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BOS1901 Development Kit

1 Features

e Plug and play development kit to experience
piezoelectric actuator button and haptic
feedback.

e Low-power BOS1901 integrated circuit, high
voltage driver with SPI digital interface.

e Power supply via the USB port.

e Graphical user interface for ease of use.

e Standard USB audio to prototype haptic
effects in MATLAB®, Python®, Audacity® and
many other softwares?.

e Easy generation of high-voltage waveforms
up to 190 Vpp.

e Two breakable miniature PCBs with BOS1901
drivers for prototyping.

e Standard commercial
included in the Kit:?

o Starter Set: TDK PowerHap™ 1204 lateral

o Premium Set: TDK PowerHap™ 1204
lateral, 0904 lateral, 0909 square,
Bimitech  Python™  PUA3020-5H200
bending.

piezo  actuators

5 o
02103 GNO ¢

ﬂ

; X 100 101 ¥
6000

Figure 1: BOS1901-KIT overview

1 MATLAB® is registered trademark of The MathWorks, Inc.
Python® is a registered trademark of the PSF
Audacity® is a registered trademark of Dominic Mazzoni
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2 Description

The BOS1901-KIT is a development kit to get
familiar with the BOS1901 Piezo Haptic Driver IC.

The USB-powered kit appears as an USB Audio
device for the computer, which allows quick and
easy generation of waveforms using existing audio
software like Audacity® for haptic prototyping.

The firmware supports autonomous operation for
easy integration into development prototypes.

Each breakable miniature PCB gives access to all
signals allowing the users to experiment with the
BOS1901 using a development platform of their
choice.

Standard commercial piezo actuators are provided
as a starting point to begin experiencing with
haptic feedback.

Table 1: Ordering information

PRODUCT DESCRIPTION

Starter Set with One Actuator

BOS1901-KIT-B02 (replacement of BOS1901-KIT-B)

Premium Set with Four Actuators

B0OS1901-KIT-A02
05150 0 (replacement of BOS1901-KIT-A)

For details see section 2

2 PowerHap™ is a trademark of TDK Corporation
Python™ is a trademark of Bimitech Inc.
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What's in the Box

The BOS1901-KIT is currently available in two distinct packages: Premium Set and Starter Set. The
following tables show the content of each set.

Table 2: Premium Set BOS1901-KIT-A02 development kit content

#

ITEM

DESCRIPTION

REFERENCE

1

Evaluation PCB

BOS1901-KIT Board

USB Cable

Cable to connect the evaluation PCB to a computer
Stewart Connector part number SC-2AMKOO1F

TDK Piezo Actuator

TDK Mini PowerHap™ 1204H018V060 Actuator
Ordering : 7263000229107 1Z 39
Capacitance : 0.42 uF
Dim : 12.0x4.0x 1.8 mm

TDK Piezo Actuator

TDK Mini PowerHap™ 0904H014V060 Actuator
Ordering Z63000Z2910Z 1Z 41
Capacitance : 0.32 uF
Dim: 9.0x3.75x1.4mm

TDK Piezo Actuator

TDK PowerHap™ 0909H011V060 Actuator
Ordering: B54103H2020A001 (26300022910Z 1Z 2)
Capacitance : 0.85 pF
Dim: 9.0x9.0x0.55 mm

Bimitech Piezo
Actuator

Bimitech Python™ PUA3020-5H200 bender with
Clamp with screws
Capacitance : 71nF
Dim : 50 x 20 x 0.56 mm

Refer to section 9.3.3 for clamp assembly instructions.

Clamp

Clamp with screws for Bimitech piezo actuator

Power Connector

Connector and cable for external power supply
connection (refer to section Power Supply Source and
UPI Mode Operation)

JST Sales America Inc. part numbers PHR-2 and
ASPHSPH24K51

BTO01DDKO04.01 — Issue 1
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Two (2) 3-position
terminal block
connector

Male connector used for interfacing the piezoelectric
actuator on the board.
Metz Connect part number 31369103

el

10

Two (2) 7-position
thru-hole header
connector

2.54 mm pitch header connector for probing interface
signals and supply.

Sullins Connector Solutions part number
PRPCOO7SAAN-RC or equivalent.

11

6-position thru-hole
header connector

2.54 mm pitch header connector for connection to
external system (J3 connector on PCB).

Wiirth Electronik part number 61300611021 (6-pin) or
equivalent.

Hhaeh

Table 3: Starter Set BOS1901-KIT-B02 development kit content

# |ITEM DESCRIPTION REFERENCE
1 |Evaluation PCB BOS1901-KIT Board
2 |USB Cable Cable to connect the evaluation PCB to a computer
Stewart Connector part number SC-2AMKOO1F
3 |TDK Piezo Actuator |TDK Mini PowerHap™ 1204H018V060 Actuator
Ordering : 7263000229107 17 39
Capacitance : 0.42 pF ,
Dim : 12.0x4.0x 1.8 mm
4 [Two (2) 3-position Male connector used for interfacing the piezoelectric
terminal block actuator on the board.
connector Metz Connect part number 31369103
5 [Two (2) 7-position 2.54 mm pitch header connector for probing interface ' )
thru-hole header signals and supply. |
connector Sullins Connector Solutions part number M m
PRPCO07SAAN-RC or equivalent. '
6 |6-position thru-hole |2.54 mm pitch header connector for connection to
header connector external system.
Wiirth Electronik part number 61300611021 (6-pin) or
equivalent.

BTO01DDKO04.01 — Issue 1
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4 Board Overview

The purpose of this section is to show the location of the components that allow you to interact with
the BOS1901-KIT board. This section is in a way the definition of the user interface provided by the
development board. The focus is on buttons and LEDs which allow you to know and modify the current

operating state.
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Figure 2: BOS1901-KIT board user interface

Table 4: BOS1901-KIT board user interface

Components Name Description
A USB connector Supply power and provides connectivity with the GUI.
B Operation mode LED Flashing if alive and color shows the current operation mode.
C BOS1901 error LED Flashing if an error is detected on a BOS1901.
D Change operation mode button Change the current operation mode on press.
E Reset button Reset the micro-controller on press.
F 0ottt | Lo S D R ot 0 e on 0
G BOS1901 A/B status LED LEDs displaying the current state of the BOS1901.
H BOS1901 A/B terminal block Terminals where piezoelectric actuator are connected.

BTOO1DDKO04.01 —Issue 1
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4.1 Operation Mode LED Details

This section describes the meaning of the different colors and state transitions of the operation mode
LED.

Table 5: Operation mode LED detail

Pattern Color Description
1 second on, 1 second off Green In Haptic mode and working normally.
1 second on, 1 second off Blue In Audio mode and working normally.

Any other pattern or color behavior maybe caused by unofficial firmware or bug.

4.2 BOS1901 Error LED Details

This section describes the meaning of the different colors and state transitions of the BOS1901 Error
LED. The two BOS1901 of the BOS1901-KIT board are monitored to validate the presence of an internal
error. If an error is detected, the BOS1901 Error LED is used to indicate the detection of this error. See
section 8.5.3, for more information on the procedure to get the details of the error.

Table 6: BOS1901 error LED details

Pattern Color Description
Always off N/A No error detected on any BOS1901.
700 ms on, 700 ms off Red At least one internal error has been detected by a BOS1901.

4.3 BO0OS1901 Status LEDs Details

This section describes the meaning of the different colors and state transitions of the BOS1901 status
LED. There is a status LED for each BOS1901.

Table 7: BOS1901 status LED details

Pattern Color Description
Sensing the voltage of the piezo electric actuator to detect
press or release event.

Always on Green

Always on Blue Sending haptic feedback data to the BOS1901.

BTO01DDKO04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 5
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5 Your First Piezoelectric Actuator Button Experience

The BOS1901 and a piezoelectric actuator can be used together to implement the equivalent of a
button. Before being shipped, the BOS1901-KIT board is set up in this button mode, so that you can
experience it without additional extensive configuration or software installation.

1. Open the box, take the BOS1901-KIT board, the USB cable, the terminals block plugs, and the
TDK 1204 piezo actuators.

2. Insert the terminal block plugs into the development kit’s terminal blocks.

3. Using a small slotted screwdriver, install TDK 1204 piezo electric actuator on terminals block
plugs. Pay attention to connect the red wire on the OUT+ terminal and the black wire on the
OUT- terminal. Refer to Figure 2 to identify location of OUT+ and OUT- on the terminal block.

4. Connect the development kit board to a USB port using the USB cable.

5. When the operation mode green LED is blinking and BOS1901 A/B status LED are solid green,
you are ready to go. Press on the piezo actuation to experience the piezo actuator button.

BTO01DDKO04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 6



BOS1901-KIT % BOREAS

User Guide

6 Get Started

The purpose of this section is to give instructions on where to get the latest versions of Boréas software
and firmware. Keeping the software up to date ensures the latest features available are taken
advantage of.

6.1 Creating a Boréas Account

Relevant documentation and software are available in the support section of Boréas website. Here are
the instructions for accessing it:

1) Go to https://www.boreas.ca/account.
2) Click on “Create account”.

