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ON Semiconductor NCN5100 Arduino Shield Evaluation Board
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Product Information

Specifications

Product Name: NCN5100 Arduinot Shield Evaluation Board
Model Number: EVBUM2715/D
Compatibility: Wide variety of microcontroller development boards

« Transceiver: Fully KNX-compliant
Output Voltage: 3.3 V (fixed), 1.2 V to 21 V (variable)

« Connectivity: SPl and UART communication interfaces

Overview

The NCN5100 Arduinot Shield Evaluation Board is an Arduino-compatible shield that allows for rapid prototyping
with a microcontroller of choice. It is fully compatible with a wide variety of microcontroller development boards.
The shield includes all the necessary external components for operating the transceivers. By plugging the shield
into an Arduino-compatible development kit, users can start developing their projects immediately.

Features

« Compatible with a wide variety of microcontroller development boards



« Fully KNX-compliant transceiver
« 3.3V fixed output, 1.2 V to 21 V variable output

Evaluation Boards

The NCN5100 Arduinot Shield Evaluation Board comes in three variants, each containing a different transceiver
model: NCN5110, NCN5121, and NCN5130. The NCN5110 is a bit transceiver where all the timings are handled
by the microcontroller. On the other hand, both the NCN5121 and NCN5130 implement the MAC layer, reducing
the software development effort. These transceivers also include two high-efficiency DC-DC converters. The first
converter generates a fixed 3.3 V output to supply the transceiver and other peripherals. The second converter
has an adjustable output voltage ranging from 1.2 V to 21 V, which can be used to power additional peripherals
such as relays or displays. The boards are designed with the Arduino shield form factor, making it convenient to
start developing by simply plugging the shield into a compatible microcontroller board.

Evaluation Board Overview

The main connectivity to the evaluation board is provided through the Arduino V3 headers. This allows the board
to be compatible with a wide variety of microcontroller development boards. Please refer to Appendix C, Table 6 in
the User’s Manual for a list of tested platforms.

The KNX-Bus

The KNX-bus is a twisted pair cable that serves as the main communication medium. It provides connectivity to
devices in a home or building automation system.

Voltage Pins

« VBUS: Bus voltage
Veq: Equilibrium voltage

« Vact: Active voltage
« Vend: End-of-line voltage
« VDC: DC voltage

Fan-in

Every device connected to the KNX-bus will draw current. The fan-in pin on the evaluation board sets the
maximum current drawn from the bus. The transceiver actively keeps the current below the set limit.

Both the NCN5121 and NCN5130 transceivers have two pre-defined fan-in modes. These modes can be selected
by either connecting the fan-in pin to GND or leaving it floating. When left floating, the maximum bus current is
limited to 10 mA. When connected to GND, the limit is set to 20 mA.

Product Usage Instructions

Step 1: Hardware Setup

1. Ensure that the microcontroller development board is compatible with the NCN5100 Arduinot Shield Evaluation
Board.

2. Insert the shield into the Arduino V3 headers of the microcontroller development board.



3. Connect any additional peripherals, such as relays or displays, to the shield if required.

Step 2: Power Supply

Ensure that the power supply for the microcontroller development board is connected and providing sufficient
voltage.

Step 3: Software Development

1. Install the necessary software development environment for the microcontroller, if not already done.
2. Write or import your desired code into the software development environment.

3. Compile and upload the code to the microcontroller development board.

Step 4: Testing

Once the code is uploaded, you can start testing your project using the on-board buttons and LEDs provided on
the shield. No additional shields are required for basic testing. For example, you can set up a simple dimmer
application using only the KNX Arduino shield.

Step 5: Further Development

If desired, you can continue developing your project by connecting additional peripherals and expanding the
functionality of your application. Refer to the User’s Manual for detailed information on using the specific
transceiver model and its features.

FAQs

« Q: What microcontroller development boards are compatible with the NCN5100 Arduinot Shield
Evaluation Board?

o A: The NCN5100 Arduinot Shield Evaluation Board is compatible with a wide variety of microcontroller
development boards. Please refer to Appendix C, Table 6 in the User's Manual for a list of tested
platforms.

« Q: What is the purpose of the fan-in pin on the evaluation board?

o A: The fan-in pin sets the maximum current drawn from the KNX-bus. It can be connected to GND or left

floating to select different fan-in modes, which determine the maximum bus current limit.
« Q: Can | power additional peripherals using the evaluation board?

o A: Yes, the evaluation board includes a second DC-DC converter with an adjustable output voltage

ranging from 1.2 V to 21 V. This can be used to power peripherals such as relays or displays.

INTRODUCTION

KNX [3] is a popular open home and building automation standard1. ON Semiconductor has a series of
transceivers that handle the low level communication.

The NCN5100ASGEVB evaluation boards are Arduino-compatible shields enabling rapid prototyping with a
microcontroller of choice. All external components necessary for operating the transceivers are present on the
shield. Plug it in a Arduino-compatible development kit and start developing!

FEATURES



o Arduino Uno V3 compatible connectors
o Compatible with a wide variety of microcontroller development boards
« Four on-board buttons/LEDs to build a dimmer application
« Available in UART- and SPI-version
o Fully KNX-compliant transceiver
Easily get started with KNX

o Maximum bus current up to 40 mA2

Two high-efficiency DC-DC converters
o 3.3 V fixed output
o 1.2 Vto 21 V variable output

Integrated 20 V linear regulator output

OVERVIEW

The NCN5100ASGEVB boards come in three variants containing the NCN5110, NCN5121 and NCN5130
transceivers. The NCN5110 is a bit transceiver and all the timings are handled by the microcontroller. Both the
NCN5121 and NCN5130 also implement the MAC layer, reducing the software development effort. All critical
timings are handled by the transceiver.

All transceivers include two high-effciency DC-DC converters. One fixed converter generating 3.3 V, supplies the
transceiver and other optional peripherals such as a microcontroller. The second DC-DC converter has an
adjustable output voltage ranging from 1.2 V to 21 V and can be used to supply peripherals such as, relays, a
display, etc. ...

The Arduino shield form factor makes it easy to start developing; just plug the shield into a compatible
microcontroller board and start coding. Thanks to the on-board buttons and LEDs, it is not necessary to plug in
additional shields to start testing. A simple dimmer application can be set-up in no time with only the KNX Arduino-
shield.

1 https:/my.knx.org
2 For the NCN5130 and NCN5110 version. The NCN5121 goes up to 24 mA.

Both the NCN5121 and NCN5130 come with an SPlI and UART communication interface. The latter is fully TP-
UART compatible, enabling the use of existing compatible software.

The boards are 2 layer PCB’s with single-sided assembly, demonstrating that it is possible to easily develop low-
cost applications.

EVALUATION BOARD OVERVIEW

The main connectivity to the evaluation board is provided through the Arduino V3 headers which can be seen in
Figure 1.
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Figure 2. NCN5100AS-2 Evaluation Board

This has the advantage that the board is compatible with a wide variety of microcontroller development boards.
Refer to Appendix C, Table 6 for a list of tested platforms.

The KNX-Bus
The KNX-bus consists of a twisted pair cable providing both data and power. The voltage on the bus varies

between 21 V to 32 V (VDC in Figure 3). Communication on the bus is done at 9600 baud asynchronously. A logic
one is represented by the DC-level on the bus staying constant. For a logic zero, the bus is pulled 3 V to 10 V
below the DC-level first. This is called the active pulse which has a duration of typically 35 s. Following
immediately after is the equalisation pulse. During this time, the voltage can swing up to 13 V above the DC-level
and will decay exponentially in 69 ps.
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Figure 3. Waveform Seen on the Bus when
Transmitting a Logical Zero

Figure 3 shows a typical waveform on the bus representing a logical zero.

Fan-in

Every device connected to the KNX-bus will draw current from the bus to supply the application. The KNX standard
specifies the current should be limited to the real need. For every KNX-device the maximum current draw is
specified in its datasheet according to the fan-in-model [1]. The fan-in-model is used to determine how many
devices can be connected to one physical segment of the bus. All the ON Semiconductor KNX transceivers
contain a built-in mechanism to keep the draw within the value specified in its datasheet. This makes sure that the
device complies with the standard.

The fan-in pin sets the maximum current drawn from the bus. The transceiver will actively keep the current below
the set limit.

Both transceivers (NCN5121 and NCN5130) have two pre-defined fan-in modes. These can be selected by either
connecting the fan-in pin to GND or leaving it floating. Leaving it floating, the maximum bus current is limited to 10
mA. Tied to GND the limit is set to 20 mA.

The NCN5130 also offers an external fan-in mode. In this mode the current limit can be set linearly from 5 mA to

40 mA. This is achieved by connecting a resistor with a value of 10 kE2 to 93.1 kE2 to the fan-in pin. The fan-in-
model [1] specifies discrete current classes. When designing the application and defining the current consumption,
the next higher value of one of the classes must be selected. According to section 3.3 of the KNX test specification
[2] the maximum allowed bus current consumption for a fan-in-model of 10 mA is 12 mA. For other fan-in models it
is allowed to scale this value accordingly. For example, a 20 mA fan-in-model allows to draw 24 mA from the bus.

