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BB IRE Meaning / Explanatl/On 2 LR
FRAM Ferroelectric RAM (FeRAM, F-RAM or BRHIZEREE (FeRAM. F-RAM 5t FRAMD
FRAM)
GUI Grapbhical user interface KR - AL m
IDE Integrated development environment LA KRR
BSL Bootloader 5 SR T
JTAG(named after the Joint Test
Actl/On Group) is an industry standard JTAG (AR TAEL4) Z—FrE PRt
JTAG for verifying designs, testing printed HEMRA P (IEEE 1149.1 Ff%) , T
circuit boards programming and T80 N ERIAR, T #0827 5 il
debugging after manufacture
2-wire Spy-Bi-Wire interface, a typical W4k Spy-Bi-Wire #2111, & [ TH T MSP430
SBW . — v
JTAG interface for MSP430 18R AT JTAG JE iR
MSP Mixed Signal Processor REE TS
NVM Nonvolatile memory A5 KA 2%
SHE R

e MSP430 1 &K Tit:

o

MSP430™ MCUs JT & FJlit &

e CapTlvate™ Fi /" Fift:

o
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CapTlvate™ Technology Guide (H#ThR)
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Capacitive Touch Design Flow for MSP430™ MCUs With CapTIvate™ Technology(F#T /i)
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Sensitivity, SNR, and design margin in capacitive touch applications (5D

o

o
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Enabling noise tolerant capacitive touch HMIs with MSP CapTlvate™ technology

Capacitive Touch Gesture Software and Tuning

Automating Capacitive Touch Sensor PCB Design Using OpenSCAD Scripts
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1.1 AR

LA SRR, A S F 7 AR PR AGHIN T4 B Bl S S T B . JE A 7w U, AL
TERANEE AT B SNIUHESURHL AL T8 2 AR e, AR -

Lo K TA) 5 i B 4 A T S P P I

2. EEHR ST AR, RAEOKIBIE, MolEAR

3. TN A e

4. ETEIBOTIL & e R B A

5. FEBIRAREON I E
Tl CapTivate™ IR MM B R SCRAL 6, BOILRN, ¥R%E, 5%, MRSimiiR 5 M as i, SCRr 2 M da s
Ble BATIIAEAR, ENEARBAFE, PIMRAES R, SCRFPIKIIRERIRS =
B SORHZ SRR A BT A AR S, o2 1A B PRIE T f# T) CapTivate™ HL 7R il B HE AR 142
Plo XFTRUTHREDPA, DI ERETT 1 BT 2 APk, X TREfF SHUMEAIT A, @ISR 1 &
T2 MIETT 30 XTI R, BT 2, FY 4 TR

ET51: BRI
RN 5 R

|

=2 Mcukdl s
DIEVEAl

|

=153 Hllsit S Not Pass
AT

|

54 BisHs
HE

i[9

AGHIK SR

JattEAEre
B 1-1 HL A A B R TR
1.2 MRWELCAH

CapTivate™: TI [IHEAAMEL LT RSt

Base HIZY: FHRMABLRT IfE /3% 27 AL LA

CAP 1/0: MSP430 % ["TH T 5230 25 A= D BE 1 5 | JE

LPMO/3/4: MSP430 A RIFMIKTIFERE S, HAKDIFE R S AH G384 () datasheet

Rx: HHIZARSLHBEABT, Mot AFAEBAEE MCU NS5 Ha 25 78 FLI 51 1/ Ha ik
Tx: HHZ N, T4 ar A v g 70 f i 51/ Ha ik
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2 HEAFMENEADRERE

LA A A AR I 2-1 B, — DL peB ERE AR N AR, SiM b, TR
P2, W RL, I REOKA PCB R . J3 AME RS A [ 7 A P

Decal

& AR LR

Overlay
Adhesive
Copper
FR-4 Core

Copper

B 2-1 H Al B A5 7 i

BET TR B A DAY, A A AT 2 Oy B R A TN RN PR R AR R AT HUAED . BB A
S R DX 2 TR FL AR

21 HERHBEAKN

-

(P K

“ﬁd‘*f
/

\\\ \ ﬂq

“ [ e h I -
i ! Frontpanel / Frontpanel
m pCB Elcémde pCB

P 22 LB L A

B AR, R A ORI R R A 2.2 B, ReBBUEI 23 R SR
EW%&Mﬁ%&(%W%mm>,%%m%mﬁmM%ﬁawor%ﬁmmwwﬁﬁﬁcpéAim&
B, SABATEIIN G Cl3 Gy TR R A K.

Buticnmm || ]
MCU '\W\' sensor Cy :
Rs : Ry
Cp ----- Cyq Ch
i
......... e, -

: Human body model
— 777
Power GND — Earth
2-3 [H B A AR 7Y
YLBH: SRERRIRIIREL, MARRIELIREL . KO R R FEROE A B .
R: AARHLRH
Rs: HRICHIPH, HEFEE N 470Q.
Co: H%48 5 BT T 2R (1) 0T FRUR b 27 A2 FLZY
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Ce: FRRHIG KHb 2 [T HLZY . KT HIBRIH, KA 1pF. XTSI vk % .

Ch: N5 Kb 2 1A F) 3 Bk L2

Ce: MG NFRITE A, BT AR LA 2R 454

Ca: AT 5 MR L R LR

RAET M, ZBE R, RIEZI . $58 X A SRR A AR 1-1 fros. REBUE T DLRAE il = A8 (1) HL
NGB Z M, AN 1-1 Frn. HP BT GERT ¢ M Gk, FUILAT 20 . 7EH-F B
B, CaBUh, BILC, + CuT A% TC, .

Cequal = Crouch + Chase = Ct”(Ch”Cg +Cy) + Cp ~ Ct”Cg + Cp (1-1)
C —-C C.||IC
Sensitivity = cqual base al g (1-2)
Cbase Cp
MPAT IR AR AN
A
C=e&o (1-3)

A: TIR 56 G B o 2= I AR

d: )= R .

go: /TS HLH AL

er: B i JZ (11 HUH A

A 1-2 1 1-3 AR, S REBUERITNEA : O W/NGERIER, R&diie,, AIMRREC,: 20 B
PR 1 3 2, BRI I PCB IJERE, AIMTREMIRC,: 3) T C S5CBELARM, & BRH it 5K AHE
MITIEINC, ;s 4) EEMEEMIER, B3R & T SRR 2 A I A R s G Z0E
B, IR I TR AR T ORI N REEUE . B EEOATHCR R C i KA R AR S T8 b i AR
FAF, 3 Ahad K AR T AR T I 05 5 5, R IEING,, FECR BRI,

2.2 HRBBEERM

://

_
{/‘ f';
- .._-f' '._z'

|| iem— Frantpane]

\ | Frontpanel

PCB PLB

2-4 TR AR I 5
B 2-4 R, R LRI P B AR R RO XU, R A, R, A3k FELRI o) SRS IR LA 22 T P
ARl o ELIBIRY PRGN R B AR A T DL 2 2 BT R I F  2E R G, BRSO . DA BT SR R B Dy
7, RN A AR AN ] 2-5 PR AN, Car RS 2Ckr, AT SIAN Crres Coo Ch 55 Cgo
B A5 XU LB B P RSB o
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RTx 2CRT
P —
Ct
Button ammes -
McU Sensor ' i .
h
- 2CRT
AAAA CRTY (o] Ch
RRx : -------------------------
—— Cg /7:77 Human body model
Power GND Earth

2-5 B AR AR AR
ULEH: SEERRIRSLPRELR, AR RIELREL . KO RN A B .
Crre: TIEAMHELS] N Rx F1 Tx AR 8] ) B FELZS
Crr: Rx Fll Tx HABZ (R HLZE, U NS, 8805 AN PEME 2 Car FIHLZY
Tx 5 Rx Z AR A A R 1-4 Fron. R RT DLRAE #7242 (1) AR A 5 Bt R 2 IR ) LE, G
w3 1-5 iR

4Crr” 4Cpr”
Coquat = + Crpg ¥ ————+ C (1-4)
equal 4CRT + Ctl |Ch | |Cg RTt 4'CRT + Ct | |Cg RTt
Crr * Ce|ICy _c
C -C 4Crr + C(||C RTt B
Sensitivity = basec cqual KT tc!l g (1-5)
base RT

XL, $RE RBUE I EZT AN O BREREE: 20 HOK TR Rx Z 8] 1A EE . ZE R 5
SRIGK Tx M1 Rx Z [AJH) (] B REWS I o> $R RN ER S, ARG iR REUE, (HIN R TR TR B 7 Tx
5 Rx, REPUZIRIMT N
ROk, 0T B S R AR, TR A R AR AE 1pF . (HE R base FIZF (i
BRI A — e T R base VA . PRI SR U B REBUZ (BT 5y 520 A5 [R5 .
ML R, BT S T A T A S, 0 B SR 2 I TAE R 6, DA SCHF
(2 B B R A R 10 D8 CH RO o PRPOT R IR 2-1 B

*®2-1 HIERM 5 R T S

B AR AR HIRE AR
Wt 5L S ] ER. =B
Fe 2 Fh & R A TR 2= 4
S 15 2 T L4 SR AN ST R 4 &
T He g T REE T ) eNE I (EMO) = 1
SRR T % =
B K B 55 1 i { )
YRR R Al & &
TRECERIE 2% (1 BE R i
JIT e S P 0T B P 55 >10cm <3-4cm
XL Thig 5 &
2.3 TIRERAMBERAR
8 CapTlvate™ 1 7 AU 3= AT it
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T1 {2 RS R CapTivate™ A HURFHERE RADNIERE . ZBEILELHE: 1 BB EEC gt 2)
A5 B S 2 A BT 2 Coamprer IXTTEIAY . TR AW B, FLE Compre PIIIF IS 0L
8 R ML PV, o R EL T 75 10 ML R R U BB C o MO/ 29 2 38 e A T
Coauat LB, SE KA Cyampte BB Vi T 75 I ATEE RS UOBOR 2 T A6, MCU 3 HCARAT I i
R UM 5, RO A . MSPA30 PSS LB C ot VRN HLVTERIC, g FOTC
U2 IR B, DR SR Campre - TR 0 R,

ST R, B8 2 Cou S5 T Tx 1/O CTRIRS MM, SBI A ITE I s K5 Coquea P I TSRS
PRI Coqmpre T+ M1 26 % TR F A I Cy g S5 T Tx 5 R 1/0 2 I 2. TS
U L B R e R T 52 e, (ELSIBR b MR F M S T R B JE 0 M 2 5 e
AT, FSHLUH A S

Requlated Supply Requlated Supply

Charge Charge
Reference

Trip Status Reference
Signal
Conditioning

Trip Status

Signal
Externa —"_/‘_

Conditioning
Electrode Transfer " .
ectrod Sampling Capacitor

. ode — '
Capacito Capacitor
i Ground | i Ground

Charge Phase Transfer Phase

External

Sampling Capacitor

Requlated Supply

Charge

Reference

p Status
Signal

Conditioning

External
Electrode

Capacitor
| 1 Ground

Measurement Completed

Transfer

Sampling Capacitor

Charge phase
Transfer phase

2-6 [ SRR H A N S
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3 MCU &8 5 ThRETRAY

3.1 HAEAERBFHER

FETFAR LA MSPA30 ST A0 S AT H 2 i, EE 7 AR R AR R, (RRSHE, DT
R CAP1/0 F o fe e AR AH B 75 SR FH 5@ 1 MSP430. H AT,  FRA AL AR TS 2200 ydickt/
S UREINVINNEE b L iwil) L ST

3.1.1 BR/ELRRRL

B ST RN R TR AL IRE: . PSS R A . AR R B ENARAE B e RBUE, &
R I A s B i A

Efrzckye R

M 3-1 W5, B T2 LR CAP1/0 SN LR, DA ASE se R AR, T s L H
M BRI IR A . BRI HE R 2205 ] 1 > MCU 1) CAP 1/0 51l

3-1 [{ B fe 4k PCB
R
TEFRE KRBT, 7T DU R AR RS HE S R — AN R, AN & B36 A4S CAP 1I/0, — > CAP
/0 Wi —AT B — A I dast . Wil 3-2 Fion, WA TTHERLEEAR N Tx Al Rxo %07 RCFF 2 fi i, X
1T*Y B8 35 8 5 ] X+Y N MCU ) CAP 1/0 5 il

Column 0 Column 1 Column 2 Column 3
Row 0 —> |

Row 1 —> [EHIE

Row 2 —> H'N

3-2 HRAY LA FARE PCB
SRRk Slid IV
W, RN ZRBEEHETR. EEERZ ARG EKORNEE S, FRIENAALSE, =
FEEELL . & 3-3 1) PCB AME| /s IS R B N AR 248 . BRAI A PCB B M i B AR IR AR A, B
ATPLERE TR, HBEFHESBAWE. —A BIREEIT AR KA T 2 5 14 cap /o 1.

