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1

INTRODUCTION
1.1 About this Manual

This manual describes the IOLx-E-EVK, the Evaluation Board of IOLXx-E.

1.1.1List of Revisions

Index Date Chapter Revision
1.0 02-11-2017 All Created
1.1 13-09-2018 All Update to new hardware version. The

functions of the board are same. Add
some feature and change dimension
of the board.

Table 1.1. List of revisions

1.1.2 Reference to Hardware

Hardware

Revision

Part Number

IOLS-E

2.0

IOLS-E-00S

Table 1.2. Reference to Hardware

1.2 Other relevant documentation

In additional to this document, the following documents are also relevant for the user of the

IOLx-E-EVK Evaluation Board

Manual

Documentation name

Reference Manual of IOLS-E

DOCO000001RM11EN.pdf

Table 1.3. Additional documentation
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2 DESCRIPTIONS AND DRAWINGS

2.1

Description of the IOLx-E-EVK

The IOLx-E-EVK is the Evaluation Board of the component IOLS-E.
It is equipped with a IOLS-E-00S and following features:

Power supply from different source: USB, |O-Link and direct 3,3V on interface
connector.

Switches for start-up configuration of the module IOLS-E

Use in simple mode with shift register Input and Output and two analog input on board.
On evaluation there are 16 switches IN and 16 LEDs OUT, and potentiometer and
temperature analog sensors.

Use in host mode with external microcontroller interfaced to module IOLS-E. On board
there is a STM32F0 family microcontroller with 4 INPUTS and 4 OUTPUTS and 2
ANALOG, already interfaced to microcontroller.

Is available the demo application that uses toolkit for communication with module.

ST microcontroller is programmable with JTAG SWD standard connector. Use this for
implement your demo application. There are some pin of microcontroller to external
interface connector with GP1O, UART, 12C and ANALOG functions.

USB connector for communication with external application, that communicates with
module for configuration and firmware update.

SPI interface of the module IOLS-E is available to external interface connector for free
use. The start-up configuration determines if the module is used in simple or host
mode.

First byte of the input and output shift registers is available to external interface
connector

The 4 inputs and 4 outputs and 2 analogs on ST microcontroller are available to
external connector, and they already read and write from demo application.

Mechatronics Labs S.r.l.
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2.2 Drawings
2.2.1 Block Diagram
10-Link communication
USB Power Fhln] Ll
and Potentiometer
communication
Temperature
SELECT MODE
! ’ L
Simple Mode Hast Mode ¥

:ﬁl:'l Shift registers IN and OUT STM32F0 microcontroller _E

2 | | £

: £

a. =

3 i

Figure 2.1 . Diagram block
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2.2.2 Board details
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Figure 2.2 . Board details
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Details Description
number
1 I0-Link Slave Module IOLS-E
2 Simple mode - Shift register Data Input (16 bits)
3 Simple mode - Shift register Data Output (16 bits)
4 Host mode — microcontroller STM32F0 and in/out
5 Jumper for switch selection between simple and host mode
6 10-Link M12 connector class A port (3 wire)
7 LEDs for I10-Link bus communication status
8 Start-up switch configuration of the module IOLS-E
9 Analog unit — Potentiometer
10 Analog unit — Temperature sensor
11 USB connector — power and communication
12 External interface connector when module is into simple mode
configuration
13 External interface connector when module is into host mode
configuration
14 External interface connector for direct communication with module.
There is SPI interface of the module IOLS-E. Master or slave setting
is function of start-up configuration.
15 Push-button for reset and boot selection of the module IOLS-E and
ST microcontroller.

Table 2.1. Board details
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3 FUNCTIONALITY DESCRIPTION

3.1 Start-up configuration

The IOLS-E module can work either in Simple mode or in Host mode. Refer to reference
manual of the component.

