AN12709
RERMERGHTFRIER

MiA 0—2019% 1 A20H

1 BE RS

REMMERGESMRENPUENARFOFXEE , FEESS Kinetis®
MCU BEEMEM, ZHHTHRREMRND  AAMERNEE  FEESET
RTOS WM ARF. BREBMERAERABEREEN , HhaS &R
FOES  BRABREBENR , TRHERNEE LB DEE,

REMARRAN B AR HBE EMENARF P XIIRFERME 2RI

XREXMERFNANBERRE R, REHMBREAMERGNE G AE
BRI IP TSI,

HAEES Kinetis KE1x FANES

- HEH EMC 8EH, kg
V s,

c XHFEEANEERERX | RS X 6 x 6 FBHEMER,
« THRE, K, H, RERFHEMREMLS.
- IRENRYES , XFSE 10mm BN/ ENESR.

2 MR N

HETafE#=BYEERE | BEHN Kinetis KE1x RZIBEHHM TSI v5 BH
M XFFEERET AN EMC (BB A ERME T &N .
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| NT ZR4FFE |

FRDM-TOUCH

4x touch buttons
in mutual capacitance
mode

1x touch rotary

1x touch slider
RGB LED (under edge
of FRDM-TOUCH)

Nxa FRDM-TOUCH ] 2x touch buttons

in self-capacitance mode

FRDM-KE15Z

1. FRDM-KE15Z #l FRDM-TOUCH

3 NT #%#E

REREM#T I EBNRHEE , CEMENATRFENRERSE , TRARNME  ETURNESRNVERNES , 08
RFNRE

TSI EREXAATHERSNELBER  IFEAIRE , KU, SBE , MAiE. RELBER CESRBER RN
BREX LM,

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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| FreeMASTER &{TH1 R T & |

|" "I
APPLICATION TOUCH GUI TOOL
@ g NXP Touch Library g
=E i Controls _§

Electrodes Keydetectors

Drivers
TSl vers

Common : =
specific

MCUXpresso SDK Drivers )
sox (0 I D
¥y

g
v ERES

2. BERMERHEER

4 FreeMASTER Z1THHBiR TR

FreeMASTER £ 2R EBEMN TRBZTHMNFERMTALTE,

B @iRE O ( Kinetis 89 JTAG/SWD ) B8 0 ( UART ) O XHSERGERNERS, £/ JTAG/SWD EEER , FEEM
JMHY UART &R,

B4 MCU WETin AR B AATASH MCU Bif, MEFHNEAREHTURMREZENSH (ET BEHFRA T TSA'R
EEBARE) .

Al aIEE T HTML/JavaScript B GUI BUIR1BE £ Ih8E,

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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| XIFHIRIRER |
@ NXPTouchpmp - FreeMASTER
: File Edit View Explorer Project Tools Help
[ DE S 86 & e s B B 2 oo T [0 | b | K2 Tahoma e B s u B ===
NXP Touch GUI x
.l'.'ludu\es ] Controls 1 Electrode ..Debug
5

HeSsssaoeS

electrode safa 0,
scope
electrode safa 1,
scope
elecirode safa 2,

w
o
%
[

control keypad 0 keypad | Ox0 0

elecirode safa 3,

b
(x]
%
[}

elecirode safa 4,
COl
electrode safa 5,
col

1l
(&}

)
©

control page

| Name Value Unit

|
3. FreeMASTER ##J NXP Touch GUI

5 XFFHVmIRER

BEBMEREER — N ALER FEMEHY | 7T Kinetis SDK TEHRRNER, £ SDK B2ZH1 , XJUERESEN&RIFE.
X FFH4miEER IDE @R ¢

* IAR EWARM

* Keil uVision

- BEHRMH%TN MCUEXpresso

5.1 TEHFZE MCUXpresso
MCUExpresso A LM MCUXpresso Software and Tools F&.
BFERRUTLHSREZE IDE,

o MREREM , BOIEERE,

« TRERERF.

« RERMS,

+ 331 MCUXpresso.

6 EHTE

BRBUTSERREEN T FRDM-KE15z #J SDK :

BEHMMERA4TT RIS, K4 0,20194F 1820 A

MA%EIE 4/54


https://www.nxp.com/design/software/development-software/mcuxpresso-software-and-tools-:MCUXPRESSO

NXP Semiconductors

1. ## X MCUXpresso SDK Builder M 1T,
BREBEH.

HERFF KR

M Boards/Kinetis 3% fi%# FRDM-KE15Z,
¥J%# SDK,

o > 0w b

| BT

# SOK Dashboard Select Development Board
Search for your board or kit to get started
I B Select Board
Search by Name
Notifications
& Preferences 1 - Select a Device, Board, or Kit
FROM-KB4F ~
NLOA FROM-KEGF
@ MCUxpresso IDE FROM-KE2F
£ MCUXpresso FROM-KEO2Z40M
Config Tools FROM-KEQ4Z
FROM-KEOGZ
2 mp
i Releases Information FROM-KLO2Z
FROM-KLO3Z
FROM-KL23Z -

4. Y SDK E#

Hardware Detalls

Board FRODM-KE152
L MKE15ZT
Cortex-MOP { T2MHZ

256 KB Flash
32 KB RAM

@ Explore seiection with Clacks tool
@ Explore selection with Fins tool

6.1 WRINALEZRFE SDK

FRRUTSERN Touch ALE R EM ( RAEHF ) | FEBRELN TR IDE, BRINNENT AL IDE HERHE , 17

BLE#R A TR T A%,

. AINERMFAAE (TR REG ) .
TRERME,

REER.

JEE SDK MR,

HER R ERRARBENFRHBER.
EREM,

=

o o~ 0D

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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| R TR

Select Software Components
Select optional compoenents from the kst below o be added 1o your SDK
2 items selecied =
Salect Al Desalect Al
CMSIS DSP Library
DMA Manager
FalFs o
1550k
. LVHB
# SDK Dashi d
boar SDK Builder e Lo
Generate a downloadable SDK archive f MC_PMSM
HTAG 26
Developer Environment Settings e Beme
MINISTRATION Selectians hare will 5 87K ENSMENGS Dised Siqiox
_ Touch +
& Notifcations Haost 05 Toolchain /IDE USB Type-C PO stack
Windows - MCUXpresso IDE S8 siack
@ Preferences dek s
. Select Optional Middleware [ets
b Add hing SySems, A lrarkes o WP
@ MCUxXpresss IDE
s'
£ MCUXpresso
Config Tools

Click the link below te request this specific MCUXpresso SOK Build
In general. SDK builds should compiele within a few minutes

TERMA

You will be notified via email and notifications in the upper right comer of this webpage

i FReleases Information

6 mmp =
5

5. [@ SDK %10 Touch X

Archive Nama

SOK_2.4,1_FRDM-KE15Z

Dant use: [ERDTRNERNY in the name of your

SOK

Documentation

Base S0K

Corex-MOP § TZMHz

256 KB Flash
A2 KB RAM

KESDK 2.4.1 {released 2018-06-18)
REL_SDK_2 4.0_RELB_RFP_RC4_S5_PRE

Windows

MCUXpresso IDE
FatFs

IXpresso SDK AP Reference Mz

6.2 T% SDK FIXX#4
1. T# SDK 1744,
2. T SDK X#4,
3. B&E EULA,

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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| BT

SDK Downloads

MCUXpresso SDK Download both

& Download SDK Archive (10 MB)
& Download SDK Documentation

& Download Standalone Example Project

For MCUXpresso IDE, example projects can be imported as standalone
projects directly within the IDE by downloading the SDK Archive

Online Documentation
4  \iew SDK APl Reference Manual

6. SDK T#&

7. SDK X# T8

Updated documentation

50K Folder » SDK_2.4.1_FRDM-KE15Z_doc » docs

o
Mame

MCUXpresso SDK API Reference Manual_MKE13Z7
touch
“L Getting Started with MCUXpresso SDK
- MCUXpresso SDE APl Reference Manual_MEKE13Z7
“L MCUXpresso SDK Release Motes_ MKE15Z7

SDE_2.4.1_FRDM-KE15Z_doc * docs » touch

e

Mame

“L NT20RM

6.3 FreeMASTER T %%
] BALM FreeMASTER Run-Time Debugging Tool %% T 5t B # iR 4K FreeMASTER,

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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| A\ FRDM R FIfi 8 R4 |

FREEMASTER: FreeMASTER Run-Time Debugging Tool

OVERVIEW BUY/PARAMETRICS DOCUMENTATION DOWNLOADS

Filter By| Show All >

Q Recommended Software & Tools (1)

B<

DEVELOPMENT TOOLS

Middleware - Device Drivers

Recommended Software & Tools (7 FreeMASTER 2.0 Application Installation (REVZ0.1
Run-time Software DE - F 1 T

Software Development Tools
Debuggers and Runtime Analysis (1

Device Drivers (1)
IDE - Debug, Compile and Build Tools (4

MPC5S0uMPCSE0uMPCS T, ColdFire® VN2, Kinetis®, 532

8. FreeMASTER R ARRF T#

InitializationBootDevice Driver Code " 2 2 9 )
{REV 2.0)
Generation (1 FreeMASTER Communication Driver Ty
FreeMASTER Communication Driver for S08, HCS12, $12 Magniv®, S6F300/E,

7 M FRDM 4R M55 R 18

7.1 FRDM Rig®
« MR J15 BB E 2 M 3 fF8E 3.3 V {8,

+ ¥ FRDM-TOUCH #RiE# 2| FRDM-KE15Z, 1 USB E45EZ BRI B L | 45 Freedom R L&,
» TF#“touch_sensing”&|FF £k L.

7.2 MERBNRTRRA

1. MEGTEHR , M MCUXpresso Mk N & & FRDM-KE15Z SDK 3448,
2. JB3h MCUXpresso o

3. ¥ SDK & ( .zip ) #Z] MCUXpresso ) Installed SDKs #1 & # L %% SDK.

05Disk (C:) » SDK Folder

Marne

¢ SDK_2.3.1_FRDM-KL02Z
¢ SDK_2.4.1_FRDM-KE15Z
¢ SDK_2.4.2 FRDM-KE15Z_doc

0 Installed SDKs 1 [ Properties © Console (£ Problems @ Debugger Console ® Instruction Trace B0 Power Measurement Tool -, SWO Trace Config

AR MASRART @R JLAR, STIRAY U S UL Al DL
Name K Version Manifest Version Lacation SDK Details

[] & SDK_2.x_FRDM-KE15Z 241 330 ] \SDK_24.1_ FRDM-KE15Zzip  Selected SDK content

9. ¥ KE15Z SDK & A\ Zl MCUXpresso

& o
FIESIPGET } ITHAY LR B3EIPEU JLARS WYY,

7.2.1 § A touch_sensing &R
BB UT S RE S 4 R E S X2 MCUXpresso IDE,
1. § X\ SDK R4l ( touch_sensing ) o

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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2. %3 frdmke15z , #d5 Nexto
3. BJT demo_apps.
4. ## touch_sensing , A5 % & Next.

| A\ FRDM R FIfi 8 R4 |

@ Quick. ®=Glob.. ®rVaria.. % Brea.. 5= Outlin

= Create or import a project

-
ﬁ Import SDK example(s:
a

————— .

