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Introduction

The MSP430FR267x is a second generation family of CapTlvate™ Capacitive Touch FRAM 16-bit MCUs.
CapTlvate™ Capacitive Touch Technology features flexibility that enables buttons, sliders, wheels and
track/gesture pad HMI applications in any combination within the same design.

For detailed information about CapTlvate™ Technology, CapTlvate™ Design Center and capacitive
sensor design guidelines, refer to CapTlvate™ documentation located in:

e CapTlvate™ Design Center GUI — select help > topics
e On-line @ www.ti.com/CapTlvateTechGuide

Overview

The MSP430FR267x MCU with CapTlvate™ Technology supports basic Touchpad sensor functionality
with as few as 8 CapTlvate |0 pins (4x4 configuration) and up to 16 CapTIvate™ 1/0 pins (8x8
configuration). Pins not assigned to Touchpad functionality can be assigned as buttons, proximity, slider
and wheel sensors.

MSP430 FR267x CapTlvate™ Technology Features

e Integrated CapTlvate IP oy ;
MSPA>C

e  5uA typical with wake on proximity (great for battery powered applications) rgca:;\j‘?‘fl;v;
rechno'

e Supports multiple combinations of sensors in the same design

i B rome™®

e (CapTlvate Library in ROM allows more user code in FRAM
Touch/Gesture Pad Features

e Reports X,Y position and gesture

e User programmable resolution (1000 pts default)

e 1 finger gestures (Swipe up, down, left, right, Tap, double-tap, tap and hold)
e 2 finger support is coming soon

e Programmable Sensor Scan Rate 10ms (typical) , 5ms (min)

e Supports overlay thickness up to 3mm ( 1-2 mm is typical)

e Supports sensor configurations from 4x4 to 8x8

e  More details in performance section


http://www.ti.com/CapTIvateTechGuide
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PCB Description

The Touchpad design is a 50x50 mm mutual capacitive sensor in a 4x4 configuration with a 1.65 mm
polycarbonate overlay on a 2-layer FR-4 PCB.

VCC Select
LDO = CAPT-PGMR 3.3VDC
DC/DC = EnergyTrace 3.3VDC

!

LEDS:

1 = Mode Button Pressed
2 = Touchpad Pressed

3 = MCU Active

Comm Channel Select
CAPT-PGMR HID Bridge UART
EZ BackChanel UART

Reset

User Defined Button Sensor

Jumper (J3) is used to select the MSP430 VCC from the CAPT-PGMR PCB’s 3.3V LDO or 3.3V DC/DC. For
normal operation the 3.3V LDO is selected. To measure the MSP430’s low power current the 3.3V
DC/DC is selected.

Jumper (J2) is used to direct the MSP430 UCAO UART RXD and TXD signals to the CAPT-PGMR’s HID
serial communications bridge which interfaces to the CapTlvate Design Center GUI (default). Optionally,
the UCAOQ RXD and TXD signals can be routed to the CAPT-PGMR’s backchannel UART feature on the
programmer. This allows the user to create custom UART communications to send data or receive
messages from a terminal application running the PC while at the same time sending sensor data and
commands to the HID communications bridge using I2C.

A reset button is provided to force the MSP430 into a reset state.



I3 TEXAS
INSTRUMENTS CapTlvate™ Technology TrackPad Guide

CapTlvate Programmer/Debugger

The CAPTIVATE-PGMR PCB provides power and programming for the target MSP430. In addition, it
provides a USB HID serial communications Bridge device that translates the data and commands that
flow between the CapTlvate Design Center GUI and the target MCU on the demo PCB, through a either
the UART or 12C interface.

The CAPTIVATE-PGMR PCB provides a 3.3V LDO output and a 3.3V DC/DC output. For normal operation
the 3.3V LDO can provide the target and associated circuits with up to 200mA. The DC/DC is part of the
EnergyTrace measurement circuit located on the CAPT-PGMR and is designed to work with Code
Composer Studio to measure and display in real time the MSP430’s power and energy consumption.

For more information about using EnergyTrace, visit the EnergyTrace landing page.

.



https://www.ti.com/tool/ENERGYTRACE
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Required Software Tools and Installation instructions

e Java run-time engine (JRE) version 1.7 or later is required
o To verify which version you are using, from a command line prompt, type java —version
o If update is needed, download and install the latest version from www.java.com

e CapTlvate™ Design Center
o TrackPad is supported in version 1.83.00.08 and later
o PCGUItool used to configure and tune sensors
o Automatically generates firmware
o Windows 7+, Apple-0S, Linux-OS

e Tl Code Composer Studio
o IDE development platform
o Need if modifying, programming and debugging firmware

e Uniflash Utility [optional]
o Flashes firmware images on target MCU using CAPT-PGMR

PC Software Setup
Follow the steps in order.

1. Download and install TI Code Composer Studio (only select MSP430 support to minimize the
download and installation time)

2. Download and install CapTlvate Design Center GUI

. [optional] download and install Uniflash programming application

4. Launch the CapTlvate Design Center GUI. The very first time the GUI is launched, a CapTlvate
Design Center workspace directory is created in
c:\users[your name]\CaptivateDesignCenter_1_83_00_08\CaptivateDesignCenterWorkspace

5. Copy the demonstration zip file into your new CapTlvate Design Center workspace directory and
unzip the contents as shown below.

