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B0OS1921 DevelopmentKit

1 Features

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

e Low-power B0OS1921 integrated circuit, high
voltage driver with 13C/I2C 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 channel outputs for interchangeable
miniature PCBs with BOS1921 drivers for
prototyping.

Figure 1: BOS1921-KIT overview

1 MATLAB® isregistered trademark of The MathWorks, Inc.
Python® isaregisteredtrademark of the PSF
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2 Description

The BOS1921-KIT is a development kit to get
familiar with the BOS1921 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.

The interchangeable miniature PCBs give access to
all signals allowing the users to experiment with
the B0OS1921 using a development platform of
their choice.

Most commercial piezoactuators can be used with
this kit. Capacitor loads are also provided to test
output capabilities.

Table 1: Product information

PART NUMBER DESCRIPTION

StarterSet: includes a haptic and
a micropump driver boards, and
4 load capacitors.

B0OS1921-KIT-BO1

For details see sections 3 and 13.

Audacity® is aregistered trademark of Dominic Mazzoni
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3 What's in the Box

The BOS1921-KIT is currently available in one package: Starter Set. The following tables show the
content of the set.

Table 2: Starter Set BOS1921-KIT-B01 development kit content

# |ITEM QTY | DESCRIPTION REFERENCE
1 | Controller Board 1 BOS1921-BRD-CO1 Controller Board

2 | Driver Board Haptic |1 BOS1921-BRD-L01 Driver Board optimized
for larger loads such as haptic.

3 |[Driver Board Pump |1 BOS1921-BRD-S01 Driver Board optimized
for smaller loads such as micropumps.

iz w4 VDDIO Outputs
J1 BT015-DK-DC-WP-v1.1 REF: PCB:0250!

4 | USB-C Cable 1 Cable to connectthe evaluation PCB to a
computer
Adafruit Industries LLC part number 4473

5 | Capacitor 1 10 nF film capacitor
PanasonicECQ-E2103JB

6 | Capacitor 1 47 nF film capacitor
PanasonicECQ-E2473]B3

7 | Capacitor 1 100 nFfilm capacitor
PanasonicECQ-E2104JB3

8 | Capacitor 1 470 nFfilm capacitor
PanasonicECQ-E2474)B

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 2
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ITEM QTY | DESCRIPTION REFERENCE
9 | 3-position terminal |2 Male connector used for interfacing the
block connector piezoelectric actuator on the board.
Metz Connect part number 31369103
10 | 6-position thru-hole |1 2.54 mm pitch header connector for

header connector

connection to external system (J3
connector on PCB).

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

Hhaeh

BTO15AUG01.01 — 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 BOS1921-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.

DA

e | REF:PCB-0222 "
BT015-DK-UC-v1.0
(:41'.1_'_'41_::11;2,\ SYNC

HHEATH

C51.1 m». »C52.1
b R

| iouss - nAat

w502

s3| 1

EXT

_Rs3  VBUSA

|t 326N

COMN|

select A SCLA
SDAA

GPIOA

nmet VDDIO

4
L

1 1C42.2
RA42,2

A J4}

BOS1921-KIT i

Designed & Assembled g+l =

in Canada I Rtt2
TECHNOLOGIES

DB )

SDAB

BNS51921-KIT
<98 VBUS
s
o
s -
s
"
iy 98 VDDIO

J1 B1015-DK-DC-WP-v1.1

BTO15AUG01.01 — Issue 1

www.boreas.ca

BOOT

|
VBUSA
+5V | GND
+5V T GND
VBUSB
—

select B GPloB
SM [
*** vbbIo

__BOS51921-KIT

" '8P GND VBUS VDD

CUBUS CHUY

2
°

e

daA -1No_+LNO

898 vopio L) =+ 2

L1 RS CuDD

J1 B1015-DK-DC-QH-v1.1

Outputs
REF: PCB-0250

Figure 2: BOS1921-KIT board user interface
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Table 3: BOS1921-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 currentoperation mode.
c Devkit error LED Flashing if an error is detected on any component of the devkit
D Reset button Reset the micro-controller on press.
E Change operation mode button Change the currentoperation mode on press.
| oo o iger v et | e et v s 5 e i on
G BOS1921 A/B status LED LEDs displaying the currentstate of the BOS1921.
H BOS1921 A/B board interface Interface connector between controller and driver boards.
| BOS1921 A/B terminal block Terminals where piezoelectric actuator are connected.

4.1 Operation Mode LED Details

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

Table 4: Operation mode LED detail

Pattern Color Description
1 secondon, 1 second off Green In Haptic mode and working normally.
1 secondon, 1 second off Blue In Audio mode and working normally.
1 second on, 1 second off Purple In flash mode and working normally (Operation mode
not documented)

Any other pattern or color behavior maybe caused by unofficial firmware or bug.
4.2 B0S1921 Status LED Details

This section describes the meaning of the different colors and state transitions of the BOS1921 LED. The
two BOS1921 of the BOS1921-KIT board are monitored to validate the presence of an internal error. If
an error is detected, the BOS1921 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 5: BOS1921 error LED details

Pattern Color Description

Always off N/A No error detected on any BOS1921.

Always on Red At least one internal error has been detected by a BOS1921.
IC operate as button and the button is in released state. When

Always on Green L
the led turn off, the button is in pressed state.

Alwavs on Blue When the LED is blue, the microcontroller requested a haptic

v feedback to the BOS1921.

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 5
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5 Quick-Start

The B0OS1921 and a piezoelectric actuator can be used together to implement the equivalent of a
button. Before being shipped, the BOS1921-KIT board is set up in this button mode, so that you can
experience it without additional extensive configuration or software installation. If you have anactuator
such as TDK 1204, you can use it directly. Otherwise, the capacitors included in the kit can be used to
test the BOS1921-KIT.

1. Open the box, take the BOS1921-KIT board, the USB cable, the small driver boards, the
terminals block plugs, and either a piezo actuator or a capacitor.

2. Insert one or both the driver boards into the controller board.

3. Insert the terminal block plugs into the driver board(s) terminal block.

4. Using a small slotted screwdriver, install a piezoactuator on the terminal block plugs. Pay
attention to connect the positive wire on the OUT+ terminal and the negative wire on the
OUT- terminal. Refer to Figure 2 to identify location of OUT+and OUT- on the terminal block.

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

6. When the operation mode green LED is blinking and BOS1921 A/B status LED are solid green,
you are ready to go.

7. If using a piezo actuator : press on the piezo actuation to experience the piezo actuator
button.

a. If using a capacitor: either press the USER button on the board to set the board to
Audio mode and use an audio software to play waveforms (see section 8.5.2), or install

the GUI software to interact with the board (see section 8).

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 6
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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 Creatinga 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) Clickon “Create account”.

3) Enter the requested information.

4) Click on “Create Account”.

6.2 Identifyingthe BOS1921-KIT Board and BOM Revision

Each PCB board reference design (“REF:”) and revision (BT###-DK-v#.#) numbers are printed on the
board silkscreen. A printed label stuck on the back of the PCB provides the board part number (P/N),
containing the BOM revision suffix “-Bx”), and the assembly code (“####AA”). The table below indicates
compatibility with the firmware and Devkit Controller software.

BOS1921-BRD-C01-B1
2142 RS

Figure 3: Label example giving board part number with BOM revision suffix, and assembly code

Table 6: BOS1921-KIT board and software compatibility list

COMPATIBLE PC
*
BOARD P/N PCB REFERENCE COMPATIBLE FIRMWARE SOFTWARE
PCB-0222 BOARD_PCB_222_B1_DEVKIT-{VERSION}.hex .
BOS1921-BRD-CO1-B1 BT015-DK-UC-V1.0 Version starting at 1.15.x Starting at 2.13.x

* Board P/N include BOM revision suffix

Any PCB reference design number not listed into Table 6 are considered obsolete. The relevant
documentation and software for obsolete products arestill available into the archive section of our web
site.

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 7
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6.3 Download Boréas Application

1) Login your Boréas account.

2) Go to the "Technical Documents" section.

3) Clickon the "BOS1921-KIT Documents" link.

4) Scroll down to section BOS1921-KIT Controller (PC software).

