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This document is primarily intended for electronic board designers wishing to
integrate the B-Board PRO into their designs. It essentially serves as documentation
for the Eval-Board marketed by imperix and describes the implementation of the
various components and functions it offers. Some additional functionalities that are
not present on the Eval-Board are also detailed. To facilitate the reading of this

document and the integration of the B-Board PRO into customer designs, the
documents and resources in the following table are made available. Finally, an

application example using the custom carrier board is provided in TN177.

Documents File type Version
Eval-Board schematics PDF D1
Eval-Board Altium Designer project )

ZIP-Altium D1
(Schematics and PCB)

IntLib —
Altium libraries for JX1, JX2, JX3 connectors " . I

Altium
3D mechanical drawing_of the B-Board PRO STEP A14
3D mechanical drawing_of the Eval-Board STEP A14
B-Board PRO datasheet PDF



https://imperix.com/products/control/bboard/
https://imperix.com/products/control/bboard/
https://imperix.com/doc/implementation/control-of-a-sinamics-s120-using-a-b-board-pro
https://imperix.com/doc/wp-content/uploads/2024/10/CB3-ECB-Schematic-1.pdf
https://imperix.com/doc/wp-content/uploads/2024/10/SRC-CB3-ECB-D.1.zip
https://imperix.com/doc/wp-content/uploads/2024/10/SRC-CB3-ECB-D.1.zip
https://imperix.com/doc/wp-content/uploads/2024/10/BBoard-PRO_Connectors.zip
file:///C:/doc/wp-content/uploads/2024/01/B-Board.step
file:///C:/doc/wp-content/uploads/2024/01/CB3-ECB.step
https://imperix.com/wp-content/uploads/document/B-Board_Datasheet.pdf

Evaluation kit with B-Board PRO and its Eval-Board

Mechanical considerations

Dimensions and positioning

The B-Board PRO is 124mm (4.88") long by 86mm (3.39") wide. The maximum height
above the carrier board is 22.8mm. The distance between the carrier board and the
B-Board is 5mm ( 0.197"). The B-Board is usually mounted using four M3 x 5mm
spacers. These can be screwed (e.g. 971050324 Wiirth Elektronik) or soldered to the
carrier board (e.g. 9771050360R Wiirth Elektronik). In all cases, a clearance diameter
of at least 7.5mm around the spacers must be observed on the baseplate to
facilitate mounting. We recommend using metal spacers to ensure a ground
connection (GND) to the carrier board. Spacers and connectors (JX1, JX2, JX3) must
be precisely positioned on the carrier board (see B-Board-PRO datasheet -
Mechanical Data).

Pay attention to the orientation and positioning of connectors JX1, JX2, and JX3.


https://imperix.com/doc/wp-content/uploads/2024/01/Eval-Board.jpg
https://imperix.com/doc/wp-content/uploads/2024/01/Eval-Board.jpg
https://www.we-online.com/en/components/products/SBRIE_BRASS_SPACER_STUD_METRIC_INTERNAL_EXTERNAL?sq=971050324#971050324
https://www.we-online.com/en/components/products/SMSE_SMD_STEEL_SPACER_M3_THREAD_EXTERNAL?sq=9771050360R#9771050360R
https://imperix.com/wp-content/uploads/document/B-Board_Datasheet.pdf
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When positioning the B-Board on the carrier board, it is important to take care not to
place any obstructing components in front of the SFP cages, the battery holder, and
the SD-Card slot, to keep them accessible if necessary.

Low-profile components (max 2.5mm) can be placed under the B-Board, except
below the battery holder, which requires extra clearance. Any component generating
heat should not be placed under the B-Board.


https://imperix.com/doc/wp-content/uploads/2024/01/Mechanicals_TOP-1-1024x756.png
https://imperix.com/doc/wp-content/uploads/2024/01/Mechanicals_TOP-1-1024x756.png
https://imperix.com/doc/wp-content/uploads/2024/01/Mechanicals_BOT-1024x695.png
https://imperix.com/doc/wp-content/uploads/2024/01/Mechanicals_BOT-1024x695.png

Thermal management

The cooling of the B-Board can be either passive (natural convection), or active
(ventilation). Under normal operating conditions and with ambient temperatures
below 50°C, passive cooling is generally sufficient. In the event of a high CPU and/or
FPGA load and/or high ambient temperature, forced ventilation may be required. For
optimal ventilation, the airflow should be parallel to the cooler fins (in the direction of
the B-Board length).

