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About this document
Scope and purpose

The scope of this user guide is to provide instructions on the use of the TLD7002-16SYS_EVAL board.
The TLD7002-16SYS_EVAL is an evaluation platform for the TLD7002-16ES LED driver, which features:
« 1l6independent channels set from 5 mA to 76.5 mA

+  Power stages can be paralleled for higher currents

+ 16independent 14 bits PWM engines

+  UART over CAN interface (HSLI High speed lighting interface)

+  OTP (one time programmable) configuration memory

Intended audience

Hardware and Firmware engineers
Evaluation board

This board is to be used during the design-in process for evaluating and measuring characteristic curves, and
for checking datasheet specifications.

Note: PCB and auxiliary circuits are NOT optimized for final customer design.

User guide Please read the sections "Important notice" and "Warnings" at the end of this document Rev. 1.40
www.infineon.com 2025-10-06


https://www.infineon.com

o~ _.
TLD7002-16SYS_EVAL board Infin eon
User guide

Important notice

Important notice

“Evaluation Boards and Reference Boards” shall mean products embedded on a printed circuit board
(PCB) for demonstration and/or evaluation purposes, which include, without limitation, demonstration,
reference and evaluation boards, kits and design (collectively referred to as “Reference Board”).

Environmental conditions have been considered in the design of the Evaluation Boards and Reference
Boards provided by Infineon Technologies. The design of the Evaluation Boards and Reference Boards has
been tested by Infineon Technologies only as described in this document. The design is not qualified in
terms of safety requirements, manufacturing and operation over the entire operating temperature range
or lifetime.

The Evaluation Boards and Reference Boards provided by Infineon Technologies are subject to functional
testing only under typical load conditions. Evaluation Boards and Reference Boards are not subject to the
same procedures as regular products regarding returned material analysis (RMA), process change
notification (PCN) and product discontinuation (PD).

Evaluation Boards and Reference Boards are not commercialized products, and are solely intended for
evaluation and testing purposes. In particular, they shall not be used for reliability testing or production.
The Evaluation Boards and Reference Boards may therefore not comply with CE or similar standards
(including but not limited to the EMC Directive 2004/EC/108 and the EMC Act) and may not fulfill other
requirements of the country in which they are operated by the customer. The customer shall ensure that
all Evaluation Boards and Reference Boards will be handled in a way which is compliant with the relevant
requirements and standards of the country in which they are operated.

The Evaluation Boards and Reference Boards as well as the information provided in this document are
addressed only to qualified and skilled technical staff, for laboratory usage, and shall be used and
managed according to the terms and conditions set forth in this document and in other related
documentation supplied with the respective Evaluation Board or Reference Board.

It is the responsibility of the customer’s technical departments to evaluate the suitability of the
Evaluation Boards and Reference Boards for the intended application, and to evaluate the completeness
and correctness of the information provided in this document with respect to such application.

The customer is obliged to ensure that the use of the Evaluation Boards and Reference Boards does not
cause any harm to persons or third party property.

The Evaluation Boards and Reference Boards and any information in this document is provided "as is"
and Infineon Technologies disclaims any warranties, express or implied, including but not limited to
warranties of non-infringement of third party rights and implied warranties of fitness for any purpose, or
for merchantability.

Infineon Technologies shall not be responsible for any damages resulting from the use of the Evaluation
Boards and Reference Boards and/or from any information provided in this document. The customer is
obliged to defend, indemnify and hold Infineon Technologies harmless from and against any claims or
damages arising out of or resulting from any use thereof.

Infineon Technologies reserves the right to modify this document and/or any information provided
herein at any time without further notice.
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Safety precautions

Note: Please note the following warnings regarding the hazards associated with development systems.

Table 1 Safety precautions

Caution:

The device surface of the evaluation or reference
board may become hot during testing. Hence,
necessary precautions are required while handling the
board. Failure to comply may cause injury.
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1 The board at a glance

1 The board at a glance

TLD7002-16SYS_EVAL consists of one PCB, with 3 snappable sections:
« 1xCAN transceiver section

o 2xLEDdriver, TLD7002-16ES section

+ 2XxLED load section

The 5 sections of the PCB can be snapped in order to mimic different system implementation. It is possible to
connect the snapped sections by means of wires or 2.54 mm pin headers.