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.
6.5 Upgrade Development Kit Firmware

The native BOS1921-KIT board firmware includes an over-USB firmware upgrade mechanism. The
B0OS1921-KIT software will upgrade the firmware if needed on next connection with the development

kit.
1) Connect the development kit to a PC using the USB cable.

2) Start the BOS1921-KIT software.
3) Select the development kit communication port into the drop-down field:

7% Boréas Development Kit — [m] x

s BOREAS

Application version: 2.10.0

Boreas DevKit (COMI17) N
Connect to port

About

Exit

Figure 4: Connection dialog

4) Click on Connect to port.
5) If anupgrade is needed the BOS1921-KIT software will pop up a dialog:

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 8



BOS1921-KIT CONFIDENTIAL % BOREAS

User Guide

24 Warning Y
The detected firmware is incompatible with this application.
Current firmware: BOARD _PCE_136 B1_DEVKIT L1104
Compatible firmweare: ECARD_PCE_136_E1_DEVEIT L12.0+0.clacl38 hex

Do you wish to update the firmwvare?

Figure 5: BOS1921-KIT Firmware upgrade dialog

6) Clickon Yesto proceed and wait for the update process to complete or click on Ignore to
keep the currently installed firmware and still try to connect.

7) BO0S1921-KIT software will automatically start after the upgrade.

8) Allis up-to-date and ready to go.

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 9
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7 Product Overview

The B0OS1921-KIT has been designed to meet a multitude of needs. The main objective is to
demonstrate the capacity of the BOS1921 but also to help integrators in the development of haptic
effects and in its product prototyping.

The BOS1921-KIT is delivered with a graphical user interface (GUI) for ease of use butitis 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 BOS1921-KIT supports multiple operation modes:

Table 7: 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
P e Evaluate BOS1921 performance (waveform output, power consumption) in the
context of your application.
e Optimize BOS1921 operation using specific registers value.
e Command B0OS1921-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.

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

The BOS1921-KIT is used to test the capacity of the BOS1921 with various piezoelectric actuators. The
trigger events that can be used are an action Play in the GUI, a rising edge on 100, an action of pressing
and releasing the piezoelectric actuator. When the 100 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 BOS1921 via the USB port. Your PC can select the
B0OS1921-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.

The BOS1921-KIT development kit can be used as a basis for the development of a prototype.

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 10



BOS1921-KIT CONFIDENTIAL % BOREAS

User Guide

It is possible to connect an external 12C or 13C master without separating the mini-boards from the
B0OS1921-KIT. For more details about the hardware refers to section 9.

BTO15AUGO01.01 —Issue 1 All rights reserved 2022 Boréas Technologies Inc 11
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8 Boréas Development Kit Software v2.13.x

8.1 Overview
Boréas Development Kit software is a desktop application intended to ease evaluation of the BOS1921.
In Haptic mode, the tool can be used to:

e Playa sinusoidal waveform on-demand.
e Configure the BOS1921-KIT board to play a sinusoidal waveform when:
o asignalis received on the pin 100.
o press and release events are detected on a piezo actuator (button emulation).
e Have a read/write access to the registers of the BOS1921.
e Monitor the BOS1921 status and display any error.
e Reset the BOS1921-KIT board to its factory default state.
e Change the operation mode of the BOS1921-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 BOS1921-KIT board to its factory default state.
e Change the dev kit operation mode.

8.2 PCRequirements

e 0OS: Windows 10 or Windows 11
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.

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 12
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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
B0OS1921-KIT board. A drop-down list allows the user to select the BOS1921-KIT board to use. (1 entry
per board connected to the PC).

34 Boréas Development Kit - m} X

Sk BOREAS

Application version: 2.10.0

Boreas DevKit (COM17) !
Connect to port

About
Exit

Figure 6 Application window in disconnected state

To transition to the connected state:

1. Select the communication port associated to the BOS1921-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 BOS1921-KIT board is lost.

e The BOS1921-KIT board power cycles.

e The BOS1921-KIT board is returned to factory default.

e The user presses the mode change button on the BOS1921-KIT application.
e The user presses the mode change button on the BOS1921-KIT board.

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 13
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8.5 Connected State

r al

¥ Boréas Development Kit - D

Slot: A Slot: B

)
% BOREAS . chip I0: ox7er

BOS1921-KIT Controller

Firmware Version: 1.15.0

A B
Basic Registers .

Waveform
Mode : Haptic e Vmin: 1000V Vmax: 60.00 |V Frequency: 75 v Hz Cycles (1 v
R Button Triggers
Boreas DevKit (COMS&) V
Disconnect from port
About Button Press Button Release
. 0 GPIO Interrupt (10 0
Exit Type Threshoki Type Slope v prioa)
@ sensing
Threshold: 800 mVv Threshold: 4000 HVims
Hold time: 1 s Hold time: 20000 s
Stabilization Type: Sine ~ Stabilization Type: Sine ~
stabilizatien Amplitude: 10000 mV stabilization Amplitude: 10000 mV

Figure 7 Application window when connected (Haptic mode)
Left Section (A): Menu
The left menu is used to present information about the BOS1921-KIT board:

e Firmware and software version

e Operation mode (Haptic or Audio)

e Communication port of the currently connected BOS1921-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 BOS1921-KIT board.

e Close the communication link with the BOS1921-KIT board (to return to the disconnected
state)

e Show version information of the software.

e Exitfrom the application.

Right Section (B): Content
The BOS1921-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.

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 14



BOS1921-KIT CONFIDENTIAL % BOREAS

User Guide

8.5.1 Haptic Mode

8.5.1.1 Panel Overview

Slot: A Slot: B

chip ID: 0x781 chip ID: 0x781

Status: Status:
. A B
. Basic Registers

Piezo Actuator Presets: TDK 1204H 018V060 TDK 0904H014V060 TDK 090SHOTIVO60 Bimitech PUA3020-5H200

Waveform

Vmin: 1000 |V Vmax 60.00 |V  Frequency: |17s ~|Hz Cyces: (1 v~
Button Triggers
Button Press Button Release
(J GPIO Interrupt (10 0)
Type Threshold Type Slope ~
@ sensing
Threshold: 800 mv Threshold: 4000 HV/ims

Send configuration

Hold time: 1 Hs Hold time: 20000 Hs
Stabilization Type Sine v Stabilization Type: Sine 4

Stabilization Amplitude: 10000 my Stabilization Amplitude: 10000 my

Figure 8: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

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 BOS1921-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 BOS1921-KIT board to its default factory state. This action will also
trigger a reset of the BOS1921-KIT board and the application will return to its
disconnected state.

Section C: Channel Selection Tabs

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

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 15
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Section D: Basic and Registers Tabs

The basic panel provides functionalities to configure the BOS1921-KIT board (configure
waveform, sensing parameters and triggers).

The register panel provides aread and write access to the registersof the BOS1921. More details
about each view will be provided in the use cases sections that follow.

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 16
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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 BOS1921-KIT board in Haptic mode.

o

Slot: A Slot: B

A

Basic Registers

Piezo Actuator Presets: TDK 1204H018V060 TDK 0304H014V060 TDK 0909H0TIV060 Bimitech PUA3020-5H200 .

Waveform
'Vmin: 000 |V Vmax: 6000 |V Frequency: 175 V| Hz Cycles 1 v

s Triggers
|

O GPIO Interrupt (10 0)
(O sensing

Figure 9:Play waveform —Manual trigger
Steps

1. Select a channel tab (A or B)

2. If the board is connected to a piezo actuator supplied in the BOS1921-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.

4. Configure the waveform:

o Sinusoidal waveform frequency (between 100.0 and 300.0 Hz)

o Number of cycles (between 1 and 254)

In the Triggers section, click on Play button to play the wave on the piezoelectric actuator.

6. (Optional): Change the waveform parameters (Vmin, Vmax, Frequency, Cycles) to see how it
change the feedback when the play button is pressed.

w

o
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8.5.1.3 Play a Waveform - External Trigger (GP10)
Description

User configures the BOS1921-KIT board to play a sinusoidal waveform on the detection of a rising edge
on the 100. The input signal is debounced with 5 ms delay.

