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About this document

Scope and purpose

This document provides guidance for designing CAPSENSE™ applications with the PSoC™ 3 and PSoC™ 5LP
family of devices.

Intended audience

Itis intended for design engineers who are familiar with capacitive sensing technology and have chosen the
PSoC™ 3 and PSoC™ 5LP family of devices for their applications.
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Introduction

1 Introduction

This document provides guidance for designing CAPSENSE™ applications with the PSoC™ 3 and PSoC™ 5LP
family of devices. It is intended for design engineers who are familiar with capacitive sensing technology and
have chosen the PSoC™ 3 and PSoC™ 5LP family of devices for their applications. For a thorough understanding
of CAPSENSE™ technology see Getting started with CAPSENSE™.

1.1 Infineon CAPSENSE™ documentation ecosystem

Figure 1 and Table 1 summarize the Infineon CAPSENSE™ documentation ecosystem. These resources enable
you to quickly access the information you need to complete a CAPSENSE™ product design. Figure 1 shows a
typical product design cycle with capacitive sensing. This guide covers the topics highlighted in green. Table 1
provides links to supporting documents for each of the numbered tasks in Figure 1.

Application note 5 001-75400 Rev. *F
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1. Understanding CAPSENSE™ technology

= Topics covered in this document
2. Specify system requirements and

characteristics Topics covered in other documents

E

_ Notcovered in any document, user should
define the process based on application

3. Feasibility Study : CAPSENSE™ device
selection based on needed functionality

Design for CAPSENSE™

Mechanical Design PSoC™ Creator Project Creation

4. Schematic

i H
. 5. PCB Layout 6. Firmware 7.CAPSENSE
Design

Development Tuning
Design

8. Programming PSoC™

9. System Integration and build
Preproduction Prototype

4

10. Design Validation: Test and evaluate system
functionality and CAPSENSE™ performance

i

Performance No
satisfactory
l Yes
11. Production
Figure 1 Typical CAPSENSE™ product design flow
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Table1 Infineon documents supporting numbered design tasks of Figure 1
Numbered | Supporting Infineon CAPSENSE™ documentation
design task | Name Section Description
1 Getting started with CAPSENSE™ 2 In—dep‘Fh theory of CAPSENSE
operation
2 Getting started with CAPSENSE™ 4and5 Descrlhbe device fefatu res and assistin
selecting your device
PSoC™ 3 device datasheets i
PSoC™ 5LP device datasheets
3 Getting started with CAPSENSE™ 4and>5 Descrl.be device fegtu res and assistin
selecting your device
This document
4 Getting started with CAPSENSE™ Proyldes information such as pin
assignments and value for Cuop
This document
5 Getting started with CAPSENSE™ Provides PCB layout guidelines
6 PSoC™ Creator Help Topics - The PSoC™ Creator Help Topics
(available in the PSoC™ Creator IDE provide guidelines to use PSoC™
under the Help tab) Creator IDE
This document 4,5,6,and 7
This document and
CapSense_CSD component « icati
P o P Application CAPSENSE™ _CSD component
datasheet Programming .

Interface” datasheet provide firmware
guidelines to develop CAPSENSE™
applications

7 This document 6 Describes how to tune the
CAPSENSE™ system
8 MiniProg3 user guide - Provide programming details for
PSoC™ 3 and PSoC™ 5LP
AN61290 - PSoC™ 3/PSoC™ 5LP Pgograbmm',”g )
hardware design considerations andLebugging
9 N/A - _
10 Getting started with CAPSENSE™ 3 PrOV{de |m'portant design
considerations
This document 6and7
11 N/A - -
Application note 7 001-75400 Rev. *F
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1.2 PSoC™ 3 and PSoC™ 5LP device features

PSoC™ 3 and PSoC™ 5LP are programmable embedded system-on-chips that integrate configurable analog and
digital peripheral functions, memory, and a microcontroller. These devices are highly flexible and can
implement many functions in addition to CAPSENSE™. Their major features include:

Device features
e 67 MHz 8051 CPU for PSoC™ 3
e 67 MHz Arm® Cortex®-M3 CPU for PSoC™ 5LP
e Upto64 KB flash, 8 KB SRAM, and 2 KB EEPROM for PSoC™ 3
e Upto 256 KB flash, 64 KB SRAM, and 2 KB EEPROM for PSoC™ 5LP
e 24 channel DMA
e Upto721/0pins
e Low-power modes
- 1 pAsleep mode current for PSoC™ 3
- 2 pAsleep mode current for PSoC™ 5LP
- 200 nA hibernate mode current for PSoC™ 3
- 300 nA hibernate mode current for PSoC™ 5LP
e Analog functions
- Configurable delta-sigma ADC with 8 to 20-bit resolution
- Up to four comparators, opamps, DACs, and multi-function analog blocks
- 0.1% internal bandgap voltage reference
o Digital functions
- Up to four 16-bit configurable timers, counters, and PWM blocks
- Up to 24 programmable logic device (PLD) based universal digital blocks (UDB)
e Wide variety of packages: QFN, SSOP, and TQFP
e LCDdirectdrive from any GPIO, up to 46 x 16 segments
e 12C, UART, full speed USB, SPI, and CAN communication interfaces

CAPSENSE™ features

e Supports a combination of CAPSENSE™ buttons, sliders, matrix buttons, and proximity sensors
e Supports up to 61 capacitive sensors, CAPSENSE™ support on all GPIO pins

e Integrated APIs to develop firmware

e Supports water proofing design

e Two channel design: Enough resources to scan two sensors at the same time

e SmartSense Auto-Tuning

Sets and monitors tuning parameters automatically at power-up and during run time

Adapts to changes in user interface design for design portability

Compensates for environmental changes during run time

Detects touches as low as 0.1 pF

Application note 8 001-75400 Rev. *F
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1.3 Document conventions
Convention Usage
Courier New Displays file locations, user entered text, and source code:
C:\...cd\icc\
Italics Displays file names and reference documentation:
Read about the sourcefile.hex file in the PSoC™ Designer User Guide.
[Bracketed, Bold] Displays keyboard commands in procedures:
[Enter] or [Ctrl] [C]
File > Open Represents menu paths:
File > Open > New Project
Bold Displays commands, menu paths, and icon names in procedures:
Click the File icon and then click Open.
Times New Roman Displays an equation:
2+2=4
Application note 9 001-75400 Rev. *F
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2 CAPSENSE™ technology
2.1 CAPSENSE™ fundamentals

CAPSENSE™ is a touch sensing technology that works by measuring the capacitance of each I/0 pin that has
been designated as a sensor. The total capacitance on each of the sensor pins can be modeled as equivalent
lumped capacitors with values of Cx1 through Cxn as shown in Figure 2. CAPSENSE™ technology requires an
external modulating capacitor, Cyop. Cyop €an be discussed in more detail in Capacitance conversion.

N I I ) I B O
] L
] L
- ] L —
Cx1 T
1 N Cx3
N N
] CAPSENSE™ Device n
— - - —
Cx2 Cxn
] L
N N
] o |
:l I: __CMOD
[ I I I Y I Y I O B
N
Figure 2 CAPSENSE™ device scanning sensors Cx1 through Cxn

Each sensor I/O pin is connected to a sensor pad by traces, vias, or both, as necessary. A nonconductive overlay
is required to cover each sensor pad and constitutes the system’s touch interface. When a finger comes into
contact with the overlay, the conductivity and mass of the body effectively introduces a grounded conductive
plane parallel to the sensor pad. This action is represented in Figure 3. This arrangement constitutes a parallel
plate capacitor, whose capacitance is given by the following equation:

_ £0&/A
Cr= Y

Equation 1

Where,

C: = The capacitance affected by a finger in contact with the overlay over a sensor
€, = Free space permittivity

€, = Dielectric constant of overlay

A = Area of finger and sensor pad overlap

Application note 10 001-75400 Rev. *F
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D = Overlay thickness

| GROUND HATCH SENSOR PAD

S PRINTED CIRCUIT BOARD

WOPIN | TRecE

Figure 3 CAPSENSE™ system equivalent model

Even without a finger touching the overlay, the sensor input pin has some parasitic capacitance (C;). C, results
from the combination of the CAPSENSE™ controller internal parasitic and electric field coupling among the
sensor pad, traces, and vias, and other conductors in the system, such as ground plane, other traces, any metal
in the product’s chassis or enclosure, and so on. C, and C; are parallel to each other because they are both
connected between the sensor pin and ground.

When a finger is not touching the sensor:

Equation 2

When a finger is touching the sensor:

CX=CP+CF

Equation 3

In general, C; is an order of magnitude greater than C.. C, usually ranges from 6-15 pF, but in extreme cases it
can be as high as 45 pF. C. usually ranges from 0.1-0.4 pF. The magnitude of C; is critical when tuning a
CAPSENSE™ system. For optimal performance, C, should be kept as low as possible.

2.2 Capacitance conversion

CAPSENSE™ devices convert the magnitude of each Cx into digital counts which are stored and processed in
order to detect the presence of a finger on or near a sensor pad.

Application note 11 001-75400 Rev. *F
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2.2.1 Capacitive sigma delta (CSD)

Capacitive sigma delta (CSD) is one method for converting sensor capacitance into digital counts. The CSD
method outperforms other sensing methods. Figure 4 shows a block diagram of the CSD method.

Voltage
Reference
|
Charging Cyop = Sw 3is closed anal ] Bit Stream Rawcount
|naotg Sigma Delta Counter —
Discharging Cyop =Sw1 and Sw2 | Converter I
closed and opened alternatively :
I
__________ a1
I
Discharging Cuop N

%
E- ------------------------------------------ Sw3 Current
I os/ o _TO__/__O .......... @ Source
i l i v Charging Cuop
Sw2 B
E Cx Cwmop
v ~

Figure 4 CAPSENSE™ CSD block diagram

The CSD method requires a large integrating capacitor called a modulating capacitor (Cyqp). The sensor
capacitor Cy is connected to switches Swl and Sw2 to form a switched capacitor block. Swl connects Cy to Cyop,
while Sw2 connects C, to ground. Sw1 and Sw2 open and close alternately without overlapping and provide a
discharge path for Cyqp.

A sigma delta converter is used to convert the capacitance of C, into digital counts. A constant current source is
connected to Cyq, through a switch Sw3. The current source charges Cy,op Wwhen Sw3 is closed. Cyop is connected
to the sigma delta converter as an input. Based on its input, the sigma delta converter controls Sw3 such that it
maintains the average voltage of C,,o, at a reference voltage. The output of the sigma delta controller is a bit
stream that represents the duty cycle of Sw3.

The duty cycle of Sw3 is directly proportional to the capacitance of C,. For example, a higher value of C,
increases the C,,op discharge current. To maintain Cy,, voltage at the reference voltage, the sigma delta
converter increases the duty cycle of Sw3.

The bit stream is converted into a digital value known as raw count. A high-level algorithm interprets the raw
count to determine the sensor’s state. When a finger touches the sensor, Cy increases by C, and raw counts
increase proportionally. By comparing the shift in steady state raw counts to a predetermined threshold, the
high-level algorithms can determine whether the sensor is in an ON (Touch) or OFF (No Touch) state. Figure 5
shows a plot of the raw counts from a number of consecutive scans during which the sensor is touched and
then released by a finger.

Application note 12 001-75400 Rev. *F
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Figure 5 Raw count versus time

For an in-depth discussion of Infineon’s CSD sensing method, see PSoC™ 3 architecture reference manual and
PSoC™ 5LP architecture reference manual.

2.2.2 CSD implementations

There are various ways to implement the CSD method.

IDAC sourcing method: An IDAC charges C,,op, and the sensor discharges Cyopas shown in Figure 5.

IDAC sinking method: An IDAC discharges Cy,,, and the sensor charges Cyp.

External resistor method: An external resistor discharges C,,o, and the sensor charges Cyp.

All three implementations are discussed in Current source methods.

2.3 SmartSense Auto-Tuning

The hardware and firmware that make up a CAPSENSE™ system have several parameters that determine how
the system performs. Tuning these parameters is critical for proper system operation and a pleasant user
experience. Unfortunately, tuning is time-consuming because it is an iterative process. In a typical
development cycle, the interface is tuned in the initial design phase, during system integration, and before
production ramp.

SmartSense Auto-Tuning is an advanced technology from Infineon. SmartSense is a sophisticated algorithm,
which automatically optimizes system performance in a wide range of applications. It is easy to use and
reduces design cycle time by eliminating manual tuning during the prototype and manufacturing stages.
SmartSense Auto-Tuning tunes each CAPSENSE™ button automatically at power up and maintains optimum
button performance during runtime. It adapts for manufacturing variation in PCBs and overlays and
automatically tunes out noise from sources such as LCD inverters, AC lines, and switch-mode power supplies.

SmartSense Auto-tuning is discussed in detail in Auto-Tuning.

Application note 13 001-75400 Rev. *F
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3 CAPSENSE™ in PSoC™ 3 and PSoC™ 5LP

PSoC™ 3 and PSoC™ 5LP are programmable devices with a rich set of analog and digital resources. These
devices implement CAPSENSE™ using the CSD method with many unique features. Because these devices are
so flexible and resourceful, they can perform many other system functions in addition to CAPSENSE™.

3.1 CSD implementation

See Capacitance conversion for a detailed discussion of the CSD method. Figure 6 shows how the CSD method
isimplemented in the PSoC™ 3 and PSoC™ 5LP devices. These devices have up to four DAC resources.
CAPSENSE™ uses one of these to implement the current source (IDAC). The switches are controlled by a non-
overlapping clock (Switching Clock). An analog bus (AMUXBUS) connects Cyqp, Cx IDAC, and the input of the
sigma delta converter. The sigma delta converter controls the IDAC such that C,,, voltage remains close to the
reference voltage (Vref). The sigma delta converter outputs a bit stream to a counter. The counter outputs the
raw count. The CPU processes the raw count and determines the sensor’s status.