TRANSCEIVER LED DRIVER LED LOA

i D
O nowe

el J=
e ea |
Qon (o, Wae,

Figure 1 TLD7002-16SYS_EVAL

The two TLD7002-16ES devices in the TLD7002-16SYS_EVAL have a pre-programmed OTP, with addresses 2 and
3 as shown in the PCB silk screen circled numbers. Qutput current is set to 20 mA. The output current may be
increased by emulating a new OTP configuration (see OTP programming application note [3]). The OTP
configuration array which was used to program the TLD7002-16SYS_EVAL can be downloaded from the
TLD7002-16SYS_EVAL website [4].
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1.1 Getting Started: LITIX™ Pixel Rear Configuration Wizard

+ Download and install Infineon Developer Center (IDC) Launcher

+ Install and run the LITIX™ Pixel Rear Configuration Wizard application in the IDC

+  Runthe TLD7002-16ES "HSLI control" to command the evaluation board

+ Runthe TLD7002-16ES "OTP config" to emulate a different OTP memory of the TLD7002-16ES device

il

(lﬁ-ﬁneon_ LITIX™ Pixel Rear Configuration Wizard

File Extras Actions

|

TLD7002-16ES

The TLD7002-16E5S is a 16 channel device with
integrated and protected output stages.

Interface board: | uID Stick N

--------h

¢
: PN :
Available tools:] D "

I OTP Config HSLI Control |

--------J

Figure 2 LITIX™ Pixel Rear Configuration Wizard Device selection page
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1.2 Block diagram
Below, find the block diagram of the TLD7002-16SYS_EVAL.

Note: Microcontroller and power supply are not included
VTRANSCEIVER SECTION HSLI-H VLED DRIVER SECTION ' LED LOAD SECTION
Microcontroller HSLI-L VLED
GPINO olTo
GPIN1
TLE9351VS) TLD7002-16ES G
VLED REV VLED_REV ADDRESS 2
Power Supply | VS_REV VS_REV.
| GND GND
E = E| E [=]
22 |&l°
LED DRIVER SECTION LED LOAD SECTION
VLED
GPINO
GPIN1 0uUTo
TLD7002-16ES Sl
ADDRESS 3
Figure 3 TLD7002-16SYS_EVAL block diagram
1.3 Board parameters
Table 2 Board parameters
Parameter Symbol Values Unit Note or test condition
Min. Typ. Max.
Input voltage Vs rev |6 7 28 v Reverse protection diode is present
TLD7002-16ES and will decrease the effective Vs
voltage approximately 200 mV below
Vs_rev
Input voltage LED | Vigp rev |6 7 20 v Vi ep ADC reading voltage has 20 V full
35 scale, higher voltage will lead to
erroneous LED forward voltage
reading. The TLD7002-16ES is a linear
regulator. Thermal derating may occur
for high V| gp and high duty cycle
applied
Control voltage Vepinx -0.3 - 20 v Able to use up to 20V at the GPINXx test
GPINX points because of the limiting resistor
present in the PCB
Output current louTn 5.6 20 76.5 mA Output current OTP setting is 20 mA for
the TLD7002-16SYS_EVAL
User guide 7 Rev. 1.40
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2 Quick start
2.1 Operational modes summary

The TLD7002-16SYS_EVAL can operate in three different manners.
«  Fail safe operation

«  GPINxdirect drive control

«  HSLI bus control

2.2 Fail safe operation

The TLD7002-16ES devices on the TLD7002-16SYS_EVAL are programmed watchdog timeout set to 2 s. If within
2 seconds from the board power up, no HSLI communication is received by the TLD7002-16ES, then the fail safe
configuration will turn on as shown in figure below.

To check the device in Fail safe operation:

1. Close JVS_VL in order to use a single power supply (or use 2 power supplies for VS and VLED_REV)

2. Connect the GND at the - terminal of a 6 V to 20 V 500 mA power supply

3. Connect VS_REV to the + terminal of the power supply

4 The OTP programmed fail safe configuration will turn on after 2 s as shown in figure below

TLD7002-165YS_EVAL

a'lz'si 'lﬁiﬁl 'lif?aal'?f:'ia 'fl'iq"iiﬁ_iiifés:?fﬁﬁ
P g
i T

JVS_VL
closed

: *SI:':@

@D EDe i =1
.. Cinfineon
o [ T

Figure 4 TLD7002-16SYS_EVAL fail safe operation with 1 supply only
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2.3 GPINXx direct drive control

1. Close JVS_VL to use a single power supply (or use 2 power supplies for VS and VLED_REV)

2, Connect the GND at the - terminal of a 6 V to 20 V 500 m A power supply

3. Connect VS_REV to the + terminal of the power supply

4, Connect GPINO or GPIN1 test points to VDD5V test point directly to VBAT or to the VDD test point

