(infineon

Please note that Cypress is an Infineon Technologies Company.

The document following this cover page is marked as “Cypress” document as this is the
company that originally developed the product. Please note that Infineon will continue
to offer the product to new and existing customers as part of the Infineon product

portfolio.

Continuity of document content

The fact that Infineon offers the following product as part of the Infineon product
portfolio does not lead to any changes to this document. Future revisions will occur
when appropriate, and any changes will be set out on the document history page.

Continuity of ordering part numbers

Infineon continues to support existing part numbers. Please continue to use the
ordering part numbers listed in the datasheet for ordering.

www.infineon.com



ws CYPRESS

p»” EMBEDDEDIN TOMORROW™

Objective

This code example demonstrates CapSense® Component’s custom scanning through callback functions that allow altering the
sensor parameters during runtime or synchronizing the CapSense scan with non-CapSense operations.

In this code example, the callback function is used to change the inactive sensor state to either shield or ground depending on
the sensor being scanned.

Requirements
Tool: PSoC Creator™ 4.2 and PSoC Programmer™ 3.28.6

Programming Language: C (Arm® GCC 5.4.1 and Arm MDK 5.22)

Associated Parts: PSoC 4000S, PSoC 4100S Plus

Related Hardware:

CYB8CKIT-145-40XX PSoC® 4000S CapSense Prototyping Kit, CY8CKIT-149 PSoC 4100S Plus Prototyping Kit

Overview

Custom scanning provides fine control over sensor parameters and helps in adjusting the sensitivity for various sensors within
a widget. Custom scanning of CapSense sensors might be required for some very specific applications such as:

1. Changing the inactive sensor connection based on the sensor being currently scanned
2. Setting different tuning parameters for various sensors within a widget
3. Optimizing the sensor performance by disabling source of noise when the affected sensors are being scanned

This example demonstrates the custom scanning capability of CapSense using callback functions with the linear slider
implementation. In this code example, sensors which are near the sensor being scanned are connected to the shield, while
other sensors are connected to ground. This provides liquid tolerance and reduced parasitic capacitance of the sensor as well
as the shield. It also decreases emissions because the entire slider segment is not always being switched with high-frequency
shield signals.

This document explains the following:
1. Method to check the working of inactive sensors
2. Callback Function of the CapSense Component
3. Extending this code example for flexible CapSense scanning

This code also sends the CapSense data structure over I2C to the on-board KitProg, which enables reading data from CapSense
Tuner GUI. CapSense Tuner can be used to observe and modify the parameters of CapSense sensors and measure the signal-
to-noise ratio (SNR) of the sensor.

Prerequisites

This code example is for advanced CapSense users; the user is assumed to be familiar with CapSense technology and basic
terms such as raw counts, baseline, and difference counts. If you are new to CapSense, see AN64846 - Getting Started with
CapSense, AN85951 — PSoC 4 and PSoC 6 MCU CapSense Design Guide, and the code example CE220891 — CapSense with
Breathing LED (In PSoC Creator, select File > Code example > Device family > PSoC 4100S Plus).

Hardware Setup

This example uses the CY8CKIT-145-40xx and CY8CKIT-149 kits. Refer to the kit guide to ensure that the kit is configured
correctly. Refer the Pin Assignments for CapSense Custom Scan section for details on configuring the pins of the kits.

Software Setup
Ensure that you have all the software tools as mentioned in Requirements section installed.
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Theory

Callback Function

The flexibility in shield is obtained by changing the inactive sensor connection in the callback function -
CapSense_StartSampleCallback. This function is defined in the cyapicallbacks.c file. This function is called just before
scanning each sensor.

The CapSense_StartSampleCallback function takes the widget index and sensor index that is going to be scanned as the
parameter. The function then loops through all the sensors in the widget. If the sensor is found to be adjacent to the sensor
being scanned (obtained as a parameter), the pin state is set to shield; if not, the pin state is set to ground. This is done using
the CapSense_SetPinState API function (See CapSense Component datasheet for details on this API function). This takes
the sensor ID, widget ID and the state of the pin (CapSense_SHIELD or CapSense_GROUND, in this case) as the parameter and
sets up the status accordingly. If the sensor is adjacent to the sensor being scanned, the status is set to CapSense_SHIELD; if
not, the status is set to CapSense_GROUND. See Figure 1 for the code snippet for custom scan implemented in this code example.

Figure 1. Code Snippet for Custom Scan

vold CapSense_StartSampleCallback (uint3Z2 currentWidgetIndex, uwintiZ2 currentSensorindex)
{
¥ Wariable to loop through every sensor in the widget*/
uintf sensorIndex;

if (currentWidgetIndex == CapSense LINEARSLIDER WDGT_ID)

{
for (sensorIndex = 0; sensorIndex < CapSense LINEARSLIDER NUM SENSORS; sensorIndex++)
{

if (sensorIndex !'= currentSensorIndex)
{
if((sensorindex == (currentSensorIndex — 1)) || (sensorindex == (currentSensorlndsx + 1)))
{
#* If the sensor is adjacent to the sensor being scanned,

* configure it as shield.
CapSense_SetPinState (CapSense_LINEARSLIDER WDGT_ID, sensorIndex, CapSense_ SHIELD);

else
{

# If the sensor is not adjacent to the sensor being

nd.