General recommendations for custom carrier board
design

The base PCB must be able to be produced with a track spacing of 0.2mm (8mils) or
less to meet the routing requirements of the B-Board'’s JX1, JX2, and JX3 connectors.

The tracks required for the Ethernet connector (P19 on the carrier board) must be
differential pairs with 100Q impedance. These tracks require careful routing,
especially if the Ethernet RJ45 connector is far from the B-Board.

To ensure good quality of the analog signals, analog components should be placed
close to the JX3 connector and away from digital components. The ground plane on
the analog side should never be used as a return path for digital signals or digital
power supplies. Power supplies should preferably be placed close to connector JX2
(on the Eval-Board the power supplies are on the JX1 side for historical reasons).
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https://imperix.com/doc/wp-content/uploads/2024/01/Analog-and-Digital-side-1024x744.png
https://imperix.com/doc/wp-content/uploads/2024/01/Analog-and-Digital-side-1024x744.png

Example of separation between analog and digital sides

Mating connectors

The B-Board connects to the carrier board with three connectors, JX1, JX2, and JX3.
The corresponding mating part numbers to be placed on the carrier board are:

e JX1 and JX2: Samtec BSH-090-01-F-D-A
e JX3: Samtec BSH-030-01-L-D-A

Please note that the PIN numbering of the JX1, JX2, JX3 connectors is different from
the manufacturer’s numbering! See bellow “Connector Pinouts”

An Altium library “BBoard-PRO_Connectors.IntLib” is available to facilitate the
implementation of these connectors.

It is strongly recommended to keep the same naming (JX1, JX2, JX3) for these
connectors to facilitate technical support.

Remarks about connectors:

¢ |f the B-Board analog inputs are not used, the JX3 connector becomes optional,
as the spacers are generally sufficient to provide sufficient support.

¢ Signal names, pin numbers, directions, and voltage levels are indicated in the
collapsible section below.

e Signals marked in gray are for internal use only. They cannot be used in third-
party designs.

¢ Signals with a _P or _N suffix must be routed as differential pairs. For these
signals, an impedance control is required.

¢ Signals with the suffix _CC can be used as clock inputs for the FPGA.

[ Connector pinouts ]



https://www.samtec.com/products/bsh-090-01-f-d-a
https://www.samtec.com/products/bsh-030-01-l-d-a
https://imperix.com/doc/wp-content/uploads/2024/01/B-Board_Connectors.intlib
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Power supplies

The B-Board requires a power supply via its connector JX2. This single power supply
is then locally declined into the various required voltages. The B-Board accepts
power supply voltages ranging from 4.5V to 17V and consumes a typical power of
7.5W. The power dissipated by the B-Board can, however, be much higher, depending
on the software and peripherals connected, but at most 32W. A 12VDC, 1A power
supply is a good starting point. Naturally, this power supply can also be used to
power the base PCB peripheral circuits, in which case additional power is required.
The mains adapter provided with the Eval-Board delivers 12V and 2A (24 W).

On the carrier board, auxiliary power supplies are often required for the digital
circuits of the various peripherals implemented (e.g. 3.3V, 5V, or 1.8V). The chip U12
(LM436x0) used on the Eval-Board, is an example of a circuit that can be easily
configured to produce these different voltages, with an available current of 1A or 2A.


https://imperix.com/doc/wp-content/uploads/2024/01/unnamed-779x1024.png
https://imperix.com/doc/wp-content/uploads/2024/01/unnamed-779x1024.png
https://www.ti.com/lit/ds/symlink/lmr43610-q1.pdf

If the B-Board ADCs are used, a separate dedicated power supply is required. This
power supply must be 5.2V and noise-free. This supply feeds the B-Board internal
voltage reference, which is exactly 5.0V. For this reason, a power supply slightly
higher than 5V is required to ensure the correct operation of the analog circuits and
to avoid any saturation effect (see B-Board datasheet). Imperix recommends a
voltage between 5.15V and 5.3V. External analog circuits used for signal
conditioning can also be powered from this supply. The chip U11 (LM317KTTR)
found on the Eval-Board provides a low-noise 5.2V power supply. The LT3045,
ADM7170 or ADP7118 circuits are also good compromises for low-noise analog

supply.

