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Technology/Cost comparisons

* |n liquid sensors are prone to corrosion/mechanical failure and can’t work with
arbitrary containers. (drink dispensers, coffee machines, etc.)

* The additional cost of a transducer can be 50 cents(in high volumes).
— The transducer can often be fit directly into the chassis of the tank or machine and
doesn’t require modification to the container itself.

 Ultrasonic level sensing enables resolutions(~20 microns) which could enable
feedback for flow control while dispensing fluid from a container(or to a
container).

» Average current consumption is <20uA per measurement per second.
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TI’s ultrasonic sensing solution (MSP43FR604Xx)

4-8MHz Crystal

femm_—_—_—_—_—_—_—_—_——— - o - - - - - - 1 J J.
: Integrated PHY : : | P Ny -
CH ouT| | | | Programmable : : :
= 1 —< | i 1 Pulse | | I
[ | | y USS External
‘ | ‘ ‘ ‘ ‘ ‘ ‘ & TX | : | Generator : : Oacilaior :
< R
CR_OUT | LowImpedance ! I 133KHz - 2.5MHz : : I
: output driver(4.1) : l ‘I | ——
! High speed PLL !
I upto 80MHz :
L----------‘
1 CH_IN |}~ /T ======7 1 Data ! | Low |
T Mi | PGA ~~a_ ’;’ High Speed | | Transfer | | Energy -
*]l” [ ! U[ "  mp RX ! 6508 10 ‘-""'Q Slgma Delta Ancl | Controller I__": Accelerator H— MSP430
ulw =" Memmmemmeel | intervenion 1 | jEndinebased
- qugrimnﬁ_ble b e e e N ( >ighaprocessing _l
ain Amplifier
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ADC based

TDC
Zero-Crossing
(Amplitude
Dependent)

ADC Based
Correlation

(Amplitude
Independent)

correlation vs. TDC zero crossing

STOP.1,2,3,4 1. Stop timer when
threshold exceeded.
2. Find subsequent zero

. Crossings.

t STOR_enable
V
) x10%
Peak value = 15729.26 Corelated put
15__Peakindex=:332 Hilbert Transform
Above value = 3479.74 A Crossing threshold
' Above index = 290 value = 3460.44

|

_ 1 1 L 1 !
100 150 200 250 300 350 400 450 500 550

-1 Below value = 3410.58
Below index = 289

1. Perform full correlation of input with
binary transmit pattern

2. Compute Hilbert transform

3. Find envelope peak value and index

4. Calculate threshold using the peak
value

5. Interpolate to find threshold
crossing.
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Ultrasonic configuration

MSP430 4—
FR6043

Air

Water

http://www.ti.com/lit/an/slaa951a/slaa951a.pdf :

wi# TEXAS INSTRUMENTS



http://www.ti.com/lit/an/slaa951a/slaa951a.pdf

OpenSCAD test fixtures

file Edit Design View Help
ditor

3 LID RADIUS=40;

Q CYLINDER LENGTH=20;
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TRANSDUCER RADIUS=7.5;
HOLE RADIUS=3;

LID LENGTH=3;

difference () {
union () {
translate ([0, 0, 0])
rotate ([0, 0, 0])
cylinder (h = LID LENGTH, r = LID RADIUS);

translate ([0, 0, 0])

rotate ([0, 0, 0])

cylinder (h = CYLINDER LENGTH, r =
TRANSDUCER_RADIUS+3);
}
union () {

translate ([0, 0, 0])

rotate ([0, 0, 0])

cylinder (h = CYLINDER LENGTH, r =
TRANSDUCER RADIUS);

translate ([0, 15, 0])
rotate ([0, 0, 0])

cylinder (h = LID LENGTH, r = HOLE RADIUS);

}

200kHz 175kHz  500kHz

n http://www.openscad.org/
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Tradeoffs In transducers

Freque |3.3V 8 Pulse Minimum

1MHZz

ncy Excitation | Standard Distance
Range Deviation

1/5kHz >100cm 100-500ns 3.5cm
200kHz 20 cm 50-400 ns 1.5cm
500kHz 15cm 10-300 ns 1cm

o (1/m)

The standard deviation In measurements

Increases with distance.
Increasing excitation voltage and/or a /
collimating waveguide can extend range. % 20 40 60 80 100

- ; methane (%)
The attenuation of the ultrasonic wave
Increases with frequency and can vary based on the gas mixture.