+ CapThateDesignCenter_1_83_ 0008 » CapTlvateDesignCenterWorkspace

o

Marne Date modified Type
TI_Examples 8/14/2020 1:59 PM File folder
TP4x4-FR2673-starter-demo 8/14/2020 2:01 PM File folder


http://www.java.com/
http://www.ti.com/CAPTIVATEDESIGNCENTER
http://www.ti.com/ccs
http://www.ti.com/tool/UNIFLASH
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Touchpad Demonstrations

There are two versions of pre-compiled firmware images provided in the zip file.

e TP4X4_FR2673_starter_demo.txt (Active mode)
e TPAX4_FR2673_lowpower_demo.txt ( Low-Power mode demonstrates proximity feature)

Starter Demo
The Touchpad PCB is provided pre-programmed with the Starter Demo firmware to demonstrate the
tracking and gesture capabilities while communicating with the CapTlvate Design Center GUI.

Low Power Demo

This firmware demonstrates the MSP430’s low power capability. When the Touchpad is not touched
after 5 seconds the MSP430 enters a low power mode. The CPU and all clocks have stopped except the
CapTlvate Peripheral remains active scanning the touch pad once every 100msec looking for a touch to
wake the system.

Hardware Setup
Perform the following:

e Connect the Touchpad to the CAPT-PGMR
e Connect the micro-USB cable to the PC
e Verify the Power Good LED is on solid and the USB Enumeration LED blinks on/off

Note: Depending on the OS the USB enumeration LED may not stay illuminated all the time

HID Bridge Status LEDs
Power Good "1 b il

ji-
USB Enumeration 2= 1]}%‘
Communications—l ,m.._.. [" - _L'
II E u' n o
lll Qe -
I & 1
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Starter Demo #1

To demonstrate the sensor’s active mode and the CapTlvate Design Center GUI the
MCU must be programmed with the TP4X4_FR2673_starter_demo.txt firmware
image.

Operating in this mode, the MCU operates continuously, scanning the Touchpad
sensor every 10ms. Sensors status and data, which includes XY position and gesture
information, is transmitted to the CapTlvate Design Center GUI where it can be
viewed. An LED turns on when a touch is detected.

Exploring the GUI
The following sections briefly describe portions of the CapTlvate Design Center GUI that are related to
the Touchpad sensor and its operating parameters.

Note: This document does not cover the CapTlvate Design Center operation in detail. For complete
information about the GUI features, refer to the CapTlvate Design Center Technology Guide in the
menu, File> Help>Topics or available here.

Launch the CapTlvate Design Center GUI. Open the TP4X4_FR2673 project by selecting from the GUI
menu, File > ProjectOpen and click on TP4X4_FR2673 directory.

Note: Opening a new project will prompt you to save changes — select DISCARD.

o The CapTlvate Design Center Touchpad design project is shown here. The touchpad sensor and
MCU icon on the canvas represents the Touchpad sensor and MSP430FR2673 device on the
demo PCB.

e By default the GUI launches in “Basic” mode. To see all of the user parameters select from the
main menu Options>Features>Advanced

[&J Design Center - TP5X5R-FR2633 _starter_demo

Eile Edit Options Communications Help

— Features %
Execution Mode:
T8 ¥ [0 | 0| |
s (_J) Basic
;] () Advanced
b
| Eﬂﬁﬁmmﬁﬁzﬁlg
MSP430 I -
E 5 ? i NUTGest:reuDeteded [ oK Jl Cancel J
ouc
I o
€ [T z
5 ses © Y
b dy

This projectwas created with 1.83.00.08
Axis = flipped
Ghost electrodes removed



http://www.ti.com/captivatetechguide
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Real Time Tuning Parameters

Most CapTlvate peripheral and sensor operating parameters can be updated on the target MCU in real
time using the CapTlvate Design Center. Most are sensor parameters, but a few are related to the
controller. A user can tune a sensor’s response to a touch and other system parameters without having
to re-program the MCU.

When changing these parameters while connected to the CapTlvate Design /...

U
. . . nterface| BULK_| ]
Center, you will see the effects immediately. However, these parameters B
. . . . | Table | Gonversion_Control
are volatile so if power is cycled these values are lost. To retain the Settings =) rp—

updated parameters the configuration is updated and the MCU must be re- ;“n“ : kﬁiﬁgw?m ! |

(®) Undate existing project

programmed.

0K CANGEL

Note: After modifying an operating parameter, the APPLY button at the bottom of the current view will
turn yellow. Click the OK button to update the MCU with the new parameter value.

1
[ Force_Recalibration J[ Apply J[ Read J[ Reset J

Additionally, in each sensor view, all parameters have a hyper-link that provides a description of the
parameter when selected. Here is an example.

ﬂ Channel Oscilloscope Plot T Channel Table | SNR | Delta Surface Plot T Trackpad Touch Plot T Conversion_Control TTun\ng ]

e e = Ta filters our weak neighboring trackpad channels that can influence the accuracy

Error_Threshold 1,000 B ofthese calculations due to parasitic coupling to unwanted portions ofthe
hand or finger.