Figure 6 shows the IDAC Sourcing method of implementing CSD. Other methods are explained in Current
source methods.

PSoC™ 3/PSoC™5 LP
Gnd |+ L
— Switching
Clock
ANV @ IDAC Counting
______ 1 | Clock
] ih """" ; = Gnd
Sw2[ J Sw3 Bit Stream %
Out
Rbus \;< _______ N
L Hgh-z Sigma Delta
1 AMUX| input Converter
Cx i T BUS
1]
Cwmop
2.2nF/XTR/5V
Figure 6 CSD implementation (IDAC sourcing method)
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3.2 Unique CAPSENSE™ features

3.2.1 Two channel design

The PSoC™ 3 and PSoC™ 5LP devices are capable of scanning two sensors at a time. This cuts the scan time
almost in half. Reducing scan time improves the response time for button ON/OFF detection and reduces
average power consumption.

Using two channels requires twice the resources of a single channel, therefore, it is only recommended for
designs with more than 20 sensors. Number of channels explains how to select two channel design. Table 2
compares the resource requirements for one and two channel designs.

Table 2 Resource comparison for one channel and two channel design
Resource type One channel Two channel
Analog resources’ 1 or2 AMUXBUS 2 AMUXBUS
1 Comparator 2 Comparators
1 DAC 2 DACs
Digital resources? 4 Datapaths 6 Datapaths
19 Macrocells 31 Microcells
External components? 1 Cwop capacitor 2 Cuop Capacitors
1 set of bleed resistors 2 sets of bleed resistors
3.2.2 Water tolerant design

Some CAPSENSE™ capacitive touch sensing systems require reliable operation in the presence of water. White
goods, automotive applications, and industrial applications are examples of systems that must perform in
environments that include water, ice, and humidity changes. For such applications shield electrodes and guard
sensors can provide robust touch sensing.

If your application requires tolerance to water droplets and moisture, a shield electrode should be used. A
shield electrode surrounds the sensor as shown in Figure 7. The shield electrode is connected to an 1/O pin and
is driven using the same switching signal as the sensor pin. Using the same signal to drive both the shield
electrode and the sensor nullifies the capacitance between them. This means that any water film or droplets
that partially cover the sensor and shield are effectively removed. The shield electrode also reduces the C; of
the sensor. The number of I/0 pins required depends on the board size and shield area. If the area of the shield
electrode is large then it should be driven with multiple 1/0O pins.

If your application requires tolerance to water flow on the touch surface, a guard sensor along with a shield
electrode should be used. The guard sensor should cover the entire touch sensing area. Typically the guard
sensor surrounds the perimeter of the touch sensing area as shown in Figure 7. The guard sensor is scanned by
the CAPSENSE™ device in the same way as the other sensors. When water is present on the guard sensor, it
becomes active and disables scanning of other sensors to avoid detecting a false finger touch.

Shield electrode and guard sensor explains how to enable the shield electrode and guard sensors.

There is a Left AMUXBUS and a Right AMUXBUS. One channel design requires only one AMUXBUS, and all sensors are placed on one side of the chip. Two
channel design places sensors on both sides of the chip and shorts Left AMUXBUS and Right AMUXBUS together.
At least one DAC is required when is IDAC Sourcing or IDAC Sinking methods are selected. See Current source methods.
2 Datapaths and macrocells are component blocks of universal digital blocks (UDB). There are up to 24 UDB blocks in PSoC™ 3 and PSoC™ 5LP devices.
3 Bleed resistors are required when External Resistor method is selected. See Current source methods.
Application note 15 001-75400 Rev. *F
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Button A

Shield

Slider

Figure 7 Shield electrode and guard sensor

3.2.2.1 SIOpins

The PSoC™ 3 and PSoC™ 5LP devices have special input/output (SIO) pins, which feature a programmable
“logic-high” level. This means that the logic-high level of an SIO is not fixed to V,, but can be programmed to a
user defined voltage.

This feature is important when SIO pins are used as shield electrodes. A shield electrode is most effective when
its signal matches the signal on the CAPSENSE™ sensor. Using an SIO pin allows you to select a logic-high level
that matches the CAPSENSE™ sensor.

3.2.3 Current source methods

The PSoC™ 3 and PSoC™ 5LP devices allow you to select one of three different CSD implementations. Several
factors influence which method will perform best in your design including resource requirements, noise
susceptibility, and shield electrode requirements. For all of these methods the default value of Vref is equal to
the bandgap voltage, 1.024 V.

Table 3 compares the three implementation methods. Note that there are up to four DACs in the PSoC™ 3 and
PSoC™ 5LP devices depending on the part number. If other functionalities in your design are using all the DACs,
the External Resistor method can be used for CAPSENSE™. Current source describes how to select the current
source method.

Application note 16 001-75400 Rev. *F
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3.2.3.1 IDAC sourcing method

In this configuration, the CAPSENSE™ sensor switches between Cy,,, and GND continuously, discharging Cyp.
The IDAC is configured in source mode and is switched on when C,,,, voltage drops below Vref. Figure 8 shows
the block diagram for the IDAC Sourcing method.

This method is susceptible to finger conducted noise because the voltage swing on the sensor is small, between
Vref and GND. Increasing Vref with a VDAC will improve noise immunity, but requires an extra DAC resource.

When using the IDAC Sourcing method SIO pins should be used for shield electrodes. This allows you to switch
the shield electrode between Vref and GND, ensuring it gets the same signal as the sensor.

ki e
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\ b
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v oa|
<7 : [ ,
[N |
[N | 1
[ B |
Discharging 1| 1 A
cMop i1 !
[N I
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11
1w
Sigma Delta Converter
Rbus
Cuon |
Figure 8 IDAC sourcing method
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3.2.3.2 IDAC sinking method

In this configuration, the CAPSENSE™ sensor switches between Vy, and Cy,o, continuously, charging Cyop. The
IDAC is configured in sink mode and switched on when C,,,, voltage exceeds Vref. Figure 9 shows the block
diagram for the IDAC Sinking method.

This method is susceptible to power supply noise because the sensor switches between V,, and Vref.

VDD
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Figure 9 IDAC sinking method
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3.2.3.3 External resistor method

This configuration is similar to the IDAC Sinking method except it uses an external resistor (bleed resistor) to
discharge Cyopin place of the IDAC. The CAPSENSE™ sensor switches between Vy, and Cy,op continuously,
charging Cyop- The bleed resistor is connected to ground when C,,o, voltage exceeds Vref. Figure 10 shows the
block diagram for the External Resistor method.

This method is susceptible to power supply noise because the sensor switches between V,, and Vref.

O

dfof

i l
Discharging : : <_ T~ 7
chop 1 |¥ Sigma Delta
: Converter
1
External Bleed . Rbus
Resistor, Rb 1
i
1
Cuon |
Figure 10 External resistor method
Table 3 Comparison of current source methods
IDAC sourcing IDAC sinking External resistor
DAC resources Required Required Not required
External bleed resistor Not required Not required Required
Power supply noise Not susceptible Susceptible Susceptible
Finger conducted noise Susceptible Vref should be Less susceptible Less susceptible
increased using VDAC
Shield electrode SIO pin Any GPIO pin Any GPIO pin
Application note 19 001-75400 Rev. *F
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3.2.4 Tuning

SmartSense Auto-Tuning is an advanced technology that tunes each CAPSENSE™ button automatically at
power up and maintains optimum button performance during runtime. It reduces design cycle time and takes
care of process variations. You can also manually tune the CAPSENSE™ parameters if you require more control
over the parameters or if C, is high. Tuning method explains how to select the tuning method. CAPSENSE™
performance tuning describes the process for both auto and manual tuning.

3.2.4.1  Auto-tuning features

Reduced design cycle time

Figure 11 illustrates how SmartSense Auto-Tuning can significantly reduce design cycle time.

Typical capacitive user interface Design Cycle SmartSense based capacitive user interface Design Cycle

Feasibilityl Mechanical Design IR ‘
eview

e Mechanical Design
FeaS|b|l|tyI e—_—— I Revi
Study Schematics yo eview

Design Design

Schematics PCB Layout

Study Design Design

System
Integration

Design System
Validation Integration

Production

Design

Validation izl

Figure 11 Design cycle comparison

The following example shows how SmartSense Auto-Tuning saves significant time and makes platform designs
possible. Figure 12 shows multimedia keys for a 21-inch laptop model and Figure 13 shows multimedia keys for
a 15-inch model. The keys are CAPSENSE™ buttons with the same functionality and size. However, the design
cannot be directly ported across models because the buttons on the 21-inch model have wider spacing and
longer traces between the buttons and CAPSENSE™ controller. The design would need to be retuned.
SmartSense Auto-Tuning makes it possible for the developers to port the same design to other models saving
significant time.

O O O ©

Figure 12 Laptop multimedia keys for a 21-inch model

OO OO

Figure 13 Laptop multimedia keys for a 15-inch model (identical functionality and button size)

Application note 20 001-75400 Rev. *F
2024-06-26



o _.
PSoC™ 3 and PSoC™ 5LP CAPSENSE™ design guide Infineon

CAPSENSE™ in PSoC™ 3 and PSoC™ 5LP

Immunity to process variations

C, can vary because of PCB layout and trace length, PCB manufacturing process variation, or vendor-to-vendor
PCB variation within a multi-sourced supply chain. The sensitivity of a button depends on C;; higher C, values
decrease sensitivity, resulting in decreased finger touch signal amplitude. A change in C, can result in a button
becoming too sensitive, not sensitive enough, or non-operational. When this happens, you must retune the
system and, in some cases, re-qualify the user interface subsystem. SmartSense Auto-Tuning resolves these
issues.

Ease of use

SmartSense Auto-Tuning allows you to quickly and easily design a CAPSENSE™ application without an in-depth
knowledge of all of the parameters.

3.2.4.2 Manual tuning features

More control

Manual tuning gives you the ability to select each of the CAPSENSE™ parameters. This is important for systems
with extraordinary operating conditions, such as systems with high noise. Using auto-tuning in noisy systems
can lead to false button touches. Manually increasing the finger threshold makes the system more immune to
noise.

High parasitic capacitance

Auto-tuning is designed to work with C;, values in the range of 5—45 pF. If C, is higher than 45 pF due to long
traces or large button sizes, manual tuning should be used.

Failure detect algorithms

Auto-tuning can change the parameters at every start up and during run time. This can make it difficult to write
a failure detect algorithm.

Consider a failure detect algorithm that checks whether the baseline counts are in the range of a value stored in
flash at the factory. Assume the stored value is 3000 counts measured at a scan resolution of 12-bits. Baseline
counts are the average counts for C;,, and scan resolution is the resolution of the capacitance measurement
(see Raw count and Scan resolution for a more detailed explanation of these terms). When auto-tuning is used,
it may set the scan resolution parameter to 13-bits due to a change in physical or environmental conditions.
When the scan resolution is set to 13-bits, the baseline becomes 6000 counts, and the system will fail.

Less RAM and flash usage

The auto-tuning algorithm requires more flash and RAM. Table 4 shows the memory requirements for a
CAPSENSE™ design with four sensors.

Table 4 Comparison of memory requirement for manual tuning and auto-tuning
Tuning method PSoC™3 PSoC™ 5LP
RAM (bytes) Flash (bytes) RAM (bytes) Flash (bytes)
Manual tuning 207 6345 384 5104
Auto-tuning 292 8282 488 6152
Application note 21 001-75400 Rev. *F
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3.2.4.3  Non-blocking architecture
CAPSENSE™ scanning has three phases:

1. Prescan: Preparing hardware
2. Hardware scan: Actual hardware scanning
3. Postscan: Processing and storing the result

Only phases one and three require the CPU to execute code. The code architecture does not wait until the
second phase completes. Instead, the CPU executes the next line of code and as soon as the hardware
completes the scan and generates an interrupt, it executes the post-scan code in an ISR. This non-blocking
architecture is useful in designs where the CPU serves multiple applications.

3.3 CAPSENSE™ PLUS

CAPSENSE™ PLUS refers to PSoC™ devices that perform functions in addition to CAPSENSE™. The PSoC™ 3 and
PSoC™ 5LP devices fall into this category. The wide variety of features offered by these devices allow you to
integrate numerous system functions in a single chip as shown in Figure 14. This reduces board size, BOM cost,
and power consumption.

Capacitive Touch Motor Control LED Control LCD Display
Interface

Communlcatlon

PSOC™ 3/PSoC™ 5LP Protocol
Analog Signal Chain

Analog Input P > Dlgltal Filtering

Figure 14 CAPSENSE™ PLUS other functionalities in the system

Visit applications on our website to browse areas where CAPSENSE™ Plus with PSoC™ 3 and PSoC™ 5LP devices
can add value, such as:

e Healthcare and lifestyle

e Consumer electronics

e Smart Home and Building
e Home appliances

Application note 22 001-75400 Rev. *F
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4 CAPSENSE™ design tools

Infineon offers a full line of hardware and software tools for developing your CAPSENSE™ capacitive touch
sensing application. See datasheets for ordering information in references section.

4.1 PSoC™ Creator

Infineon’s PSoC™ Creator provides an integrated design environment. PSoC™ Creator offers a unique
combination of hardware configuration and software development in a single, unified tool. Applications are
developed in a drag-and-drop design environment using a library of components.

PSoC™ Creator provides a CapSense_CSD Component. This component implements an array of capacitive
touch sensors using switched-capacitor circuitry, an analog bus, a comparator, digital counting functions, and
high-level software routines (APIs). There are other analog and digital components available to implement
additional functionalities such as I°C, SPI, UART, timers, PWMs, amplifiers, ADCs, and LCDs. Figure 15 shows a
CapSense_CSD component being dragged from the component catalog and placed on TopDesign.
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Figure 15 PSoC™ Creator TopDesign
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4.2 Hardware kits

CY3280 Universal CAPSENSE™
Module Boards

Simple Button Module
CY3280-85M

PSOC™ Development Kits

PSOC™ CAPSENSE™ Expansion
Board kit CYSCKIT-031

PSoC1,385

Matnx Button Modul
VB CYBCKIT030

Linear Skider Module
CY3280-SLM

PSoC3
CY8CKIT030

PSoC5
= CYSCKIT-050

Radial Slider Module
CY3280-SRM

Figure 16 CAPSENSE™ hardware

Note: Infineon has discontinued the Universal CAPSENSE™ module boards and PSoC™ CAPSENSE
expansion board kit discussed in this section. Information is left for context for customers who may
already have this hardware.