Table 1. RECOMMENDED FAN-IN RESISTOR VALUES



Current Class
R3 Ibus,lim (Typical Values) (Note 1)
0o 11.4 mA 10 mA
0Q 22.3 mA 20 mA
10 kQ 43.9 mA 40 mA
13.3kQ 33.0 mA 30 mA
20 kQ 22.1 mA 20 mA
42 2 kQ 10.7 mA 10 mA
93.1 kQ 51 mA 5mA
1. According to the fan-in-model [1].
Linear range
20 mA 40 mb, - = 5 mA 10 mA
Pre-defined External fan-in
fan-in Only for NCN5130
Ry
0 2k 10k 93.1k 250k co

Figure 4. The Different Fan-in Settings
A list of recommended fan-in resistor values can be found in Table 1. For the listed resistor values, the
corresponding current limits are specified in the datasheet.
If a resistor value is used, other than the ones specified in Table 1, the following formula can be used to calculate
the corresponding bus current limit:
434

| =4 x10"%+—A (eq. 1)

bus,lim R
3

Buffer Capacitor

Besides the maximum allowed current drawn from the bus, the KNX standard also specifies at which rate the bus

current is allowed to change. This requirement introduces the need for a large buffer capacitor. When the load

current changes abruptly this capacitor must deliver the required energy. The KNX-transceiver will charge the

capacitor again after the load step using a fixed current slope.

According to the KNX test specification [2] a device with a fan-in-model of 10 mA is allowed to change its current

draw from the bus with a slope of 0.5 mA/ms. Section 3.3 specifies that this can be increased accordingly with the

fan-in-model. The following formula can be used to calculate the allowed bus current slope:The datasheet (pages

18-19) of the NCN5121/NCN5130 describes how to dimension the buffer capacitor. The KNX Family Efficiency

Calculator3 is a tool developed to help customers with this dimensioning.

AIbus 5
— = 005/mS I iy mode (eq. 2)

Common Mode Choke

If desired optionally a common mode choke such as the Murata 50475C can be mounted on the footprint of L1.
This helps to block common mode disturbances, but in most applications, this is not required.

Before soldering the choke on the foreseen footprint of L1, the tracks shorting the component must be cut.



Figure 5. Wago 243-211 Terminal Block

3 https://www.onsemi.com/pub/Collateral/ KNX%20FAMILY%20EFFICIENCY%20CALCULATOR.XLSM

Power

The board is powered through the KNX-connector. These two pins (KNX+/KNX- in Figure 9) mate with a typical
KNX terminal block such as the Wago 243-211, illustrated in Figure 5. No additional connection is required as the
board will generate its own supply voltages. An input voltage up to 30 V is tolerated. Using a standard KNX power
supply is the safest option as it generates the correct voltage and has a built-in protection.

It is possible to use a laboratory supply, but be sure to correctly set the output voltage to avoid damaging the
board. By using a laboratory power supply, it is not possible to send messages on the KNX-bus. To enable
communication on the bus, a special choke must be placed between power supply and development board. An
example of such a choke is the Siemens GAMMA Choke N 120/02.

To power the microcontroller development board there are several options.

« Most modern microcontroller development boards can be supplied through the 3V3-pin, this eliminates the
need for additional LDO’s, and lowers the overall power consumption.
On the shield, there is always a 3.3 V supply present, which is also used to supply the KNX transceiver. This
supply voltage can be routed to the 3V3-pin on the Arduino headers by shorting J11 (Figure 6).

« Arduino-compatible development boards typically accept a supply voltage of 7 V to 12 V, either through the on-
board DC-jack (if present) or the VIN-pin on the headers.
The shield can supply the microcontroller through the VIN-pin. When J10 is shorted (see Figure 6), the 9 V
generated by DC-DC2 is routed to the VIN-pin. In this configuration, the whole system is supplied through the
KNX-bus and no additional power supplies are required.

« The microcontroller development board may be supplied through an external supply. This occurs when
debugging the board through USB with the KNX-connector disconnected. In this case remove both J10 and J11
(Figure 6).
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Figure 6. Jumper Settings for the Three Possible Supply Configurations
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Adjusting the DC-DC2 Output Voltage

DC-DC2 is adjustable and can be configured to generate a voltage between 1.2 V to 21 V. This enables supplying
a very wide range of applications. By default, the output voltage is set to 9 V. This makes it suitable to supply an
Arduino-compatible development board, which typically accepts an input range of 7 V to 12 V.

To adjust the output voltage the values of the feedback resistors must be changed. These are located at the
bottom left corner of the PCB, making them easily resolderable. The required resistor values can be calculated



from:

Vvobpe — 1.2
Rig = Ros s (eq. 3)

Or use the KNX Family Efficiency Calculator4 which can be found on the ON Semiconductor website.

Inputs and Outputs

Arduino Header Pin-Out

Most of the buttons and LEDs are connected to digital pins on the Arduino headers. Two of the buttons and one
LED are connected to analog input pins. This was done to keep the 12C-pins free for other purposes. The same
applies for the TREQ-pin.

The SAVEB-pin is connected to a digital pin which has interrupt capabilities. This is necessary to provide a signal
to the microcontroller as fast as possible indicating the bus voltage is dropping.

All the LEDs are connected to PWM-capable pins, allowing the application to dim the LEDs if desired. A complete
net list for the microcontroller connections is given in Appendix A, Table 4 and in Appendix B, Table 5.
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Figure 9. Evaluation Board Connectivity
(KNX-Shield)
4 https://www.onsemi.com/pub/Collateral/ KNX%20FAMILY%20EFFICIENCY%20CALCULATOR.XLSM

User Buttons and LEDs

The shield has 4 on-board push buttons (SW1...4) and 4 LEDs (LED2...5) to enable the development of switching
apps in particular. For a dimmer application the four buttons are split into two groups marked on the PCB as
channell and channel2 (CH1/CH2). The upper button in the channel is used to dim up, whilst the other one is
used for dimming down. Refer to Appendix A, Table 4 and Appendix B, Table 5 to see how these are connected to
the 1/O pins of the microcontroller.

It is possible to stack other shields containing 1/Os which are used for the end application. Remove R26-R29 and
R33-R36 if the buttons or LEDs conflict with the pin-out of the other shields used.

Programming Push Button and LED

To assign an individual address to a device in a KNX-network, the device must be put into programming mode. The
simplest way to do this is by pressing the programming button (S1). LEDG6 indicates if the device is in programming
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mode.
It is possible to customize the entering in programming mode e.g. pushing two buttons simultaneously.

Microcontroller Clocking

NCN5130 and NCN5121 have the capability to deliver a clock signal to the microcontroller. This clock signal is
available on the XCLK-pin of the transceiver and routed to a 2.54 mm header pin on the shield (See Figure 9).
Because the Arduino headers do not foresee a dedicated pin to pass clock signals, it is mandatory to route this
signal manually to the microcontroller. This is only necessary if it is desired to use this signal to clock the
microcontroller. In most cases the microcontroller will be clocked from its internal RC-oscillator or from an external
crystal.

By default, the clock signal on the XCLK-pin is 16 MHz. It can be changed to 8 MHz by tying the XSEL-pin to
ground: De-solder R23 and solder a 0 resistor on the pads of R30.

Digital Communication Interface

Both the NCN5121 and NCN5130 implement the mac layer of the OSI model as shown in Figure 10. They will
handle the coding and decoding of messages, sending acknowledges, etc... Critical low level timings such as the
duration of the active pulse are all managed by the transceiver. The transceiver makes sure that the collision
avoidance5 is handled correctly without any intervention by the host controller. This greatly reduces the software
development effort. To communicate with the mac layer both a UART- and SPl-interface are supported. Note that

CSMA/CA: Carrier-sense multiple access with collision avoidance.

when the transceiver operates in SPI-mode it acts as the master. The microcontroller must support slave mode in
order to be able to communicate with the transceiver. To select in which mode the KNX-transceiver operates
(UART or SPI) the MODE2-pin is used. When tied to GND using R32, the transceiver operates in UART-mode.
Tying it to VDD1 using R25 puts the transceiver in SPI-mode.

7 Application layer
6 Presentation layer
g
5 Session layer 2
=
]
[&]
4 Transport layer E
T
3 Network layer
Logic link control
2 Data link layer
o
Media access control @
o
0
1 Physical layer 5
Z

Figure 10. Placement of the Transceivers
in the OSI Model



560 C2resistors protect the 1/O lines going to the microcontroller. Depending on which resistors are mounted either
the UART or the SPI-lines are connected. If desired it is possible to transform a UART shield into SPI and vice
versa by soldering/de-soldering the resistors as listed in Table 2.

Table 2. COMMUNICATION INTERFACE RESISTOR MOUNTING OPTIONS

Communication Interface Resistor Mounted
UART R16, R17, R32
SPI R9, R11, R12, R13, R15, R25

Table 3. SELECT THE RIGHT BAUD RATE USING J1/J2

J2 J1 Parity Bit Baud Rate
0 0 even 19 200 bps
0 1 even 38 400 bps
1 0 none 19 200 bps
1 1 none 38 400 bps

Selecting The Baud Rate

Jumpers J1 and J2 allow easy configuration of the baud rate and parity. This is only used in UART-mode. In SPI-
mode, the communication speed is fixed to 500 kbps.

To make the UART-communication more robust, it is possible to enable the transmission of an even parity bit with
every data byte. For the complete settings refer to the silkscreen on the shield or to Table 3.