3) Enter the requested information.

4) Click on “Create Account”.

6.2 Identifying the BOS1901-KIT Board Revision

Each PCB board reference design (“REF:”) and revision (BT###-DK-v#.#) numbers are printed on the
board. The following table indicates compatibility with the firmware and Devkit Controller software.

Table 8: BOS1901-KIT board and software compatibility list

REF NUMBER REVISION COMPATIBLE FIRMWARE COMPATIBLE PC SOFTWARE
PCB-0118 BT004-DK-v1.0 Starting at 1.10.x Starting at 2.9.x
PCB-0136 BT004-DK-v1.1 Starting at 1.10.x Starting at 2.9.x

Any PCB reference design number not listed into Table 8 are considered obsolete. The relevant
documentation and software for obsolete products are still available into the archive section of our web
site.

6.3 Download Boréas Application

1) Login your Boréas account.

2) Go to the "Technical Documents" section.

3) Click on the "BOS1901-KIT Documents" link.

4) Scroll down to section BOS1901-KIT Controller (GUI).

5) Download the appropriate GUI version based on your development kit identification.

6.4 Install Boréas Application

Double click on the installer executable you downloaded and follow the instructions.

BTO01DDKO04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 7
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6.5

Upgrade Development Kit Firmware

The native BOS1901-KIT board firmware includes an over-USB firmware upgrade mechanism. The
BOS1901-KIT software will upgrade the firmware if needed on next connection with the development

kit.

1)
2)
3)

4)
5)

6)

7)
8)

Connect the development kit to a PC using the USB cable.
Start the BOS1901-KIT software.
Select the development kit communication port into the drop-down field:

< Boréas Development Kit - O x

% BOREAS

Application version: 2.9.0

Boreas DevKit (COMI0) d
Connect to port

About
Exit

Figure 3: Connection dialog

Click on Connect to port.
If an upgrade is needed the BOS1901-KIT software will pop up a dialog:

3
The detected firmware is incompatible with this application.
! Current firmware: EOARD_PCE_ 136 DEVKIT 1.9.0
Compatible firmware: firmware/BEOS1901/BEOARD _PCE_136 DEVKIT 1.10.0.hex

Do you wish to update the firmware?

Figure 4: BOS1901-KIT Firmware upgrade dialog

Click on Yes to proceed and wait for the update process to complete.
BOS1901-KIT software will automatically start after the upgrade.
All is up-to-date and ready to go.

BT001DDK04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc
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7 Product Overview

The BOS1901-KIT has been designed to meet a multitude of needs. The main objective is to
demonstrate the capacity of the BOS1901 but also to help integrators in the development of haptic
effects and in its product prototyping.

The BOS1901-KIT is delivered with a graphical user interface (GUI) for ease of use but it is not required
to operate. It can save and restore its configuration at start-up. We will refer to operation without the
GUI by saying that the development board is used autonomously. It is configured in one of these
autonomous mode before shipping (see section 5). We will explain in more detail the so-called
autonomous modes in this document.

The BOS1901-KIT supports multiple operation modes:

Table 9: Operation mode list

Mode Will help you to
e Experience piezo haptic button emulation.

e  Experiment with simple waveforms on various piezoelectric actuators.
e  Experiment with piezoelectric device sensing.

e  Evaluate any piezoelectric actuator for your application.

Haptic . .
e Evaluate BOS1901 performance (waveform output, power consumption) in the
context of your application.
e  Optimize BOS1901 operation using specific registers value.
e Command BOS1901-KIT waveform trigger from your system using an external
trigger signal.
e  Easily experiment with various waveform shapes and amplitudes.
Audio e  Easily produce and compare various waveforms and identify the effects most

suited for your application.

e Play synchronous waveforms on both channels of BOS1901-KIT.

In Haptic mode, the GUI allows you to fire a given waveform from a variety of trigger mechanisms.

The BOS1901-KIT is used to test the capacity of the BOS1901 with various piezoelectric actuators. The
trigger events that can be used are: an action Play in the GUI, a falling edge on 101, an action of pressing
and releasing the piezoelectric actuator. When the 101 or the piezoelectric actuator are used as trigger,
the development kit can work without the GUI. The GUI also provides a section to read and write all
registers of the IC. For more details about this mode refer to section 8.5.1

In Audio mode, the development kit is detected as a standard stereo USB audio device by the PC.

We know that our customers require more flexibility and control over the waveform used for their
haptic effects. For these reasons, we put at your disposal the audio mode which allows you to have
complete control over the wave transmitted to the BOS1901 via the USB port. Your PC can select the
BOS1901-KIT as an audio card stereo output. You can configure audio mode settings using the graphical
user interface, but this mode is designed to work without the GUI. For more details about the audio
mode refers to section 8.5.2.

BTO01DDK04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 9
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The BOS1901-KIT development kit can be used as a basis for the development of a prototype.

It is possible to connect an external SPI master without separating the breakable mini-boards from the
BOS1901-KIT. This operation requires a good knowledge of the electrical design of the BOS1901-KIT.
For more details about the hardware refers to section 9.

BT001DDK04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 10
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8 Boréas Development Kit Software v2.9.x

8.1 Overview
Boréas Development Kit software is a desktop application intended to ease evaluation of the BOS1901.
In Haptic mode, the tool can be used to:

e Play a sinusoidal waveform on-demand.
e Configure the BOS1901-KIT board to play a sinusoidal waveform when:
o asignalis received on the pin |01.
o press and release events are detected on a piezo actuator (button emulation).
e Have aread/write access to the registers of the BOS1901.
e Monitor the BOS1901 status and display any error.
e Reset the BOS1901-KIT board to its factory default state.
e Change the operation mode of the BOS1901-KIT board.

In Audio mode, the tool can be used to:

e Configure the minimum and maximum voltage of each output channel.
e Reset the BOS1901-KIT board to its factory default state.
e Change the dev kit operation mode.

8.2 PCRequirements

e 0OS: Windows 10
e Minimum display resolution: 1366 X 768
e Storage: At least 200 MB of available space.

8.3 Software Installation

Refer to the section Get Started.

BTO01DDKO04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 11
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8.4 Disconnected State

At start-up, the application is in disconnect state. The communication port is not connected with the
BOS1901-KIT board. A drop-down list allows the user to select the BOS1901-KIT board to use. (1 entry
per board connected to the PC).

s BOREAS

Application version: 2.9.0

Boreas DevKit (COM9)™
Connect to port

About

Exit

Figure 5 Application window in disconnected state

To transition to the connected state:

1. Select the communication port associated to the BOS1901-KIT board.
2. Press the Connect to port button to establish the communication.

Upon connection, the compatibility between the application and the board firmware will be validated
and a message dialog will appear if the firmware of the kit needs to be updated. (More details are
provided in the section Upgrade your development kit firmware).

The application will automatically return to the disconnected state if:

e The connection with the BOS1901-KIT board is lost.

e The BOS1901-KIT board power cycles.

e The BOS1901-KIT board is returned to factory default.

e The user presses the mode change button on the BOS1901-KIT application.
e The user presses the mode change button on the BOS1901-KIT board.

BTO01DDKO04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 12
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8.5 Connected State

¥ Boréas Development Kit — O % |
@ ra I 1 SyneAll
N sSlot: A Slot: B ‘
% BOREAS
Chip ID: OX6A Chip ID: Ox6A
Status: Status:
|
Boreas Controller A B
Firmware Version: 110.0 Basic Registers
| Application version: 2.9.0
|
Change mode Waveform

V min: | -10.00 V max: | 60.00 Frequency: (175.0 v Hz Cycles 1 v

Boreas DevKit (COM9)

Disconnect from port Sensing Triggers
About
Exit Button Press Button Release
[ GPIO Interrupt (101
Threshold: 1300 v Threshold: -0.250 v pe{ion)

Sensing
Stabilization: |70 ms Stabilization: |60 ms

Hold time: 10000 Hs Hold time: 1 Hs

Figure 6 Application window when connected (Haptic mode)
Left Section (A): Menu
The left menu is used to present information about the BOS1901-KIT board :

e Firmware and software version

e Operation mode (Haptic or Audio)

e Communication port of the currently connected BOS1901-KIT board

e Status (if errors are detected, they will be displayed in the bottom section of the left panel).

In this menu, buttons are also available to:

e Change the mode of the BOS1901-KIT board.

e Close the communication link with the BOS1901-KIT board (to return to the disconnected
state)

e Show version information of the software.

e Exit from the application.

Right Section (B): Content
The BOS1901-KIT board supports 2 modes of operation: Haptic mode and Audio mode.

The right section of the application main window presents the capabilities and the features offered in
each operation modes. Details for each mode are presented in the next sections.