~ Build your praject
@ & Build
& Clean
~ Debug your project B~
E # Debug

- # Terminate, Build and Debug

10. § X\ SDK R4l

. Board and/or Device selection page

= SDK MCUs Available boards
MCUs from installed SDKs Please select an available board for your project
NXP MEE15Z2 56007 Supported boards for device: MKE15Z.25600c7

~ KElx
MEKE152256:0007

KL

v KL2x

» KWy

freimke

| (B SOK Inport Wizard

|
. Import projects
Progect mamne prefic frdmiel5e_

[ Use default acation

Progect Type
) C Progect

1% power_manager
pawer, made_saitch
| = ne_tune

1% sheii
[ = touen,

1. SANMERBRIRT

|'9 The propect bdmios] 52 _touch_sending alneady exists in the workipace,
|

Project name satfic

Project Options
SDK Debug Cormole @ Seminost () UART

=l import other files

Weriion

7.2.2 E1THYE R it 8RR R I

1. 1 MCUXpresso IDE Project @ O # , B frdmke15z_touch_sensing.

2. X i main.c,.

3. FEMBFRAMBERNIE ( LK NMAEFMEE Flash ) o

4. B Resume BFRLUEITE R

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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| A FRDM #R FIfih 58 R4 |

/ Resume

a5 irmie 152 fousch_serming
© Project Settings

int main(veid)
int3z_t result;
bool recalib_enabled - false; /* aut
bool one_key_only = false

User code for key processing

t BOMRD_InitPina();

MNT library configuration

BOARD_Boot(

LED_REDL_INT
LED_GREEN]
LED_BLUE_IN

¥ Quicic. £ fra_init();
NT OSA Imit();

Installed SDKs ] Properties © Corsole (£ Problems [ Memory (@ Detugger Corsole ' Instnuction Trace

0 fower Measrement Tood L SWO Trace Config
i E B

Build project @‘j-

Debug project :

12. iA@i# demo

7.2.3 % touch_sensing BT
+ % FRDM-KE15Z E#J E1 4 — RGB LED ZHh & &,
+ ¥ FRDM-KE15Z L#) E2 # — RGB LED R E &,
+ # FRDM-TOUCH # Up #— RGB LED &,
+ ¥ FRDM-TOUCH # Right & — RGB LED K& &,
# FRDM-TOUCH #J Down % — RGB LED Z R Ik,
#& FRDM-TOUCH 4 Left 8 — RGB LED ZH H &,
+ MNER[ZERS FRDM-TOUCH LB — K RGB B E.
B4t FRDM-TOUCH hE#::&3) — RGB &7,

7.3 3B FreeMASTER GUI
1£ FRDM-KE15Z £ Z% FRDM-TOUCH }4#4 flash_sensing RN ZE Flash FEER T , FEFF AR F PC Z[8E#E USB B4,
o FiE b 1% B8 AT #R A7 %0833 5035 RGB LED 9B 2 5,58 B SR e Bl
— /B3 FreeMASTER,
— B NXP Touch KE15Z.pmp X4 ¥#EZ| FreeMASTER B0 L,
* Project Tree Xy NXP Touch Library.

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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| A FROM R AIAR R T 2 |
SDK_2.4.1_FRDM-KE15Z > middleware > touch » freemaster ~ O Search fre.. 0@ [ NXPTouchKEISZ - FreeMASTER
~
MName ¢ File Edit View Explorer Project Toals

[ Project - FreeMASTER

B H@T b sad e

driver
cre ¢ File Edit View Explorer Project Tools Help
. - = | B B S = " B wgh Cow T D .
|7 ek_gqno0anxcdk | = E:t Bo B9 &b e ) B> |2 e 0 R ‘!‘ LN | -| u L
|7 frdm_kel3z — v | = electrode_usafa_0 Details

B] NXPTouchKE15Z =
\

Bl NXPTouchQNI020xedk \

13. FreeMASTER R4

7.3.1 FreeMASTER GUI
Freemaster XIFSMBEMHL , HIT COMx RBIRFO LW EZEE., REBUTHER , BRI mbed USB EEEIEO,
1. NIEREHGEREEES , RS2 T Nexto
2. FRAEEEEDIRE USB ixO , B E Nexto
3. HRIEER mbed 8178 O ( COMxx ) , B Nexto
4. % MZE COMxx UART i A , #%$F Yes, Finish.

Select Communication Port Type s |

¥What communication inteface is used lo connect your hos! computer and the laiget boand?

® Use direct connection o on-board USH port

UART compuder ports include the hardware 5232 inefraces, USB40-UART seral cables a5 wall as
direct LISE connection 1o eged application nanning FreeMASTER LISB-CDC driver,

Maka sure your target apphcabeon is compiled with FreeMAS TER Communecaion Divar with the
FMSTR_USE_SCL FMSTR_USE_LPUART o FMSTR_USE _USE_COC configurabon option

Serial LART Pons to probse: Biaud-rates lo probe
¥ COM13 - mbed Senal Port (COM13) 256000 ~
125000
¥ 115200
57600

14. 88 FreeMASTER &ifl

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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| A FRDM R FIfi 58 R4 |

15. 1% UART

-erd Detected st UART Ports

Fre«MASTER has detecled a board connecied o COMT3 UART pod al communic abon
bawd rate of 115200 bps. Do you wanl 1o keep the selings?

{8 Yes, usa he delected por selings and sta using FreaMASTER ool

k " Mo leave the Connechon Wizard without any changes made

< Back Fimish |

Cancel

X |

ey = e 1 1

7.3.2 TOUCH SW LAYERS &1+

EEFXTHERGAHMEE , % Control page & O F1%#F TOUCH SW LAYERS &3+ , A f5# & READ CONFIGURATION
FROM BOARD , &1F L2

EBAIE TR UES -
+ NT CONTROLS #&#l
Keypad_1 , Aslider_2 , Arotary_3 Fl i T&/MEHH BN,
+ NT ELECTRODES &1}
AR 12 NaRMES W B 16,

BEHMMERA4TT RIS, K4 0,20194F 1820 A

[SEERE

12/54



NXP Semiconductors

| \ FRDM #R M4 EE RFF 4 |
@ NFTouchIEISE - FreeMASTER 5 "
Fie Bdt View Bpow Popc Toor Hep
CT R L - NS S FEIE X WL
05 toch o] -
= gectrode_usata 0 Detads
GG
NT SYSTEM: Pacr crabpeten w BAL
mctulshcn tene (e
NT CONTROLS: 3 L
o 2]
Elecode Name
Tiecmades 1 El_L El2 El3 El 4 ELS O ELé EL? Bs ® ElS
# EL 1D = El # EL12
ool Trpe v
< > |
kT3
Wava Viha e i
lispicanon co. [T s
Done
16. FreeMASTER - TOUCH SW LAYERS &3 F

7.3.3 MODULES &m+
WMRERHITEE O ik MODULES £ , HFA sample project REMMFIE 12 MERFLERER, FSEEARIRE

hEME, 4 FRDM-TOUCH ER@E EFFAHIRTAY , Bk 2 hAERME, FERLTRRFREPTE LW BREBIRMMA , BRY
MNEFBES,

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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| \ FRDM R Ak R RIT 48 |
[l MAPTenskkE152 - FrawhdSSTER: = a x
Fs [d: Vew Dplow Page Tools  Melg
SHGT swd Egl S aaw o [Fr b 2K SO W NTRY
05 1o Lexar]

b pectnode, utats 0 Detats

sk meduls_tsi 0

Eierwinie niame Ky deteoun Raw Cm Bescionr T Seqfrad Towth Flags

E
i
§
g

:
3
3
}

b

maly 14 % [T 1%
maly £33 FEEH ' ¥
mafs (E ] 113485 i "
wafy 100 FE ] 800N "
walfy 1 33554 ShENN "
il i 13873 Shisn %
el i) mm Falh L]
mali * dame 1%
mat L e a2h 1

-4

e Wikt W Parisd

Rligpicien Co ﬁ T

17. FreeMASTER - MODULES &M , £iR{1E

const struct nt_electrode * const nt_tsi_module electrodes[] = {
&E1 1, &E1 2, &E1 3, &El 4, &FE1 5, &Fl 6, &F1 7, &F1 8, &E1 9, &F1 1@, &F1 11, &F1 12, NULL
IH

18. “nt_setup.c” FRIERBIK D E

7.3.4 CONTROLS &I+

MEEPTHSAEE O HH CONTROLS M+ , RAOITE H iy =MaEE4 (BE. EEANBR ) MeERER,
% FRDM-TOUCH LM ER—MEE BRFE TN , BERFBE R —NEROALE,

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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| A FROM 5 AR SR 1T 24 |
[0 WP TeushkE1 5T - FraubRASTER = o *
Fia [d: Vew Dgplow Pagpn Tock  Hep
SHGT s s h Bl e s WS 8 K N TR
i WO Toues Library -~
e
Namr Fircizde Trpe Siair Aowrpear rer Tock. tenped sirceode
trpad ot o =
wslider e
p— Emidin Tope Pt Range Tosli o svar e el
e - L] roghd
arotary @
Nama Promade Tvpe Peimce Bamgr Toch Mo e Dhewncs. Levatud ok
wosary 7 n gl
i o
ra—eed i Wik et Paricd
Pligpiniren Co. [Pl tnmin

19. CONTROLS £ F - keypad

7.3.5 ELECTRODES %W+
AT LA#E ELECTRODES B R M A X BRMBE/BREANFMARGEE . FREUTIRIRE
1. £ CONTROLS T H& R Hi£#F ELECTRODES %W+,
2. 1& SELECTED ELECTRODE T3 % 1%4% electrode_usafa_1.
3. 11X FRDM-KE15Z £H E2 4% , R 0 ( =X 2 ) S RERMIE,
4. BERE2 IR, BRE 1 (H4) PETRERBER.

BEHMMERA4TT RIS, K4 0,20194F 1820 A
MRAZER 15/54




NXP Semiconductors

20. ELECTRODES &%+ — MEMEREH#+

| FRDM AR A1 BOR 1T 44 |
| MoPTouchiE | 5T - FreeMASTER o ><
Fia i Vew Dgiow Promes Tooh Help
RO =g e Bl plp e ShErE
0 P Tonsch Litracy
=
w0 X
T_wamp | T_vamp fame 1 T_samp
LT [RESIET
Biered_ il mome
1]
v
Seope of elecirode_usafa_1 | measured dais Release
Ko Sogeal Sagmdl Busrime Fiag S ) vimp 1 Sasir | T shamp | T samp Sanir 1 T, g
bt T 1 2 v [ e 13318

7.3.6 FreeMASTER RiKzs{1E

K Scope J , TR AT EENMBEECRESNZRONE. ERAREENBNENER. BERRUTSRAUE LS

RHES  BUTILFERE
+ 1£ MODULES &I+ , #HBRM scope 4,
( MREEEIR M K electrode_usafa_x , i HIEIR , REST Yes, )
+ 1£ CONTROLS &Hl+H , B EIRHNERUETZEHPHAEBR,
+ 7 CONTROLS i&HI+H , ¥ scope H#% LURERSE AN BAR,

+ # ELECTRODES :&WiFH , NRFHE O PEE -8tk , AFHEEH CONTROLS MEE O KA RIKR.