A low-noise negative supply is sometimes required for analog signal conditioning.
On the Eval-Board, an isolated DC/DC converter (U13) is used to generate a negative
voltage. In this case, power supply filtering is required to reduce the noise induced by
the DC/DC converter. A negative LDO regulator (e.g. LT3094 or ADP7182) can be
used to reduce noise and improve stability. A cheaper alternative for this power
supply is to use an inverting charge pump (e.g. LM27761) or a discrete negative
DC/DC converter (e.g. TPS63710).

Power supply sequencing

During the B-Board start-up phase, no voltage higher than 1.8V must be present on
the B-Board input/output pins. If not observed, there is a risk of damaging the B-
Board.

To prevent any risk of damage, the auxiliary power supplies of the circuits directly
connected to the I/0 pin of the B-Board must have a control input (ENABLE),
authorized by the B-Board's BB_RDY signal. Conversely, the MB_RDY signal is
required to indicate that the auxiliary power supplies of the carrier board are ready.
This can be done easily with a pull-up resistor (R41 on the Eval-Board) that sets the
MB_RDY signal high as soon as the 3.3V auxiliary supply is active, allowing the B-
Board to continue starting up. Power supply sequencing is described in the B-Board
datasheet.

B-Board signals and interfacing suggestions

This section is a comprehensive list of all the B-Board signals and provides design
suggestions to interface them with a custom carrier board.

ETH - Ethernet connection


https://imperix.com/wp-content/uploads/document/B-Board_Datasheet.pdf
https://www.ti.com/product/LM317/part-details/LM317KTTR
https://imperix.com/wp-content/uploads/document/B-Board_Datasheet.pdf
https://imperix.com/wp-content/uploads/document/B-Board_Datasheet.pdf

The B-Board requires a 1000BASE-T Ethernet connection (IEEE 802.3ab). This
Ethernet interface makes communication with the B-Board simple and efficient.

The Ethernet connection is essential for using the B-Board programming and control
tools. Without it, or in the event of a malfunction, the B-Board may be unusable.

The B-Board is equipped with a Marvell 88E1512-A0-NNP21000 PHY, which supplies
the signals required for the Ethernet interface on connector JX1. According to the
T000BASE-T standard (IEEE 802.3ab), a transformer is required for galvanic isolation
and filtering. This transformer can be a discrete element (e.g. Bourns SM51589PL)
or, preferably, integrated into the 0826-1X1T-43-F connector (P19), as on the Eval-
Board. The LEDs integrated into the Ethernet connector (P19) show signal
connection (orange LED) and activity (green LED) on the network.

W3 3V3

P19
RS2 R83  0826-I1XIT-43-F
2490 2490 or 4 PHY MDIO P
TRCT1 . R . -
14 TRDI- |12 PHY_MDID N T sy o
Yellow — ) 4PHY MDI0 N
PHY LEDO 13 Ez TRD2+ 2 PHY MDI1 w2
3 PHY MDI1 N 3 {PHY_MDII_P
TRD2- [ T o PHY_MDIl_N
GND
Y MDI2 P
moy | PHY MDI2 F o
ltegrated  TRCT3 |— e 3
16 Magnetics  TRD3- | PHY MDI2 N e s
. Green 1 v TRD4+ & PHY MDI3 P N 0 J’H‘Y_gﬁ_;
PHY_LEDI 15 e - (_,WND' 5
] PHY MDB N
Shigd TRDM- |2 PHY MDI3 N i - §
[
!l $ e » = GND
N C76 Ci5| 7 C73 3
GNDGND ol I | —— —q‘:
| 2
1

