AUTOMOTIVE TOUCH SENSE SOLUTION

SECURE CONNECTIONS
FOR A SMARTER WORLD




. Introduction
« NXP Touch Sense Solution

- Hand-on:532K144 multi-pad
keypad solution with slider

- Conclusion
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Introduction

« Motivation & Opportunities
« Touch keyboard design
 Touch Sense MCU

Measuring electrode capacitance
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Where Can Touch Sense Wins?

- Keyboards:
- S32K, S12ZVL

- Steering wheel "Hands OFF
detection”:
- S32K

- Automotive Door Handle:
- S127ZVL
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Anything Special Where Can
Touch Sense Wins?

- Mechatronics & Control in single
unit

- Panoramatic sun roof

-
| 2 |
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Current GPIS Touch Sense Solution Focus Application

What we focus on: "¢

Mechanical button replacement

- Single-point Touch (self-capacitance)
- Typical applications:

5

- Steering switches & hands-off detection
- Seat control
- Interior light
-Door handle

v =g
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What we NOT focus on:

- Multi-point Touch (e.g. pinch and zoom)
- Mutual capacitance

- Gesture detect

- Haptic feedback

- Touch screen & display

h
P



TOUCH KEYBOARD DESIGN

SECURE CONNECTIONS
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Touch Sensor Design

- Flexible film with printed touch sensor
pads

- Overlay material glass, wood, plastic of
various thickness

‘ ) CONFIDENTIAL & PROPRIETARY | 7

A 1
icture s I’ ',|‘ .rapidkeypads.com



Touch Keyboard In Detall

Touch Sensor Overlay

Electrode

- Measure electrode self-capacitance
change

- When touching keyboard plastic cover,

the electrode capacitance increases by:

-Typ. 2%
- Equals to roughly 0.1pF

Picture source: www.freepik.com
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TOUCH SENSE MCU

SECURE CONNECTIONS
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Goal

- Enable general purpose S32K and S12ZVL MCUs for touch sense application:
- Developed electrode sensing method

- Using NXP tool chain:
-S32K144EVB Q100
-S32DS

-FreeMASTER
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Why IS SB 2 K G OOd F |t? S32K Microcontrollers Block Diagram

System

- 32Bit =
- Scalable family o
- Safety (ASIL B)
- Security

- Connectivity

LVD

RTC

Communications I/O System

3
1 16-bit 2 12-bit 1 3 2 1 1
FlexCAN UART Flex 10
QuadSPI|| FlexTimer PDB Dual ADC ACMP ||\ ith FD SPI || I2C (LIN) LPIT || CRC Peripheral

- Medium and large keypads (up to 50
electrodes)

- Steering wheel hands OFF detection
(HOD)
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Why Is S12ZVL and S12ZVC Good Fit?

Close

16Bit

- Scalable family
- Connectivity

- Small keypads

- Door handle

X S$12 MagniV Mixed-Signal MCU for CAN Applications Block Diagram

| $12ZVC Family Block Diagram

System in Package

T e
RCosc.
| MS-CAN ’ ‘ +/-1.3% | ‘ PLL | ‘ ACMP with DAC ‘
| 2% SCI ‘ | High-Res. PWM 4-ch., 16-bit ‘
S$12ZCPU
| ‘ 32 MHz Bus I High-Res. Timer 4-ch., 16-bit ‘
2SPI
| PWM 4-ch., 16-bit ‘
Up to 192 KB
| 11:C ‘ | Flash (ECC) | | Timer 8-ch., 16-bit ‘
Up to 2 KB Up to 12 KB
| BDMiBDe ‘ | E? (ECC) | | RAM (ECC)
GPIO
4-ch. Open Drain

O] Core and Memories

[[] pigital Peripherals

[l HV Analog

[[] 5V Analog

X

$12 MAGNIV MIXED-SIGNAL MCU FOR LIN APPLICATIONS BLOCK

DIAGRAM
Gore High Voltage Memories
S12Z Flash (ECC)
32 MHz Bus 128 KB
EEPROM
DBG (ECC)
2KB
BDC
SRAM (ECC)
8KB
12-bit ADC 8 ch. TIMO 1XLIN Phy
1x EVDD 4ch. TIM1 2xSCI
SKNCRIO API xIic
Temp Sense
RTI 1x SPI
ACMP
PWM 1x MSCAN
8-bit DAC
PGA
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System
CPMU
IPLL
IRC
XOSCLCP

HMI
GPIO
Kwu

IRQ

Close



MEASURING ELECTRODE
CAPACITANCE

SECURE CONNECTIONS
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Method

- Developed for general purpose MCUs

US009823798B2

. p) azy United States Patent (10) Patent No.: US 9,823,798 B2
y Wh at It d 0 eS . Cholasta 45) Date of Patent: Nov. 21, 2017
- Converting electrode capacitance to voltage s casamve sexsor pevice ano @ References Cltd
METHOD OF OPERATION
U.S. PATENT DOCUMENTS
- ADC Samples VOItage (71)  Applicant: f#g.FiEQIf&E%IS()?ONDUCTORs 2009/0224776 Al* 92009 Keith ... H031(3 é:;zgé
2010/0181180 Al* 7/2010 Pf:ter )
(72) Tnventor: Petr Cholasta, Hutisko-Solanec (CZ) 2011/0073383 Al* 32011 Simmons ... HOBll;gl/';‘ggé
2013/0088377 Al* 4/2013 Lundstrum ....... HO3M 1/1245
(73) Assignee: NXP USA, Inc., Austin, TX (US) 341172

- Legal:
-NXP patent US9823798B2
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Step 1 — Charge Distribution

Vigs =45V | i . GPIO PIN 1:
i C i i - Output
| I 4 GPIO ADC - Driving ADC Vggeyy
| L TPIN 1 ; ~ Typically +5V
R, 5 | . GPIO PIN 2:
_ Vg =0V i E - Output
- /  GPIO 5 - Driving ADC Vgep,
ELECTRODE dr = ; - Typically OV
/ | MICROCONTROLLER UNIT |
| (MCU) : - GPIO PIN 1 and PIN2
e share the same MCU

port
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Step 2 — Charge Redistribution

| i < GPIOPIN1:
Cexr i EBIO i - Input
| [ i | |
| I T PIN 1 ADC | -ADC Input
g T \ : E
i I : :
i e | . - GPIOPIN2:
| | | 1 i :
T — | - Input
/ et : ~GPIO input
| PIN 2 |
ELECTRODE $ |
/ {  MICROCONTROLLER UNIT !
L mey)
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Step 3 — Equivalent Voltage Digitalization

P TTTTTTTTTT T 7 . -

) Ugqg | i Ugo ADC conversion
S | GPIO
| | ! |
| | TPIN | ADC ;
R, |
| GPIO
/ { PIN 2 :
ELECTRODE $ |
/ i MICROCONTROLLER UNIT i
A MCY) ]

-
| 2 |
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Electrode an C.,; Signal Shapes .
<=U.ZUS

€ i '
EXT Modify R1 to achieve
Electrode

Equivalent
Voltage
ADC

Conversion

& 200V & 2.00V A 14 1.00us ‘ 2.50GS/s y ® - 200V
+v2.00000us 1M points !

Equivalent Voltage Digitalization

step?2

Charge Redistribution
stepl

Charge Distribution
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Touching the Electrode

i Electrode h Electrode

Released Released . Repeating periOdica”y
typ. 30ms

- Touch and release
Electrode voltage difference

Touched
WMW equals 60mV

126 127 128 129
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Do You Need a Redundancy?

