitor 3
Cyvee 10 uF , 10V EPCOS X7R Capacitor 1
Ciast1) Casta 100 nF, 16V EPCOS X7R Capacitor 2
1C, — Infineon TLD5190QV IC 1
Loyt 10 uH Coilcraft XAL1010-103MEC | Inductor 1
Riier 50 Q, 1% Panasonic TBD Resistor 1
Reg1, Rego, Regs XXkQ, 1% Panasonic TBD Resistor 3
R 0.003 Q, 1% Panasonic TBD Resistor 1
Ry, Ry, Rs, Reny Ry | XX KQ, 1% Panasonic TBD Resistor 10
RSense1! RSenseZ; RSYNC’
Rerq; Rero; Rer
Ryrgi, Ryran 1.5kQ, 56 kQ, 1% Panasonic TBD Resistor 2
Reomp 0Q Panasonic TBD Resistor 1
Rereq 37.4kQ, 1% Panasonic TBD Resistor 1
Res 0.005 Q, 1% Panasonic ERJB1CFRO5U Resistor 1
M1, M2, M3, M4 Dual MOSFET: Infineon IPG20N10S4L-35 |Transistor 2
100V/35mQ, N-ch
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121 Further Application Information

Typical Performance Characteristics of Device

TJ = 25°C, V=12V unless otherwise specified
IVCC Dropout vs Current IVCC Voltage vs Temperature
2,5 5,20
5,15
2
\ 510 lvec=10mA
—Tj=-40°C %
5,05
15— —=Tj=150°C
= s |
g . o = 1 /
= Tj=25°C g 5,00 //'
>g >
| / B e
/ 4,50
0,5
% 485
0 | | 4,80
0 10 20 30 40 50 -40 10 60 110
LDO current [mA] Temperature [°C]
IVCC Load regulation Vean.rer) Threshold vs Vg,
5,2 154
5,15 153
Analog Dim. = 100%
5,1 152
5,05 S 151
= E
2 =
g 5 @ 150
H +
> I
2 A
4,95 S 149
49 148
4,85 147
48 146
0 10 20 30 40 50 0 10 20 30 40 50 60
lycclmA] VFBH [V]
Vegh-ray) Threshold vs Temp IOUTMON Voltage vs Temp
154 I I I 1,44
——Analog Dim.=100%, FBH=0,15V
153 1,43
——Analog Dim.=100%, FBH=12V
152 1,42
Analog Dim.=100%, FBH=60V
151 141 Vierrey = 150mV
5 =
E E
g150 — £ [y
Z 3 L
£ — / > |—
> 149 Lo 139
148 / 1,38
147 1,37
146 1,36
-40 10 60 110 -40 10 60 110
Temperature [°C] Temperature [°C]

Figure 33 Characterization Diagrams 2
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TJ =25°C, V|\=12V unless otherwise specified
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2,06

TJ = 25°C, V,=12V unless otherwise specified

Vger Load Regulation
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Figure 35 Characterization Diagrams 4

» For further information you may contact http://www.infineon.com/
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Figure 36 PG-VQFN-48-31 (with LTI)

Green Product (RoHS compliant)

To meet the world-wide customer requirements for environmentally friendly products and to be compliant with
government regulations the device is available as a green product. Green products are RoHS-Compliant (i.e Pb
free finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).

For further information on alternative packages, please visit our website:
http://www.infineon.com/packages. Dimensions in mm
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Legal Disclaimer

The information given in this document shall in no event be regarded as a guarantee of conditions or
characteristics. With respect to any examples or hints given herein, any typical values stated herein and/or any
information regarding the application of the device, 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.

Information

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

Warnings

Due to technical requirements, components may contain dangerous substances. For information on the types in
question, please contact the nearest Infineon Technologies Office.

Infineon Technologies components may be used in life-support devices or systems only with the express written
approval of Infineon Technologies, if a failure of such components can reasonably be expected to cause the failure
of that life-support device or system or to affect the safety or effectiveness of that device or system. Life support
devices or systems are intended to be implanted in the human body or to support and/or maintain and sustain
and/or protect human life. If they falil, it is reasonable to assume that the health of the user or other persons may
be endangered.
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