Selection is done by SW4 according to Table 3.1.
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Configuration HW Pin Data image Slave to/from Master 10-Link
) ) ) ) Module Configuration Configuration parameters
Pin Pin | Pin | Pin mode Boo |Bo1 |Bo2 |Bo3 |[Bo4 [B. |Bo7 |B. |[B11 |[B. |B31
CFGSSIO CFG2 | CFG1 | CFGO " " "
0 0 0 0 4byte ANA; 4byte SSIO ANO | ANO | AN1 | AN1 | SRO | SR. | SR3 X X X X
(8 PDIN, 4 PDOUT)
0 0 0 1 4byte ANA; 8byte SSIO
(12 PDIN, 8 PDOUT) ANO | ANO | AN1 | AN1 | SRO | SR. | SR3 | SR. | SR7 X X
0 0 1 0 4byte ANA; 28byte SSIO
SIMPLE MODE (32 PDIN, 28 PDOUT) ANO | ANO | AN1 AN1 SRO SR.. SR3 SR.. SR7 SR.. | SR27
0 0 1 1 Autonomous functionality 4byte SSIO SRO | SR1 SR2 | SR3 X X X X X X X
. . ) (4 PDIN, 4 PDOUT)
0 1 0 0 with SSIO (Shift register) 8byte SSI0
and ANALOG channel (8 PDIN, 8 PDOUT) SRO SR1 SR2 SR3 SR4 SR.. SR7 X X X X
0 1 0 1 32byte SSIO
(32 PDIN, 32 PDOUT) SRO | SR1 | SR2 | SR3 | SR4 | SR. | SR7 | SR. | SR11 | SR. | SR31
0 1 1 0
Reserved for use future Undefined
0 1 1 1
1 0 0 0 Use Serial Modbus host interface* Host depend - Cyclic Data Exchange registers
1 0 0 1 Use SPI register access host interface Host depend - Cyclic Data Exchange registers
1 0 1 0
1 0 1 1 HOST MODE
Need external host.
Module communication 10-
1 1 0 0 Link protocol feature only
Reserved for use future Undefined
1 1 0 1
1 1 1 0
1 1 1 1
NOTE: 1 = pull-up resistor; 0 = not mount
* Modbus RTU interface is ever enabled.

Table 3.1. Start-up function IOLS-E configuration

Mechatronics Labs S.r.l. 9
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3.2 IOLS-E Simple mode

In Simple mode the SSIO port is used and internal ADC can be enabled.

The IOLS-E can exchange data on SSIO port either with shift registers mounted on the
evaluation board and with an external shift register device connected to the SSIO headers
up to J4 on J4.2, J4.4, J4.19, J4.21, J4.22 .

Shift registers are then connected to switches SW1, SW2 and to LEDs D1 to D16. Refer to
section SCHEMATICS.

If the selection headers J10 to J15 are closed with jumpers, like in Figure 3.1, IOLS-E works
in Simple mode and it reads the status of the switches SW1 and SW2 that represent 16-bit
input data and set drives the LEDs D1 to D16 writing 16-bit data on the output. The switch
8 of SW2 is the input LSB and the switch 1 of SW1 is the input MSB. D1 and D16 represent
the output LSB and MSB respectively.

J4 can be used to connect an external device in alternative to SW1 and LEDs D9 to D16 to
exchange 8-bit data. Refer to Table 3.2 for J4 signals.

I i [ [

B b gl Ve

Figure 3.1. Selection headers J10 to 15 Simple Mode

SIGNAL TYPE FUNCTION

3Vv3 POWER It can provide either 3.1V as output or receive 3.3V
(3.6V MAX) from an external source

CLK OUTPUT Clock signal (from IOLS-E to external device)

Q0 to Q7 OUTPUT 8-bit parallel data output. Outputs and LEDs D9 to
D16 are driven simultaneously

SDI INPUT IOLS-E serial data input for shift register

DO to D7 INPUT 8-bit parallel data input. To avoid conflict with SW2
put all SW2 switches in OFF position

SDO OUTPUT IOLS-E serial data output for shift register

LI OUTPUT Latch-In signal (from IOLS-E to external device)

LO OUTPUT Latch-Out signal (from IOLS-E to external device)

GND GROUND Signal ground

Table 3.2. J4 pin signals Simple mode

Mechatronics Labs S.r.l.
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If the IOLS-E internal ADC is enabled, the module can read the signal of the temperature
sensor (U6) and the voltage value from the potentiometer (R20).