MICROCONTROLLER UNIT

. i (MCU) |+ Ugo ADCO and ADC1
< = | i conversion
Cexr | GPIO |
| [ ' | . .
| I ?pm; ADCO 1« 2Xx Independent conversion
i i results
i i - Cext can be replaced by trace
R, | ;
i i+ GPIOPIN 1 and PINZ2 share
! I the same MCU port(MCU
/ ' GPIO | Pins Configuration Tool)
ELECTRODE / ® PIN 2 ADCI1 |
Uk s s
e ]
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MCU Pins Configuration Tool

Occupied pins:

DEBUG, POWER SUPPLY, COMMUNICATION
Debug interface[sBC_______|sPimodule _Jun Ul module _JcAN ______[cANmodule |

ELECTRODES

Occupied pins: Occupied pins:
Bl .:‘T‘T—D'TI'\1|-'\ Bl

30 -PTCa

Occupied pins:

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131

132

Quick User guide
1. Select MCU, package, debug
interface etc. — just follow the

2. Each touch sense electrode
requires a pair of pins, both
with GPIO functionality and one
with ADC functionality.ln
addition, both pins must share a
commeon port.

ELECTRODE | -

3. For the number of available
electrodes in your configuration,
please refer to cell “M3". For
port-specific number of
electrodes please select port. Use
Sort by port or pair the pins
buttons at your will.

4. Happy pin pairing. :-)

REMAINING Pins for Pin1-ADC functionality

Pin Number _ |Pin Name DEFAULT ALTO ALT1 ALT2 ALT3 ALT4 |aLTs [aLTe [aLT7 |
REMAINING Pins for Pin2-GPIO functionality

Pin Number  |Pin Name DEFAULT ALTO ALT1 ALT2 ALT3 ALT4 |aLTS [aLTe [aLT7 |
Mi DP 23 pa one electrode(to pad

Pin Number __|Pin Name DEFAULT ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT7

57 PTAT ADCO_SE3 ADCO_SE3 PTAT FTMO_FLT2 RTC_CLKIN LPUART1_RTS

62 PTAL7 DISABLED PTAL7 FTMO_CH& FTM3_FLTO EWM_OUT_b

58 PTAG ADCO_SEZ ADCO_SE2 PTAG FTMO_FLT1 LPSPI1_PCS1 LPUARTL_CTS

88 PTAL4 DISABLED PTAL4 FTMO_FLTO FTM3_FLT1 EWN_IN FTM1_FLTO

72 PTA3 ADC1_SE1 ADC1_SE1 PTA3 FTM3_CH1 LP12C0_SCL EWNM_IN FXIO_D5S LPUARTO_TX

89 PTAL3 DISABLED PTA13 FTM1_CH7 CANL_TX FTM2_QD_PHA

73 PTAZ ADC1_SEQ ADC1_SEQ PTAZ FTM3_CHO LPI2cO_SDA  [EWM_OUT b [Fxio_D4 LPUARTO_RX

90 PTAL2 DISABLED PTAL2 FTM1_CH6 CANL_RX FTM2_QD_PHB

78 PTAL ADCO_SE1/CMPO[ADCO_SE1/CMPO[PTAL FTM1_CH1 LPI2CD_SDAS _ [FXIO_D3 FTM1_QD_PHA [LPUARTO_RTS TRGMUX_DUTO

91 PTALL DISABLED PTAL1 FTM1_CHS FXIO_D1 CMPO_RRT

79 PTAD ADCO_SEC/CMPC[ADCO_SEO/CMPQ[PTAD FTM2_CH1 LPI2CO_SCLS __ |FXIO_D2 FTM2_QD_PHA [LPUARTO_CTS TRGMUX_DUTS |

92 PTALO ITAG_TDO/noetm_TRACE SWO __ |PTALO FTM1_CH4 FXI0_DO ITAG_TDO/noetm_JRACE_SWO

82 PTALG ADC1_SE13 ADC1_SE13 PTALE FTM1_CH3 LPSPI1_PCS2

99 PTAS DISABLED PTAS LPUART2_TX __ [LPSPIZ_PCS0  |FXIO_D7 FTM3_FLT2 FTM1_FLT3

83 PTALS ADC1_SE12 ADC1_SE12 PTALS FTM1_CH2 LPSPIO_PCS3  [LPSPIZ_PCS3

100 PTAB DISABLED PTAB LPUART2_RX__ [LPSPI2_SOUT _ [FXIO_D6 FTM3_FLT3

CONFIDENTIAL & PROPRIETARY
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NXP Touch Sense Solution

e Demo board & features
* Low power consideration
« Touch Sense MCU

Measuring electrode capacitance
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Demos

- S32K144EVB Q100 2pad solution
- Small keypad solution

- S32K144 & S12ZVLA128 multi-pad keypad
- Medium and Large keypad solution w/o slider

- S32K144 steering wheel hands OFF
detection

CONFIDENT



Sensitivity tuned for 2mm plastic glass overlay on a top of the electrodes (3mm available)
haptic feedback H-bridge driver is placed at the top right PCB corner

the SH circuit brake can be used to disconnect the PCB keyboard and connect the custom board

W Dd P

Proximity can achieve 10cm

« MCU average current consumption vs.

reaction time:

SHERIT R FERE BGS TR (uh)
1. S32K1 70uA /90ms (EGS used) 7oad keypad N 6
OFF 126
2. S127VL 220uA / 120ms(EGS used) o "
6pad keypad with slider
- Flash Usage : or 170

2pad EVB OFF 62

1.  S32K1:20kB

2. S12zVL: 8kB
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Test Summary

- EMC, EMI, ESD tests follow Jaguar-Landrover standards:
- EMC: RE310 (CISPR 25, ed 3 based)

-EMI: RI1112 (1SO 11452-4 based), R1114 (ISO 11452-2 based)
and RI115 (ISO 11452-9 based), Florescent lamp, Mobile
phone in-call

- ESD: CI280 (ISO 10605 based)

- Gloves test with plastic, rubber and winter gloves
- Water test with drops and spray

- Temperature test range from -40°C to +105°C
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MEDIUM AND LARGE KEYPADS SOLUTION

HARDWARE DESIGN

SECURE CONNECTIONS
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The design of pad
> Key

e Random

« The size of key is recommended that not lower than
0.8cmx0.8cm, Normalis 1.5x1.5

« The distance of 2 key is almost 2~3 times than the height of
overlay (The mutual touch is not in the solution, If you want to

use 2keys to detect 1 event . The FreeMASTER can be the

good tool.
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: MR FER B TR ik R
> Slider
K E A UL
A,
R COOCIO ) mower Ssmmse—s B R B
A2 )
ol
HAVC D
B K NP
*) e N St
AR 0000000000001 TS et T it
R 2) fzf ) bt e BRI
0 O SR :
0. 25mm” 1mm B
.
o R R
: N e BE AN - 5 — 5
i BEEEE oo wewspanm 0P F BETE B
LRI T R - R
K P 5 7 ’
1) i
e EWRESA L & B
. Al H b I ey BRI, A
AP NAVAYAVY . BB o D
x 2) %I A EE A
0. 25mm” 1mm
D B L
PR, B
B2 4 I
b
2D I
DFEDHE 0 o5 tam, # #RHE BN R O
B )y LKEENAS w0
2 ) 0. 5mm”" 1. 5mm, ¥ BT X 48020 43

Demo

MER 2mm (A [
X+ ESD U

3) THEKE
8mm”60mm, T T
] BN X 45 12mm
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» Proximity electrode

« The distance of proximity is the same as the diagonal of it without filter

2 LRIV AR AR

ZZ
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Hardware Checklist

a. 1 key need 2 pins & 2 pins must be shared the same port(Use the configuration tools
supported by NXP)

b. The external resistor and capacity is needed on the protype. The recommend values
4.7kohm and 4.7pf, The range of resistor is from 1k -10k, The range of capacity is
from 1pf -10pf(VDDA/2 for the reference). COg or np0O is enough.

c. Distance between 2 pad is 2-3 times than overlay height (FreeMASTER needed)

d. The width is limited in 5-7mil and 5mil is better.

e. For the clearance. Pls leave the minimal of 10mil (much more is better) between 2
parallel traces. But the end of sensor. The bottleneck mode connection is needed.

f. Component/traces must not near and opposite to the touch pad

surface mount is recommended and through hold is not

LEDs &LCDs should be reverse mounted. Drills a hole on the pad and let light
transfer.