100kHz
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500kHz @12cm

J|F‘a.ramt s || Advanced Parameters | Calibratio

Software Parameter:

Transmit frequency (kHz) F1 490 Iﬂ F2

Gap between pulse start and ADC capture (us)

Number of Pulses

UPS and DNS Gap (ps)

UPSO0 to UPS1 Gap (ms)

GUI Based Gain Control 21.5 db [j

540 iﬂ F1to F2 Sweep | ¥

Meter Constant

Options.

l Request Update J l Save Configuration J { Load Configuration

Timing Diagram

8 Excitation Pulses
Channel 0

Channel 1

7245

v24.0~

T235 7

72307

V225 _

] Gim

Absolute TOF

oo~

go0 -~

00 -

400~

300~

200~

100~

f——7T 3k
L]
1

ADC Capture

Al G

04: 3450 043500

Time

UPS {Red): Mean = T22.47 Min = T22.58 Max = 722

DNS (Bles): Mean = TZ1.52 Min = TZ3.03 Max = T24

Ho=020
ANo=022

I I I I I 1 1 1 1 1
] 100 150 200 250 300 a3s0 400 450 50
ADC Buffer Indesx

0.2us * 343m/s = 68.6um
(34.3um one way)
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200kHz @10cm

| Parameters ] Advanced Parameters | Calibration |

Software Parameters

Transmit frequency (kHz) F1 170 iﬂ F2

Gap between pulse start and ADC capture (us) 500
Number of Pulses 8
UPS and DNS Gap (us) 8,000
UPSO0 to UPS1 Gap (ms) 150

GUI Based Gain Control

220 iﬂ

F1to F2 Sweep | ¥

Meter Constant 61.00 [ £h ] Gim
Options
Request Update J { Save Configuration J [ Load Configuration J { ResetVa EiI:II:II:I =
Timing Diagram
2995~
8 Excitation Pulses
2990~
Channel 0
29557 |
1
Channel 1 S95.0 - 1
2975~
297 0"
2965 _

Absolute TOF

1000~

=100

GO0~

400~

200~

WIS Q= =L 580 W= =T, Ju

ADC Capture

| | |
20:30 04:25:40 04:25:30

Time

|
04:29:00

|r £
!
h
I
04: 29:1

UPS {Red): Mean = 55844 Min = 537.25 Max = 533.
DNE (Blus): Mean = 598.40 Min = 597.40 Max = 559,

s

1
1C \
L
I

= \

-1C
| | | | | | |
1250 50 100 120 140 18D 180

ADC Butfer Index

200

220 240

0.4us * 343m/s = 137.2um

~ (68.6um one way)
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ADC Capture

175kHz @10cm

§00
_ﬂ Parameters Advanced Parameters T Dahbratmn
Software Parameters s00 -
Transmit frequency (kHz) F1 170 iﬁ F2 180 iﬁ [F1 to F2 Sweep | 400 - l‘
Gap between pulse start and ADC capture (us) 500 ﬁ 300 -
Number of Pulses 8 ﬁ 200 - \ ﬂ l ﬂ
UPS and DNS Gap (us) 8,000 |5 4 100- F
m
UPSO to UPS1 Gap (ms) 150 4] LN
. = [
GUI Based Gain Control 4.4 db j ¢ -100°
: u
Meter Constant 61.00 [ £ih ] Gim d -200° il i k ) J
=]
-300 ~ ——————————— '
Absolute TOF ||
Options
_ R
S57.0
{ Request Update J { Save Configuration J { Load Configuration J { Re
A 5865~
Timing Diagram
|'|'~| Il wJh
3 Excitation Pulses = 11
o Excitation Fulses =860 %ﬁ%ﬁl}h} *’H"‘lﬁwﬂzﬁr\"ﬂfm‘r " f | | | | | | | | | |
/ po0 &0 100 120 140 160 180 200 220 240
Channel 0 e ADC Butfer Index
555.0 _
| | | | | *
Od:40:25 04:40:30 0d:40:35 04:40:40 0d:40:45 —
s oo 0.13us * 343m/s = 44.6 um

szl (22.3um one way)
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200kHz foam
experiments