The temperature sensor output is proportional to the temperature according the following

equation:

Vour =20mV * T + 1V Where: -40°C<T<115°C.

The potentiometer output can swing from 0V to 3V3 level.

The 3V3 level is also the ADC full-scale value.

Two auxiliary analog inputs are also available on J5 (ANO and AN1) that can be chosen
as alternative to the sensor and the potentiometer. Selection is made by headers J6 and
J7 (see Figure 3.2 and Figure 3.3). They are connected direct to input ADC pin signals.

ANT ANO
1. 1.

Figure 3.3. Auxiliary external analog inputs selected J6..J7

SIGNAL TYPE FUNCTION
3v3 POWER It can provide either 3.1V as output or receive 3.3V
(3.6V MAX) from an external source
ANO INPUT Analog 0 external input
AN1 INPUT Analog 1 external input
POT INPUT Analog potentiometer signal
TEMP INPUT Analog temperature signal
DAC OUTPUT Digital Analog output (Reserved for future)
GND GROUND Signal ground

Table 3.3. J5 pin for external analog inputs

Mechatronics Labs S.r.l.
Via Ornago, 24 — 20883 Bellusco (MB) - Italy
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3.3 IOLS-E Host Mode

When the IOLS-E module works in Host mode, it can exchange data on SPI1 and USB ports.
The module internal ADC is always disabled. Module works only for support 10-Link
communication. The application runs into host.

If the SPI port is enabled (see Table 3.1) the IOLS-E module can exchange data either with
the ST microcontroller mounted on the evaluation board or with external devices connected
to the middle pin on the headers J10 to J15 (see Chapter 3.5).

If the selection headers J10 to J15 are closed with jumpers, like in Figure 3.4, the IOLS-E
exchanges data with the microcontroller mounted on the evaluation board.

Figure 3.4. Selection headers J10..15 Host Mode

Mechatronics Labs S.r.l.
Via Ornago, 24 — 20883 Bellusco (MB) - Italy
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3.4 Microcontroller
The microcontroller is STM32F030C8T6 and has four analog inputs:
- temperature sensor
- potentiometer
- two auxiliary analog inputs on connector J8

It can read the status of the switch SW4 and can drive four LEDs: D21 to D24. The demo
application reads and exchanges with IOLS-E module all 4 analog inputs and all 8 digital
input and output, on board and external interface on J8 connector. More, on J8 are
available Serial interface UART and some pin GPIOs have also other functionality, like
12C bus.

The microcontroller can exchange data with a device connected to J8. Refer to Table 3.4
for J8 signals.

SIGNAL TYPE FUNCTION

3Vv3 POWER It can provide either 3.1V as output or receive 3.3V (3.6V
MAX) from an external source

DO to D3 OUTPUT 4-bit parallel data input

Q0to Q3 | INPUT 4-bit parallel data output; Q3 and Q2 can be configured
to SDA and SCL 12C bus signals.

X OUTPUT UART TX (TTL LEVEL)

RX INPUT UART RX (TTL LEVEL)

SCL ouT 12C Clock Signal

SDA BIDIR I2C Data Signal

AN2 INPUT Analog auxiliary input. The 3V3 level is the ADC full-scale
value. Direct to ADC pin signal.

AN3 INPUT Analog auxiliary input. The 3V3 level is the ADC full-scale
value. Direct to ADC pin signal.