I. For two room placement The sensing circuitry room must avoid parasitic
capacitance.

= Q

CONFIDENTIAL & PROPRIETARY
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Hardware Checklist

Dielectric overlay

S S S L I S S S 0 ) o L
e, S S ) R
J. Do not use filled groun d P lanes underneath electrodes SRR SRR s

area, In case a ground plane is needed, make sure it is

not filled

k. Use X-hatch pattern underneath the electrodes area and The X-hatch pattern recommended is round

20%, which defines the line width as minimum as possible with the line spacing proximate to 50 mils.

|.  When there is enough space between electrodes it is recommended to also include a grounded hatch
between the electrodes.(additional noisy mask )

m. Make sure no signals that are not touch sensing run parallel to the touch sensing signals. If signals need
to go through the touch sensing traces, have them go in a different layer and perpendicular. Make sure to

fill in ground between groups of traces (analog, digital, and touch), if possible, fill in ground between touch

sensing traces.
n. Short traces (< 5 in. from electrode to MCU, ideally < 2 in.)

0. Overlay material is not conductor. If you want accurate resolution. Conductive rubber is recommended.
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SOFTWARE

* LAYERING

* ALGORITHMS

SECURE CONNECTIONS
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Software Layers

Electrode Touch Report
Detect Touch Event
Configuration,

Thresholds Initialization
LP Filters And

Calibration
Electrode Raw Data
LPIT, GPIO, ADC
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Raw Data Sampling

- Task:

- Deliver electrode raw data:
= Converting electrode capacitance to equivalent voltage
= Equivalent voltage sampled by ADC
- Build an application EMI:
= Electrode repetitive sampling
= Averaging

- Deliverable:
- Electrode raw data (electrode capacitance converted to digital value)
- Electrode raw data available for custom operation
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Digital Signal Processing

- Task:

- Enhance EMI (improve electrode signal S/N ratio):
= Filter the electrode raw data by LP filter

- Build immunity to electrode environment change (humidity and temperature)
= Establish system baseline using very slow LP filter
= Set the thresholds relatively to system baseline

- Deliverable:

- Electrode raw data with improved S/N ratio
- Electrode touch and release thresholds with an environment compensation included
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Filter

TEBLARTIR

FoAth

—Br IR JEBEF

DC Tracker JEUZES

Jittering

Frequency Hopping

Decimation

KRB

A 1
BB
T

HLRI S AT
g 7 e HA

N

ik i P

ELEC_DCTRACKER_FILTER_FACTOR_IDLE
ELEC_DCTRACKER FILTER FACTOR_ACTIVE
SLIDER ELEC DCTRACKER_FILTER FACTOR_ID
LE
SLIDER_ELEC_DCTRACKER_FILTER_FACTOR_AC
TIVE

NUMBER_OF_JITTERING_BITS

ELECTRODES SENSE PERIOD FH
FH DCTRACKER FILTER FACTOR

DECIMATION_STEP
DF_DCTRACKER_FILTER_FACTOR

R B 52 Bap (LR i 7 P ] 457 8 v 25 B30 SR P
30ms [ 1Hz #HOESRFAF T BE, N T #fRiEl
i AR, M Ja 240/ 15 A7

WESHAE 1 28 2], Hrb 8 UK ER B

I B 8 10 I S P R AR B I 2 3 8 ARt
HIBEHLECR BENLAE IR KAERS [H] . BE ¢ JITTERING |
SCRIT S JENE 9%, JITTERING OPTION 1 FoR7EHE
EF g P 4532 JITTERING OPTION 2 FonmgA
PR 2 T I N FEATLSE IR

30ms F34# f5 HF 5 LPIT, F7E 330us Ja ik Xt Fr -
BERISE RS, B IR A B R Rk
RN

JEid 5 X FREQUENCY HOPPING SBT3 bk 28

ELECTRODES_SENSE_PERIOD FH & X LPIT % i
FH DCTRACKER FILTER FACTOR fER&AG IRy &34t
FAR 3T S8 DC Tracker JEIR 511 58 i i
I 3 2 ST M FH T IR il Bk R PIL R (B 28 26 PR i
2 W[iEIE 2 X DECIMATION FILTER RJTJ= ks
%o MRS FRN R GG BE L o B 34T i
DECIMATION STEP 4b¥H, XFHEIMHIKAER, £
T I AR AL S AR N IRE e AR A
PP At 2 S ECB R IR, e iE

DCtracker EHTIANE, FitdidE

DF DCTRACKER FILTER FACTOR f& FAAE [ 4 283t
FL AR S8 DC Tracker JEI 5811 58 i i
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Touch Detect Algorithm

- Task:

- Touch sense application user interface
= Detect and report electrode touch or release
= If more than single electrode touched, the fastest touched electrode wins

- Deliverable:
- Electrode touch or release event report
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Algorithm Flow

- MCU periodically wakes-up from low power mode:
- Repeat:
- Converting electrode capacitance to voltage
- ADC samples voltage

- Calculate electrode signal average value

- Signal filtering by DC tracker (baseline) and IIR1 LP filter

- Set electrode touch and release thresholds relative to baseline
- Compare IIR1 signal to thresholds

- Evaluate electrode touch or release event

-MCU enters low power mode
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Software

- FreeMASTER — application parameters tuning tool

- Electrode raw data available for custom operation

- Configurable to operate customer hardware design

CONFIDENTIAL & PROPRIETARY | 39
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FreeMASTER Intro
- What is FreeMASTER

- Runtime configuration & tuning tool for embedded

software applications
- Graphical Control Panel

- Data Capture tool, interface to custom processing

In Matlab, Excel etc.