Prerequisites

e Software is connected to the BOS1921-KIT board in Haptic mode.

- a

Slot: A Slot: B
\S Chip ID: 0x781 Chip ID: 0x781

A B

Basic Registers .

Piezo Actuator Presets: TDK 1204H018V060 TDK 0904H014V060 TDK 090SHO11V060 Bimitech PUA3020-5H200 .

Waveform
Vmin: 1000 |V Vmax: 60.00 |V Frequency: 175 ~ | Hz Cycles (1 v

s

H

Triggers

@ GPIO Interrupt (10 0}
O sensing

Figure 10:Play waveform — External trigger
Steps

1. Select the channel tab (A or B)

2. If the board is connected to a piezo actuator supplied in the BOS1921-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.

3. Inthe Triggers section, uncheck the Sensing checkbox.

4. Configure the waveform:

o Sinusoidal waveform frequency (between 100.0 and 300.0 hertz)
o Number of cycles (between 1 and 254)

5. Inthe Triggers section, check the GPIO interrupt checkbox.

6. Connect the 100 on the BOS1921-KIT board to the external signal you want to use to trigger the
waveform feedback.

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

8. (Optional): Press the save in memory button to persist the configuration of the BOS1921-KIT
board in memory.

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 18
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9. (Optional): If the waveform parametersare changed after the GPIO interrupt box is checked, the
Send configuration button must be pressed again to send the waveform configuration to the
BOS1921-KIT board.

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 19
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8.5.1.4 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 BOS1921-KIT board in Haptic mode.

Basic

Piezo Actuator Presets: TDK 1204H018V060 TDK 0204H 014V060 TDK 0209HO01IV060 Bimitech PUA3020-5H200 .

Waveform

vmin: 000 |V Vmax:

Button

Button Press

Type

Thresholdk

Hold time:

Stabilization Type:

Stabilization Amplitude:

Stabilization Period:

Steps

Slot: A

Chip ID: 0x781

Status:

B .
Registers

6000 V Frequency: 75 |/ Hz Cycles 1

Button Release

Threshold Type

800 my Threshold:

1 s Hold time:

Sine ~ Stabilization Type:

10000 mV Stabilization Amplitude:

2 ms Stabilization Period:

Slope

4000

20000

Sine

10000

2

~

Triggers

(J GPI0O Interrupt (10 0)
@ sensing

ms

Figure 11:Button emulation

1. Select the channel tab (A or B).
2. In the Triggers section, check the Sensing checkbox to enable the sensing algorithm on the

BOS1921-KIT board and the BOS1921 status LED of the channel will turned solid green.

3. If the board is connected to a piezo actuator supplied in the BOS1921-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 givenin Appendix A.

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.

8.5.1.5 Registers Access

Description

User read and optionally write registers of the connected BOS1921.

Prerequisites

e Software is connected to the BOS1921-KIT board in Haptic mode.

= Slot: A Slot: B
3% BOREAS chip 10 ox7e1 Chip ID:0x781

Basic Registers .
BOS1921-KIT Controller

Firmware Version: 115.0 Hexadecimal v . Load All Name:

Application version: 2.13.0 Default Value:
MSB LSB
Length:

REFERENCE [mo ] 0 ] Min:
Mode : Haptic v ION_BL Loa [« [ 3 1 A0 | Max:
DEADTIME [ we ] 23 i A ] Description:
Boreas DevKit (COMS) N ke Lo e ]l & ‘
Disconnect from port KPA_KI Loe ]| 2 Il A0 |
About CONFI Cos o J[o]x ] [a] e ][eJ[o][o (o] ]e][x]
Exit PARCAP o [ o 3A ]
SUP_RISE = 0 IR 0 [ A |
INT_ENABLE FTowe [ o J[ o J[ o J[ o [ o ][ o [ o ]
SENSING Coe J[o ][ o ] [ ]
TRIM Loa [ 0o | 0 il 0 |
comMm Lo o] Celle]
VFEEDBACK 0F 2 12
IC_STATUS [ox0 || 2 0 0 0 0 0 o 0 1

Figure 12: Register access panel
Steps

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

Select the Registers Tab.

Use the Load All button to read all registers values from the BOS1921

(Optional): To change the value of a writable register, edit the parameter you want to change
and press the Send button to write the modified register in the BOS1921.

hwN

Note:The registersaredisplayed, 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

¥ Boréas Development Kit - o X

N - Stot: A Slot: B
>4 BOREAS Chip ID: ox6A chip ID: 0x6A
Status: Status:

Audio Qutput Limiter

In audio mode, the DevKit is seen as a USB audio speaker by a PC. The DevKit doesn't have control on
BOSI901-KIT Controller the amplitude of the audio signal sent by the PC. To be sure the voltage amplitude applied on the piezo
Firmware Version: 112.0 actuator is within the limits of its specification, the DevKit will limit the voltage amplitude based on the

Application version: 2.10.0 following configuration.

Mode : Audio ~ slot Audio Channel Enabled Piezo Actuator Model Amplitude (Volt)
Ch A | Left ~|| channel A | TDK 1204H018V060 v Min: [0 Max: |60

Boreas DevKit (COM17) e

Disconnect from port chB  Right ~|| channel B | TDK 1204H018V060 ~| Min: -0 Max: |60

About

Exit

The output voltage will be restricted in the following range for each audio channel :

Left : Min: [-10 Max: |60

Right : Min: -10 Max : 60

Figure 13:Panel overview - Audio mode

When the BOS1921-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.

& Volume
Speakers (Realtek(R) Audio)

DELL U2415 (2- HD Audio Driver for Display
Audio)

DELL U2415 -2 (HD Audio Driver for Display
Audio)

£ Headphones (PLT BB PRO 2)

Speakers (Boreas DevKit (BOS1921))

More volume settings

EEl =] @

N g ra CfO) e zozz-t;:-ziz D

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.
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8.5.2.2 Channel Configuration

Each channel (A, B) may be configured independently. They may be enabled/disabled using the
checkbox and they may be associated with either the Left or Right audio track.

8.5.2.3 Audio Limiting

Because some piezo actuators have voltage operating ranges that are smaller than the capacity of the
B0OS1921, the BOS1921-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 BOS1921-KIT board will limit the output voltage between -10V
and 60 V. This range can be changed to fit the actuator used.

To change the audio limiting configuration, open the BOS1921-KIT software while the board isin
audio mode and select the appropriate piezo actuator model. The Min and Max values of the
Amplitude field may be changed as desired. Press the Save button to send the new values to the
B0OS1921-KIT. When using different actuators on each channel, the most restrictive range will be used
and shown by the greyed Min and Max values at the bottom of the window.

8.5.2.4 Audio Limiting lllustrated

Original signal without audio limiting:

X e e ] 100
e | Som
+ | 050!

;Iﬂv\"’wp | i {

Figure 15:0riginal audio signal

¥ 8 & zs‘g 5\;

§ %

'
I

Same signal with audio limiting set between -10V to 60 V:
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Figure 16:Audio signal with audio limiting

8.5.3 IC Status Monitoring

As displayed above, when the application is connected to the BOS1921-KIT board it shows all detected
B0OS1921 errorsinthe bottom section of the left panel.

3} Boréas Development Kit - m] X

Save in memory

Slot: A Slot: B

Bo REAS Chip ID: 0x781 Chip ID: 0x781 Load from memory

TECHNOLOGIES Status: Status:

Factory Reset

A B
Basic Registers

BOS1921-KIT Controller

Firmware Version: 115.0
Application version: 2.13.0 Piezo Actuator Presets: TDK 1204H018V060 TDK 0904H014V060 TDK 0209HOTIV060 Bimitech PUA3020-5H200

Mode : Haptic ~ Vmin: | 000 |V Vmax 6000 |V Frequency: W5 v Hz Cycles 1 v/
. Button  Triggers
Boreas DevKit (COME) ~
Disconnect from port
About Button Press Button Release
. O GPIO Interrupt (10 0
Exit Type (Threshola ~) Type (sope  ~) ptio0)
S S 8 sensing
- Threshold: | 300 | mV  Threshold: | 4000 | pvims.
Maximum temperature —_ / - )
exceeded S Send configuration
(slot A) Hald time: n | ps Hold time: | 20000 | ps
Maximum voltage Stabilization Type: sine v stabilization Type: [sine v/
A exceeded :
(slot A) Stabilization Amplitude: | 110000 | mV  Stabilization Amplitude: | 10000 | mv

Figure 17 Errors shown in the left panel
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Possible IC errors:
Table 8: BOS1921 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
occursand is indicative of a hardware issue.