Analog Communication Interface

The NCN5110 transceiver doesn’t contain any digital functionality, implementing only the physical layer of the OSI
model. Both the TXD- and RXD-lines are directly connected to the KNX-transmitter/receiver.

Pulling the TXD high will make the transceiver drop the bus voltage as shown in Figure 11. Once the transmit line
is pulled low again, the transceiver will put an equalisation pulse on the bus. The duration the bus voltage stays by
an

amount of Vact below VDC, is determined by the microcontroller. As a consequence the microcontroller is also
responsible for collision detection and avoidance. As well as the encoding and decoding of messages, sending
acknowledges, etc... must be implemented in the microcontroller, increasing the software complexity.

The RXD-line will become high when an active pulse is detected on the bus. As the transceiver also receives the
data itself transmitted on the bus, this line will also become high during transmission.
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Enable Interface

The timing of the pulses which drive the NCN5110 are extremely time critical. Some microcontroller families have
special timer modes which can be used to generate the correct pulses. Using these modes, would limit the use of
the software to a certain microcontroller family.

An AND port combines the signals coming from D11 and D12. The schematic is shown in Figure 12. It provides a
mechanism to set and clear the transmit signal, without the use of special timers only available in specific
microcontroller families.

Two timers can be used, one to generate a rising edge, the other to generate a falling edge. Both signals are
combined to create the desired transmit signal as shown in Figure 13.

Both input pins of the AND port are pulled low. This ensures that during the startup of the microcontroller, the
transceiver won'’t transmit.

Figure 13. Combination of a Rising and Falling Edge

to Create the Transmit Signal

PCB LAYOUT GUIDELINES
When designing a PCB for the KNX-transceiver it is important to take certain layout aspects into consideration.



The following good practices will help to improve the EMC performance of the whole application. The Arduino
shield is a two-layer PCB, with the main ground plane on the bottom layer. Empty space on the top layer is filled in
with ground copper, but this is not a ground plane.

DC-DC Converters

Electromagnetic interference is dominated by the DC-DC converters. These converters switch at frequencies
around 300 kHz. Without due consideration for PCB layout, radiated emissions can become a serious issue.
Figure 16 shows an example schematic of an inverter driving a capacitive load. The PCB tracks going to and
coming from the load will act as an inductor at high switching frequencies. The return path can be the common
circuit ground, but this is not always the case!

When constructing the PCB layout it is very important to pay attention to the signal return path.

The first situation in Figure 14 shows a single-layer design. Here the signal and return path form a large loop,
which will act as an antenna at higher frequencies.

Single-layer design Single-layer optimized
O = Si | O = S |
= igna = = Signa
- NI F— Ty T—
g p gr— p
Return

Return T T

Figure 14. Optimizing the Return Path in a Single-layer Design



Dual-layer design Dual-layer optimized
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Figure 15. Optimizing the Return Path in a Dual-layer Design
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Figure 16. Inverter Principle Schematic Showing
a Critical Current Loop

This layout can be improved significantly by routing the signal and return path close to each other. They should be
routed as if they were a differential pair. In most circuit designs, the return path for most signals is the common
circuit ground. For these circuits using a two-or four-layer PCB with the main ground on the bottom- or inner-layer
is the recommended choice. It simplifies the layout work and makes it much easier to create optimal return paths.
Still care has to be taken during the design, as it is easy to overlook common mistakes. Figure 15 shows a
situation

where there is a slot in the ground plane. The return path now goes around the slot creating a slot antenna. Ideally
the bottom ground plane should never be interrupted.

Figure 17 shows the current loops for the two DC-DC converters on the Arduino shield. All the components on the
shield are placed and routed to minimize the loop surface areas. When the DC-DC converter switches on its top
transistor, the instantaneous current spike is drawn from the small 100 nF capacitor C8. As these current spikes
are short, they will have a high frequency. So the most critical loop, is the current flowing from C8 into the parasitic
capacitance at

VSW as shown in red. To keep this loop very small, C8 must be placed as close as possible to the VIN-pin. If
possible, place it right next to it as in Figure 18.



Keeping all the tracks on the top layer avoids any disruptions in the bottom ground layer and resistance/inductance
being added by vias. The two grey arrows show the larger current loops created by the DC-DC converter. These
should also be kept as short as possible to minimize radiated emissions. Figure 18 shows the optimal layout, used
on the shield, to keep these loops small.
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Figure 17. Schematic Showing the DC-DC Converter
Current Loops
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Figure 18. DC-DC Converter Current Loops on the
Arduino Shield

The larger buffer capacitor C9 can be placed further away from the VIN-pin, as long as the small ceramic capacitor



C8 is placed very close to it.
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Figure 20. Optimal Layout for the TVS Diode

« ltis important to optimize the layout of the Transient Voltage Suppression (TVS) diode in order to effectively
protect the transceiver against surges. When a surge occurs, the TVS diode must clamp the voltage to a level
which doesn’t damage the transceiver. To achieve this, the series resistance should be as low as possible.

« This can be done by connecting KNX-directly to the TVS diode before being routed to the rest of the PCB
ground as shown in Figure 20. This ensures that the current path to the TVS has the lowest resistance and no

transient current will flow to the transceiver.

GETTING STARTED



The Arduino shield comes with demo software developed by Tapko Technologies GmbH. The software includes a
demo version of KAlstack which runs on a STM32F103-NUCLEO board. This software contains all the necessary
software components to connect to the KNX-bus and comes with a variety of demo applications. The demo

version of KAlstack can be used to start developing custom application software. The following limitations apply to

the demo version:

Limited to 16 group addresses, 16 associations and 16 communication objects instead of 255.

Application interface objects have been removed.
« The rout-count is set to zero in the network layer, limiting the application use to only one line.

« There are no repetitions on the transport layer.
« ltis not possible to change the individual address of the device through ETS.

Only one derivative is supported.

Prerequisites

Listed below are all the components needed to construct a small KNX-network with the NCN5100ASGEVB.

POWER——
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Figure 21. Hardware Modifications on the Top Side of
the Nucleo Board
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Figure 22. Hardware Modifications on the Bottom
Side of the Nucleo Board

« KNX power supply (including a choke).

« USB-KNX interface to communicate with ETS on the PC.
« A demo version of ETS.

o STM32F103-NUCLEO board to plug the shield into.

« Any version of the NCN5100ASGEVB.

Hardware Modifications

To get started with the demo software, a NCN5110, NCN5121 or NCN5130 Arduino shield is required in
combination with a STM32F103-NUCLEO board. In order to get the software running on the microcontroller, a
couple of hardware modifications are required. To meet the timing requirements to communicate on the KNX-bus,
it is mandatory to have a more accurate clock than the on provided by the internal RC-oscillator of the
microcontroller. Two options are suggested below.

Placing a Crystal

o Mount a crystal in the X3 footprint on the Nucleo board.

« This crystal must have a frequency of 16 MHz. For the recommended value of the loading capacitors C33/C34,
refer to the datasheet of the crystal.

« A good crystal is the 9B-16.000MEEJ-B, which needs loading capacitors of 18 pF.

To get the crystal working on the Nucleo board the following configuration is required (Figures 21 and 22):

« Place 0 C2resistors at R35 and R37.

« Solder the loading capacitors on C33 and C34.
« Remove the 0€2 resistor at SB50.

« Solder the crystal on X3.



Apply An External Clock

The second option is to use an external clock. Use the XCLK-output of the KNX-transceiver as a clock input for the
microcontroller. By tying the XCLKC-pin high/low a clock frequency of 16 MHz or 8 MHz can be selected. By
default on the Arduino shield, the XCLKC-pin is pulled high, meaning a clock signal of 16 MHz is present on the
XCLK-pin. This method has the advantage that the complete application only needs one crystal.

To use the XCLK-output as a clock signal, the following configuration is required:

e« Placea0 Qresistor at SB55.
« Remove the 0 Q resistor from SB50.
« Connect the XCLK-pin on the Arduino shield to pin 29 of CN7 on the Nucleo board. Do this using a wire which is

as short as possible.
UART Communication

« On the Nucleo board the USART2 interface is by default used to communicate with the on-board ST-LINK.
« This means that it is not possible to use DO and D1 on the Arduino headers for UART communication, as they

are not connected.
To enable UART communication on the Arduino headers execute the following steps (Figures 21 and 22):

« Remove the 0S2 resistors from SB13 and SB14.
« Mount OQ resistors at SB62 and SB63.

These steps will disable the communication between the microcontroller and the ST-LINK. Then it is no longer
possible to use the Virtual COM-port on the Nucleo board. To keep using the Virtual COM-port, connect another
USART peripheral to the ST-LINK. USART3 is a possible candidate which can be used by connecting two wires as
follows:

« Connected pin 1 of CN7 (PC10-USART3_TX) to the RX pin on CN3.
« Connected pin 2 of CN7 (PC11-USART3_RX) to the TX pin on CN3.

Setting Up A Network

Once the STM32F103-NUCLEO board is ready, a small network can be set up to get started with the
NCN5100ASGEVB.

Connecting Power
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Figure 23. Minimal Network Setup

There are several options to power the Nucleo board. Refer to Section Power for all the possible configurations. To
get started, remove the jumpers J10 and J11 from the Arduino shield and place JP5 on the Nucleo in the U5V
position. This way the microcontroller will be powered from the USB port while the KNX-transceiver is powered
from the KNX-bus. To power the complete solution from the KNX-bus, place J10 on the Arduino shield and JP5 in
the E5V position on the Nucleo.