BT001DDK04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 13
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8.5.1 Haptic Mode

8.5.1.1 Panel Overview @

Chip ID: Ox6A
Load from memory
Status:

Slot: B

Slot: A

Chip ID: Ox6A

Status:

A B

@ Basic Registers

Iy L WX OO s T T Ll TDK 1204H018V060 | TDK 0904H014V060 | TDK 0909H011V060 || Bimitech PUA3020-5H200

Waveform
V min: | -10.00 V max: | 60.00 Frequency: 1750 ~Hz Cycles:|1 v
Sensing Triggers
Button Press Button Release
J GPIO Interrupt (101
Threshold: 1300 \' Threshold: -0.250 ' ption
Sensing
Stabilization: 70 ms Stabilization: 60 ms
Hold time: 10000 353 Hold time: 1 Hs

Figure 7:Panel overview — Haptic mode
Section A: Drivers Identification

The top of the right panel provides information about the driver connected to the
microcontroller. The associated chip ID will appear and the driver is marked as “Connected”.

Section B: Buttons

Sync. All / Desync. All: Enables / disables the synchronized feedback mode. (More details
provided in the use cases section)

Save in memory: Saves the current configuration (waveform, sensing parameters and triggers)
to the board memory. Those parameters are automatically loaded at the next power up.
This allows specific configurations to run in autonomous mode. This mode can also be
operated with the BOS1901-KIT board powered from a battery bank or USB charger.

Load from memory: Changing parameters with the interface allows experimenting various
behaviors. Changing those parameters and sending them to the board does not affect
the board memory state which is loaded automatically at power up. Clicking the Load
from memory button will return the board to the configuration contained in its memory
and load this configuration in the interface window.

Factory Reset: Resets the BOS1901-KIT board to its default factory state. This action will also
trigger a reset of the BOS1901-KIT board and the application will return to its
disconnected state.

BTO01DDK04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 14
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Section C: Channel Selection Tabs

Select the channel to configure (channel A or channel B)

Section D: Basic and Registers Tabs

The basic panel provides functionalities to configure the BOS1901-KIT board (configure
waveform, sensing parameters and triggers).

The register panel provides a read and write access to the registers of the BOS1901. More details
about each view will be provided in the use cases sections that follow.

BT001DDK04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 15
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8.5.1.2 Play a Waveform - Manual Trigger

Description

User configures a sinusoidal waveform and plays it on a piezo actuator (channel A or B) by pressing the
Play button in the application.

Prerequisites

e Software is connected to the BOS1901-KIT board in Haptic mode.

Steps

w

A B @

Basic Registers

MY L W (s T EL A -1 - Hl TDK 1204H018V060 | TDK 0204H014V060 | TDK 0909HO011V060 § Bimitech PUA3020-5H200 @

Waveform

@ V min: | -10.00 Vmax: | 60.00 Frequency: (175.0 v |Hz Cycles: (1 v Stabilization: 40 ~ms @

Triggers

o O

[ GPIO Interrupt (10 1)
[ sensing

Figure 8:Play waveform — Manual trigger

Select a channel tab (A or B)

If the board is connected to a piezo actuator supplied in the BOS1901-KIT, click on the
corresponding piezo electric preset button to set the voltage operating range (Vmin and Vmax).
Otherwise, manually set the Vmin and Vmax fields in the Waveform section.

In the Triggers section, uncheck Sensing checkbox.

Configure the waveform:

o Sinusoidal waveform frequency (between 100.0 and 300.0 Hz)

o Number of cycles (between 1 and 254)

o Set the stabilization time (between 0 and 1000 ms)

In the Triggers section, click on Play button to play the wave on the piezoelectric actuator.
(Optional): Change the waveform parameters (Vmin, Vmax, Frequency, Cycles and Stabilization)
to see how it change the feedback when the play button is pressed.

BT001DDK04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 16
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8.5.1.3 Play a Waveform - External Trigger (GPIO)

Description

User configures the BOS1901-KIT board to play a sinusoidal waveform on the detection of a falling edge
on the 101.

Prerequisites

e Software is connected to the BOS1901-KIT board in Haptic mode.

Steps

w

Slot: B
Chip ID: Ox6A
Status:

Slot: A

Chip ID: Ox6A

Status:

. . @

Basic Registers

[Ty W N T 2 =111 -+ TDK 1204H018V060 | TDK 0204H014V060 | TDK 0909H011V060 || Bimitech PUA3020-5H200 @

Waveform
@ V min: | -10.00 V max: | 60.00 Frequency: |175.0 ~/Hz  Cycles (1~ Stabilization: |40~ ms @

Triggers

Play

GPIO Interrupt (101) @
@ [ sensing

Figure 9:Play waveform — External trigger

Select the channel tab (A or B)

If the board is connected to a piezo actuator supplied in the BOS1901-KIT, click on the
corresponding piezo electric preset button to set the voltage operating range (Vmin and Vmax).
Otherwise, manually set the Vmin and Vmax fields in the Waveform section.

In the Triggers section, uncheck the Sensing checkbox.

Configure the waveform:

o Sinusoidal waveform frequency (between 100.0 and 300.0 hertz)

o Number of cycles (between 1 and 254)

o Set the stabilization time (between 0 and 1000 ms)

In the Triggers section, check the GPIO interrupt checkbox.

Connect the 100 on the BOS1901-KIT board to the external signal you want to use to trigger the
waveform feedback.

On detection of a failing edge of the signal connected on 100, the waveform feedback will be
played on the selected channel.

BTO01DDK04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 17
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8. (Optional): Press the save in memory button to persist the configuration of the BOS1901-KIT
board in memory.
9. (Optional): If the waveform parameters are changed after the GPIO interrupt box is checked, the
Send configuration button must be pressed again to send the waveform configuration to the
BOS1901-KIT board.

8.5.1.4 Play a Waveform — Sync Mode

Description

User configures the BOS1901-KIT board to play a sinusoidal waveform on both channels simultaneously.
The trigger to play the waveform can be manual using the Play button from the software or an external
signal connected on /O1.

Prerequisites

e Software is connected to the BOS1901-KIT board in Haptic mode.

Steps

Slot: A Slot: B
Chip ID: Ox6A Chip ID: Ox6A
Status: Status:
A B
Basic Registers

S Y LW R ATEL L ol =111 - Tl TDK 1204H018V0&0 | TDK 0904H014V060 | TDK 0909HO0T1VO60 | Bimitech PUA3020-5H200

Waveform

V min: | -10.00 V max: | 60.00 Frequency: (175.0 v Hz  Cycles: |1 v Stabilization: 40 ~/ms

Triggers

[] GPIO Interrupt (10 1)

Figure 10:Play waveform — Sync mode

1. Press the Sync. All button of the top panel to enable the synchronized feedback mode. A little
green icon in the chip status panel will be displayed to indicate that the mode is enabled. Also,
the text of the Sync. All button will be changed to Desync. All (Use this new button to disable the
sync mode).

2. To play feedback using a manual trigger, follow the procedure Play a Waveform - Manual
Trigger. To play feedback using an external trigger, follow the procedure Play a Waveform -
External Trigger (GPIO).

BT001DDK04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc
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Note: When the sync mode is enabled, one channel becomes the master (the one in which the sync
mode has been enabled). The configuration of the waveform and the trigger can only be done from
the master channel.

8.5.1.5 Button Emulation Mode

Description

User configures the parameters of a sinusoidal waveform and the parameters of a sensing algorithm
that can detect a button press and button release on the piezo actuator. When these events are
detected by the sensing algorithm, the feedback is played on the piezo actuator.

Prerequisites

e Software is connected to the BOS1901-KIT board in Haptic mode.

Chip ID: Ox6A Chip ID: Ox6A
Status: Status:

Basic Registers

@ [V LW AU E e S G-l 1l TDK 1204H018V060 | TDK 0904H014V060 | TDK 0909HO11V060 || Bimitech PUA3020-5H200 @
\

Waveform

Slot: A Slot: B

V min: | -10.00 V max: | 60.00 Frequency: 1750 “Hz Cycles: (1 v

Sensing Triggers

Button Press Button Release

O GPIO Int, t (101
Threshold: 1300 % Threshold: -0.250 \ nterrupt (101)

Sensing
Stabilization: |70 ms Stabilization: |60 ms

Hold time: 10000 Hs Hold time: 1 Hs

Figure 11:Button emulation
Steps

1. Select the channel tab (A or B).

2. If the board is connected to a piezo actuator supplied in the BOS1901-KIT, click on the
corresponding piezo electric preset button to set the voltage operating range (Vmin and Vmax)
and the Sensing parameters.

Otherwise, manually set the Vmin and Vmax fields in the Waveform section. The Sensing
parameters values will also have to be calibrated for a good detection of the press and release
events. More details regarding the sensing algorithm are given in Appendix A.

3. In the Triggers section, check the Sensing checkbox to enable the sensing algorithm on the
BOS1901-KIT board and the BOS1901 status LED of the channel will turned solid green.

4. Gently press the piezo actuator until the press event is detected (user should feel the feedback
on his finger). Release the force on the piezo actuator to let the sensing algorithm detect the
release event.
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Note: After the detection of a press, the sensing algorithm waits a maximum of 3 seconds before
it returns to the state where it is waiting for the detection of the press event.

8.5.1.6 Registers Access

Description

User read and optionally write registers of the connected BOS1901.

Prerequisites

e Software is connected to the BOS1901-KIT board in Haptic mode.