Maximum voltage exceeded (Slot X) Output voltage exceeded the maximum voltage allowed
on the IC.
Maximum power, distortion likely IC has reached maximum power transfer condition. Check

the output waveform for possible distortion.

Problem with currentdetection There is a problem with currentflow in the inductor. This
error seldom occursand is indicative of a hardware issue.

VDD is too low VDD input supply is below operation range.

Short circuit detected between VOUT and IC has detected a short-circuit condition on its output.
VIN
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9 Hardware

The purpose of this section is to provide information on the hardware design of the BOS1921-KIT PCB
to help the integrator evaluate BOS1921 and to use it in a prototype.

9.1 DesignOverview

The kit is composed of various boards: an application controller board, and two insertable driver boards
each with a BOS1921 driver. The driver boards have different bill of materials:

- PCB-0251 with label H is optimized for maximum output power and enough strength for haptics
applications.
- PCB-0250 with label P is optimized for low loads such a micro-pumps.

By default, the BOS1921-KIT power 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 digital signals, and jumpers to connect an
external supply connector to power the BOS1921 driver section.

= s
Surwt
2 B ef:PCs-025Y

e ) ML
T aroas-OK O

ano

Totputs
0258

Figure 18: BOS1921-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 driver boards are inserted into the controller board.

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 Interchangeable Driver Boards

The use of the separable driver board units with custom-made firmware is done at the user's own
risk of causing damage beyond repair to the BOS1921 circuit. Boréas Technologies will not be held
responsible.

One way to integrate a BOS1921 into your development platform is to directly connect to its header
pin connector (left-hand side).

*BOREAS 8051921 KIT J2 @
yl‘"“““’a“s !I OU YECNNOLOGI[S

ouT _ S8 VBUS [

#AGND VBUS VDD ' Ro-

IS CHU
B

RO+
-
o1 CYP
- .
- -
-

o
=]
T

ot
daA -1n0_ +1n0

-SYNC OG0 GORs
298 VDDIO Outputs . . S8 vopiol L) == LF Outputs

L RS CUDD

J1 BT015-DK-DC-WP-v1.1 REF: PCB-0250 J1 BT015-DK-DC-QH-v1.1 REF: PCB-0251

Figure 19: Driver boards

Each driver board contains a BOS1921 that can be used alone with a user-preferred development
platform. All signals need to be connected to your development platform.

Table 9: Breakable Driver Section signals

Signal Description Constraint

VBUS Main power supply for the BOS1921 Supply voltage between 3.0 V and 5.5V with at least
500 mA currentdrive.

When using the H board, use jumper J2 if using non-
UPI configuration. Remove the jumper if using the
UPI configuration.

GND 0 Vreference

SCL 12C Clock signal

SDA I2C Data signal

GPIO Digital input/output

SYNC Synchronization pin Used to synchronize feedback on many drivers
boards.

VDDIO Digital 10 power supply Digital signals voltage domain. Must be between

1.62Vand 5.5 V.

Refer to BOS1921 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 interface between the controller board and the driver boards lies a
header pins connector. This connector allows to probe supply levels and digital signals.

BTO15AUG01.01 — Issue 1
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Figure 20: Probe hook location
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9.2.3 Digital GPIOs

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.

+3.3V J3 ocA

v

DL ' ¥ |EXT -

@ B eeeeem o, Ly

l GND 0..1 2..3 VIO ® |

=== nasnﬁ: = | RA52 §B1 (?OMI\:INT l ] GND"ﬁ’.
2 c52.277% 3

VS R T s Select Al ScLA -y
L X B = on )
1 ~ REF: PCB-0222 ™"

& i -

l ] CZl 1 C21.2 ..!” _0“1” BT015 DK UC'VI o

N 811 CH1;2 ¢

= ;},, VDDIO Wit

v, 144
=
J4

d & ¥

8051921 I(IT & vausa i

DeSIgned &Assembled R44. 1. = 44,3 GND I :

~R44. 4

[_l in Canada + . ¥ SCLB -0
ol > :crmon.oclzs gs“:ﬁ SDABII
If. : www.boreas.ca BOOT

, 2022 selgct GPIOB I iy
RSiCSt RS2 CS2 l!( -
| O‘ 3 O "5"““ i VDDIO il 7
J2

SYNCHm -
RESET USER

BN

Figure 21: GPIOs and GPIOs supply voltage configuration solder bridge location
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 BOS1921-KIT PCB configuration.

Table 10: GPIOs supply voltage solder bridge configuration

+3.3V (MCU supply) Populated
VIO (1.62V to 5.5V) Unpopulated

When SB1 is unpopulated, GPIOs supply voltage is provided by VIO and GND of the J3 connector. This
13 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, 100, 102 and 103.
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9.24 External 12C

The BOS1921 features an 12C communication interface. By default, each BOS1921 are connected to the
MCU I12C master. It is possible to bypass the MCU and use an external 12C master without separating
the board. This can be useful when trying to connect a BOS1921 directly to an external system.

J3 l-—| EXT' DCA

© 00 ®®® oy, VeUsalE

GND" 0,1 " 2,.3 VIO ® SB2
RASLE - |:IRH52 SB1 l-—]|N1 &) GND-

c51.2 - TPC52.2 v COMM
+5V ;U.Ez}czl:; ST T (5 ) selact 5 SCLA . =
Tm = | DAl SDAA L g
. REF: PCB-0222 ** 7 7,
BT015-DK-UC-v1.0 -
CaL.1  C41.2 ‘ SYNCEmE
mrad i 808 A4 RU32 g
U31|: ]Iul |u| |l-l.| ; _ QH41 VDDIO -
An . YT TEVY
%Dl AR

C51.1 ». ©pC52.1
> 2

; .
e R31L-® 3 ..042 2 . . . -
i iouse gﬁ‘a'l: R, t-' = | caflacal]
- C43:1 o B
RU:H' (5] 'U43 1 C43.2 45
EE]D2 ._na+3
” v
\
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B051921 KIT ciiin UL
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in Canada *BOREAS Ran2”
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TECHNOLOGIES 0B SDAB I 0=

=R44. 4

SCLB I 0=
www.boreas.ca BOOT

2022 90T B criosmm

SM SYNC i

VDDIO
DCB

Figure 22: Comm selection switch and SPI header location

To use an external I12C, 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. When
changing the position of COMM Select switch, the board must be power cycled (disconnect the USB
cable and then reconnect it).

By default, the 12C signals are in the microcontroller 3.3 V supply domain. To use these signals with a
system operating in another voltage domain requires modification of the BOS1921-KIT PCB
configuration.

Table 11: SPIs supply voltage solder bridge configuration

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

When SB2 is unpopulated, 12C supply voltage is provided by VDDIO and GND of the external 12C header
connectors.
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9.2.5 Power Supply Source and UPI Mode Operation

The driver boards can be supplied from two different sources: the USB 5V or an external source. The J4
jumpers on the controller board selects which source to use. When using the USB supply, use the
jumper to connect +5V pin and VBUS pin. When using an external supply, remove the jumper and
connect the external source positive terminal to the VBUS pin, and the negative terminal to the GND
pin. A different source may be used for each channel (driver board). By default, the USB connector is
the power source.