4.2.1 PSoC™ 3 and PSoC™ 5LP development kits
The PSoC™ 3 and PSoC™ 5LP development kits support CAPSENSE™ functionality.

e CY8CKIT-030 PSoC™ 3 development kit
e CY8CKIT-050B PSoC™ 5LP development kit

4.2.2 Universal CAPSENSE™ module boards

Infineon provides Universal CAPSENSE™ module boards which feature a variety of CAPSENSE™ sensors, LEDs,
and interfaces to meet your needs.

e (CY3280-BSM simple button module

e (CY3280-BMM matrix button module

e (CY3280-SLM linear slider module

e (CY3280-SRM radial slider module

e (CY3280-BBM universal CAPSENSE™ prototyping module

4.2.3 PSoC™ CAPSENSE™ expansion board kit

The CY8CKIT-031 PSoC™ CAPSENSE™ Expansion Board Kit connects any of the PSoC™ 3 and PSoC™ 5LP
Development Kits to any of the Universal CAPSENSE™ Module Boards. The CYS8CKIT-031 provides and interface
board and two module boards, CY3280-SLM and CY3280-BMM.
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5 CapSense_CSD Component

CapSense_CSD Component

Data Processing

Button ON/OFF
OR

Sensor Widget
Raw Count q b o

—

Finger Position

Figure 17 CapSense_CSD Component block diagram

The CapSense_CSD component provides a complete CAPSENSE™ system. The component has several
parameters classified as high-level or low-level. The parameters communicate with each other in firmware
using global arrays.

High-level parameters control how the CAPSENSE™ system processes the raw counts into useful information
such as sensor ON/OFF state. Examples of high-level parameters include finger threshold, noise threshold, and
debounce count. See High-level parameters.

Low-level parameters control how the CAPSENSE™ system operates at the physical layer. At the physical layer,
the capacitance is converted into raw counts. Examples of low-level parameters include IDAC range, IDAC
value, and scan clock. See Low-level parameters.

The CapSense_CSD component provides several different types of touch interfaces called widgets. Widgets are
comprised of one or more sensors. They represent an interface object such as a slider or a touch pad. The
widget types include button, slider, radial slider, matrix button, touchpad, and proximity sensor. Figure 18
shows an example of a slider. To form this slider widget you would place seven sensors in a straight line with a
small gap between them.

PSS <33

Figure 18 A slider with seven-segments
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5.1 Parameter summary

Figure 19 shows a screen shot of the CapSense_CSD component from PSoC™ Creator as well as the
configuration window. You can open the configuration window by double clicking on the component or by right
clicking and selecting “Configure”.

Configure 'CapSense_CSD'

MName: Im

General ]/Wldgets Config ]/Stan Order }/Advanced ]/Tune Helper I’ Bilt-in 4 P

|5 Load Settings =l Save Settings

Tuning method None x

MHumber of channels 1 [default] b

Faw Data Moise Filter First Order IR 1.4 [defaul)

I wiater proofing and detection

Clock Settings
’VI_ Enable clock input

Scan Clock 12 MHz vl

Datasheet | oK I Apply Cancel

4

Figure 19 PSoC™ Creator CAPSENSE™ Component

The configuration window has several parameters arranged under different tabs. Table 5 summarizes the
parameters available in this window and provides relevant links.

Table 5 CapSense_CSD Component configuration window parameters

Advanced Tune Helper

General Widget config | Scan order

Finger threshold

Raw data noise
filter

Noise threshold

Hysteresis

Debounce

Sensor auto
reset
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General Widget config | Scan order Advanced Tune Helper
Widget
resolution
Negative
noise
threshold
Position noise Low baseline
filter reset
High-level parameters
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5.2 Global arrays

The CAPSENSE™ system uses several global arrays to ensure proper detection and operation in presence of
environmental changes. These arrays should not be altered manually, but may be inspected for debugging
purposes.

4100

e : Raw Count
4 000 .

3990
3900
3p%0
3500
3750
3700
3650
3500

3550 m—wﬂv—‘"--u—-L ——————————— ol “ v Aoty Base"ne

0 200 00 &0 a0 1,000 1,20 1,400 1500 1,500 2,000

4100 Difference Count = Raw Count - Baseline

4050
4,000
3950
3,800
3p%0
3500
3750
3700
3565
3600

3550 m\—d v v

600 800 1,000 1,200 1400 1500 1000 2000

off MG OFF < Sensorstate

Figure 20 Global parameters

0

5.2.1 Raw count

The CAPSENSE™ controller hardware measures the capacitance and provides the result in a digital form called
raw count. The value of raw count increases as sensor capacitance increases.

5.2.2 Baseline

The raw count value of a sensor varies gradually due to changes in the environment such as temperature and
humidity. These gradual variations are compensated for with the baseline values. The baseline keeps track of
gradual changes in raw count using a software algorithm. It is a low-pass filter that is less sensitive to sudden
changes in the raw count. The baseline values provide the reference level for computing the difference counts.
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5.2.3 Difference count

The difference count is the difference between the raw count and the baseline of the sensor. Usually, the
difference count is zero when the sensor is inactive. When the sensor is touched, it causes the raw count to
increase, and results in a positive difference count value.

5.2.4 Sensor state

The state of each sensor is represented as 1 if the button is ON and 0 if the button is OFF. The ON/OFF states for
all of the sensors are stored in a byte array. Each array element can hold the ON/OFF state of eight sensors.

5.3 High-level parameters

High-level parameters define how the raw counts are processed to produce information such as sensor ON/OFF
state, and estimated finger position on a slider. Figure 21 and Equation 4 give an overview of the high-level
parameters.

4100
4,050
D - - - - - - Finger Threshold + Hysteresis
3850 o b o s s s o o o ] s s o e e e e o o o EiNGEr Threshold
3.900 ' ; PR S PR S p— S — S v el o s v - v v o o Finger Threshold - Hysteresis
3,850
3,800
3,750
3,700
3650
3.sm " . . .
3550 W—-n—w-) ¢ Trver Ty
-
0 200 400 600 | 800 1000 1200 1,400 1600 1800 2,000
OFF | Fﬂ_ OFF
—
Debounce
Figure 21 High-level parameters

if (Difference Count = Finger Threshold + Hysteresis) & (Sample Count > Debounce), Sensor State = ON

if (Difference Count < Finger Threshold — Hysteresis), Sensor State = OFF

Equation 4

Where,

Sample Count = The number of samples measured above Finger Threshold + Hysteresis
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Configure "CapSense_CsD* ﬂﬂ

Harme: |I:a|:|S enze

General)/Widgets Config ]/Scan Crder ]/F'.dvanced ]/Tune Helper ]/Built—in ] q b
B &dd Eutkon | El Remove ‘ Rename |

- | Buttons B Tuning
A o] it Finger Threshald [FT] 100
| Linear Slhiders Moize Threzhold 20
| Radial Sliders Hyszteresiz 10
| Matrix Buttons Debounce ]
----- | Touch Pads Scan Resolution 10 bits [default)
- | Proximity Senzors
(. | Generics

[ atasheet | ak. Apply Cancel

Figure 22 High-level parameters

5.3.1 Finger threshold

The finger threshold parameter defines the sensitivity of the sensor to finger touches. It is used in conjunction
with the Hysteresis parameter to determine the sensor state, as defined in Equation 4. Possible values are 0 to
255.

5.3.2 Hysteresis

The Hysteresis parameter is used in conjunction with the finger threshold to determine sensor state, as defined
in Equation 4. Hysteresis adds immunity to noisy transitions. This is a debounce feature of a button. The touch
state stays off until the difference counts are a little higher than the finger threshold. The touch state stays on
until the difference counts are a little lower than the noise threshold. This prevents the touch/no touch state
machine from triggering if the difference counts are noisy and are halfway between noise and finger thresholds.

Possible values are 0 to 255. The Hysteresis parameter setting must be lower than the Finger Threshold
parameter setting.

5.3.3 Debounce

This Debounce parameter adds a counter to the sensor transition from OFF to ON. For the sensor to transition
from OFF to ON, the difference count value must stay above the finger threshold plus hysteresis level for the
number of samples specified.

Possible values are 1 to 255. A setting of 1 provides no debouncing.
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5.3.4 Noise threshold

For individual sensors, the Noise Threshold parameter sets the upper raw count limit for updating the baseline
value. For slider sensors, it sets the lower raw count limit for counting results in the centroid calculation.

Possible values are 3 to 255. The noise threshold value should never be set to higher than Finger Threshold
minus Hysteresis value for proper operation of the user module.

5.3.5 Negative noise threshold and low baseline reset
4100
4050
4,000
3850
3,800
3850
3,800
Baselinevalueis not updated
3,750 A
3,700 -—-—-;-—-—‘—m--——‘———-‘-- e e el e POSlnveNOISeThreShold
35650
3600 ; - Baseline value updates : 3
Baseline
3550 '_‘_,L__,____._i _____ . v e
: Negative Noise Threshold
Baselinevalueisnotupdated until
Sample Count> Low Baseline Reset
Figure 23 Noise threshold and baseline update parameters
Configure 'CapSense_CSD' x|
Mame: ICapSansE
General ]/Widgets Config ]/Scan Order/VAdvanced I/Tune Helper ]’ Built-in 4k

Analog Switch Drive Source UDE Timer [defaul) = Current 5ource m

Multiple Analog Switch Divider Digabled [default] - IDAC range |255 Labs, [default) - I

Analog Switch Divider IT‘I MNumber of Bleed Resistars |1 - I

Mumber of Bleed Resistors, channel 1 I] - l
Scan Speed INDrmal [defauilt) -

PRS EMI Reduction | Enabled 16 bits, full speed [defauItLI Digital R esource Implementation IUDB Timer [default] 'l

Digital Resource Implementation, IUDB Timer [default] vl

Sensor Autn Reset Dizabled (default) hd channel 1
“widget Resolution it (default) - — Woltage reference source
ol

MNegative Noize Threshold |2U (__ ::;:.024\1 [Ei;r::L <\

Low Baseline Reset |5

Shield Dizabled (default) -

Inactive Senzor Connection I Ground [default] -

Guard Sensor Dizabled (default) hd

D atashest Ok | Apply | Cancel
4

Figure 24 Negative noise threshold and low baseline reset parameters
Application note 31 001-75400 Rev. *F

2024-06-26



o _.
PSoC™ 3 and PSoC™ 5LP CAPSENSE™ design guide Infineon

CapSense_CSD Component

The Negative Noise Threshold parameter acts as a negative difference count threshold. If the raw count is
below the baseline minus the negative noise threshold for the number of samples specified by the Low Baseline
Reset parameter, the baseline is set to the new raw count value. Possible values are 0 to 255.

The Low Baseline Reset parameter works together with the Negative Noise Threshold parameter. It counts the
number of abnormally low samples required to reset the baseline. It is used to correct the finger-on-at-startup
condition. Possible values are 0 to 255.

5.3.6 Sensor auto reset
Configure 'CapSense_CSD" 2 x|
Marne: ICapSensa
General ]/Widgets Config ]/Scan Order)/ndvanced ]/Tune Helper } Built-in 4 b
Analog Switch Drive Souce IUDE Timer [defaull] Current Source IDAC Sourcing [defaull] =
Multiple Analog Switch Divider IDisab\ed [default) - |DALC range 255 ud, [default) -
Ainalog Switch Divider IH Mumber of Eleed Resistors 1 - I
Mumber of Bleed Resistars, channel 1 1 - I
Scan Speed I Marmal [default] hd
FRS EMI Reduction  |Enabled 1€ bits, full speed [default;l Digital Resource Implementation IUDB Timer [default] vI
Digital Resource Implementation, IUDB Timer [defaul] = I
Sensor Auto Reset I Disabled [default] hd channel 1
‘widget Resalution | it (defaut) x| | [ Valtage refeience source
@ Viref 1.024Y (default
Megative Moize Threshald IEU S (defat)
© Wdac |E4 1.024
Low Baseline Reset |5
Shield I Dizabled [default] hd
Inactive Sensor Connection Ground [default) -
Guard Sensor I Dizabled [default] -
Datashest | (0]4 | Spply Cancel
4
Figure 25 Sensor auto reset parameter

This parameter determines whether the baseline is updated at all times, or only when the difference counts are
below the noise threshold.

Enabled - The baseline is updated constantly. This limits the maximum time duration of the sensor (typical
values are 5 to 10 seconds), but prevents the sensors from permanently turning on when the raw count
accidentally rises without anything touching the sensor. This sudden rise can be caused by a large power
supply voltage fluctuation, a high-energy RF noise source, or a quick temperature change.