Meqgative Touch Threshold 30 B

Halt LTA On Sensor Prox Or Touch @

Halt LTA On Element Prox Or Touch (&)

TrackPad Filter Type \Dynamm v

TrackPad Filter Enable W

Dynamic Filter Top Speed 150

Dynamic Filter Low Speed 10 B

Dynamic Filter Low Speed Beta 10 B

Static Filter Beta 80 B

Rejection Threshold 20 B

Desired Resolution X Axis 1,000 B
Since the weaker "parasitic” channel measurements are filtered out, the XY

Lpper Tnm X AXIS i E

Upper Trim X Ads 1,000 position calculation will be closer to the true position.

e ~ T -

For more information about the operating parameters visit: www.ti.com/CapTIvateTechGuide



http://www.ti.com/CapTIvateTechGuide
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MCU Controller Parameters

Let’s start by exploring with the controller properties. To open the controller properties double-click on
the MCU icon. The controller (MCU) properties window offers several different views and configuration
tabs that control sensor channel configuration, scan rate, low power wake on proximity scan rate, target
interface and more. To open the sensor properties window, double-click on the controller icon.

K1 Controller properties x
prop:

Name: MSP430FR2673TRHB

Configuration _ Compile Time Options _ Low Power Mode Options _ Target Communications -~ r{
Device| MSP430FR2673TRHE | ¥ Wake On Proximity Sensor| None | ¥ Low Power Made |LPmo | ¥ Connected ]
Show Device Documentglion Force LPM4 in Wake-on-Prox Mods[ ] | D12 L0daing o
Operating Condition | 0C v Ci 1 Interface | UART |

J Configure Connections T Scan Time Estimate T Channel Bar Chart I Channel Table I Conversion_Control I Noise Immunity }

l Generate Source code j Clear l Auto-Assign j oK

Unconnected Controller Sensors Time Cydes
Sensor Electrode Fort Use Mode Parallel Gro.. BTNOD TKFPOO BTNO0_CO00 TKF00_C00 TKP0OO_CO1 TKPOO_COZ TKFP0O_CO03
CAP0.0 ' Unrestricted B3
CAP0.1 Unrestricted B1
CAP02 Unrestricted B2 RX00 E00
CAP0.3 | Unrestricted BO RX03 E03 EO07 El1 E15
CAP1.0  Unrestricted BO RX02 E02 E06 E10 E14

CAP1.1_ Unrestricted B1
CAP1.2  Unrestricted B2
CAP1.3  Unrestricted B3
CAP20 | Unrestricted BO RX01 E01 E05 E039 E13
CAP21 _ Unrestricted B1
CAP22  Unrestricted B2

CAP23 | Unrestricted B3 TX03 ™
CAP3.0 | Unrestricted BO RX00 E0D E04 E03 E12
CAP31  Unrestricted B1 TX02 ™

CAP3.2  Unrestricted B2 TX01 X

CAP3.3 | Unrestricted B3 TX00 ™

MCU - Compile Time Options
In the top portion of this view, certain compile time configurations can be selected, such as the target
MCU, low power mode and communications interface between the GUI and target.

Any changes to these configurations require the MCU to be reprogrammed.

k&l Controller properties

Name: MSP430FR2673TRHB

Configuration ~ Compile Time Options ~ Low Power Mode Options ~ Target Communications
Device| MSP430FR2673TRHB > Wake On Proximity Sensor| None - Low Power Mode | LPMO v Connected 8
Show Device Documentation Force LPM4 in Wake-on-Prox Mode | DataLogging _l—l

Operating Condition | oc k2 Communication Interface| UART v

10
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The controller’s Conversion_Control tab has properties that control MCU functionality that relates to the
capacitive touch measurements. These parameters can be changed in real-time while communicating

with the target MCU.

: Connections ] Scan Time Estimate ] Channel Bar Chart ] Channel Table ] Conversion_Control ] Moise Immunity ]

Parameters

Element Data Transmit Enable
Sensor Data Transmit Enable

Active Mode Scan Rate ms 10
Wake On Prox Mode Scan Rate ms 100
Inactivity Timeout 32

-4

Wakeup Interval |512 Samples

IEFEHEmE |

Description

Active Mode Scan Rate (in milliseconds)

The active mode scan rate specifies the period (in milliseconds) to refresh
the userinterface at when in active mode (as opposed to autonomous
mode). To convert to samples per second (SPS), simply take 1000 divided
by the specified report rate period. For example, a report rate (response
time) of 50ms would equate to 20 samples per second (SPS).

Implementation Notes

This parameter specifies the desired period. If a period is specified thatis
shorter than the amount of time required to measure and process the panel,
then the system will simply run at the fastest rate possible.

Note: changes to these parameters are not permanent. You must update the target project and re-
program the MCU with the changes (hence the term compile-time options).

e Element Data Transmit Enable — Transmit sensor element data (count, LTA, etc.) to the GUI

e Sensor Data Transmit Enable — Transmit sensor status (Touch, no-touch, etc.) to the GUI

e Active Mode Scan Rate ms — Sensor measurement interval when MCU is in active mode
e Wake on Prox Mode Scan Rate ms — Sensor measurement interval when MCU is in low power

mode

e Inactivity Timeout — After N number of samples and no touch is detected, MCU enters low

power mode

e Wakeup Interval — After N number of samples, force MCU to wake from low power mode to

scan sensors and check other system parameters if needed.

To see how the real-time modifications work, try changing the active scan rate from 10ms to 50ms, then
click he APPLY button, then click OK and you will immediately see the sensor update slowdown from

100Hz to 20Hz.

11
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MCU - Scan Time Estimate
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This tab displays the total time estimated to measure the Touchpad sensor (blue bar) and the period at
which the sensor is scanned (red line). In this example it takes < 1ms to scan the Touchpad and mode
button, leaving 18ms for other MCU operations, such as communicating with a host MCU or sending

data to the GUI.