- -
4
e A A A& reryryIeEy
100aF | 1000 | 100uF | 1000F L2 L3 [ 2 L2
HI “ .I ,I SIS 116 %
3 3

GND GND GND GND

GND BSH-000-1

v
GND GND
uig ue
HDMIULC6-4SC6 HDMIULC6-4SC6

Ethernet Interface to JX1 connector

ADC - Analog inputs

The 8 ADC differential analog inputs are available directly on the JX3 connector.
Analog-to-digital conversion is performed by an LTC2324CUKG-16#PBF embedded
on the B-Board. The signal can be sampled at up to 2Msample/s with a signal-to-
noise ratio of 82dB.

Analog signals must be shaped to meet the requirements of the B-Board analog
inputs (+/-5V differential, 2.5V common mode, see B-Board PRO datasheet). A wide
variety of analog inputs exist (single-ended, differential, bipolar, unipolar, etc.). In
particular, on the Eval-Board, the chips U3 to U10 (THS4551) enable differential input
with a gain of 1, and its common mode output is set to 2.5V by U14 and U2 (U2 is the
DAC but in the Eval-Board it also provides the 2.5V reference). Protections may be
required on the analog lines, particularly when the inputs are connected to external
devices (e.g. voltage/current sensors).



https://www.marvell.com/content/dam/marvell/en/public-collateral/phys-transceivers/marvell-ethernet-phys-alaska-88e151x-datasheet.pdf
https://www.bourns.com/data/global/pdfs/sm51589pel.pdf
https://www.belfuse.com/product/part-details?partn=0826-1X1T-43-F
https://imperix.com/doc/wp-content/uploads/2024/01/Ethernet-schematics-1024x445.png
https://imperix.com/doc/wp-content/uploads/2024/01/Ethernet-schematics-1024x445.png
https://www.analog.com/en/products/ltc2324-16.html
https://imperix.com/wp-content/uploads/document/B-Board_Datasheet.pdf
https://www.ti.com/product/THS4551

It is possible to place additional A/D converters on the carrier board. In this case,
they will be interfaced with the B-Board using a few USR[0..35] pins. Implementation
examples are detailed on the following pages:

e FPGA-based SPI communication IP for ADC
e FPGA-based decoder for a Delta-Sigma modulator

If the number of ADC ports should be extended by the same type of A/D converter
that is already on B-Board (LTC2324CUKG-16#PBF), please get in touch with our
support team ([email protected]) to get access to the necessary firmware source
files.

DAC - Analog outputs

Analog DAC outputs require an external D/A converter (U2 AD5685RBCPZ on the
Eval-Board) which uses the dedicated interface used by the B-Board in the B-Box RCP
(SPI1). A gain of 2 is provided by an operational amplifier (U1 OPA4205APWT). The
output voltage is therefore in the range +/- 5V.

It is important to note that this interface (SPI1) is dedicated to this function only. It
cannot be used for any other function developed by the user. If other analog outputs
are required, a dedicated device must be implemented and interfaced with the FPGA
Sandbox using other digital 1/0s as explained in this section.

GPI - Digital input

The 16 GPI digital inputs accept 3.3V signals. They are directly available in the user
CPU code with a GPI block or in FPGA Sandbox as gpif0..75]. On the Eval-Board, only
the first eight GPIs are available. These are held in state 0 by pull-down resistors R54
and RS55. In general, it is recommended to use positive logic and pull-down resistors
to set the inactive state.

To prevent any damage to the B-Board, be careful not to exceed the maximum
voltages on GPI inputs. These inputs are not 5V-tolerant. On the Eval-Board, resistors
R59 and R61 only partially limit the input current.

Please note that digital signals entering the B-Board must be clean (no ringing,
uncertain logic state or too slow transition). If this is not the case, the following
elements can be integrated into the digital input path: filtering (e.g. RC), a Schmitt
trigger, clipping diodes, a digital filter in the FPGA, etc.