<—Proximity

10 CapTivate™ i 25 XA BN 1 -1
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F 3-3 H Az N PCB &
3.1.2 B%/B%

B ERRYIR T YeLe VAR RS, P SCOL I IR B 5 45 2R I base FUREAR, 15 538K
K, SEOHREMTHBISE, KRB, KRR B ERSGHE&/RE, W 3-4 Pos. & /IRR I
g A Dyt RIS AR T 3, SEELN TSI, DUOAFEAHSR s e ik i AR D, g
R BAR S S o BRAh, I E RN ERRGE I E e R, BT R MLh.

X B R ANREE, 25 34 CAPI/O, BT BT SCRF T SR BUR R [ 0 HEARVE DN 3 $1] 65535, SKbR
I E CAP 1/0 Bk 5 ik 7p e, A9 RIS 5 R AT 4

- RX3 -
- RX2: =
- RX1 >
P, T—— RX Electrodes

? (first and last electrodes connected together)
3-4 BRI K /RN B S peB

3.1.3 IR

CapTivate™ i iR 2 3 T H HL AR I —4EAL8%, HEE TR R AT RIBAS AT ARG . FLFE R 25 44 2
PAFRE PR s, @ fse EARS T 30, eIl N TF R sl i BEAE AN AR AR dc i A B RS 5. 76 R
3-5 F1, 4 RX4 A TX IZE SGITE R T 16 NI . BB i AR A A 2 15 T 8 AL cAP
1/0.

Simplified Representation

ii' d Concentration _}V’v’v’v‘
o<

%
-

0

o=

Measurement Node

&
_’

RX channels

3-5 B i A s =
3.2 MCU &R

F3-1ILE T A SCRFHL Al ) MSP430, ARHAE TR IY CAP 1/0 5HHRIAME, BIWT ik & 1& ) MSP430.
TR P AR AT AR PR AN [RGB 75 2 & BE 3-6k USR], 41 1/0 11 3V Ak H R A K FLIR AN
5mA.

% 3-1 MSP430 CapTlvate™ Z 41 gefh ik Al %
CAP FRAM RAM

Part number Generation /o (kB) (KB) ADC Communication Package Group
MSP430FR2512 | Genl 4 8 2 10 bit | 1 UART; 112C; 2 SPI | TSSOP|16, VQFN|20
MSP430FR2522 | Genl 8 8 2 10 bit | 1 UART; 112C; 2 SPI | TSSOP|16, VQFN|20
MSP430FR2532 | Genl 8 8 1 10 bit | 2 UART; 112C; 3SPI | VQFN|24
MSP430FR2533 | Genl 16 16 2 10 bit | 2 UART; 112C; 3SPI | TSSOP|32, VQFN|32
MSP430FR2632 | Genl 8 8 2 10 bit | 2 UART; 112C; 3SPI | DSBGA|24, VQFN|24

CapTivate™ L2 AN 1111t

11
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MSP430FR2633 | Genl 16 16 4 10 bit | 2 UART; 112C; 3 SPI DSBGA| 24, TSSOP|32,
VQFN |32
MSP430FR2672 | Gen2 16 8 2 12 bit | 2 UART; 212C; 4SPI | VQFN|32
MSP430FR2673 | Gen2 16 16 4 12 bit | 2 UART; 212C; 4SPI | VQFN|32
MSP430FR2675 | Gen2 16 32 6 12 bit | 2 UART; 2 12C; 4 SPI LQFP|48, VQFN|32, VQFN |40
MSP430FR2676 | Gen2 16 64 8 12 bit | 2 UART; 2 12C; 4 SPI LQFP|48, VQFN|32, VQFN |40

T EANFEH A& MSP430 1 CapTivate™ R ¥ EE 3 NN RS, B0 Genl FF HIZ ML, 28 AR
FE b Gen2 A EEE AN, TR CapTivate™ B A . FAKX BN 3-2 Fis.
#* 3-2Genl 5 Gen2 HXTELE

g \ Gen1 device Gen?2 device | U

FE A 70 EEL EE VREG fl:H: 1.5V VREG fl:H: 1.5V SRS R, R

DVCC fitH: 2.7-3.6V pvce U REIR mifE M bb St
TG

RN bR H Pem T T Hag

S g A B WA figi PR R, RS

{51 b MU {F (-40°C- 25°C) 19:1-36:1 28:1-42:1 B A I b R P

3.3 EVM FRIREEE S

FERT A A A D REVEAS L RE p s il B ke 3-3, 51K 3-6 . BB ITRCBER 2

GUI, IDE, SDK, Programmer, MCU, sensorboard, &3t 6 NHA:, #54) MCU board #1 sensor board /&4
B -
% 3-3 CapTlvate™ JF &%

(c{V]] IDE SDK Programmer  MCU board Sensor board \ Supported Sensor type

CapTlvate™ | CCS MSPWare | CAPTIVATE™- | CAPTIVATE™- | CAPTIVATE™- Self-mode

Design /IAR PGMR FR2676 BSWP button/Wheel/slider/Proximity

Center CAPTIVATE™- | CAPTIVATE™- Mutual-mode

FR2633 PHONE button/Wheel/slider/Proximity

BOOSTXL-CAPKEYPAD(FR2522)

12 mutual mode buttons and 1
proximity

EVM430-CAPMINI (FR2512)

4 self-mode buttons

:H\,F: Code Composer Studio™
)

&
E CapTivate Design Center

TFRBE R A 2
o GUI: HITAEMMIY. fELMIKSH.
o IDE: HITHERMMY, IIMEIIIIGE.
e SDK (HIEE) : HAFIFARME, MFHRMEIFAR A E XIIRENTH I driverlib, JRUAZ0 44 .

BT H

CAPTIVATE™-ISO

CAPTIVATE™-PGMR

3-3 CapTlvate™ JT & &%

CAPTIVATE™-FR2633

CAPTIVATE™-BSWP

12

CapTlvate™L 25 sl BN 1Tt
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HREE IR AR -
e Programmer: 3§ JTAG 55 USB HID to UART/I2C JEifl, FI T RS 5 B AR AE LR S .
e MCU board: MSP430 FLits i A PEARAR -
o CapTlvate™-FR2676 F 1Tl Gen2 IIfiEH T %8, BLEAMMIPTfli MSP430FR267x #7%1).
o CapTlvate™-FR2633 F 71T Genl M )7 %8, BLEABHIT A MSP430FR263x/FR265x %751/,
o BOOSTXL-CAPKEYPAD W T VPAlis & 19 12 M BTN T %, BiiTA MSP430FR2522.
o EVMA430-CAPMINI H H T PHAliHe e (1) 4 A BB AR5 7 %8, 8vEAl MSP430FR2512.
e Sensor board: & & sensor I PEAE AR
o CAPTIVATE™-BSWP T4k TI ) B AR U 7 %
o CAPTIVATE™-PHONE F TPl T I BB v i &
X T HoAh CapTivate™AHICHERL, BUAEULIASCRY, 2, kiR, NHFNHEZ%H MSP430™ MCUs
FRFMHI 5.2.1.1 &=,
TI NFTA I EVM IRETECE T AR GUI FE, CCS THE. BRIANLHEH FN:
C:\Users\UserName\CapTIvate™DesignCenter_x_xx_xx_xx\CapTlvate™DesignCenterWorkspace\T|_Examples.

FIAZE MR D IRTE R EVM BIPRAG, b R BARR R 2ede, LR Evm BOE AT k.

CapTivate™rL 2% A fifs A 1715711t
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4 PSS BE4RTT

VRO R B B e oh IR 20— 3, MUBRES A 5 P F B TR RS2 1 B A S ) SRR S 4TI RE T o A BLAE
BEAARTERD, VPR &Y, AR R IR A, DU S B T AS . KRB
PR SRR AE it EEAESER G, REUE, PrPEREZ AT, thatEwE R ERGE MU, R
RHATIENZ )«

4.1 HUREWRTTH
411 EHRBERIT

E MR T, AR RSN ETEESZE T, LU IEE R, JER 1h 48 B = A K
ESD i@, A 1-3 AI%1, B mATRHA B 30 S )RR & 50 B A ik B A RS . ASFEIM R B 5L
N 4-1 i

R 4-1 B EM B 2L

R | 5 |
A, 1.00059
B 4-10
W E AP 9-11
=B 4-8
Je K 3
WG B 7 3.4
R )% 2.2
RAKLI 2.56
XTI R £, B8 (PET) 3.7
FR4 (BEFALT4E + IR R) 4.2
PMMA (5 H ZE P9 A TR HH 1R) 2.6-4

XoF T B AN R AA R 255 ) R TR, A B A 28 P DA% DA A RO 5
Eri

A
C=£r£0E=A£0 R
i

(4-1)
A: FHE AL B 78 55 2 A AN .
d;: ANAE SR
go: BEAHHEH
&0 ANFFE 76 2 A H
HTZEENHEEBINE 1 £4, BHAR 41 075, HAAEAFIGE TR, BTV RE BE Bas A7 o5
ZIRI 2. AAMR 2 1) REVZEBAR, FERNEHGEE, —BHEREEE AN 3mm. KNSR SS
28 78 JBCH A B I A T3, BT DM SAPRIASBE R 762, tASGEAE F 578 48 ok ()i e skl &
7. HEFFAHAIL TG 3M™ 200MP. 467MP F1 468MP.

412 (BRIBEHRFE
FR 4 S BN FH R SR, v DA S Rl k) fehey 2 e 2 AL AR o TS THRS 17 FR A 41 L )4 I3 45 4

4121 BEHAUERSE (PCB)

%07 B ZIE PCB FRIH LA H ARSI AR RS, A S A A ) B LIS v, T PCB A 1)
A2, EAETFIEMATIEAR, Rt PCB & & I AT iR . EIER M E M PCB B, X R Ri%i
5 HbSF T EE B AT, R SRR PCB A BL R 2 PRy P k% T T (R 25

4122 SHBE/ABRAMLRE

14 CapTlvate™H 758 Al [ ] T
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Overlay
metal spring
—_— Solder
PCB Ace
N P
K 4-1 BRI

207 ST 3 A R R ST 1O e s b B A AR R, R B TR B AT TR CVE S PCB M A
RO, A T i AR AN R A T AR T 5

4123 HTEISUERS
HHL 7 B0 sl TR A SR R Y 5 R s KR PR A PR AR s o — R e s BT A P 7 5 S B 5 T T A ) 5 4
o, BRI ORISR, B AR, TR . 53— RN 3 508 1TO Wi SR E
EERM T TO WREAEIVERS Sl RS A R B AR OR,  Bi DASERACR B B B R e, R B
1 e e

413 MR ERSR

MM ER FBEA = FHSm SRR, B2, 5, AR . ANEENEE R B2 F
AR EAT R, ST HBMAE, MBS RErs i aieas f, (ESinsE s, R
REPE, MR E B K EE R PCB WA B — AR . X T HEM T &, B RS xR
BESCMEN, BANFA IR 2 SEGRM, HE W &F BT RN AL B Es . M E T 8UK
PRAE R R THUE,  — A R WA P I B TR PR S . 3R 4-2 NS A BT G V7 A
R 4-2 UM EE A BETHIG B I o

wme HiF il
AR | Gl S e RN S R
HEZ B | 10mm SR, HEEE 2-3mm, EARE TR R B R S
=& | BESEEZ EREE, AR SE SR
GBI MR RBUENEN N, AR ER, REPiEaE
TR BETHRE I PCB Rt B 7 fh PN S48 e A Y
JH 2% WL TIRE ) PCB R BT B HURSe
WL T RS PCB R EHE B K B4l PCB

HIWIN |-

[6,]