Note: the scan time estimate does not include the Touchpad sensor processing time.

‘e Connections | Scan Time Estimate T Channel Bar Chart I Channel Table T Conversion_Control I Moise Immunity ]

Scan Time Estimation

Time({ms)

Touchpad Sensor Parameters

l Help J
L Select Al )
L Deselect All )

[ --scan Period-- | 10.000ms
] --sensors Total-- 0.900ms
¥ BTNOO

M TKPoO

0.270ms

0.630ms

The Touchpad Sensor properties window offers several different views to monitor real time sensor data
streaming from the target MCU as well as the ability to modify run-time parameters that control sensor
sensitivity, scan rates and other design parameters.

To open the sensor properties window, double-click on the touchpad sensor icon.

) TackPadsensar properties
Hame:
Configuration

Capacitwe Mode

Erement Count

Elecirode conflg

Target Communications

Connected @
Data Logging

Sensor Ervor Status Flags

Max Count Eror
| CiwarFiags |

[ Ghannei Sar Ghan | Ghsnnet Oscitoscope Piat | Ghannet Taste | 51 | Daia Surace ot | Trackpaa Touen Pion | Gonversion_ Coniro | TrackPaa Gestures | Tuning |

Design Recommendations

Design Recommendations

TrackPad Configuration —_—

TrackPadlayout arigin| Defaull ¥ Tap Ang Hold
Touch |0

X

¥

[ax []

av [

Channel Data

00
600
700
600
00
400

00
=
200
100
[
0 | '
[

x
|
[

JCS

QS

MR

- —

Plot Display Options
Select &l
Deselect Al

] Count

] Delta

o Lta

el

] Touch Threshold

1
.

12
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Sensor - Channel Bar View
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This view displays measurement information from each of the sensor’s electrode channels using bars to
represent the strength of the signals and lines representing the proximity and touch thresholds

e To enable communications, check the Target Communications Connected box as shown below

K TrackPadSensor properties

Name: 1

Configuration Target Communications Design

Connected
Data Logging

Capacilive Mode Desig

Element Count

Electrode config Sensor Error Status Flags

Manatia Tasch Matact

e Select the Channel Bar Chart View

e Move a finger around on the Touchpad sensor and the bars will change height due to the

amount of change in capacitance introduced by the finger.

A typical Channel Data view will look like this:

Channel Data (

Plot Display Options

1000 l
900 l
800 |
, ] count
. 700 /] Delta
h 600 V] Lta
@ 500 % 0]
n
n 4007
tla i +++ P e e —
200 7
[a) 100 7
1]
t I I I I I I
a 1} 1 2 3 4 b 6 7 g a9 10 11 12 13 1
2 2 L ]
< J "

Sensor - Touchpad Touch Plot View

This view plots the XY position of the finger as it moves around the sensor. In the upper right corner the

XY data values are displayed along with the detected gesture.

e Select the Touchpad Touch Plot tab
e Move a finger around the Touchpad sensor and the position is plotted
e The absolute and delta positions are displayed

13

/] Touch Threshold
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KJ IrackPadsensor properties i

Name: TrackPad

Connected 1)

[ channel Bar Chart | Channel Oscilloscope Piot | Channel Table | SNR | Trackpad Touch Piat.| Conversion_Control | Tuning

Trackpad Touch Trace
900
800
700
600
500 gh\\
b} By
400 ‘ \q\ =
300 b S
= "‘nw,y-}‘
100
9 " 1 ) 1 I
u 200 400 600 800 10

The supported gestures are Tap, Double-Tap, Tap-n-Hold, Swipe Up, Swipe Down, Swipe Left, and Swipe
Right and are displayed in the upper right corner.

{1 TrackPadSensor properties

Tr—
Target Communications
Connected /] ont 1)
Touch | 0 .
= Gestures Displayed
ax 31
oy o]

[ channel Bar Chart | channel Oscilloscope Plot | Channel Tale | SNR | Trackpad Touch Piot | Conversion_Control | Tuning

Trackpad Touch Trace

-2 888588z¢8¢8

14
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Touchpad Sensor Tuning Parameters

The sensor properties window offers several different views and configuration tabs that control sensor
operational parameters and allow the user to see real time sensor status and data coming from the
target MCU. To open the sensor properties window, double-click on the controller icon.

Sensor - Conversion Control Tab
The sensor’s Conversion_Control tab is where the sensor’s sensitivity parameters Conversion_Count and
Conversion_Gain are located.

ﬂ Channel Oscilloscope Plot T Channel Table | SNR | Delta Surface Plot T Trackpad Touch Plot ]'Converswon_{:ontrol Tuning

Parameters _|a Description

Conversion Count 275

Conversion Gain 100

1as urrent |ZU us ¥
Sample Capacitor Discharge |osv v
Modulation Enable LJ
Frequency Divider | fi4 v
Charge Hold Phase Length (1 I=)
Transfer Sample Phase Length |1_TJ

Idle State [ Grounded | v
Input Svnc \Disabled ||

Timer Sync LJ
Automatic Power Down Enable L
| E0o(cHO) ¥||Freqa )

PLi

Cnarca (Cain Ratin

Sensor - Tuning Tab
The Tuning tab is where the majority of the sensor parameters are set. This includes thresholds, filter
betas, sensor resolution and debounce values.