UART Communication

The demo software from Tapko communicates with the transceiver at 19.2 kb/s using an even parity bit. Place J1
and J2 in the ‘0’-position to select the correct communication speed.

Building The Network

A minimal network setup consists of a KNX power supply, KNX USB-interface and the NCN5100ASGEVB. This
setup is displayed in Figure 23. The KNX USB-interface is used to configure the NCN5100ASGEVB through ETS
and to send and receive messages. After setting up the network, connect the USB coming from the KNX USB-
interface and the Nucleo to the PC. The physical hardware setup is now complete.

Installing The Software
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Figure 24. Picture of the Practical Setup

ﬁl Setup - KAlstack Demo for STM32_KEIL - Nucleo-F103RB & ... — X

Select Destination Location
Where should KAlstack be installed?

Setup will install KAIstack into the following folder.

Select the folder for KAlstack
Length should not exceed 20 character and contain no spaces.

Select the folder for Tools and Documentation
C:\Program Files (x86)\TAPKO\KAIstack | Browse... |

Next> |  Cancel

Figure 25. Selection of the Installation Folders



[[55 Setup - KAlstack Demo for STM32_KEIL - Mucleo-F103RB & ... — X

Select Components
Which components should be installed?

Select the components you want to install; dear the components you do not want to
install. Click Next when you are ready to continue.

Targets 130,5MB A
‘. ] sTm32 130,5MB
... [] Compiler: Keil
KATlink
- [ kATlink UART
. ] KaTlink BIT
. ] kaTlink RF
Options
Compiler
Examples 37,3MB .,

Current selection requires at least 1.405,9 MB of disk space.

< Back Next = Cancel

Figure 26. Select which Components to Install

appl_example 23/09/2019 8:56 File folder

Compiler File folder

HW documentation for TAPKO eval File folder

Instalation of environment KEIL File folder

system_13 File folder

ternplate File folder
m AppWizard.exe 17:46 Application 33 KB
'__] AppWizard.ini 13/10/2018 20:43 Configuration sett.., 1KB
[ GenerateNewProject.bat 07/11/2015 16:30 Windows Batch File 4 KB
[%] gnp.bat 21/12/2016 17:11 Windows Batch File 13KB
[#5] gnumake.exe 19/11/2012 20:22 Application 200 KB
@ How to create a Data base entry Device model 07B0.pdf 0/03/2015 11:54 PDF File 1.606 KB
(@€ How to create an Application with KAlstack STM32 KEIL.pdf /2018 10:52 PDF File 4,022 KB
@ How to install environment KEIL. pdf 02/06/2016 16:28 PDF File 485 KB
@ KAlstack Eval Kit STM32 - Please read this first.pdf 09/12/2017 13:15 PDF File 1.957 KB

Figure 27. Folder Structure of the KAlstack
Installation

The microcontroller demo software can be found on the ON Semiconductor website [5]. Download the software,
unpack it and execute the installer. The installer will first ask in which folders to install the software. The first folder
will contain KAlstack, the compiler, software examples and the documentation. In the second installation folder,
some additional tools and the documentation for KAlstack are installed.

Next, the installer gives the option to select which components to install. It is recommended to leave everything



selected. When clicking on Next, a summary is given of what will be installed.

Install the software and open the installation folder where KAlstack is installed. The folder structure will look like
the one shown in Figure 27. In the appl_example folder, many examples of application programs can be found.
Refer to the documentation included with the installation on how to modify the software examples to your needs.

Building and Loading The Software

dummy 10/12/2019 14:45 File folder

ETS_DB 23/09/2019 &:56 File folder

output 10/12/2019 14:45 File folder

5IC 23/09/2019 8:56 File folder

tmp 10/12/2019 14:45 File folder

workspace 23/08/2019 &:56 File folder
(%] build.cmd 08/12/2017 14:36 Windows Comma... 1 KB
(%] rebuild.cmd 08/12/2017 14:36 Windows Comma... 1 KB

Figure 28. Folder Structure of an Application
Example

The folder structure of the first application example 1in1out 07B0 is shown in Figure 28.

Two folders named dummy and tmp contain some temporary files necessary to compile the program. These files
can be ignored. The ETS_DB folder contains an ETS-project, that will be used later on to configure the
NCN5100ASGEVB. The folder named 1_IN_OUT_07B0 contains all the files necessary to get started in the KNX
manufacturer tool. They can be used to create a catalog entry, product database, etc...

The final output files generated by the compiler are placedin the output folder. The binary that must be loaded in
the microcontroller can be found there. The application program specific source and header files are located in the
src folder. A file named project.h contains all the project specific settings. These projects are all compiled using the
ARM KEIL compiler. It is possible to open the example projects in the KEIL pVision IDE. The necessary files are
located in the workspace folder. For more information refer to the documentation included with the installation.
Lastly there are two batch files included in the folder.

These can be used to build and rebuild the application. To get started with the previously built setup, one of the
example projects must be loaded in the microcontroller. Compile the 1in1out_07B0 example by executing the
rebuild.cmd batch file. A command window will pop-up showing the progress of the compilation process. It will
display a message, as shown in Figure 29 once the compilation is finished. Now the output folder contains a .hex
file, which can be loaded in the microcontroller.
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To program the microcontroller, the STM32CubeProgrammer tool is used. Open the program after downloading
and installing the latest version. In the tool click on Open File and select the generated .hex file. Once it is loaded

in the tool, click on the Download button to load it in the microcontroller. A window saying File download complete

should pop up, as shown in Figure 30. Now the KNX-device is ready and the network can be configured.



ndividual Address

Figure 33. Assigning an Individual Address to the
NCN5100ASGEVB

A room can not exist on it's own and must be created inside a building. To create a building, click on the word
Buildings and then Add Buildings. Once the building is created, right click on it and select Add — Rooms to create
a room. To assign NCN5100ASGEVB to the room just created, click on the Not assigned to a room folder and drag
the device into the room. After the device is linked to a room, an individual address must be assigned to it.

The individual address has a fixed format, and is chosen in such a way that it reflects it's position in the network. It
is only used for programming the device. For more information on this topic, refer to the official KNX-
documentation [4]. The Tapko demo stack doesn’t support changing the individual address. So the device must be
given the fixed individual address 1.5.8 as shown in Figure 33. Click on the device in the Buildings panel so that
the Properties panel opens on the right. Under the settings tab the individual address can be found.
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Figure 34. The ETS-project after Completing
the Set Up

Now the group addresses have to be assigned in order for the device to communicate on the bus. Refer to the
official KNX-documentation [4] for more information on how the communication system with group addresses
works. Click on the device in the Buildings panel and go to it's Group Objects tab, as shown in Figure 34. It will
show all the supported group objects and the group addresses which are assigned to it. The assigned group
addresses will be blank.

To assign a group address to a group object, right click on it and select Link with.... A window as shown in Figure
35 will pop up. In this window, select New. In this tab a new group address can be created which will be
immediately assigned to the group object. Assign group address 0/0/2 to the bit group object and 0/0/1 to the
switch group object. Give them both an appropriate name. The switch group object is used to send a bit value on
the bus every time the button SW3 is pressed. The bit group object is used to control LED3 on the shield.

1 i ~n Add
Etis[ir.g My
Group Address
0
Mame
Switch
oK Cance

Figure 35. Assign a New Group Address

It is possible to review and adjust the group addresses/names in the Group Addresses panel (Workplace — Open
New Panel).
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Figure 37. The Group Monitor Showing the Group Communication on the Bus

Now the complete project has been configured and should look like Figure 34. This configuration can now be
loaded in the NCN5100ASGEVB. Make sure that the USB-KNX interface is connected to the PC. Right click on
the device in ETS and select Download — Full download.

ETS will now ask to press the programming button on the NCN5100ASGEVB. It can be found on the lower left
corner of the shield. After pressing the button, the LED above will light up. Now ETS will start the download
process. Once the download has finished, open the Diagnostics panel by clicking on the Diagnostics button on the
top menu bar. In this panel it is possible to monitor what happens on the network and control the network through
the USB-KNX interface. Press the Start button to start monitoring the network.

Now every time button SW3 on the shield gets pressed a message is sent on the bus by the NCN5100ASGEVB.
The Diagnostics panel shows who is sending the message, what group address is being sent and what value. The
value should toggle between On and Off every time the button is pressed.