BEHMMERA4TT RIS, K4 0,20194F 1820 A

[SEERE

16/54




NXP Semiconductors

| A\ FRDM R FIfi 8 R4 |

it MODULES and CONTROLS tabs, click scope link

Electrode tame / Keydetector Raw Cnt Baseline Crt Signal Touch Flags

wsafa 59893 P00 9506 6

wsafa 60463 60470 60465 16

Scope of electrode_usafa_3 | measured data

ELECTRODES tab, click on oscilloscope view

Raw_Signal State 0 T_stamp 0 Seate 1 T_stamp 1 Suate > T_stamp 2 State 3 T_stamp 3

0:24:43.040 - 0:24:44 520 2 0:24:41.700 1 0:24:42.80

13198

control pags | Cufrerd bem Peip | owclicacoon

Mame Value Uinit Period

21. EATHBENE

7.3.7 BERRKAENE

FAEEENXBRNBESHBITUERKBEOPER , Bt TUBREREN BN RIBENMERE, HRE FRDM-TOUCH
ERBIR 2 ( LEFNERR ) i, TURIES S RAMBERN,

E MNXPTouchkE15Z - FreeMASTER - a b4
Efe [t Mww Jeope Promat Tock  Help o
SHO= w8 eo 6 SFE R o [Er £ 5K W Bl L
N_I? Touch Library 1 ancrsce w2 s v waans 3 ¢ vpe smate oo 2 sesare secuce a3 sessant e s 3 e i e 2oy v o eciride seuts T_owaman o §
ehoctrode usata 2 Details 10
o e Filtered Slgnal
g'.l 13008
'(E ! rum
= fat Raw signal ——» Deadband
© 128 Baseline
n: 1200
L 1ree
=i
=y
= )
® - Noise \
g — & M3
g Ewe i
" Deadband counts
oy
= mq
"
- - Touch Release
L=
[
b —4 ]
S —|
3 Entry event l:ount
(@] 184
s
T 0
§ L] L L] L] ]
' o]
< >
e Ty egger—

22. BBRTRBENE — RRRUBES

7.3.8 BREHEENE
BARNIGAE | REBEERSH SR E € TSR,
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pign , WEUBREMADBRRAK. MRBNNEREBHFE  2FF 0 SERM 1 SERENESEL, NWENSTEHERNE
RESIHES L,

E MEPTouchKE15Z - FreeMASTER - o 4
Be (M Vww Egloner Propct Tool Help
GHDTE sH5E =B S [ER e o [E s S BTN TR
NP Touch Library - el ke pamten ot e g raciun conwr st -, sovomen conv s g g connt i e s ot e 1w’ sl
| Jid convol ssides 1 Detait} I
g 0
:E _ §.: Paosition
o] i "
o
=
b | —
«  Flags — direction, movement, touch
o . \
&
m —_—
TH

c

= Siderelectrode 0/~

[’1]

© S Slide from left to right

E‘j = Essm: {

0 — Touch Release
““. Slider electrode 1

< »

Comrc paga | core b e sadocegs

23. RERRKEAE — RERNEGES

7.4 ML R demo BHELE

741 FRDM-TOUCH

FRDM-KE15Z L/ RGB LED Wiz LA FARE :
- mNRE
. RERE
. BREBIR
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Touch buttons:
Up—-LEDis red
Down —LED is blue
Left— LEDis white
Right — LED is green

Touch Rotary:
Multiple LED hues

Touch slider:
Adjusts brightness of RGB LED

24. FRDM-TOUCH 24

742 TSI BEZE

touch rotary mutual button
SW 3 Mutual Key 1 Mutual Keay 2
o—NHs1 o~ s2f . .
PTESTSI0_CHO 152N . -
[ (5v™ - w - =
V\.‘_./ __'
« ) PP I I —
oty - b = i
PTE4/TSI0_CHS o PTE11/TSI0_CH3
| ROTARY SEHNSOR
Mutual Key 3 Mutual Key 4
FTEETSID_CHS - . =
= q -\' .-_ -
PTE4TSI0_CH1 J w -
- PTE10/TSIO_CHZ
TSI Ex

touch slider rar Ex Tl BT 1
Ei PTDETSID CHE PTDE/TSI0_CHT
Slider_d4
kg
PTCT/TSI0_CH1D FTDA/TSID _CHE

25. TSI HARER

7421 ERHHPIE TSI EE
REE R E T Kinetis SDK, f# /5 SDK B4t 2 SDK X3 MCU M FrE SMEZS4FRYIESY |, 6130 UART |, Timers , SPI Ezh&,

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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B2 , MEBEFERERT SDK AP B, TEMAE TSI MitSBNERRSIEF. BRXEXAFAUBHAFELNERIEF
K&, XEWKE A UE Kinetis SDK LT i, RIXHBRINERE S —MNIE,

£ Kinetis SDK A , #J% TSL BB E L BR DB E “board.h” XIHH Ko

/* Push buttons - mutual electrodes */
#define FRDM_TOUCH_BOARD_TSI_MUTUAL_ELECTRODE_1 NT_TSI_TRANSFORM_MUTUAL(FRDM_TOUCH_BOARD_TSI_MUTUAL_RX_ELECTRODE_1,FRDM_TOUCH_BOARD_TSI_MUTUAL_TX_ELECTRODE_1)//TF_TSI MUTUAL CAP_TX_CHANNE
#define FRDM_TOUCH_BOARD_TSI_MUTUAL_ELECTRODE_2 NT_TSI_TRANSFORM_MUTUAL (FRDM_TOUCH_BOARD_TSI_MUTUAL_RX_ELECTRODE_2,FRDM_TOUCH_BOARD_TSI_MUTUAL_TX_ELECTRODE_2)//TF_TS JAL_CAP_TX_(

#define FROM_TOUCH_BOARD_TSI_MUTUAL_ELECTRODE_3 NT_TSI_TRANSFORM_MUTUAL(FROM_TOUCH_BOARD_TSI_MUTUAL_RX_ELECTRODE_3,FRDM_TOUCH_BOARD_TSI_MUTUAL_TX_ELECTRODE

#define FRDM_TOUCH_BOARD_TSI_MUTUAL_ELECTRODE_4 NT_TSI_TRANSFORM_MUTUAL (FRDM_TOUCH_BOARD_TSI_MUTUAL_RX_ELECTRODE_4,FRDM_TOUCH_BOARD_TSI_MUTUAL_TX_ELECTRODE_4.

JTUAL_CAP_TX_(

JTUAL_CAP_TX_CHANNEL_2

#define FRDM_TOUCH_BOARD_TSI_MUTUAL_TX_ELECTRODE_1 TF_TSI_MUTUAL_CAP_TX_CHANNEL_3 [* PTE1L */

#define FRDM_TOUCH_BOARD TSI_MUTUAL_RX_ELECTRODE_1 TF_TSI_MUTUAL_CAP_RX_CHANNEL_6 /* PTDS */
#define FRDM_TOUCH_BOARD_TSI_MUTUAL_TX_ELECTRODE_2 TF_TSI_MUTUAL_CAP_TX_CHANNEL 3 /* PTE11 */
#define FRDM_TOUCH_BOARD_TSI_MUTUAL_RX_ELECTRODE_2 TF_TSI_MUTUAL_CAP_RX_CHANNEL_7 /= PTD6 %/
#define FROM_TOUCH_BOARD_TSI_MUTUAL_TX_ELECTRODE_3 TF_TSI_MUTUAL_CAP_TX_CHANNEL_2 /* PTE1D */
#define FROM_TOUCH_BOARD_TSI_MUTUAL_RX_ELECTRODE_3 TF_TSI_MUTUAL_CAP_RX_CHANNEL_6 /* PTDS %/
#define FROM_TOUCH_BOARD_TSI_MUTUAL_TX_ELECTRODE_4 TF_TSI_MUTUAL_CAP_TX_CHANNEL 2 /* PTE10 */
#define FROM_TOUCH_BOARD_TSI_MUTUAL_RX_ELECTRODE_4 TF_TSI_MUTUAL_CAP_RX_CHANNEL_7 /= PTD6  */
/% Slider - self electrodes */

#define FROM_TOUCH_BOARD_TSI_SLIDER_ELECTRODE_1 TF_TSI_SELF_CAP_CHANNEL_10 /% PTD1 %/

#define FRDM_TOUCH_BOARD_TSI_SLIDER_ELECTRODE_2 TF_TSI_SELF_CAP_CHANMEL_S /% PTD7 =/

#define FROM_TOUCH_BOARD_TSI_1 TF_TSI_SELF_CAP_CHANNEL_22
#define FRDM_TOUCH_BOARD_TSI_2 TF_TSI_SELF_CAP_CHANNEL_23

/* Rotary self electrodes */

#define FRDM_TOUCH_BOARD_TSI_ROTARY_ELECTRODE_1 TF_TSI_SELF_CAP_CHANNEL_O
#define FRDM_TOUCH_BOARD_TSI_ROTARY_ELECTRODE_2 TF_TSI_SELF_CAP_CHANNEL_1

#define FRDM_TOUCH_BOARD_TSI_ROTARY_ELECTRODE_3 TF_TSI_SELF_CAP_CHANNEL_9

#define FRDM_TOUCH_BOARD_TSI_ROTARY_ELECTRODE_4 TF_TSI_SELF_CAP_CHANNEL_B8

26. B TSI BEESE
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7.4.3 main() R R AKE
if ((result = nt_init(&5System 0, nt _memory pool, sizeof (nt memory pool))) != NT &
— {
.tcll lt L ] L ] L ] -
1]  saseniresuin) Initialization
case NI FAILURE:
nt_printft"\nﬂannot initialize NXP Touch due to & non-specific error.’\n");
break;
case NT_OUT OF MEMORY:
nt_printft"\nﬂannut initialize NXP Touch dus to a lack of free memory.'n"™):
break;
B H
while(l); /* zadd code to handle this srror */
I }

nt_pIintft"\nNHP Touch is successfully initialized.\n"):
nt printf ("Unused memory: %d bytes, you can make the memory pool smaller without

/4 Enable slectrodes and controls

"f L]
nt_cnable () ; Enable used things

/% Keypad slectrodsst/
nt_control keypad set_autorepeat rate (&Keypad 1, 100, 1000);
nt control keypad register callback(&Feypad 1, &keypad callback):

/4 Slider slectrodses 4/
nt_control aslider register callback(&RSlider 2, &aslider callback);

/% Rotary slesctrodss #*/
nt_control arotary register callback(&RRotary 3, &arotary callback):;

S System TSI overflov warning callback +/F Register euent CEI”bEICkS

nt_system register callback(isystem callback):

JS4 Auto TSI register recalibration function, not used as default +/
if (recalilk enabled)
[ |

recalibk status = (tsi status t) nt module recalibrate(&nt tsi module):

if (one_key only)
nt_control keypad only one key valid(iKeypad 1, true):

pic_inic(): INitialize periodical timer for nt_trigger() task

while(l)
H
ne_task(): Periodical call of nt_task()

FMSTR Poll():

27. A% L
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744 BYERSHMLEIIEE
BHNEEM API R : “nt_trigger()” M “nt_task()’s XABRHENAEFEHRAUREEBRNEHLBLER,

7.4.41 nt_trigger B

BMRARFNETNSRPHRMEES P ERAALRBUEZTORENE. REFEERONI , ZRBATES L REESE , %
AR ERE T /B AR, MRMART TSIERNE , WEHABEENMINEEFY, XEREEZANFIITRZA,
TR FIINE, ZRBRE :