[ Configuration TWavefurms TADC Capture I Frequency Sweep T Calibration T Debug Waveform T Emors (3182) (X ] -
Coll = ICaplure J l Continuous Capture J { Save Capture J lcom—j" p—a—"ell Eﬂmlp =
( Capture ] | continuous captre | | Save Capture J 1 Cle J L Capture J | continuous Capture | | Save Capture I Clear J
) ADC Capture e — i DNs
800 o ADC Capture |G urs L ADC Capture .
-
100
300 g5l
g0- \ ‘ ‘ ‘ } \
- 80 i
200 " | \ \‘ l / \} | I } ' T \
N T N ™ | il ’W( i Wil I | It Il L ') I ‘Nﬂ
m N | | n J‘II | Il o il L r | X . ‘ '|‘ i | A 50" \ 1 I ’ ) rl ||' I r. ‘ \ | |
R vl TR Y o 1 MR Rt R N
AR A Iy (] LA ‘ ‘ ‘ A fitAl H\ | Il | | I
A 'g i I AL | 0-"11‘“ W\ j A .m i ;o ( Nk “fhr *-" | .‘ il L M il
: . “L““\ W f” ».H “N\‘l f\ i “l‘ ‘ll" H |‘” L ' ’ |‘| "‘ ‘ ' |‘ “ ‘ |‘ ‘ i “
e -200- : s | ' \ Hl " S 60~ l‘ ‘ ‘ | | || H ‘ | 1 ‘ ‘ ‘ 1 ‘
- 80 ‘ i {
- i 100- | l |
400 - 420-
-0 e i1 g0~
600 200 80 _
I N N A N N T L a m s m m m w
ADC Buffer Index ADC Buffer Index
L ” Ll HID connected to MSP430FR6043 on Evaluation Module *9 TexAS INSTRUMENTS 4ID connected to MEP430FRE043 on Evaluation Module » TexAS INSTRUMENTS

No Foam

Some Foam

More Foam

13

wi# TEXAS INSTRUMENTS




200kHz condensation effects

. ADC Capture : .
|

::ZH | M \ﬁ' | L\+ ,‘L a/“ l.' | -.“ M“ i / Wi J“i 'hr 'ﬁ ljﬁ | i ] ﬁ

g J [ {[»UL:{ L - ‘

: , T |

. 59 H

ffffffffffffff

]
|
|
09:51:.26 0a: 0 09:51:.32

P

UP5 (Red): Mean = 575.55 Min = 582.63 Max = B9 o =352

DM 5 (Blus): Mean = 577.00 Min = 571.44 Max = 52 o =457 14
~—
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oS+ — —T =3 I=

175kHz condensation
effects

ADC Capture

400~

350~
300 = ‘ J
250~ |
200 - ||

1350~

100~ r Absolute TOF

a0~ i

- WWMI s

-50” 380~

=

-100 ~

I S bt
I (=g i

=300 =

"o.