4.2 AR
421 JFEEEWRT

JEIE A TE FEOE R MCU ThRER TR IER , PAK EMC FietERe. £ 4-3 AFEIMEBOHR ARG . X TH
REIRITHTT RIESH MR datasheet, BHZHA T 3.3 %45 EVM (R
R 4-3 5 P B A

C ] HR HiE Bl
1 BNRS S5 lpesk g Reset pin 311 47kQ EHiHLFH, 1nF NHHZF
5 kL gOEWD%MmM%EEOME%E,ﬁﬁMwﬂI
3 R | VREG JEI HL HEIT VREG 5 40 1uF X HIEZE, ESR < 200mQ
. T MCU B bt hn 4700 - 10k Q HIFH, T ESD {47

4 CAP I/O I HR BCHRL IR B

FHVUEH CapTivate™ # it 0» “Auto-Assign” T/ Hic
5 CAP I/O 5| A FL (R mr &g CAPI/O 5IJHl. VEE: BRcdSHan R, w5, 1§

% fdEE SO cAP 1/0 AIRFESR, IREIEIER

CapTivate™ L2 AN 1111t
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B st s, 4 Auto-Assign” THAEECIRES . W5k, fil
M CAP 1/0 31,
EMC FiM ok e T EIENF, 7 RX 51 BAI_L 1 A BE R BH S A s HAR 2
6 () | EMCIRBLE I 68pF %4 Hbrh 28
7£ CAP I/O HR L 5 F il 2 [ B IR e, (R
7 TVS —H%E i 3.3V TVS &
TE YR 5 AMBIE AR L@ Tvs &
8 LA R R R 7E IR B IEFR I I B S Bk
9 HAh 12C J@A5 2 i L FHAR B0 2.2kQ b4 HFH
MSP430FR25x2: MSP430FR263x/253x/267x:
. , P2.4: IRQ (OPEN DRAIN) P1.1: IRQ (OPEN DRAIN)
10 12C TR (GUIBRIAREED P2.5: UCBO 12C SDA P1.2: UCBO 12C SDA
P2.6: UCBO 12C SCL P1.3: UCBO 12C SCL
MSP430FR25x2: MSP430FR263x/253x/267x:
11 UART JEIRG I (GUI BRIAELED P2.0: UCAO UART TXD P1.4: UCAO UART TXD
P2.1: UCAO UART RXD P1.5: UCAO UART RXD
1 51 SR (BSL) fé% BSL %lﬂiﬂ%)‘( E S AR S datasheet (1)
ootloader &1
13 S| MCU [REEmE BN AT A LAY, RO
14 WA B VCC, GND, S 1 AR AH i s

XF EMC PUMEIBETE, FERTHIVEAL I, @ U & TR S R TR AR B, A% IR 2 il e AR
o BEHE G UMM CAPI/O LERIR PR, PO H R & R 521 base HUZE 5 filidbd ;™ A= ) HL A2
18, BT CAER I FLBELAS B AN 2 ML R ) RS o 1 T AN 25 A2 A R AR B s, BORH HR G HE P

M BESETHHZ P

WEAE ST E B R I K R B 2 A HL A 4 A% I )

CAP 1/0 L RIFEI H AN 4-

2 ffim. RHETELR I RBUZIFIC, 25 OUELRES base HUABONI A BT K EICHMIE .

] SE K AT R R, 1B GUI Y “Frequency Divider” SRR R .

Starf scanone sensor
One Sanjple and:convert:time

hpﬂmérp@mu

One Sample and convert time
Start scan one sensor

-
500my 5

VDD - , 1
@ s00mv ][2'00"5 fr\lslnp(i)sl:'lsts ?04fv L\%[Z iy }i\lesp(i)sifts ’041\/ l
4-2 NTERERSE R A R A B (GEN2)
422 PCBAifR

PCB fii i S M St I R AR, — MRS S HE, 53— M EMC W, & 4-4 2N PCB ffi &)
KA., HARTEHIES % TIEVM R CAPTIVATE™-BSWP ( (/&%) FiI CAPTIVATE™-PHONE ( HJEALD) .

3 4-4 PCB A7 i A i
el A il
JEAR SO R TR EL T T
1 g (HHER) R HA2/10K A 10mm -12mm
SEah g B e | 8 peB THE, BB SR 0.5 (A E G EEE
JEIR JITEE T, M Rx, 4k Tx
, e ) SNEAR /1D KN 10mm A1 12mm
2 et (L) JOF RX TEfZ N 0.5mm, Tx T&Z N 1mm, Rx 2| Tx A FE AN 0.5mm
55 A% 78 4 11 1) B AR PCB TH)Z, HHB IR 488 0.5 (B & 25
16 CapTivate™ i 25 XA BN 1 -1
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R 127 {8/ OpenSCAD A< [ 2l 4k B 75 Al 5 i ORI 6 PCB 1K
3 b T i g it
(50 T BT 10-12mm, KR T e R
RS RTET 3A MR, R RGP R Ak
N bt AR S, AL S, I A BUREA
5 i 8 mil Bl PCB Hilit i AT (15 /NE
K R D I R BRI K
5 A ORFF 10mil-20mil [7]2E
e e ERT
TELRIE R AL, SEFLER 10mil
A BYE T2k, MEETHRSHEME S 4mm DL, 5L
AR P
i FRBCIR A (RE 2858 B 8mil, 5 K% %5 F 64mil, ff1E 45°)
7 | i AR, AR, I T AR
A, TR T R
8 IR BHL TVS B, EMC S RS R JBE MCU 51 10 mm S E Y
EURA TR EUUR /A, SRl R U, CUsb K™
8 | BRI A e % A

HREDTR: SHEMMUAYE A S i i 5 it

RIGPETTTE, 5 TR s 08 BT A% 8 S50 2R TR, U L ) A [t A 2k REAS 18 5 A 4547 2 1) P A2
o BUDIGIE AL, B I R RE S YD X st LA KR/ o (R BB AR 1 ELBERY I 1 EMC PR RE T, BLAA
AR BEVE ] 5 A% 8 P 7 AR SEPRA 5 R BEAT A . eh T e A B B T PO B R BURERT, EMC J5 T
M5 b, BRIEIORIPERATAN,  BEEAT R I 1 A 5 e gt

CapTivate™rL 2% A fifs A 1715711t
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5 HHRIt5RZ

HL B RN E R, B & GUI, IDE 58T A, HFRIE LSEREESE, gk,
RIS EREAARTE 2 1T, BINREATFMA 3.3 F 5%, 7B BB T &8, #2 GUl A IDE 1)
FEREAE . KT MSP430 S84 & A SR TR, 16275 MSP430™ MCUs Hk F it

SRR A AR AR R AR AT 43 an B 5-1 Fos i ANy o WM RIS R I 4EFE SRR, A RS FERT
. REFHSLUIX 5 A phase KK JEFT.

Phase 1: Phase 2: Phase 3: Phase 4: Phase 5:
EFAGUIRYES IIECE ST | (EFIDE(CCS/IAR) & | FRGUIELBESHENRSE | BBIEIEKL "Register | {EFBIDE(CCS/IARFFRERE
BER KRN, ] ARALHS I12C/None" MR

£y ¢ B Bw W
L ¥ L

A SRS TR |
REETEMCE AT S it

5-1 AR
5.1 CapTivate™#XY4F & Frid K&

FEHANAENIERN BT, B/ CapTivate™ 1L EZEE, I IR AZL#R CapTivate™
MTAET R, TAREE, DAASHIAR K. B2ERESE M TP Technology %77,

5.1.1 CapTivate f&bt5 GUI ZhEEHiEA

MCUZ{HRREECAP 0S5 e aRANER, EEMIRGE SR

MCUIZHthERE EBlock BN SHF, LURINIETIRE - _J -
CapTlvate Module E 1 CapTlvate channel

BTNOO :

3 AP0 OY!

CapTlvate Core Block0 I Button0

RX00 ! GAPO.1
RX01 came H . Button1

I GAPO.2
RX02 0 :__.' Button2
RX03 } GaPo3 (o
RX04 = utton
e i i
RX06 1 gaP10 L
RX07 Analog Blocki H—m burond
el ; ﬂ‘ Button5
i =P a1 e
RX10 ] Button6

§ gAP13
RX11 bl H

'

L _. Button7
h
I

& BRI M EE CapTivate BlockiiSia2E], EntEhsse

5-2 GUI 55 CapTlvate R )%} B 56 R
CapTlvate fBEd1—/ M Block, DL —> CapTlvate Core ZH . Block 171 51 % #M & AR FI$4# . CapTlvate
Core 57 %f Block M4, LLRPIEEINRE. EERIZE, PP E— Block X B#E VU4~ CAP10. X7
WA — Block T [FII R BESCREXT—A CAP 10 #HATHHE, R & B HhC B H B ) /07 e 158 — 2 1)
]

18 CapTivate™ i 25 XA BN 1 -1
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GUI I ELEL )& MCU 8 F 5& a8 3 k. XM 75X CapTivate Core HIBCE, GUI 5 CapTivate ik
X N e R 5-2 e AR Be 2 B A7 3 5t Block B4/ MCU 21 = 567 5 % CapTlvate Core 4%
il o

512 MCU T{EfE=R

CapTlvate™ MCU & /\ﬁEXTﬂﬁqﬂI{’Eﬁiﬁ Active B F1 Wake-on-Prox 150, ANEHT HTFEIESH
FHRL g5 F ) datasheet, IXHERIFDIREAE MCU F24F P EATHC E - ﬁu@ 5-3 ffisn, 1E Active BT, CPU £ ¥l

Cap Peripheral #E{7AE IS8, JAJG CPU AREREEAN LPM #i3X. Z5£5“Acitve Mode Scan Rate ms” i Cap
peripheral NI Timer 2xMefi CPU BB 4L &4, ZIEIJH:GE’ETEHO
: |
D S
CPU active Scan sensors Scan sensors Scan sensors
opperrea | | (S|t D[smelC[sme
Low power mode I LPMO0/3 . I LPMO0/3 I I LPMO/3

5-3 Active 530 MCU RE/REE

Wake-on-Prox 10 E EFI ] T Cap peripheral 7 LA ES CPU TAE R4, B KR ¢ cPu 1730, sE
HiLE Active BEMRAITIRE. HTJ5 CPU 25, EWKFE Cap peripheral B fFashc B LiE &, FILFEfR
P e AL RS K B — 1

HTAERFEME 5-4 s, MCU NI, 2 TAETE Active #53X, Z/MNEEERMAR . WA bk A4,
ﬂ?—if”lnactlwty Timeout” ME B EI G, H Active 530\ Wake-on-Prox i3, M cPU, AJEH:HE
N i A% 845 $%“Wake On Prox Mode Scan Rate” ¥ 48] F@idb AT F14# . BEAT, MCU mliEFEEN LPM4 3 —25 [E1IK
DhFE.
S5 “Wakeup Interval” IS AR (—RE L8 J5, MCU MRt Active B3, XM & i 1T 540
B, DLNGTEREEERL ] B, SR 5 3\ “Inactivity Timeout” 1148, % - 7%# N\ Wake-on-Prox #i =, tnitft
BIEH .
7t Wake-on-Prox 10 R, G S0 e g A% B A0 i 21 e B S A, B S 5 3 Error Threshold,
Ml MCU JFEN Active f53.

CapTlvate mode ‘ \ ‘
€—— Inactivity Timeout 441 [€————— Wakeup Interval
¢ Active Mode e Active Mode >l Active Mode Wake On
Scan Rate Scan Rate Scan Rate [ Prox Mode
Scan Rate
CPU active ‘ Scan sensors Scan sensors Scan sensors Enter sleep Wake up to
Touch =1 Touch =0 ) Touch=0 | mode update sensors
: Sample | Sample Sample | Sample Sample
Cap peripheral fconvert | - . | rconvert | + | [convert | - . 1 fconvert jconvert | " % " "
Low power mode LPMO/3 LPMO/3 LPMO0/3 LPMO/3/4

5-4 Wake-on-Prox 5z N MCU IRE = Kl
51.3 CapTivate™hHEESH LR

CapTivate™rL 2% A fifs A 1715711t
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e 'R el |
IHardware 1 :Software 1
1 9 1 1
! Conversion control Qounter filterGount ! Negative Touch Threshold |1
' — [PIEEr B |—'—>' Debounce In/Out Threshold| !
1 Conversion Count 1! N 1
I o 1 |Sensor Timeout Threshold | |
v € LTA _LTA | y/Prox Threshold | 1" 1
1 Filter Beta 1!