Chaninel Oscilloscope Plat | Channel Table | SNR | Delta Surface Plot | Trackpad Touch Plot | Conversion_Control | Tuning |

Parameters 4 || Description
r 1T

Runtime Recalibration Enable Recommended Threshold Percentage

EJ[Q

Prox Threshold Why is there a yellow warning on "Calculated” threshold?

Prox Threshold Percentage WMinimum:0.890% Calculated: 5593%
= ; This means that the selected threshold is lower than minimum
Touch Threshold SetAll | E24(CH24) |¥ 25
l—J ‘ . L recommended threshold which can potentially cause the false proximity or
Touch Threshold Percentage WMinimum:0.890% Calculated: 594% touch detections.

Prox Debounce In Threshold
What is the "Minimum Recommended"” threshold based on?

Prox Debounce Out Threshold
& The conversion gain and conversion count settings in the

conversion control tab of this sensor

@ The minimum desired operating temperature as configured in the
controller customizer

@ The selected device in the controller customizer

Touch Debounce In Threshold

Touch Debounce Out Threshold

Sensor Timeout Threshold 65535
Count Filter Enable
Count Filter Beta

How to address this warning?

@ Increase the "Threshold” sefting in “Tuning™ tab while still be able
to detect proximitytouch event

- Ifthe "Threshold™ is too high for the system to detecta
proximitytouch event

am@ggg

L,

LTA Filter Beta

15
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The Tuning tab has additional parameters for controlling the gestures.

I Channel Oscilloscope Plot T Channel Table T SHR I Delta Surface Plot TTrackpadTouch Plot T Conversion_Control TTuning ]

METECHUT (TTESTTUIT il 2 Description
Desired Resolution X Axis 1.000 Recommended Threshold Percentage
Upper Trim X _Axis 1,000

Why is there a yellow warning on "Calculated” threshold?
Lower Trim X Axis
) This means thatthe selected threshold is lower than minimum

Desired Resolution Y Axis 1,000 recommendad threshold which can potentially cause the false proximity or
Upper Trim Y Axis 1,000 fouch detections.

Lower Trim Y Axis What is the "Minimum Recommended” threshold based on?

& The conversion gain and conversion count settings in the
conversion control tab of this sensor

& The minimum desired operating temperature as configured in the
controller customizer

@ The selected device in the controller customizer

Tap Time Min Threshold

=

Tap Time Max Threshold

[~
=1

Double Tap Time Max Threshold

.
=1

Tap Hold Time Min Threshold How to address this warning?

AAAARATEARY

5]
=1

@ Increase the "Threshold™ setting in "Tuning™ tab while still be able
to detect proximitytouch event.
@ [fthe "Threshold™ is too high for the system to detect a
A proximityftouch event:

Swipe Time Max Threshold

iy
o
=1

Swipe Distance Min Threshald

16
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Low Power Demo #2

Operating in this mode, the MCU is in a low power “wake on proximity” state, leaving the CapTlvate
hardware to autonomously scan the sensor at a slower 100ms rate. In this mode the device consumes
the least amount of power (approximate 20uA). Touching the sensor causes the MCU to exit the low
power state, resuming sensor scanning and processing in the active mode at the faster 10ms rate and
turning on the LED. The MCU remains in this mode until the finger is removed. The LED then turns off
and the MCU re-enters the low-power state.

Note, because the Touchpad PCB was designed to communicate with the CapTlvate Design Center GUI
using the MSP430’s UART, operating the UART in the low power mode does not allow the MCU to
achieve the lowest possible power. To demonstrate the best low power, the MCU must us 12C, not
UART. The TP4X4_FR2673_LowPower_demo.txt firmware uses 12C so it is still possible to view real-time
data while the sensor is touched. In order for this to work, you must select the “BULKI2C” mode in the
Controller properties view.

El Controller properties o >
Name:
Configuration ~ Compile Time Options ~ Low Power Mode Options _ Target Communications ) i
Device R2673TR Wake On Proximity Sensor | Low Power Mode LPMO |¥ Cnnnecteq v
Show Devi mentation Force LPM4 in Wake-on-Prox Mode [ Data Logging =

Operating Condition | 0C % Communication Interface

Configure Connections | Scan Time Estimate T Channel Bar Chart T Channel Tab\eT Conversion_Control T Noise Immunity ]

REGISTER_I2C
L Generate Sourcd NONE

To re-program the MCU with TP4X4 _FR2673_LowPower_demo.txt firmware, refer to the section “Re-
Programming the MCU.”
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Measuring and verifying the low power current can be done easily in two different ways. The first
method requires a digital voltmeter (set in mA mode). Remove the jumper on J3 and connect the meter
as shown.

Remove Jumper
and connect
meter as shown

18
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The second method uses the EnergyTrace™ feature built into the programmer and Code Composer
Studio. The EnergyTrace DC-DC circuit provides a separate +3.3v that it controls and measures the

flowing current. Remove the jumper from the center pin and LDO position and place it on the center pin
and DC/DC pin.

Move jumper to
center pin and
DC/DC pin

Next, launch Code Composer Studio and select the Energy Trace Icon.

Y workspace_ccs_examples - Code Composer Studio

File Edit View Naygate Project Run Scripts Window Help

o

{5 Project Explorer 3

To start the current measurement, select the green “play” button.