GND GROUND Signal ground

Table 3.4. J8 pin signals

Mechatronics Labs S.r.l.
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The microcontroller is already programmed, user can anyway write its own firmware on it
using the serial wire interface available on J24:

SIGNAL | TYPE FUNCTION
3V3 OUTPUT I/0 voltage level
CLK INPUT SWCLK signal
GND GROUND Signal ground
DIO BIDIR SWDIO signal
RST INPUT Reset signal
NC Not connected

Table 3.5. J24 pin signals

3.5 External interface connections

If the selection headers J10 to J15 are left open, IOLS-E exchanges data with an external
device connected to the middle pin of J10 to J15, refer to Figure 3.5 and Table 3.7 for signals.
IOLS-E can work either in Simple mode and in Host mode while connected with an external
device. Remember: You must to connect to any other ground signal on the board while using
the J10 to J15 headers.

Figure 3.5. Selection headers J10 to 15 External mode

SIGNAL TYPE FUNCTION
J10.CLK OUTPUT Clock signal (from IOLS-E to external device)
J11.MIS INPUT IOLS-E serial data input
J12.MOS OUTPUT IOLS-E serial data output
J13.LO/CS OUTPUT Latch-Out signal (from IOLS-E to external device)
J14.LI/D OUTPUT Latch-In signal (from IOLS-E to external device)
J15.RST NOT CONNECTED

Table 3.7. J10 to 15 middle pin signals External mode

Mechatronics Labs S.r.l. 14
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The IOLx-E-EVK board can also be cut in three pieces if the microprocessor and the input
sections are not needed, leaving the 10-Link Slave Module detached as shown in Figure 3.6.
The remaining Slave Module can be connected with an external device by using J25 and J26
headers. Refer to Table 3.8, 3.9 for J25 and J26 signals.

If you want, you can divide board in only two parts, in this mode you can to use a connector
M12 and USB interface, for 10-Link connection and for firmware update from USB.

Boo0000000000

Figure 3.6. cut the board on the following lines

SIGNAL PIN ' TYPE FUNCTION
3V3 1 POWER Logic 3.3V Voltage. If IO-Link is connected 3.3V is
supply from module. Is possible that you have
external supply if desired.
N.C. 2 -
VP 3 POWER 10-Link Vplus
CQ 4 BI-DIRECTIONAL I0-Link C/Q signal
VM 5 POWER I0-Link Ground
N.C. 6 -
X 7 OUTPUT UART Serial transmit data
RX 8 INPUT UART Serial receive data
RSVD 9 -
RSVD 10 -
RSVD 11 -
GND 12 POWER Ground signal
Table 3.8. J25 pin signals
SIGNAL PIN ' TYPE FUNCTION

Mechatronics Labs S.r.l.
Via Ornago, 24 — 20883 Bellusco (MB) - Italy
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3V3

CLK

MISO

MOSI

LI/D

LO/CS

RST
BOOT

ANO
AN1
DAC
GND

(o]

10
11
12

POWER

OUTPUT or INPUT

OUTPUT or INPUT

OUTPUT or INPUT

OUTPUT or INPUT

OUTPUT or INPUT

OUTPUT
INPUT

INPUT
INPUT
INPUT
POWER

Logic 3.3V Voltage. If I0-Link is connected 3.3V is
supply from module. Is possible that you have
external supply if desired.

Clock generation or clock signal input. Is function of
the start-up configuration — If Simple mode SPI is
master, if Host mode SPI is slave.

SPI Master input or Slave output. Is function of the
start-up configuration — If Simple mode SPI is
master, if Host mode SPI is slave.

SPI Master output or Slave input. Is function of the
start-up configuration — If Simple mode SPI is
master, if Host mode SPI is slave.

Latch IN or DIRQ - Is function of the start-up
configuration — If Simple mode is Latch IN for shift
registers, if Host mode is a Data Interrupt Request
(DIRQ not yet implement).