+3.3V

—| -

' ' P00 0® e l _Rs3 VBUSA
GND 0,.1 2..3 VIO SB2

— . |NT | l GND

RASLI 1 1__IRAS2 SB1

c51.2 - T¥C52.2 _ COMM
R C21:_3: oo LTS ] '3 select A SCLA
- (_'l:2ll 5 -|."" Io _ REF PCB 0222 . GPIOA
=R BT015-DK-UC-v1.0
o Colaliies g o C41.1  C41.2 SYNC
317 8. & -RA34 RU32T |:|"u41_ _'_' \,'
usl[ :I'm""“..““, :  =rau VDDIO

R R e |

st 1 RU3LT. T
EIE'D]. .R:le [ ] 012_1 I.l. u l-l 03%22.2 . ‘ . VBES%ND
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Figure 23: Power supply source selection jumper location
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The H driver board supports both the UPI and non UPI configuration (see product datasheet for details).
To use the non UPI mode, connect the J2 jumper, shorting VBUS and VDD. To use the UPI configuration,
remove the jumper. UPI mode is disabled by default.

3051921 KIT oz -*BOPEAQ

258 VBUS OUT'"""““'“

> | GND VBUS VDD

CUBUS _ CHY -

C
pour]
+
(o}
S |
-
'
<
o
o

— A Outputs
J1 REF: PCB-0251

Figure 24: Driver board UPI mode configuration jumper location

Table 12: Power supply source and UPI mode configuration options

USB5V Disable (non UPI) | Populated Populated
USB5V Enable (UPI) Populated Unpopulated
External Supply Disable (non UPI) | External Populated
External Supply Enable (UPI) External Unpopulated

Refer to the board schematics in section 10.1 to obtain more information regarding the power supply
options. Refer to the BOS1921 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 BOS1921 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. When adding such resistors,
it isrecommended to alsoincrease CHV capacitance value.
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Figure 25: Low-pass filter resistors location
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10 Design Reference

10.1 Schematics — Controller Board

1

2

02T 10e

Peripherals

BOS1921-KIT - Top Level

Uilr Interface and Connectars

ﬁ—w—ﬁ—leo-m

= oo

COMM-sel ..EHW

User.SchDoc

#5V Power

+3.3v

] +5v

+33v [

Power.5chDoc

Microcontroller

10-3v3 10-4¢%, '
e ks GP1oue (Oremen LI el GPIOUC  GPI0-bos (D ineneenIEILD0L
g Uss 12c24¢ C'W”“""’ |:> 2e2uC RCBbos 2
. L] COMM-sel COMM-cel
Debug - o

Microcontroller.SchDoc

Digital SchDoc

Mechanicals.SchDoc

BOS51921 Daughter Cards Connectors.

BOS1921.5chDoc

Title: BOS1921-KIT - Top Level

Ref:  PCB-0222

Project:

PCB-0222-BT015_DK_UC_v1.0.PrjPch

Top Level - BT015_DK_UC_v1.0.SchDoc

Part: BT015-DK-UC File:
Version: 1.0 Date: 2022-10-31
Drawn By: AL/FL Sheet: l1of8

sk BOREAS

3

a

BTO15AUG01.01 -

Issue 1

© All rights reserved 2022 Boréas Technologies Inc

34



BOS1921-KIT CONFIDENTIAL

User Guide

BOREAS

1 ‘ 2 ‘ 3 ‘ 4
BOS1921-KIT - User Interface and Connectors
A A
+3.3V & +3.3V
vio 13 I T S3
1
03 :g;:z 5 vio +3.3v 2 COMM-sel
102 oo 3 SB1 User test points
:g; 100-ext ‘; 0
O 3 +3.3V VDDIO =
SB2 o COMM-sel m
- ADigital 10s level is
defined by VIO and is at 0 S
0 3.3V by default. If other A . 5 } Digital signals selection with $3:
100-ext VIO level is required, VDDIQ is set at 3.3V by default with SB2. - By default, 53 sets built-in
f 100 — 51 ext remove SB1 and provide Vf”‘e“ SED external source with interface with microcontroller.
{io-ext oy Ti0zet | power between 1.62V signals different from 3.3V, remove SB2 - Flip 53 to ON to use external
103-ext and 5.5V to VIO pin. and provide power between 1.62V and source signals.
5 5.5V to VDDIO pin.
Digital 105 Connector and SB1 definition User test points and SB2 definition Switch for Communication selection
[~ . .
b1 Wrong polarity of S3 switch,
LED Color
bir ROL 15k j should be INT to +3.3V and EXT
Red —K-l
Green ol i J+33v to GND. Solved by software.
Blue —K—I
RADL 470
B 8
LED D1 for DK Status
1 v
F1
>@<1|>B: cc1 VBUS :—i:j/fig VUSE )ﬂ
=2 ce2 VBUS CO0.5A csv DA LED Color
vsa p : op1 o LSt 104F | 1.5k, RDA g:-; ped
NI
DP2 B1/AL2 = +33v} [,, oy Green e >
87 GND s RSH LH— Blue
s N ::EM DN2 GND 1Meg —— 470 RADA
DNt DUSB
;ﬁ‘; SBU1
SBU2 = N
USB-C 16-pin [ 2 DB LED Color
USBN L 4 /Ji/ u 1.5k . RDB__ DB-r Red
4] -
UsBP L 5 33vf lH wyvwl DB | aen
|4 L DB-b
USB N 1) WA Blue
Use e P —— 470 RADB
= 3
LEDs for BOS1921 Status
USB Type-C connector
c c
LED Color D2
p2r RD2 15k
Red Dz-r . 1
Green -7 8 Lo i
Blue L]
RAD2 470
LED D2 for DK Status
+3.3v 12
SWDIO-swd 43.3V 433V
o ; : SWCLK-swd
5 G SWO-swd DC
78—
- XRES-swd
= bebgpon
Deb =
ERE SWDIO-swd Boot mode selection with 54:
Swpio OWCLK owd - By default, S4 sets boot mode to
< Debug SR SWO-swd Flash Memory (BOOTO low)
i\':VEOS T XREsswd - Flip 54 to ON to set boot mode to
% System Memory (BOOTO high)
° Dabug/Programming Connector Reset and User buttons (with hadware debouncing) Switch for Boot Mode selection b
Title: BOS1921-KIT - User Interface and Connectors
Ref:  PCB-0222 Project: PCB-0222-BT015_DK_UC_v1.0.PrjPcb
Part: BT015-DK-UC File: User.SchDoc
Version: 1.0 Date:  2022-10-31 BO REAS
Drawn By: AL/FL Sheet: 20f8
1 2 ‘ 3 4

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 35



BOS1921-KIT CONFIDENTIAL )74 BOREAS

User Guide

: | : | ; :
BOS1921-KIT - Power Management
A A
8 8
u21
5V Lo out = 3.3V
3t en NR [
il GND. ]_cu.z c213
O0-1uF | LDS3985M33R 0014F 10uF
Reguiator for 3.3V power
C C
D D
Title: BOS1921-KIT - Power Management
Ref:  PCB-0222 Project: PCB-0222-BT015_DK_UC_v1.0.PrjPcb
Part: BT015-DK-UC File: Power.SchDoc
Version: 1.0 Date:  2022-10-31 y B 0 REAS
Drawn By: AL/FL Sheet: 30f8 S
; | : | ; ;