EnergyTrace™ Technology i3 Power En O B * He=~|BBE~y = 8
2 Energy gy 2 e e Energy

En ergy Trace™ Profile

! Start trace collection ||-

Mame Live 2
w System
Time 0 sec

The default sampling period is 10 seconds (adjustable). Current, power and energy information can be
displayed.

19



l

TeExAs
INSTRUMENTS CapTlvate™ Technology TrackPad Guide

Creating a New CapTlvate™ Design Center Touchpad Project

This section describes in brief detail how to create a new sensor design project. It is recommended to

view the complete step by step descriptions in the CapTlvate Technology Design guide workshop
chapter found in the GUI menu Help>Topics information or on the web.

Note: the following illustrates the steps taken to create any new sensor configuration and PCB design.
Configurations and settings specific to the Touchpad demo board will be highlighted.

Start by creating a new project using the CapTlvate™ Design Center.

Note: the normal workflow for creating and configuring sensors are illustrated by the actions shown
below.

Drag-n-drop sensors

One-click auto pin assignment

- =
— Pama: wtael
L&) connguston -

e jgar =
el

- /| Qe =
Flockog conk| Cres: 1. Conkosa Poc: 3.1 0. 3 11

L}

— View pin assignment

Configure sensor

If the CapTlvate Design Center is already open, select from the menu: File>NewProject. You will be
prompted to save the project. Select Discard for now.

Right-click once on the MCU icon, then click on the canvas to drop it in place.

File Edit Options Communications Help
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Right-click once on the Touchpad icon, then click on the canvas to drop it in place. Your canvas should
look something like the following:

File Edit Options Communications Help

e ]

M e (0o

[T

TKPOO

No Gesture Detected.

Touch | 0
X
Y
ax
oY

Double click on the Touchpad to view the touchpad properties. Select mutual (projected) capacitive
mode. Select the element count and set = 16.

Ed TrackPadSensor properties

Name: TKPOO

Configuration |
Capacitive Mode [ MuUTUAL ]
Element Count 16 B

Electrode config| Cycles: 4, Controller Ports: 8, TX: 4, RiC 4 'J

[ Configure TWRx Groups J

This creates a 4x4 configuration (4 RX and 4 TX). The element count represents the total measurement
nodes created by the number of sensor RX channels times the number of TX channels.

Next, double click on MCU to view the controller properties. Select the MCU variant for your application
by clicking in the device drop-down box. The Touchpad demo PCB uses the MSP430FR2673IRHB.

K1 Controller properties v

Mame: MSPOD

Configuration ~ Compile Time O

Device| MSP430FR2512IPW16 ﬁ Enable Noise |

Show [ yspaaoFR2532IRGE 4| | | Calibration Alg
MSP420FR2532IDA Wake On Proxi
MSP430FR2533IRHB
j?nﬁg MSP430FR2632IRGE @
MSP430FR2632YQW ——
MSP430FR2633IDA
[0 11SP430FR2633IRHB
Sensd | SP430FR2633YOW

Controlle
Port Use Mod
-AP0.0 | Unrestricts
CAP0.1 Unrestrict:
CAP0.2 | Unrestrick
CAPO03 | Unrestrict
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At this point the controller properties show no connections between the sensor and the MCU.

[ Controller properties *

MName: MSP430FR2GIIRHE

Configaration Compile Time Options. Low Power Mode Opions. Target Commusications _i\
Device | MSP4IOFR26IURHE  |@ Wake On Proximity Sensor| None | @ Lew Power Mode LPMD ¥ Connecied )
Show Device Documeniziion Forca LPAS In Wake-on-ProzMode_| | | 0000 Lo99Ing =
Operating Condlicn  |0C ¥ Communication Intertace| UART =

Configure Cennections | Scan Time Estimate | Channel Bar Chart | Channel Tatde | Comeersion_Corol | Hicise immunity |

Sy |

Unconnecind Controller Sensors Tirne Cycles
Sensoe  Elecirode Ponl UseMode Parallel Gio..  TKPOQ
TKPOD RXDO CAPO.O | Unrestncled B3
TRFOD R0 CAPD 1| Unrestricied B1
THPOO R0Z CAPO2 | Unfestricted B2
TePOO RxO3 CAPO3 | Unrestricled B0
THFOD R4 CAF10 | Unrestclec B0
THPOD TH CAF1.1 | Unresticled B
THFOO a1 CAP12 | Unrestricted B2
TKPOD T2 CAP13  |Unresticted B3
TKPO! T CAPZ0 | Unrestricted 1] %
o o4 T T Auto-Assign Button
CAP22 resticied B2
CAPZ esinclec B3
CAP30 B0
B1

CAP2 2 Aed B2
CAPR3 | Unresfigle B3
Unconnected
Electrodes CapTlvate Block/Pin

AV

The next task is to assign the sensor’s RX and TX connections to the appropriate pins on the MCU. This
can be done by hand and is challenging, especially for larger sensors, and if not done correctly the
sensor’s performance can be suffer or will not work at all. Therefore, Tl recommends allowing the GUI
to choose the connections by clicking on the “Auto-Assign” button.

The Auto-Assign feature allows the CapTlvate Design Center to determine the optimal connections
between the sensor and the pins on the MCU. The controller view shows the measurement time cycles
with the corresponding sensor elements. From this view you can see that measuring the demo
Touchpad sensor takes 10 measurement cycles.

Note: The TP4X4 FR2673 starter demo PCB pin assignment shown here was routing manually. This will
not match the Auto-Assigned configuration.