- What do we do with FreeMASTER?
- Connect: to target MCU over UART, CAN,BDM,

JTAG

- Monitor: Read & show variables in run-time
- Control: Set variables, send commands
- Share: Enable Excel, Matlab or a script engine to

add hardware to the control loop

u»}.,.‘. S _— L o2
(-1
o
- A O e
- ! ! PSRN e
p | Y ! PoTeapys————, ’:‘,-A-b-;w'-
| | : | .I | —— ¥ -I"
1. | 30! | Wi | — X
NR -t
I 5 ' i o - o g o
| \ - o .i { ‘Iw
| 4 i e e » L
: gt EE T - .
i ! @ -|‘= @

= :. 5, i MCU Memory Access

Communication DLL Library

‘4}5‘ ARMmbed
 —
pocarrh s
G 2 o]
Connect over UART, Direct memory access Share any connection
USB, CAN or JTAG J-link, CMSIS-DAP or P&E over the intemet
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Hand-on:S32K144 multi-pad
keypad solution with slider

 Introduction
 Installation and setup
* Pre-configuring the slider application

« Real-time debugging with Freemaster — slider tuning
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INTRODUCTION TO THE SLIDER APPLICATION

BRIEF WALKTHROUGH

SECURE CONNECTIONS
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S32K144 Multi-Pad Keypad Solution with Slider: Use Case 1

Features:

6 touch buttons with 2mm plastic overlay on electrodes

5 position 60mm slider consisting of 2 electrodes with 2mm plastic overlay
Backlight

Immunity: Sustain florescent lamp ON (EMI)

Performance:

Low Power Operation: Periodically wake-up MCU (each 30ms) by on-chip timer to sense
electrodes and process data to detect touch or release events

Response time 30ms / Reaction time 90ms

MCU 160uA average current consumption, when searching touched electrode (EO, E1,
E2, E3, E4, E5, SEO, SE1). Backlight OFF

MCU 22mA average current consumption, when electrode touch detected. Backlight ON.
The touch event is displayed by on board RGB LED

If more than single touch button electrode touched, the fastest touched electrode wins
If slider touched, on board RGB LED displays detected finger position
Touch buttons have bigger priority than slider for on board RGB LED displaying
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Use Case 1 Configuration

Response time: 30ms
«  Number of touch button electrodes: 6 electrodes
- Number of slider electrodes: 2 electrodes
«  Number of slider positions: 2 to 8 (5 is optimal)
Wake-up electrode: NO EGS
All electrodes pre-sampling: 1 sample
Touch button electrode sampling in row & average:
- When all touch button electrodes released: 4 samples
- When any touch button electrode touched: 16 samples
- Slider electrodes sampling in row & average:
- When slider electrodes released: 4 samples
- When slider electrodes touched: 32 samples
- Filter IR1, ft = 1Hz
- DC Tracker filter response: 1 step / second
Thresholds touch, release:
- Touch buttons: 22 / 20
- Slider electrodes: 17
Compiler GCC, -0O3 alternative
Backlight PWM duty cycle: 30%
Backlight ON period: 3s
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S32K144 Multi-Pad Keypad Solution with Slider: Use Case 3

0

EGS
Electrode Global Sense

Features:

6 touch buttons with 2mm plastic overlay on electrodes

5 position 60mm slider consisting of 2 electrodes with 2 mm
plastic overlay

>4.5mm spacing between En (EO to E5), SEn (SEO to SE1) and
EGS

Backlight
Immunity: Sustain florescent lamp ON (EMI)

Performance:

Low Power Operated: Periodically wake-up MCU (each 30ms) by
on-chip timer to sense electrodes and process data to detect
touch or release events

Response time 30ms / Reaction time 90ms

MCU 70uA average current consumption, when all electrodes
released (EGS & En & SENn)

MCU 350uA average current consumption, when searching
touched electrode (EO, E1, E2, E3, E4, E5, SEO, SE1)

MCU 22mA average current consumption, when electrode touch
detected. The touch event is displayed by on board RGB LED

If more than single electrode touched, the fastest touched
electrode wins

If slider touched, on board RGB LED displays detected finger
position

Touch buttons have bigger priority than slider for on board RGB
LED displaying
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Use Case 3 Configuration

Response time: 30ms
«  Number of touch button electrodes: 6 electrodes
- Number of slider electrodes: 2 electrodes
«  Number of slider positions: 2 to 8 (5 is optimal)
Wake-up electrode: YES EGS
All electrodes pre-sampling: 1 sample
Touch button electrode sampling in row & average:
- When wake up electrode EGS released: 4 samples
- When wake up electrode EGS touched: 16 samples
- Slider electrodes sampling in row & average:
- When wake up electrode EGS released: 4 samples
- When wake up electrode EGS touched: 32 samples
- Filter IR1, ft = 1Hz
- DC Tracker filter response: 1 step / second
Thresholds touch, release:
- Touch buttons: 22 / 20
- Slider electrodes: 17
Compiler GCC, -03
Backlight PWM duty cycle: 30%
Backlight ON period: 3s
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Introduction to slider application

- Slider HW - 2 copper electrodes
- Slider resolution 50 steps

- By software divided into insensitive
and sensitive area

W Insensitive area

Sensitive area

- Also by software divided into
chosen number of virtual segments

- Segments boarders are ,slider difference
data thresholds”

- Shining on board LED color indicates
position of the finger

- 5 segments represent typical HVAC fan
speed control application

Electrode O

Ta———

Electrode O Electrode 1
% Y

% i

EIeCtrOde O Electrode 1

1 1 1 1
Seament 1 : Seament 2! Seament3: Seqment4: Seament 5

I
Z i / Z

G |, o R

| “ | | |

: : : : Electrode 1
Q I . I I I ‘
leb ' e ' wep ' D ' LED

color color color color
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Slider application data

A\ 4

Slider Electrode 0
LP filter data
(used for touch
detection)

Electrode O

Slider Electrode 0
raw data

Electrode 1

\ 4

raw data

Slider Electrode 1

Slider Electrode 1
LP filter data
(used for touch

detection)

Slider difference data
(used for position determination)

Slider addition data

(used for touch confirmation)
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Simplyfied TS slider application Flowchart

- 3 steps of touch evaluation:
A. Touch detection
B. Touch confirmation\\

C. Position determination

C.Determine
Wake |p. position —
Scan A.Touch YES B.Touch YES difference data
electrodes, detected? R confirmed
?

between slider
difference
thresholds
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Touch detection and confirmation: Touch not detected

[ Slider Electrode 0 ||
baseline

Slider Electrode 0 ]| e
LP filter data 2zs
Slider Electrode 0
touch threshold JTNS

itterData[0] sliderDetectorThresholdTouch[0] sliderDCTracker\gtaBuffer]1] siderLPFiterData[l] ~ siiderDetectorThresholdTouch [1] ° L P fi Ite r d ata d ro p p e d b e I OW tO u C h

A\ threshold at Electrode 0 O
Electrode 17

- Addition data dropped below

1A%

[ Slider Electrode 1 ,/72

__baseline Il . ..
("Slider Electrode 1 || ;= addition data threshold?
LP filter data Rt

Slider Electrode 1
. touch threshold

Slider Addition =
I data l o0
[ Slider Addition ] £ ol
data threshold =

Touch not detected Electrode 1
R R

—.
19007
T~

% o
Electrode O

[ ]
L |
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Touch detection and confirmation: Touch detected, but not confirmed

- LP filter data dropped below tou€h
\ threshold at Electrode 0 OR
Electrode 17

baseline

Slider Electrode 0 ‘_M
LP filter data .

‘ Slider Electrode 0 || i
touch threshold __JT™>
- !« Addition data dropped below

.. -
SiderEeciode 1) = M addition data threshold?
baseline /

. N
S I Id e r E I ectrod e O sliderDCTrackerDataBuffer(0] sliderLPFitterData[0] sliderDetectorThresheldTouch[0] sliderDCTrackerDataBuffer[1]] '  sliderLPFilterDatal [1]  sliderDetectorThresholdTouch) 1]

Slider Electrode 1 || ==+
LP filter data o
‘ Slider Electrode 1 ool
touch threshold )| =

Slider Addition }/

8 g
b g

&

1Axi

8 @

data
Slider Addition
data threshold

Touch detected, but not confirmed

Z 0

fmw i

Electrode O Electrode 1
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Touch detection and confirmation: Touch detected and

[ Slider Electrode 0 )

_ ~l
Sllder EIeCtrOde O I C U‘Jramtﬂﬂuﬁer[m slnerLPFum)al (] slnerDmemkaﬂuucn[ﬂ]
| baseline e

- LP filter data dropped below

LP filter data

Slider Electrode 0
X touch threshold

[ Slider Electrode 1 |

baseline

" Slider Electrode 1 ||

LP filter data

Slider Electrode 1 | |
touch threshold |

)/ \ r Touch detected and confirmed

Slider Addition )
data

‘SIiderAddition e
data threshold ) o

= touch threshold at Electrode 04

OR electrode 17

- Addition data dropped below

/ — | addition data threshold?