@ A

Basic
Hexadecimal

REFERENCE
ION_BL
DEADTIME
KP

KPA_KI
CONFIG
PARCAP
SUP_RISE
DAC
THRESH
TM_KI
DEBUG
IC_STATUS
SENSE
TRIM

ACCESS

Steps

o @ Load All Name: DLS

B

Registers @

MsSB LsB
[[ox0 || 1 |
Loa ][ o J[ 3 ] A0 |
[0 || 23 I 4
[oa [ o ]| 80
[0 ]| 2 I[ AD |
[os | 5 Lo Jlo [ J[o ][ o ]
[o6 J[o ][+ J[ 1 ][ 1 ]] 3A |
Loz |[ 1] 5 | 27 |
Los | 8 | 7 |
(oo J[o 1]l ][ o J[1 ]| 5 |
Loxa | 25 L+ [ ]fo J[1]
(o [0 ][ o ] 0 | 0 |
[Coxc ] (R e e e [ e
[0 ][ 2 | 32 |
[o€ |[ o J[o] 0 Lo ]
o || 0 o J[ o J[ o J[ 0]

Figure 12: Register access panel

1. Select the channel tab (A or B).

hwnN

Select the Registers Tab.
Use the Load All button to read all registers values from the BOS1901
(Optional): To change the value of a writable register, edit the parameter you want to change

Default Value: Oxa
Length: 0x5
Min: 0x0

Max: 0x1f
@ Description:

Power switch deadtime:

Minimum time between HS switch
turn off and LS switch turn on.
tdead = DLS * 4.4ns

Default value provides a delay of
46ns minimum and should work for
almost all applications.

The user can optimize the value for
its specific application

and press the Send button to write the modified register in the BOS1901.

Note: The registers are displayed, one per line. The register label is given on the left, then the register
address, then the parameters for this register are given (MSB on the left, LSB on the right)

When selecting a parameter box, the information for that parameter is given on the right side of the
screen. Information includes parameter name, its current value, the number of bits of that
parameter (Length), the minimum and maximum possible values, and a short description.
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8.5.2 Audio Mode

8.5.2.1 Panel Overview

74 Boréas Development Kit - [m) x
~ = Slot: A Slot: B
A Bo REAS Chip ID: Ox6A Chip ID: 0x6A
Status: Status:
Audio Output Limiter
Boreas Controller In audic mode, the DevKit is seen as a USB audio speaker by a PC. The DevKit doesn't have cantrol
Firmware Version: 110.1 on the amplitude of the audio signal sent by the PC. To be sure the voltage amplitude applied on
Application version: 2.9.1 the piezo actuator is within the limits of its specification, the DevKit will limit the voltage
amplitude based on the following configuration.
Mode : Audio
Change mode Piezo Actuator Model Amplitude (Valt)
Boreas DevKit (COMI0) v Channel A TDK 1204H018V060 v/ Min: -0 Max: |60
Disconnect from port
About .
Channel B TDK 1204H018V060 vl Min: -0 Max: |60

Exit

Figure 13:Panel overview - Audio mode

When the BOS1901-KIT board is in Audio mode, it is detected by Windows as a speaker device. When
this device is selected, all audio output from the PC will be sent to the board. Make sure to deselect the
Boreas DevKit to avoid the PC from playing system sounds on the actuator.

Select playback device

Speakers (Boreas DevKit)

Speakers/Headphones (Realtek(R) Audio)

Figure 14:Boreas DevKit speaker

User should use a software that can specifically select an individual USB device as audio output. For
example, Audacity® allows to easily create and play waveforms on the piezo actuators attached to the
board. See appendix for more details.

8.5.2.2 Audio Limiting

Because some piezo actuators have voltage operating ranges that are smaller than the capacity of the
BOS1901, the BOS1901-KIT board has the capacity to limit the voltage range of the audio signal in order
to protect the actuator.

Using the factory default values, the BOS1901-KIT board will limit the output voltage between -10 V
and 60 V. This range is within tolerances of all piezo actuators model supplied in the BOS1901-KIT.
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To change the audio limiting configuration, open the BOS1901-KIT software while the board is in
audio mode and set the Min and or Max values of the Amplitude field and press the Save button to
send the new values to the BOS1901-KIT.

8.5.2.3 Audio Limiting lllustrated

Original signal without audio limiting:

Figure 15:0riginal audio signal

Same signal with audio limiting set between -10 V to 60 V:

Figure 16:Audio signal with audio limiting
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8.5.3  IC Status Monitoring

As displayed above, when the application is connected to the BOS1901-KIT board it shows all detected
BOS1901 errors in the bottom section of the left panel.

& Boréas Development Kit - [m] X

jot: jot:
% BOREAS

Chip ID: Ox6A Chip ID: Ox6A
Status: Status:

Boreas Controller
Firmware Version:1.10.0

A B

Application version: 2.9.0 L Registers

Mode : Haptic
Change mode [y L W S U 2 - Ll TDK 1204H018V060 | TDK 0904H014V060 | TDK 0909H011V0E0 | Bimitech PUA3020-5H200

Boreas DevKit (COM9) v Waveform

Disconnect from port V min: [ 10,00 V max: | 60.00 Frequency: (175.0 “~Hz Cyces (1 v
About
Exit Sensing Triggers
Button Press Button Release
[0 GPIO Interrupt (101
P Threshold: 1300 A Thresheold: -0.250 v pt(101)
Maximum Sensing
temperature Stabilization: (70 ms Stabilization: | 60 ms
A exceeded
(Slot A) Hold time: 10000 Ms Hold time: 1 Hs
Maximum voltage
A exceeded
(slot A)

Figure 17 Errors shown in the left panel
Possible IC errors:

Table 10: BOS1901 errors

Reported Error Message Meaning
Maximum temperature exceeded (Slot X) Over temperature detected on the IC. Operation will
resume when temperature drops. This error seldom
occurs and is indicative of a hardware issue.

Maximum voltage exceeded (Slot X) Output voltage exceeded the maximum voltage allowed
on the IC.
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9 Hardware

The purpose of this section is to provide information on the hardware design of the BOS1901-KIT PCB
to help the integrator evaluate BOS1901 and to use it in a prototype.

9.1 Design Overview

The board is composed of two distinct sections: a microcontroller section on the left and a BOS1901
driver section on the right. Each section is clearly demarcated by dotted line which allows to physically
separate the two sections if needed. It is for this reason that the terms breakable section or breakable
board are sometimes used to identify the right section of the PCB.

By default, the BOS1901-KIT power supply is supplied by the USB port. However, the hardware design
allows for partial or complete electrical isolation of the microcontroller section from the driver section.
This is made possible by the presence level shifter circuit on the SPI and GPIO, an external supply
connector to power the BOS1901 driver section and a series of solder bridges that can be populated or
unpopulated with resistance to do the configuration.

comm¥® 8051901 .\
select SBLAASN °—° VYDDIO v "\ 2

.
tq.o-\ wo _jeao-2 Q—-—Q SCk 5\ W %2

A 8 222 =4 o 3w b ‘_
j'sr20 SB1 SB2 Ve 25 > O_’o s % ‘ ‘.“'czc« 4
3 1-‘(\‘ Q.—-Q NSO -ua\m ;
BT004-DN- V11°8 "
B-01
REF: PC sy s

READ

w

-
3

LY, :i'(:é‘o

%oa au2t rU20
%23 T o021 %
Jboreas.cd S!

Figure 18: BOS1901-KIT PCB overview
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9.2 Hardware Features

In this section, we will discuss the various hardware configurations. Except for section 9.2.1, it is
assumed that the microcontroller section and the driver section have not been separated.

Some functionality in this section requires modifications to the PCB and requires a soldering iron.
Disconnect the supply before making any changes to the board.
9.2.1 Breakable Driver Section

The use of the breakable units with custom-made firmware is done at the user's own risk of causing
damage beyond repair to the BOS1901 circuit. Boréas Technologies will not be held responsible.

One way to integrate a BOS1901 is to break the driver section and connect it to your development
platform. A few strokes using an exacto knife on the dotted line will help to split the PCB.

pzp select
u4o

-2 SBLA|

BT004-D-v1.1

7UC R23", !, RUZ0="." ¢
. Designed & Assembled in Canada
www boreas.: :a
usar' 108

i
of| - CHRGY
L——' SOlmiy o
3= =
2 sB5 gl [
® USER : 4

gg::: o vro 00 101 (02 103 GND

T
1 2
RST J3

Figure 19: Breakable section location

Each breakable PCB contains a BOS1901 that can be used alone with a user-preferred development
platform. All signals need to be connected to your development platform.

Table 11: Breakable Driver Section signals

GND 0V reference

VvDDIO Digital 10 power supply Digital signals voltage domain. Must be between
1.62Vand5.5V.

SCK SPI Clock signal

MOSI SPI Master Out/Slave In signal

CS SPI Chip Select signal Active low signal

MISO SPI Master In/Slave Out signal

VBUS Main power supply for the BOS1901 Supply voltage between 3.0 V and 5.5 V with at least
500 mA current drive.