5. The respective GPINO or GPIN1 OTP configuration, pre-written in the OTP, will light up

Note that in addition, the fail safe configuration remains active, unless correct HSLI messages are received from
the TLD7002-16 kicking the watchdog.
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f\? 8 == 8010 @ ' . GPINTa B |
GPIN1a J —r " Deaﬁ uaai Fsa ‘JSB DiDB ?ma puajuu ;UU I
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Figure 5 TLD7002-16SYS_EVAL GPINO direct control with 1 supply only

GPIN are notintended for PWM transfer to the LED, but only as activators of the output, and the output will
produce a pre-defined duty cycle, which is stored on the OTP configuration.

Which LED are turned on when a GPIN is “logic high” are stored in the GPINO_MAP and GPIN1_MAP OTP
registers, Which duty cycle is produced at the outputs (mapped to that GPIN) when the GPINx “HIGH” is
applied, is the one stored in DCO_OUTi and DC1_OUTi registers.

GPINx have 2 options for control:
+  PWM decoding enabled: can use an Input PWM Signal to either Enable or Disable LED output
- Interprets an input PWM Duty Cycle < 25% as OFF, Disabling GPINx mapped outputs
- Interprets an input PWM Duty Cycle > 75% as ON, Enabling GPINx mapped outputs
+  PWM decoding disabled: can use static Input HIGH or LOW Signal to Enable or Disable LED outputs
- HIGH > Disabling GPINx mapped outputs
- LOW > Enabling GPINx mapped outputs

If PWM decoding is disabled on the OTP configuration; which is the case for the TLD7002-16SYS_EVAL, and the
user applies a duty cycle at the GPINO, this may result in a flicker. The flicker is as a result of the device sampling
the GPINO in random points of the PWM input signal, and therefore it is possible that the output turns ON (with
duty specified on DCO_OUTi) or outputs turn OFF.
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2.4 HSLI bus control

The TLD 7002-16ES can be connected to an external microcontroller UART. The TLD7002-16ES device drivers are

available on the TLD7002-16ES webpage [2].

. Close JVS_VL to use a single power supply

. Connect the GND at the - terminal of a6V to 20V 1 A power supply

Connect VS_REV to the + terminal of the power supply

Connect GND, RX, TX COMMANDER test points to a commander uC GND, RX(UART), TX(UART)

. Write and Execute on the pC a software which controls two TLD7002-16 at addresses 2 and 3

. If the sequence of commands is correct, the TLD7002-16SYS_EVAL will exit the fail safe and follow
commands received from the HSLI bus
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Figure 6 TLD7002-16SYS_EVAL pC control
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2.5 Control with Arduino UNO R3 and demo software sketch

The LITIX™ TLD7002-16ES_software_examples is an example of usage of the TLD7002-16ES device drivers and
TLD7002-16 functional layer. Several examples are present to demonstrate all the features of the TLD7002-16ES
devices, from a simple ADC reading to a complete light system implementations with diagnostic features
(TLD7002_16SW_example60_LightSysFull).

1. Download the "LITIX™ TLD7002-16ES_software_examples” [4] and select the preferred sketch

2. Download and open the Arduino IDE [1]

3. Connect the Arduino UNO R3 board to the PC with a USB cable

4, Upload the TLD7002-16SYS_EVAL sketch in the Arduino UNO (DO pin must be disconnected)

5. Close JVS_VL in order to use a single power supply

6. Connect the TLD7002-16SYS_EVAL to the Arduino UNO with jumper wires as shown in the figure below
a. GPINOa and GPINOb connections are optional, use them if OTP emulation is needed

7. Connect the GND at the (-) terminal of a 6 Vto 20 V 1 A power supply

8. Connect VS_REV to the + terminal of the power supply

9. The example will now run (e.g. TLD7002_16SW_example60 will show moving lights)

10. Optional: open Tools > Serial Monitor and set the speed to 230400 bps to see diagnostic prints (e.g. ADC
readings)

Note: It is not possible to upload a sketch to the Arduino UNO R3 if the RX commander Jumper wire is

connected to the Arduino. Therefore, when a new sketch is uploaded, the RX commander wire must be
momentarily disconnected from the Arduino DO pin.