7

A ,4-'- a-'"ﬂ'

e ° Electrode 1

Electrode O
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Position determination on 5 segment slider (HVAC

[ Slider difference

sliderDifferenceData

sliterDiffThreshold[0]

Software layer

sliderDiffThreshold[1]

sliderDiffThreshold[2]

1050

1040

Hardware layer

User perspective:

\ sta )\!\\
I 1030

 Slider difference | l \7//\\

| datathreshold 3 | T—_
, I

" Slider difference | ;| /J \

| datathreshold2 |} wo—>

. - \ | é \

Slider difference 1~ A A / —_——

| data threshold 1 | : =N/ =S
1

 Slider difference | 1 . \ /J

| data threshold O | ! !
| |
I Software perspective: :
I Slider difference data !
I change when moving :
I finger across the slider !
1 1
i 1} 0.5 1.0 1.5 2.0 el : 2.5 3.0 ;

CONFIDENTIAL & PROPRIETARY
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Slider Resolution — 50 steps (sliderAbsoluteRawData)

- Slider difference data shifted into sliderAbsoluteRawData and filtered for 50 steps resolution demonstration

sliderAbsoluteRawData sliderAbsoluteRawDataFitered

| iz
[
=2
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INSTALLATION AND SETUP

STEP BY STEP INSTALATION GUIDE

SECURE CONNECTIONS
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STEP 1: Download and install required software

Download and install following software tools:
& S32 Design Studio IDE for Arm® based MCUSs
b FreeMASTER Run-Time Debuqgging Tool

4 Touch Sense software package:
"S32K144 TS 40 COMMON TOUCH SENSE _SOFTWARE _SOLUTION.exe”
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https://www.nxp.com/support/developer-resources/run-time-software/s32-design-studio-ide/s32-design-studio-ide-for-arm-based-mcus:S32DS-ARM?fsrch=1&sr=5&pageNum=1
https://www.nxp.com/support/developer-resources/software-development-tools/freemaster-run-time-debugging-tool:FREEMASTER
https://nxp1-my.sharepoint.com/:f:/g/personal/petr_cholasta_nxp_com/ErWI9FNonPREnW02Kc0COeIBtdqC_v63CPd21fxNNR_-1w?e=CgJkeM

STEP 2: Importing project into S32 Design Studio

1. Runthe S32DS and
Import installed project
"S32K144 TS 50" in
S32DS

- File — Import — Existing projects
iInto Workspace

* |mport | X

Import Projects —

Select a directory to search for existing Eclipse projects. ; ,._l’

-

(®) Select root directory: | C\Users\nxf38186\0neDrive - NXP\Touch § v| | Browse... |

() Select archive file: Browse...

Projects:

S32K144 TS5 40 (ChUsersinxf38126\Onelrive - NXP\Touch Sensel!

Select All
Deselect All
Refresh
£ >
Opticns
[[] Search for nested projects
Copy projects into workspace
[[]Hide projects that already exist in the workspace
Working sets
[] Add project to working sets New...
Select...
@ Back Next Finish Cancel
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STEP 3: Building project in S32 Design Studio

1. Check compiler
optimization -O3
- Right-click imported project in
Project explorer section —
Properties — C/C++ Build —
Settings — Tool Settings card

— Standard S32DS C
Complier — Optimization

2. Click on hammer icon In
toolbar to Build project

o
L

Optimization Level Optimize most (-O3)

Other optimization flags

[ I'char' is signed (-fsigned-char)

[I'bitfield" is unsigned {-funsigned-bitfielcls)

Function sections (-ffunction-sections)

Data sections (-fdata-sections)

[ ] No common uninitialized (-fno-common)

[ Do not inline functions (-fno-inline-functions)

[] Assume freestanding environment (-ffreestanding)

[ Disable builtin {(-fno-builtin)

] Single precision constants (-fsingle-precision-constant)
[ Link-time optimizer (-flto)

|| Disable loop invariant move (-fno-move-loop-invariants)

File Edit Source Refactor Mavigate Search Project Run Pr

-

[i*5 Project Explorer 23 —

| &Ry BICFiF | SiF S g
g
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STEP 4: Connect S32K144EVB Q100 board & Debug

1.

Connect PC and S32K144EVB Q100
board with USB cable

Download code in S32K144EVB_Q100
board MCU using on-board OPENSDA
Interface — click on bug icon in toolbar
and select S32K144 TS 50 Debug
configuration

If the debug was succesful, resume
and then terminate the debug session

File Edit Source Refactor Mavigate Search Project Run
i | B~/ - @ICIFE ]

(" Project Explorer &3

I=K:J>T |u1{-§\Q|UP | o T T .14

/N

resume terminate

CONFIDENTIAL & PROPRIETARY
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PRE-CONFIGURING THE SLIDER APPLICATION

STEP BY STEP GUIDE THROUGH THE
PROJECT HEADER FILES

SECURE CONNECTIONS
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STEP 5: Software configuration files

- The Touch Sense software is common for all
reference designs boards

- Chosen reference design board must be selected
In software configuration files

- Software configuration files are located in ,,Cfg"

folder

- General configuration file for reference design

selection
- ts_cfg_general.h

- Slider configuration files:

- 6pad_hw.h
- 6pad_app.h

v 12 §32K144_T5_40: Debug
g;—f' Binaries
[l Includes
[ Project_Settings
v 5 TS Project
v = Cfg
v = Zpad_EVE
[n] 2pad_app.h
[n] 2pad_hw.h
v = Bpad_slider
|| Bpad_app.h
[n] Bpad_hw.h
v [= Ypad
[A] 7pad_app.h
[K] 7pad_hw.h
[h| ts cfg do net modifyh

[h| ts_cfg_general.h
k| ts_cfg.h |
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STEP 5: Reference design board selection (ts_cfg_general.h)

- #define REFERENCE DESIGN BOARD S32K144 6PAD KEYPAD SLIDER

- Selects S32K144 6pad keypad with slider — the only reference design providing slider application
- After reference design board selection (modification):
= Clean the project: Right-click imported project in Project explorer section
— Clean Project
= Rebuild indexing: Right-click imported project in Project explorer section
— Index — Rebuild
= Build project: Right-click imported project in Project explorer section

— Build Project
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STEP 6: Slider Enable (6pad_hw.h)

 fdefine SLIDER ENABLE SLIDER YES

- Enables slider application
- The slider consists of two electrodes

Electrode O Electrode 1

- #define SLIDER ENABLE SLIDER NO
- Slider application not used
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STEP 7: HW Slider electrodes defines (6pad _hw.h)

- There are following defines for each slider electrode to configure:
#define SLIDER ELEC# ADC

#define SLIDER ELEC# ADC CHANNEL

#define SLIDER ELEC# PORT

#define SLIDER ELEC# GPIO

#define SLIDER ELEC# ELEC GPIO PIN

#define SLIDER ELEC# CEXT GPIO PIN

- And conditions for these defines are:

- ADC modules used for Electrode 0 and 1 can be different or the same (e.g. ADCO or
ADCI1)