-350 -
| |

_m_l I I I I I I I 09 3620 019:36: 25 TI:;::E:SD 093535 0935 4uS * 343m/S — 1 37mm

] 20 a0 0 0 100 120 140 _
ADC Butfer Indes UPS (Red): Mean = 570.07 Min = 552.27 Max = 588.80/6 = 4.08
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Additional applications/demo

Sensing Modality Applications/EE

Level, Surface Sensing Coffee Makers, Air Humidifiers, Level Transmitters

Security Sensors, Garage door Openers

Distance Measurement

| ( , :&, Material, Composition Analysis Water Filters, O2 Concentrator, Glycol Concentration,
H_’ “ ” ' Us“;?-.i?nnéc L ’ Mixture Analyzer
: Subsystem
. (USS)
..:If'_.jg,. = AFE+ADC
. . Vibration, Motion Sensing Motion Detectors, Glass Break Detectors

Tl Ultrasonic
Sensing Solution

Temperature Measurement Multiple EEs - Used for Calibration and compensation

Air Flow Sensing (Non Invasive) CPAPs, Spirometers, Ventilators, Musical Instruments

www.ti.com/tool/evm430-fr6043
(Technical Documents)

16
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Agenda

CapTlvate™ Technology

Automating Sensor Designs

CapTlvate Design Center

OpenSCAD Demo
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MSP430™ capacitive touch sensing
microcontrollers

CapTlvate™ MCUs: Easiest to use capacitive touch solutions

MSP430™ capacitive touch sensing MCUs feature CapTlvate™ technology offering the lowest power capacitive touch
solutions. With support from 1 to 64 buttons, sliders, wheels and proximity with reliable performance in wet, dirty and greasy
conditions as well as through metal, glass, plastic and other overlays, we have a capacitive touch solution for your MCU-

based design.

19
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Agenda

CapTlvate™ Technology
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CapTlvate Technology Guide highlights

Wi TEXAS INSTRUMENTS

 https://ti.com/captivatetechqguide
— MSP430 CapTlvate MCU selection oot Teriepy it
— CapTlvate Technology

Design Guide

Getting Started with CapTivate

— Sensor design guidelines Introduction

Capacitive Sensing Basics

Technology Capacitive touch detection is sometimes considered more art than science. T

— CapT I Vate D eS i g n Ce nte r G U I 5 Design Guide practices for circuit layout and principles of materials that need to be unde.rs

Introduction Good sensor design are the foundation for a successful touch product.

— Development Tools

Design Process

— Getting Started Workshop —

— Video .
* Tune capacitive sensors in 5mins or less B © |0

: < l

[a
buttons
RX00
RX01
RX02
RX03
-
eady Wi Texas INSTRUMENTS
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https://ti.com/captivatetechguide
https://training.ti.com/captivate-training-series-part3

CapTlvate tools

EVALUATION BOARD

CAPTIVATE-FR2633 — Capacitive touch MSP430FR2633 MCU board

DEVELOPMENT KIT

CAPTIVATE-PHONE — Capacitive touch mutual capacitance sensor demonstration
board with haptic feedback

EVALUATION BOARD

CAPTIVATE-BSWP — Capacitive touch self capacitance button, slider, wheel, and
proximity sensor demonstration board

HARDWARE PROGRAMMING TOOL
CAPTIVATE-PGMR — MSP430 CapTlvate™ MCU programmer

EVALUATION BOARD

CAPT-FR2633-BNDL — CAPTIVATE-FR2633 + CAPTIVATE-BSWP + CAPTIVATE-
PHONE + CAPTIVATE-PGMR bundle

22
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Agenda

Automating Sensor Designs

23

wi# TEXAS INSTRUMENTS



Automating PCB sensor design

« CapTlvate Tech Guide — Design Guide Chapter
« SLAA891- OpenSCAD auto-generates electrode patterns in seconds
 Scripts for sliders, curved sliders, wheels and touchpads provided by Tl

Application Report
’ }-E)S(F?.SUMENT S SLAABIT1B—Apnl 2019—Revised February 2020
Automating Capacitive Touch Sensor PCB Design Using
OpenSCAD Scripts

Element 1

4 Element

Wheel ' Element 2 adding
é le
e

Element 4.