It is possible to send messages on the bus through the Diagnostics panel to control one of the LEDs on the shield.
In the Group Address field enter 0/0/2. When pressing the Read button, the USB-KNX interface sends a read
request on the bus for group object 0/0/2. The NCN5100ASGEVB will respond with the current state of LED3,
which is Off. In the Value field enter 1. When the Write button is pressed, the USB-KNX interface sends group



object 0/0/2 on the bus with the value On. LEDS3 on the shield should now light up. When pressing the Read button
again the device will now respond with On.
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APPENDIX A - MICROCONTROLLER NET LIST NCN5100AS-1

Table 4. MICROCONTROLLER PINS LIST
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Pin Arduino Headers Connected to Function MCU Pin Direction
DO/RX SDO/TXD UART receive line IN
D1/TX SDI/RXD UART transmit line ouT
D2 SAVEB Save data indication IN
D3/PWM LED5 CH2 Red up button LED | OUT
D4 Sw4 Up button CH2 IN
D5/PWM LED3 CH2 Yellow down button OUT
LED
DE/PWM LED? 231 Green down button L OUT
D7 SWi1 Down button CH1 IN
D8 SW3 Up button CH1 IN
D9Y/PWM LEDA4 gH1 Orange up button LE OUT
D10/CS CSB/UC1 SPI chip select IN
D11/MOSI SDO/TXD SPI MOSI IN
D12/MISO SDI/RXD SPI MISO ouT
D13/SCK SCK/UC2 SPI clock IN
AO ANAOUT Analog multiplexer output | IN (analog)
A1 SW2 Down button CH2 IN
A2 TREQ Transmission request ouT
A3 LED6 Programming LED ouT
A4 S Programming button IN
APPENDIX B

APPENDIX B - MICROCONTROLLER NET LIST NCN5100AS-2

Table 5. MICROCONTROLLER PINS LIST




Pin Arduino Headers Connected to Function MCU Pin Direction
D3/PWM LEDS CH2 Red up button LED | OUT
D4 SW4 Up button CH2 IN
D5/PWM LED3 CH2 Yellow down button ouT
LED
DE/PWM LED? EEH Green down button L OUT
D7 SWi1 Down button CH1 IN
D8 SW3 Up button CH1 IN
D9/PWM LEDA4 8H1 Orange up button LE OUT
D11 RXD2 Data input NCN5110 ouT
D12 RXD1 Data input NCN5110 ouT
AOQ TXD Data output NCN5110 IN
A1 SW2 Down button CH2 IN
A3 LED6 Programming LED ouT
A4 St Programming button IN
APPENDIX C

APPENDIX C - LIST OF TESTED PLATFORMS

Table 6. TESTED PLATFORMS

Manufacturer

Development Board

Microcontroller

STMicroelectronics

NUCLEO-F103RB

STM32F103RB

Cypress CY8CKIT-044 CY8C4247AZI-M485
Waveshare XNUCLEO-F103RB STM32F103RB
APPENDIX D

APPENDIX D - NCN5130ASGEVB

UART-version




KFT-16HEC

‘Frogramming buncaLED

Place diode and TV 22 close
23 pessihie to the commen made chaks!

In this configration DC-DO2 will

and supply the mucrocontraller by
the VIX pin on fhe Anduing headers.

= N
|
||
|

ON Semicancsctur — Energy Management Frocucts

KA Arcin crisd
Board nend100as-1
Variat & NCNS130-UART

Design Tij Screpens. Sevizon -

Table 7. BILL OF MATERIALS UART-VERSION
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Designator Qty | Description Value Part Number

1 ’ \éVR—PHD 2.54 mm THT Pin Header, 3 61300311121

2 1 ::VR_PHD 2.54 mm THT Pin Header, 3 61300311121

3 ’ \;VR—PHD 2.54 mm THT Pin Header, 1 61300111121
Board-To-Board Connector, 2.54 mm,

J4 1 8 Contacts, Receptacle, Through Hole, SSQ-110-03-G-S
1 Rows
Board-To-Board Connector, 2.54 mm, 1

J6 1 0 Contacts, Receptacle, Through Hole, SSQ-110-03-G-S
1 Rows




Board-To-Board Connector, 2.54 mm,

J7 6 Contacts, Receptacle, Through Hole, SSQ-106-03-G-S
1 Rows
Serie 2141 — 3.50 mm Horizontal Entry
J8 Modular with Rising Cage Clamp WR- 691214110003
TBL, 3 pin
Board-To-Board Connector, 2.54 mm,
J9 8 Contacts, Receptacle, Through Hole, SSQ-108-03-G-S
1 Rows
SMT Power Inductor WE-LQFS, size
L2 4828, 220 UH, 0.4 A 74406043221
SMT Power Inductor WE-LQFS, size
L3 4828, 220 LH, 0.4 A 74406043221
N-Channel Logic Level Enhancement
Mode Field Effect Transistor, 30 V, 1.7
Qt A, —55°C to 150°C, 3-Pin SOT-3, RoH NDS355AN
S, Tape and Reel
J10, J11 WR-PHD 2.54 mm THT Pin Header, 2
p
R6, R7, R8, R2 .
3, R31, R32 Resistor 0Q RC0603JR-070RL
c10 Capacitor 1uF 50V 2|_CM21BR71H105KAO
Schottky Rectifier, Singel 60 V, 1 A, DO
D1 _214AG, 2 Pins, 720 mV 1A/720mV/60V | SS16T3G
R20, R21 Resistor 1Q RCO0603FR-071RL
LED3 ;ED’ Yellow, SMD, 2mA, 2.2V, 59410 | 5 1 52V, 594 nm | VLMA3100-GS08
2 (1 x 2) Position Shunt Connector
R19 Non-Insulated 0.400 in (10.16 mm) Gol | 2 pins D3082-05
d
I\_/ED, Orange, SMD, 2.4 mm, 2 mA, 1.8 2.4 mm,2mA, 1.8V,
LED4 ’ VLMO30L1M2-GS08

609 nm

609 nm




LED, Green, SMD, 2.4 mm, 2 mA, 1.9
V, 575

2.4 mm,2mA, 1.9V,

LED2 575 nm VLMC3100-GS08

nm
C11, C12 Capacitor 10 uF 2;216X7R1 E106K160
R2, R3, R4, R5
, R26, R27, R2 Resistor 10Q CRCWO060310KOFKEA
8, R29, R37
C1,C2 Capacitor 10 pF C0402C100J5GACTU
SW1, SW2, S .
W3, SW4 Switch 12V, 50 mA MCDTS6-3N

. . 16 MHz to 60 MHz /

Crystal Oscillator, 16 MHz, Low Profile || 'y 15 5 br '/ Stapi | Q22FA23800181 FA-
X1 SMD, 3.2 mm 2.5 mm, 30 ppm, 12.5p litv: 30 bpm / Toleran | 238

F, 50 ppm, FA-238 Series y.. PP

ce: 50 ppm

R22 Resistor 20Q CRCWO060320K0OFKEA
R10 Resistor 27 Q 352027RJT
U1 Transceiver for KNX Twisted Pair Netw 40 pins NCN5130MNTWG

orks




SMAJ40CA - TVS Diode, TRANSZOR
B SMAJ

D2 Series, Bidirectional, 40 V, 64.5 V, DO- 40V, 400 W SMAJ40CA
214AC, 2 Pins
, CGA3E2X7R1H473K0
C5 Capacitor 47 nF, 50 V S0AA
C9 Capacitor 100 pF, 35 V EEEFT1V101AP
S1 6.0 x 3.8 mm SMD J-Bend WS-TASV | 100 mQ, 250 V (AC) | 434 123 025 816
C3,C4 Capacitor 100 nF SCO402KRX7R7BB1O
C8 Capacitor 100 nF, 50 V \é.éOGOSW 04KXACW1
Cc7 Capacitor 100 nF, 50 V \é\(l:0603Y1 04KXAGW1
R18 Resistor 130 Q CRCWO0603130KFKEA
. CGA3E3X7R1H224K0
C6 Capacitor 220 nF, 50 V 80AB
2:13;1,R16, R17, Resistor 560 Q CRCWO0603560RFKEA
LED6 Surface Mount Chip LED, Red 0603, Red KPT-1608EC
R33, R38 Resistor 680 Q CRCWO0603680RFKEA
R14, R35, R36 Resistor 750 Q CRCWO0603750RFKEA
Pitch: 5.75 mm / Dia
J5 Male connector for WAGO 243-211 meter:1 mm/100V /| 13.14.125
6 A
LED, Red, 2.4 mm, 636 nm, 1.8V, 2 m
A1
LED1, LED5 Red, 1.8 V,2 mA VLMS30J1L2-GS08
18 mcd
Uf =430 mV,
D3 Surface Mount Schottky Power Rectifi If = 500 mA, Ur = 30 | MBRO530T1G
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Table 8. BILL OF MATERIALS SPI-VERSION
Designator Qty | Description Value Part Number
J3 1 \F;VR—PHD 2.54 mm THT Pin Header, 1 61300111121
Board-To-Board Connector, 2.54 mm,
J4 1 8 Contacts, Receptacle, Through Hole, SSQ-110-03-G-S
1 Rows
Board-To-Board Connector, 2.54 mm,
J6 1 10 Contacts, Receptacle, Through Hol SSQ-110-03-G-S
e, 1 Rows
Board-To-Board Connector, 2.54 mm,
J7 1 6 Contacts, Receptacle, Through Hole, SSQ-106-03-G-S
1 Rows
Serie 2141 — 3.50 mm Horizontal Entry
J8 1 Modular with Rising Cage Clamp WR- 691214110003