Latch OUT or Slave Select/Chip Select. Is function of
the start-up configuration — If Simple mode is Latch
OUT for shift registers, if Host mode is a SPI Slave
Select.

Module reset signal. Reset is Low.

Module boot signal — When reset with this pin Low,
you start internal boot for firmware update.

Analog 0 input. Range 0 - 3.3V.
Analog 1 input. Range 0 - 3.3V.
Analog Output. Range 0 - 3.3V. (Not yet implement)

Ground signal

Table 3.9. J26 pin signals

Mechatronics Labs S.r.l.
Via Ornago, 24 — 20883 Bellusco (MB) - Italy
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4 SCHEMATICS

The follow pages, view schematic of the evaluation board, and report Bill of Material.
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Item Quantit
Number y Part Reference Value Description Vendor_PN
C1C2 C6C8C13 C15 C16 C17 C18 GCM155R71H104KEO
1 12 €23 C24 C27 100nF SMT CAP 100nF, 50V, 0402, X7R, £10% 2D
2 3 C4 C14C22 4.7uF SMT CAP 4.7uF, 10V, 0402, X5R, +20% 0402ZD475MAT2A
3 2 C7 C19 1uF SMT CAP 1uF, 16V, 0402, X5R, +10% C0402C105K4PACTU
4 5 C9 C10 C11 C12 C28 3.3nF SMT CAP 3.3nF, 50V, 0402, X7R, +10% C0402C332K5RACTU
5 1 C20 10nF SMT CAP 10nF, 50V, 0402, X7R, +10% C0402C103K5RACTU
GRM188C60J226 MEA
6 2 €25 C26 22uF SMT CAP 22uF, 6.3V, 0603, COG, +20% oD
7 1 cs1 SC16008EVK11 PRINTED CIRCUIT BOARD SC16008EVK11, 4 LAYERS
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10
D11 D12 D13 D14 D15 D16 D18 D21
22 D22 D23 D24 D26 APT16085GC LED 120°, Green APT1608SGC
9 1 D17 APT1608EC LED 120°, Red APT1608EC
SD1206T040S2
10 3 D19 D25 D27 RO DIODE SCHOTTKY Rectifier, 40V, 2A SD1206T040S2R0
11 1 1 1411984 CONN M12, SMT, Male, Type A, Pin 5 1411984
CONN MICRO USB, SMT, FEMALE, Receptacle, Type B,
12 1 3 105133-0001 Vertical, Pin 5 105133-0001
13 1 14 M20-9761246 | CONN HEADER, THT, MALE, 2 ROW, Pitch 2.54mm, Pin 2x12 M20-9761246
14 1 J5 M20-9760346 | CONN HEADER, THT, MALE, 2 ROW, Pitch 2.54mm, Pin 2x3 M20-9760346
15 8 161711011 )12 )13 J14 J15 M20-9770346 CONN HEADER, THT, MALE, 1 ROW, Pitch 2.54mm, Pin 3 M20-9770346
16 1 )8 M20-9760846 | CONN HEADER, THT, MALE, 2 ROW, Pitch 2.54mm, Pin 2x8 M20-9760846