_[ Configure Connections T Scan Time Estimate T Channel Bar Chart T Channel Table T Conversion_Control T Noise Immunity ]

Unconnected Controller Sensors Time Cydes

Sensor Electrode Port Use Mode Parallel Gro..  TKPOO TKPOO_CO00 TKPOO_CO1 TKPOO_CO02 TKPO0_CO02 TKPOO_C04 TKPOO_CO0S TKPOO_CO6 TKPOO_CO7 TKPOO_CO08 TKPOO_CO09
CAP0O0 | Unrestricted B3
CAPD.1 | Unrestricted B1 T4 X TX
CAP0.2 _ Unrestricted B2 TK02 TX TX
CAPO3 | Unrestricted BO RX0D EDD E05 E10 E15 E20
CAP1.0 | Unrestricted B0 RX01 ED1 E06 EN E16 E21
CAP11__ Unrestricted B1
CAP1.2 | Unrestricted B2 T TX T
CAP13 | Unrestricted B3 TX00 X TX
CAP2.0 _ Unrestricted B1
CAP21  |Unrestricted B0 RX02 E02 E07 E12 E17 E22

CAP22  Unrestricted B2

CAP23  Unrestricted B3

CAP30 | Unrestricted B0 RX03 ED3 E08 E13 E18 E23

CAP21  |Unrestricted B1 RX04 E04 E09 E14 E19 E24
CAP32  Unrestricted B2 TX03 T T

CAP3.3 | Unrestricted B3
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The Configuration Connections above show the Time Cycles columns or measurement cycles. You can
see that it requires 10 measurement cycles to measure the complete touchpad. The GUI can show an
estimate of how long it will take to scan all 10 cycles. Open the Scan Time Estimate tab. You see that
the 10 measurement cycles take only 1.58ms, and you can see how much time remains before the next
time the sensor is measured. This view gives some perspective of the percentage of the 20ms is
consumed by the measurement process. Note, there is always additional MCU processing that occurs
post measurement but this time will vary and is difficult to estimate so it is not included.

Configure Connections | Scan Time Estimate T Channel Bar Chart T Channel Table T Conversion_Control T Moise Immunity ]

Scan Time Estimation

| 1
8 10 12 14
Time{ms)

[ Help |

L Select All |

| Deselect All |

[ --Scan Period-- | 20.000ms
M --sensors Total-- 1.580ms

¥ TKPOO 1580ms
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The next step is to generate a new target MCU source code project, but you want to save your project

first. Next click on the “Generate Source Code” button, then select “Create New project”. Note the

location where this project is saved! You will need to remember the directory name when importing the

project into CCS.

c:\users[your name]\CaptivateDesignCenter_1_83_00_08\CaptivateDesignCenterWorkspace

Settings &J

Select configuration

(®) Create new project
) Update existing project

[ ok || cAncEL

Import Output Project into Code Composer Studio
In Code Composer Studio, import the firmware project by navigating to the directory from above, then

click on the project name.

80 workspace_examples - Code Composer Studio

File Edit View MNavigate Project Run Scripts Window Help

o

-
1

=
O

() Getting Started 52

=1
®

New CCS5 Project...
New Energia Sketch...

Build Configurations

Build Working Set

Clean...

Build Autematically

Show Build Settings..

Import CCS Projects...

Import Legacy CC$v3.3 Projects...

Add Files... Import existing CCS Proj

RTSC Tools
Import Energia Sketch...

Import Energia Libraries..

Properties

>

Build and program the MCU
To run the demo from CCS, click the RUN icon or dis-connect then re-connect the USB cable
The MCU will start sending sensor data to the CapTlvate Design Center once the MCU wakes up

ects into workspace |
§8 Import CCS Projects a x
. -

Import CCS Projects r 4

Import existing CCS Projects or example CCS Projects, i :
-

(® Select search-directory: | | CapTlvateDesignCenter_1_83_00_08\CapTlvateDesignCenterWorkspace\TPSXSR-FR2633_starter_demo || Browse...

(O Select archive file: Browse...

Discovered projects:

i TP3X5R-FR2633 starter_deme [src/CCS/TP3XIR-FR2633 starter_demo projectspec] Select All
Deselect All

Refresh

after a swipe across the Trackpad sensor

Verify everything works by moving your finger around the TrackPad and try the various gestures.
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Sensor Tuning

The sensor tuning procedure is described in the CapTlvate_touchpad_sensor_tuning_guide.pdf.

For information on basic sensor tuning, refer to the Workshop Getting Started chapter in the CapTlvate

Technology Guide.

Gesture Tuning
The gesture tuning procedure is described in the CapTIvate_touchpad_gesture_tuning_guide.pdf.

Software

CapTlvate Capacitive Touch Library Overview
Refer to the CapTlvate Design Center documentation for additional information about the CapTlvate™
Touch library [click here].

User Configuration Manager
Application Configuration File : Top Level API

Buttons Protocol
Button Processing Plug-ins CapTivate Packet Handling

Touch
Sliders Sensor Calibration, Interface Byte Queue
Shder Processing Plug-ins Measurement, Top Level COMMs Incoming Data Buffering

and Processing

EMC Ping Pong Buffer

Noise Immunity Plug-ins Outgoing Data Buffering

Track/Gesture Pad
Plug-ins

Serial Drivers
UART, 12C

iy Module Color Key

[ euse  Jl Adanced J Comm BRI R Use )

Touchpad Software Development
The sensor tuning procedure is described in the CapTlvate_touchpad_software_development_guide.pdf.
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Re-Programming the MCU using Tl Uniflash

To re-program the provided demo firmware images use the Tl Uniflash utility.