+ NT_SUCCESS HnfTht £ i & B EMEIRRE S,

« NT_FAILURE H&ABI &R , SINERRER RS , BE (BEEX) HiR, $F. TRoAMER , MASSEA%
o

XR—NT EfRHHF

//For example, there is a callback routine from any pericdical scurce (for example 5 ms)
static void Timer SmsCallBack (void)
{

if(nt_trigger() != NT_SUCCESS)

{

// Trigger error

}

}

28. nt_trigger() E¥kiA M

7.4.42 nt_task ¥

NARFMRTUMEM FHR LR , UELBEREMABHRARBAOKE, SAEHENZ P EA-RZAK, ERE , %
ER G NT_SYSTEM_MODULE_PROCESS K NT_SYSTEM_CONTROL_PROCESS < iR &R AEERMEGRETNE
M&, ZRHBOEE :

« NT_SUCCESS ¥ £ — X fil % SREVAY B3E EE AL TR,
+ NT_FAILURE & B BIE AR 1T,
X2 NT ERETESHRG :

// Main never-ending loop of the application

while (1)
{
1 (nt_task() == NT_SUCCESS)
{
// New data has been processed
}
}

29. nt_task() EAEiA A

7.45 EHORERK

BNMAFERANEGBLANEE L ER" R , ZRBATHEHFERNEH (0 Touch"H“ Release”E4 ) RHERS. %
THAEXREEEN R

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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static void keypad callback(const struct nt_control *control,
enum nt_control keypad svent event,

nint3Z t index)

{
E switch (event)
— i

case NT EEYPAD RELEASE:

= switch (index) {
case O:
break;
case 1:
break;
case 2:
break;
case 3
break;
case 4:
break;
case 5
break;
defanlt:
break;

break;
case NT_KEYPAD_TDUCH:

= switch (index) {
case 0:
break;
case 1:
break:;
case Z2:
break;
case 3:
break:;
case 4:
break;
case 5:
break:;
defanlt:
break;

break:

30. @& EEEE

7.4.6 nt_setup.c XHHHRENANEE

nt_setup.c FIRE T ASHEE , flW TSI FFREHRHE , RERNFRE , e/ ENLBRE,
EENER B, BENRE , FEQBEEMRENDBASES , TS Ak,

LR R R T FRDM-KE15z R L AN RBIEE .

BEAMERETRRETIMRERNE (MBETGEEL ) . BRENEBXMKRASERNE LRI TR,

EREERRRGIT , R TREBRNEE uSAFA, FIEERTUAZEMERERONERRE , IETURTANRBRNZRESH
DEATERER , ARNEHFHREMN,

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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[ struct nt_keydetector usafa nt_keydetector usafa E1 1 = |
.signal filter.cosfl = 2,

.base_avrg.n2 order = 5,

.non_activity avrg.nZ order = 15,

.entry _event _cnt = 1,

-deadband cnt = 1,

.signal_to_noise_ratio = 5,|

.min noise limit = 200,

.de track enabled = 0, "

.dc:track:cnt = 100, pIaCEd In RAM

- 1:

struc.t nt_keydetector usafa nt_keydetector usafa E1 3 =
.signal filter.coefl = 2,

.base_avrg.n2 order = 12,

.non_activity avrg.nZ order = 15,

.entry_event_cnt = 4,

.deadbkand cnt = 3,

.signal to noise ratio = 4,

.min_noise_limit = &0,

.dec_track enabled = 1, placed in Flash

.dc_track cnt = 100,

- };
31. RERNBRHENL

{

nt_keydetector ## 0,

BREWRBLASNARFHATRENEEANEHERTIE, E4FF , ©R nt_electrode KE |, E L BRSHA

/* Elsctrodss */
[l eonst struct nt_slectrods E1_1 = |
.shielding elsctrode = NULL,
-keydetector_params.usafa = &nt_keydetector_usafa E1 1,
.keydetector_interface = &nt_keydetector_usafa interface,
.pin_input = FRDM TOUCH_ BOARD TSI 1,
- 1;

const struct nt_slectrods E1_2 = |

.shielding elsctrode = NULL,

-keydetector_params.usafa = &nt_keydetector_usafa E1 1,

M

.keydetector_interface = &nt_keydetector_usafa interface,
.pin_input = FRDM TOUCH BOARD TSI_2,|

= HH

32. BRERHFENR

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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/% Modules */
const struet nt_slectrods * const nt_tsi_module_electrodes[] = {
&E1 1, &E1 2, &El 3, &El 4, &E1 5, &El 6, &EL 7, &El 8, &E1 9, &E1 10,
bi

[ eonst struet nt_module nt_tsi_module = {

.interface = &nt_module tsi_interface,
.wtrmark hi = 65535,

.wtrmark lo = O,

.config = (void*)&tsi_hw_config,

.instance = 0,

.electrodes = &nt_tsi_module_electrodes[D],
.safety_interface = &nt_safety interface,
.safsty params.gpioc = (void*)&my safety params,
.recalib config = (woid*)&recalib confiquration,

- 1:

33. TSI #IREXL

REFERMENRE , BTEIES. EXHHERT | control_0 “ERUER"E#,

[-] eonst struet nt_electrode * const Feypad 1 controls[] = |
&El 1, &E1 z, &E1 3, &El_4, &El1 5, &El_s,mkeypad electrodes
- 1:

[-] const struet nt_electrode * const ASlider_Z_contrUls[] = {

&El 7, &E1 8, NULL .
.- - Slider electrodes
[-] const struet nt_electrode * const ARotary 3 controls[] = |

i }-&El_B, &£l 10, &E1 11, &E1 12, NULL Rotary electrodes

[-] const struect nt_control_arotary nt_control_arcotary ARotary 3 = |
.range = T2,
. Rotary range
i
[ const struct nt control aslider nt control aslider ASlider 2 = |

.range = 1&0, . .
.insensitivity = 2, Slider range and granularity
- i
[ eonst struect nt_control keypad nt _control keypad Feypad 1 = |
.groups = NULL,

.groups_size = 0,
-multi_touch = (uint32 t []){0x0C, 0x18,0x30,0=x24,0=x3C,0},
.multi_touch size = 5,

- }:
[£] const struet nt_control Feypad 1 = |
.electrodes = &Reypad 1 controls[0],
.control params.keypad = &nt_control keypad Feypad 1,
-interface = &nt_control keypad interfacs,
- }:
[ eonst struct nt_control ASlider_2 =1
electrodes = &ASlider_E_controls[D],
.control params.aslider = &nt control aslider &ASlider 2,
-interface = &nt_control_aslider_ interface,
-}
[ eonst struct nt_control ARotary 3 = {
.electrodes = &ARotary 3 _controls[0],
.control params.arotary = &nt control arotary RRotary 3,
-interface = &nt_control arotary_interface,

= ¥

34, BEERHE LRP
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WE  RINEBEHRABSERE REEMF,

/% System */
[l eonst struet nt_control * const System 0 controls[] = {
&Feypad 1, &&Slider 2, &ARotary 3, NULL
- 1:
[ eonst struct nt_module * const System (0 modules[] = {
&nt tsi module, NULL
- 1
[l econst struct nt_system System 0 = {
.tims pericd = TIME PERICD,
.init_tims = 400,
.safety period multiple = O,

.safety crc hw = true,
-controls = &System 0 _controls[0],
.modules = &8ystem 0 modules[U],

41

35. nt_system R4 ER

Kinetis E %% MCU B&&R%&iHM TSI v5 IME, HAERMGESHETERE, B2, NT EENAEFFASETSBEME
By, HAETME TSI BRMNES, TSI BEEN E36 FiR. “ tsi_hw_config” B&ATEHRAEXNEBRRAERANFTFHE
B,

MRMARFAEAXAMER , NI RTFRNIRERS W2,

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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L

.commonConfig
.commonConfig.
.commonConfig
.commonConfig
.commonConfig.
preCurrent =

.preResistor =

const tsi_config_t tsi_hw_config = {
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configSelfCap.
.configMutual.
.configMutual.
.configMutual.
.configMutual.
.configMutual.
.configMutual.
.configMutual
.configMutual
.configMutual
.configMutual
.configMutual
.configMutual
.configMutual
.configMutual.
.configMutual
.configMutual
.configMutual
.configMutual
.confighutual
LconfigMutual
.thresl = 8,
.thresh = 85535,

commonConfig.mainClock = kTSI MainClockSlection 8,
commonConfig.ssc_mode = ETSI ssc_prbs_method,
commonConfig.mode = kTSI SensingModeSlection _Self,
commonConfig.dvolt = ETSI DvoltOption_3,
commonConfig. cutoff = kTSI _SincCutoffliv_@,
commonConfig.order = ETSI _SincFilterOrder_2,
commonConfig.decimation = ETSI_SincDecimationValue_4,
commonConfig.chargeNum = kTSI _SscChargeNumValue_d,
commonConfig. prbsOutsel = ETSI_SscPrbsOutsel_2,
commonConfig.noChargeNum = ETSI_SscNoChargeNumValue_2
commonConfig.ssc_prescaler = RTSI ssc_div by 2,
enableSensitivity = true,

enableShield = false,

xdn = kTSI _SensitivityXdnOption_ 3,

ctrim = ETSI_SensitivityCtrimOption @,

inputCurrent = kTSI _CurrentMul tipleInputVolue @,
chargeCurrent = kTSI _CurrentMul tipleChargeValue @,
commonConfig.mainllock = ETSI MainClockSlection_@,
commonConfig.ssc_mode = ETSI_ssc_prbs_method,
commonConfig.mode = kTSI _SensingModeslection_Mutwal,
commonConfig.dvolt = ETSI_DveltOption_3,
commonConfig.cutoff = kTSI _SincCuteffDiv_@,
commonConfig.order = kTSI SincFilterOrder_2,
.decimation = kTSI _SincDecimationValue 4,
chargelum = kTSI SscChargeNumValue 4,
.noChargelum = ETSI SschNoChargeNumValue 2,
.prbsOutsel = kTSI SscPrbsQutsel_2,
ssc_prescaler = kTSI _ssc_div_by 2,

TSI _MutualPreCurrent _dud,

ETSI MutuvalPreResistor_dk,
senseResistor = BTSI MutualSenseResistor lok,

*

.boostCurrent = BRTSI_MutualSenseBoostCurrent_DuA,
JxbriveMode = BTSI_Mutual TxDreiveModeOption_ 8,
.pmosLeftCurrent = RTSI_MutualPmosCurrentMirrorleft_32,
.pmosRightCurrent = RTSI_MutualPmosCurrentMirrorRight_1
.enablelmosMirror = true,

.nmosCurrent = RTSI_MutualMeosCurrentMirror_1,

,

36. B TSI AR

75 RERMEBEERNFEER

NEFRRIRT HNARFHAN , MEE LHBURT BMANBENR NARFHERANES (NRERE | BRE ) HHE,

Touch FEE2 T M 32 {¥ Kinetis Arm cortex-M MCU $RE M. H THA 32 U EHHME , RINBASHER |, IBHANEE 32
R R IFEE Flash 1, RAM /L FRARBEARNS.