TBL, 3 pin




Board-To-Board Connector, 2.54 mm,

J9 8 Contacts, Receptacle, Through Hole, SSQ-108-03-G-S
1 Rows
SMT Power Inductor WE-LQFS, size
L2 4828, 220 |H, 0.4 A 74406043221
SMT Power Inductor WE-LQFS, size
L3 4828, 220 |H, 0.4 A 74406043221
N-Channel Logic Level Enhancement
Mode Field Effect Transistor, 30 V, 1.7
Qf A, —55°C to 150°C, 3-Pin SOT-3, RoH NDS355AN
S, Tape and Reel
J10, J11 WR-PHD 2.54 mm THT Pin Header, 2
p
R6, R7, R8, R2 .
3, R25, R31 Resistor 0Q RC0603JR-070RL
C10 Capacitor 1uF 50V gLCM21BR71H105KA0
Schottky Rectifier, Singel 60 V, 1 A, DO
D1 _214AC, 2 Pins, 720 mV 1A/720mV/60V | SS16T3G
R20, R21 Resistor 1Q RC0603FR-071RL
LED3 ;ED’ Yellow, SMD, 2mA, 22V, 5941 | 5 A 55V, 594 nm | VLMA3100-GS08
2 (1 x 2) Position Shunt Connector
R19 Non-Insulated 0.400 in (10.16 mm) Go | 2 pins D3082-05
Id
I\_/ED, Orange, SMD, 2.4 mm, 2 mA, 1.8 2.4 mm,2mA, 1.8V,
LED4 ’ VLMO30L1M2-GS08
609 nm
609 nm
I\_/ED, Green, SMD, 2.4 mm, 2 mA, 1.9 2.4 mm,2mA, 1.9V,
LED2 ’ VLMC3100-GS08
575 nm
575 nm
C11, C12 Capacitor 10 uF 22216X7R1 E106K160
R2, R3, R26, R
27, R28, R29, Resistor 10Q CRCWO060310KOFKEA

R37




C1,C2 Capacitor 10 pF C0402C100J5GACTU
SW1, SW2, S .
W3, SW4 Switch 12V, 50 mA MCDTS6-3N
, . 16 MHz to 60 MHz /

Crystal Oscillator, 16 MHz, Low Profile || - 115 5 bF '/ Stabi | Q22FA23800181 FA-
X1 SMD, 3.2 mm 2.5 mm, 30 ppm, 12.5p litv: 30 oom / Toleran | 238

F, 50 ppm, FA-238 Series y-oupp

ce: 50 ppm

R22 Resistor 20Q CRCWO060320KOFKEA
R10 Resistor 27 Q 352027RJT
U1 '(I)':ir;scewer for KNX Twisted Pair Netw 40 pins NCN5130MNTWG

SMAJ40CA - TVS Diode, TRANSZOR

B SMAJ
b2 Series, Bidirectional, 40 V, 64.5 V, DO- 40V, 400 W SMAJ40CA

214AC, 2 Pins
C5 Capacitor 47 nF, 50 V CGASE2X7RTH473K0

80AA




C9 Capacitor 100 uF, 35V EEEFT1V101AP
S1 6.0 x 3.8 mm SMD J-Bend WS-TASV | 100 mQ, 250 V (AC) | 434 123 025 816
C3,C4 Capacitor 100 nF SCO402KRX7R7BB1O
C8 Capacitor 100 nF, 50 V \éé0603Y1 04KXACW1
C7 Capacitor 100 nF, 50 V \é‘é0603Y1 04KXACW1
R18 Resistor 130 Q CRCWO0603130KFKEA
. CGA3E3X7R1H224K0
C6 Capacitor 220 nF, 50 V 80AB
R1, R9, R11, R
12, R13, R15, Resistor 560 Q CRCWO0603560RFKEA
R34
LED6 Surface Mount Chip LED, Red 0603, Red KPT-1608EC
R33, R38 Resistor 680 Q CRCWO0603680RFKEA
R14, R35, R36 Resistor 750 Q CRCWO0603750RFKEA
Pitch: 5.75 mm / Dia
J5 Male connector for WAGO 243-211 meter: 1 mm/100V | 13.14.125
/6 A
LED, Red, 24 mm, 636 nm, 1.8V,2m
A,
LED1, LED5 Red, 1.8 V,2 mA VLMS30J1L2-GS08
18 mcd
Uf =430 mV,
D3 eSrurface Mount Schottky Power Rectifi If = 500 mA, Ur = 30 | MBRO530T1G
Vv
APPENDIX E
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Table 9: BILL OF MATERIALS UART-VERSION

Designator Qty | Description Value Part Number

J1 1 ::VR_PHD 2.54 mm THT Pin Header, 3 61300311121

2 1 \I;VR—PHD 2.54 mm THT Pin Header, 3 61300311121

J3 ] \FﬁVR—PHD 2.54 mm THT Pin Header, 1 61300111121
Board-To-Board Connector, 2.54 mm,

J4 1 8 Contacts, Receptacle, Through Hole, SSQ-110-03-G-S
1 Rows
Board-To-Board Connector, 2.54 mm, 1

J6 1 0 Contacts, Receptacle, Through Hole, SSQ-110-03-G-S
1 Rows




Board-To-Board Connector, 2.54 mm,

J7 6 Contacts, Receptacle, Through Hole, SSQ-106-03-G-S
1 Rows
Serie 2141 - 3.50 mm Horizontal Entry
J8 Modular with Rising Cage Clamp WR- 691214110003
TBL, 3 pin
Board-To-Board Connector, 2.54 mm,
J9 8 Contacts, Receptacle, Through Hole, SSQ-108-03-G-S
1 Rows
SMT Power Inductor WE-LQFS, size
L2 4828, 220 JH, 0.4 A 74406043221
SMT Power Inductor WE-LQFS, size
L3 4828, 220 JH, 0.4 A 74406043221
N-Channel Logic Level Enhancement
Mode Field Effect Transistor, 30 V, 1.7
Qt A, —55°C to 150°C, 3-Pin SOT-3, RoH NDS355AN
S, Tape and Reel
410, J11 WR-PHD 2.54 mm THT Pin Header, 2
p
RSZI? 6R?I?17 , FF:?? Resistor 0Q CRCWO0B03000020EA,
’2 ’ ’ RC0603JR-070RL
C10 Capacitor 1 uF, 50V S€M21BR71H105KA0
Schottky Rectifier, Singel 60 V, 1 A, DO
D1 _214AC, 2 Pins, 720 mV 1A/720mV/60V | SS16T3G
R20, R21 Resistor 1Q RC0603FR-071RL
LED3 anED’ Yellow, SMD, 2mA, 2.2V, 5941 | 5 1A 22V, 594 nm | VLMA3100-GS08
2 (1 x 2) Position Shunt Connector
R19 Non-Insulated 0.400 in (10.16 mm) Gol | 2 pins D3082-05

d




LED4

LED, Orange, SMD, 2.4 mm, 2 mA, 1.8
vV,

2.4 mm,2mA, 1.8V,

VLMOS30L1M2-GS08

609 nm 609 nm
I\_/ED, Green, SMD, 2.4 mm, 2 mA, 1.9 2.4mm, 2mA 1.9V,
LED2 ’ VLMC3100-GS08
575 nm
575 nm
C11, C12 Capacitor 10 uF 22216X7R1 E106K160
R2, R4, R5, R2
6, R27, R28, R Resistor 10Q CRCWO060310KOFKEA
29, R37
C1,C2 Capacitor 10 pF C0402C100J5GACTU
SW1, SW2, S .
W3, SW4 Switch 12V, 50 mA MCDTS6-3N
16 MHz to 60 MHz /
X1 Load: 12.5 pF / Stabi | Q22FA23800181 FA-
lity: 30 ppm / Toleran | 238
ce: 50 ppm
R22 Resistor 20Q CRCWO060320KOFKEA
R10 Resistor 27 Q 352027RJT
UA Transceiver for KNX Twisted Pair Netw 40 pins NCN5121MNTWG

orks




SMAJ40CA - TVS Diode, TRANSZOR
B SMAJ

er

Vv

D2 Series, Bidirectional, 40 V, 64.5 V, DO- 40V, 400 W SMAJ40CA
214AC, 2 Pins
. CGA3E2X7R1H473K0
C5 Capacitor 47 nF, 50 V S0AA
C9 Capacitor 100 uF, 35V EEEFT1V101AP
S1 6.0 x 3.8 mm SMD J-Bend WS-TASV | 100 mQ, 250 V (AC) | 434 123 025 816
C3,C4 Capacitor 100 nF ECO4OZKRX7R7BB1O
C8 Capacitor 100 nF, 50 V ;‘éOBOSW 04KXACWI
Cc7 Capacitor 100 nF, 50 V \é‘éOGOSW 04KXACW1
R18 Resistor 130 Q CRCWO0603130KFKEA
. CGA3E3X7R1H224K0
C6 Capacitor 220 nF, 50 V 80AB
2;{”6’ R17, Resistor 560 Q CRCWO0603560RFKEA
LEDG6 Surface Mount Chip LED, Red 0603, Red KPT-1608EC
R33, R38 Resistor 680 Q CRCWO0603680RFKEA
R14, R35, R36 Resistor 750 Q CRCWO0603750RFKEA
Pitch: 5.75 mm / Dia
J5 Male connector for WAGO 243-211 meter: 1 mm/100V | 13.14.125
/6 A
LED, Red, 2.4 mm, 636 nm, 1.8V, 2 m
A,
LED1, LED5 Red, 1.8 V,2 mA VLMS30J1L2-GS08
18 mcd
Uf =430 mV,
D3 Surface Mount Schottky Power Rectifi If = 500 mA, Ur = 30 | MBRO530T1G
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Table 10: BILL OF MATERIALS SPI-VERSION