¢ Touch Threshold 1
1 1! 1
: Noise Immunity ! : Touch Flag !
. Error Threshold i Proximity Flag :
1 1! 1

K 5-5 CapTlvate™H 10 R K
A CapTivate™H S MNIE] 5-5 Fis. SR NI E S B S E S8, S St
SEARECE . AT T E Y cPU AN TAE, CapTivate™ MCU 4t Wake-on-Prox #E Ui, WFEL S ¥fens 4 50 8
o
B G KRR R S G I 5 B 2 P A JR UG EHE . Conversion Count 5 Conversion Gain Y5 T SRAEARHL (1
ai o PREAREN TR PR CRAESEY I, RS TIEE) SCIIME A ERR . BRI RN T
GEN1, 5Pl a2 A SeH.
i H B B S 2 34T Error Threshold #EAT HIWr. B2 @it AR SR 1) IR JEPE =42 T filterCount (ERIA5E
B, HATRAFSER I EAEER L, PLI LTA (Long time average, ERINGRIE 7) , T RAEIEEH base H
2¥. 1XH filterCount XN % GUI Fd IS MBI I “Count” , LTA XN “LTA” o P& Z A ZEE
Delta H T-3RAE N Tl 7= A (R s (P8 4k o A8 7= A T HE 2 A8 A0 1 29 LL SifilterCount AL TAZ 8] {1 5% & 4n
A 5-2 fione XFTHEERN, Delta NIE(E, XTH AN Delta N 7{h.

Delta = filterCount — LTA (5-1)
_ 1 1
ACtouen = Gain (m‘ T72) * 100% (5-2)

AN STATFE AN, LR, RUERSEINE base HL I ZEAEAUE K Conversion Count. tEZE LTA
= Conversion Count. [tk Conversion Count th ] B N E RS PR IS 5. LU BT e fd
filterCount = LTA . 4 A Ffili i}, T LTA Filter 1 Counter Filter g 28 5mEANF], filterCount 2%
FEAEARY, Delta B 0 FF4RIE N, 4fih% Prox Threshold Isf, LTA Filter 5[4, LTA {H{RFFAZE. FilterCount 4k
SAFAK, Delta Zk428 K, MIMIfi & Touch Threshold. 4 NFESHFIT, W (5559 Prox Threshold, LTA
Filter 3T JF, LTAEJFUERIHE. K Prox Threshold #4725 kL Touch Threshold /N,  PAFIAR LTA B TAENLHI 1E

o TN Prox Threshold W E I K, AN Fil#ie FELTA MR HBR, SHIUELEZ X5 LTA
B¥%, RGTCIEIEHRRLE S IR

FEH% K15 Prox Threshold 1 Touch Threshold #i5/2 &1 %} Delta BT FIBIME . 2fil RN, RGN F) 4 RAR B 5t
W BN, 25 TRKIEEE LN . EYER N2 Prox Threshold /& 46X BRIE, 1M Touch Threshold J&#H
XTEE, WE5 LTA BEMRRWAR 54, 5-5 Fs. Ao, HA5-2 1[4, Delta H5AC, 0 3F L MER
%, Xt JE Prox/ Touch Threshold F1 Prox/ Touch Threshold Percentage A[E BRI, KN )G ¥ B R il 5
HLZ5 (AR 4

|Delta| = Prox Threshold (5-4)
Touch Threshold
|Delta| = LTA * 178 (5-5)

HoAth Threshold 4> 12 A4 sensor [ Touch flag 55 Proximity flag 1 B A7 $44:. Heln Mmcu 78 N Tl
PR o), Bt N T IO S St it MR BE ) base HAZS, MBI TS, a4 — AN naEs, 4
11815 515 2l Negative Threshold B, Btk R24i85#E. Debounce In/Out Threshold 25| NME 5B EL8hA1

20 CapTivate™ i 25 XA BN 1 -1
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HIR AT PrE A, —ERRE S AN . 1 Sensor Timeout Threshold, Fi T B 1E¥R 554581k fih &% Prox
Threshold &5, 1ZB{E MK G2 RG2S EHIRAHEIAET base LA .

5.1.4 CapTivate™H T REH
Description: Element Object
1. Object name Slide_E00
2 Cycle Object
3. Real example
Element Object
Sensor Object Siide E01
Top Level Object Cycle Object Element Object
N
g_uiApp N Slide_EO01
Sensor Object Cycle Object Element Object
>
eypa a Keypad_E00

5-6 CapTlvate™ 1% 4t 2 7n m
CapTivate™ HH3LA JURI X} %, Top Level, Sensor, Cycle, Element. & 5-6 &R T AN S5 HIK 2 8] (A2 T-3%
R, FINEEH T REH, EEAR, SEharms.

Top Level H T-#ii& MCcU 1) TAERES, J&T MCU M ZAEE, 'EXI N GUI 1 MCU #54F, 1l MCU #14
FTiC B S50 Top Level Z5M1A T, X0 WATEAZEM 5.1.1 /N7 T8 . Sensor, Cycle,
Element X R4 GUI PRI R, (RGBT E M SERE P =AM, XEaNEHRAER
(1 5.0.2 NTHET T RIR.

Sensor X NAZSRIIMN, IR, JRE, 155, MRBIMNR, FEEERIX 5 MBS, BT kg
P E S, FE— N RGESH £ A Sensor X[ 4.

HH T~ CapTlvate™ MCU [ —/ R ZSFT IR R 4 A CAP 10, BRI 75 BLid v ik 1) 07 s O B B i
10 I, [FlIt Cycle FX NE R —Fe 14 .

Element s&— MR B EMES . A I Sensor £, 4R IAR, TR, WEF, 8%, flEim
R, HAFHRE T —MMZEITNENES, N BT, [EHEMNNEYE, —48, 453
Bo DRI R AL B Th iR BRI 4549, Element tHZ 0T Rt S A0 52 o

5.1.5  CapTlvate™ MCU B AR,

CapTlvate™ 3¢ 3 (@ AL AL A “UART”, “BUCK_I12C” , “Register_12C” , “None” JUMiEiz. UART BRIAJHG %
4 250Kbps, 12C BRI 7-bit Ox0A.
e NONE: AMfREIE I, 752~ it e s B OO R PR S Host MCU @i, #5748
— B AAY 2 8] T LA B MSPWare T [ 2747 8 ARKBAE A S H 4T TP R
e UART/BUCK_I2C: H]-Fi#id UART/I2C 5 CapTivate™ Design Center iHifl, LASZHN GUI X H 25 fi 11
WZ, FFEFEEREED, SESERMAENRZEEE, —MATELIEZ. UART BB
5 AR Z) 1.5k, BUCK_I2C 38 iR f7 FIARALZ) 2k,
e Register_I2C: FTi#id 12C 5 Host MCU 1@ TH LASEZH Host MCU Xt R 2551 2 . L FrRIRIR a4
b, AR 1.4k,
BAE 2RSS, H ik FH“UART/BUCK_I2C” B UIC & GUI 52 S B0, AR 5Kl i =i
“None”, HEATIFR LAIHLE IR HML

Phase1: GUIECHE
IR N R B AR SO AT IO, B2 KIS BiE5 % B FM A Design Center GUI 7,

CapTivate™rL 2% A fifs A 1715711t
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51.6 GUI EFRERME

GUI (=S H W& 5-7 fow, A M ERAFEERE A TR, A RO K RE ML S . e i B S Bk
5-1 . HASHCk &4t Phase2 i K.

K1 Design Center - TI_Examples\FR2676_CAPTIVATE-EMC - O x
File Edit Options Communications Help t"'""-)-‘Menu bar
Miscellanecus |[ Sensors | /M'lscellaneouslobjecr. selection Tab
D ((('))) = 33) o Design Canvas
- A
This is the demonstation project for the
CAPTIVATE-EMC evaluation board.
The EVM includes 8 self-mode capacitance buttons
and 8 mutual-mede capacitance buttons.
Controller Object 5ens|::r/ohje:t
i (BTN_SELF|
[ —— iz
MSP430 b g gg(.‘)
B Rxoz
H Rx03
@ Rxos
o ros
® Rxo7
v
EAN i
ersion: 1_83_00_08 *3 Texas INSTRUMENTS
5-7 GUI £ 5
# 5-1GUI EFIh FH R E S
B P A BIEER BIENR | HEXE P
Menu bar File Bk cul T, ERSABIRET B
Options 1t “Features” i B “Advanced” ik N 5 221 S “Advanced” 1z
Help “Topic”# 5 n] BT I HIA Aot 1) 58 F 2
Object Selection | Sensors B McU 45 FrE iR ik as e tE, HishE design ¥
canvas

517 f(ERBEMEE

MCU 2 - FfE a2 GUI R EE AN 4, IRias TARISAE R, 7RIS, RS E SRS
it HIARBRMNFLBESEEFECE, WK 5-8 . X FEAE AR HEM LR, HaE5H
o BB Z T N BB S . TR E N SEINEK 5-2 fios, FrEiEiEd s 5K 5-8 iR, H
S H 2 1E Phase2 i .

22 CapTivate™ L 25 A BN ] Ft
Copyright © 2020, Texas Instruments Incorporated



w3 TEXAS INSTRUMENTS

www.ti.com

& ButtonGroupSensor properties X
Name: BTN_MUTUAL
[ — -
Configuration Target Communications Recommendations - ﬂ A
Capacitive Mode MUTUAL v Connected L] RX00
e I Data Logging RX01
Element Count 8 E RX02
= RX03
Electrode config| Cycles: 2, Controller Ports: 6, TX: 2,RX: 4 ||
Negative Touch Detect
Configure TWRx Groups Max Count Error
Clear Flags
[ channel Bar Chart | Channel Oscilloscope Piot | Channel Table | SNR | Conversion_Control | Tuning |
Parameters ; : <
~
Runtime Recalibration Enable , W
Prox Threshold 10 B Why is there a yellow warning on “Calculated” threshold?
Prox Threshold Percentage 0.30% C: 1.08%
= Py This means that the selected threshold is lower than minimum
Touch Threshold [E07ccH1) |9
SetAlj| EO7(GH15) | 10 }j which can cause the false proximity or
Touch Threshold Percentage Minimum:0.30% Calculated: 2.42% touch detections
Prox Debounce In Threshold 1
75 What is the "Mini based on?
Prox Debounce Out Threshold
0 B ‘@ The conversion gain and conversion count settings in the
Touch Debounce In Threshold 1 E conversion control tab of this sensor
—_— @ The desired as gt inthe
Touch Debounce Out Threshold 0 controller customizer
- = = ————— @ The selected device in the controller customizer jlv
< /b

5-8 f& kAR B S
R 52 fBIEER B P R RE S
P I HE BIEER BIENE  EEaE i B
e 1 Name Tt B & K L 4H 4 Sensor 4R, U Keypad ] FHBRIAME

Capacitive B Z Sensor JB T H. B A A UL S H B AR X
Mode
Element Count | T %% Sensor i /1 Element 4k, Bl & F 22 /b4~ 42eg
Electrode config | 7E HJEM T, MRIESLFR ST AT HIE JEFAH ST TX R RX
Configure Tx/Rx | AT T @S ERLT Element BT (5 F TX A1 RX,  PURF EER%
Groups g il

5.1.8 MCU BHREE
MCU #E A & 5-9 fis. XEr FEEE McU 15 (45 1) ; McU TAEER SIS (WS
2, 5, 8) , PiMEINAE (45 9) ; KemRilo| ML BISLhREI I (S 4) o FIRECEMSE W 5-3 A
N, FEIRME g S 5K 5-9 XN, HAWSEUG21E Phase2 i M.