HFXMI5E |, Flash FRBRBERTAERBXIST , HEEBES Am HTEH KN, MEE CPU # —FHWIRE , AEFTLMKERE
B, XHAUTEITEIEFH CPU BHE,

Xtfs It T SBEE T RRmERNEREE,

/DY Kinetis-L 8% £ & 16 kB Flash , M AZ 3 TSI IMEAIIRZ BB 32 kB REZHH £ Flasho AT LARK 44 Y fih 18 18 R &R
2 &% 2| 32 kB Flash Kinetis 2844 , A AERNAREZE,

SR TRBPRXTEKSDK (B35 ) LARREGIE URZAK FreeMASTER BB RNEFEER,
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KZ ¥ Flash (ROM ) FERTE “nt_setup.c’ REFBENEWHEXH . BELIXAHRPMERYE , RIOTUEITHEH

751 REZELL

FrEMFTE Flash ZRAEERTRENABRFNESRY , NS ANBRNEANRE. BESRMENEM , FrEMN Flash A
RAM B9 K/t 5 b5 3t 3 o0, @IS MIBRE I TE L Z BTAY“ const’ 2 B F |, ATLUE B NEE C £MIFHREER RAM 1 | #5
nE 29, BMHE. BRMNSBNLER[BTERERANAZSEZTEEREE ‘nt_memory_pool[]” LEIEH , SHENL R — &
B RAMHBA , HXN R REMNARFNEEMER. % “nt_memory_pool” EXH 4000 ZH KMHHRA. HEE , B\
RIZFEZHTE , ARM Cortex-M AZEEZEEHXFT, WLAER “nt_mem_get_free_size” RIGITEHA KD , ZEEERANBLE
REFIRATF.

£1f defined( TICCREM )

uint8 t nt memory pool[4000]; /% IAR EWARM compilsr */
felse

uintf t nt memory pool[4000]  attribute ((aligned (4))); /% Kesil, &GCC compi
fendif

37. nt_memory_pool #1344t

if ((result = nt_init(&System 0, nt memory pool, sizeof(nt_memory_paal}») != NT SUCCESS)
{
switch (result)
{ -
case NT_FATLURE:
nt printf("\nCannot initialize NXP Touch dus to a non-specific srror.\n");

break;

[case NT_ouT_oF MEMORY:|
nt printf("\nCannot initialize NXP Touch due to a lack of free memory.\n");
break;

}
while(l); /* add codes tc handle this srreor */

}

nt_printf ("\nNXP Touch is successfully initialized.\n");
nt printf ("Unused memory: %d bytes \n“,|(int]nt_mem_get_free_size{}};I

38. Nt_memory_pool X/}

7.5.2 BER FreeMASTER

ZRIABER T , FreeMASTER TEf R RAIRE P BERE | XR2ETF X BUE1T FreeMASTER GUI fr4EH . FreeMASTER AN &
SHEFE-ERE , BBV EMERNARETRE NS ENRZLNHRHATE PR, FreeMASTER X#EFHLUBEENX “NT\U
FreeMASTER\U support 0" EMENAREFHRRER , B2 M B 39,

fifndef NT FREEMASTER SUFPPORT

fdefine NT FEEEMASTER SUPFORT 0O

fendaif

39. TERMIRFERE A FreeMASTER X
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FreeMASTSTER RIRHEX MBI A , tbin TSA & |, “init_freemaster_uart()” F“FMSTR_Init()" R 4MM SW T B F Bk , &
S0 B 40,

* FresMASTER applicaticn.
*/
S/ #ifndsf FMS5TR PE USED
// FMSTR TSA TAELE LIST BEGIN({()

Vi
T * This list describes all TSA tables that sheould bes sxported te the

Yy ETMTR:TEA_IABLE{n?_frmstr;tsq_table}
// FM5TR TS5A TAELE LIST END()
//#endif

/% FresMASTER communicatss over the desfault UART instancs */
SAinit fresmaster uart();

/* FresMASTER initialization */

// (veid) FMSTR Tnit();

while (1)
{
nt_task();

//FMS5TR Poll();
}

40. Bk FreeMASTER &%

x1. BEBMBEERAMAER ( FreeMASTER B8k )

App. X/ 2 BiR 28 B
FLASH [kB] 14 28
SRAM [kB] 2.2 7.2

8 REHMEE uUSAFA

BERMEETR=MRERNE
« AFID — ZFIE&8IN , #WH8M CPU ItE
+ SAFA — BERIRRE L ( T2/ )
+ USAFA — “B )" SAFA ( ## )

SAFA RAMER M EERE N &L EE,

SAFA BMES BERIEKEE , & NXP BELTRBRNN —MIERRAEL , XENVRTRED. ERETAERENBFY
RS, BER (X ) RESEFRRENBIRNEGEN—EERA, ARNMERES SEKREAERN HRESSE.

8.1 RBRNET uSAFA BXES
UTESRNEE
- BRREANSERES  CHENANFANELMESSY  REMFERESHSE,

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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FERPREARATRNREMERNES (EARMHEBIRKER ) . ZESRIREAMRMERNE.

« RETR (RPRERSE )  RNOPUHEEEFRRFREREGFABIIE (MM EMC BRE ) . XEREBERS
BERETIE, RNEIRPEEREN 100, MERETERERSES.

s IXRRFHF , FEMMAFIIEX AR NAMBERBERS. EXMERT , EXEXLR ( ZPBRFRE x SR ) . fl
i, % SNR=6 &} , MFEX=100*6=600 it%K

- FNGES EMBERANNARESHF, RINEMRBERRREBREILE.

s NTFMBEEH | ESLASTRNESH 25% , HABIFEXBEFE,

s NTFRBEH , ESLTETHNESH 80%.

o EHITERES ( “entry_event_cnt” & “deadband_cnt’ ) # A TiHBRMENBRRE4NES,

I* SAFA keydetector settings ™/
const struct nt_keydetector_usafa keydec_usafa =

{*Electrodes */
_signal_filter = {2},
.base_awrg ={.n2_order =10},
-non_activity_awrg = {n2_order = NT_FILTER_MOVING_AVERAGE_MAX_ORDER],
.entry_event_cnt =4,
.deadband_cnt =4,
.signal_to_noise_ratio = b,
.min_noise_limit= 100,
.dc_track_enabled =1,
.dec_track _cnt =100,

k

41. uSAFA EXFERRE

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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Eacirode_ e __tgnal eiecirpde_ursts_0_1_monal eactrots_umsts__bateineg e Do _Usate_0_dksaidand _h

] predicted touch signal

[
§ a0 |

signal level
=01 deadband = min_noise *SNR

e LY baseline count

511500 -

t
| =

190
'"”‘E
106
104

gmi min_noise_limit (app noise floor level)
£ 100

80 ouch detected
0 Release detected

42. IRER MR uSAFA 55

8.2 BRI uSAFA KBS H
FARERENEFBHRARE , EMBIMIOIER (2% ) .

tban , B8 =10 BRE , 2 8 10 87 = 1024 MERSHEUIE,
REREMBRAIVEINE 11, 2048 MERS BT HIEREBBFE,

MR, IRFRMNBLBEOH 8, B2th2 B 4 F, BtBESHRITRBBOMNE , TLURFIMNBEREE. AMETESMER
ST EESERBUR T time_period IXNS8 , EEZT TSI H#EEAH.

BN E 43 URERSHH TR

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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= SAFA keydetector settings ~/
const struct nt_keydetector usafa keydec usafa =

.signal_filter = {2}, I Coefficient of the input lIR signal filter, used to suppress high-frequency noise.
base_avrg = {.n2_order = 10}, // Settings of the moving average filter for the baseline in the release state of an electrode.
.non_activity avrg = {.n2_order = 15}, // Settings of the moving average filter for the signals in the inactivity state of an electrode. (for example baseline in a touch state).
-entry_event cnt =4, // Sample count for the touch event. This means that this count of samples must meet the touch condition to trigger a real touch event.
.deadband cnt=4, [/ Sample count for the deadband filter. This field specifies the number of samples that cannot proceed to the next event.
signal_to_noise ratio = 6, // Signal-to-noise ratio — it is used for counting the minimum size of the signal that is ignored
i
.dc

bled = 1, | // When the DC-racker is enabled, then the Keydetector resets, when there is a significant signal drop below the baseline detected
.dc_track cnt =100, /I Number of samples requested (length of the negative signal drop) after that the DC tracker resets the keydetector.

|3

const struct nt_system system_0 ={

Y
LPIT_SetTimerPeriod(LFITO, kLPIT_Chnl_0. 50°CLOCK GetFreq(kCLOCK_ScgSircAsyncDiv2Clk)/1000); // Configure HW timer period in “main.c” properly

43.

t=100, /f Minimal system noise floor level

.controls = &controls[0],

.modules = &modules[0],

i 1 =50, )/ Time base [ms] used for sampling the electrodes (HW timer trigger firing the sequence) and to measure DC tracker time-out.
00, /1 Application warm-up delay period [ms], while the signals can settle but aren't evaluated

BRERNEE uSAFA S8

8.3 EHRIRERATINRE

ERBERFRABTENESRATRIAZLUTHREKER. XURESREENARFY.

fln , HEBERMAEBRB[EREFE-EYE  HEE-—BRNREBEBRN , EXANE A BBRREVERFTNER , UE
BEBA N B E A A

ERBRBEMIRBRNBYUESTEST (2 * min_noise_limit) » ERBERBHRMANEZAREN , FHZ/ do_track_cnt
* time_period FTiE. £ NEMRGIP , RN FEER 5000 ms 1L,

]
s !
36000
= tracker Reset Touch events
ey Negative signal drop < - .
%m ! predicted tch. signal
000 -
Em_i
0
52800 deadband (noise thresh)
o0 (signal drop > 5.000ms) && (signal drop > 2¥min_ncise_limit) | | " baseline
500
m-fh
100
106
100
102
Lt
iy
=
%
&=l
= Touch events properly recognized
an-
=
30
251
&
154
10 l
05
: 1w 1n 12 13 14 15 1% 17 18 13 F-
Tieme [se]
44. EFRBRER N
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8.4 IRERMIR uSAFA EH
BEERTRERNBASH , TUREMESRREE , XERF BENRE UK PR MEANEEME,
WMRBEAITHE SNR M 6 HZE 15, FEXFEERM 600 ZEH 1500,
+ ZB&/NTF min_noise_limit (100) HIEEESEH , BEHENRFRE,
- WBESEKRT min_noise_limit (100) , MHAFIEX , MEEREMNRERS , AT EPHREXREBER.
- BBEATRXEXFEESMESHLE,
c REMBBHREIMHMESSH 25 %,
o BIUHEBIXFAN KM RER K AR S4TSR
- MBABEMH = “entry_event_cnt” ( FANHBR/NKEE ) | MAREE R 4HTITME.

i gl AL i o o

{
signal_filter = {2},

.base_avrg = {.n2_order = 10},

.non_activity_avrg = {.n2_order = 15},

.entry event cnt =4,

.deadband_cnt = 4,

.min_noise limit = 100,

.dc_track_enabled = 1,
.dc track cnt =100,

3

B 45. uSAFA IRER NI RE

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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.