Designator

Qty

Description

Value

Part Number

J3

WR-PHD 2.54 mm THT Pin Header, 1
p

61300111121

J4

Board-To-Board Connector, 2.54 mm,

8 Contacts, Receptacle, Through Hole,
1 Rows

SSQ-110-03-G-S

J6

Board-To-Board Connector, 2.54 mm, 1
0 Contacts, Receptacle, Through Hole,
1 Rows

SSQ-110-03-G-S

J7

Board-To-Board Connector, 2.54 mm,

6 Contacts, Receptacle, Through Hole,
1 Rows

SSQ-106-03-G-S

J8

Serie 2141 — 3.50 mm Horizontal Entry
Modular with Rising Cage Clamp WR-
TBL, 3 pin

691214110003




Board-To-Board Connector, 2.54 mm,

J9 8 Contacts, Receptacle, Through Hole, SSQ-108-03-G-S
1 Rows
SMT Power Inductor WE-LQFS, size
L2 4828, 220 |H, 0.4 A 74406043221
SMT Power Inductor WE-LQFS, size
4828,
L3 74406043221
2-20 uH, 0.4 A
N-Channel Logic Level Enhancement
Mode Field Effect Transistor, 30 V, 1.7
A,
Q1 NDS355AN
55°C to 150°C, 3-Pin SOT-3, RoHS,
Tape and Reel
J10, J11 WR-PHD 2.54 mm THT Pin Header,
R3, R6, R7, R8 CRCWO06030000Z0EA,
’ Resistor 0Q
R23. R25, R31 RC0603JR-070RL
C10 Capacitor 1 uF, 50V §€M21BR71H105KA0
Schottky Rectifier, Singel 60 V, 1 A, DO
D1 _214AC, 2 Pins, 720 mV 1A/720mV/60V | SS16T3G
R20, R21 Resistor 1Q RC0603FR-071RL
LED3 ;ED’ Yellow, SMD, 2mA, 2.2V, 5941 | 5 1A 22V, 594 nm | VLMA3100-GS08
2 (1 x 2) Position Shunt Connector
R19 Non-Insulated 0.400in (10.16 mm) Gol | 2 pins D3082-05
d
I\_/ED, Orange, SMD, 2.4 mm, 2 mA, 1.8 2.4 mm, 2 mA,
LED4 1.8V, 609 nm VLMO30L1M2-GS08

609 nm




LED, Green, SMD, 24 mm,2mA,; 1.9 |24 mm, 2 mA,
vV,
LED2 1.9V, 575 nm VLMC3100-GS08
575 nm
C11, C12 Capacitor 10 uF 2;216X7R1 E106K160
R2, R26, R27, .
R28. R29, R37 Resistor 10Q CRCWO060310KOFKEA
C1,C2 Capacitor 10 pF C0402C100J5GACTU
\?VV;”’ SW2, S Switch 12V, 50 mA MCDTS6-3N
16 MHz to 60 Mhz /
Load: 12.5 pF / Stabi | Q22FA23800181 FA-
Swa X1 lity: 30 ppm / Toleran | 238
ce: 50 ppm
R22 Resistor 20Q CRCWO060320KOFKEA
R10 Resistor 27 Q 352027RJT
UA I:igscelver for KNX Twisted Pair Netw 40pins NCN5121MNTWG
SMAJ40CA - TVS Diode, TRANSZOR
B SMAJ Series,
D2 Bidirectional, 40 V, 64.5 V, 40V, 400 W SMAJ40CA
DO-214AC, 2 Pins
C5 Capacitor 47 nF, 50 V CGASE2X7RTHA73KO

80AA




C9 Capacitor 100 uF, 35V EEEFT1V101AP
S1 6.0 x 3.8 mm SMD J-Bend WS-TASV | 100 mQ, 250 V (AC) | 434 123 025 816
C3,C4 Capacitor 100 nF 2C0402KRX7R7BB10
C8 Capacitor 100 nF, 50 V ¥é0603Y1 04KXACW1
C7 Capacitor 100 nF, 50 V \éé0603Y1 04KXACW1
R18 Resistor 130 Q CRCWO0603130KFKEA
. CGA3E3X7R1H224K0
C6 Capacitor 220 nF, 50 V S0AB
R1, R9, R11, R
12, R13, R15, Resistor 560 Q CRCWO0603560RFKEA
R34
LEDG6 Surface Mount Chip LED, Red 0603, Red KPT-1608EC
R33, R38 Resistor 680 Q CRCWO0603680RFKEA
R14, R35, R36 Resistor 750 Q CRCWO0603750RFKEA
Pitch: 5.75 mm / Dia
J5 Male connector for WAGO 243-211 meter: 1 mm/ 100V | 13.14.125
/6 A
LED, Red, 2.4 mm, 636 nm, 1.8V,2m
A,
LED1, LED5 Red, 1.8 V,2 mA VLMS30J1L2-GS08
18 mced
Uf =430 mV,
D3 eSrurface Mount Schottky Power Rectifi If = 500 mA, Ur = 30 | MBRO530T1G
Vv
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Table 11: BILL OF MATERIALS FULL VERSION

Designator

Qty

Description

Value

Part Number

J1

WR-PHD 2.54 mm THT Pin Header, 0
3p

61300311121

J4

Board-To-Board Connector, 2.54 mm,

8 Contacts, Receptacle, Through Hole,
1 Rows

SSQ-110-03-G-S

J6

Board-To-Board Connector, 2.54 mm, 1
0 Contacts, Receptacle, Through Hole,
1 Rows

SSQ-110-03-G-S

J7

Board-To-Board Connector, 2.54 mm,

6 Contacts, Receptacle, Through Hole,
1 Rows

SSQ-106-03-G-S




Serie 2141 — 3.50 mm Horizontal Entry

J8 Modular with Rising Cage Clamp WR-
TBL, 3 pin
Board-To-Board Connector, 2.54 mm,
J9 8 Contacts, Receptacle, Through Hole, SSQ-108-03-G-S
1 Rows
Lo SMT Power Inductor WE-LQFS, size
4828, 220 pH, 0.4 A
SMT Power Inductor WE-LQFS, size
4828,
L3
2-20 uH, 04 A
N-Channel Logic Level Enhancement
Mode
Field Effect Transistor, 30 V, 1.7 A,
Q1
55°C to 150°C, 3-Pin SOT-3, RoHS,
Tape and Reel
u2 Single 2-Input AND Gate MC74HC1G08DTT1G
410, J11 WR-PHD 2.54 mm THT Pin Header, 2
p
R6, R13, R15 Resistor 0Q
C10 Capacitor 1 uF, 50V
D1 Schottky Rectifier, Singel 60 V, 1 A, 1A/720mV/60V | SS16T3G
R20, R21 Resistor 1Q
LED3 LD, Yelow, SMD, 2mA, 22V, 5941 | 3 ma, 2.2V, 594 nm | VLMA3100-GS08
R19 2 (1 x 2) Position Shunt Connector 2 pins D3082-05




LED4

LED, Orange, SMD, 2.4 mm, 2 mA, 1.8
v,

2.4 mm,2mA, 1.8V,

VLMOS30L1M2-GS08

609 nm 609 nm
I\_/ED, Green, SMD, 2.4 mm, 2 mA, 1.9 2.4mm, 2mA 1.9V,
LED2 ’ VLMC3100-GS08
575 nm
575 nm
C11,C12 Capacitor 10 pF
R2, R3, R7, R8
, R26, R27, R2 Resistor 10Q
8, R29, R37
SW1, SW2, S .
W3, SW4 Switch 12V, 50 mA MCDTS6-3N
R22 Resistor 20Q
R10 Resistor 27 Q
UA Transceiver for KNX Twisted Pair Netw 40 pins NCN5110
orks
SMAJ40CA - TVS Diode, TRANSZOR
B
D2 SMAJ Series, Bidirectional, 40 V, 64.5 40V, 400 W SMAJ40CA
V, DO-214AC, 2 Pins
C9 Capacitor 47 uF, 35V
C5 Capacitor 47 nF, 50 V
S1 6.0 x 3.8 mm SMD J-Bend WS-TASV | 100 mQ, 250 V (AC) | 434 123 025 816
C3,C4 Capacitor 100 nF, 16 V




Cs8 1 Capacitor 100 nF, 50 V

C1 1 Capacitor 100 nF, 16 V

Cc7 1 Capacitor 100 nF, 50 V

R18 1 Resistor 130 Q

C6 1 Capacitor 220 nF, 50 V

ZH’ R4, RS, R3 4 Resistor 560 Q

LED6 1 Surface Mount Chip LED, Red 0603, Red KPT-1608EC
R33, R38 2 Resistor 680 Q

R14,R35,R36 |3 Resistor 750 Q

LED, Red, 2.4 mm, 636 nm, 1.8V,2m
A, Led, Red, 1.8V, 2m

LED1, LED5 2 A
18 mcd

VLMS30J1L2-GS08

Pitch: 5.75 mm / Dia

J5 1 Male connector for WAGO 243-211 meter: 1 mm /100 V | 243-211Male
/6 A
Uf =430 mV,

D3 1 Surface Mount Schottky Power Rectifi If = 500 mA, Ur = 30 | MBRO530T1G

er i
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Table 12: BILL OF MATERIALS minimal BOM VERSION