CONN JUMPER, THT, Jumper with Test Point WR-PHD, Pitch
17 8 11617 J18 )19 J20 121 J22 J23 60900213421 2.54mm, Pin 2 60900213421
18 1 124 M20-9770646 CONN HEADER, THT, MALE, 1 ROW, Pitch 2.54mm, Pin 6 M20-9770646
19 1 Q1 BC847BPDW1 | TRANSISTOR, PNP-NPN, PNP + NPN, 45V, 100mA, 380mW BC847BPDW1T3G
20 2 R2 R7 3K3 RES 3K3, 0402, 1%, 50V, 1/16W CRCWO04023K30FKED
Mechatronics Labs S.r.l. 25
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21 2 R3 R4 220R RES 220R, 0402, +1%, 50V, 1/16W CRCWO0402220RFKED
22 6 R15 R18 R19 R21 R27 R39 470R RES 470R, 0402, 1%, 50V, 1/16W CRCWO0402470RFKED
R16 R17 R22 R28 R32 R33 R34 R35
23 11 R37 R38 R40 10K RES 10K, 0402, +1%, 50V, 1/16W CRCWO040210KOFKED
24 1 R20 10K RES 10K, TRIMMER THT, +25%, 20V, 20mW 3319P-1-103
25 3 R24 R25 R26 22R RES 22R, 0402, +1%, 50V, 1/16W CRCWO040222ROFKED
26 1 R36 100R RES 100R, 0402, +1%, 50V, 1/16W CRCWO0402100RFKED
27 6 RN1 RN5 RN6 RN11 RN12 RN23 3k3 RES 3K3, CAY16, +5%, 50V, 1/16W CAY16-332J4LF
28 5 RN8 RN9 RN13 RN14 RN29 390R RES 390R, CAY16, +5%, 50V, 1/16W CAY16-391J4LF
29 2 SW1SwW2 ADE08S04 SWITCH DIP SWITCH SMT, Extended Actuator, Pin 8, 2.54mm ADEO08S04
30 1 SW3 ADE04S04 | SWITCH DIP SWITCH SMT, Extended Actuator, Pin 4, 2.54mm ADE04S04
SWITCH DIP SWITCH SMT, Low Profile, Half-pitch, Pin 4,
31 1 SW4 97C04ST 1.27mm 97C04ST
LL3301NF065Q
32 4 SW5 SW6 SW7 SW8 G SWITCH PUSH BUTTON SMT, Pin 4 LL3301NF065QG
33 1 U1 MLIO11 IC 10-Link Slave Controller IOLS-E
IC 8bit serial-in, serial/parallel-out SHIFT REGISTER, tri-state
34 2 U2 U4 74HC595BQ output, Package: DHVQFN16 74HC595BQ,115
IC 8bit parallel-in, serial-out SHIFT REGISTER, Package:
35 2 U3 us 74HC165BQ DHVQFN16 74HC165BQ,115
MCP9700T-
36 1 U6 E/TT IC Low-power Linear Active Thermistor (10mV*°C, +/-2°C) MCP9700T-E/TT
STM32F030C8T | IC Entry-level ARM Cortex-MO Value line MCU with 64 Kbytes
37 1 us 6 Flash, 48 MHz CPU STM32F030C8T6
38 1 U9 FT232RQ IC USB to serial UART interface QFN32 FT232RQ
39 1 u10 OPA348AIDBVR IC Rail-to-Rail OPA, Single Supply +2.1V to 5.5V OPA348AIDBVR
40 1 u7 OPA2348AIDR IC Rail-to-Rail OPA, Single Supply +2.1V to 5.5V OPA2348AIDR