e

= min_noise_limit = 100

signal_to _noise_ratio =

T

G

Deadband = min_noise_limit * SNR = 600

H |

ne

46. uSAFA %I SNR=6

Ak it 10 i

\\ predicted tch. signal

Deadband = min_noise_limit *SNR = 1500

1) =

47. uSAFA ififl SNR =15

T £ ey ET) =1 =
o

841 REHTEHEMN

RERMMEFBFEENATRBESHFERET EMC TEA LHHRTEN,
ERFESEE T min_noise_level (100) , MIKEFS e84 4 RIFNIG I , FIEXWEE A noise_level * SNR,
Bl , MRERFEF EAHE 130, MZEXM ( 100*15 ) EFHZ ( 130*15) , FEERE LA 130% , UERIEINKI R K,
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MIRF B REN |, ©oE—ERATEE B3 FEZE min_noise_level (100), M7 &5 B 3% B A% & A9 IR E BB 4F 3R K 88 base_avrg
I BRI,

wo. MIN_noise_limit = 100
= Signal_to_noise_ratijo = 15
- base_awrg = 10

m.J/\/‘\Mnal with noise

Increased Deadband: noise_level * SNR

-

Increased noise level

»

48. BEBEF HEMN

£

WMREAE base_avrg IEMERBERE 10 KN 8, BFREERCKEELARTIR 4 45, X4 © 7 LU R 1t B3 L X {6 3 X3 18 Y g
EFEURMN, FIR , YREESHAN K RERF2ANNRE. BFEBFMEEEWEHEBHLLRSERFEER 16 F , XE&E
RATRSHIER , BNMRARTEWIE , A ERGPHITINE,
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ey e gy ooy iy g ey ey Py iy g g

{
signal_filter = {2},

mmmmmmmmmmm L e,

.non_activity_avrg = {.n2 order = 15},

.entrv event cnt =4,

.deadband_cnt = 4,

.signal to noise ratio=15,//6

.min_noise_limit = 100,

.dc track enabled =1,

.dec track cnt =100,

|2

49. USAFA 7= B I8 R B9 B A8 R A% 1B i
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vt saats 0 st s, st 0.1 s s, st 0 paews s s 0 smaana sncan s, 3 o R s a3 rasand, e
B i oise—imit= |
== signal_to_noise_ratio = 15 | Deadband recovery
=== base_avrg = § —

fm Noise level recovery

: -

T ] ™ E E] ™ ] " ] m M
T e

50. WEBEEHRE

9 TSI EREHNA

9.1 TSI v5 EER1E
- RN ERBNERN 4L RH
. #38 T RL EMC FRENR B R
- WERHRBEUZFTRANEREE
« BB MCU M Stop2 1K ZhiE X ke g
- REXREEFEMERNERMYS (NT) E
« X DMA BIEE S

9.2 TSI &

fRUERNED (TSI ) FERAMBEARR LRUMBRNEN, MR MELRRZELE PCB LK , H EERRENEY
RZEHE /O SIHEEE TSI MNBE.

XREMHTENMERNTSE  BERRANEEREN,

KE15z MCU EEHEBRERXTRZXIF 25 MaN , HETUEEERX TR 6 x 6 BN, MIAEHTLIELSN PCB LAE
BB BRERN 12N TSI EE TSI0:11] B FHERR, BFE , EEBENXT , TSI[0:5] 2 TSI Tx 5K , TSI[6:11] 2 TSIRx 5l
B,
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TSI_SINC | TSI_SSCO0

TSI_SSC1 | TSI_SSC2

e —————————————— ————————————————————f—— — ]

I
|
A Fi
g : Ta b nxmmﬂni?sg 1V REF | W Main Clock |
- S5C

1 TS0l | N [ . — f.f';‘::-(: 1, s |
T : : Wnrile [~ y - I
: : I . Te wif ’—I_ - |
utusl-cap | 1 T3 I | 1 e I
i;n,._q,r T ——— . |

4 Marz [ i —_—
P ] I Rebus o & Digital SINC Filter |
. v TERE] | | 1 |

'l | |
! L | I Analeg Frort End |

I ) ;
] ,TQI[I‘]: | Self-cap urmmj I
. T =1 — Intargration |
:'ISI|1-1]' | Chargs translar drait Cap é l
=== '—
S A I R T I pa m—— ! |
I cartrel
LCE‘_IJ I i :
H 1
L .1'8'124]: ! | |
| O T 1 I — Touch Sensing Interface l I
: : Sall-can | vl (TSI Prechrg | Dischrg |
|

| T |
TSI_GENCS | TSI_THSD | [ MODE ‘ s -
(except DVOLT)

5_* stands for all registers whose name starts from 5_. It controls self-=cap sensing.
M_* stands lor all registers whose name starts from M_. It cenirols mutual-cap sensing.

51. Kinetis KE1x TSI v5 EE

TSICNT |

9.3 HERNERR
B BB NERSEBEZ AN LSS TR,
HTEER , SRSRAEGZHFELS. BYASMEELH LTI LA,

NTERR , IMERZEFERNER. BYASMBETAZHBDOEEERE, TSI IP W LUK B RN R BER KRN B TR

BT

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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4 Vv
L
&*6?
Sell Sansor Patlem
Dielectric
Overlay *3CH
I —
Ca Cs
PCB 3
KO pin Routing

52. HERRE

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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Ground Hatch

Mutual Sensor Pattemn

Dielectric
Overlay

0 pin Routing Routing 10 pin

53. EERFE

9.4 BRATHEN

BREKBLE (AFEANRERRMY ) ATRUMESS. B8 - NMEETEERN ph1 ( KHEMR ) M ph2 ( RBHER ) BHX
B U BRERBRE  ABIBAEBERE (CTC ) KEREBENBEXBER. MIBHEENE Vy TREER, KRR
KNE Vy, SEBEESE V, i, CRRERNSE Vo RERET - MAEEAH, MEREN , MANERKEN , RER
PHREEEANSH, BERFRRBRNBEBES ., RFRRKERNE T HRENE LI HRAVRS | A7 BRI LR RO M AR,

RERMERHEERGPRITMIERS S KR,

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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Digital

Ch Transfe
arge Transfer Filter > counts

Vex
Circuit
On-IP charge Ej / ransfer

—— i ———— B . R I ——————

pad’m' e 44 coums
On-chip o \ P e _di’,;ﬁ “ :
/ " ! '
______ —_——_——— i Vim — no no '
Off-chi of : I I touch touch !
-chip Cp: parastic cap : | H
Cp Cttouchcap | . unts ' touch time |
—— s :
[ vss ] behavior

L

---------------------------------------------------------------------

54, HERBRRBMEHEN

9.5 ERAEHLRE

ERARNARNBFERZEBENZYEE. ENHEHT  REBERLET , XEFPESEERREIBERBENE, BK
BEXRARCTERRRNTHERAKBER K RAGESHEERTES,

----------------------------------------------------------------------

I
| | : behavior }
| : P Vp "J_'_,d = counts i
| pad5vtbl i V.Gi Fd:'::r touch :
| o (T?"UI Transmitter i Vm —f | ! o | no E
| | : ! touch touch :
) Cm: mutual cap ! Eco nts : . E
transmission |(reducad by touch H time H
|Cp: parastic self E' i

Cf: touch self cap |

| —d
| -
P Digital
o o [] m : m Recelver Filter — counts
cpl pl patfvml
eamireespace RX)
~vss vss ™~ l

Offchu! On-chlpl On-IP

55. R R RMEHRNA

9.6 THE TSI NE

9.6.1 EEBBFEANFMEE
£ TSI P #3RAEE | BT REBRI RS ph1/ph2 FESS HASEKIEIE TSI . TSI HA#ERS BIE ph1 F ph2 BHIFHE :
o KEEMER X pht ITHFE , FF3% pht REIEAEME |, SMFALEEE , B vdd3v T8,

o FEMR  FFX ph2 EFIFEHMER , & pht XA ph2 S@at , 8BRS Cy LNFTBRANBERERRE G, NTIFE
FHER lexo

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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BESHAFNEREARNES KRS  EREHNNITEERERBERBK |40 REFHER , BROW C ZEA Xen Xin*loxo
HTERN C RBIFIRRABMN , BEV,2EC LRRB , Bt Vy KTMIRH V, i, LBRIIBF LI TSI #HTHE
HEHHEERITEE TSICNT F1E:84,

vddiv i Amplifier .
Ve Ic Z S - R e — . No
e X : II(,.- h -\‘. Xin*lex _{ },\-I ~, HehtXin h;_:s_: Vd Digital e
s gh 2 PN . : _|°_1_._rm / filter result
sample | charge ! current mirror: input  current mirror: charge !
: Ci
IN CHIP
OuUT CHIP

Touch Electrode

Te

56. HEFER

E sample | charge | samplei charge

OFF
Switching Clock: phl o .

. OFF ON ‘ ‘ ‘
Switching Clock: ph2 ‘
| . NSTEP
! i 1 2 5TEP
: | 15TEP
Comparator: Vgi, —2o00 e i - e D e DOt C Dttt vim
' ' ' Single TSI Scan

57. HRBERNF

0.6.2 BEHAFAEANIFMEE

EaagXATFUEEEIFEN TSI BENFAARRANER. TSIBEEZ—AELE (TX) BE , S—B8ATFES (RX)
i,

T TSI ERFER , BF NN REAF XS

- FEBMER : FE3 pht REIFEME , % ph1 BEN , AHEEHHERPET EBR C, BE. EREEE W EIN S ERK
M (VoretAV ) $ERNBI A Ry BB |hargoo

o BREBBTER : FFk ph2 EEIRERER |, & ph1 XFARGE ph2 ITFFeY , EHBERBEM Vdd5V B 0V, BEBEEET R,
BEWRNBETL (Vpre+tAV ) BIRFBR lgischargeo
HTBEIREBENRE/BRBRNXER C TR E/ME , Bt Vi KTFMIR V, 8, C EMBE Vy M8 EA | RS
BX I BIER TR H LR TR, HFARERH TSICNT,
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vddsv Transmitter Amplifier |
---------------------- i
-~ i Receiver | | | v
— ! | . ¥R
[ [N ! schal
ph1 P v H |y vl Digital
i cherge | l current mirror: left | = ym fiter reset
| ~ b | : . o
P = o current mirror: right: Phaizsng
| ph2 P g | = (g o i laischg™ T
—— discharge i ‘/Rs Y |
""" S =y . _M_PMIRRORR, L
IN CHIP L — TRy | charze = M_PMIRRORL =% -
QUT CHIP
¢ | m' Mutual Electrode

58. EEEAER

ON OFF
Switching Clock: phl — SE—

! charge Idischarge! charge !discharge!