Refer to BOS1901 datasheet for a complete description on how to use and program the circuit.
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9.2.2 Probe Hooks

Probe hooks are available around the board to ease connection of instruments for measurement of
supplies when debugging. At the separation line between the microcontroller section on the left and
the driver section on the right lies a header pins connector. This connector allows to probe supply levels
and SPI communication digital.

® |

L5i0 ozP
"1 REF: PCB-0136 = i

9.2.3 Digital GPIOs

select i 0
e Cﬁﬂ"l u40 C40—2\SB‘.A

“wo SH1 SB35
T e 3051901 KIT
i e 'BT004-DK-v1.1

ChAjsz0n
TS

o 4k
L RU21.
UG RZo", 1 RUzo="
. Designed & Assembled in Canada
www.boreas.ca . | 2021
- usor* e G acdil ua

Bore ) ones vno 100101 (02 103 GND

-
@ —@ GND ChB

I TECHNOLOGIES

GND

voDio BOS1901-KIT || [

3 OUTR

BT004-DK-v1.1
TECHNOLOGIES

Figure 20: Probe hook location

General-purpose inputs and outputs (GPIOs) are provided to ease integration of the development kit in
a prototype. For example, digital inputs may be used as trigger inputs to fire the waveforms or to send
information from the system to the development kit. Four pins can be configured as input or output.

Using these GPIOs implies to modify the firmware to support them. However, they are already
physically implemented and routed to the MCU. They need to be activated in the firmware software

code project.

f'° ot wrc2 BOSI901—KIT

-ty U42
RA23, L., e A&

. Designed & Assembled in Canada

www boreas.ca . | 20

usor ' 1erg Lacgict uay
-5 -

. 4»33V
R41-2:
c502' i
Q sos B

535:: 11522 vno 100 101 102 103 GND

CHOXOROIORC) T

|
L,
RST J3

'BT004-DK-v1.1
oL O

BT004-DK-v1.1

Figure 21: GPIOs and GPIOs supply voltage configuration solder bridge location
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By default, the GPIOs are in the microcontroller 3.3 V supply domain. To use these GPIOs with a system
operating in another voltage domain requires modification of the BOS1901-KIT PCB configuration.

Table 12: GPIOs supply voltage solder bridge configuration

+3.3V (MCU supply) Populated
VIO (3.3Vto5.5V) Unpopulated

When SB5 is unpopulated, GPIOs supply voltage is provided by VIO and GND of the J3 connector. This
J3 header connector is provided in the box but is not initially populated. Refer to the board schematics
in section 10.1 for MCU pins numbers corresponding to 100, 101, 102 and 103.

9.2.4 External SPI

The BOS1901 features an SPI communication interface. By default, each BOS1901 are connected to the
MCU SPI master. It is possible to bypass the MCU and use an external SPI master without breaking the
board. This can be useful when trying to connect a BOS1901 directly to an external system.

) P1
VBUS
, W <3

T comi:
ozp Seleﬂ
o

. g
‘ 0?C cs gn:.
KIT o= = ®lmso 3 =

° iy BT004-DK-v1.1
: 7TUC R, nuzuu' i

. Designed & Assembled i in Canada
- www.boreas. ca 2 2021

uso |'

CSt4 i 1 eCS2
RS1s b 4 £RS2 V'

Figure 22: Comm selection switch and SPI header location

To use an external SPI, it is mandatory to enable it using the COMM Select switch on the board by
setting it to EXT position. USB port must still be connected since it supplies the digital switches.

By default, the SPIs are in the microcontroller 3.3 V supply domain. To use these SPIs with a system
operating in another voltage domain requires modification of the BOS1901-KIT PCB configuration.

Table 13: SPIs supply voltage solder bridge configuration

+3.3V (MCU supply) Populated
VDDIO (1.62Vto 5.5V) | Unpopulated

When SB4 is unpopulated, SPI supply voltage is provided by VDDIO and GND of the external SPI header
connectors. The external SPI header connectors are provided in the box but is not initially populated.
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9.2.5 Power Supply Source and UPI Mode Operation

The driver section of the PCB can be supplied using two different sources: the USB connector and the
P1 white connector. By default, the USB connector is the power source, and UPI mode is disabled.

P1 x
VBUS 3 C
ms s3| pa-f
[Tl
GND coMm L
00 ozp select

- |
| 1 REF: PCB-0136 —F - C40-1,U40. C40- 2\534/‘

T pzzl_ Ch AHI:!DA
f mz
l Enaza —17
S 17 ChB
UC| -R23' ! RU20="
. Designed & Assembled in Canada
www.boreas.ca 021
. usor

BT004-DK-v1.1

Bk 5§§ VIO 100 101 102 103 GND
sxl 1 ...’..s4||

ST. - J3 ‘_,F'\;l

Figure 23: Driver power supply and UPI mode configuration resistors location

Table 14: Driver power supply and UPI mode configuration options

USB connector Disable Populated Unpopulated Populated
USB connector Enable Populated Unpopulated Unpopulated
P1 connector Disable Unpopulated | Populated Populated
P1 connector Enable Unpopulated | Populated Unpopulated

Depending on the desired power source and UPI mode configuration, add or remove the resistors on
SB1, SB2 and SB3 as indicated in the above table.

Refer to the board schematics in section 10.1 to obtain more information regarding the power supply
options. Refer to the BOS1901 datasheet to get more information regarding the UPI mode.
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9.2.6 Piezo Actuator Low-Pass Filter

Two 0603 resistors ROx are in series with each BOS1901 output channels OUTx. They can be used to
create a low-pass filter with the actuator and filter out audible noise. Resistor values to use are
determined by the desired cut-off frequency and the actuator capacitance. A bode plot is useful to
assess the amplitude attenuation at the waveform frequency in order to compensate it in the
programmed voltage waveform. Initially, the populated values are 0 ohm.

1
vaus T +
i I ‘nsa TECHNOLOGIES
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GND ITl c0MM‘—j ¥ o
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Figure 24: Low-pass filter resistors location
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9.3 Piezo Actuators

One TDK actuator is provided with the BOS1901-KIT Starter Set and four with the Premium Set, one
from Bimitech and the others from TDK. For each piezoelectric actuator available with the BOS1901-
KIT, Boréas provides recommended presets. Each preset is available in the GUI and is identified by the
brand and model number of the piezo actuator.

9.3.1 Bimitech Actuator
Bimitech PUA3020-5H200 piezo actuator specifications:

Type Bender

Polarity Red wire on "OUT+" terminal
Black wire on "OUT-" terminal

Range -90Vto +160 V

9.3.2 TDK Actuator
TDK PowerHap™ 0909H011V060 piezo actuator specifications:

Type Cymbal design

Polarity Red wire on "OUT+" terminal
Black wire on "OUT-" terminal

Range Unipolar -10 V to +60 V

TDK Mini PowerHap™ 1204H018V060 specifications:

Type Cymbal design

Polarity Red wire on "OUT+" terminal
Black wire on "OUT-" terminal

Range Unipolar -10 V to +60 V

TDK Mini PowerHap™ 0904H014V060 specifications:

Type Cymbal design

Polarity Red wire on "OUT+" terminal
Black wire on "OUT-" terminal

Range Unipolar -10 V to +60 V

It is of utmost importance to not use the TDK PowerHap™ actuators outside their specified ranges as
they can get damaged unless the waveform is properly designed to limit the output voltage between
-10 V and +60 V. Example waveforms are provided on Boréas website (www.boreas.ca/bos1901-kit).
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9.3.3 Bimitech Actuator Clamp Assembly

The Bimitech actuator must be assembled using the provided clamp to be operated properly. There are
two possible configurations, shown in the figures below. Use both screws to tighten the clamp part of
the assembly. The screws feature thread locker; therefore they need not be tightened too much, only
make sure the actuator is held in place.

The configuration on the left (button configuration) allows to emulate a button using the development
kit sensing feature. It features a mechanical hard-stop to prevent too much displacement to be applied
to the actuator. Apply a small force on the center of the actuator to feel the BOS1901 detecting the
force and then issue a feedback. Pulling upward the tip of the actuator will create a similar result.

The configuration on the right (vibrator configuration) is used to produce strong vibrations. Use
Audacity™ to play haptic waveforms (see Appendix C) on the actuator and feel the vibration. For
maximum feeling, hold the clamp in your hand while the actuator is vibrating. It is also possible to attach
a small weight at the tip of the actuator to enhance the vibration at a given frequency (please contact
Bimitech for more information).