BTO15AUG01.01 — Issue 1 All rights reserved 2022 Boréas Technologies Inc 36



BOS1921-KIT

User Guide

CONFIDENTIAL

S BOREAS

1 4
L]
BOS1921-KIT - Microcontroller
XRES-swd 62 wst PH3-B00TO |BS__ BOOTO-uC 43.3V
2
;ﬁzb PAO PA8 <u%¥<
= PAL PAg [l
A SN pC K2l pa2 PA10 <u9%< A
100-3v3 [Ras3, 5D1/100-uC ADC1 O gzg'“g t PA3 PA1L C; ‘LJJ;BE ';
101-3v3 47 FS1/101-pC DAC1 DAD. V] PAd PALZ (g oo
102-3v3 F—d MCLK1/i02-uC A ™ PALS [T
103-3v3 47 SCLK1/103-uC —S—KD PAG e erp—
rens A PA7 pats (bl
10 COMM-sel M4, C
————————1 PBO PB8 <u>%<
100 -—:82;:: apc1/s O—RDEYAUC L tb PBL PBY <HLK SPIOALC Bro15:2x
<1033 ol 102-3v3 swoswd o] B2 PBIO. g Gpiouc__ ONOA
102 033w ] P83 PBI1 [T csuc Synce T GPI0B e (Gl
103 +¥———————— @D PB4 (NJTRST) PB12 me—c 2ABEHC L syne
8 L, e
USER-uC AS g:é s;i 11 MISO2-uC
&3] g7 pB1g |klZ _ MOSIZ-uC +3.3V
(- : ) —
sC13 O :gg“cc 2 PCO PC8 2
sDA3 e Pl PCo i
LED Color GPIOAUC R ig ';Eﬁ 1 {12€2-pC >
Dar NJ PC4 PC12 Ll
oo Pos PCI3 (i
551 Pes PC14-0SC32_IN :Egé
= PC7 PC15-05C32_0UT
o] L1,
89| "20 ol T oMM sel__ qryrvweny,
oy o HOLD-flash
PD2 [ e T —
=5~ D3 PDI1 [
== e
TUC v PD12
B TXZOW% = PDS PD13 8
RQO— 2/l ppg PD14
ko O—CKZHE 07 ppy PD1S eyl Di-b o LED Color
ke SCLK1/103-uC DAg Rad
1 e o
DB-b o ::E? :ES FS1/1014C DAb ;’::" L DA 2
N iab A = 1L77 MCLK1/102-uC
DB A2l ppy PELL (et
GPIOB-UC BZ, 8
08t A PES PE12
—cé PES PE13
Py PE14
SD1/100-uC " K7 (8 LED Color
= 5 =
LED Color = PE7 PE1S
SDA2-uC D;
scly O—RAZuC D20 op
SDA2 SELIYC E w1 PFL PF11 <u>'%<
— 7 PF2 PF12 Zﬁz —
SCL2 & SDA2 | 555 P8 PRL3 g
A PR PF14 (<€
test points | <=t ers PFLS fem
inverted >@K2|> PGO PG8 4%172—%5
%éw ::2; P(ng 7 USER-uC
Debug D2-b 1! = pG3 PG11 M
SWDIQ «—WOI0-swd 2wl pea PG12
SWCLK ~WCLK-swd D2r 121 oas ro13 M
<_Debug | o SWO-swd O] pee po1a ol
1 XRESM ;El PG7 PG15 %(
Flol pHoosc N opAMPL
c @ PH1-05C_OUT OPAMP? (<t EOOTouC BOOTO-UC c
ucs
Microcontroller Peripherals Pins
MISO-flash [fAs1 MISO2-uC +33V +3.3V
Cs-flash a7 Cs2.C T
;Cé:;f'ﬂasr‘h i lj%;;"ﬁ Bl year | cucz | cucs | cuca cucs cuce cucy
— - veap m 0.1pF 0.1pF 0.14F 1pF 0.1pF 10pF
RA32 VCAP | 81 | A12 | K1/01 K111 D8 Package
AL2 I
a3y ca1 VDDUSB —
| |||. 433V D8 | \bpio2
8|
U3l 0.1pF g; o S E;
Cofash 1= ¢ — =] Voo VSS —=— cuci2 | cucis
T WP 1 <] Voo vss =% 0.1pF 0.1F
ST o] SCLK 1 Voo vss = J4/Ha J9/H9
—_—y —_— VDD vss
MiSOflash 2 [ ToTE | HOLD flash IEH [y ves |HS
vss TP 1
VREF+ cuco cuci
4 o! W25Q16)V . " AT 010
VDDA VSSA L10 110
o SPI Flash UCA = = o
WMicrocontroiler Supply Pins Microcontroller Caps
Title: BOS1921-KIT - Microcontroller
Ref:  PCB-0222 Project: PCB-0222-BT015_DK_UC_v1.0.PrjPcb
Part: BT015-DK-UC File: Microcontroller.SchDoc
Version: 1.0 Date:  2022-10-31 BO REAS
Drawn By: AL/FL Sheet: 40f8

3

BTO15AUG01.01 — Issue 1

© All rights reserved 2022 Boréas Technologies Inc

37



BOS1921-KIT

User Guide

CONFI

DENTIAL

A
12¢
SCL
— SDA
B
BT015-2x
GPIoA «SPIOAC
opiog «_PIOBC
SYNG +SNCUC
12¢
SCL2-uC
f scL
{12C2-pC k oA +_SDAZHC
c
D

BOS1921-KIT - Digital signals conditioning

Ca1.1 +3.3v

.||H

0.1uF

@
ua1 0.14F

VDDIO C41.2

SCL3-pC 2
Al
SDA3-uC § A

COMM-sel 5 OF

PlauLsS5v202

GPIOA-uC 2 AL
SYNC-uC 47 3 ~
COMM-sel 5
ovMsel 5.0 o

C42.1 +3.3V VDDIO C42.2
.||H |_|| 1
0.1uF ua2 0.1pF
RA42.1 VccA veeh RA42.2

a1 il GPIOA-bos
82 e 47 : SYNCbos

Ca3.1 +3.3v

Pl4ULS5V202

VDDIO C43.2

0.1u
SCL2-puC g
—3
COMM-sel 5 OF
GND
< PIAULS5V202
C44.1 +3.3V VDDIO C44.2
.|||_| |_|||.
-
o1pF | uaa | oapF
VeeA vees
GPIOB-uC R44.1 51 5 AL BL <.7 51 R44.3  GPIOB-bos
Az B2 t=
COMM-sel 5
— oF
R44.2 GND R44.4
5.1k 4| Paussva02 5.1k

Level shifters between +3.3V and VDDIO

12C

SCLA-bos
SDAAbos | oo
2DAADOS | opp

BT015-2x
GPIOA-bos

GPIOB-bos
SBhes e
N hos - CPIOB GPIO-bos

= SYNC

12C
SCLB-bos

SoAB-bos | - \ {i2CBbos)
——spA j

Title: BOS1921-KIT - Digital signals conditioning

Ref:  PCB-0222 Project: PCB-0222-BT015_DK_UC_v1.0.PrjPcb

Part: BTO15-DK-UC File: Digital.SchDoc

Version: 1.0 Date:  2022-10-31 B 0 R EAS
Drawn By: AL/FL Sheet: 50f8

‘ 3

BTO15AUG01.01 — Issue 1

© All rights reserved 2022 Boréas Technologies Inc

BOREAS




BOS1921-KIT CONFIDENTIAL % BOREAS

User Guide

1 ‘ 2 ‘ 3 ‘ 4
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BOS1921-KIT - Mechanical Components
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10.2 Schematics — H Driver Board
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10.3 Schematic—P Driver Board
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Figure 27: Layout view - Bottom Layer (not to scale)
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10.5 PCB Layout - H Driver Board
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Figure 31: Layout view - Bottom Layer (not to scale)
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10.6 PCB Layout - P Driver Board
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10.7 Bill of Materials — Controller Board

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 13: Bill of Materials for BOS1921-BRD-C01-B1

DESIGNATOR QTY |VALUE DESCRIPTION MANUFACTURER PART NUMBER

BUMP1, BUMP2,

BUMP3, BUMP4, BUMPER CYLINDRICAL

BUMP5 5 0.25" DIA BLK Keystone Electronics | 783-B

C5v, C21.3, CAP CER 10UF 25V X5R

Ccuc7 3 10uF 0603 Taiyo Yuden TMK107BBJ106MA-T

C21.1, C31,

C41.1, C41.2,

C42.1, C42.2,

C43.1, C43.2,

C44.1, C44.2,

C51.1, C51.2,

C52.1, C52.2,

CS1, CSs2,

CUC1, CcucCz,

CUC3, CUC4,

CUC6, CUCS,

CUC9, CucC10,

CUC11, CucCiz, CAP CER 0.1UF 25V

CucC13 27 |0.1pF X5R 0402 Taiyo Yuden TMK105BJ104KV-F
CAP CER 10000PF 50V

C21.2 1 0.01pF X7R 0402 Taiyo Yuden UMK105B7103KV-F
CAP CER 330PF 250V

CSH 1 330pF COG/NPO 0402 KEMET C0402C331JAGACAUTO
CAP CER 4.7UF 6.3V

Ccuco 1 4. 7uF X5R 0402 Murata Electronics | GRM155R60J475ME87D
CAP CER 1UF 16V X5R CGB2A1X5R1C105K033B