Stop angle = 135°

Slider_length

Element 3

24
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Automating PCB sensor design

OpenSCAD
— https://www.openscad.org

Open Source (free)
2D/3D CAD

Programming script controls

sensor design

Open

File
Editor

@ & W s osE

Edit Design View Help

» Egj ;A

The Programmers Solid 3D CAD Modeller

¥+

=]

I I I U B

o otnotnowon oo n ol

W

=]

I NI BT U B

Fos I T e s T s s T s
W

[=1

S e e B B |
(<IN T T S PUR SV

[=1

1@ o W by

W oo

O W oo oD DD W -
= o

// MSP430 Applications
// wversion 1.0
// Bug 22, 2020

i/ CONSTANTS
// DON'T CHANGE THESE
Sfn = 400; // Defines number of fragments

Scircle = 0;
Srectangle = 1;
Scustom = 2;
Snone = 3;
purposes)
$x_max = 20;
Sy_max = 20;

// Defines for shapes

// No shape shows entire diamond matrix (development

// Maximum number or supported columns + 1
// Maxzimum number of supported rows + 1

// USER INPUTS
// #1 - SPECIFY IF ROUND OR SQUARE OR CUSTOM
shape = Scustom;

// #2 — SPECIFY THE NUMBER OF R¥ AND TX
rows = 77
columns = 6;

// #3 - SPECIFY THE WIDTH AND HEIGHT OF THE TOUCHPAD IN UNITS
i/ IF CIRCLE, WIDTH AND HEIGHT SHOULD BE SET EQUAL

/Y IF CUSTOM, REFER TO DXF OUTPUT

touchpad width = 50;

touchpad_height = 60;

// #4 - SPECIFY THE EDGE TO EDGE SPACING BETWEEN DIAMONDS
diamond_spacing = .4;

// #5 - SPECIFY DXF FILE TO IMPORT
dxf = "50x60mm_ellipse.dxf"; // example file (20mm x 14mm ellipse)

// #6 — (OPTIONAL FOR CUSTOM) SPECIFY OBJECT ROTATION (DEGREES)
sensor rotation = 0;

// #7 - (OPTIONAL FOR CUSTOM) CORRECT XY DXF OFFSET OR SCALE SIZE
dxf offset_x = -0.5;

d=zf offset_y = 0;

dzf scale = = 1.0;

dxf scale_ y = 1.0;

&
<

o
o

@R/ DG Ped FgHEH »F AD

Console

Compili
ECHO:

ing design (CSG Tree generation). ..

HO: "BEGIN REPORT™

ECHO:
ECHO:
ECHO:
ECHO:
ECHO:;
ECHO:
ECHO:;
ECHO:
ECHO:
ECHO:
ECHO:

"shape =", 2

“diamond_x =", 7.76773

“diamond_y =", 8.00583

"tip-tip spacing (adjacent diamonds) = ", 0.5656
"pitch_x =", 8.33333

“pitch_y = ", 8.57143
"sensor_rotation{deg) =", 0

“duf x tranglation =7, -25

"dxf y translation =", 0

“estimated min finger size =, 11,9547
"END REPORT"

25
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https://www.openscad.org/

Automating PCB sensor design

» Scripts can be customized by user

« Requires only a few parameters to
define a sensor design

L
L

54

[
L

-1

0 o

0y oM oy oy LR LoLn ir

// USER DEFINED INPUTS:

// STEP #1
// USER DEFINED NUMBER OF ELEMENTS IN THE SLIDER (MIN IS 3, TYPICAL IS 4)
total elements = 4;

// STEP #2
// USER DEFINED NUMEEE OF FINGERS (TINES) (TYPICAL = 5)
tines = 5;

// STEP #3
// USER DEFINED LENGTH (mm IN THIS EXAMPLE)
slider length = 150;

// STEP #4
// USER DEFINED WIDTH (mm IN THIS EXAMPLE)
slider width = 15;

// STEP #5

// TUSER DEFINED LEFT AND RIGHT END PADDING SIZE (mm IN THIS EXAMPLE)
7/ (mm IN THIS EXAMPLE)

padding = 2;