Disabled - The baseline is updated only when the difference counts are below the Noise Threshold parameter.
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5.3.7 Widget resolution
Configure 'CapSense_CSD' x|
MHame ICapSensE
General ]/Widgets Config ]/Scan Ordar)/ndvanced ]/Tune Helper ]' Euilt-in 4 b

Analog Switch Drive Source IUDB Timer [defaul) = l Current Source IDAL Sourcing [defaul]

Multiple &nalog Switch Divider IDisabIed [defaul) hd I IDAL range 255 uh, [default) -
Analog Switch Divider |1'I MNurmber of Bleed Resistars 1 b

Murnber of Bleed Resistars, channel 1 1 -
Scan Speed INUrmal [defaul] - l

PRS EMI Reduction  |Enabled 16 bits, full speed [default;l Digital Fesource Implementation | UDE Timer [default] +

Digital Resource Implementation,  |LUDE Timer [default] +

Sengar Auto Feset IDisabIed [default] - I channel 1
Wwidget Rezolution 2-bit [default) ;I I — Yoltage reference source
% iref 1.024Y [default
Megative Moise Threzhold 20 = (=R
 Vdac |E4 1.024 v
Low Baseline Reset |5
Shield IDisabIed [default] - l
Inactive Senzor Connection IGlound [defauit] - l
Guard Sensor IDisabIed [default) hd l
D atasheet | ak | Apply Cancel
4
. . .
Figure 26 Widget resolution parameter

This parameter decides whether to use 8-bit or 16-bit variables for signal count. Signal count is the difference
between raw counts and baseline as shown in Figure 21. This parameter is set at the widget level. All of the

sensors in a widget will have the same resolution.

In most cases the default value of 8-bit is appropriate. However, in designs with high

signal levels due to thin

overlays or large sensor areas 16-bit resolution should be selected. Because sliders calculate finger position
using relative signal levels of adjacent sensors, saturation causes non-smooth operation and 16-bit resolution

may be required.
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5.3.8 Filter selection

5.3.8.1 Raw data noise filter

Configure 'CapSense_CSD' 2] x|
Marmne: |Ca|:-8 erze
General ]/Widgets Config }/Scan Crder ]/F\dvanced ]/Tune Helper I/-Built—in ] 4k
|- Load Settings =] Save Settings
Tuning method

Mumber of channels

Raw D ata Moize Filer

I water proofing and detection

Clack Settings
|7|_ Enable clack input

Scan Clock 12 MHz |

Datashest | QK I Apply Cancel

Figure 27 Raw data noise filter parameter

Raw count is the raw output of the CAPSENSE™ system and has inherent noise. The noise on raw counts can be
minimized by using software filters. Raw Data Noise Filter parameter allows you to select from several software

filters to clean up the raw counts and finger-position data. See Software filtering to understand the use of each
filter type.
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5.3.8.2 Position noise filter
Configure 'CapSense_CSD' 2 xl
Mame: IEapSense
General)/W'idgets Config }/Scan Order }/ndvanced }/Tune Helper }/Built-in ] 4 b
B3 Add Linear Slider | Bl Remove | Renarme |
Buttons El General
Linear Sliders MNumber of Sensor Elements 10
{88l LinearSlider AP Reszolution 100
| Radial Sliders Diplexin Mon diplexed [default
| Matrix Buttans Position Moize Filter Firgt Order IR 1/4 [default]
|| Touch Pads El Tuming
----- | Prowimity Sensors Finger Threzhald [FT) 100
i | Generics Moize Threshold 20
Scan Resolution 10 bits (default)
D atazhest | QK I Apply Cancel
A
Figure 28 Position noise filter parameter

Some widget types such as linear slider and radial slider have finger position output. The Position Noise Filter
parameter allows you to select from several software filters to clean up the finger position output.

5.3.9

High-level parameter recommendations

The following recommendations are a starting place for selecting the optimal parameter settings

Application note

Low baseline reset: Set to 10

Debounce: Based on design requirements

Finger threshold: Set to 75 percent of Raw Counts with sensor ON
Noise threshold: Set to 40 percent of Raw Counts with sensor OFF
Negative noise threshold: Set equal to Noise Threshold
Hysteresis: Set to 15 percent of Raw Counts with sensor ON

Sensors autoreset: Based on design requirements

Filter selection: See Software filtering to choose an appropriate filter

35

Widget resolution: Select 8-bits unless you are using a slider and the signal is saturating due to thin overlay
or large sensor area, then select 16-bits
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5.4 Low-level parameters

Low level parameters define the behavior of the CAPSENSE™ system at the physical layer and relate to the
conversion from capacitance to raw count.

5.4.1 Clock settings

5.4.1.1 Scan clock
2l

M ame: IEapSense

General I/-Widgets Config ]/Scan Order I/-Advanced }/Tune Helper }/Built—in ] b
,__"f Load Settings H Save Settings

Tuning rgthad INone j
MNumber of channels I‘I [default) j
Fiaw Data Moise Filter |First Order IR 1/4 [default]) j

[~ water praofing and detection

Clack Settings
|V|_ Enable clock input

Sean Clock

BUS_CLE : 24 MHz

[atazheet | (1] 4 | Apply Cancel

Figure 29 Scan clock parameter

4

The Scan Clock parameter selects the source clock for the CAPSENSE™_CSD block. The Scan Clock does not
depend on the CPU frequency. It is derived from the master clock, therefore the master clock frequency must
be equal to or greater than the Scan Clock parameter setting.
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5.4.1.2 Enable clock input
21

Marme: |Ca|:-Sense

General }/Widgets Config }/Scan Order l/ndvanced ]/Tune Helper I/-Built-in ] 1b
lj Load Settings lﬂ Save Settings

Tuning method INone j
Mumber of channels |1 [default) j
Raw Data Maise Filker IFirst Order IR 124 [default) j

™ wiater procfing and detection

— Clack Settingz
I ¥ Enable clock input I

Scan Clock J12 MHz =l

D atazheet | Ok Apply | Cahcel I

4

Figure 30 External clock input parameter

Selecting the Enable Clock Input parameter means that the source clock originates outside of the
CAPSENSE™_CSD block. When this option is enabled, the Scan Clock frequency is disabled and a terminal
appears on the CapSense_CSD component as shown in Figure 30. Digital signals in the system and external
signal routed through GPIO pins can be connected to this terminal.
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5.4.2 Analog switch divider

5.4.2.1 Analog switch divider (prescaler)

M ame: |EapSense
General ]/Widgets ConFig)/Scan Order ]/ndvanced }/Tune Helper }/Built-in ] q [
4 Promote 4 Demote |
Scan Analog Switch
Slat Chi Sensor Divider

1} 1

1 Button1__BTH 1
2 Button2__BTN 1
3 Button3__ BTN 1

Sensar scan bime: 0,723 mS Total Scan Time: 2,891 mS
‘ IDALC Yalue 200 ‘
D atashest | aK I Apply Cancel |
4
Figure 31 Analog switch divider parameter

The Analog Switch Divider parameter sets the switching frequency for the CAPSENSE™ sensors. The
CAPSENSE™ sensors are continuously switched between Cyo, and GND in IDAC Sourcing mode. They switch
between Cy,o, and V,;, in case of IDAC sinking and External Resistor mode. The Switching Clock frequency is
defined as:

Scan Clock

Switching Clock =

Analog Switch Divider

Equation 5

Where,
Scan Clock = Source clock to the CAPSENSE™_CSD block as explained in the Clock settings

Switching Clock = The frequency with which CAPSENSE™ sensors are switched
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5.4.2.2  Multiple analog switch divider
(x|

Marme: ICapSense

General }/Widgets Config ]/Scan Order/VAdvanl:ed }/Tune Helper }/Built—in ] 4k

Analog Switch Drive Sournce ILIDB Tirner [default) 'I Cument Source IE
Multiple &nalog Switch Divider Dizabled [default] DAL range E
Ainalog Switch Divider I'I'I Mumber of Bleed Resistors
Murnber of Bleed Fiesistars, chanr
Scan Speed INormaI [default) 'I
PRS EMI Reduction  |Enabled 15 bits, full speed [defaull]ﬂ Digital Resource Implementation
Digital Resource Implementation,
Sensor Auto Reset I Dizabled [default) i l chatinel 1 e
*idget Resalution I B-bit [default) h l —Woltage reference source
i
Megative Moise Threzhald |2D Vel 1.028 [defaul)
 Wdac |B4 1
Low B aseline Reset |5 -
4| | 3
[ratashest | QK. I Apply | Cancel |
A
Figure 32 Multiple analog switch divider parameter

The CAPSENSE™_CSD allows you to select an individual Analog Switch Divider value for each CAPSENSE™
sensor or to have one common Analog Switch Divider value for all of the sensors. A common Analog Switch
Divider value is suitable when C; is nearly the same for all of the sensors. If there is large variation in C, between
sensors, the Multiple Analog Switch Divider parameter should be enabled. When the Multiple Analog Switch
Divider parameter is enabled, the values are set in the scan order tab shown in Figure 32.
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5.4.2.3  Analog switch drive source

infineon

Narne: ICapS ense
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—
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Mumber of Bleed Resistors 1 -

Murnber of Bleed Resistors, channel 1 1 -

Sean Speed
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Digital Rezource Implementation IUDB Timer (defaul]

Digital Rezource Implementation, IUDB Tirner [default] =

channel 1

—Yaltage reference source
% ref 1.024Y [defaul)

 Ydac E4 1.024

Guard Senzor

Senszor Auto Reset IW
‘widget Fesalution W
Megative Noize Threshold |2D—
Low Bazeline Reset |5—
Inactive Sensor Connection Ground [default) ©
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oK. Lpply | Cancel |

4

Figure 33 Analog switch drive source parameter

This parameter selects how the Analog Switch Divider is implemented. The Analog Switch Divider is a timer
based divider. The resource utilized to implement this timer can be selected from the following three options:

e Direct - When this option is selected no Analog Switch Divider is used, the Scan Clock itself becomes the
Switching Clock. This option is used when there is critical resource usage requirement, but you must ensure

that the design is working properly.

e UDB Timer - When this option is selected, the timer for the Analog Switch Divider is implemented using a
UDB. This is default option because there are multiple UDB block.

e FF Timer - When this option is selected, the timer for the Analog Switch Divider is implemented using a fixed

function digital block.

Application note
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5.4.3 Pseudo random sequence (PRS)
2%
[ ame: IEapSense
General }/Widgets Config I/Scan Order/VAdvanced I/Tune Helper I’ Euilt-in 4k
Analog Switch Diive Source LIDB Timer [default] fid Current Source IDAC Sourcing (defaul] +
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o
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 Wdae |B4 1.024Y
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Shield IDisab\ed [defaul] ~ I
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D atashest | oK I Apply Cancel
4
Figure 34 PRS EMI reduction parameter

This parameter gives you the ability to use a pseudo random sequence (PRS) on the Switching Clock. The PRS
varies the Switching Clock frequency around its central frequency to spread its spectrum and reduce EMI. You
can select from the following options:

Application note

41

Disabled - This option provides best SNR, hence recommended if electromagnetic interference reduction is
not required for the application.
Enabled 8 bits - 8-bit provides better SNR compared to 16 bit, but the shorter repeat period causes
increased EMI.

Enabled 16 bits, full speed (default) - 16 bit provides a lower SNR but superior EMI reduction. This is the
recommended option to reduce EMI.

Enabled 16 bits, 1/4 speed - Requires a 4 times faster clock to obtain the same PRS clock output as Enable
16 bits, full speed
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5.4.4 Scan resolution
Mame: IEapSense
General)/Widgets Config }/Scan Crder }/Advanced }/Tune Helper ]/Built—in ] qk
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=l | Buttons El Tuning
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----- | Matriz Buttons
..... | Touch Pads
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----- | Generics

D atasheet | (1]8 I Lpply Cancel

Figure 35 Scan resolution parameter

This parameter determines the scanning resolution in bits. The maximum raw count value for a Scan
Resolution of N bits is 2", Increasing the resolution improves sensitivity, but also increases the time required
to scan a sensor. Possible values are 8 to 16 bits.
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5.4.5 IDAC current

5.4.5.1 IDAC value

infineon
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Figure 36 IDAC value parameter

This parameter sets the IDAC current. When the IDAC current decreases, raw counts increase along with
sensitivity. The maximum raw count value for a Scan Resolution of N bits is 2". The IDAC current should be set

such that raw counts are 50 percent to 80 percent of maximum value.

Application note 43

001-75400 Rev. *F
2024-06-26



PSoC™ 3 and PSoC™ 5LP CAPSENSE™ design guide

CapSense_CSD Component

5.4.5.2 IDAC range

infineon

M ame: |EapSense

General ]/Widgets Config ]/Scan Order)/ndvanced }/Tune Helper ]/Built-in ] 4 B

tultiple Analog Switch Divider I Enabled

&nalog Switch Drive Source |UDB Tirner [detaul) vl Current Source IIDAC Sourcing [default) vl

j IDALC range

Analag Switch Divider Ji

Mumber of Bleed Resistors

Scan Speed INorma\ [default] 'l

Mumber of Bleed Resistors, channel 1 I] vl

PRS EMI Reduction | Enabled 16 bits, full speed [default]j Digital Resource Implementation IUDB Timer [default] 'l

‘widget Resalution I -bit [default] vl —Yoltage reference source

Digital Fezource Implementatian, IUDB Timer [defaul) 'I

Senzor Auto Reset I Dizabled [defaul] 'l channel 1

o
Negative Moise Threshold IZD D LY (LY

" Vdac B4 1.024 ¥
Low Baseline Fesst |5

Inactive Senzar Connection Graund [default)

Shigld I Dizabled [default) 'l
Giuard Sensor [Disabled [detaut) 7|

-

Datasheet

Ok, I Appli Cancel

Figure 37 IDAC range parameter

This parameter selects the range of the IDAC current. The IDAC current required varies directly with C,. For high

Cp a higher range should be chosen and vice versa. Possible values are 32 pA, 255 pA, and 2048 pA.

5.4.6 Scan speed

Configure "CapSense_CSDY' 2

MName: IEapS enze

General ]/Widgets Config ]/Scan Order/VAdvanced |: Ture Helper 4 »

Analog Switch Drive Saurce
Multiple Analog Switch Divider

Analog Switch Divider

-

|JDB Timer [default] Current Source

I Enablzd A I IDAC range
I‘I'I Number of Bles

Scan Speed

Murmnber of Bles
I Mormal [default) hd l

PRS EMI Reduction IEnahIed 16 bits, full speed [defaultd Digital Resoun_

Sensor Auto Reset

Widget Rezolution

Neaative Maize Threshald
4

Digital Regoun

I Dizabled [default) hd I channel 1

I -kt [default) - l —Woltage refere
v )
Ih : Wref 1 Dilj
4

D atasheet | 0K | Apply | Cancel

,

Figure 38 Scan speed parameter
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This parameter sets sensor scanning speed. Faster scanning speeds provide good response time. Slower
scanning speeds provide improved SNR and better immunity to power supply and temperature changes.
Possible values are Very Fast, Fast, Normal, and Slow.