Table 4.1. Bill of Material
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5 ELECTRICAL CHARACTERISTICS
The Evaluation Board can be powered in three ways:
e Connecting an IO-Link Master to J1 or J2
e Providing 5V on the USB connector
e Providing 3.3V on 3V3 pins of J4, J5, J8 connectors

€
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If the Evaluation Board is powered either by 10-Link Bus or by USB connector, the Board
can provide 3.1V (typically) on 3V3 pins of J4, J5, J8 connectors using its internal LDOs.

The Evaluation Board can be supplied also applying a voltage greater than 3.1V on 3V3

pins of J4, J5, J8 connectors. In this way the internal LDOs are inhibited.

PARAMETER DESCRIPTION CONDITION Min MAX | UNIT
[O-Link VPLUS
(V4) -40 +40 \Y
|O-Link CQ -40 +40 \Y;
USB Vcc -0.5 +6 Vv
USB DP & DM -0.5 +3.8 \%
No power supply applied
3V3 (Vin) neither to 10-Link Bus nor to -0.3 4 \Y
USB connector
1/O Vin Input voltage on any 03 4 Vv
digital or analog pin
Output current
I/O lout source by any digital 25 mA

pin

Table 5.1. Absolute maximum ratings
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PARAMETER @ DESCRIPTION CONDITION Min Typ. MAX UNIT
[O-Link Operating
VPLUS (V+) supply Voltage > 24 30 v
No power supply
applied to USB
O Operating connector,
I0-Link Icc supply Current 2 mA
No devices connected
to J4, J5, J8
10-Link CQ -10 VPLUS+ 1y,
10
USB Ve Operating 4 5.25 Y,
supply Voltage
No power supply
_ applied to 10-Link
USB Icc Operating Bus, 25 mA
supply Current
No devices connected
to J4, J5, J8
USB Voh Output (High) 2.8 3.6
USB Vol Output (Low) 0 0.3 \%
USB Vse Single ended Rx 0.8 2.0 Vv
Threshold
USB Com Differential 0.8 2.5 \Y
common Mode
USB Vdif Differential input 0.2 vV
Sensitivity
USB DrvZ Driver output 26 29 44 Q
Impedance
Supplied either by IO-
3V3 Vout LDOs output . 2.8 3.1 3.4 \%
Voltage Link bus or by USB
Supplied either by IO-
3V3 lout LDOs output . 50 mA
Capability Link bus or by USB

Table 5.2. Normal Operating conditions
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6 Order information

Type number Package style Package MOQ

IOLX-E-EVK Box 1

Table 6.1. Order information

7 Legal Information

It prohibited from distribution and reproduction, even partial, of this document without written permission of the
Mechatronics Labs srl.

Mechatronics Labs srl will not accept any partial or total claim caused due to use or the failure of this product.

Mechatronics Labs srl It cannot provide any guarantee on performance and results obtained from the use of this
documentation and product, and cannot be held liable for damages or benefits arising from the misuse of this
documentation and the products to which it relates.

The same applies to any person or company involved in the creation, production and distribution of this
document. This document provides preliminary information that may be subject to change without notice.

7.1 Definitions

Draft — The document is a draft version only. The content is still under internal review and subject to formal approval, which may result in
modifications or additions. Mechatronics Labs does not give any representations or warranties as to the accuracy or completeness of

information included herein and shall have no liability for the consequences of use of such information.

Short data sheet — A short data sheet is an extract from a full data sheet with the same product type number(s) and title. A short data sheet is
intended

for quick reference only and should not be relied upon to contain detailed and full information. For detailed and full information is available on request
via the local Mechatronics Labs sales office. In case of any inconsistency or conflict with the short data sheet, the

full data sheet shall prevail.

Product specification — The information and data provided in a Product data sheet shall define the specification of the product as agreed between
Mechatronics Labs and its customer, unless Mechatronics Labs and customer have explicitly agreed otherwise in writing. In no event however,
shall an agreement be valid in which the Mechatronics Labs product is deemed to offer functions and qualities beyond those described in the
Product data sheet.

7.2 Disclaimers

Limited warranty and liability — Information in this document is believed to be accurate and reliable. However, Mechatronics Labs does not give
any representations or warranties, expressed or implied, as to the accuracy or completeness of such information and shall have no liability for the
consequences of use of such information. Mechatronics Labs takes no responsibility for the content in this document if provided by an information
source outside of Mechatronics Labs. In no event shall Mechatronics Labs be liable for any indirect, incidental, punitive, special or consequential
damages (including - without limitation — lost profits, lost savings, business interruption, costs related to the removal or replacement of any products
or rework charges) whether or not such damages are based on tort (including negligence), warranty, breach of contract or any other legal theory.
Notwithstanding any damages that customer might incur for any reason whatsoever, Mech

atronics Labs’ aggregate and cumulative liability towards customer for the products described herein shall be limited in accordance with the Terms
and conditions of commercial sale of Mechatronics Labs.