CUC5 1 1pF 0402 TDK Corporation C

D1, D2, DA, DB LED RGB 0606 SMD Dialight 5977715607F
CONN HDR 14POS 0.1

DCA, DCB 2 GOLD SMD R/A Wirth Elektronik 610114249221
DIODE SCHOTTKY 20V

DPA, DPB 2 20V 1A SOD323F Nexperia USA Inc. PMEG2010AEJ,115
TVS DIODE 5.5V 14V

DUSB 1 5.5V 10USON Texas Instruments TPD4EO5U06QDQARQ1
PTC RESET FUSE 15V

F1 1 0.5A 500MA 1812 Schurter Inc. PFMF.050.2
CONN RCP USB2.0 TYP

J1 1 C 24P SMD RA GCT USB4110-GF-A
CONN HEADER SMD

J2 1 10POS 1.27MM CNC Tech 3221-10-0300-00-TR
CONN HEADER R/A

J3 1 6POS 2.54MM Wirth Elektronik 61300611021
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DESIGNATOR QTY | VALUE DESCRIPTION MANUFACTURER PART NUMBER
CONN HEADER SMD

Ja 1 6POS 2.54MM Amphenol ICC (FCI) |95278-101A06LF
CONN JUMPER Sullins Connector

JP1,JP2 2 SHORTING .100" GOLD | Solutions QPC02SXGN-RC

R31, R44.2,

R44.4, RS1, RES SMD 5.1K OHM 5% | Panasonic Electronic

RS2, RS3, RS4 |7 5.1k 1/10W 0402 Components ERJ-2GEJ512X
RES SMD 51 OHM 5% Panasonic Electronic

R44.1, R44.3 2 51 1/10W 0402 Components ERJ-2GEJ510X

RA31, RA32,

RA33, RA34,

RA41, RA42.1,

RA42.2, RA43, RES ARRAY 2 RES 47 Panasonic Electronic

RA51, RA52 10 47 OHM 0606 Components EXB-V4Vv470JV

RAD1, RAD2, RES ARRAY 2 RES 470 |Panasonic Electronic

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

RD1, RD2, RDA,

RDB, RU31,

RU32, RU33, RES SMD 1.5K OHM 5%

RU34 8 1.5k 1/16W 0402 Yageo AC0402JR-071K5L
RES SMD 1M OHM 1%

RSH 1 1Meg 1/16W 0402 Yageo RC0402FR-071ML
SWITCH TACTILE

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

S3, S4 2 100MA 6V Electronics CAS-120TA
RES SMD 0 OHM

SB1, SB2 2 0 JUMPER 1/10W 0603 Yageo RCO0603JR-070RL
PC TEST POINT

TP3V3, TPGND3 |2 COMPACT Keystone Electronics| 5016
IC REG LINEAR 3.3V

u21 1 3.3V 300MA SOT23-5 STMicroelectronics | LDS3985M33R
IC FLASH 16MBIT

U3l 1 SPI/QUAD 8USON Winbond Electronics | W25Q16JVUUIQ TR

U41, U42, U43, IC TRNSLTR

U44, U51, U52 6 BIDIRECTIONAL 8MSOP |Diodes Incorporated | PI4ULS5V202UEX
IC MCU 32BIT 2MB

uc 1 FLASH 132-UFBGA STMicroelectronics | STM32U585QI13

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

BTO15AUGO01.01 — Issue 1

© All rights reserved 2022 Boréas Technologies Inc

48




BOS1921-KIT

User Guide

CONFIDENTIAL

s BOREAS

10.8 Bill of Materials — H Driver Board

Table 14: Bill of Materials for BOS1921-BRD-L01-B1

DESIGNATOR QTY | VALUE DESCRIPTION MANUFACTURER PART NUMBER

BUMP1, BUMP2, BUMPER CYLINDRICAL

BUMP3, BUMP4 |4 0.25" DIA BLK Keystone Electronics | 783-B
CAP CER 10000PF 250V CGA4J3X7R2E103K125A

CHV 1 0.01pF X7R 0805 TDK Corporation A
CAP CER 3900PF 250V

CHV2 1 3900pF | COG/NPO 0805 TDK Corporation C2012C0G2E392J125AE

CPUMP, CREG,

CVBUS, CAP CER 0.1UF 25V

CvDDIO 4 0.1uF X5R 0402 Taiyo Yuden TMK105BJ104KV-F
CAP TANT POLY 100UF

CvDD 1 100uF 6.3V 1206 KEMET T5271107MO06ATEQ70
CAP TANT POLY 330UF

CvDD2 * 330uF 6.3V 1411 KEMET T520B337M0O06A TE040
CAP CER 10000PF 250V

CYP * 0.01pF X7R 0603 Wiirth Elektronik 885342206006
DIODE ZENER 5.6V Rohm

DZ 1 5.6V 500MW SOD-323F Semiconductor UFZVFHTE-175.6B
CONN HEADER SMD

J1 1 R/A 14POS 2.54MM Wirth Elektronik 610114249121
CONN HEADER VERT Sullins Connector

J2 1 2POS 2.54MM Solutions PRPCO002SAAN-RC
CONN JUMPER Sullins Connector

JUMPER 1 SHORTING .100" GOLD | Solutions QPC02SXGN-RC
FIXED IND 10UH 1.48A

L1 1 10pH 415 MOHM TDK Corporation VLS3012HBX-100M
TERM BLOCK HDR

ouT 1 3P0OS 90DEG 3.81MM Molex 395121003
RES SMD 1.5K OHM 5%

R1, R2, R3, R4 4 1.5k 1/16W 0402 Yageo AC0402JR-071K5L
RES SMD 51 OHM 5% Panasonic Electronic

R5, R6 2 51 1/10W 0402 Components ERJ-2GEJ510X
RES SMD 0 OHM

RO-, RO+ 2 0 JUMPER 1/10W 0603 Yageo RC0603JR-070RL
RES 0.2 OHM 1% 1/8W | TE Connectivity

RS 1 0.2 0402 Passive Product RLP73N1ER20FTDF
PIEZO HAPTIC DRIVER |Boreas

Ul 1 190V Technologies B0OS1921CQ

* These components are not populated on the PCB, the proposed part numbers are for reference only.
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10.9 Bill of Materials — P Driver Board

Table 15: Bill of Materials for BOS1921-BRD-S01-B1

DESIGNATOR QTY [VALUE DESCRIPTION MANUFACTURER PART NUMBER

BUMP1, BUMP?2, BUMPER CYLINDRICAL

BUMP3, BUMP4 |4 0.25" DIA BLK Keystone Electronics | 783-B
CAP CER 1000PF 200V |Walsin Technology

CHV 1 1000pF | X7R 0603 Corporation 0603B102K201CT
CAP CER 1500PF 100V

CHV2 1 1500pF [ X7R 0603 Yageo CC0603JRX7R0BB152

CPUMP, CREG,

CVBUS, CAP CER 0.1UF 25V

CVvDDIO 4 0.1pF X5R 0402 Taiyo Yuden TMK105BJ104KV-F
CAP CER 10UF 25V X5R

CvDD 1 10uF 0603 TDK Corporation C1608X5R1E106M080AC
CAP CER 10000PF 250V

CYP * 0.01pF X7R 0603 Wirth Elektronik 885342206006
DIODE ZENER 5.6V Rohm

Dz 1 5.6V 500MW SOD-323F Semiconductor UFZVFHTE-175.6B
CONN HEADER SMD

J1 1 R/A 14POS 2.54MM Wirth Elektronik 610114249121
FIXED IND 68UH 430MA

L1 1 68uH 2.3620HM SM TDK Corporation VLS3012CX-680M-1
TERM BLOCK HDR

ouT 1 3POS 90DEG 3.81MM Molex 395121003
RES SMD 1.5K OHM 5%

R1, R2, R3, R4 4 1.5k 1/16W 0402 Yageo ACO0402JR-071K5L
RES SMD 51 OHM 5% Panasonic Electronic

R5, R6 2 51 1/10W 0402 Components ERJ-2GEJ510X
RES SMD 0 OHM

RO-, RO+ 2 0 JUMPER 1/10W 0603 Yageo RC0603JR-070RL
RES SMD 1 OHM 1% Panasonic Electronic

RS 1 1 1/6W 0402 Components ERJ-2BQF1R0OX
PIEZO HAPTIC DRIVER |Boreas

Ul 1 190V Technologies BOS1921CW

* 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 BOS1921-KIT lifecycle. It will also contain application note documents that will be
helpful for the user writing his/her own code to operate the BOS1921.