The Scan Speed clock sets the Counting Clock using the following equation:

Scan Clock

Counting Clock =
0 g ¢ Scan Speed Divider

Equation 6

Where,
Scan Clock = source clock for the CAPSENSE™_CSD block
Scan Speed Divider =1 (Very Fast), 2 (Fast), 3 (Normal), 4 (Slow)

Scan time depends on the Scan Speed, Scan Resolution, Scan Clock, and CPU clock. Table 6 shows the scan
time for scanning a single sensor with Scan Clock = 24 MHz and CPU clock = 48 MHz.

Table6 Scan time for a single sensor in ps versus scan speed and resolution
Resolution Scanning speed

(bits) Very fast Fast Normal Slow
8 58 80 122 208

9 80 122 208 377
10 122 208 377 718
11 208 377 718 1400
12 377 718 1400 2770
13 718 1400 2770 5500
14 1400 2770 5500 10950
15 2770 5500 10950 21880
16 5500 10950 21880 43720
Application note 45 001-75400 Rev. *F
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5.4.7 Digital resource implementation

infineon

Configure 'CapSense_CSD'

2| x|

Mame: |Ca|:|S ense

IDE Timer [defaul] |

niabled - I

7

lormal [default) - I
its. full speed [default + I

General }/Widgets Config ]/S-:an Order)/ndvanced }/Tune Helper | Buit < P

Cument Source [IDAC Sourcing [default) = |
IDAC range [ 255 s (detault) =]

Mumber of Bleed Resistors |3 - I
Mumber of Eleed Fesistors, channel 1 |‘| - I

-

lizabled [default) - |
-bit [default) - I

0

Digital Resource Implementation  |LIDE Timer [default) +

Digital Resource Implementation. ILIDB Tirner [defzult] 'I

chanrel 1

—Yoltage reference source

& Wrel 1.024Y [default)

 Wdac |E4 1024

Kl
Datazheet | 0K I Apply | Cancel |
4
Figure 39 Digital resource implementation parameter

The Scan Speed setting uses a timer based divider to create the Counting Clock. This parameter allows you to
select the resource for implementing this divider. The Digital Resource Implementation can be chosen
individually for each channel. The options are:

e UDB timer - When this option is selected, the timer is implemented using a UDB. This is default option

because there are multiple UDB block.

o FF timer - When this option is selected, the timer is implemented using a fixed function digital block.
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5.4.8 Current source
rrrTEE— 21
Name:  [CapSense
_ General | Widgets Config | Scan Order / Advanced | Tune Helper | Built-in | 4b
Analog Switch Drive Source IUDB Timer (default) ’I Current Source IDAC Sourcing (default) ¥ I
Multiple Analog Switch Divider IEnabIed ﬂ IDAC range 255 ud, (default) :I
Analog Switch Divider |11 Number of Bleed Resistors |1 vI
Number of Bleed Resistors, channel 1 l] vI
Scan Speed INormaI (default) 'I

PRS EMI Reduction IEnabled 16 bits, full speed [deiault]:l Digital Resource Implementation | UDB Timer (default) 'I

Digital Resource Implementation, II_JDS Timer (default) 'I
Sensor Auto Reset IDisab{ed (default) 'I channel 1

Widget Resolution |8-bit (default) 'I ~Voltage ref source
. 3 & Vief 1.024V (default)
Negative Noise Threshold |20
" Vdac |E,4 1.024V

Low Baseline Reset IS

Shield I Disabled (default) ¥ I

Inactive Sensor Connection IG:ound (default) ’I

Guard Sensor |Disab|ed (default) 'l

Datasheet I 1] I Apply Cancel
4

Figure 40 Current source parameter

This parameter selects the current source method. Possible values are IDAC Sourcing, IDAC Sinking, and
External Resistor. See Current source methods for a detailed description of these current source methods.
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5.4.8.1 Number of bleed resistors
2(x|

M ame: |CapS ehze

General ]/W\dgets Config ]/Scan Order/VAdvanced ]/Tune Helper ]/Built-in 1 4 b

Analog Switch Drive Souce IUDB Timer [default] 'l Current Source Extemal Resistor
Multiple Analag Switch Divider IDisah\ed [defauilt] - l IDALC range |255 L, [default] - I

Analog Switch Divider |11 Mumber of Bleed Resistors |1 ;I
Murmber of Bleed Resiztors, channel 1 |1 - l

Scan Speed I Momnal [default] - l

PRS EMI Reduction  |Enabled 16 bits, full speed [delauItLI Digital Resource Implementation IUDE Tirner [default) -l

Digital Resource Implementation, IUDE Tirner [default] + I
IDisab\ed [default) - l

channel 1

widget Resolution IE-b\t [detault) - l | Voltage reference source
o
Negative Noize Threshald IZD 9 Wi LR
1 Ydao |B4 1.024%
Low Baseline Reset |5

Shield I Disabled [default] - l

Inactive Senzor Connection Graund [default) -

Guard Sensor IDisab\ed [defauilt) - I
D atasheet | ak I Apply Cancel

Figure 41 Number of bleed resistors parameter

Senzor Auto Reset

4

The External Resistor method requires bleed resistors external to PSoC™ device. This parameter allows you to
specify the number of external bleed resistors. Up to three bleed resistors can be connected. For two-channel
capacitive sensing, each channel needs a separate set of bleed resistors.
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5.4.9 Voltage reference source
Jconfigure ‘Capsense_c50" 20 x|
Name: ICapSense
“General | Widgets Config | Scan Order / Advanced | Tune Helper | Built-in | 4b
Analog Switch Drive Source IUDB Timer (default) 'l Current Source IDAC Sourcing (defaull) ¥
Multiple Analog Switch Divider I Enabled 'l IDAC range 255 ub, (default) he
Analog Switch Divider l1 1 Number of Bleed Resistors I 1 ¥ I
Number of Bleed Resistors, channel 1 I] v I
Scan Speed I Normal (default) ']
PRS EMI Reduction IEnabIed 16 bits, full speed [default]z] Digital Resource Implementation IUDB Timer (default) 'I
Sensor Auto Reset IDisabled (default) v ‘
Widget Resolution [ 8-bit (default) | ||~ Vokage reference source
g
Negative Noise Threshold ]20—' el [t (cotenh]
" Vdac 64 1.024V
Low Baseline Reset IS
Shield Disabled (default) p
Inactive Sensor Connection I Ground (default) 'l
Guard Sensor | Disabled (default) 'l
Datasheet | 0K I Apply Cancel
4
Figure 42 Voltage reference source parameter

This parameter allows you to specify the voltage reference source. The options are:

e Vref1.024V - This is the bandgap voltage

e Vdac - This allows you to select any voltage from 0 to 4 V. It is useful when using the IDAC Sourcing method.
By increasing the voltage reference you can increase the voltage swing on the sensor. This provides better
immunity to finger conducted noise. This setting consumes one DAC resource.
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.
5.4.10 Shield electrode and guard sensor
21
I ame: |CapSense
General ]/Widgats Config ]/Scan Ordar/VAdvanted ]/Tune Helper ]’ Built-ir 1k
Analog Switch Diive Source UDE Timer [default]  jid Current Source IDAC Sourcing [default] ~
tultiple &nalog Switch Divider Enabled 'l DAL range |255 s [default) -
Analag Switch Divider 11 Nurnber of Bleed Resistors 1 -
Nurnber of Bleed Resistors, channel 1 1 v
Scan Speed Normal [default] ‘l
PRS EMI Reduction  |Enabled 16 bits, full speed [defau\t]ﬂ Digital Resource Implementation IUDB Timer [default] *
Digital Resource Implementation, IUDB Timer [defaul] *
Sengor Auto Reset Disabled [default] 'I channel 1
'widget Resolulion 8-bit [defaull ~| | [~ Voltage reference source
% et 1.024Y [default
Negative Maise Threshald 20 ' [def2ul)
 Vdac |B4 1.024 v
Low Baseline Resat 5
Shield Erabled = I
Inactive Sensor Connection Shield 'l
Guard Sensor Dizabled [default) = l
< | »
Datazheet akK | Loply Cancel |
.
Figure 43 Shield electrode and guard sensor parameters
5.4.10.1

This parameter should be enabled if your design uses shield electrodes. See Water tolerant design.

5.4.10.2

Inactive sensor connection

This parameter specifies the connection for sensors when they are not being scanned. Possible values are:

5.4.10.3 Guard sensor

This parameter should be enabled if your design uses a guard sensor. See Water tolerant design.

Application note

50

GND - This is the recommended setting because it produces less noise.

Shield - This setting should be selected ff your design uses shield electrodes and includes widgets with
adjacent sensors such as sliders. Connecting the inactive sensors to the shield electrode prevents false
triggering when water is present.

HI-Z - Leaves the inactive sensors at high impedance. Use this setting for reducing the total parasitic
capacitance caused by the ground connected sensors.
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5.4.10.4 Using SIO pin for shield electrode

Shield Terminal of
CapSense_CSD component

CapSense Pin_SIO

CapSense CSD)| =
2 Pins
shield [«
vref - \
Reference Terminal of Reference Terminal of
CapSense_CSD componet S10 component

Figure 44 SI10 pin used as shield electrode

When the Shield is enabled a shield terminal appears on the component as shown in Figure 44.

An 1/0 pin should be connected to this terminal. When you use the IDAC Sinking or External Resistor method as
your Current Source, a normal GPIO pin should be used. However, if you are using the IDAC Sourcing method,
you should connect the shield an SIO pin. Using an SIO pin allows you to match the shield signal to the sensor
signal.

To use an SIO pin as shield electrode, drag a Digital Output Pin from the component catalog. Open the
configuration window and set the Drive Level option to “Vref” as shown below.

Configure 'cy_pins' 2| x|

Mame:  |Fin_SI0

Pins ]/Mapping ]/Reset ]/Built-in l q B
Murmnber of Pins: |1 A HE T | B |
[-5:\lI Firiz] Type ]/General ]/Input/]/[lutput

-k _ Slew Rate: I Fast vl
.\H‘_—_—_ 8 = -

Current: |4m-’-'« zource, Bmd sink LI
- Output Synchronized

D atashest (1] 4 Apply Cancel

Figure 45 Configuring the drive level to make the Pin Component SIO
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5.4.10.5 Multiple shield electrode pins

CapSense
CapSense CSD) —«] Pin_Shield_1
shield [~ —-[«] Pin_Shield_2
vref = — +1%] Pin_Shield_3

Figure 46 Multiple shield electrode pins

When the shield area is large, a single pin may not be sufficient to drive the shield electrode. You need to verify
that the shield electrode completely charges and discharges. To check this, probe the shield electrode pin and
monitor it on an oscilloscope. Because normal probes may add significant capacitance to the pin they should
be set to 10x mode. FET probes are recommended. If the shield electrode is not charging and discharging
completely then use multiple I/O pins to drive the shield electrode. I/O pins (both GPIO and SIO) have drive
strength of 4 mA.

5.4.10.6 Water proofing and detection
7l x|

WET IEapSense

General I/Widgets Config l/Scan Order }/.ﬂ.dvanced }/Tune Helper I/Built-in ] q b
|~ Load Settings =l Save Settings

Tuning method IManuaI LI
Mumber of channels |1 [default) ;I
Faw Data Maize Filker IFirst Order 11 1/4 [default] LI

v wiater proofing and detection

Clack Settings
|7|- Enable clock input

Scan Clock BUS_CLE : 24 MHz LI

Dratazheet | ok e ] | Cancel I

4

Figure 47 Water proofing and detection parameter

Another way to enable the shield electrode and guard sensor is to select the Water Proofing and Detection
parameter on the General tab. Checking this box ensures both shield electrode and guard sensor are enabled
on the Advanced tab.
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5.5 Widget configuration

The Widgets Config tab allows you to add and configure widgets.

5.5.1 Adding a widget

2] x|

Mame: IEapSense

General,]/Widgets Config }/Scan Crder }/.ﬂ.dvanced }/Tune Helper }/Built-in ] q b
B3 Add Radial Slider Remave | Rename |

=1 | Buttons
i< ButtonO

=+ Linear Sliders
- Linear3liderd
I i adial Sliders
----- | Matrix Buttons

..... | Touch Pads

----- | Proximity Sensars
----- | Generics

PSoC
LT

D atazheet | 0k I Apply | Cancel

Figure 48 Adding widgets

To add a widget select the type of widget and click Add.

5.5.2 Number of sensor elements

The number of sensors for each widget is set in this tab.

5.5.3 API resolution

Some widget types such as slider and touch pad use finger position data instead of sensor ON/OFF. The
resolution of the finger position data is called the API resolution.
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5.5.4 Proximity sensor
Configure 'CapSense_CSD" 2 x|
Mame: IEapSense
General J_’ Widgets Config ]/SEan Cirder ]/.C\dvanced ]/Tune Helper ]/Built-in ] q bk
Add Proximity Sensor | Ed Remove | Renarme ‘
=+ | Buttons El_Leneal
INumI:ner of Dedicated Sens 1 I
P EH Tumng
----- | Linear Sliders Finger Threshold [FT) 100
i Riadial Sliders Moize Threshold 20
| Matriz Buttons Hysteresis 10
Touch Pads Debounce 5
| Proximity Sensors Scan Resolution 10 bits [default]
D atazhest | K Apply Cancel
Vi
Figure 49 Proximity sensor parameters

A proximity sensor detects the presence of hand near the sensor without actually touching it. A proximity
sensor can consist of a long trace around the perimeter of the user interface on the PCB. Alternately, you can
short the sensors together and scan them as a single sensor. You can combine these two approaches and short
the proximity sensor trace that surrounds the user interface with the other sensors and scan them all as a single

sensor.