Right to make changes — Mechatronics Labs reserves the right to make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without notice. This document supersedes and replaces all information supplied
prior to the publication hereof.

Suitability for use — Mechatronics Labs products are not designed, authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or malfunction of an Mechatronics Labs product can reasonably be expected
to result in personal injury, death or severe property or environmental damage. Mechatronics Labs and its suppliers accept no liability for inclusion
and/or use of Mechatronics Labs products in such equipment or applications and therefore such inclusion and/or use is at the customer’s own risk.
Applications — Applications that are described herein for any of these products are for illustrative purposes only. Mechatronics Labs makes no
representation or warranty that such applications will be suitable for the specified use without further testing or modification. Customers are
responsible for the design and operation of their applications and products using Mechatronics Labs products, and Mechatronics Labs accepts no
liability for any assistance with applications or customer product design. It is customer’s sole responsibility to determine whether the Mechatronics
Labs product is suitable and fit for the customer’s applications and products planned, as well as for the planned application and use of customer’s
third party customer(s). Customers should provide appropriate design and operating safeguards to minimize the risks associated with their
applications and products. Mechatronics Labs does not accept any liability related to any default, damage, costs or problem which is based on any
weakness or default in the customer’s applications or products, or the application or use by customer’s third party customer(s). Customer is
responsible for doing all necessary testing for the customer’s applications and products using Mechatronics Labs products in order to avoid a default
of the applications and the products or of the application or use by customer’s third party customer(s). Mechatronics Labs does not accept any
liability in this respect.

Mechatronics Labs S.r.l.
Via Ornago, 24 — 20883 Bellusco (MB) - Italy
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Limiting values — Stress above one or more limiting values (as defined in the Absolute Maximum Ratings System of IEC 60134) will cause
permanent damage to the device. Limiting values are stress ratings only and (proper) operation of the device at these or any other conditions above
those given in the Recommended operating conditions section (if present) or the Characteristics sections of this document is not warranted. Constant
or repeated exposure to limiting values will permanently and irreversibly affect the quality and reliability of the device.

Terms and conditions of commercial sale — Mechatronics Labs products are sold subject to the general terms and conditions of commercial
sale, unless otherwise agreed in a valid written individual agreement. In case an individual agreement is concluded only the terms and conditions of
the respective agreement shall apply. Mechatronics Labs hereby expressly objects to applying the customer’s general terms and conditions with
regard to the purchase of Mechatronics Labs products by customer.

No offer to sell or license — Nothing in this document may be interpreted or construed as an offer to sell products that is open for acceptance or
the grant, conveyance or implication of any license under any copyrights, patents or other industrial or intellectual property rights.

Export control — This document as well as the item(s) described herein may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Non-automotive qualified products — Unless this data sheet expressly states that this specific Mechatronics Labs product is automotive qualified,
the product is not suitable for automotive use. It is neither qualified nor tested in accordance with automotive testing or application requirements.
Mechatronics Labs accepts no liability for inclusion and/or use of non-automotive qualified products in automotive equipment or applications.

In the event that customer uses the product for design-in and use in automotive applications to automotive specifications and standards, customer
(a) shall use the product without Mechatronics Labs’ warranty of the product for such automotive applications, use and specifications, and (b)
whenever customer uses the product for automotive applications beyond Mechatronics Labs’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies Mechatronics Labs for any liability, damages or failed product claims resulting from customer design
and

use of the product for automotive applications beyond Mechatronics Labs’ standard warranty and Mechatronics Labs’ product specifications.

7.3 Trademarks

Notice: All referenced brands, product names, service names and trademarks are the property of their respective owners.

8 Contact information

For more information, please visit http://www.mechatronicslabs.it

For sales office addresses, please send an email to: info@mechatronicslabs.it

Mechatronics Labs S.r.l.
Via Ornago, 24 — 20883 Bellusco (MB) - Italy
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