Figure 25 Bimitech actuator clamp assembly — button configuration (left) and vibrator configuration (right)
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10 Design Reference
10.1 Schematics

1 ‘ 2 3 4

BOS1901-KIT - Top Level

User Interface and Connectors

Debug
B051901.5chDoc

Penlhamks VDDIOB B VBUSE
| m

Peripherals.SchDoc

BOS1901.5chDac

Microcantroller.SchDoc

Mechanical Components

Title: BOS1901-KIT - Top Level

Ref:  PCB-0136 Project: PCB-0136-BT004_DK_v1.1.PrjPch

Part: BT004-DK File:  Top Level - BT004_DK_v1.1.SchDoc

Version: 1.1 Date:  2021-04-02 B o R E AS

Drawn By: AL Sheet: 10f8 LT
1 2 3 4

BTO01DDK04.01 — Issue 1 © All rights reserved 2021 Boréas Technologies Inc 32



BOS1901-KIT % BOREAS

User Guide

1 ‘ 2 ‘ 3 ‘ 4
FL
Tcosa 1 BV +3.3V +3.3V outA
N J1 OUT-A I A
VBUS RS1 oA __ ,
D- USB Noush csv 5.1k VDDA N T—| 3
e USB-P-ush 100 s1
b : USB_ID XRES-swd - Outputs
GND cs1 RsT our
USB 5-pin 01uF OUT+A UUT\
CsH RSH  — — % ouT- Couta >
330pF §1Meg - = = . VDD/
— USB N-ush
- USB_N s———
UsB / USB-P-usb USER-uC
\USE,P —_— LEDAred RDA  1sk DA
LEDA-green _ —— ! ls3v
USB Connector Reset and User buttons (with hadware debouncing) LEDA-blue i 1
RADA 470 chA
LEDAred | Red
+3.3V 2 TEDAgreen,
o T ., SWDIO-swd LED Color o LEDA-blue ';Iree" (Leoa »
5 o SWClkcswd Req ——DLred RD1L 1.5k
5 6 SWO-swd ) b1 Eom Dl-green [ W 143.3v LED Color
2 s Blue «—DLble "l 1=
s 10 XRES-swd_ RADT 470 Output Connector and LED for Channel A
— Debug Port
B Debug LED Color 0 8
- ¥ RD2 15k
Swbio Zﬂi Sw: Red —322%8 outs
SWCLK em2ieioe D2 Green +33v
< Debug &) SWO-swd \Bme - o—QuT8 [
\ XRES XRES swd RAD2 470 3; T;B o—_
VDDB I—j—
Debug/Programming Connector Software LEDs Outputs
T
13 VIO +3.3V +3.3V vobs Sgg] oute
1
; | COMM-sel BOOTO-UC
; LepBred ROB 15k DB
6 = O—COMM-sel 5 iNsel > = 0—299"%C rpo0moc > LEDB-blue 33V
Digital I0s . . RASE 270 ChB
o Digital signals selection with $3: Boot mode selection with S4:
f 00 100-ext - By default, $3 sets built-in SPI - By default, S4 sets boot mode to LEDBred |
101-ext interface with microcontroller. Flash Memory (BOOTO low) LEDE.E,Qen
Coet :gi 102-ext - Flip S3 to ON to use external - Flip S4 to ON to set boot mode to LEDB blue Glr:e" LEDE
103 103-ext source SPI signals. System Memory (BOOTO high)
LED Color
¢ GPIO Connector Switch for digital signals selection Boot Mode selection Output Connector and LED for Channel B ¢
a Iy
8y Veus VRUSA VDDA Possible configurations: 433V VDDIOA™ 433V VODIOB VDDIOA and VDDIOB are at 3.3V by default. When using an
SB1 SB3A | - USB power, non-UPI mode (default) SBAA SBAB | external SPI source (see S3 switch) with signals not at 3.3V
y ¥ SB1-SB3A-SB3B populated, SB2 not populated o D level, remove SB4x and provide power between 1.8V and
- USB power, UPl mode 5.0V to VDDIO pins.
SB1 populated, SB2-SB3A-SB3B not populated
- External power, non-UPI mode
VEXTSBZ\/BUS VBUSB  VDDB SB2-SB3A-SB3B populated, SB1 not populated vio +3.3v
A
3B | - External power, UPI mode BS Digital 10s level is defined by VIO and is at 3.3V by default.
pzpP SB2 populated, SB1-SB3A-SB3B not populated If other VIO level is required, remove SB5 and provide
1 5.6V o 0 power between 3.3V and 5.0V to VIO pin. —
External
Power = =
External Power and Solder bridges configuration
+T\/ VBUS VDDA VTE
+33v VBUS VDDA VDDB
D GND GND GND D
- - - Title: BOS1901-KIT - User Interface and Connectors
User test points Ref: PCB-0136 Project: PCB-0136-BT004_DK_v1.1.PrjPcb
Part: BT004-DK File: User.5chDoc
Version: 1.1 Date:  2021-04-02 B 0 R EAS
Drawn By: AL Sheet: 20f8
1 ‘ 2 ‘ 3 ‘ ¢

BT001DDK04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 33



BOS1901-KIT

User Guide

S BOREAS

2

1

BOS1901-KIT - Power Management
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BOS1901-KIT - Digital signals conditioning and LED driver
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BOS1901-KIT - Peripherals
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BOS1901-KIT - Mechanical Components
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10.2 PCB Layout
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Figure 27: Layout view - Top Layer (not to scale)
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10.3 Bill of Materials

The following is a list of the components that populate the evaluation PCB. Due to availability, some
components with equivalent performance/characteristics may be installed on the actual evaluation
PCB. If the exact part number is not available, the components can be replaced by ones with equivalent
package and specifications.

Table 15: Bill of Materials

DESIGNATOR QTY |VALUE DESCRIPTION MANUFACTURER PART NUMBER

BUMP1, BUMP2,

BUMP3, BUMP4, BUMPER CYLINDRICAL

BUMP5 5 - 0.25" DIA BLK Keystone Electronics | 783-B
CAP TANT POLY 100UF

C1A, C1B 2 100uF 6.3V 1206 KEMET T5271107MO06ATEQ70

C2-1, C3A, C3B,

C4A, C4B, C5A,

C5B, C20, C21,

C40-1, C40-2,

C41-1, C41-2,

C42, C50-1, C50-

2, CS1, CS2,

CuC2, CuCcs,

CuUC4, CUCs5, CAP CER 0.1UF 25V X5R

CUCe6, CUC8 24 |0.1pF 0402 Taiyo Yuden TMK105BJ104KV-F
CAP CER 10000PF 50V

C2-2,CY1 2 0.01puF X7R 0402 Taiyo Yuden UMK105B7103KV-F

C2-3, C5v, CUCy, CAP CER 10UF 25V X5R

CVBUSA, CVBUSB (5 10uF 0603 Taiyo Yuden TMK107BBJ106MA-T
CAP CER 10000PF 250V

C2A, C2B 2 0.01pF X7R 0603 Wiirth Elektronik 885342206006
CAP CER 2.2UF 16V X5R

CAP1, CAP2 2 2.2uF 0402 Taiyo Yuden EMK105ABJ225KV-F
CAP CER 330PF 250V

CSH 1 330pF COG/NPO 0402 KEMET C0402C331JAGACAUTO
CAP CER 1UF 16V X5R

cucry 1 1pF 0402 TDK Corporation CGB2A1X5R1C105K033BC

D1, D2, DA, DB 4 - LED RGB 0606 SMD Dialight 5977715607F
DIODE ZENER 5.6V Rohm

DZA, DZB, DZP 3 5.6V 500MW SOD-323F Semiconductor UFZVFHTE-175.6B
PTC RESET FUSE 15V

F1 1 0.5A 500MA 1812 Schurter Inc. PFMF.050.2
FERRITE BEAD 330 OHM

FB1 1 330 0402 1LN Murata Electronics |[BLM15PX331SN1D
CONN RCPT USB2.0 Hirose Electric Co

J1 1 - MICRO B SMD R/A Ltd ZX62R-B-5P(30)
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DESIGNATOR QTY |VALUE DESCRIPTION MANUFACTURER PART NUMBER
CONN HEADER SMD

12 1 - 10P0OS 1.27MM CNC Tech 3221-10-0300-00-TR
CONN HEADER R/A 6POS

J3* 1 - 2.54MM Wiirth Elektronik 61300611021
FIXED IND 10UH 1.2A 322

L1A, L1B 2 10pH MOHM SMD Wurth Elektronik 74438336100
TERM BLOCK HDR 3POS

OUTA, OUTB 2 - 90DEG 3.81MM Molex 0395121003
CONN HEADER SMD R/A |JST Sales America

P1 1 - 2P0OS 2MM Inc. S2B-PH-SM4-TB(LF)(SN)
RES 0.2 OHM 1% 1/8W TE Connectivity

R1A, R1B 2 0.2 0402 Passive Product RLP73N1ER20FTDF

R8A, R8B, R22,

R23, R40-1, R40- RES SMD 51 OHM 5% Panasonic Electronic

2, R41-1,R41-2 (8 51 1/10W 0402 Components ERJ-2GEJ510X

R20, R21, RS1, RES SMD 5.1K OHM 5% Panasonic Electronic

RS2, RS3, RS4 6 5.1k 1/10W 0402 Components ERJ-2GEJ512X

R42,RD1, RD2,

RDA, RDB, RU20, RES SMD 1.5K OHM 5%

RU21 7 1.5k 1/16W 0402 Yageo AC0402JR-071K5L

RA20, RA21,

RA22, RA23,

RA40, RA41, RES ARRAY 2 RES 47 Panasonic Electronic

RA50, RA51 8 47 OHM 0606 Components EXB-V4Vv470JV

RAD1, RAD2, RES ARRAY 2 RES 470 Panasonic Electronic

RADA, RADB 4 470 OHM 0404 Components EXB-24V471JX

RO+A, RO+B, RO-

A, RO-B, SB1,

SB3A, SB3B, RES SMD 0 OHM JUMPER

SB4A, SB4B,SB5 |10 (O 1/10W 0603 Yageo RC0603JR-070RL
RES SMD 1M OHM 1%

RSH 1 1Meg 1/16W 0402 Yageo RC0O402FR-071ML
SWITCH TACTILE SPST-

S1,S2 2 - NO 0.05A 16V Wiirth Elektronik 434133025816
SWITCH SLIDE SPDT Nidec Copal