Kl Controller properties ®

off [efl[eft

Name: MSP430FR2676TRHB

Configuration | | compite Time Options. __ Low Power Mode Options Target Communications ] :
Device| MSP430FR2676TRHE ¥ | || Wake On Proximity Sensor| None i) | LowPowerliode Lewo v | | connected O
‘Show Device Documentation Eorce M4 n Wake-on-Prox oge[ ||| ©%240999 N
Operating Condition 0G| ¥, Communication Intertace| UART v

Iculgnuumdmn lscan Time Esﬂmaﬂl CnaMeIBarCnanl Channel Table |Cnmlri|nn_comol Noise Immunity |

| Generate Source code || Clear || Auto-Assign ,-

Unconnected Controller Sensors Time Cydles
Sensor  Electrode Pot  UseMode Parallel Gro..BTN_MUTU... BTN_SELF BTN_MUTU..BTN_MUTU... BTN_SELF... BTN_SELF...
CAP0.0 | Unrestricted B3
CAP0.1__| Unrestricted B2 RX04 ED4
CAP02 | Unrestricted B1 RX00 E00
CAP03 | Unrestricted B0 RX00 E00 E04
CAP10 | Unrestricted BO RX01 E01 E05
CAP1.1__ | Unrestricted B2 RX05 EO05
CAP1.2 | Unrestricted B1 RX01 E01
CAP13 | Unrestricted B3 TX00 ™
CAP2.0 | Unrestricted B3
CAP2.1 | Unrestricted B2 RX06 E06
CAP22 | Unrestricted B1 Rx02 E02
CAP23 | Unrestricted BO Rx02 E02 E06
CAP30  Unrestricted BO Rx03 E03 E07
CAP3.1 | Unrestricted B2 RX07 E07
CAP32 | Unrestricted B1 RX03 E03
CAP33 | Unrestricted B3 ™01 ™
v

CapTlvate™FL 25 T A 11T/t
23
Copyright © 2021, Texas Instruments Incorporated



w3 TEXAS INSTRUMENTS

www.ti.com
K 5-9 MCU fa /4 St
# 5-3 MCU &1 h TR B S5
P AR BIEEZ BIERASE mEE | A
=1 Device PR R device DA R dH 3 G
Operating Condition | JEBESEPRI TAEIRRE 25C TR S s B I s, 52
fRIBER T 1) Threshold
Percentage
T 2 Wake On Proximity FHAMKIRET RERHAERE: | aTAliRe
Sensor TR BRAL K ER 1) Sensor
Low Power Mode FRYE TG SRIEFA PRI AERE | ATFHEBRIME | LPM3 EL LPMO DHFERE, {HUL
X B JEE B UART 2, W
e R IE B
Force LPM4 in Wake- | {#if£/5 MCU 7 Wake-on-Prox CIEN & fiigefs, THEFEHERESA Vo
on-Prox Mode T T IR AR clock, itHiIHRZERA
45 3 Communication TR SE PR 111 4% UART BY T A FRDE PR3] BT IRQ PIN
Interface BUCK_I12C Fl T-5 GuI @i SERFNN 4.2.1 575
5 4 Configure WRESLPRIIE BT, KRR | TEESE | BReE SRR IR,
Connections Tx 1 Rx 5] JEI S+ %) CAP 10 | Auto-Assign | IiEFF Auto-Assign DIRE
JS 5 Scan Time Estimate HzIH A Active #i0F, %8 | & F T iP5 55 1Y “Active Mode
FRERE PSS Scan Rate ms”
T 8 Active Mode Scan HHE TR E active AT, A FBRINME
Rate ms A& IR I T 1] 1)
Wake On Prox Mode | %% Wake-on-Prox B\, # | ATFHERUE | B IADR0 5 4200 e L () F i e
Scan Rate ms J0 M P A SR 2R 1 1 4 (1] 1) AR, HIEE S
59 Enable Noise 8¢ noise immunity THAE A e FHTiREPigEse ., BREE
Immunity KRR, FHE K
Frequency Hopping | i 2 Ji% KA LRk ATAEGME | TR PR ), ARG E
SR, PR ESEK
Self/Mutual mode R RAFE SR ATABGME | BESRSPIKE, (HiRAES
Oversampling R I NERE i)
Dynamic Threshold R BN S BB B | iR ff B85 BE TR IIE R S 2 2 e
Adjustment SR THRE FEEEGM AL, HIE 25 Y
MR, AT AR PLREA L TE
Ja T AL I

T R EAE A S A 1Y “ Configure Tx/Rx Groups” A LLITIE K 4804258 BT X N [ Tx A Rx, T MCU 54
HH¥) “Configure Connections” , T LAKINIE SEARFZEEFT 6T SLFY) CAP x.x,  FH AT DI SEAR 2 58 55 i $0L 42 B o) 97 i
*x

& 58 )G, WA 5-10 Fizs, 24“Configure Connections” H 3% A OK #4084y,  HLAf 2 HEHUL 51 I 5 52Br 5] i
L IE A, HP AT p5 T “Generate Source Code”, BRI AEpARED . BT A2 ol TRE MBS Xm0 SCH-Je T
AE, WAAEERGA H 3, iEE A Ye, BN TR

l Generate Source code “ Clear “ Auto-Assign JI DK |
- 1

5-10 OK ¥ 8~ = K

5.2 Phase2: FEAE

N T HSZRF ces A IAR, BT LRER 777515 2% 4 F M 1) Loading and running generated projects
=AY, WERBITEESAR B, E8E CCS workspace TS AMHELZIRN TR, T AR, iEE NE
B RS DA SRR T FE 2 A 52 1) MSP4A30. TSRS 25— IR R 3k, 75 E4E4AF 1020 78 AL A I ]

5.3 Phase3: HEBSH

24 CapTlvate™H 758 Al [ ] T
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ML 2 i i N R S RO E, XN BARN ETE H S5
53.1 SPABPEXRARAERSHE

ST KD RE D ANy . BE e, REUESH, RGATEENE, WNGEE ST RE .
BN E e R UL, R MRS, m PR RE MR NI (8] 55 DO AE, BN S i R oM T 2
e MM D REVEAL Z OB I OR

SRR ERIER 5-11 Fros. FASEORRIDREE T ERERT. BERNLE, BNSHRE R
FES PPN S BB BRI R, RIFIUCE BT BRE A S A L b, R 48
FISEPES B AR B, (RIS SR T LUK R e S8 (1]

BT R A KRB 2 Al RS SRR S S T RUNBIE; RERE M@ rTEEvENNK. AT
—ARALEME ARG S E, WRE SRR, REF RSN T BLR . 5 RILE RS
BETSAERFE AR N IEH TAR. L AR — NSRRI A T H#RIRE 7 ZAE U S A

e ] -
R SRR Fai—» (EXWISTEG
RYESLHFE < A ROEE STHHFEREE
—Finish—>» Sepkigit

5-11 ZHOFHE 12 R HE E
B A, B GUI =4, A Communications->Connect 5 MCU %33 GUI, 5B N
JUNTT AR S E . ARSI RE T 32 2R EEEE  DUR UMk B R S B i 5 5
7, il 5-12 Fos. MRIIRE LT 5-4. WIEREA GUI AN, i HFrdk iR, RN —T HID
Bridge UART/I2C & 582 1E .

[ Force_Recalibration J[ lA;JpIy J[ Read Jl Reset J

5-12 fELL R 4% B

K 5-4 TELE TR S 4 Ui i
izl I ThRe i i
1 Force_Recalibration SR RGALME, IR REAS IE il
2 Apply ¥ GUl EIZEE R E] McU
3 Read BEH MCU H Y ETIAE S S H
4 Reset ¥ GUL 5 McU RS HUE AL A GUI IMAIIRTC B 1

5.3.2  EaEkW

& AR R B DU Sh BRI B 20 AR 72 MCU #84F SR IR A 3 4 b o PR B IX 2R Meu 2 44 A ml Wl pir
Sensor 1 Element M%#E, T E&asy bt RExR B S &1 Element 25, T S2bRif S0 F AR HE
BT RS, IA/ N R IR RSB AR ST R BT M DIRE AR 5-5 B, FinJ@ etz
25 5 B 5-13 FRIST N

CapTivate™rL 2% A fifs A 1715711t
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Kl ButtonGroupSensor properties X
Name: BTN_MUTUAL
Configuration R Target Communications  [esign Recommendations ‘ Tmﬁ ':
apacitive Mode v onnecte Design Recommendations. RX00
M ol O] [ =
Electrode config| Cycles: 2, Controller Porls: 6, TX 2,RX. 4 ] || 2onscrError Staus Fags e
Negative Touch Detect
Configure TWRx Groups Max Count Error
Clear Flags
_{ Channel Bar Chart | Channel Oscilloscope Plot [ ChannelTabI ER_ Conver5|on Control ]Emri
B 5-13 LI A 451 S
K 5-5 fRIRARHUE ) e
BIFgiE | S BIEAR i
% 2 Data Logging fd REJE L B ST REE BB AAE GUI T | — M st — B e, 1l
BEHRAEERT ARG EEE
T 4 Channel Bar SR E AT A 12 Sensor T & 144~ AT B O E 5 5 A B
Chart Element JEIE {5 542415150 P B A G R, TR
T R
HT S Channel JE7N1Z Sensor ATIRAIA™ Element @B | AL — BRI [E] 4 (1455 A2 4k,
Oscilloscope Plot | 4z 15[} ] 5% % ] FEAT R FEIE R
M5 6 Channel Table LA TT A Element JBIERYSE | Af ELEOWIN B BHE, — AT
15 534k fHRERE NN, 25HE
SR
T 7 SNR ZCRFEHN AN R RS RE I E T
A B

533 RBESIAE

FRABE SR VR L LR RE SC PRl R G I RS i 5 A IE IR E. JEFRIE N CapTivate™ R4t
MIsG RS, ORI 5 ) RN R TBORMR S, iR 2 FORIEIN T RGN, (BER ARSI LRk,

M T ROR Y 2 2 S B A 1, TR SR A RGERIIE ad A . X2 P S ) DR n ke
5-6 [T, PITJRIHE P (1% 5 5 B 5-13 H IR R
* 5-6 RBUZSHUH R

EpiEE #HEER BIENE L
Y5 8 Conversion | #EXT M Sensor [JHL | <1000 WERG IR, BEBRKEWRE
Count KRB EE i N
Conversion | W EXTM Sensor ffJ%& | 100 AR /NN 100, K R G015
Gain g &
Frequency | WE MM KSR | "THRIME WRTFAERKFL R, FTFEIEE
Divider AT 0 RESMRBREHEHE
T 9 Prox B BTN R {if Prox Threshold fi 355 S Ao AR BRIME, BT
Threshold Percentage KT Minimum Element F&m— AN S
{1
Touch B Al R {E PRAER S R B BN B | ALELE 5 0 LB R, R
Threshold HBE R select all”, FTE
Element #l4 t E 0 fish 458 0 4L
Desired Wk, WIS | <100 T ORI 235 225 ) 52 W 7
Resolution | # (117 P

534 REGWRESERE

26 CapTivate™ i 25 XA BN 1 -1
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ARG SENESHOR B AR BE PR A 5, AR SR R X IriS RK Zh R ik 5-7 i
s FRIEHE % 55 K 5-13 A IR R
R 57 KRG ENE SRR

] I HE BIEEZF BIERE HEFRE

YT 8 Modulation wE BT AR ] A B X B IR RE R AT RE, EIER
Enable ffifE

%59 Pro/Touch BB RG IR A BTN 1-3 M B ZE3R LA Active Mode Scan Rate ms
Debounce In T Al R R IR B[R] AT
Threshold
Pro/Touch BB R G e R N B 1-3 M B ZE3R LA Active Mode Scan Rate ms
Debounce out | f45 55 {24 it LR B[] AT
Threshold
Sensor B G R B BN R AR A | 1A LA Active Mode Scan Rate ms SN
Timeout G5 42 RS HE RIS T WRBE 7, FIR L A B AL 5| R ) i
Threshold E 5 S ER 8
Negative WH RS “Count”[E A | BRIME A5 5 L AR R BRIMEL,  TTB Lk E
Touch ARAL I RME fib 4 EB 5| ) £ R M5 5 AR A 1] B
Threshold
Counter Filter | % B X AR “Count”fH it | 1-3 Tob DR 2 i i 3
Beta 7 IR JEBE IS
LTA Filter Beta | & &N LTA 4T IR JEIL A9 | 7 ANEWEUD, 2SR )E B

B TE . 7] 75

Error T E AT I K{H | conversion F P B R IE AR E AL bMaxCountError
Threshold countx 1.25 Sk EAT RGN AL R i