Note:

In PSoC™ Creator the proximity sensor is disabled while all other sensors are enabled by default. It

must be enabled explicitly before scanning as shown in the following code snippet.

17
13
19
Z0
21
22
23
24
25
ZR
27
23
29
30
31
32

CyGloballntEnable;
CapSense Start():

4% Uncomment this line to enasble global interrupts.

*

CapSen_se Ena_blewidget(CapSen_se PROXIMITYSE_NSORD PROZ) H“En_abling proximity Sensor exXplicitly®/ I

Capdense_InitializelllBaselines|);

fori::)
i

if | CapZense_ IsBusy()==0 )

i

Capfense UpdateEnabledBaselines():
Capfense_CheckIsinyWidgetictive();
CapSense_ScanEnabledWidgets () :
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5.5.4.1 Number of dedicated sensor elements

Configure 'CapSense_CSD 2 x|

M amne: IEapSense
General ]/Widgets ConFig/l/Scan Order ]/Advanced }/Tune Helper ]/Built-in ] 4k
4+ Fromote + Demote | * Move to channel 1 4 Move to channel 0 |
Scan Analog Switch
Siot Chid Senzor Ch1 Senzor Divider
0 Buttond__BTH <Empty> 11

1 Buttonl_ BTH <Empty> 11
I 1

Sensor scan time: 0,723 mS Total Scan Time: 2,168 mS
1DAC Walue 200
Datashest | QK I Lpply Cancel
Y
Figure 50 Combing existing sensors with proximity sensor

To combine existing sensors with a dedicated proximity sensor set the Number of Dedicated Sens on the
Widgets Config tab as shown in Figure 49. Then select which of the existing sensors you want to combine with
the proximity sensor using the drop-down menu on the Scan Order tab.

Combining existing sensors with the proximity sensor will not affect their operation, however, the resulting
sensor will have a high C;, leading to a long scan time. Therefore, proximity should be scanned at a lower rate

than the other sensors in order to avoid long scanning intervals.

55 001-75400 Rev. *F
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5.6 Tuning method

Configure 'CapSense_CSD'

21 x|

I arme: |EapSense

General I/Widgets Canfig ]/Scan Crder }/ndvanced }/Tune Helper }/Built—in ]

4 b

|Load Settings =l Save Settings

ITuning method

MHurnber of channels

Faw Diata Noise Filter

[ water proofing and detection

Auta [SmartSense] LII

1 (defaul) =]

[First Orcler I1R 144 (defaul) |~ |

Clock Settings
™| Enable clock input
Scan Clock

12 MHz =]

mode features.

Important: Properties on Advanced tab were changed to reflect Auto Sense

D atashest |

QK. Appli

| Cancel I

4

Figure 51

Tuning method parameter

This parameter allows you to select how the CAPSENSE™ system will be tuned. For all tuning methods the
Tuner GUI can be used to monitor the CAPSENSE™ signals. Possible values are:

e Auto - The SmartSense Auto-Tune algorithm sets all the parameters to optimum values. The following
parameters cannot be changed when Auto Is selected:

Table 7

Fixed parameters when auto is selected

Parameter

Setting

Current source

IDAC sourcing / IDAC sinking
External resistor is not supported

IDAC range 255 pA

Multiple analog switch divider Enabled

Scan speed Normal

PRS Enabled 16 bits, full speed

e Manual - You must tune all the parameters manually.

e None - The parameters are fixed and stored in flash. The fixed parameters should have been tuned using
either manual tuning or auto-tuning method.
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5.6.1 Sensitivity

The Sensitivity parameter sets the value of C.for the SmartSense Auto-Tune algorithm. The Sensitivity setting is
multiplied by 0.1 pF to determine C.. A setting of 1 represents C. = 0.1 pF a setting of 4 represents C. = 0.4 pF.

SmartSense Auto-Tune uses the Sensitivity parameter to calculate the parameters listed in Table 8.

Table 8 Parameters set by auto-tune using sensitivity
Parameter When it is calculated
Analog switch divider Once at CAPSENSE™_CSD start up
IDAC value Once at CAPSENSE™_CSD start up
Scan resolution Once at CAPSENSE™_CSD start up
Finger threshold Continuously during sensor scanning
Noise threshold Continuously during sensor scanning
Hysteresis Continuously during sensor scanning
5.7 Number of channels
2] x|
Mame:  [CapSense
General | widgets Config | Scan Order | advanced | Tune Helper | Built-in | 4 b
|7 Load Settings = Save Settings
Turing method
I Mumber of channels 2 =]

Raw D ata Moize Filker First Order [IR 1.4 [default] LI
[~ water proofing and detection

Clock Settings
’;_ Enable clock input

Scan Clock |12 MHz vI

[atazhest | QK | Apply Cancel

Figure 52 Number of channels

This parameter allows you to implement a two channel design.
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5.7.1 Move to Channel 1/ Channel 0
Configure 'CapSense_CSD' x|
Mame: |EapSense
General ]/Widgets Config)/SI:an Order ]/Advanced ]/Tune Helper ]/Built-in ] 4Pk

4+ Promate 4 Demote I * [vave to channel 1 r- Move to channel O |

Scan Analog Switch

ot Chi Senzaor Ch1 Sensor B

0 Buttond__ BTH LinearSliderd &0 LS "

1 Button1__BTH LinearSlider_e1__LS 11

2 Button2_ BT LinearSliderd &2 LS "

3 Button3_ BTH LinearSliderD_e3_ LS 11

4 Buttond_ BTH LinearSliderD_ed4_ LS 11

[} Buttons_ BTH LinearSliderd &5 LS b

E Buttons__BTH LinearSlider_e6_ LS 11

7 Button?__BTH LinearSliderd &7 LS b

8 Button8__ BTH LinearSliderD_e8_ LS

9 LinearSliderD_e9_ LS

Sensor scan time: 0,723 mS Tatal Scan Time: 7.227 mS
D atashest | 0K I Apply Cancel
4
Figure 53 Setting channel assignment for sensor

This parameters allows you to specify the channel assignment for each sensor. On the Scan Order tab, select
the desired sensor, and click on Move to Channel 1 or Move to Channel 0.

Application note 58 001-75400 Rev. *F
2024-06-26



o _.
PSoC™ 3 and PSoC™ 5LP CAPSENSE™ design guide In f| neon ,

CapSense_CSD Component

5.7.2 Pin assignment for two channel design

By o o |~ o |w||=||m]| |
= o & > o @

91
90
89
88
E

86
85

4
83
82

1

0

9
78
77
76

L ] P ENMoOS BTN D8 R 3REEDEZTRNEDDZE
TR ARARAR R RESSssdiddaddadaaar
= o o
1 | P2[5] Vddio0 |5
2 | P2[6] PO | 74
3 | P2[7] PO | 73
(4] P12/ Po[] | 72
[5 | P12 Po[a] | 71
6 | P6[4] pap] | 70
! EZZ Left side of the analog routing :;g %
9 | Pe[7] P12[2] [ 67 |
Vssb Vssd

Vssd n/c
RS N CY8C3866AXI-040 f
n'c
- 100-TQFP
P5[0] nic
17 | P5[1] . . . nic
B - Right side of the analog routing e
19 | P5[3] nic
P1[0] P15[3] | 56
PI[1] P15[2] | 55
22 | P1[2) P12[1] | 54
P13] P12[0] | 53
24 | P1[4] P37 | 52
25 | P1[5] P36 | 51
— — — —  — —_ — o
s EEas =Tl E R3S B 3B FErF O CEBTE S
T - — — — b Wb o o - — = o 0 2 2 - — & o o o o m
i 1 I 1 1 0 0 T e e c o i TR i Y i T I I i T i Y i T
- EEREEEREER | 1°| | ERERRERE-
o4 o o o o o o o™ o o o o™ o o - =¥ =¥ =¥ - - - - - -
Figure 54 Pin assignment for two channel design

Each GPIO of PSoC™ is a part of either the left side or the right side of analog routing, depending on its
connection to the internal routing buses. See the section “Analog Routing” in the device datasheet for more
details. Figure 54 is a pin diagram of PSoC™ that shows the GPI10s and their respective side in the analog
routing.

In a two-channel design, all of the sensors assigned to the same channel should reside on one side of the
routing and all of the sensors assigned to the other channel should reside on the other side of the routing. If you
are only using one channelin your design, the C,,, and the Bleed Resistor pins should be on the same side of

the routing as all of the sensors.
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5.8 Tuner GUI

One of the useful features of CapSense_CSD component is an embedded GUI that lets you monitor the
CAPSENSE™ signals. The Tuner GUI is available for both Auto and Manual tuning. CAPSENSE™ performance
tuning explains the tuning process. The Tuner GUI connects to your PC’s USB through the MiniProg3 and uses

I’C to communicate with the device.

Mini-Prog3 12C connector

USB Connector
.

Busy gy Target Power'\ )

—

i s . A\
- 12C SDA

————
e ———
e ———
P ———

e

= . . 12 sCL

— —
P —

p—

R p—
e
R
e

PERFORM XRES

- _ = '- : GND
MiniProg3 : P
Programmer /. Debugger A

Ao ’..-‘;Ii.'_'—.-- > "a'r-.----- D i .

Figure 55 MiniProg3 as I°’C-USB bridge

5.8.1 Setup
Note: Complete Steps 1-5 prior to building the PSoC™ Creator project.

1. Setthe Tuning method to Auto and Manual. If None is selected the Tuner GUI will not work.

2. Add awidget.
3. Select Enable Tuner Helper on the Tune Helper tab.

Configure 'CapSense_CSD' B 21%|

Name: |CapSense

General }/Widgets Config ]/Scan Order } Advanced )/ Tune Helper ] Built-in ] 4 b

IV Enable Tune Helper
Instance name for E2I2C component: IEZIZIZ

Please open EzI2C component customizer and
assign these properties:

Sub-address size: ITB vl bit

Data Sheet I I oK I Apply Cancel

Figure 56 Enabling Tuner
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4. Place and configure an EZI2C component.

Configure 'EZI2C' 2| x|
Name:
Basic Configuration | Built-in | dek:
Data rate: |4gg I Kb The “Data rate” value can be set from 50
Ral? M 552 kbps to 1 Mbps. Actual speed may differ.
Number of addresses: l1 X I If you choose two addresses, address
detection will be performed in software
Primary slave address: |4 and not hardware. Therefore the “Enable
wakeup frpm Sleep Mode” option
Secondary slave address: IS S oncs R
The “Enable wakeup from Sleep Mode”
Sub-address size: 16 | bit option is valid if the SD4& and SCL signals
are connected to 12C0 or 12C1 ports.
Pin connections: Any v
™| Enatle wakeup from Sleep Mode
Data Sheet | 0K Apply Cancel
4

Figure 57 Rename the EZI2C component

5. Add the following section of code to your project.

#include <device.h>
void main ()
{
CyGlobalIntEnable; /* Global Interrupt enable */

CapSense TunerStart(); /* CapSense Block and Tuner Communication power up
and Intialization */

While (1)
{

CapSense TunerComm(); /*Scan all the sensors and send the result to PC

*/
}
}

Note: Complete the following steps after you have programmed the device and correctly connected the
MiniProg3.

1. Rightclick on the CapSense_CSD component and click Launch Tuner.
2. Click on Configuration in the Tuner window.
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fra CapSense_CSD Tuner for 'CapSense_1'. Tuning mel 12l _ (o] x|
File Debug Validation Tools idl Help
iy Start | Stop || [ configuration lEEnable Logging
Tuning ]”- Graphing ] VYalidation } Logging |
<] Reset Widgets Layout
4 d ii Max Value: 255
Button0 250
200
150
100
50
0
SNR I
? P Revert Paramete
IdacRa fs_255ud
ScanSg Normal
oK I Cancel I
_Speed: Desired Packet Size: 16 (0x10)

Figure 58 Tuner GUI

3. Click on the MiniProg3 in the Tuner Communication Setup window and set the parameters as shown here:

12C Bus Speed: I4U|]kHz - I
12C Address: |4

Sub-address: I 2-Bytes hd I

Tuner Communication Setup ] 2| x|
Ports: — Port Configuration
;1 Ao \- 005000007 12C Yoltage: |3.3V 'I

— Port Information

FPGA Version: 2.1
PSoC Version: 2.5
Fw Version: 2.98

oK I Cancel

4

Figure 59 Tuner Communication Setup

Note: The voltage settings for the MiniProg3 must match the voltage settings on the board.

4. Click OK, and the Tuner Communication Setup window will close.

5. Click on Start in the Tuner window to initiate I°C communication and begin monitoring the CAPSENSE™

parameters.
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fra CapSense_CSD Tuner for 'CapSense._1". Tuning methoc
File Debug Validation Tools
i, Start U Stop HE Configuration lEnabIe Logging

Tuning } Graphing }/\t‘alidation }""Logging |
1] Reset Widgets Layout
Button0

Max

Figure 60 Starting Tuner Communication

6. Setthe parameters for each sensor. Clicking OK at the lower right of the Tuner window sets the parameters
in the component once tuning is complete.

['rs CapSense_CSD Tuner for 'CapSense_1". Tuning method: Manual. ;IEIEI
Fle Debug Validaton Tools dl tep
Start |ﬂ Stop | E: Configuration EEndsle Logging
Tuning I"’Gra:h‘ng }’ Validation I'/Lngg'ng |

7] Reset Widgets Layout LinearSlhiderl) €2 LS
Max Value: 255

Bution) Button1 LinearSlider

©5 0 1 %2\';3 4 200

IDAC Valu 200

Finger Thi 100

Noise Thr 20

Scan Rest 10 bits (default)

Anslog Sw 12
c ¢ fs_25

s_255uA
Normal

oK Cancel

Running Speed: 107 pkisfs Desired Packet Size: 52 (0x34)

Figure 61 Setting the parameters for a sensor
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7. The Graphing tab allows you to monitor signals. You can log data using the Logging tab.

infineon

h’. CapSense_CSD Tuner for ‘CapSense_1". Tuning method: Manual.