- All GPIO pins used for Electrode 0 and Electrode 1 must be on the same port (e.qg.
PORTB)
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STEP 8: Slider sensing cycles per sample (6pad_app.h)

#define NUMBER OF ELECTRODE SENSING CYCLES PER SAMPLE SLIDER IDLE X

When slider or wake-up EGS electrode is released (idle), one (averaged) slider sample is calculated from
this “X” number of sensing (ADC) cycles

By default:
#define NUMBER OF ELECTRODE SENSING CYCLES PER SAMPLE SLIDER IDLE 4

If “X” is increased — better EMI resistance when EGS electrode is released, higher power consumption

#define NUMBER OF ELECTRODE SENSING CYCLES PER SAMPLE SLIDER ACTIVE Y

When slider or wake-up EGS electrode is touched (active), one (averaged) slider sample is calculated from
this “Y” number of sensing(ADC) cycles

By default:
#define NUMBER OF ELECTRODE SENSING CYCLES PER SAMPLE SLIDER ACTIVE 32

If “Y” is increased — better EMI resistance when proximity EGS electrode is touched, higher power
consumption

CONFIDENTIAL & PROPRIETARY | 65 4\



STEP 9: Slider segments (6pad_app.h)

- #define NUMBER OF SLIDER SEGMENTS X

- “X” should be a number from 2 to 8 (5 is optimal)

- The slider area is divided into defined number of virtual segments

- Each segment is enclosed between two virtual slider difference data thresholds

- Position of the finger is qualified as a number of touched segment and indicated as LED color

Slider difference Slider difference
data threshold 1 data threshold 2

Slider difference /

/

I
I
I F\ Slider difference

data threshold O I 1 1 1 data threshold 3
Seament 11 Seament 2 ! SeqmentS: Seqment4: Seament 5

I
% ; i % 4

—_—

% ¥ o " e i

| | 1 1
Electrode O I : : : Electrode 1
|
ol . )
leb ' ep ' wep ' wep ' vLED
color color color color color
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REAL-TIME DEBUGGING WITH FREEMASTER
- SLIDER TUNING

STEP BY STEP GUIDE TO THE FINALIZATION OF THE SLIDER APPLICATION

SECURE CONNECTIONS
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Finalizing Slider application configuration (6pad_app.h) tuning in FreeMASTER

- The remaining defines to be configured in file “ts_slider _cfg_app.h” after
visualizing the slider behavior in FreeMASTER are:
#define SLIDER ADDITION DATA THRESHOLD DEFAULT
#define NUMBER OF HYSTERESIS BLIND POINTS
#define AUTO DIFF THRESHOLDS GEN
fdefine NUMBER OF MAXIMAL OBSERVED DIFFERENCE
#define NUMBER OF MINIMAL OBSERVED DIFFERENCE

- The idea Is:
1. Temporary modify a variable in FreeMASTER to see how the slider behaves
2. Then goto “ts_slider _cfg_app.h ” and modify variable related #define

w

Build and Debug the project again
Now the variable is loaded as defined after power up/reset

s
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STEP 10: FreeMASTER connection setup
1. Build and Debug the

project after previous  sstad s 0.0
configuration changes %eﬁ

2. Open the FreeMASTER EM
p I'Oj ECt L 53¢ --:‘:: B.omp

- If Wake up electrode is planned
to be used, open the EGS

FreeMASTER project Options
. . . Cormm iles | Pack Dir aes\ emao Mo e\ iews arsl
3. Establish communication | 4P Fles] Pack O T Pages o e viws &

_ Proj ect —>Opt| ons —Comm ® RS232 Port |COM3 v | [OpenSDA- CDC Serial Port (hitp:liwww.p
. eed: 9600 w |  Timeouts. .
bookmark — Port with wpees <] Tmeats. |

OpenSDA @ (" Plug-in Module: | | J.
4. Start communication
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STEP 11: FreeMASTER slider tuning — Scope: Slider EL. + Add

[ 532K144_TS_30_EVB_EGS - FreeMASTER

. C

ata

I File Edit View Scope Project Tools Help
@ H@E B S s @ B R R ] iaroma s -l B A0 88| S
Flectrode Touch Sense Application — | — — ) — | — — | — ) —
E| ®E Elctrodes Sense sliderDCTrackerDataBuffer{0] sliderLPFiterData[0] sliderDetectorThresholdTouch[0] sliderDCTrackerDataBuffer{1] sliderLPFiterData[1] sliderDetectorThresholdTouch[1] sliderAdditionData sliderAdditionDataThreshold
3
4% Electrode 0
4% Electrode 1 E |.d d
Tk Hotode? Slider detector
&2 Electrode 3 C h h Id h d I
" tlctoded threshold touch delta [0]
4% Electrode 5 " E
5% EGS Electrode 6 £ 5L
5% Electrode Oto Electrode 6 24107:
48 Electrode 0 Recorder C
42 Slider Electrodes e
8= Slicler Electrodes + Addition Data E
4% Slider Data 2400
45 Samples switching s380F ! [ [T 1 1 [ 1 [ 1 1 1 [ [ 1 1
{3k littering =
2375 .
: Slider detector
2370
2ot threshold touch delta [1]
10 2360 -
L=
2355
2350
2345
2340
E 1 L L L L L L L L L L L L L L
L L L I P L L L L L L L L L
0.5 1.0 1.5 20 25 a0 35 40 45 50
Time [sec]
escilloscope
| MName Value | Unit | Period |~
_‘ electradeTouchQualified[5] RELEASE ENUM 1000
hacklich CuityCycle kNl DEC 1000
:I sliderDetectorThreshaldTouchDeltalo] 7 DEC 1000 |
sliderDetectorThresheldTouchDeltal 1] 17 DEC 1000
| sliderAdditionDataThreshold 966 DEC 1000
| sliderDiffThreshold[0] 968 DEC 1000
__ | sliderDiffThreshald[1] 991 DEC 1000
| sliderDiffThreshold[2] 1014 DEC 1000 J
| sliderDiffThreshald[3] 1037 DEC 1000
__| sliderDiffThreshold[4] 0 unit 1000
| numberOfHysteresisBlindPoints 4 DEC 1000 -
Bl application Commands | Blvariable Stimulus a | D

Modify these 2 variables to temporary change the
electrodes touch threshold (touch detection)

Variable
Display




STEP 11: Slider electrodes touch threshold (6pad_app.h)

- #define SLIDER ELEC# TOUCH THRESHOLD DELTA X

- Touch threshold delta (“X”) — number of points under the electrode DCtracker
baseline which the slider raw data must drop below in order to detect touch

- (“X”) is typically from 8 to 22

- By default:
#define SLIDER ELECO TOUCH THRESHOLD DELTA 17
#define SLIDER ELEC1 TOUCH THRESHOLD DELTA 17

- Changing the touch threshold delta updates the touch threshold in
variable display in FreeMASTER
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S532K144 TS5 /B_EGS - FreeMASTER

STEP 12: FreeMASTER slider tuning — Scope: Slider EL. + Add. ¢

File Edit WYiew Scope Project Tools Help

: [Tahoma -iljs ~|LB £ O 5@@

F @ RS s R (B e T [F] e & e
|

Flectrode Touch Sense Application
™% Electrodes Sense
4 Electrode 0
-4 Electrode 1
—45% Electrode 2
425 Electrode 3
4 Electrode 4
43 Electrode 5
425 EGS Electrode 6
5% Electrode Oto Electrode 6
48 Electrode D Recorder
4% Slidler Electrodes