// STEP #&

// USER DEFINED CLEARANCES AND TIP WIDTH (mm IN THIS EXAMPLE)
//(mm IN THIS EXAMPLE)

clearance = 0.5;

tip width = 0.25;

26
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OpenSCAD design process

* Live Demo at end of presentation

( Start

STEP 1 '
: : Render (FB) in

Modify script OpenSCAD to More
parameters : changes?

view sensor

Yes
No

STEP 2 STEP 3

Import DXF Convert
Export DXF |——» primitives into »  primitives to

PCEB CAD tool copper regions

o)

Figure 1. Workflow

27
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Agenda

CapTlvate Design Center
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CapTlvate Design Center GUI

e Select MCU

& Design Center - UNTITLED - O X
EiIeMigs:it"f:j:nssiir:smunications Help n anhn”er Fﬂpﬂrﬂeg ! I
Rl INQAESRSYKe] -
K Mame: MSP430FR2633IRHB
/ Configuration
’
Device :H’mﬁmﬁ n
show 0 MSP430FR2532IRGE
MSP430FR25331DA
| Config MSP430FR2533IRHE n
MSP430FR2632IRGE B
MSP430FR26331DA B
: ‘ i MSP430FR2633IRHE
EiS = @ LN SENSOo | e T W e T
ersion: 1_83_00_13 i3 TEXAS INSTRUMENTS
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CapTlvate Design Center GUI

» Select and configure keypad sensor

EJ Design Center - UNTITLED - O x
File Edit Options Communications Help
Miscellaneous Serm‘s}
B | - © 0 .
k + ButtonGroupSensor properties
g BTNOO | Name: keypad
g (
g RX0DO B/ -
o R0 F
RX02 . -
d re3 > Capacitive Mode | SELF v|
g Rx04 -
| raos Element Count 8 &
RX06 m— m— —
b Rx07 Electrode config| Cycles: 2, Controller Ports: 8, TX O, RX: 8 | ¥
|_ Configure TwRx Groups _]
=3
B
ELS v ¥
ersion: 1_83_00_13 Wi TEXAS INSTRUMENTS
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CapTlvate Design Center GUI

* Repeat for all sensors

EJ Design Center - UNTITLED

File Edit Options Communications Help

Miscellanecus

Sensors

]
)

*I0|0]

il

Fl_Fl Fl 7 F

RX00
FX01

RX02
X032

FX04

RX03
RX06

RXO7

ersion

$1_83_00_13

#i3 TEXas INSTRUMENTS
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CapTlvate Design Center GUI

El Controller properties ;

.

Mame: MSP430FR2633IRHB

Compile Time Options

w .1

Wake On Proximity Sensor| Mone .‘l'.

Configuration Low Power Mode Options Target Communications

I 4 W |

Connected ]
CJ

Data Logging

Communication Interface| UART ."

Low Power Mode

LPMO | ¥

Force LPM4 in Wake-on-Prox Mode E]

Device [ MSP430FR2633IRHE | ‘l']
Show Device Documentation
oc | v

Operating Condition

J ConﬁgureConnecﬁonsT Scan Time Estimate T Channel Bar Chart I Channel Table T Conversion_Control I Maoise lImmunity ]

1
Generate Source code l Clear [ Auto-Assign J-
Unconnected Controller Sensors Time Cycles —_—
Sensor Electrode Part Use Mode Parallel Gro...  BTNOO PRX00 SLDO0 WHLOO
BTMOO RX00 CAPO0.0 Unrestricted BO
BTMOO R0 CAPDA Unrestricted B1
BTMOO RX02 CAPD.2 Unrestricted B2
BTMOO RX03 CAPOD.2 Unrestricted B3
BTMOO RXx04 CAP1.0 Unrestricted BO
BTMOO RX05 CAP1A1 Unrestricted B1
BTMOO RX0A CAP1.2 Unrestricted B2
BTMOO RAO7 CAP1.3 Unrestricted B3
PRX00 RK00 CAP2.0 Unrestricted B0
SLDOO RA00 CAPZ1 Unrestricted B1
SLDOO R0 CAP22 Unrestricted B2
SLDO0 RX02 CAPZ2.3 Unrestricted B3
SLDOO RX03 CAP3.0 Unrestricted BO
WHLOO RA00 CAP3A Unrestricted B1
WHLOD R0 CAP3.2 Unrestricted B2
WHLOOD RX02 CAP3.3 Unrestricted B3
|