Note: Arduino UNO R3 has limited memory; when memory exceeds approximately 85% during compilations,
unexpected behavior can occur. It is recommended to use Arduino UNO R4 to run the LITIX™
TLD7002-16ES_software_examples.
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{ ex ATes O I R I
R 4 o LED LEDNe DN |
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Figure7 TLD7002-16SYS_EVAL board connected to an Arduino UNO
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2.6 Control with Arduino UNO R4 Minima and demo software sketch

The LITIX™ TLD7002-16ES_software_examples is an example of usage of the TLD7002-16ES device drivers and

TLD7002-16 functional layer. Several examples are present to demonstrate all the features of the TLD7002-16ES

devices, from a simple ADC reading to a complete light system implementations with diagnostic features

(TLD7002_16SW_example60_LightSysFull).

Download the "LITIX™ TLD7002-16ES_software_examples” [4] and select the preferred sketch

Download and open the Arduino IDE [1]

Connect the Arduino UNO R4 board to the PC with a USB cable

Upload the TLD7002-16SYS_EVAL sketch in the Arduino UNO (DO pin must be disconnected)

Close JVS_VL in order to use a single power supply

Connect the TLD7002-16SYS_EVAL to the Arduino UNO with jumper wires as shown in the figure below

a. GPINOa and GPINOb connections are optional, use them if OTP emulation is needed

7. Connect the GND at the (-) terminal of a 6 Vto 20 V 1 A power supply

8. Connect VS_REV to the + terminal of the power supply

9. The example will now run (e.g. TLD7002_16SW_example60 will show moving lights)

10. Optional: open Tools > Serial Monitor and set the speed to 230400 bps to see diagnostic prints (e.g. ADC
readings)

ouhwpNe

Ew@""" g 10}rredfeee ‘f?fﬂfjf

e X
oonea g {

JVS_VL
closed

Figure 8 TLD7002-16SYS_EVAL connected to an Arduino UNO R4 Minima
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2.7 Control with ulO-Stick v2 and LITIX™ Configuration Wizard

Connect some jumper wires to the ulO-Stick v2 and the TLD7002-16SSYS_EVAL HSLI header as shown in the
picture below in order to control the TLD7002-16 with the ulO-Stick v2 and the LITIX™ Pixel Rear Configuration
Wizard PC graphical user interface (GUI). See detail about the LITIX™ wizard in chapter Getting Started: LITIX™
Pixel Rear Configuration Wizard.

The Logic analyzer with the HSLI protocol analyzer is optional for this configuration, but it is very handy to
analyze the HSLI frames and understand the HSLI protocol.

GPINOa

O '
ﬂ\ﬁ_lﬁ‘u AD “‘W;V;Q: r % REV
OV Qe

HSLI-H
HSLI-L

Figure 9 TLD7002-16SYS_EVAL connected to ulO-Stick v2
Connect the ulO-Stick v2 to the PC with a micro USB cable and open the LITIX™ Pixel Rear Configuration Wizard.

2.8 OTP configuration

The TLD7002-16SYS_EVAL comes with pre-written OTP memory on the two TLD7002-16ES devices. In case a
different OTP configuration is required, (e.g. GPINx set as analog inputs, increased LED current), it is possible to
emulate a new OTP configuration in the TLD7002-16ES directly from the Arduino code by using the
OTPemuComplete() function.

The OTP configuration files, pre-written in the TLD7002-16SYS_EVAL LED drivers, are provided on the
TLD7002-16_ES website [4]. The OTP wizard can be used to read the OTP configuration files. The OTP wizard
tool (see Figure 10) can used to read and interpret the .ocfg configuration files. The tool can be installed from
the Infineon developer center [5].

The TLD7002-16SYS_EVAL sketch program can be used to emulate the OTP, because the OTP emulation
function is implemented in the code - OTPemuComplete function present in file TLD7002FuncLayer.c.

See TLD7002-16 OTP programming application note [3] for further details on OTP emulation and programming.
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|
O

OTP Wizard
Infineon .
Developer Center OTP Wizard @

Actions ¥  Devices ¥

General OTFRead]Wmte‘

OTP Management | PWM_DCGPIOD/1 | SAFE_ST-ISET-PWM-PHASE | CFGOtoCFG7 | CFGBtoCFGLL | Read-only registers

OTP_CUST_CFG7

OTP_CUST_CFGO OTP_CUST_CFG3
PWM Frequency SLS threshold VS
PWM Phase shift SLS threshold VLED
GPINO Duty Cycle Decoder Status OTP CUST CFGa
v . CH1514131211109 8 7 6 54 3 2 10
GPIN1 Duty Cycle Decoder Status Diag. Output Group to VLED C PP D [ D e Dol e D L)
OUTO voltage head room control enable OTP CUST CFG5
GPIN1 Inverter Stat - - CH151413121110 9 8 7 6 5 4 3 2 1 0
nverter status OUT mapped to GPINO O0000000BEA0[AE0
GPINO as Global Outputs Enable OTP_CUST_CFGe
GPINO Operating Mode CH151413121110 9 8 7 6 5 4 3 2 1 0
persting OUT mapped to GPINL OE@EEaEanOn0000n
GPIN1 Operating Mode