GPO - Digital output


https://imperix.com/doc/implementation/fpga-based-spi-communication-ip
https://imperix.com/doc/implementation/fpga-based-delta-sigma-modulator
https://www.analog.com/en/products/ltc2324-16.html
file:///C:/cdn-cgi/l/email-protection#3645434646594442765f5b4653445f4e18555e
https://www.analog.com/en/products/ad5685r.html
https://www.ti.com/product/OPA4205
https://imperix.com/doc/software/general-purpose-inputs

The 16 GPO digital outputs provide 3.3V signals. They are directly available in the
user CPU code with a GPO block or in FPGA Sandbox as gpo/0..75]. On the Eval-
Board, only the first eight GPOs are available. As a general rule, it is strongly
recommended to set pull-downs (R56, R57 on the Eval-Board) to maintain these
outputs at zero state during the start-up and configuration phases.

To prevent any damage to the B-Board, be careful not to exceed the maximum
currents on the GPO outputs. On the Eval-Board, resistors R58 and R60 only partially
limit the output current.

USR - Digital 1/0

The 36 USR digital inputs/outputs operate at 3.3V. They are available in the Sandbox
as USR_tri_io[0..35]. All of them are available on the Eval-Board. These
inputs/outputs can be used to interface all kinds of peripherals, but require specific
B-Board programming. Further information is available in the FPGA firmware IP

documentation.

1V8BBOX - Digital 1/0

The 52 1V8BBOX digital inputs/outputs operate at 1.8V. They are available in the
Sandbox as bbox_in[x] and bbox_out(x]. They are not available on the Eval-Board and
are used internally by the B-Box RCP. They can also be used on third-party products
with some restrictions. Please get in touch with [email protected] for further
information.

To prevent any damage to the B-Board, please note that these inputs/outputs are
1.8V. It is possible to convert them to other voltage levels with an external circuit
(see section : Digital signal conversion).

PWM - Pulse Width Modulated signals

There are 32 PWM outputs on the B-Board. On the Eval-Board, only PWMI0..15] are
available. These signals are in 3.3V.

To avoid signal compatibility issues, please note that the B-Board's additional PWMs
[16... 31] are 1.8V signals! It is possible to convert them with an external circuit (see
section: Digital signal conversion).

Conversion to optical signals may be necessary, for example, to interface with
imperix power modules. In this case, we recommend the FT50MHNR optical


https://imperix.com/doc/software/general-purpose-outputs
https://imperix.com/doc/help/imperix-firmware-ip-product-guide
https://imperix.com/doc/help/imperix-firmware-ip-product-guide
file:///C:/cdn-cgi/l/email-protection
https://www.firecomms.com/contentFiles/technicalDocuments/FR50MxxR_Datasheet_Rev_H.pdf

converter circuit from Firecomms. When other power products are used, conversion
from 3.3V (or 1.8V) to a higher voltage (e.g. 15V) may be necessary. A possible
implementation is to perform a first conversion to 5V (see section: Digital signal
conversion) and then, for example, use a CMOS CD4504B circuit to obtain 15V
outputs.

PWM outputs should always be in the low state when inactive, even during system
start-up or configuration. Pull-down resistors or some other mechanism are
therefore necessary to prevent the activation of power switches inappropriately.
Looking a the scheme of a commutation cell, it is clear that, if both power transistors
are activated simultaneously (even shortly, e.g. during a transient phase of power-
up), this creates a potentially destructive short circuit on the supply rails.

Imperix always works in positive logic when interfacing with power elements. A
signal in state 0 is always an inactive signal (switch off).

This inactive state must be maintained not only during the start-up, shut-down, and
programming phases but also in case of partial loss of power supplies.

T1V8FLT - Fault feedback signals

The 16 FLT digital inputs accept only 1.8V signals. They are available in the user CPU
code using the FLT block, or in the FPGA Sandbox as f7t[0..15]. These signals are not
available on the Eval-Board.