—fckul, MEAEJESSRE T CapTivate™ A G S, MCU NESINELFE S, IR, HAMBIG] LT
MANGES%. GENSERERRED S, (AT ERERE, REFBERN S EER Pro/Touch
Debounce In Threshold”, “Counter Filter Beta” Ijft. FIBHI{RMERE T MCU #24F 7 noise Immunity ZhiE.
TERAT RGBT HEMESHOR RS, EUUERE datalogging Thfg, Bt 7 =K 5 T, a8 i K Ta] 1 i L
BORMESE AR . Ao aT PLUE T K EL CAPT_getGlobalFilteredNoiseLevel () AL £ MCU itV 21 1¥) &
S PR

5.3.5 THRNEE SRR

S N ) AN R ETE], AN RS S IR RN . IX B BT R I ThRE U ER 5-8 AT
R 5-8 M B I B SRR

i T = S | - L
MCU 44 Conversion_Control Active Mode Scan Rate ms R LRt LE
Noise Immunity Enable M SI2 R B A48 B )
fRIRE B | Conversion_Control Conversion Count SRS KRR BT FE R B8N, f2m
SBR[ K
Tuning Debounce In/Out Threshold somfE SARL I
Counter Filter Beta SIS S AR TH

FAMASEW ENURH 12C [ 2 A Fe 8 17 2URIEEL MSP430 FIZ RS E R, BIDNIX BARIE MSP430 (1%
AR TR LA T ML AR, AR PR T S R G g e s FE 1 B IR
PRI ARG, AR PR R R A D FE S . @R CAPTIVATE™-PGMR LK) Energytrace LijRE, &
i WIS [A] 5 DB OC REAT R AN, AT R IE S BN 3V3 Metered . 410 DIFEA S = 225K,
EPERE LPM3 35 Wake-on-Prox 24,
EnergyTrace: T OLALIHFEMIARHS 04 TR, 0] AT I E AR RN AR 7 B DRG0, L HEHA FAE {35
G BRAR A SERLE CCS AT IAR H

e AR : EnergyTrace Technology

CapTivate™rL 2% A fifs A 1715711t
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o ) FH: ULP Advisor™ Software and EnergyTrace™ Technology

5.4 Phase 4: B¥OERER

TEIRRFE R R MBESHE, TP LA 25 MSP430 fIZ%EH:. Communication influence &
BOEFE “None”, SAJERIA GUI BB A pliAUhS, B B #2124 CapTivate_config->CAPT_UserConfig.h->
CAPT_INTERFACE ) %€ X

5.5 Phase5: R HEXNHA
FREE XN EREFE TR CapTivate™ FIRIGHI AL, 1X—&840 %8 vk X W H B X FHR. HER
T

55.1 FERFEH

B R, W 5-14 Fin. B2 AHSCUEB, A A2 Starting from Scratch with the Starter
Project.

s

v & EVM430-CAPMINI-Demo  void main(void)

= Includes {
& captivate WDTCTL = WDTPW | WDTHOLD;
p ) BSP_configureMCU();
& captivate_app __bis_SR_register(GIE);
v (= captivate_config

[ CAPT_UserConfig.c CAPT _appStart();

[A CAPT UserConfig.h while(1)
(= driverlib {

: CAPT_appHandler();
= mathlib
. __no_operation();

(= targetConfigs CAPT appSleep();
L& Ink_msp430fr2512.cmd }
[2 main.c ¥

5-14 FEFP 280 5 T R BUR &2
A TR H s gt & 5-14 14 KR, X B8 AT E"JI#E’%EJZI#!ID?% 5-9 ffra, A P kUL
B %Ok 2 CapTivate_config SCfFJ¢. 41l 5-15 fizk, GUI &5 CapTivate_config H1 1S40 B 3¢ & AT LA AT
i GUI HAHRN S8, [ “Affected Software Parameters” 1 fif

Megative Touch Threshold 20 B ffected Software Parameters
%mwmm‘luarametercorrespondsto the

wil6NegativeTouchThreshold member of the tSensortype in the CapTlvate
Touch Library.

The bNegativeTouch member of the tElement type in the CapTIivate Touch
Library is setwhen an element has a negative touch detection.

The bSensorNegativeTouch member of the tSensortype in the CapTivate
Touch Library is set when any elementin that sensor experiences a negative
touch detection.

5-15 GUI SARAL S H006 N ok R 1t

# 59 B TR R

FF5l | H3x L]
1 CapTlvate™ FLA MBS/ R Z RSN, A8 ARl S8 iREC &
2 CapTlvate™_app HAMBINTIZ 2N, 85 REVE, B SRESE
3 CapTlvate™_config GUI A AL E S5
4 driverlib MSP430 ZM O]
5 mathlib JE s
6 targetConfigs MCU B Sk F SRR E (BHUEE)
7 Ink_msp430fRxxxx.cmd BEEER A ST, SR T AR S A RN A R B

28 CapTivate™ i 25 XA BN 1 -1
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| 8 | main.c | TR

TR BIRE PP E5 R U ] 5-14 (AT TR

X5y BT BT BE R AN SR 5-10 Fs . B2 RN, 15 S

% API Guide (C:\ti\msp\CapTlvateDesignCenter_x.xx.xx.xx\CapTlvateDesignCenter\docs\api_guide) -

R 5-10 HERE PR

F5 | S EBA

1 WDTCTL = WDTPW | WDTHOLD #% 1 watchdog

2 BSP_configureMCU() fic EE I 10 51, B eh

3 __bis_SR_register(GIE) 1 fe 4= Ry T

4 CAPT_appStart() A B Gt SR e, [ (RIS RSN

5 CAPT_appHandler() R B S R D)

6 __no_operation() CPU Z45—ANJE

7 CAPT _appSleep() CPU BE KA, S5A5 5 35 o e i

8 CAPT_initUI() A AR TG 1E, SR Im IR

9 CAPT_calibrateUl() FL Y i A MR i

10 CAPT_updateUl() TR T A AR SR S

11 12CSlave_setRequestFlag() FH B0 7= A8 i F Pk h, BRI B AL B AR B S
552 HAMBERESESSH MRS 4AE

1E4n 5.1.3 FTHTIHIRN,  Sensor &5 MR & SLPRfE AR IR [P 5, Sensor Z5 MK R Cycle 45414,
Cycle Z5 MK N H:% Element Z5#)4k, F P n] LE $2% CapTlvate_config->CAPT_UserConfig.c "7 BH [ 285 1) {4
HEAT U7 ) DA A AN DIRES,  [FINS A SEI AR 75 SR E el s i ik i 280 i I 25497482 Sensor
F1 Element. Sensor A] EL4E4 RV, 1M Element Z5#R T K H = 1 N4/ m H 34T U5 1 .
Sensor 25 A i AR B UWIFK 5-11 FioR.

K 5-11 Sensor g AR R SR

izl BELK S| TiEA

1 . bSensorProx Bool Sensor I ) Element 75 JoAG I 3435 105 8¢ o 24

2 . bSensorTouch Bool Sensor ) Element A5 Jo el 1) sk #5214

3 . bSensorPrevTouch Bool Sensor T ) Element 7E_L— AN 345 A HAE oA 2

fi
4 .pSensorParams-> uintl6_t FRECY BIR A E0E 25 0 B
SliderPosition.uil6Natural

5 .pvCallback void (* pvCallback)(struct AT LUK [ R B R B 2L A |, FASR AR Sensor

tSensor *) TEFRGI R AENPIRES AR b, B IEsE a2

Element &5 #4455 F AR & 003K 5-12 Fios.
%% 5-12 Element Z5#iA i AL &R

5 LEAK eyt Vi
1 . bProx Bool 1Z Element 5 6 3] 45107 SN
2 . bTouch Bool 1Z Element 5 Jo ka0 31 firh 52

PR R IR AL WTIE T Sensor AT B0l A A B S8,  EARAOME F 1605 7T 2% Register a callback
functionk . 1M A E X TR T, TS EVMA30-CAPMINI XT3 ] CCS/IAR 5l F£ EVM430-CAPMINI-

Demox .

55.3 BERIIRERLILEE B X

5 FHL MU I8 IRE R P AER UART 5 12C ERBCHT I K. B 56 GUI AR U ERIAARRS, 34 7E
BSP_configureMCU() 5 %4 52 Bt UART (eUSCI_A0) 5 12C (eUSCI_BO) K10 it B St 4hicE . Kk R
XPIEEEREATICE, 595 IE PRI, WG ESOERIE D, FEEE datasheet & B EAIME L
SYSCFG3 Ay, HEAT @R ¥ E 7).

T UART [ IRIT & :

CapTivate™ L2 AN 1111t
29
Copyright © 2021, Texas Instruments Incorporated


http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/CapTIvate_Design_Center/latest/exports/docs/users_guide/html/CapTIvate_Technology_Guide_html/markdown/ch_library.html#register-a-callback-function
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/CapTIvate_Design_Center/latest/exports/docs/users_guide/html/CapTIvate_Technology_Guide_html/markdown/ch_library.html#register-a-callback-function
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/CapTIvate_Design_Center/latest/exports/docs/users_guide/html/CapTIvate_Technology_Guide_html/markdown/ch_evm_CAP_MINI.html#software-example
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/CapTIvate_Design_Center/latest/exports/docs/users_guide/html/CapTIvate_Technology_Guide_html/markdown/ch_evm_CAP_MINI.html#software-example

w3 TEXAS INSTRUMENTS

www.ti.com

e Communication Interface Bt & : NONE
o [FEMECE: BSP_configureMCU()
o I0OMEZE: BSP_configureMCU()
e UART #MEHECE S5 W : Driverlib UART loopback %
o UM
= PRSI E T A MSP430 USCI/EUSCI UART Baud Rate Calculation
»  AFERG BRI ) CapTivate_app->CAPT_BSP.h
FT12¢ PRI RILE WA T RS, J5 5 G AR, T S T KN A]
E St
e Communication Interface L& : NONE
o AL E: BSP_configureMCU()
e I0OMIE: BSP_configureMCU()
o 12CHMEEIE 5T Wi{# H: Driverlib 12C salveTxMultiple #fIF%; Driverlib 12C salveRxMultiple 15 f%
HE " *k:
e User Guide: [2C Slave driver user guide
e Communication Interface FiC & : REGISTER_I2C
o IHHACE: BSP_configureMCU()
e IOMCHE: BSP_configureMCU()
o NRCHNKACE ST REGISTER_I2C FLE TS EE 12C SMEILE S H. M R Fx 32
byte [ K Buffer BEATRAATEN AT . AP IRWIT -
o H—: 1B CapTivate->COMM->CAPT _Interface.c ' CAPT_I2CRegisterReceiveHandler()
PREL ZEREISTE 12C BHEAE UG P2 stop 155 5K restart /5 S 4% A . a0 5-16
Fraw, MHBREARACRS, Hr B e Wik EE R %L

static uint8 t g ui8T2CDataBuffer[CAPT I2C REGISTER RW BUFFER SIZE];
static bool CAPT_I2CRegisterReceiveHandler(uintl16_t uil6Cnt)

Cus_CAPT_CommunicationPackageAnalysis(g_ui8I2(DataBuffer);

// Return false to exit with the CPU in its previous state.
// Since the response packet generation was handled immediately here,
// there is no need to exit active.

return false;

}

5-16 CAPT_|2CRegisterReceiveHandler() B £ 1 MR 2 &

o BT GiH HE UWAFE . WK 5-17 iR, MSP430 SiEH BN R IE M A
T, SREE M Buffer REHREE — 7N, AREFEGFFN EIRIOZ T B
B A2 12C R IE SHEOE R — 1 32 byte [ buffer, HEAN SRS HEN. 5
4% buffer T/ RIZEIEER S 3 4> Byte mFs=. K Buffer K150/ byte X}
N W R AE BRI B — 1 byte.

void Cus_CAPT_CommunicationPackageAnalysis(uint8_t * pBuffer)
switch (pBuffer[3])

case CUSTOM_KEY_STATE_CMD:
pBuffer[3] = keyValue;
break;

case CUSTOM_DEVICE_MNUMBER_CMD:
pBuffer[3] = DEVICE NUMBER;

break;
default:
break;
¥
}
30 CapTivate™ i 25 XA BN 1 -1
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K 5-17 it 4 2 bR Ho = ]
o WMER=. &K 5-18 iy AFEREARAY . HHMLE KRR :
= Panel_lnit(): RGHEXHIIEA, EM sensor HIFIH &% .
* BTNEventHandler(): & X sensor [FIRZS AL EE PR %L

50 #include
51 #include
52 #include
53 #include
54 #include
55 #include
56 #include
57

58 #define CUSTOM_KEY_STATE_CMD ©x@B

<msp438.h>
"driverlib.h"
“"captivate.h"
"CAPT_App.h"
"CAPT_BSP.h"
"applications.h”
"I2CSlave.h"

//12C CMD Byte 20void Panel_Init()

59 81

?iavuid BTNEventHandler(tSensor *pButton) 82 //Customized initialization
'f’j{ £ ( (pButton->bS Touch 1) 88 83 BTN@®@.pvCallback = (pvCallbackAddress)&BTNEventHandler;
62 if((pButton->bSensorTouch == .