¥4 Slider Electrodes + Addition Data

125 Slicler Data

43 littering

Slider addition _~7

data threshold

sliderDCTrackerDataBuffer[0]

sliderL PFitterData[0]

— — — — — —
sliderDetectorThresholdTouch[0] sliderDCTrackerDataBuffer{1] sliderLPFitterData[1] sliderDetectorThresholdTouch[1] sliderAdditionData sliderAdditionDataThreshold

24254

24204

=
é 2415+
2410

24054

24004

2380

23754

2370

2385

Bl application Commands | Blvariable Stimulus

0.5 1.0 15 20 25 30 35 4.0 45 5.0
Time [sec] /
asciloscope
I
Name value | Unit | Period I~
| electrodeTouchQualified[6] RELEASE ENUM 1000
| backightPWMDutyCyde 30 DEC 1000
| sliderDetectorThresholdTouchDelta[0] 17 DEC 1000
sliderDetectorThresholdTouchDelta[ 1] 17 DEC 1000
slider AdditionDataThreshold 956 DEC 1000 ]
| sliderDiffThreshold[0] 963 DEC 1000
__| sliderDiffThreshald[1] 991 DEC 1000
| sliderDiffThreshold[2] 1014 DEC 1000 J
sliderDiffThreshold[3] 1037 DEC 1000
| sliderDiffThreshold[4] 0 unit 1000
numberCfHysteresisBli 4 DEC 1000

Modify to change the slider addition threshold (touch
confirmation)

ala

Variable
Display




STEP 12: Slider addition data threshold (6pad_app.h)

- #define SLIDER ADDITION DATA THRESHOLD DEFAULT
X

- Protects from unwanted position variation in case of transverse finger movement
- Causes the insensitive slider area around the slider edges (by software)
- (“X”) here stands for slider addition data threshold

- (“X") is a number (threshold) which the slider addition data must drop below in order
to confirm touch

- By default:
#define SLIDER ADDITION DATA THRESHOLD DEFAULT 966
) Insensitive area z 2

Z I

Sensiti
lve area Electrode 0 Electrode 1
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STEP 13: FreeMASTER slider tuning — Scope: Slider Data

& 532K144_TS_40_6PAD_EVB_EGS - FreeMASTER
I File Edit Wiew Scope Project Tools Help

@ H[DE | BEE S| & [ B [2]d e o [

A K2 i [Tahoma |z -lLB 7~ U @& &

Electrode Touch Sense Application
i sliderDifferenceData

-1 Electrodes Sense

sliderDiffThreshold[0]

sliderDiffThreshold[1]

sliderDiffThreshold[2] sliderDiffThreshold[3] sliderDiffThreshold[£]

4% Electrode 0

£ Electrode 1

& Electrode 2

¥ Electrode 3

55 Electrode 4

5 Electrode 5
..45% EGS Electrode 6
.45 Electrode 0 to Electrode 5 r
-.4#3 Electrode 0 Recorder 1030
.42 Slider Electrodes r
4% Slider Electrodes + Addition Data

&2 Slider Resolution

1040+

1020+

NUMBER OF MAXIMAL OBSERVED DIFFERENCE

///\\ Slider difference data threshold 3

|

% Jittering
42 FrequencylD
2% Samples Switching

T

\ Slider difference data threshold 2

1010+

[Auis

e

\ Slider difference data threshold 1

1000 \/

990+

W

\J"\/ N

Slider difference data threshold O

980+

Modify non-zero

NUMBER_OF MINIMAL_OBSERVED DIFFERENCE

slider difference data ~____ "

thresholds e

1.0 1 20 25 3.0 35 40 45
Tims [sec]
I I
MName | Value Unit Period \:l
| backlightPWMDuUtyCydle 30 DEC 1000
| sliderDetectorThreshaldTouchDelta[0] 17 DEC 1000
| sliderDetectorThreshaldTouchDelta[ 1] 17 DEC 1000
sliderAdditionDataThreshold 968 DEC 1000
SiderDi T hreshold[0] 990 DEC 000
sliderDiffThreshold[1] 1000 DEC 1000
sliderDiffThreshold[2] 1010 DEC 1000
sliderDiffThreshold[3] 1020 DEC 1000
__| sliderDiffThreshold[4] 0 unit 1000
| numberQfHysteresisBlindPaints 2 DEC 1000
Bl application Commands | [Blvariable Stimulus a |» H
Ready Mot connected Scope Running
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STEP 13: Manual slider difference data thresholds (6pad_app.h)

- Slider difference data thresholds can be created either manually or
automatically based on: #define
AUTO_DIFF_THRESHOLDS GEN

- #define AUTO DIFF THRESHOLDS GEN 0

- Slider difference data thresholds manually set — define (hardcode) each manually

- The number of difference data thresholds to be defined depends on number of
slider segments defined in STEP 9

- e.g.:

#define SLIDER DIFF THRESHOLDO 990

#define SLIDER DIFF THRESHOLD1 1000

#define SLIDER DIFF THRESHOLD2 1010

-
| 2 |
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STEP 13: Automatic slider difference data thresholds (6pad_app.h)

- Slider difference data thresholds can be created either manually or automatically based on #
define AUTO_DIFF_THRESHOLDS GEN

-+ #define AUTO DIFF THRESHOLDS GEN 1
- Software creates equally distributed slider difference data thresholds across the difference
data range
- In FreeMASTER scope Slider Data observe and then in (ts_slider_cfg_app.h) define
following:
#define NUMBER OF MINIMAL OBSERVED DIFFERENCE X

= (“X”) here stands for minimum of difference data when moving finger across the slider

» By default: #define NUMBER OF MINIMAL OBSERVED DIFFERENCE 980
#define NUMBER OF MAXIMAL OBSERVED DIFFERENCE Y

= (“Y”) here stands for maximum of difference data when moving finger across the slider

= By default: #define NUMBER OF MAXIMAL OBSERVED DIFFERENCE 1030
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STEP 14: Free

[ 532K144 TS 40 6PAD_EVB_EGS - FreeMASTER
 File

Edit View Scope Project Tools

L I Y e A e o DL Y e e e F P A Y 1=

MASTER slider tuning — Scope: Slider Data

- X

Electrode Touch Sense Application
£-™15 Electrodes Sense

FOREREEESEDE

5 Electrode 0

.45 Electrode 1
.45 Electrode 2

Electrode 3

Electrode 4

Electrode 3

EGS Electrode &
Electrode 0 to Electrode 5
Electrode D Recorder
Slider Electrodes

Slider Resolution
Jittering
FrequencylD

.. Samples Switching

Slider Electrodes + Addition Data

Number of
hysteresis
blind points

Modify to
change the
sensitivity
around slider
difference
data
thresholds

Blapplication Commands | Bl variable Stimulus 3

Ready

Variable
Display

sliderDifferenceData sliderDiffThresheld[0] sliderDiffThreshold[1] sliderDiffThreshold[2] sliderDiffThreshold[3] sliderDiffThreshold[4]
A A = ,
\/ ~7 "\\/ N F
L L L L L L L L L L L L L L L
0s 10 15 20 25 30 35 40 45
Time [sec]
asciloscope
MName | value | Unit | Period |-
| backlightPWMDutyCyde 30 DEC 1000
| sliderDetectorThreshaldTouchDelta[0] 17 DEC 1000
| sliderDetectorThresholdTouchDelta[ 1] 17 DEC 1000
| sliderAdditionDataThreshald 966 DEC 1000
| sliderDiffThreshold[0] 990 DEC 1000
| sliderDiffThreshold[1] 1000 DEC 1000
_ sliderDiffThreshold[2] 1010 DEC 1000
| sliderDiffThreshald[3] 1020 DEC 1000
sliderDiffThreshold[4] Q unit 1000
numberOfHysteresisBlindPoints 2 DEC 1000

|

Not connected

Scope Running
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STEP 14: Slider hysteresis (6pad_app.h)