File Debug Validaton Tools

Start ﬂsmu [ configuration |E&ublewggng

,”Tunlng Graphing ]"ledelmn r')Lugg'ng ‘

o0o0 oooo

360
340
E 320
o 300
wn
m 280
.I‘f‘ 260
m 240
s
MW 220
= 200
Bt e ae e S = - w
180 L T’ M
160 Ak ,,w.m.—w"w%\ql
140 ’_/'WIA
120 ;;'
® 100 |
=
& |
(7]
60 ‘
40
20 |
0 I
0 ) 100 150 200 250
Running Speed: 96 pkisfs Desired Packet Size: 52 (0x34)
Figure 62 Monitoring the CAPSENSE™ results
Note:

The raw count signal displayed in the Graphing tab is the unfiltered raw count. If a filter is used on

raw count, the SNR should be calculated using the filtered raw count. See Raw data noise filter.
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6 CAPSENSE™ performance tuning

Tuning is the process of determining the optimum values for the CAPSENSE™ parameters. Tuning is required to
maintain high sensitivity to touch and to compensate for process variations in the sensor board, overlay
material, and environmental conditions.

6.1 Fundamentals

6.1.1 Signal, noise, and SNR

A well-tuned CAPSENSE™ system reliably discriminates between ON and OFF sensor states. To achieve this
level of performance, the CAPSENSE™ signal must be significantly larger than the CAPSENSE™ noise. The
measure that compares signal to noise is the signal-to-noise ratio (SNR). Before discussing the meaning of SNR
for CAPSENSE™, it is first necessary to define what signal and noise are in the context of touch sensing.

6.1.1.1  CAPSENSE™ signal

The CAPSENSE™ signal is the change in the sensor response when a finger is placed on the sensor, as shown in
Figure 63. The output of the sensor is a digital counter with a value that tracks the sensor capacitance. In this
example, the average level without a finger on the sensor is 5925 counts. When a finger is placed on the sensor,
the average output increases to 6060 counts. The CAPSENSE™ signal tracks the change in counts due to the
finger, so Signal =6060 - 5925 = 135 counts.

NO TOUCH TOUCH NO TOUCH
6080 -

s080 ﬁww_
8040 | \
6020 .
SIGNAL

6000

5980

5960

NOISE
5940

sensor output [raw counts]

5920

5900 . T T
0 0.5 1 1.5 2 2.5 3

time [seconds]

Figure 63 Example of CAPSENSE™ signal and noise

6.1.1.2 CAPSENSE™ noise

CAPSENSE™ noise is the peak-to-peak variation in sensor response when a finger is not present, as shown in
Figure 63. In this example, the output waveform without a finger is bounded by a minimum of 5912 counts and
a maximum of 5938 counts. The noise is the difference between the minimum and the maximum values of this
waveform, so Noise =5938 - 5912 = 26 counts.
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Note: If you use a Raw data noise filter in your system, calculate noise using the filtered raw count. The
Tuner GUI reports the unfiltered raw count on Graphing tab, therefore, you should log the data to
calculate noise.

6.1.1.3 CAPSENSE™ SNR

CAPSENSE™ SNR is the simple ratio of signal and noise. Continuing with the example, if the signal is 135 counts
and noise is 26 counts, and then SNR is 135:26, which reduces to an SNR of 5.2:1. The minimum recommended
SNR for CAPSENSE™ is 5:1, which means the signal is five times larger than the noise. Filters are commonly
implemented in firmware to reduce noise. See Software filtering for more information.

6.1.2 Charge/discharge rate

To achieve maximum sensitivity in the tuning process, the sensor capacitor must be fully charged and
discharged during each cycle. The charge/discharge path switches between two states at a rate equal to
switching clock defined by Equation 5.

The charge/discharge path includes series resistance that slows down the transfer of charge. The rate of change
for this charge transfer is characterized by an RC time constant involving the sensor capacitor and series
resistance, as shown in Figure 64.

Via TSmin>= 10*R*C,

vdd
Ry Vref

Vy Vs >

t

c Vea 5*RCy 5*Ry*Cx
X

vdd
Vref

>

t

Figure 64 Charge/discharge waveforms

Set the charge/discharge rate to a level that is compatible with this RC time constant. The rule of thumb is to
allow a period of 5RC for each transition, with two transitions per period (one charge, one discharge).The
equations for minimum time period and maximum frequency are:

Tsmin = 10 X RXCX

Equation 7
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Equation 8

6.2 Manual tuning

The flow chart in Figure 65 provides step-by-step instructions for manually tuning a CapSense_CSD
component.
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Enable the Shield electrode if needed in
the design

-

Set the switching frequency
(Scan Clock and Analog Switch Divider)

l

Setthe Scan Speed to “Fast”

Enable the PRS according to design
requirement and set the PRS resolution
(8 or 16 bits)

l

Open the Tuner GUI to tune the
CapSense CSD

|

Settheresolution as 10 bits as the initial
value

1

Set the IDAC to make the raw counts 80%
of the full scale. If you are using a bleed
resistor Rb, tune its value to make the raw
counts 80% of the full scale

+

Monitor the raw counts in the Tuner with
and without finger touch

Yes

(IsSNR>5)

No

Add firmware filters. Choose the type of
filter based on the noise type presentin
the system

—— 10

11

(IsSNR>5) &
(Does the Scan Time meet design
requirement)

Yes

Adjust the resolution and scan time such
that the SNR is above 5:1 and scan time
within the spec

— 12

13

(IsSNR>5)&
(Does the Scan Time meet design
requirement)

l

Set Finger Threshold to 75% of peak
finger response.

!

Set the hysteresis to 15% of peak finger
response

!

Set the noise threshold to 40% ofthe
peak finger response

!

Set the Debounce as per design
requirement

Yes

Check the layout forimprovement (refer to the

Getting Started with CapSense guide*) and if | 14

possible reduce the overlay thickness orincrease

the button size

15

16

17

18

Figure 65

1. See Water tolerant design for information on when you should use a shield electrode.

Tuning the CapSense_CSD Component

2. The switching frequency of each capacitive sensor should be set such that the sensor completely charges
and discharges as described in Analog switch divider. If not, increase the Analog Switch Divider value in the
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CAPSENSE™_CSD Configuration window. Once you have changed this value you must rebuild the project
and reprogram the device.

The Scan Speed can be changed later if the SNR or scan time are unacceptable.

See Pseudo random sequence (PRS) for information on how and when you should use this feature.

See Tuner GUI for step-by-step instructions on how to open the GUI.

Lower resolutions (8 or 9) can also be used as initial values if the design has an overlay of less than 1 mm.

Adjust the IDAC value in the Tuner GUI until the raw counts reach 80 percent of full scale value. If you cannot
80 percent using the Tuner GUI, adjust the IDAC Range in the CapSense_CSD component configuration
window. Once you have changed this value you must rebuild the project and reprogram the device.

If you are using a Bleed Resistor Rb instead of the IDAC sinking/IDAC sourcing method, change the
resistance value to make the rawcounts equal to 80 percent of the full-scale value.

8. Record the peak-to-peak noise and peak finger response.

9. SNRissimply the ratio of signal to noise. For good CAPSENSE™ design, the SNR should be above 5:1. If you
have met this requirement, skip to step 15.

10. See Filter selection to select the right filter type for the noise present in your system. The First Order IIR 1/4
filter is a good initial selection as it requires minimal SRAM and gives fast response.

11. Check if the SNR is now above 5:1. If so, confirm the scan time meets your design requirements. To check
the scan time:

No ok w

- Click OK on the Tuner GUI to update the CapSense_CSD Component’s parameters
- Select the Scan Order tab to see the scan time
If both the SNR and scan speed requirements are met, skip to step 15.
12.You can increase the resolution and lower the scan speed to further improve the SNR. However, both of
these changes will increase the scan time.
13. Refer to step 11.

14.If the SNR is still below 5:1 you may need to look for improvements in the PCB layout or overlay design.
Reducing overlay thickness and increasing button diameter increase sensitivity. See the Chapter 3 of
Getting started with CAPSENSE™ guide for PCB design guidelines.

15. Use 75 percent of the peak finger response you measured while checking the SNR.
16. Use 15 percent of the peak finger response you measured while checking the SNR.
17. Use 40 percent of the peak finger response you measured while checking the SNR.

18. See Debounce. In general, the debouncing value should be set to 2. In fast scanning designs, the debounce
value should be set to a higher value like 5.

Note: You can manually tune parameters even when Tuning Method is set to Auto. If you alter the
parameters using the Tuner GUI and click OK, the manually entered parameters will be applied to
the component.

6.3 SmartSense Auto-Tuning

When you select Auto as the Tuning Method the SmartSense algorithm selects the CapSense_CSD component
parameters. SmartSense maintains the SNR for each sensor between 5:1 and 11:1 to ensure robust CAPSENSE™
operation while maximizing performance. You only need to set the four low-level parameters discussed in
Parameter settings. SmartSense is only available for IDAC sinking/IDAC sourcing methods. It is not available if
you are using the Bleed Resistor method.
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6.3.1 Guidelines

In order to use SmartSense Auto-Tuning:

e C,forall sensors must be 5-45 pF
e C.must be at least 0.1-pF
e Cyop Capacitor X7R, 2.2 nF, voltage rating more than 5V

e SmartSense supports the same APIs as manual tuning. However, you should not use APIs that modify the
CapSense_CSD component parameters in firmware unless you understand exactly what effect it will have
on the performance of your design.

6.3.2 Parameter settings

6.3.2.1 Sensor auto reset

This parameter determines whether the baseline is updated at all times or only when the signal difference is
below the noise threshold. When set to Enabled the baseline is updated constantly. This setting limits the
maximum time that a sensor may remain on (typically itis 5 to 10 seconds), but it prevents the sensors from
permanently turning on when the raw count suddenly rises without anything touching the sensor because of
any failure condition of the system. See Sensor auto reset.

6.3.2.2 Debounce

The Debounce parameter adds a debounce counter to the sensor’s active transition. For the sensor to be
declared as active from inactive state, a finger touch signal should be present on the sensor for debounce
number of consecutive scans. This parameter affects all of the sensors similarly. See Debounce.

6.3.2.3 Modulator capacitor pin

This parameter selects the pin to which the C,,o, capacitor is connected. The available pins are PO[1] and PO[3].

Note: An external 2.2 nF capacitor is mandatory for SmartSense to work correctly.

6.3.2.4  Sensitivity level

Sensitivity is used to increase or decrease sensor signal strength. Possible settings are High (0.1 pF), Medium
High (0.2 pF), Medium Low (0.3 pF), and Low (0.4 pF).

Designs with thicker overlays require stronger signals for proper implementation .To produce a stronger signal
from a sensor, SmartSense must use more time to scan the sensor. This means that a High sensitivity sensor
takes longer to scan time than a Medium High sensitivity sensor.

When setting this parameter, use the lowest sensitivity value possible. To ensure robust performance:

1. Open the Tuner GUI.

2. Set the sensitivity level to Low(0.4 pF), and calculate the SNR. Figure 66 shows a typical raw count graph
with a finger touch. Adjust the sensitivity level until SNR is more than 5:1 and less than 10:1.
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Figure 66 Raw count graph for a typical sensor with a finger touch
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7 Design considerations

When designing capacitive touch-sense technology into your application, it is crucial to keep in mind that the
CAPSENSE™ device exists within a larger framework. Careful attention to every level of detail from PCB layout
to user interface to end-use operating environment will lead to robust and reliable system performance. There
is in-depth information given in the document Getting started with CAPSENSE™ for the Overlay Selection, ESD
Protection and electromagnetic compatibility (EMC) Considerations, and so on. In this section, PSoC™ 3 and
PSoC™ 5LP specific design considerations are explained.

7.1 Software filtering

The CapSense_CSD component provides some readymade firmware filters to remove the noise readily from the
CAPSENSE™ scanning results. The following table describes these filters and when they should be used.

Table9 Table of CAPSENSE™ filters provided with component

Filter Description Application

Median Nonlinear filter that computes median Noise spikes from motors and switching
input value from a buffer of size 3 power supplies

Average Finite impulse response filter (no Periodic noise from power supplies
feedback) with equally weighted
coefficients

[IR Infinite impulse response filter High frequency noise
(feedback) with a step response similar
to an RC low pass filter

Jitter Nonlinear filter that limits current input | Noise from thick overlay (SNR < 5:1),
based on previous input especially useful for slider centroid data

Note:

1. Median Filter in the component uses a buffer of size two. The buffer contains two previous samples. The current
sample and two previous samples stored in buffer are sorted and the middle value is taken as the median value.

2. Average Filter in the component uses a buffer of size two. The buffer contains two previous samples. Filter output
is the average value of the two previous samples and current sample.
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Figure 67

Filtering of raw counts; black = unfiltered raw counts, green = filtered raw counts

Figure 67 shows the effect of noise and filtering on raw counts. The noise was created by switching neighboring
sensors at 500 kHz in order to simulate a noise due to high switching lines near to sensor. In this example:

e Noise without noise source = N = 8 counts (peak to peak)

e Noise with noise source= N1 =40 counts (peak-to-peak)

e Noise after applying filter = N2 = 12 counts

e Signal (peak finger response) = S= 320 Counts
e SNRbefore applying filter =SNR1=S/N1=320/40=38
e SNRafter applying filter =SNR2 =S / N2=320 /12 =26.7

7.2 Power consumption

In battery-powered applications, lower current levels translate into longer battery life. With this in mind, a

system designer should minimize the average current consumption of the system.