S3,54 2 - 100MA 6V Electronics CAS-120TA

TP3V3, TPGND1,

TPGND2,

TPVBUS],

TPVDDA1,

TPVDDB1 6 - PC TEST POINT NATURAL |Harwin Inc. S2761-46R

TPGND3 1 - PC TEST POINT COMPACT [Keystone Electronics |5016
PIEZO HAPTIC DRIVER

U1A, U1B P - 190V Boreas Technologies |BOS1901CW
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DESIGNATOR QTY |VALUE DESCRIPTION MANUFACTURER PART NUMBER
IC REG LINEAR 3.3V
u2 1 - 300MA SOT23-5 STMicroelectronics |LDS3985M33R
IC USB SWITCH DPDT
u20 1 - 10MSOP ON Semiconductor |FSUSB42MUX
GigaDevice
IC FLASH 32MBIT Semiconductor (HK)
u21 1 - SPI/QUAD 8USON Limited GD25Q32CNIGR
IC BUF NON-INVERT 5.5V
u40, U41 2 - 14TSSOP Nexperia USA Inc. 74LVCAT3144PW-Q10)
IC 1/O EXPANDER 12C 8B
u42 1 - 16QFN Texas Instruments PCA9554ARGTR
IC TRNSLTR
uso 1 - BIDIRECTIONAL 14VQFN [Texas Instruments |TXSO0104ERGYRG4
IC MCU 32BIT 1MB
uc 1 - FLASH 100UFBGA STMicroelectronics [STM32F413VGH6
Kyocera
International Inc.
XTAL OSC XO Electronic
Y1 1 12 MHz |12.0000MHZ CMOS SMD |Components KC2520Z12.0000C15XXK

* These components are not populated on the PCB, the proposed part numbers are for reference only.
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11 FAQand Troubleshooting

Please refer to Boréas website for FAQ and Troubleshooting information, which will be maintained
throughout the BOS1901-KIT lifecycle. It will also contain application note documents that will be
helpful for the user writing his/her own code to operate the BOS1901.

12 Notice and Warning

Danger High Voltage!

Electric shock possible when connecting board to live wire. Board should be handled with care by a
professional. For safety, use of isolated test equipment with overvoltage and/or overcurrent protection
is highly recommended.

A

This product uses semiconductors that can be damaged by electrostatic discharge (ESD). When
handling, care must be taken so that the devices are not damaged. Damage due to inappropriate
handling is not covered by the warranty.

The following precautions must be taken:

- Do not open the protective conductive packaging until you have read the following and are at
an approved anti-static workstation.

- Use a conductive wrist strap attached to a good earth ground.

- If working on a prototyping board, use a soldering iron or station that is marked as ESD-safe.

- Always disconnect the microcontroller from the prototyping board when it is being worked on.

- Always discharge yourself by touching a grounded bare metal surface or approved anti-static
mat before picking up an ESD - sensitive electronic component.

- Use an approved anti-static mat to cover your work surface.

Oscilloscope measurements:

Both OUT+ and OUT- are active outputs. When measuring these signals using an oscilloscope, use a
separate probe on each output. Never connect the ground of a probe to one of these outputs. Doing so
might damage the BOS1901-KIT and/or your oscilloscope. For more information, please consult the
Probing B0S1901 with an Oscilloscope application note available for download on
https://www.boreas.ca/pages/support.
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13 Ordering Information

Table 16: Ordering information

ORDERABLE PACKING STANDARD ROHS
DEVICE PACKAGE FORMAT QUANTITY ACTUATORS COMPLIANT
TDK PowerHap™ 1204
Entire PCB Lateral
BOS1901-KIT- | 75x50 mm Box 1/box TDK PowerHap™ 0904
AO2 Breakout | (5%*x3%2x1Y4)” | 2 Channels Lateral Yes
(Premium Set) | PCB 30x25 4 Actuators TDK PowerHap™ 0909
mm Square
Bimitech PUA3020-5H200
Entire PCB
BOS1901-KIT- | 75x50 mm Box 1/box TOK PowerHap™ 1204
2 BO2 Breakout 5U/4x31/ 21 14)” 2 Channels Lateral Yes
(Starter Set) PCB 30x25 ( 1 Actuator
mm
14 Document History
ISSUE DATE Document Number CHANGES
1 May 2021 BT001DDK04.01 Original Version

New product part numbers BOS1901-KIT-B02/-
A02 in replacement of BOS1901-KIT-B/-A.
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Appendix A. Button Emulation: Sensing Algorithm

The purpose of this section is to provide more details about the algorithm used for the detection of press
and release events on the piezoelectric actuator. The / by the graphical user interface are represented
in this diagram.

User activate the sensing

Calibration

Configure BOS1901
in ADC mode

e—————

——

Configure BOS1901
in proper polarity

—

—)[ Read piezo voltage value ](—
l Reset Hold period l

L—No

Is voltage value = Threshold

Yes

Is Hold period reach?

Yes

Reset Hold period

Play Waveform
[ Wait Stabilization ime ]7

Figure 28: Sensing algorithm: flow chart.
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This image shows the differential voltage between both terminals of the piezoelectric actuator during a
press event and feedback. On this scale it is impossible to see the details of the press event because it
occurs at much lower voltages and over a longer period.

000

80,0

200

-200

-80.0

-100.0
-6.0

Figure 29: Sensing algorithm: flow chart.

In the following capture, the voltage was scaled down to a few volts and the timescale increased so it is
possible to see the increase in voltage caused by the force applied on the piezo actuator. We can see
where the various parameters of the algorithm apply. Here is an example with 1.3 V threshold and 10 ms
hold time:

6.0 0 -3928ms -13,94 ms 10,01 ms
B 471 mY 8246 mV 1.296 V.

|
|
|
|
|
|
|
|
|
|
|
|
|

-10,0 |£

-1200 -100.0 -80,0 -60,0 -40,0 -20,0

ms

Figure 30: Sensing algorithm: threshold, hold time and feedback.
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After the feedback, there is a stabilization phase. The output of the BOS1901 is maintained to 0 V for a
period of time. Here an example with a stabilization time of 20 ms:

10,0

40

o b
— - ] —_ r_ _ [,_.. .__.‘.q-ﬂ_”‘z" __________
i |
R ' stabilization S S
1 T
| |
40 | }
|
| |
6,0 ‘ ‘
| |
‘ O 2495 ms 4961 ms 19,99 ms ‘
8,0 | B -336.5 mV 2271V 1935V |
| |
| |
-10,0: |£ 5

-20,0 -10,0 00 10,0 20,0 300 40,0
ms

Figure 31: Sensing algorithm: stabilization
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Appendix B. Firmware Upgrade using STM32CubeProgrammer

The BOS1901-KIT board supports a standard USB endpoint named "Device firmware upgrade" (DFU).
This endpoint is used to transfer firmware to the development kit using the USB port and a DFU transfer
software. To advertise the DFU endpoint on the USB port, the BOS1901-KIT board microcontroller needs
to execute DFU application in the system memory. The boot selection switch allows to select the system
memory.
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Figure 32 : Boot selection switch position

Prerequisites

1. Download STM32CubeProgramme using this link and follow web page instruction.
Install STM32CubeProgrammer.

Move the Boot Select switch in System Memory (SM) position.

Connect the BOS1901-KIT board to a PC using a USB cable.

Start SMT32CubeProgrammer.

Reset the BOS1901-KIT board using the RST button.

Have the firmware binary file (.hex) handy.

NounhkwnN
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Procedure

1. Select USB connection mode in the drop box.
2. Refresh the Port list using the button: &

3. Select USB1 portin the Port drop box. (Note: If more than one development kit are connected on
the same PC the Port drop box will contains more than one entry. USB1 may not be the right

device.)
4. Click on Connect button.

© -

USE configuration

L -[®

-

Serial number

ED Oxdf11
e 0x0483

Read Unprotect (MCU) [}

Figure 33: STM32CubeProgrammer connection setting

Enter the path to the firmware file (.hex) into the File Path text field.
Check the Verify programming checkbox.
Click on Start Programming button.

N,

Erasing & Programming

‘Y File path \BoreasDeviKit_Release.hex
..}

- )

Start addr...

Skip flash erase before programming

CPU Verify programming @

Run after programming

Full chip erase
Download file

Option bytes commands

Figure 34: STM32CubeProgrammer programming setting

9. Wait the pop-up message indicating the upgrade completion.

BTO01DDKO04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc

Start Programm...