63 (pButton->bSensorPrevTouch == 8)) 84

64 85}

65 I2CSlave_setRequestFlag(); 86

66 } 87 void main(veoid)

67} 88 {

68 89 WDTCTL = WDTPW | WDTHOLD;
69 void Cus_CAPT_CommunicationPackageAnalysis(uint8_t * pBuffer) 9@ BSP_configureMCU();

70 { 91 Panel_Init();

71 ?Wi“h (pBuffer[3]) 92 CAPT_appStart();

72 93

73 case CUSTOM_KEY_STATE_CMD: a .

74 pBuffer[3] = BTN@®.bSensorTouch; 94 while(1)

. . 95 {

75 break; -

76 default: 93 CAPT_appHandler();

77 break; 97 CAPT_appSleep();

78 ¥ 98 }

79} 99}

5-18 BRI R &
% 5-13 BRI S B e GBI REM IS B
#* 5-13 H & AN EE

F73 BEETR BT | P B
1 eUSCI_A0/eUSCI_BO | 1&iX CapTlIvate_app->CAPT_BSP.C->BSP_configureMCU()H" | & B HAB@ AN, 5
) 3 1 151 JEE L BRSMER I ERIIE
2 12C /) IRQ {25 {524 CapTIvate->COMM->CAPT_CommConfig.h 5%t IRQ 5 | %51 BT HREE_EAIHL
JE ) 5 X HR B A B 2 A
&2 CapTivate->COMM->12CSlave.h F15%F IRQ, 5 JEIZh1E 1)
FEX
3 CapTlvate fHETS &4 CapTlvate->COMM->FunctionTimer.h H % T 12c @R A
J& 1 Timer #h% FUNCTIONTIMER__ENABLE IR {E timeout I
5 12C 3l ) Timeout &4 CapTlvate->COMM->I12CSlave_Definitions.h FF %} BRINIE LT ENL R ML
R I2CSLAVE__TIMEOUT_ENABLE IR {E il 8ms & A7 12C
154 CapTlvate->COMM->12CSlave_Definitions.h /1
I2CSLAVE__TXFR_TIMEOUT_CYCLES IR 1E
5 &4 12¢C Bk &4 CapTlvate->COMM->12CSlave_Definitions.h H ]
12CSLAVE__ADDRES

5.5.4 Bootloader

Bootloader F-#fH T#ELTH K. M EFFE G 4 A Pin il P93I (RST,  TEST ) H Tkt A
Bootloader #5, Fl4 2 M5 T, HT EAMBIDIGERRE L RKERARE, HEFEH
MSP430 P43 [ 7 ) ROM Bootloader.
P B SRS

MSP430 FRAM Devices Bootloader (BSL) User's Guide
2

MSP430 Bootloader With SimpleLink MCUs

CapTivate™rL 2% A fifs A 1715711t
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MSP430 Bootloader With Sitara Embedded Linux Host
555 WK, SRR

BTE B 1 78 U d B 22 40 75 A SR B v il AT R T A A 20 B 50 N A EAT B
o WHIRRGHEMEREE R, Wbl DG KU AE =, WIR RGAFFEMEREER, 75 Z AR WiHEk
BT, B RNMRERT.

B ARG RO AR AN e 1, SARRNFRRAIA ], AU H AN F RT3 A
FHLAH 1) 2 AR SR BN T (88 . AR A R AE R B PR, S AN Ik e Bl 450 B L i i 9o 5k 5
T FHANEAEFRAE R G TIR, A A A2 S AN o B A B A 18545 5 o LA AR PR REL 41 75 AR S B
1 R SR IAT T

INEEA A, HEFIIBESR BE A Uniflash, B¢ T HN eZ-FET, B MSP-FET:

UniFlashy: UniFlash /2 TI A 424552 FF ITAG F1 BSL () GUI 2w T B.. R RE FE, AR,
FiAk, AT REZEE R T B BRAE B UniFlash SCRER) RO . WiJEiE iR MSP430, i % 4% MSP430 FET

Drivers.

e EMuTIMH: UniFlash
L4 )ﬂ)ﬂﬂiﬂﬂ
o UniFlash Quick Start Guide
o Programming the Bootloader of MSP430™ Using UniFlash
MSP-FET:  DJfg s K MSP430 1R AS . it R AITL, Ao Rt s FLIAA 100mA.
o FETUMH: MSP-FET MSP MCU Programmer and Debugger
eZ-FETo: —MILAS I MSP430 1iX#%, 5 LaunchPad BLE . IbAh, fith i EE .
o JPAMUUH: TEZBAHICH] Launchpad /i GUHI, 41 MSP430FR2311 LaunchPad kit.
KHLEA =, HEFEE ] MSP-GANG 5L &R EATHLR AT«
MSP-GANG K : MSP Gang R A RIS, FEA T mAr=s. En]LERA PC AN T
BMIZAT, SCHFFEII X 8 4~ MSP430 #E47 2 «
e FAMLTATA: MSP-GANG Production Programmer

32 CapTivate™ i 25 XA BN 1 -1
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6 Mix

IS R W — 25— 20 22 %% CCS 55 CapTivate FF /& HH0» (CapTivate H & HH 0o F T4 AR RS 5 7E 2817
%, CCS T F#k GUI A iIARRS) 5 SERRAEMF &N WM PUE IR, T $2EER EvMm AR, DL an ey PRk

HRECHINA.
6.1 CCS &3

1. THENTRERITRIH ccs

P2 : CCS IDE for MSP430

2. RI\BLELEMEBIERS, EETRBLREE LR

®

IDE. CONFIGURATION, COMPILER OR DEBUGGER

CCSTUDIO — Code Composer Studio (CCS) Integrated Development Environment
(IDE)

Code Composer Studio is an imegrated development environment (IDE) that supports Ti's Microcontroller and Embedded
Pracessors portfolio. Code Composer Studio comprises a suite of tools used 10 develop and debug embedded
applications. it includes an optimizing C/C++ compiler, source code editor (..)

Supported products & hardware

Download options

&p Setup

Setup - Code Composer Studio 10.3.0.00007

‘Welcome to the Code Composer Studio 10.3.0.00007 Setup Wizard.

5

code composer™

STUDI O

4. HEFEFEEENEE

CapTivate™rL 2% A fifs A 1715711t
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&8 Setup -

X
Setu e )

Choose the installation type that you prefer

@ Custom Installation (Recommended)
This selection allows for selecting which device families and debug probes will be supported. A custom installation can reduce the amount of
disk space used and improve performance. Itis possible to madify selections in the future by running the installer again.

O Full Installation

This selection installs support for all device families and debug probes. Approximately 4GB of disk space is required. Note that not all device
families and debug probes are supported on Linux and macOS.

e | [T ][ o

5. %3 MSP430 McU

&g Setup -

x
Select Components h:‘

Select the compenents you want to install; clear the components you do not want to install. Click Next when you are ready to continue.

Enabling the cannected world with innovations in
[ SimpleLink™ MSP432™ low power + performance MCUs ultra-low-power microcontrollers with advanced
[ SimpleLink™ CC13xx and CC26xx Wireless MCUs .”He;'::z’g'éf;;rf":;;f ;fgf;‘";faﬁ‘a:e“”’we”" g
a SimpleLink™ Wi-Fi® CC32xx Wireless MCUs

[1 CC2538 IEEE 802.15.4 Wireless MCUs

[] C2000 real-time MCUs

[] TM4C12x ARM® Cortex ® -M4F core-based MCUs

[ Hercules™ Safety MCUs

[] Sitara™ AMx Processors

] OMAP-L1x DSP + ARMS® Processor

[ DaVinci (DM) Video Processors

[ OMAP Processors

[] TDAx Driver Assistance SoCs & Jacinto DRAx Infotainment SoCs

[ €55x ultra-low-power DSP

[ C6000 Power-Optimized DSP

[ 66AK2x multicore DSP + ARM® Processors & C66x KeyStone™ multicore DSP

[] mmWave Sensors

[] C64x multicore DSP

[ UCD Digital Power Controllers

[ PGA Sensor Signal Conditioners

< Back MNext > Cancel
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&8 Setup _ %
Completing the Code Composer Studio 10.3.0.00007 Setup Wizard

Setup has finished installing Code Composer Studio on your computer.

Create Desktop Shertcut
Launch Code Composer Studic

50

code composer™
STUDIO

< Back Cancel
6.2 CapTlvate FF KA 0 &%k
TER 2% CapTivate JF R HLid FREE 2236 X REfF) Java JDK.
1. TEM T CapTivate FF R H L0
FEAR UL : CapTlvate™ Design Center
Get started
Q
Step 1: Download and install the CapTlvate Design Center
Step 2: Select and buy the best evaluation hardware for your application
Step 3: Complete the getting started workshop
CapTlvate_Design_Center Product downloads
Title Description Size

CapThateDesignCenter-1.83.00.08-windows-insta

tivate Design Center for Windows = 56784k
CapThateDesignCenter-1.83.00.08-05x-installer app.zip Captivate Design Center for Mac OS5 X 53424K
CapThateDesignCenter-1.83.00.08Jinws-xf4d-installer.run  Captivate Design Center for Linusx SE232K
mdSsum. MD5S Sum 4K

Captivate Design Documentation

Release_Motes_CapTVateDesignCenter_1_23_00 08.html Release Notes 20K
AP| Guide API Guide 2K
Users Guide Users Guide 4K

CapTivate™rL 2% A fifs A 1715711t
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- X
Setup - CapTlvateDesignCenter
Welcome to the CapThvateDesignCenter Setup Wizard.
< Back Cancel
Y 2
3. MEERUAZEER
ﬂ Setup — b

N'g
Installation Directory

Please specify the directory where CapTlvateDesignCenter will be installed.

| B

Installation Directory |48

< Back Mext » Cancel

7 =2
4. RETH
- X

Completing the CapTlvateDesignCenter Setup Wizard
Setup has finished installing CapTlvateDesignCenter on your
computer.

< Back Cancel

. N
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6.3 T ER
1. [FHSTESS, AR & A Al B 7~ AR DRI 4H B 0 IR A4

MRS, DU, SRIETFA RBORA2 T N R P TR R T A BE AT Xt EVvM AR, 5 iZ0Ffl
Jr AR

GUI IDE SDK Programmer  MCU board \ Sensor board \ Supported Sensor type
CapTlvate™ | CCS MSPWare | CAPTIVATE™- | CAPTIVATE™- | CAPTIVATE™- Self-mode
Design /1AR PGMR FR2676 BSWP button/Wheel/slider/Proximity
Center CAPTIVATE™- | CAPTIVATE™- Mutual-mode
FR2633 PHONE button/Wheel/slider/Proximity
BOOSTXL-CAPKEYPAD(FR2522) 12 mutual mode buttons and 1
proximity
EVMA430-CAPMINI (FR2512) 4 self-mode buttons

2. CAPTIVATE-PGMR Zifiae

G A5 s 7 i T

CAPTIVATE-PGMR Zifeas & X

e 5 BI)y: 3.3V METERED, 3.3V LDO. 77 METERED [T Energytrace IhfE, HLURSUKME SR, 1 LDO
& T80 M AL L R SR

PG| SBW TEST 5 SBW RESET.