Designator

Qty

Description

Value

Part Number

Ji1

WR-PHD 2.54 mm THT Pin Header, 0
3p

61300311121

J4

Board-To-Board Connector, 2.54 mm,

8 Contacts, Receptacle, Through Hole,
1 Rows

SSQ-110-03-G-S

J6

Board-To-Board Connector, 2.54 mm, 1
0 Contacts, Receptacle, Through Hole,
1 Rows

SSQ-110-03-G-S

J7

Board-To-Board Connector, 2.54 mm,

6 Contacts, Receptacle, Through Hole,
1 Rows

SSQ-106-03-G-S

J9

Board-To-Board Connector, 2.54 mm,

8 Contacts, Receptacle, Through Hole,
1 Rows

SSQ-108-03-G-S

J11

WR-PHD 2.54 mm THT Pin Header, 2
p




SMT Power Inductor WE-LQFS, siz—e
4828,

L3
220 uH, 0.4 A
N-Channel Logic Level Enhancement
Mode
Q1 Field Effect Transistor, 30 V, 1.7 A, 55°
C,
3-Pin SOT-3, RoHS, Tape and Reel
u2 Single 2-Input AND Gate MC74HC1G08DTT1G
R6, R9, R11, R .
12, R16 Resistor 0Q
Schottky Rectifier, Single 60 V, 1 A, DO
D1 _214AG, 2 Pins, 720 mV 1A/720mV/60V | SS16T3G
R21 Resistor 1Q
LED3 anED’ Yellow, SMD, 2mA, 2.2V, 5941 | 5 1A 22V, 594 nm | VLMA3100-GS08
2 (1 x 2) Position Shunt Connector
R19 Non-Insulated 0.400in (10.16 mm) Gol | 2 pins D3082-05
d
I\_/ED, Orange, SMD, 2.4 mm, 2 mA, 1.8 2.4mm, 2mA 1.8V,
LED4 ’ VLMO30L1M2-GS08
609 nm
609 nm
I\_/ED, Green, SMD, 2.4 mm, 2 mA, 1.9 2.4 mm,2mA, 1.9V,
LED2 ’ VLMC3100-GS08
575 nm
575 nm
C12 Capacitor 10 pF
R2, R3, R7, R8
, R26, R27, R2 Resistor 10Q
8, R29, R37
Switch 12V, 50 mA MCDTS6-3N
R10 Resistor 27 Q
UA Transceiver for KNX Twisted Pair Netw 40 pins NCN5110
orks
SMAJ40CA - TVS Diode, TRANSZOR
B
D2 40V, 400 W SMAJ40CA

SMAJ Series, Bidirectional, 40 V, 64.5
V, DO-214AC, 2 Pins




C9 1 Capacitor 47 uF, 35V
C5 1 Capacitor 47 nF, 50 V
S1 1 6.0 x 3.8 mm SMD J-Bend WS-TASV | 100 mQ, 250 V (AC) | 434 123 025 816
C3, C4 2 Capacitor 100 nF, 16 V
C8 1 Capacitor 100 nF, 50 V
C1 1 Capacitor 100 nF, 16 V
Cc7 1 Capacitor 100 nF, 50 V
C6 1 Capacitor 220 nF, 50 V
ZH, R4, RS, R3 4 Resistor 560 Q
LED6 1 Surface Mount Chip LED, Red 0603, Red KPT-1608EC
R33, R38 2 Resistor 680 Q
R14, R35,R36 |3 Resistor 750 Q
LED, Red, 2.4 mm, 636 nm,1.8V,2m
A,
LED1,LED5 |2 ';\ed’ Red, 18V.2m |\ ms30J1L2-GS08
18 mcd
Pitch: 5.75 mm / Dia
J5 1 Male connector for WAGO 243-211 meter: 1 mm/100V | 243-211Male
/6 A

Arduino is a trademark of Arduino AG.

All other brand names and product names appearing in this document are registered trademarks or trademarks of
their respective holders. onsemi, and other names, marks, and brands are registered and/or common law
trademarks of Semiconductor Components Industries, LLC dba “onsemi” or its affiliates and/or subsidiaries in the
United States and/or other countries. onsemi owns the rights to a number of patents, trademarks, copyrights,
trade secrets, and other intellectual property. A listing of onsemi’s product/patent coverage may be accessed at
www.onsemi.com/site/pdf/Patent—Marking.pdf. onsemi is an Equal Opportunity/Affirmative Action Employer.
This literature is subject to all applicable copyright laws and is not for resale in any manner.

The evaluation board/kit (research and development board/kit) (hereinafter the “board”) is not a finished product
and is not available for sale to consumers. The board is only intended for research, development, demonstration
and evaluation purposes and will only be used in laboratory/development areas by persons with an
engineering/technical training and familiar with the risks associated with handling electrical/mechanical
components, systems and subsystems. This person assumes full responsibility/liability for proper and safe
handling. Any other use, resale or redistribution for any other purpose is strictly prohibited.

THE BOARD IS PROVIDED BY ONSEMI TO YOU “AS IS” AND WITHOUT ANY REPRESENTATIONS OR
WARRANTIES WHATSOEVER. WITHOUT LIMITING THE FOREGOING, ONSEMI (AND ITS
LICENSORS/SUPPLIERS) HEREBY DISCLAIMS ANY AND ALL REPRESENTATIONS AND WARRANTIES IN
RELATION TO THE BOARD, ANY MODIFICATIONS, OR THIS AGREEMENT, WHETHER EXPRESS, IMPLIED,
STATUTORY OR OTHERWISE, INCLUDING WITHOUT LIMITATION ANY AND ALL REPRESENTATIONS AND


http://www.onsemi.com/site/pdf/Patent%25E2%2588%2592Marking.pdf

WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, TITLE,
NON-INFRINGEMENT, AND THOSE ARISING FROM A COURSE OF DEALING, TRADE USAGE, TRADE
CUSTOM OR TRADE PRACTICE. onsemi reserves the right to make changes without further notice to any board.

You are responsible for determining whether the board will be suitable for your intended use or application or will
achieve your intended results. Prior to using or distributing any systems that have been evaluated, designed or
tested using the board, you agree to test and validate your design to confirm the functionality for your application.
Any technical, applications or design information or advice, quality characterization, reliability data or other
services provided by onsemi shall not constitute any representation or warranty by onsemi, and no additional
obligations or liabilities shall arise from onsemi having provided such information or services.

onsemi products including the boards are not designed, intended, or authorized for use in life support systems, or
any FDA Class 3 medical devices or medical devices with a similar or equivalent classification in a foreign
jurisdiction, or any devices intended for implantation in the human body. You agree to indemnify, defend and hold
harmless onsemi, its directors, officers, employees, representatives, agents, subsidiaries, affiliates, distributors,
and assigns, against any and all liabilities, losses, costs, damages, judgments, and expenses, arising out of any
claim, demand, investigation, lawsuit, regulatory action or cause of action arising out of or associated with any
unauthorized use, even if such claim alleges that onsemi was negligent regarding the design or manufacture of
any products and/or the board. This evaluation board/kit does not fall within the scope of the European Union
directives regarding electromagnetic compatibility, restricted substances (RoHS), recycling (WEEE), FCC, CE or
UL, and may not meet the technical requirements of these or other related directives.

FCC WARNING: This evaluation board/kit is intended for use for engineering development, demonstration, or
evaluation purposes only and is not considered by onsemi to be a finished end product fit for general consumer
use. It may generate, use, or radiate radio frequency energy and has not been tested for compliance with the limits
of computing devices pursuant to part 15 of FCC rules, which are designed to provide reasonable protection
against radio frequency interference. Operation of this equipment may cause interference with radio
communications, in which case the user shall be responsible, at its expense, to take whatever measures may be
required to correct this interference. onsemi does not convey any license under its patent rights nor the rights of
others.

LIMITATIONS OF LIABILITY: onsemi shall not be liable for any special, consequential, incidental, indirect or
punitive damages, including, but not limited to the costs of prequalification, delay, loss of profits or goodwill, arising
out of or in connection with the board, even if onsemi is advised of the possibility of such damages. In no event
shall onsemi’s aggregate liability from any obligation arising out of or in connection with the board, under any
theory of liability, exceed the purchase price paid for the board, if any. The board is provided to you subject to the
license and other terms per onsemi’s standard terms and conditions of sale. For more information and
documentation, please visit www.onsemi.com.

ADDITIONAL INFORMATION

TECHNICAL PUBLICATIONS:

« Technical Library: www.onsemi.com/design/resources/technical-documentation
« onsemi Website: www.onsemi.com

« ONLINE SUPPORT: www.onsemi.com/support

« For additional information, please contact your local Sales Representative at:

www.onsemi.com/support/sales

www.onsemi.com



http://www.onsemi.com
http://www.onsemi.com/design/resources/technical%25E2%2588%2592documentation
http://www.onsemi.com
http://www.onsemi.com/support
http://www.onsemi.com/support/sales
http://www.onsemi.com
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This website is an independent publication and is neither affiliated with nor endorsed by any of the trademark owners. The "Bluetooth®" word mark and logos are registered trademarks owned by Bluetooth
SIG, Inc. The "Wi-Fi®" word mark and logos are registered trademarks owned by the Wi-Fi Alliance. Any use of these marks on this website does not imply any affiliation with or endorsement.
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