Start automatic mode

¥
Click on this icon on the left side of the interface to open the Erase & Programming panel.
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[ Message *

o Download verified successfully

Figure 35: STM32CubeProgrammer upgrade completed dialog.

10. Move the Boot Select switch in Flash Memory (FM) position.
11. Reset the development kit using the RST button.
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Appendix C. Audio Mode using Audacity® Software

This appendix explains how Audacity® software can be used to create and play waveforms on the
BOS1901-KIT.

C.1 Software Installation Procedure

Audacity is free of use and can be found at: link

Please follow the Audacity® installation procedure.

Refer to https://www.audacityteam.org/about/license/ for the terms of GNU General Public License
(GPL) for Audacity® use.

dc-offset Plugin Installation (optional)
This plugin will be useful to create waveforms for unipolar piezo actuators or for piezo actuators that
have an asymmetrical voltage range (like the TDK piezo supplied with the kit).

1. Download the plugin: link.

2. |Install the plugin downloaded using the Nyquist Plug-in Installer.

Analyze | Tools  Help

-E-‘L' Add / Rernove Plug-ins... Start
4 * Macros...
N Apply Macro > Liers (
1.0 Reset Configuration 0

Screenshot...

Run Benchmark...

Nyquist Prompt...

MNyquist Plug-in Installer...
Regular Interval Labels...
Sample Data Export...
Sample Data Import...

Figure 36: dc-offset plugin installation

3. Ensure the plugin is enabled.

Analyze Tools Help

= 5 Add / Remove Plug-ins.. o Start Moni
- * Macros...
v Apply Macro i rosoft Sour

1.0 Reset Configuration 6.0
Screenshot..

Run Benchmark...
Nyquist Prompt...

Nyquist Plug-in Installer...

Regular Interval Labels...

Sample Data Export...

Sample Data Import...

Figure 37: Access plugin management window

BT001DDK04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 52


https://www.audacityteam.org/download/
https://www.audacityteam.org/about/license/
http://forum.audacityteam.org/download/file.php?id=6436

BOS1901-KIT K

User Guide

BOREAS

4. Select dc-offset in the plugin list and click on Enable button, then click on OK.
Manage Plug-ins >

Select effects, click the Enable or Disable button, then click OK.  Show: @ Al (C)Disabled () Enabled () New

MName State Path 2
de-offset New C\Users\FrancisLacassehAppData\Roaming\audacity\Plug-Ins\dc-offset
Delay Enabled C:\Program Files (x86)\Audacity'\plug-ins\delay.ny

Distortion Enabled  Built-in Effect: Distortion

DTMF Tones Enabled  Built-in Effect: DTMF Tones

Echo Enabled  Built-in Effect: Echo

eq-xml-to-tct-converter New C:\Program Files (x86)\Audacity\plug-ins\eq-xml-to-tct-converter.ny
FadelIn Enabled  Built-in Effect: Fade In

Fade Out Enabled  Built-in Effect: Fade Out v

< >
Select All Clear All Enable Disable

oK Cancel

Figure 38: Plugin management window
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C.2 Use Audacity to Play WAV Files

Description
Download waveform samples from Boréas website and use Audacity® to play them on the BOS1901-KIT.

Prerequisites

e BO0OS1901-KIT board is in Audio mode. Refer to section 8.5.2 for more information regarding Audio
mode.

e Using the BOS1901-KIT software, user has configured the audio limiting settings of the board (see
details here)

e Download the waveform examples from the Boréas web site (link)

) TDK_60Vrange_oneactuator — O X
File Edit Select View Transport Tracks Generate Effect Ana\ﬁe Tools  Help
7 . o " B4 48 42 ClcktoStatMontorng 18 12 & O 1)L &4 45 4 3B W 24 45 A2 k: 9
- ] I« 4]
o) - A :}\\Iﬁlﬂlm e/a/Q a/& - ]
Windows WASAP] e I, |Jack Mic (Realtek(R) Audio) « |2 (Stereo) Recording Chann ~ 4* Speakers (Boreas DevKit)
v 4 10 20 3.0 6.0 70 80
i . n n h n
x| TOK_60vrarw| T 2
Mute Solo
= 05

Wono, 8000Hz |
32.bit loat 05

Project Rate (Hz) | Snap-To Start and End of Selection ’—00 h 00 00
8000 ~|| |Off ~ |00h00mMO00.000s~ [00R00OmMO00.000s~ m S

Stopped.

Figure 39: Use audacity to play a WAV file

Steps

1. Start Audacity software.

2. Select the Speakers (Boreas DevKit) from the playback device selection menu.
If the Boreas DevKit is not shown in the list, validate that the device kit in in audio mode and that
it is connected to the PC. Then from the Audacity menu, click on Transport / Rescan Audio
Devices.

3. Drag the desired WAV file (Ex: TDK_60Vrange_oneactuator.wav) into Audacity to add a new
audio track.

4. Press the play button to start playing the waveform on the piezo actuator.
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C.3 Use Audacity and dc-offset Plugin to Create a New Waveform.

Description
In this example, we explain how Audacity can be used to create a new sinusoidal waveform in the range
of the TDK piezo supplied with the kit (-10 V to 60 V).

In this example the waveform parameters are:
e Amplitude peak to peak = Piezo Vmax — Piezo Vmin =60 — (-10) =70 V
e Frequency =125 Hz
e Duration =10 sec

Prerequisites

e BO0OS1901-KIT board is in audio mode. Refer to section 8.5.2 for more information regarding Audio
mode.

e The audio limiting settings of the board are properly configured (Details section 8.5.2.2)

e Audacity and the dc-offset plugin are installed.

File Edit Select View Transport Traclr.sEff&ct Analyze Tools Help

I -E' Vs \!,- : 54 48 42 ClcktoStartMonforing 18 12 6 0
n [ u L »l L : ; : : : i : : : |
Q& k| )|, 54 43 42 3 -0 2 13 -2 60
- - v -
4 o) o XOr1wwm w~ @glaalal b g g
Windows WASAPI | 8, | Jack Mic (Realtek(R) Audic) | 2 (Stereo] Recording Chann ~ ) | Speakers (Boreas DevKit) ~
T -0010 o 0.010 _ 0.020 0030 _0.040 0050 _0.060 _0.070 0.080 0.090 0.100 0.110 0120 _0.130 0140 0150 0160 0170
! ; = ; = ———— I ——— I ——— I |

x| Audio Track ¥/ 1.0 ~
Mute | Sole

-]

= AR

in

>

0.5

< >

00hO00mOO s-

Project Rate (Hz) | Snap-To Start and End of Selection

off  ~ [[00n00m00000s" [00n00M10000s~

Stopped.

Figure 40: Audacity — simple waveform creation
Steps

1. Open Audacity.

Select the Speakers (Boreas DevKit) from the playback device selection menu.
In the bottom left corner of Audacity, set the project rate to 8000 Hz.

In the application menu, select the Option “Generate / Tone”.

PWN
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To create the waveform with the parameters mentioned in the description, use the following
tone values:

Tone — O *

Waveform: Sine A

Frequency (Hz): | 125 |

Amplitude (0-1): | 0.368 |

Duration: 00n00m10.000s~

Manage Preview Cancel a

Figure 41: Tone parameters

The amplitude value is calculated with the following formula:

Peak to Peak Amplitude (60)V—-(-10)V
Boreas IC amplitude max - 190V

Amplitude = => (0.368

5. Use dc-offset plugin to offset the signal in the piezo range:
Offset computation:
Piezo Vmax + PiezoVmin 60V + (-10V)

=>
Boreas IC amplitude max 190V

=> 0.263

From the application menu, select Effect / DC offset... and enter the value calculated above.

DC offset - O d
Apply or remove DC offset: Add offset ~
Offset remowval method: Absclute ~
How much offset to add (+/- 1): | 0.263 '

Manage Preview Debug Cancel

Figure 42: Add dc-offset

6. Play the wave using the play button.

BT001DDK04.01 —Issue 1 © All rights reserved 2021 Boréas Technologies Inc 56



BOS1901-KIT % BOREAS

User Guide

Information relating to products and circuits furnished herein by Boréas Technologies Inc. is believed to be
reliable. However, Boréas Technologies assumes no liability for errors that may appear in this document, or
for liability otherwise arising from the application or use of any such information which may result from such
application or use. The products, their specifications and the information appearing in the document are
subject to change by Boréas Technologies without notice. Boréas Technologies products must not be used in
life-critical medical equipment, where failure of such equipment would cause serious bodily injury or death,
unless both parties have executed an agreement specifically governing such use. Trademarks and registered
trademarks are the property of their respective owners.

Design Kits, or modules (Mockup), including software, and specifications are intended for developersin a
research and development to evaluate standard Boréas products. Design Kits, or modules (Mockup) are not
finished products and shall not be used for finished product. Design Kits, or modules (Mockup) may not be
sold for commercial purposes by users, in whole or in part, or used in any finished product or production.

https://www.boreas.ca/pages/general-terms-and-conditions
https://www.boreas.ca/pages/specific-terms-for-the-development-kit
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