&
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CapTlvate Design Center GUI

« Configuration MCU connections to sensors
* Generate MSP430 starter project firmware

El Controller properties

MName: MSP430FR2633IRHB

Configuration Compile Time Options Low Power Mode Options Target Communications R
[ s N i " . ]
Device| MSP430FR2633IRHB  |¥| | Wake On Proximity Sensor| None  |¥| | Low Power Mode LPMO jm| | | Connecled U
Show Device Documentation ' " Force LPI4 in Wake-on-ProxMode( | = Da2L0dging U | :
Operating Condition | 0C - - ' Communication Interface| UART v | Generate Source code || Clear || Auto-Assign |
JConﬁgureConnedionsT Scan Time Estimate T Channel Bar Chart T Channel Table T Conversion_Control T Moise Immunity ] |
I Generate Source code Il Clear H Auto-Assign J-
Unconnected .
Sensor Electrode Confroller SRR RS Settin s }{
Port Use Mode Parallel Gro...  BTNOD PRX00 SLDO0 WHLOO BTNO0_CO00 BTNOO_CO1 PRX00_CO0 SLDO0_CO0 WHL0OO_CO0
CAP0.0 | Unrestricted BO RX00 E00 N
CAPO.1 | Unrestricted B RX04 E04 Select 'l:ﬂ'“ﬁﬂll ration
CAP0.2 | Unrestricted B2 RX00 =]i]
CAP0.3 | Unrestricted B3 RX00 E00 r b
CAP1.0 | Unrestricted BO RX01 E01 .
CAP11_ | Unrestricted|  BA RX0S E0S @ Create new project
CAP12 | Unrestricted B2 RX01 E01 -
CAP13 | Unrestricted B3 RX01 E01 _/ U = ;
CAP2.0 | Unrestricted BO RX02 E02 UpdEl’[E EHIShng prﬂJEﬂ
CAP21 | Unrestricted B1 RX06 E0& |
CAP2.2  Unrestricted B2 RX02 E02
CAP2.3 | Unrestricted B3 RX02 I E02
CAP3.0 | Unrestricted BO RX03 E03 Y
CAP31 | Unrestricted B1 RX07 E07
e = Ok || cAnCEL |
CAP33 | Unrestricted B3 RX00 E00 b
v
IFLS J |
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CapTlvate Design Center GUI

 Build and program MSP430

¢ CAPT_Manager.c [¢] CAPT_HAL.c [¢] CAPT_HAL.h (€] main.c [ 12CSlz

55 #include "driverlib.h"
56 #include “captivate.h”
57 #include “CAPT App.h"
58 #include “CAPT_BSP.h"

59

61 // -unc+1cn prlewen*aflcn:

|:2.'.-
63

64 void main{wodid)

65 {
66
67
68
69
76
71
72
73
74
75
76
77
78
79
20
81
82
83
84

iy

Jf Initialize the MCU

J/ BSP_configureMCU() sets up the
J// The global interrupt enable is
J{ to wake the MCU.

|'|'

WDTCTL = WDTPW | WDTHOLD ;

B5P confTigureMCU();

__bis SR register{GIE};

i

// Start the CapTIvate application
/7

CAPT appStart();

.'I. .'I.