Switching Clock: ph2 OFF oN I

- VDDSV

Tx

Rx

Comparator: Vci

! 0 STEP : 1 STEP :
Single TSI Scan |

M 59. ERFEANF

BE
BT 2 MKE152256 &5 EEE4RE , 1R TSI £ EREERNTET , KRB TSIBE0Z S5, AF TSI
Ihée , FEATEEA T GPIO SHMAR, FiRITERRESAERIIX—8, ZEHRSICTEESRAN KE16x
K& LBE,

9.7 TSIIP EHFTERAR — HERER
BHSEEREAEREENHRE : hw_config 2T # nt_setup.c . ZEWEEESENEESERNTHSH.
EEERERT  ERAEAREARHERERIeE. SARHEEES  ATULUFERAEZSH , AL ARTEEMRE,

90.7.1 EAKBERNERBZIREE

EXMEXT , AT ESHNARTEENES , XESHNTFRBENENNEREE, BXUFERHEERNEESHN
EZiEAER , ESN B 60,
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TR
NSTEP 2 TSI B RAHNLER , “MEURERSXAKERBZMHEE,

* Self-cap and mutual-cap mode config */
const tsi_config_t hw_config =
{
.conﬂgSeIfCag_commonConﬂg.méfﬁéiock = KTSI_MainClockSlection_D0, /1 Set main clock
configSellCap commonConfig. mode = kTSI_SensingModeSlection_Self, // Choose SelfCap sensing mode

-configSeliCap.commonConfig dvolt = KTSI_DveltOption_0, /I DVOLT (Vp-Vm)
.configSelfCap. commonConfig.cutoff = kTSI_SincCutoffDiv_0, /f Cutoff divider
config3elfCap commonConfig.order = KTSI_SincFilterOrder 2, /I SINC filter order
configSellCap commenConfig decimation = kTSI_SincDecimationValue_4, /f SINC decimation value
configSelfCap.enableSensitivity = false, /i SENS_BOOST = OFF
.configSelfCap.xdn = KTSI_SensitivityXdnOption_3, 1/ Sens S_XDN
configSelfCap. ctrim = KTSI_Sensitivity CtrimOption_0, i Sens S_CTRIM
-configSelfCap.inpulCurrent = kTSI_CurrentMultiplelnputValue_0 1/ Sens S_XIN=1/8
configSeliCap chargeCurrent = KTSI_CurrentMultipleChargeVvalue 0, // Sens S_XCH

——

CI Xy —iml! typedef enum _tsi_current_multiple_input

NSTEP - N L o e e e e o et v )
vdd3v X Cs x 5 XIN =5 X

{
é KTSI_CurrentMultipleinputValue_0=0U, /*l= §_XIN=1/8*/
- KTSI_CurrentMultiplelnputValue_1=1U, /#l< S XIN =1/4 %

T

£y

60. HEAREXTH TSI FHFRAR , RYERHA = OFF

972 BRAEBNNEBRRME

BRI ER-BLFLEER , CARBERADRATURERSE. Ait , EEHIRBELRE , MECTERRENERT
MATUARFTE, TSI BEEAEXNEIECENMBEERAREZNURKENIRES , HEHBRETLM 2.5 pF E| 20 pF #555E
REGH , IEE 7S TSI_MODE[S_CTRIM] & &,

filan |, BigfEBRAEEBEN 20 pF ( TEUEE NSTEP AXITE ) , ¥ S_CTRIM EIREN 5.0 pF AIAFEERWEG S
AR 15pF, ATMEENEERHERES AC/Cs AHK , RLtEENBRIE ) , MERBERES. 5HALRMELRIIEE
J& , RYETEHEEE ACs/(Cs-S_CTRIM*(S_XDN/S_XCH)),

61 2R TRATRYEEBINEN TSI BERFEXANTEEH, PERAERBIBEENR LR Crim LHRLIRH/R

FERTETER lyime RAH C TBEMNBERNEE o BE leyime &R, IPMBEMWBEIMFRET Cyimo IRER—T ,
§|ﬁ< Ctrim %—a: (an/xch)*ctriO
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———————————————————————————————————————

vdd3y i Amplifier

Vetrim lctrim | Kin*lctrim Kn*Xin*lctrim
(D e

ph1 g2 . sensitivity
sampl charge ! current mirror: input  current mirror: down boost ——
Ctrim ! i
vdd3v | Amplilfier E%T
. 8

sample H - - .
P charge ! current mirror:input  current mirror: charge
i

Vex Iy ¥in*lcx ¥ch*¥in*lcx! ... | (loc—lctrim)  YB
e Id g Yy W; m'q“ur"“) Digital
phi ph2 | | Vm filter rasult
i Ci

IN CHIP

QUT CHIP

Touch Electrode

61. TSI #RAT BB EK, RYERF = ON

/* Self-cap and mutual-cap mode config */
const tsi_confia_t hw_config =
{

config3elfCap.commonConfig. mainClock = KTSI_MainClockSlection_0, /I 3et main clock
.config3elfCap.commonConfig.mode = KTSI_SensingModeSlection_Self. // Choose SelfCap sensing mode

.confioSellCap.commonConfig.dvolt = KTSI_DvoltOption_0, I DVOLT (VpVm)
.configSelflCap.commonConfig.cutoff = KTSI_SincCutoffDiv_0, /f Cutoff divider
configSelfCap.commonConfig.order = KTSl_SincFilterOrder 2, £ SINC filter order
.configSelfCap.commonConfig.decimation = kTSI_SincDecimationValue 4, /I SINC decimation value
configSelfCap.enableSensitivity = true, ff SENS BOOST=0ON
configSelfCap.xdn = kKTSI_SensitivityXdnOption_3, /1S _XDN

configSelfCap.ctrim = KTSI_SensitivityCtrimOption_0, 'S _CTRIM
configSelfCap.inputCurrent = kTSI_CurrentMultipleinputValue 0, 1S _XIN

configSeliCap.chargeCurrent = kTSI_CurrentMultipleChargeValue_0, // 5_XCH

Ci x(Wp —Vm)
vdd3v x (Cs — S_CTRIM x (5_XDN =5 _XCH)) x S.XIN x5_XCH

NSTEP =

S_CTRIM: configurable, the capacitance to be removed.
S_XDN/S_XCH: configurable, the capacitance multiplier.

The actual capacitance to be removed is : S_CTRIM x (5_XDN = 5_XCH)

62. EEHENBR NS AR BERAIIE

9.7.3 TSI H#EFEFLRRE N
P T R R R AN R,
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TSI XFEMNBEHTLZRAHE | XEWE TSI TLURIAF#HTZXPAFEUREETH SNR 2 HR, SANAREREE
TSI_DATA[TSICNT] it#k25 2517 NSTEP FLFERE , HERENRREE R EN TSI AEMENEHR. B8, REaNEF
BELEMAERE , N\TTER TSI HHRBEVELNERERK , 2RRHES, I8, IRGSEKRT 1, U TSI YERTH
REHDTEATENRER , XTEERTREESNIHE,

MSTER NSTER

Single Scan i Single Scan

Scan Number 0 Scan Number N

Multiple Scan Per Channel
TSI counter result accumulation

—

Decimation 9" Decimation ¥ Order
Cutof f ScanNumber,pocured = Cutoff

ScanNumber gicyicesd =

63. TSI B EMRR

HE, STHNEBLNSBEMRARITNABLERNEFHENE, BUEGSEREY 2, BNETUTERHENBEGXIERE
HBFHEER.

NSTEP x Decimation oradsr

Cutoff

Tnstep X Decimation X Order
ScanTime = Tnstep X ScanNumber, ., .yeea = Cutof f
uto

ScanResult = NSTEP x ScanNumber.gjcyiared =

64. AWML R MABEREAN

* Self-cap and mutual-cap mode config */
const tsi_config_t hw_config =
{

/* Self capacitance measurement config */

configSelfiCap.commonConfig.cutoff = KTSI_SincCutoffDiv_0, {f Cutoff divider =1
confioSeliCap.commonConfig.order = KTSI_SincFilterOrder 2, {f ORDER = 2
configSelfCap.commonConfia. decimation = KTSI_SincDecimationValue_8, I DECIMATION = 8

ScanNumberCalc (NSTEP multiple) = (8%2)/ 1 = 64

65. MEHIEILIRE
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9.8 EHERAERHNG HAS 4P

TSI R # A DN ENF S AWt ehSE TS | 73— IR E &

EXMBR (SSC ) mrepE = 7] AT i,
SSC ( ¥ imiB#latsh ) AIBEARTESH EMC & 0D EMI,
« 7 : % SSC_Mode = 10b BY , FFX B8 E M EBT 80K 2 Sy E AR BT44,
« B (SSC) : % SSC_MODE = 00b/01b B , #RJEM SSC EIRERFFXET4 , R BRIFEER

| TSI BREHITA |

L/ TSI T EIRER,

Main Clock

20.72MHz
16.65MHz
13.87MHz
11.91MHz

basic

MainClock/[PRESCALE+1) |N

# Divider

SETCLK

PRESCALE

<>

¥
advanced

22 fichioe Qack

55C

Touch Key

v
-

66. TSI v5 BtEh 4 RAER

- MREHT SSC:

TSI FF <B4 = TSI_MainClock / (SSC_PRESCALE_NUM+1) [ 2

s MNRFAT SSC:

TSI FFxBt4d = TSI_MainClock / (SSC_PRESCALE_NUM+1) | (BASE_NOCHARGE_NUM+1)+(PRBS_OUTSEL+1)/ 2+

(CHARGE_NUM+ 1))

67. SSC B4 RE

Main Clock

Switching Clock

TR

1

t2

-

t3
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& 2. PRBS BEHIE # 4R

Variable Register Descriptions
t1 TSI _SSCO[BASE NOCHARGE NUM] SSCHighWidth
t2 TSI_SSCO[OUTSEL] SSCHighRandomWidth
t3 TSI_SSCO[CHARGE_NUM] SSLLowWidth

* Self-cap and mutual-cap mode config */
const tsi_config_t hw_config =

/* Self capacitance measurement config */
.configSelfCap.commonConfi i

/I ' Set main clock
Il Select the S5C modulated clock output

68. PRBS #1788 SSC =X\ TH R #Hig I

99 TSIIP B4 EFFe AR — EEFEN

BT TSI N REEERREXTAE , BtSEeREAMT  BROEHERS REMEWER—RER , ¥ ALAHA
FRENSHBESETEN.

9.9.1 EEFEATHRHKERE
RUFTFERBELRBIIAN , NRESASHNARE, WEKRTHSHRREENESRE :

.configMutual.commonConfig.mainClock = kTSI MainClockSlection 0, // Set main clock
.configMutual.commonConfig.mode = kTSI SensingModeSlection Mutual, // sensing mode = Mutual OK
.configMutual.commonConfig.dvolt = kTSI DvoltOption 0, // Default: 0 (best) internal comparator
threshold voltage

.configMutual.commonConfig.cutoff = kTSI SincCutoffDiv 0, // Divides the accumulated result, 0
recommended

.configMutual.commonConfig.order = kTSI SincFilterOrder 2, // Length and multiply of the accumulated
result

.configMutual.commonConfig.decimation = kTSI_SincDecimationValue 4, // Multiple of real TSI scans
(longer acc.)

.configMutual.commonConfig.chargeNum = kTSI SscChargeNumValue 4, // SSC clock settings
.configMutual.commonConfig.noChargeNum = kTSI SscNoChargeNumValue 2, //SSC clock settings
.configMutual.preCurrent = kTSI MutualPreCurrent 4uA, // Default: 4uA, controlling the Rx signal bias
voltage.

.configMutual.preResistor = kTSI MutualPreResistor 4k, // Default: 4k, controlling the Rx bias
voltage; Urx > 0

.configMutual.senseResistor = kTSI MutualSenseResistor 10k, // Rs resistor, used for translation of
the received U to I

.configMutual.boostCurrent = kTSI_MutualSenseBoostCurrent OuA, // Sens boost factor minimized (No
benefits for SNR)

.configMutual.txDriveMode = kTSI MutualTxDriveModeOption 0, // Default 0: (5V/-5V), 1l: (0/5V) Tx
signal waveform gener

.configMutual.pmosLeftCurrent = kTSI MutualPmosCurrentMirrorLeft 32, // Change this for sensitivity
tuning, .