OTP_CUST_CFG1 Watchdog timeout
VDEN Threshold for VS - VFWD_WRN threshold for short to VLED
VDEN Threshold for VLED v VFWD_WRN threshold for short to VS ov N
Tdiag_dly Bus Fault Management Configuration
ERRN enable DISABLED _ ~ DIAG OUT SW OFF if DC=100%
OTP_CUST_CFG2 Power OFF LOAD EN
shortWRN o adiacentpin ' BHAASOO00Oa0AA00 Lock of the SLS TH

Current WRN ERRN Report

Logs |

[10:46:06] OTP Wizard started.
[10:46:22] [Chip Select 0] OTP configuration successfully loaded from a file.

Disclaimer
OTP Wizard - 2.0.202301131: = o e OTP Device: TLD7002-16 E ec! Board firmw.

Figure 10 OTP Wizard
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3 System design

3.1 Schematics
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Figure 12 Top layer
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Figure 13 Bottom layer

3.3 Bill of material

Table 3 Bill of material

Designator Value Quantity Footprint Voltage | Note
[V]

C1,C10 470nF 2 C0603 25 X7R 5%

C12,C13 47pF 4 C0603 50 X7R 5%

C2,C11 4.7nF 3 C0603 50 X7R 5%

CNTC, CO0, CO1, C0O2,CO3, |10nF 34 C0603 25 X7TR 5%

C0O4, CO5, CO6, CO7, CO8,

C09, C0O10,C011,C0O12,

C013,C014, CO15

(table continues...)
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Table 3 (continued) Bill of material
Designator Value Quantity Footprint Voltage | Note
[v]
CvDD1, CVL2,CVL3,CVS1 |100nF 8 c0603 25 XTR 5%
CvDD2 4. 7TuF c0805 10 X7TR 5%
CVL1, CVS2 470nF 4 C0805 50 X7TR 5%
DOA, DOB, D1A, D1B, D2A, |RedLED 64 LED SMD Lite On - -
D2B, D3A, D3B, D4A, D4B, PLCC-4LSE6GTB
D5A, D5B, D6A, D6B, D7A,
D7B, D8A, D8B, D9A, D9B,
D10A,D10B, D11A,D11B,
D12A,D12B, D13A, D13B,
D14A,D14B, D15A, D15B
D1, D2 CUHS20F30,H3F 4 DIO-SMD-US2H - -
GPINO, GPIN1,VLED_REV, |5001 PAD D3 H2 - -
VS_REV
Jo, J1, J2, J3, J4, J5, J6,J7, | OR 42 R0603 - -
Jg, J9, J10, J11, J12, J13,
J14, J15, JVL,'R3, R4, R10,
R11, R12, R13, RH1, RH2
JF1 TE 3-1534796-7 Not - -
Populated
JVS VL Close 1 Solder Jumper - -
JH, JL, JLO, JL1,JL2,JL3, |Open 38 Solder Jumper - -
JL4, JL5, JL6, JL7, JLS, JL9,
JL10,JL11,JL12, JL13,
JL14, JL15, JNTC
NTC Mitsubishi 2 r0603 - Use this
TD11-3H103F NTC NTC or
10k similar
10k
R1,R2, R8, R9 59R 6 R0603 - -
R5, R6, R7 4.7k 6 R0603 - -
RNTC 10k 2 R0603 - -
Ul TLD7002-16ES_TDS |2 PG-TSDSO-24 - -
u3 TLE9351VSJ 1 PG-DSO-8 - -
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Important notice

The information given in this document shall in no
event be regarded as a guarantee of conditions or
characteristics (“Beschaffenheitsgarantie”).

With respect to any examples, hints or any typical
values stated herein and/or any information regarding
the application of the product, 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.

In addition, any information given in this document is
subject to customer’s compliance with its obligations
stated in this document and any applicable legal
requirements, norms and standards concerning
customer’s products and any use of the product of
Infineon Technologies in customer’s applications.

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.

Warnings

Due to technical requirements products may contain
dangerous substances. For information on the types
in question please contact your nearest Infineon
Technologies office.

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