- #define NUMBER OF HYSTERESIS BLIND POINTS
X

- (“X") here stands for hysteresis blind points

- (“X") means the number of points of slider difference data above and below each slider difference data threshold,
where the slider is unwilling to change the qualified position

- Prevents suc

SiigY Jefault L

data threshold 2

right at the position threshold

S % 4
INT ?/ = %

Segment 3

: ) NUMBER OF HYSTERESIS BLIND P®INTS
Slider difference - - — —
data threshold 1

NUMBER_OF_HYSTERES|S_BLIND_POINTS

Slider difference
data threshold O




STEP 15: Slider Resolution demonstration — Scope: Slider Resolution

- Slider difference data shifted into sliderAbsoluteRawData and filtered for 50 steps resolution demonstration

& 532K144_T5_40_6PAD_EVB_EGS - FreeMASTER - x

Edit View Scope Project Tools Help
FH@E RS -5 RS

[+ SN2 e U5 - Bsul28 =]

28 Electrode Touch Sense Application
£-™% Electrodes Sense
4% Electrode D
3 Electrode 1
455 Electrode 2 50
4% Electrede 2
432 Electrode 4
£ Electrode 5
3 EGS Electrode 6
4% Electrode 0 to Electrode 5 [
-4 Electrode D Recorder 5
£ Slider Electrodes
4% Slider Electrades + Addition Data

sliderAbsoluteRawData sliderAbsoluteRaw DataFitered

% Slider Data a1
Y scuion] g
435 Jittering wl

2% FrequencylD L

4% Samples Switching N

ESRE
e
2 20
15—7
‘W—_

Variable Display

-0

05 1.0 15 20 25 3.0 35 40
Time [sec]

el
Name | Value | Unit | Periad 4
detectorThresholdR eleaseDelta[0] n DEC 1000
| detectorThresholdTouchDelta[0] 2 DEC 1000
| electrodeTouchQuaiified[0] RELEASE ENUM 1000 -
| detectorThresholdReleaseDelta[ 1] Eh) DEC 1000
| detectorThresholdTouchDelta[ 1] 2 DEC 1000 .
| electrodeTouchQualified[1) RELEASE ENUM 1000
| detectorThresholdReleaseDelta[2] 2 DEC 1000 a rI a e a C
| detectorThresholdTouchDelta[2] 2 DEC 1000
electrodeTouchQualified(2] RELEASE ENUM 1000
detectorThresholdR eleaseDelta[3] n DEC 1000
detectorThresholdTouchDelta[3] 22 DEC 1000 Y
Bl application Commands | [Blvariable Stimulus - — — ' =
Not connected Scope Sequential |
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Software Checklist

a.

TS _ASM_OPTIMIZE is related to optimization level & LOW_ POWER_MODE is related to
low power in ts_cfg.h.

Configure REFERENCE_DESIGN_BOARD in ts_cfg_general.h in accord with demo
choose.

TS RAW_DATA CALCULATION is defined as over-sampling is for sensitivity promaotion
Wakeup electrode is also proximity electrode.

In XX _hw.h to define the number of electrode and attribution of each electrode ,wakeup &
slider electrode usage

If the modify the sense periods (30ms is in demo) pls notice whether redesign the filter.

Proximity detection algorithm is feed by Raw data because of sensitivity & power Sy
consumption. Whether feed it by filtered data based on actual project interaction effect on

Decimation filter and hoppy frequency will affect the DC tracker factor. Power consumgtion

How to Set the threshold delta based on filtered data in FreeMASTER. The 21 is detault it

IS related to sensitivity. \ ¥ 4
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Conclusion
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Conclusion

Keypad or HOD?

How many electrodes?

CAN or LIN based?

S32K or S12ZVL?

Select device using selector guide

12

US009823798B2

United States Patent (10) Patent No.: US 9,823,798 B2
Cholasta (45) Date of Patent: Nov. 21, 2017

4

an

72)

73)

CAPACITIVE SENSOR DEVICE AND (56) References Cited
METHOD OF OPERATION
U.S. PATENT DOCUMENTS

Applicant: 1‘“”'\( Al MICONDUCTOR, 200910224776 AL* 92009 Keith .....cccocooeee. 03K 17/962
NC., Austin, TX (US) 324/686

2010/0181180 Al 72010 Peter
Inventor:  Petr Cholasta, Hutisko-Solanec (CZ) POUOOTIIET ALT 3201 Simmons o HUSS;,IQS;
2013/0088377 AL* 42013 Lundstrum ... THO3M 11245
Assignee: NXP USA, Inc., Austin, TX (US) 341172
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DDLU, POWER SUPPLY, COMMUNICATION ELECTRODES
e  Torimoae v [onoodue | o

2. ach touch sense electrode
requires a pai of pins, both
with GO functionsity and one:
with ADC funtionaityn

[eanmodue
occuie i [ocupidin: B ss70 ccuped oo
umocxes o i 2 pedpns 2 et -

Quick User guide REMAINING P for PInI=ADC functionalty

1. Select MU paciage, debug Ftarer—paime—fofrauir o T am fams Ty [ ) o 1
intertace et - st llwthe

tertace et~ justfollow REMAINING Pins for Pin2-GPIO functionality

T e e T e S—Y far 0 s o i

rmmv r—
_
7 75 i .7

common port

3. Forthe number of aaiable
clectrodes n your configuration,
please refe to cll “M". For
port-spedfic number of
electrodes pleaseselect port. Use
Sort by prtor pair the pis
buttons at your wil

4. Happy pin parng. )
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Conclusion
- Proprietary TS method

- Adjustable setting voltage by C., value
- GP MCU Scalable family

- ASILB
- CAN FD
- Low power enabled

- Configurability (software solution)
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GPIS Touch Sense Reference Design Overview

: i S32K144 2pad S32K144 6pad S32K144 7pad S32K144 STW
Reference Design Name S127VL 7pad keyboardE keyboard and slider keyboard HOD
Recommended Devices S12ZVL | S32K1xx S32K1xx
HW Demo oOn demand 50832K144EVB-Q100§ oOn demand oOn demand oOn demand
Schematic & Design & Manufacturing ; ;
files ° | ° | o | o o
'#S32K144 TS_50 _C!eS32K144 TS 50 CieS32K144 TS 50 C
: — T — S — °—"—"| eHOD 4 2K144
SW (exe file) ®TS_20_S127VL128_KEY:OMMON_TOUCH_S {OMMON_TOUCH_S{ OMMON_TOUCH_S .STi/)V H gBSgOLUTI
BOARD_SOLUTION  {ENSE_SOFTWARE_:ENSE_SOFTWARE_:ENSE_SOFTWARE_—~" "'~ ON_
. SOLUTION_2PAD | SOLUTION_6PAD | SOLUTION_7PAD
User Guide o | o o o o
HW design guide o o o o o
SW design guide ° § ° i ° i ° °
MCU pin configuration Tool (xIs) + . . . ' . .
Tutorial video i
EMC, EMI, ESD Test o 0 0 o o
Test Report Water Test o o o o
Glove Test

Temperature Test

e Public information
o NDA required
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Contact NXP sales representatives or gpis.software@nxp.com for accessing materials
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