.configMutual.pmosRightCurrent = kTSI MutualPmosCurrentMirrorRight 1, // Default: 1
.configMutual.enableNmosMirror = true, // Default: true, Must be enabled

BEHMMERA4TT RIS, K4 0,20194F 1820 A
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.configMutual.nmosCurrent = kTSI MutualNmosCurrentMirror 1, // Default: 1, the same as
“MutualPmosCurrentMirrorRight

BRETEIRES  XEEERENE (XM ) NEENRMER. KSBSHBNZRIFRINE.
+ ¥ kTST _DvoltOption 0 o
* HF KTST SincCutoffDiv 0 o
o ¥EF kTSI sincFilterorder 2 , BATA A HE/NE 1, FETHENMEE,
* SincDecimationvalue 4 AJBUBIMBIRBESHHBERE , EXNZRNEANESH DB R,
TEEREHEBEESHERE.
BRI BIERN Tx BESHER
Tx 55&W :

* kTSI MutualTxDriveModeOption 0 0U, /*!< TX drive mode is -5v~+5v, used in mutual-cap mode */

* kTSI MutualTxDriveModeOption 1 = 1U, /*!< TX drive mode is Ov~+5v, used in mutual-cap mode */

UTANSHATREELN R ESRE (R ) BE , ERERRTIHINN Vpe >0, BIRBUEE A , H5 0 B 69 :
¢ kTSI _MutualPreCurrent 4uA (%kl}\)

* kTSI MutualPreResistor 4k ( BRIA)

.
OFF
Switching Clock: phl o A |

I charge Vdischarge! charge discharge'
] 1

QFF am

i
|
Switching Clock: ph2 |
I

r — — — == Vrosv

Ix . \— ------- GND

Rx _rll

Comparator: Ve S - -
! O 5TEP ' 1 S5TEP 1

single TS| Scan

69. EWmEBRE

BMNTUNE Rx FSBFHEBRBE Voo HERMNATURINERIZBENRANLIE0-5V BF , MAR -5V/5V,
* kTSI MutualTxDriveModeOption 0 — BRINO0: (5V/-5V) , BAIAUZHERN 0-5V,

* kTSI MutualSenseResistor 10k ( BRIAE ) . ZHMA Ry ATHEWREIN V, BEFKRIBER ( lengfldis ) LA TR
REEHNo
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vddSy Tranir‘mtter; j.\mp'liﬁgr
o i Receiver | :r Vp [~ r 1
* P H - . - ] 1= "
oh1 i k% Y (== o ""': |” ™| oigital | [Sample
charge ® P | R, N Pheg vml, .~ | fiter | [result |
v h cunentnunurleﬂ 1 1T
¥ b . [ current mirror: nght Phameg —
o i leng s ! ! lssond™T )
discharge i ¥ < ¥ R |
S R I vrr L MDMIQHOHR
' e =T e = B _PRAIRAORL &%
IN CHIP 1 ') R . . =
QUT CHIP

70. ERBMHRR

BT R BEANANEERBNBERFSERN Iy, Bt R WEHRNIBERXZ. Bt , FAXMIARY , BES 10 kQ
ERRINME, EEH R, BF-£ESHMERHM,

* kTSI MutualSenseBoostCurrent OuA ;EE'?‘KI}\{E , Eﬁﬁﬁﬁﬁqﬂ—ﬁ“igﬁgﬁﬂ”ﬁ* Jz'ﬁﬁ ‘Ufi‘t’f'ﬂo

FEARINRE (OuA ) BY , RBERBYDEEERESH, BNXISBNBELRERBE  ENRFHRBELLRES , HibsE
FZERS SNRo BATATUSRAURNTBRBINZFRE | URERELR

* KTSI_MutualPmosCurrentMirrorLeft 32 R FEEENSH , BTEFHNBERKRARNIER, BFHEKX | RABFHES,
AABKARBHUATAREAE :
kTSI_MutualPmosCurrentMirrorLeft / kTSI_MutualPmosCurrentMirrorRight
kTSI _MutualPmosCurrentMirrorRight_1— B F BRIAE = 1
o kTSI _MutualNmosCurrenitMirror_1
FEOFHMRBEMZRFEE  BINETESSBERNBA,
* configMutual.enableNmosMirror = true
XN BRER TELHN true’s

9.9.2 EHHREARHEHELH
o BRAVRIZ REFF AR E BN S,

.configMutual.pmosLeftCurrent = kTSI MutualPmosCurrentMirrorLeft 32, // Change this for
sensitivity tuning, .
.configMutual.commonConfig.decimation = kTSI SincDecimationValue 4, // Multiple of real TSI scans

(longer accumulation)
.configMutual.commonConfig.order = kTSI SincFilterOrder 2, // Length and multiply of the

accumulated result, try “1” as well.
.configMutual.senseResistor = kTSI MutualSenseResistor 10k, // Rs resistor, used for translation

of the received voltage to current
s REEMNITUBES-—NMPRRESRBE , LEFHZERR :

.configMutual.boostCurrent = kTSI MutualSenseBoostCurrent OuA
c REERMNTUZHBEIUTHFRNBEE Rx REBE :

.configMutual.preCurrent = kTSI MutualPreCurrent 4uA, // Default: 4uA, controlling the Rx signal
bias voltage.
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.configMutual.preResistor = kTSI MutualPreResistor 4k, // Default: 4k, controlling the Rx bias
voltage; Urx must be > 0

« &% M_PMIRRORR # M_NMIRROR #f[&E.

kTSI _MutualPmosCurrentMirrorLeft = kTSI MutualNmosCurrentMirror 1
kTSI MutualPmosCurrentMirrorRight = kTSI MutualPmosCurrentMirrorRight 1

c EEENSRBELFMUELER (RITKE ) MTRBEFHRITE.

10 REEBRRAIZITHE

R EATHEBRREMS , PCB LHIEE AERSIER LA KEER R,
BN THERREXEENR , FNMERERBRLNAFSKEREAFEETZANES
c BRTE  BERUTNTERE 2R, IRNIIMBEERZRFNBEREER,

10.1 BRHBREEIhEE

NT ERERMRKINEE | WIhEe § RN B KE SR EIRMBEIERBRES LEBINEMRSE, SRFERIIRESE S8
RN BRBBRRBES TR EFRERE.

ZEEKEMEKETRART. EXERGT , NEEEHNRERN A ARSI ARE,
LR B TR AL E R |, FRERA S 7 LS SNHE GUARD 1% BE8,

— — — —
Signal_E3 BaselLine_E3 BaselLine_3SH1 Signal_SH1
4700
ey
4650 /A I|
A600- ! ! ! | l !
[
L
4550 [ ‘

4500 TEWW . Taway 7 ,1..,.;45_!;‘1['**.%“_“‘“*4“1 wa”” ——

2100

5000

71. R FEAMERE
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B 71 ERTHRINESRERE. NRRES (E6) TUES , /E = 10 ¥, ERLEHEBT —EEKE, BEEERES
(26 ) EBEEES (46 ) KT, ERE = 125 B, #1777 FEME, BTARRETNRE , FIBERN=ATER
REEEANMERES,

10.1.1 BRE4RBIRE

RRERISEBHBNN PCB AR , EEEKATTER  ATRANSEES,

ALK R EBER D BAFA LR, AT FE AL AR E v DAL = 85 AR mT A9 7S 20 A il #8281 BB A 2 S 7 [0 Y [ v AR
ERHERT , TR ERBRAEEBRNER , F120 MR REZ AT L ROMBEES R, UBETLENERN.

BEid“nt_electrode” EME LA SHKIZERHRBKIZE , HETUKESBEASN BN, WMERKRE L  shileding_electrode”s,
A NULL , MRRAKEAREINEE , HRS BB LR,

fre e ot i o

{
pin_input = EVB_BOARD TOUCHPAD 0 ELECTRODE,
keydetector_interface = &nt_keydetector usafa_interface,
keydeteclor params.usafa = &keydec usafa kevpad,
shielding _electrode = &electrode_27sh,
shield_threshold = 5,
shield _gain = 30
shield _sens = 800

3

* Shield electrode */

const struct nt_electrode electrode 27sh =

{

Lo L e i
e R e o ol g o

L e il e g el P e P o s R p et

72. Bt REER S EARE

+ “shielding_electrode’2 A TRGWER , RRBEREEECHEE. MEESH BEHRM normal’Bik LR NEERES
e, WA CUBE S AME

+ “shield_threshold’ R H/MW LB ESTHE , EFRRKEEE.
+ “shield_gain"2 A T R EMETHRY ( ERKBRES 5 normal i E B R ELH )

« “shield_sens’RATEALESHEBIENEARRERFEBES. ERRFERESHE < shield_sens ( 800 ) ¥ BE*ME (R
ER#) , HEWRME > shield_sens (800 ) BT <BEIME , HEWNEERMETTME , EEEWIMERLT,

EERBBRT  FHREMEIFHRBR, BMNAINRE-—MZERNBH N HREMERE , UEHEB A A GUARD &=
R, WA UAEERRS (KERELNE ) , ATHIERENRYTENRE,

10.2 RHERBIESMERS
PRERHFRBET S IRENAESNCRNFRRE. B2 NRABKBERERMN PCBHE , KA URHEFNRF .
FRER SRR TSUEE | FHEREMAMBEERTARM,
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| it |

10.3 TWHREINE ( BIREET )
B T BRI B RN | KE152 8 &M T B —MRES 5. XESANERNERTENEAR , BNSEBaRMEEE

YIRKF LB KE15Z IREXZHFTE TSIch12 ( PTCS ) A RE—IEARBES M, ATLUBT LA E hw_config HHY
BATSIEREFFRVUEA -

.configSelfCap.enableShield = true,

 — Active Shield out—>

Analog Buffer

TSI CHx

v

73. ERRERHER

BUHRBESRERBAABESHEREL . (HEWIEE , MRMNAEM )
SRR EEBHERKR) AEFRBERN PCB LHNMEEANSTELR.

REMBRRN ERERR[HBIOEE , BAFRERZEDT SEBRB[IRESHRNRERSIE , AT AEERE LB ERERM
Y BB HOH BRo

NTHRERENKMEEE  ERXEINFRESEESERBFRESHBN TR ( BEMMBN) .
AFERRKIDEEN PCB #MAIH LRI, HELAEREZEMBES YHMPAYN | USTRFHIIEE.
ERBEAARE PCB WERBE , NS EMBRERNEARIME , XN TEIERMAKFIATERBHEN.

11 &ie

ASTREA 4B T £ FRDM-KE15z 3% L 5B RS NXP ftEEFE T FreeMASTER WEEH GUI TENEXRAENT R, #4HANET
TSI B4 ERNMERNFENMERSERE, BRE—FI2NETRERMEEN TSI B4 T HNERS *.

12 SEIEK

1. NXP Touch Library Reference Manual ( 3X 14 NT20RM )

2. KE15 Touch Sensing Interface ( X#4 KE15ZTSIUG )

3. FRDM-TOUCH Quick Start Guide ( X4 FRDMTOUCHQSG )

4. Kinetis KE1xZ Sub-Family Reference Manual ( X#4 KE1XZP100M72SFORM )
5. Designing Touch Sensing Electrodes ( X #4 AN3863 )

13 1&iTig%
#3. BiTiER

RA5 A3y L
0 202051 A HIRAR A
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