// Background Loop
.'I- ..|I.

while(1)

// MSPWare Driver Library

{/ CapTIvate Touch Software
// CapTIvate Application C¢
L CapTIvate EWVM Board Supt

device I0 and clocking
set to allow peripherals

Code Composer Studio

OIAR

SYSTEMS
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CapTlvate Design Center GUI

« Enable communications
* View sensor data

Target Communications

Connected (]
Data Logging D
¢ | Communication Interface[ BULK_I2C | ']

Dwsiop MeSP WO RPE IR Enusle Msiia Imsmniy l.__. Cotagcipd !
Sty Qe Doouranlafion Wk On Paoudimity Senise| pnda |T| Commuticatsn inetiol BULK_I2C ix|

| Sontgure Conneckans | San Time Estimate | Ghannel Ba Ghan | Channet Tabie | Comersion_Control |

Channel Data

Bl - TR o —
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CapTlvate Design Center GUI

* View sensor output

r:m W'ﬂ!ﬂm Tﬂ'ﬂlm
Dhblcd M50 L BSERAEIURHE * Engtla Pistis Immeeity Cowctid
ShowOedce Ooumaniaion | | Wake On Prusimiy Sansar| pros EF Communicaton infertace BULK_ZC @
Channel Data Pict Display Options J
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CapTlvate Design Center GUI

* Tune sensor’s sensitivity and thresholds

Channel Osailloscope Plot | Channel Table | Conversion_Control | Tuning |

|c 700"

h G0 -

a i

= 500

n 400"

e

| 300 -

200 -

D 100 -

2

t el

a
Parameters
Conversion Gain 125
Conversion Count 200
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CapTlvate Desi

 Generate final code

gn Center GUI

El Controller properties

MName: MSP430FR2633IRHB

Configuration
i

Device| MSP430FR2633IRHE | 7|

Compile Time Options
W

Wake On Proximity Sensor| Mone ."

Low Power Mode Options
“

Low Power Mode

LPMO |¥ |

Target Communications
"

Connected
Data Logaging

U
U

Show Device Documentation

Cperating Condition | 0C |"'-

Force LPM4 in Wake-on-Prox Mode D

Communication Interface | UART |"'

J ConﬁgureConnecﬁonsT Scan Time Estimate T Channel Bar Chart T Channel Table T Conversion_Control T Moise Immunity ]

|
I Generate Source code Il Clear H Auto-Assign J-

Unconnected
Sensor Electrode Controller Sensors Time Cycles
Port Use Mode Parallel Gro...  BTMNOO PRX00 SLDO0 WHLOO BTMO0_CO0 BTMOO0_CO1 PRX00_CO0 SLDO0_CO00 WHLOD_CO0
CAP0O.0 | Unrestricted BO RX00 EOO
CAPO1 | Unrestricted B1 RX04 E04
CAP0.2 | Unrestricted B2 RX00 ECO
CAP0.3 | Unrestricted B3 RX00 EO00
CAP1.0 | Unrestricted BO R0 E01
CAP1.1 | Unrestricted B1 RX05 E0S
CAP1.2 | Unrestricted B2 RX01 EO01
CAP1.3 | Unrestricted B3 RX01 EO01
CAP2.0 | Unrestricted BO RX02 E0Z
CAP21 | Unrestricted B1 RX06 EO0G
CAP2.2 | Unrestricted B2 RX02 E02
CAPZ2.3 | Unrestricted B3 RX02 N EO0Z
CAP3.0 | Unrestricted BO RX03 E03
CAP31 | Unrestricted B1 RXO7 EO07
CAP3.2 | Unrestricted B2 RX03 EO03
CAP3.3 | Unrestricted B3 RX00 EOO

—

- ¥

—

I L Generate Source code JI Clear 1 Auto-Assign ]

.TII‘I1B Cydes

Settings X
Select configuration
'

(_) Create new project
@ Update existing project

| OK || cancEL |
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Agenda

OpenSCAD Demo
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Design Touchpad using OpenSCAD

* Touchpad is a 2D sensor
 Remote Controls, headphones, earbuds
* Use OpenSCAD to generate diamond patterns

P S

KK BEERY  eTeeee

5esece, WREEY  5%0%%

RKK Y S  TETTCe

3x4 Rotated Custom 3x5 Rectangular 1x8 1D Slider

4x4 Square

* OpenSCAD Demos
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