W H TR ThAES| N : eZ-FET UART RXD; eZ-FET UART TXD. JERIZINAE N USB i, HELIHSMT)
RES T X 4o

CapTivate™rL 2% A fifs A 1715711t
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http://www.ti.com/tool/BOOSTXL-CAPKEYPAD
http://www.ti.com/tool/EVM430-CAPMINI
https://www.ti.com/tool/CAPTIVATE-PGMR
http://software-dl.ti.com/msp430/msp430_public_sw/mcu/msp430/CapTIvate_Design_Center/latest/exports/docs/users_guide/html/CapTIvate_Technology_Guide_html/markdown/ch_evm_CAPT_PGMR.html
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H S T 26 A S M ThRE 5 19 : BRIDGE UART RXD; BRIDGE UART TXD. BRIDGE I2C SDA; BRIDGE 12C SCL.

PCB 20-PIN Male Connector

3. CAPTIVATE-FR2633 Ab¥H 58 B B4 AR
DT B AR TR T

4. CAPTIVATE-BSWP H EEABERIR
fi I AR S R T

6.4 PREIPAE

24 CapTivate Jf & H 0 B4 2 25 A B AR IGAE P & C A HES UF, FRATAT LA FELE CCS H 4T FF CapTivate FF A
T B AT ORI TR, BRI AAREE H A A g 1k T

1. #TH ccs
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'.‘. CC5 161 - Cote Componer Shadin
fe [ Yow N Pt Soem P Miesse Hos
1. @S- St Quieh Aeees

2 Pregect £ D @ Geming Staeed
Browse

New (- VS ==
Examples |

e Import
@y Project

Project

| i’

e | %y €5 Dby

il

V &
Center

@ Would you ke Lo use OCS n Simple’ mode? © Yes # No
nergpo o Lau

Qrﬂ 5‘;""0" o Videos e Tralning
b orum -/
B Corore 22 s ety 10 b 12 Adice
Mo contee o dapoy 5 G oo

Deccrigrien

Ful Lcense

2. BAccs T

1% +% “Project->Import CCS Projects”
[Project] Run Scripts Window Help
& New CCS Project...
@ New Energia Sketch...

Examples...

Build Project

o Build Al Ctrl+B
Build Configurations >
Build Working Set »
Clean...
Build Automatically
Show Build Settings...

Add Files...

1 Import CCS Projects...
Import Legacy CCSv3.3 Projects...
Import Energia Sketch or Example...

el

Import Energia Libraries...
C/C++ Index »

Properties

3. 7E design center FIBRIABRAEH EBEAH BL AR T2
TN A :

C:\Users\Username\CapTlvateDesignCenter_x_xx_xx_xx\CapTlvateDesignCenterWorkspace\Tl_Examples\FR2676_

CAPTIVATE-BSWP

CapTivate™ L2 AN 1111t
39
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-

v Import CCS Eclipse Projects

Select CCS Projects to Import

Select a directory to search for existing CC5 Eclipse projects,

| &)

@ Select search-directory:  C\Users\developer\DesignCenterWorkspace Browse...

() Select archive file: Browse...

Discovered projects:

E CAPTIVATE-BSWP-Demo [C\Users\developer\DesignCenterV Select All

Deselect All

Refresh

14 1 ] +

Automatically import referenced projects found in same search-directory

Copy projects into workspace

Open the Resource Explorer and browse available example projects...

Cancel

@ Finish |

4. BATAAR RAME A TE
R N 2|

'+ CCS Edit - Code Composer Studio

File Edit View Navigate Project Scripts Run Window Help
Tuts :

2wt E] 2 D v

Ape Y > 2 25 12 N o oo/ = =
S IR VE T REAE PBCIIN H], T OS5
warning #1@366-D: automatic library build: using library

"C:\ti\ccs1@38\ces\tools\compiler\ti-cgt-msp43@_20.2.4.LTS\1ib\rts436@x_lc_ld_eabi.lib" for the first time, so it must be built. This may
take a few minutes.

ATBAT HA G R . AR5 VT RE TR w1 R

v CCS Debug - DesignCenterProject/main.c - Code Composer Studio

File Edit View Project Tools Scripts Run Window Help
T B e~ *vS e-iﬁ ® p.

[ Project Explorer £2 B Y = 8 | % Debug 52

5. S AXBRLH CapTivate F &0 THE
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& Design Center - UNTITLED

dil Opbions Communications Help

xSl Rel Kol

Cpen Project X

\Norkspace| ignCenter_‘I_Ba_UU_UB\CapTIvateDesignCenterWorkspace|H CHANGE J

Project Save As
Exit

=

v ETLExamp\es A
E[ BOOQSTXL-CAPKEYPAD
E[ BOOQSTXL-CAPKEYPAD-EMC
E[ BOOQSTXL-CAPKEYPAD-Prototyping
E[ EVM430-CAPMINI
E} FR2633_Backchannel_UART
E[ FR2633_CAPTIVATE-BSWP
E[ FR2633_CAPTIVATE-METAL
E[ FR2633_CAPTIVATE-PHONE
E[ FR2633_CAPTIVATE-Trackpad
E} FR2633_CodeSizeOptimized_OneButton
E} FR2633_UltraLowPower_FourButtons
[ FR2833_Waterproof

") FR2576_CAPTIVATE-BSWP
= TETIVE

E[ FR2676_CAPTIVATE-METAL

E[ FR2676_CAPTIVATE-PHONE

E} FR2676_UltraLowPower_FourButtons
|| TIDM-CAPTOUCHEMCREF-CSMMUTUAL

OPEN

eersion 1.53.00.08] & Tews Insnes

CANCEL

6. ¥ CapTivate FF & H 0 %EH:S] MSP430

& Design Center - TI_Examples\FR2676_CAPTIVATE-BSWP

File Edit Options [ETTEVAISY Help

Miscellaneous

[F[>]0]

This is the demonstation project for the
CAPTIVATE-BSWP REVB touich sensing
panel. This panel utiizes all 16 CapTlvate
sensing pins on the MSP430FR2676 in
self-capacitance mode.

WSPa30 -
This panel is compatible
with the CapTlvate Design
Center auto-assign pin
routing feature.

B e

The proximity sensor is utilized as a
‘wake-on-proximity sensor. Itis measured
by the GapThvate finite state machine until
auser is detected nearthe panel. Atthat
time, the entire Ul becomes active.

The tunings used here are optimized for
a1.5mm thick acrylic overlay.

RS

v

ersion: 1_83_00_0g

¥ Texas INSTRUMENTS

7. AL AME ST RE

YW ORISR SR, HOFOR RN S,

SIS S A .

CapTlvate™FL 25 T A 11T/t
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Eile Edit Options Communications Help

8. HE&ES

BUSHL, midy Apply #ZHERI T 56 S H I FEL SR,

Miscellaneous | Sensos |
|HE|@ =)0 |0
I
~
This is the demonstation projectfor the
CAPTIVATE-BSWP REVB touch sensing whe
panel. This panel utiizes all 16 CapTivate a o
sensing pins on the MSP430FR2676 in
self-capacitance mode. 3 @ RX00
& RX01
g RX02
mmanemaeAARA @ Ro:®
e — @ R
& —— 1
€ ] o Rx05@
g MSP430 R RX0B
& 7] This panel is compatible & = @ Rxo7@®
E % with the CapTlvate Design
g = Center auto-assign pin
€ o routing feature,
I o
€ m @
S e
@
The proximity sensoris utiized as a i
wake-on-proximity sensor. Itis measured
by the CapTivate finite state machine until al
auseris detected near e panel. Atthat
time, the entire Ul becomes active.
The tunings used here are optimized for
a1.5mm thick acrylic overlay.
b
4
LS >
ersion: 1_83 00_08 % Texas INSTRUMENTS

EL U SN HESHEATMN 5.3 E.

D [a

Parameters

Runtime Recalibration Enable
Prox Threshold

Prox Threshold Percentage

Minimum:0.30% Calculated: 0.72%

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

This means thatthe selected threshold is lower than minimum

Touch Threshold

Touch Threshold Percentage
Negative Touch Threshold
Desired Resolution

Lower Trim

Upper Trim

SetAll |[E03(CH15) | ¥

Minimum:0.30% Calculated: 2.91%

i

19 B recommended threshold which can potentially cause the false proximity or
touch detections.
What is the "Minimum Recommended" threshold based on?

0 . : :
 The conversion gain and conversion count settings in the

conversion control tab of this sensor
# The minimum desired operating temperature as configured in the
45 controller customizer
# The selected device in the controller customizer

1,000

How to address this warning?

& Increase the "Threshold” setting in "Tuning” tab while still be able
to detect proximityftouch event.

& Ifthe "Threshold” is too high for the system to detect a
proximitytouch event: v

| Force_Recalibration Jl Apply I[ Read || Reset |

6.5 PEHFR

FEF TR 1 OB T, JRATATIABET: CapTivate FFAsH 0T MSP 577 IRV BBAEIGET: € PR QU T
B, LB IAAE, O AR I A TF

1. 7E CapTivate FFRH L BIE—AHTH TE

2. R RRBERFIERSE

& Design Center - TI_Exar

|5} Edit Options Communii

Brint
Project New
Project Open
Project Save
Project Save As
Exit

Citri+P

42
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CI|ck to select

Click to place

3. R\EEABRBER RGBSR

Nama: SLDD000 Help
“Imm
Capacitive Mode SELF =] | | Connectes =) 1
Elemnd Court B ' |
Elochode contg| Cyies: 1. Contoler Ports 4.7 0. ¢ ¥] - |
Configure TuRx Groups |
SN | Comveraion_Convol [ Tuning |
Channel Data L Fiot Dispkay Optons J
T | Select 4 |
: Dasact Al
| count
e ™ [ Deita
h 600 | Lta
5 o & Prox Threshold
n 40 [ Touch Threshold
"
|
00
o,
- 12 13 “" 1%
IS > i—.. |

4. REBOTBRBERREBRE

CapTivate™ 25 A N [ 1F-
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J— - ﬂiﬂ («;»1 ﬂjﬁ‘ Click to select

Click to place

5. RI\ERIUBRRERBRARSHREE

Name: wHL000O e |
(¢ ) Taroet communications -

Capacitve Mode SELF ix]| | Gonnectea U,

Elomant Count .

1, Controlier Ports: 3, T 0, R 3 a

Confgure T Groues

| cnannsi a« chan [ Channal Osciiescope Pist [ Channsl Tasls [ 514k | Camersion Conrl [ Tuning |

Channel Data L Plot Disptay Opbions 1l
600 | Sebect All |
900
= Dasalect Al
) count
o :D Delta
h 600 ¥ La
2 sm | prox Thresnoia
n 400 ¥l Touch Threshold
]
200
(]
100
N .
la 1 2 =
© D —1

6. MREHTRRMELRILES
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File Edit Qptions Communications Help

IR ICIESY

=
Click to select — WHLO000 | ﬁ

«¥

lgl S — o) |
®3 TEXAS INSTRUMENTS.

7. RERABRBEERBERSHREE

Name| ETHO000 e |
R a
Coenectad L
J RX01
I — RX02
[Elecrode config| Cycles: 2 Coniroller Ports: &mum&aui m
R05
WMM RXDE
RXOT
mel
Channel Data L Bk Dbty Oplion J
T I Select Al |
900
- L DesslectAll J
o ¥ Count
c & Detta
h 600 o Lta
0 i Prox Threshald
: e [ Touch Threshold
T am
200
o
h
I
(a
IE1S - L0

8. MIEBRIFERMEEILBNAL RS

CapTivate™ 25 A N [ 1F-
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Eile Eot Options Communicabons Help

fiaamn [ svcntarecss -
||| =|O|

Click to select

Click to place

9. MEFERUTBRELEBINALRBHENE

Lo |
- e =
confg| Cyches: 1, Controlier Ports. 1, TX 0. RX 1 E :
_| cnanemiBarchan | channel Osciloscope Pict | Chaneel Table | st | Comwrsion_Cenrol | Tuning |
Channel Data [ Fiot Display Opbons ]
00 Sulect Al |
: 1 Casalact Al J
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Import CCS Projects
Import existing CCS Projects or example CCS Projects.

® Select search-directory: | C:\Users\a0222517\ CapThvateDesignCenter_1 83 00 08\Cap| [ Browse.. |
O Select archive file: Browse..
Discovered projects:
O& Select All
Deselect All
Refresh
Automatically import referenced projects found in same search-directory
Copy projects into workspace
Open Resource Explorer o browse a wide selection of example projects..
Finish Cancel
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Inline hardware multiply version of RTS mpy routine (--use_hw_mpy) —

Apply and Close

4 - Whole Program Optimizations
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