These inputs enable a peripheral to report a fault to the B-Board. This mechanism
can be used, for example, for gate driver faults. These signals are linked to the fault
management block (FLT), but can also be used as digital inputs from the application
software.

To prevent any damage to the B-Board, please note that these inputs are 1.8V. (See
section Digital signal conversion)

Interlocking signals

Fault inter-locking allows coordinating emergency mechanisms between the B-Board
and other devices or appliances, or across several B-Boards or systems. These
mechanisms are bi-directional as they can inform other devices about an internal
fault condition or, reciprocally, receive external trigger signals.

The nFLT_IN signal is active-low. On the Eval-Board, for increased equipment safety,
the signal is kept low (active) by default with the pull-down resistor R84. It is
therefore necessary to pull this signal high (3.3V or 5V) to get out of the fault
condition.


https://www.firecomms.com/
https://www.ti.com/product/CD4504B
https://imperix.com/doc/software/fault-inputs

One possible use of this function is to place an emergency stop button between the
3.3V and the nFLT_IN input, ensuring that the button has a normally closed contact
(NC). When the emergency stop button is pressed, the button contacts open, forcing
the nFLT_IN signal low via the R84 pull-down, signaling a fault. A fault is also
generated if the button cable is broken.
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Emergency Button

Emergency button wiring

On the Eval-Board, this functionality can be disabled by removing the jumper P21. In
this case, the signal will be held in state 1 by the B-Board'’s existing pull-ups, so no
faults will be generated.

CAN

As with the DAC outputs, it is possible to use the existing native functionality of the
B-Box by implementing the CAN circuit on the carrier board in the same way as the B-
Box.

On the Eval-Board, the CAN bus uses the U17 chip (SN65HVD232DR). This circuit has
the advantage of being powered from 3.3V only and fully satisfies CAN-BUS
requirements. It is available in different versions: SN65HVD23x or, for a version
faster up to 8 Mbps and more robust, the TCAN341x circuit may be a good choice. If
galvanic isolation is required, then the ISO1042 circuit may be recommended. On the
Eval-Board, the physical output is located on the P10 connector (DB-9), whose pinout
is compatible with many USB/CAN converters available on the market (CiA 106
standard Version 1.1.0).

The R36 termination resistor is required for a point-to-point connection (the P20
jumper must be in place). For a daisy-chained connection, the termination resistor is
only required at the beginning and the end of the chain.


https://imperix.com/doc/wp-content/uploads/2024/01/Emergency-Button-schematics-2-1024x357.jpg
https://imperix.com/doc/wp-content/uploads/2024/01/Emergency-Button-schematics-2-1024x357.jpg
https://www.ti.com/product/SN65HVD232
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CAN Interface

Fast Serial 1/0 - GTX

GTX_TX3 and GTX_RX3 signals enable high-speed serial links. Documentation to be
completed.

Various digital I/0 — User-defined resources

Other communication channels, such as RS485, 12C, SPI, 1-Wire, etc... can be added
by programming the B-Board’s FPGA. The USR pins [0..35] can be used for this
purpose. If a large number of digital inputs/outputs are required, pins
1V8BBOX[0..51] can also be used as 1/0s, pins 1V8FLT[0..15] can be used as
additional inputs, and pins PWMI8..15] can be used as additional outputs. Further
information on programming the B-Board is available here on FPGA programming.

Digital signal conversion — Voltage translator

Voltage conversion of digital circuits from 1.8V, 3.3V, or 5V to 1.8V, 3.3V, or 5V can
easily be achieved with SN74LXC8T245 or 74LVCH8T245BQ,118 circuits. These
circuits can additionally offer higher current per pin than the B-Board and can ensure
protection against external faults that could damage the B-Board. Given its low cost,
imperix recommends implementing such a circuit whenever there is any doubt about
the direct use of B-Board signals.
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Voltage translator

Contact details

While every effort was made to guarantee complete and clear documentation, it may
contain errors or omissions. If any clarification or modification happens to be
required, please get in touch with our support team ([email protected]).

Our sales team ([email protected]) is also available for any inquiry about possible
services, such as custom developments or review of your existing design.
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