CapSense SetPinState (CapSense LINEARSLIDER WDGT_ID, sensorIndex, CapSense GROUND)

Custom Scanning in CapSense

The CapSense Component offers a lot of flexibility in scanning the sensors. This example demonstrates one such use case with
the custom shield configuration of inactive sensors; however, this can be extended to many more scenarios. Some examples
include

1. Tuning each sensor of a widget separately so that the gain/sensitivity can be configured. The modulator IDAC for each
sensor can be set separately, which in turn adjusts the gain of each sensor in a widget. This can be done by writing the
modulator IDAC code for different sensors using CapSense_SetParam (see CapSense Component datasheet). Once the
IDAC is set, CapSense_SsCSDSetUpIdacs must be called that configures the IDAC registers. It takes the pointer to
CapSense_RAM_WD_BASE_STRUCT as the parameter and sets up the IDAC accordingly. Because each sensor in a widget
cannot be configured individually, this method can be used to tune each sensor’s gain.

2. This can also be used in a system where there might be noises due to external electrical signals affecting CapSense
operation. If there is a high-speed switching signal that affects a few sensors in the system, the firmware can turn off such
sources of noise before these sensors are scanned. This would help with better CapSense operation while keeping all other
operations as functional as possible.
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Operation
1. Plug the CY8CKIT-145-40xx or CY8CKIT-149 kit board into your computer’s USB port.

2. Build the project by selecting Build > Build CE229279_CapSenseCustomScan and program it into the PSoC 4 MCU
device. Choose Debug > Program.

w

Slide your finger over the CapSense linear slider and observe that LEDs turn ON up to the position of touch.

»

Observe the actual waveform at the sensors in an oscilloscope by probing the sensors (See Oscilloscope Waveforms). It
can be observed that only neighboring sensors to the sensor being scanned are switched with the shield waveform and all
other sensors are at ground potential.

5. Launch the Tuner GUI. Right-click on the CapSense Component and choose Launch Tuner as shown in Figure 2, or select
Tools > Component Tuners > CapSense.

Figure 2. Launch Tuner GUI
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A new window called “Sense Tuner” appears on the screen.

6. Select Tools > Tuner Communication Setup or click the Tuner Communication Setup icon to open the Tuner
Communication Setup dialog.

7. Select the appropriate 1°C communication device and set the following parameters as shown in Figure 3:

Figure 3. Tuner Communication Setup Parameters
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8. Click Connect to establish connection.
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9. Click Start to start data streaming from the device. The Tuner GUI displays the data from the sensor in the widget view and
Graph view tabs. See the “CapSense Tuner” section in CapSense Component datasheet for detailed information on Tuner
GUI.

Oscilloscope Waveforms

Figure 4 shows the oscilloscope waveform of four sensors in the default scanning implementation. It can be observed that all
inactive sensors are always driven to shield. Therefore, there is always a switching signal on all the slider elements for the entire
scan duration. This also means that more area is driven to shield and increases the emissions and the parasitic capacitance
that needs to be driven.

Figure 4. Sensor Waveforms: Normal Implementation
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Figure 6 shows the oscilloscope waveform of four sensors of the linear slider widget with the custom scanning implemented. It
can be observed that whenever a sensor is scanned, only the adjacent sensors are driven to shield. All other sensors are
connected to ground, thereby reducing the total area of emission. See Callback Function for details on how to implement the
custom shield connection through firmware.

Figure 5. Sensor Waveforms — Custom Scan
Muoise Filter Off

<D 1.0
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a. SnsO0is being scanned and Snsl is being driven to shield. All other sensors are connected to ground.

b. Snslis being scanned and Sns0 and Sns2 (adjacent sensors) are driven to shield. All others are connected to ground
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c. Sns2is being scanned and Sns1 and Sns3 are driven to shield. All other sensors are connected to ground.

d. Sns3 is being scanned and Sns2 and Sns4 (not displayed in Figure 4) are driven to shield. All other sensors are
connected to ground.

Figure 6. SnsO (yellow) Being Scanned, Snsl (blue) Driven to Shield, Sns2 and Sns3 Connected to Ground

Predfu e T — Moise Filter Off

[ S.o0v

This effectively reduces the area where the switching signals are driven and therefore, the amount of radiation by CapSense
scanning is less, while being tolerant to liquid drops.

Figure 7 and Figure 8 show the difference between normal scanning and custom scanning with respect to slider segments. The
segment shown in red is the actual sensor being scanned, while segments in yellow show sensors driven to shield. Segments
in green are sensors that are connected to ground.

Figure 7. Normal Scanning of Slider

W shield

Ground
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Design and Implementation

Figure 9 shows the PSoC Creator schematic for this code example. This code example uses CapSense, SCB (configured as
EZI2C Slave), and GPIO pins.