Download and launch the Uniflash utility and follow the instructions that are provided. Select the
MSP430FR2673 (on-chip).

UniFlash  Session ~  About @ Help &8 Sertings
~ Detected Devices E
{3
| Status: ® Active - Monitoring for changes Setting:  Auto -

~ New Configuration t

@ Choose Your Device

Category: All | C2000 | mmWave | MSP | PGA | Safety | Tiva | UCD | Wireless | Bootloader
Q Iox
ey -
B MsPa30FR2632 onchip
Wl MSP430FR2632(BOOTLOADER) Seria
| Bl msp430FR2633 omchip
Wl MSP430FR2633(BOOTLOADER) Serial
Wl MSP430FR2675(BOOTLOADER) Seria
Bl MSP430FR2676(BOOTLOADER) Sarial
- MSP430FR4131 On-Chip
Ml MSP430FR4131(BOOTLOADER) Seria
Wl MsP430FRA132 omchip
Bl MSP430FR4132(BOOTLOADER) Seria
W MsP430FR4133 onchn
Bl MSP430FR4133(BOOTLOADER) Saria
W 11spasnFRsNAT Onchin 7 hd

Next, select the TI MSP430 USB1 connection.

UniFlash Session ¥ About @ Help £ Semings
ol

~ Detected Devices

Status: @ Active - Monitoring for changes Setting: Auto o |

[rem— v X

Q Selected Device: MSP430FR2633

@ Choose Your Connection

| TI MSP430 USB1
Ti MSP430 USB2
TI MSP430 USB3

@

~ Create Session From Existing Target Configuration File

Click the Start button to establish communications with the CAPT-PGMR.

26



I3 TEXAS
INSTRUMENTS CapTlvate™ Technology TrackPad Guide

@ selected Device MSP430FR2633

@& sclcoted Connection: { T MsPazo use

o -

Click the Browse button and navigate to the CapTlvate design workspace directory where the
demonstration project zip file contents were un-zipped and select the desired demo file (*.txt) in its
respective folder.

Select and Load Images

Flash Image(s)

CapTlvateDesignCenter_1_83_00_08 » CapTlvateDesignCenterWorkspace

~ MName Date modified Type
TI_Examples File folder
TP3X5R-FR2633_LowPower_demo File folder
TP3X5R-FR2633_starter_demo File folder

Click the Load Image button to re-flash the MCU with the new demo firmware.

Select and Load Images

Flash Image(s)

TP5X5R-FR2633_LowPower.txt

Available Action(s) - 1 Image Selected

Load Image Verify Image

Reset Actions

[Click here to query available reset options]

Run Actions

Run Target After Program Load/Flash Operation
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R18

MCU_R¥_MODE RX_MODE

MCU_RX0 R12 RX0

MECL_RXZ R10

MCU_RX1 R11 RX1

MCLU_RX3 RS RX3

MCLU_TX0 R2 X0
MGU_TXA R4 X1
MCU_TX2 R2 T2

MCU_TX3 RE TX3

CapTlvate™ Technology TrackPad Guide

THIS DESIGN IS A 4X4 CONFIGURATION

SEWTDIC_RST
™
W 015AF 16005 -
s —| 1000pF

ND

[n)

MSP430FR2633 RESET

R lme  lrs
2ok Sz Sk

[Tt i

BRIDGE_TXD

QOO ooo<5r_'|
QODOO00O 00

E5W-110-22-F-D-RA

NOTE: New J1 symbol from Aftium Vaul
o Although connector pin numbering ha
Mo changes to signal (net) connector po:

PROGRAMMER EDGE CONNECTOR

oz D1
fed LED g . Red LED
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] i
| i
i C-135 32 TREOKA-AT i
I xou n XIN l
0 1 2
| [k i
TSW-103-07-T-5 I 12 788 KHz l
I J—C' J— c2 l
o] 2 BRIDGE THD t ZipF ZipF :
e T . =
» l —_— - l
I D GHD l
EZFET OR HID UART SELECTION | i
32kHZ XTAL
i i
A S O O O G o o O G o O ‘

LDO  DC/DC

Supports
ez-FET UART

RXL RXZ AX3

TEXAS INSTRUMENTS

30



I3 TEXAS

INSTRUMENTS

CAPT-PGMR Connections

Connect to Target MCU UART TXD
HID BRIDGE UART RXD

Connect to target MCU 12C SDA
HID BRIDGE I2C SDA

Connect to target MCU 12C IRQ
HID BRIDGE IRQ

GND

CapTlvate™ Technology TrackPad Guide

SPY-BI-WIRE Programming and debug. Connect to Target MCU SBWTCK_TST
SBWTCK_TST

eZ-FET Back channel UART communication
oZ-FET UART RXD

eZ-FET Energy Trace Target MCU VCC
3.3V Metered

+3.3V I

GND GND

1012|1416 183 20

Dﬂ 19

Dq

HID BRIDGE I2C SCL
Connect to target MCU 12C SCL

HID BRIDGE UART TXD
Connect to Target MCU UART RXD

nm
ao | | [ow]
v

+5

eZ-FET Back channel UART communiucation

SBWTDIO_RST
SPY-BI-WIRE Programming and debug. Connect to Target MCU SBWTDIO_RST
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