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 BOS1921-KIT and/or your oscilloscope. For more information, please consult the
Probing B0S1921 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
ORDERING PACKING
PART NUMBER DIMENSIONS EORMAT QUANTITY ACCESSORIES
Controller PCB 1 controller _
|| BOS1921-KIT-B01 65x50 mm Box 1 haptic card (1% '0:‘153";33'8‘31
(StarterSet) Driver PCBs (63/4x6Y/2x11/4)” 1 pump card : '47(;]n|':) nr
40x22 mm 4 load capacitors
14 Document History
ISSUE DATE Document Number | CHANGES
1 December 2022 BT015AUGO01.01 Original Document.
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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 parameters of the graphical user interface are
represented in this diagram initalics.

\ Calibration \ \ Calibration \
v PR SR
Configure Configure
for sensing for sensing
\ \
, * x , v \
\ Configure polarity }4 \ Configure polarity }4 ------------------ ]
p v N - ¥ N
---------------- >{ Read piezo voltage value }1 ->{ Read piezo voltage value F-
Reset Hold period \ * : : \ Calculate voltage slope \
o N o " Isvoltage : ( ) :
No “~~__Value > Threshold N,O ' L Reset Hold period ‘ G
o : : o S voltage ) '
Yes : : No ~~_ slope > Threshold No
P i H :
Is Hold period reached? ~--------- Y::‘S
Yes : Is Hold period reached? ===+
| Reset Hold period | : oy
I A H Yes
\ Play Waveform \ : \ Reset Hold period \
\ Wait Stabilization time } \ Play Waveform \
, v . ;
| Wait Stabilization time ~ F---=----=------=-}

Figure 36: Threshold (left) and slope (right) sensing algorithm flow charts
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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

ms

Figure 37: Sensing algorithm: differential voltage across the actuator

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 parametersof the algorithm apply. Hereis 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 38: Sensing algorithm: threshold, hold time and feedback.

BTO15AUG01.01 — Issue 1 © All rights reserved 2022 Boréas Technologies Inc 54



BOS1921-KIT CONFIDENTIAL % BOREAS

User Guide

After the feedback, there is a stabilization phase. In constant stabilization, the output of the BOS1921 is
maintained at a fixed voltage for a period of time. In sine stabilization, the output of the BOS1921 follows
a sine shaped waveform of a certain amplitude for the stabilization time. Here are some examples:

10,0

40

os .

_____________ —_ _ e P . uae i S

— B ) S

i |
e ___ ' stabilization R S

l T

| |

-4,0 ‘ ‘

| |

| |

6,0 ‘ ‘

| |

‘ O 2495 ms 4961 ms 19.99 ms ‘

50 \ B 3365 mV -2.271V 1935V \

| |

| |

-10,00
-20,0 -10,0 0,0 10,0 20,0 30,0 40,0
ms

Figure 39: Sensing algorithm: constant stabilization (20 ms, -100 mV)

. Stablilization
|- i
| \\ [
Y

Figure 40: Sensing algorithm: sine stabilization (5 ms, -5 V)
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Appendix B.

Firmware Upgrade using STM32CubeProgrammer

The BOS1921-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 BOS1921-KIT board microcontroller needs
to execute DFU application in the system memory. The boot selection switch allows to select the system

memory.

+3.3V

liTLEsta VBUSA -

GNDR 0,1 2.3 VIO o® i |NT S;B’ZGND-

+5V csvu c21,3 €Ol
& Em Guzt =
P- w9
-

ap m-ap |
| et i™—"002 -

sz 2981 comm

AS
€
SIS Y select A SCLANEE

I oAl SDAA K
REF: PCB- 0222 =

i I T BTo15:DK-UCv1.0 SPIOARE

c:411 42 ‘ SYNC I

o B o=

B051921 I(IT c4% Sl .:- :ﬁVBUSB-

DeSIgned & Assembled rssil =
in Canada * BOREAS Rae.2”

www.boreas. ca BOOT

= Rasz GND it
“R* scLe
TECHNOLOGIES DBE.'E‘i SDAB Il
=
2022 select B cliol
o RS2C52 SM SYNC @

35 54| g mars
] ‘I_IM vDDIO i

Figure 41 : 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 BOS1921-KIT board to a PC using a USB cable.

Start SMT32CubeProgrammer.

NowunswN

Reset the BOS1921-KIT board using the RST button.
Have the appropriate firmware binary file (.hex) handy. The firmware compatible with the

VBUSA
+5v GND

+5V 1 GND
VBUSB

Software are located in the installation directory (C:\Program Files (x86)\Boréas Development

Kit\firmware). Older firmware revisions can be downloaded on the Boréas website.
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Procedure

1. Select USB connection mode in the drop box.

2. Refreshthe Port list using the button: £*

3. Select USB1 port in 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. Clickon Connect button.

Serial number

0x04383

Figure 42: STM32CubeProgrammer connection setting

Click on this icon on the left side of the interface to open the Erase & Programming panel.
Enter the path to the firmware file (.hex) into the File Path text field.

Check the Verify programming checkbox.

Click on Start Programming button.

0 N W

Erasing & Programming

@ File path \BoreasDevKit_Release.hex > @
[ ~..]

Start addr...

Skip flash erase before programming

CPU Verify programming @

Run after programming

Start Programm...

Full chip erase
Download file

Option bytes commands

Start automatic mode

Figure 43: STM32CubeProgrammer programming setting

9. Wait the pop-up message indicating the upgrade completion.
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[ Message *

o Download verified successfully

Figure 44: 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
BOS1921-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 45: 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 46: Access plugin management window
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4. Select dc-offset in the plugin list and click on Enable button, then click on OK.
Manage Plug-ins x

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 47: 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 BOS1921-KIT.

Prerequisites

e BO0S1921-KIT board is in Audio mode. Refer to section 8.5.2 for more information regarding Audio
mode.

e Using the BOS1921-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]
JJJ o) ¢ 2 NI’I‘III‘IIm ealglgla i o :
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 48: 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 kitin 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 Vto 60 V).

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

Prerequisites

e BO0S1921-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
X ! ! y ; . i i . ; .
I/ \!; :; 54 43 42 Clickio Stari Monitoring 18— 12— 6 0

n [ u L] »l [ ]

Qe My s+ 4 2 s W sz o2 5O
$: o) o KO ww |~ @elglala p o
Windows WASAP! ~ | Jack Mic (Realtek(R) Audio) < | 2 (stereo) Recording Chann ~ i) |Speakers (Boress Devkit) -
V|u 0010 0. 0010 0020 0030 _0.040 0050 _0.060 0070 0080 0080 0.100 0110 0120 0130 0140 0150 _0.160 0170
i ; —er— e e ———— e e ———
x| Audio Track ¥/ 1.0 ~
Mute | Sole
= -
.1
L R
o 05
Mono, BO00HZ
32-bit float
I
00
LU VY VLV VYV VA VY B VAV VY VY A VRV )
0.5
4| s 1.0

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

off  ~ [[00n00m00000s" [00n00M10000s~

Stopped.

00hO00mOO s-

Figure 49: 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”.

hWN
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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 0

Figure 50: Tone parameters

The amplitude value is calculated with the following formula:

Amplitude = Peak to Peak Amplitude - (60) V- (-10) V —> 0368

Boreas IC amplitude max 190V

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

=> => 0.263
Boreas IC amplitude max 190V

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 51: Add dc-offset

6. Playthe wave using the play button.
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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 appearin 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 appearingin the documentare
subjecttochange by Boréas Technologies without notice. Boréas Technologies products must not be usedin
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 theirrespective owners.

Design Kits, or modules (Mockup), including software, and specifications are intended for developersina
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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