Figure 9. PSoC Creator Schematic

CE229279 CapSense Custom Scan

CapSense Linear Slider and Buttons
Sensing

I12C for tuning CapSense

CapSense

CapSense

CapSense Key Configuration:
1. One CSD Linear slider with five segments

2. CSD Tuning Mode: SmartSense (Full Auto-Tune)
3. Shield electrode enabled

EZI2C configuration:
- Data Rate : 1000 kbps
- Number of addresses: 1

- Sub-address size: 16 bit

USB-12C Bridge

Onboard TPC‘

- Primary slave address: 0x08

LED Indicators

1

LED K, R4 |
------ S LV RANA S Cd
B20 :

LEDIXF, A3 '
------ —— - AN b
820 :

LEDZEF, R2 |
—————— —— - AN
B20 :

LED1 KK, R1 1
———————————— —AN—- -8
820 :

LEDOEF, RO 1
____________ W’\"’\"‘L -

<
Q
p=}
o

—]

The CapSense Component is configured with one linear slider widget with five segments. This code example uses CapSense
Sigma-Delta (CSD) sensing method for sliders. When the CapSense linear slider is touched, the LEDs turns ON to indicate the

position of touch.

This code example is designed for the PSoC 4000S and PSoC 4100S Plus device and associated kit CY8CKIT-145-40xx and
CY8CKIT-149. Table 1 shows the pin assignments of the PSoC Creator Components.
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Table 1. Pin Assignments for CapSense Custom Scan

i REmE CY8CKIT-145-40XX CY8CKIT-149
(CY8C4045AZI-S413) | (CYBC4147AZI-S475)
\Capsense:Cmod\ (Cmod) PA4[1] PA4[1]
\CapSense:Shield\ (Shield) P2[7] P2[5]
\CapSense:Sns[0]\ (SLD_Sns0) | PO[0] P2[7]
\CapSense:Sns[1]\ (SLD_Sns1) | PO[1] P6[0]
\CapSense:Sns[2]\ (SLD_Sns2) | P0O[2] P6[1]
\CapSense:Sns[3]\ (SLD_Sns3) | PO[3] P6[2]
\CapSense:Sns[4]\ (SLD_Sns4) | P0[6] P6[4]
\EZI2C:scl\ P1[0] P3[0]
\EZI2C:sda\ P1[1] P3[1]
LED_O P2[0] P1[0]
LED_1 P2[1] P1[2]
LED_2 P2[2] P1[4]
LED_3 P2[3] P1[6]
LED_4 P2[4] P2[0]

Components and Settings

Table 2 lists the PSoC Creator Components used in this example, their instance name in the project, the component version
and the hardware resources that are consumed.

Table 2. PSoC Creator Components

Component Instance Name Version Hardware resource

CapSense CapSense V7.0 One CSD

EZI2C Slave (SCB Mode) EZI2C V4.0 One Serial Communication Block (SCB) and two GPIOS
LED_ O V2.20 GPIO
LED_1 V2.20 GPIO

Digital Output Pins LED_2 V2.20 GPIO
LED_3 V2.20 GPIO
LED_4 V2.20 GPIO

For information on the hardware resources used by a Component, see the Component datasheet.

Reusing This Example

The custom scan implementation is supported in CapSense Component version 4.0 and above. This is supported in all
CapSense-enabled devices in PSoC 4 family including:

e Third generation CapSense: PSoC 4000, PSoC 4100, PSoC 4200, PSoC 4100M, PSoC 4200M, PSoC 4200L, PSoC
4100 BLE and PSoC 4200 BLE.

e Fourth generation CapSense: PSoC 4000S, PSoC 4100S PSoC 4100 S Plus.

The tuning parameters must be changed in accordance with the kit used and sensor properties. See the PSoC 4 and PSoC 6
MCU CapSense Design Guide for more information on CapSense sensor tuning.
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Related Documents

Application Notes

ANG4846 Getting Started with This guide is an ideal starting point for those new to capacitive touch sensing
CapSense (CapSense®) as well as for learning key design considerations and layout best
practices to ensure design success.
AN85951 PSoC 4 and PSoC 6 MCU Describes how to design capacitive touch sensing applications with PSoC 4 and
CapSense Design Guide PSoC 6 MCU
AN79953 Getting Started with PSoC 4 Introduces the PSoC 4 device and explains how to build a PSoC Creator project

PSoC Creator Component Datasheets

CapSense Supports various interfaces such as Button, Matrix Buttons, Slider, Touchpad, and
Proximity Sensor

EZI2C Slave Supports one or two address decoding with independent memory buffers

Pins Supports connection of hardware resources to physical pins.

12C Supports 12C Slave, Master, Multi-Master, and Multi-Master-Slave configurations

Device Documentation

PSoC 4100S Plus Datasheet

PSoC 4100S Plus Architecture Technical Reference Manuals
PSoC 4100S Plus Register Technical Reference Manuals

PSoC 4000S Datasheet

PSoC 4000S Architecture Technical Reference Manuals
PSoC 4000S Register Technical Reference Manuals

Development Kit (DVK) Documentation

CYB8CKIT-149 PSoC 4100S Plus Prototyping Kit

CYB8CKIT-145-40XX PSoC® 4000S CapSense Prototyping Kit
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