Table 10 PSoC™ 3 current consumption for scanning one sensor

CPU mA mA

(MHz) (VDD =3.3V) (VDD =5V)
3 3.7 4.7

6 4.4 5.5

12 5.9 6.9

24 8.4 9.5

48 14.5 16.3
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There are several ways to reduce the power consumption of your CAPSENSE™ capacitive touch-sensing system.

e Set GPIO drive mode to HI-Z: Be default all the GPIO pins are configured as HI-Z. But if the project has
changed some pin drive mode configurations then they should be made HI-Z when not used.

e Optimize CPU speed for low power: The CPU does not need to be fast for CAPSENSE™ operation, because
the dedicated hardware scans the sensor. However, the CPU configures the hardware before it starts the
scanning and after hardware completes the scanning the CPU processes the results. Therefore slowing
down the CPU increases the scan time. See Non-blocking architecture to understand how the total scan
time is divided into prescan, hardware scan and post-scan.

e Operate at a lower VDD.

In addition to these suggestions, applying the sleep-scan method can be effective.

7.2.1 Sleep-scan method

In typical applications, the CAPSENSE™ controller does not always need to be in the active state. The device can
be put into the sleep state to stop the CPU and the major blocks of the device. Current consumed by the device
in sleep state is much lower than the active current.

I(t) .
<] Total Time________

Tsleep
B e ittt el i
» active
active -

|sleep

Figure 68 Sleep-scan method

The average current consumed by the device over a long time period can be calculated by using the following
equation.

(IactivexTactive)+(IsleepxTsleep)

laverage = -
Total Time

Equation 9

Where,

lverage = D€ViCe average current
live = Device active current
T,aive = Device active time

l5ieep = DeVvice sleep current
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Tyeep = Device sleep time
Total Time = T, e + Teteep

The average power consumed by the device can be calculated as follows:

infineon

Paverage = Vpp X laverage

Equation 10

Where,
Paverage = DeVice average power
Vpp = Device supply voltage

|verage = DeVice average current
7.2.2 Measuring average power consumption

7.2.2.1 Active current

To measure active current, program the device and measure the current for all the supply pinsi.e. Vppp, Vopas
and Vpp0. The best way to do this is to short the supply pins and measure the current at a common supply point.

7.2.2.2 Active time

You can measure active time by toggling a GPIO pin before and after the scan loop. The following code snippet
shows a typical CAPSENSE™ scan loop with pin set before scanning starts and reset after scanning is

completed.
zz J] for(::]
23 = {
24 if [(Cap3ense_IsBusyi()] ==0 |
2519 i
z6 |Pin Write(0) ;|
27 Cap3ense UpdateEnasbledBaselines():
Z5 if (CapSense CheckIsWidgetlctiwve(])]
294= {
SDE A% Do regquired ¥/
314+ H
32
35344 f#Check other CapSense 2en3ros active and do the required 7
34
35 [Fin Writeil]:|
36 Capiense ScanEnabledWidgets() ;
3T H
3G % oOcher application code than Cap3ense *F
39 i
40
41
42
3Lk}
o0

Figure 69 CAPSENSE™ scan loop code snippet
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7.2.2.3 Sleep current

The sleep current value for the PSoC™ 3 is 1 pA and for PSoC™ 5LP is 2 yA. You can measure sleep current by
creating a project that keeps the device in sleep mode forever and use the method described in Active current.

7.2.2.4  Sleeptime

The API “CyPmSleep()” put the device into sleep mode. A Sleep Timer generates interrupt after the specified
interval to wake up the device as shown in Figure 70.

Configure 'SleepTimer* 21 x|

Mame: SleepTimer 1
Basic Configuration I/-Built—in ] q b
Wake upinterval: (128 = | ms ¥ Enable Sleep Timer intermupt

—{ = ]isr_1

This camponent is not responsible for the device's low power mades entry,
Referto the System Reference Guide for proper usage of power manager
APls; these are respansible for switching the device to low-power modes.

The firstinterval can range fram 1 to {selected interval + 1) millisecands.
Additional intervals occur at the nominal period.

D atazheet | 0k | Apply Cancel

4
Figure 70 Sleep timer
7.2.2.5 Calculating the average power
Active Current from Table 9, CPU =24 MHz, operating at 3V
| cive = 8.4 MA.
I Pos: 0.000s
: K
M 1.|Z||Zirr|s

Figure 71 Active time measurement
Application note 76 001-75400 Rev. *F

2024-06-26



o _.
PSoC™ 3 and PSoC™ 5LP CAPSENSE™ design guide Infineon

Design considerations

Active Time for PSoC™ 3, CPU = 24 MHz, Resolution 12-Bits and Scan Speed Normal
T.ctive = 3760 ps.

Sleep Current from the datasheet

lgieep = 1 MA

Sleep Time, assume sleep period is set to 128 ms in sleep timer
Sleep Time = Total Time - Active Time

Total Time = Scan Interval =128 ms

Tyeep = 128,000 s — 3760 ps= 124240 ps

Average Current, using Equation 9

lverage = 247.7 HA

Average Power

Paverage = Voo X laverage p

Paverage= 3.3V X 247.7 uA=817.4 uW

The average power of the system using sleep-scan mode is 817.4 uW. While the average power of the system
without using sleep mode is 27.7 mW.

7.3 Response time

7.3.1 Sleep-scan mode

Putting the device into sleep mode between scans can save a significant amount of power. However, if you
increase sleep time to a very high value it will result in poor response time. If both power consumption and
response time are important in your design, you can use a method that incorporates both continuous-scan and
sleep-scan modes. Using this approach, the device spends most of its time in sleep-scan mode where it scans
the sensors and then goes to sleep. When a user touches a sensor, the device jumps to continuous-scan mode
where the sensors are always scanned. The device remains in continuous-scan mode for a specified period. If
the user does not touch a sensor within this period, the device returns to sleep-scan mode.

7.3.2 Long background loop

Response time can also suffer when the background loop spends too long executing code for applications
other than CAPSENSE™. You can perform CAPSENSE™ scanning multiple times per loop as shown in Figure 72.
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While (1)

v

Scan all sensors and process sensor results

Execute half of the other application code

l

Scan all sensors and process sensor results

Execute remaining otherapplication code

Figure 72 Scanning multiple time within the loop to improve the response time

7.3.3 Debounce

Debounce protects your system from detecting false finger touches, however, it also delays finger detection as
shown in Figure 73.

Finger Touch Button ON
1 ' Delay

e
'
-\

I

I

I

CQS;E :i: Devicg Sle_ep / Othe( __________ Dilay_ _____________ e:

application code! |

[l

I

Finger Touch :

Button Status
Figure 73 Scan interval and detection delay, debounce count=5
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The maximum delay due to debounce is:

Max Delay = Debounce X Scan Interval

Equation 11

Debounce should set to 1 when you use sleep mode. Sleep mode delays response time, so it should effectively
debounce the signal. If this is not adequate, you can scan a sensor multiple times once it detects a finger touch
as shown in the following code snippet.

if [CapSense CheckIsWidgetdctive (Capiense BUTTONO_BTN) )
i
/* Sean the sensor wultiple times */
for (i=0; i < DEBOUNCE ; i++)
{
if | (Cap3ense_IsBusy(] == 0 | && Capiense CheckIsWidgetdctive (Cap3ense BUTTONO BTN )
{
Cap3ense ScanEnabledWidgets():

¥

/% Lfter mumber of scans equal to debounce count is cowplete, check for sensor active.
# If it is still active, then sensor can be considered as CN.

+f

if (Cap3ense CheckIsWidgetlctive {Cap3ense BUTTONO BTH))

{

f*  Procesz the code which iz based on sensor active #/

Figure 74 Debounce code snippet

7.3.4 Filter delay

Using filters will also delay finger touch detection. The effect of using an 1IR16 filter is shown below. Note that
[IR16 filter adds 1/16 of new data and 15/16 of old data to calculate the new filtered sample.
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Figure 75 Filter delay on the finger touch
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Step change due to Finger =320 counts
Finger threshold = 75% of peak finger response = 240 counts.

To calculate the delay caused by the filter:

T, =axr"?!

Equation 12

Where,

a =1, step change or peak finger response

Tn =0.25, because the 75% of the step change is threshold
r=1/16, because the filteris IR16

n=22

This means that finger touch is only detected after 22 scans. To minimize filter delay, choose the appropriate
filter. For example, using an 1IR4 filter will only cause a 7 scan delay.

If an lIR16 filter has to be used you should employ multiple scans as described in Debounce. However, the
sensors should be scanned multiple times every loop regardless of their ON/OFF state.

7.3.5 Interrupt priority

As discussed in Non-blocking architecture, the code architecture of the CapSense_CSD component is non-
blocking in nature, which means the CPU can execute other application code when the hardware is scanning
CAPSENSE™ sensors. Once the hardware completes the scanning it generates an interrupt to CPU. To change
the priority of the CAPSENSE™ interrupt open the <project name>.cydwr file and click on the Interrupts tab.

Stark Page ]/TopDesign.cysch)/l:ap.cydwr ]/main.c ]/CapSense_CSHL.h ]/cme.h ]/CapSense.c ]/CapSense.h ] 4P X

Instance Name Pricrity 4 Mector

0o~

(4) Clocks™_#F Interrupts |. 275 DMA

? System ‘g Directives Flash Security

Figure 76 Changing interrupt priority

The priority of the CAPSENSE™ interrupt can be reduced if there are other higher priority interrupts such as
communication protocols. If the CAPSENSE™ interrupt is asserted when a high priority interrupt is being
serviced, the CAPSENSE™ interrupt will be serviced with delay. While this delay does not cause any data loss, it
does delay scanning of the next sensor, and increases overall scanning time.
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7.4 Pin assignments

7.4.1.1 Opamp output pins

The opamp outputs are directly connected to P0O[0], PO[1], P3[6], and P3[7]. If these pins are used for
CAPSENSE™, the opamps become unusable. These pins have higher C, because they are directly connected to
opamp outputs. Therefore, these four pins should not be used for CAPSENSE™. If you must use these pins, they
should be used for buttons and should not be used as sliders or touch pads. Also, the traces for these pins
should be short to help reduce C,.

7.4.2 Pin assignment for two channel design

When two channel design is used, the pins belonging to particular channel should reside on the same side of
the chip. See Number of channels for more details on two channel design.

7.4.3 Cuvop Pin assignment

For most efficient analog routing the following pins should be used for Cyop:
o Leftside: P2[0], P2 [4], P6 [0], P6 [4], P15 [4]

e Rightside: P1[0], P1[4], P5 [0], P5 [4]

7.5 PCB layout guidelines

Detailed PCB layout guidelines are available in Getting started with CAPSENSE™.
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AMUXBUS

Analog multiplexer bus available inside PSoC™ that helps to connect I/O pins with multiple internal analog
signals.

SmartSense Auto-Tuning

A CAPSENSE™ algorithm that automatically sets sensing parameters for optimal performance after the design
phase and continuously compensates for system, manufacturing, and environmental changes.

Baseline

Avalue resulting from a firmware algorithm that estimates a trend in the Raw Count when there is no human
finger present on the sensor. The Baseline is less sensitive to sudden changes in the Raw Count and provides a
reference point for computing the Difference Count.

Button or button widget

A widget with an associated sensor that can report the active or inactive state (that is, only two states) of the
sensor. For example, it can detect the touch or no-touch state of a finger on the sensor.

Difference count

The difference between Raw Count and Baseline. If the difference is negative, or if it is below Noise Threshold,
the Difference Count is always set to zero.

Capacitive sensor

A conductor and substrate, such as a copper button on a printed circuit board (PCB), which reacts to a touch or
an approaching object with a change in capacitance.

CAPSENSE™

Infineon’s touch-sensing user interface solution. The industry’s No. 1 solution in sales by 4x over No. 2.

CAPSENSE™ Mechanical Button Replacement (MBR)

Infineon’s configurable solution to upgrade mechanical buttons to capacitive buttons, requires minimal
engineering effort to configure the sensor parameters and does not require firmware development. These
devices include the CYSCMBR3XXX and CYSCMBR2XXX families.

Centroid or centroid position

A number indicating the finger position on a slider within the range given by the Slider Resolution. This number
is calculated by the CAPSENSE™ centroid calculation algorithm.

Compensation IDAC

A programmable constant current source, which is used by CSD to compensate for excess sensor C,. This IDAC
is not controlled by the Sigma-Delta Modulator in the CSD block unlike the Modulation IDAC.
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CcsD

Capacitive sigma delta (CSD) is a Infineon-patented method of performing self-capacitance (also called self-
cap) measurements for capacitive sensing applications.

In CSD mode, the sensing system measures the self-capacitance of an electrode, and a change in the self-
capacitance is detected to identify the presence or absence of a finger.

Debounce

A parameter that defines the number of consecutive scan samples for which the touch should be present for it
to become valid. This parameter helps to reject spurious touch signals.

Afinger touch is reported only if the Difference Count is greater than Finger Threshold + Hysteresis for a
consecutive Debounce number of scan samples.

Driven-shield

A technique used by CSD for enabling liquid tolerance in which the Shield Electrode is driven by a signal that is
equal to the sensor switching signal in phase and amplitude.

Electrode

A conductive material such as a pad or a layer on PCB, ITO, or FPCB. The electrode is connected to a port pin on
a CAPSENSE™ device and is used as a CAPSENSE™ sensor or to drive specific signals associated with
CAPSENSE™ functionality.

Finger threshold

A parameter used with Hysteresis to determine the state of the sensor. Sensor state is reported ON if the
Difference Count is higher than Finger Threshold + Hysteresis, and it is reported OFF if the Difference Count is
below Finger Threshold - Hysteresis.

Ganged sensors

The method of connecting multiple sensors together and scanning them as a single sensor. Used for increasing
the sensor area for proximity sensing and to reduce power consumption.

To reduce power when the system is in low-power mode, all the sensors can be ganged together and scanned
as a single sensor taking less time instead of scanning all the sensors individually. When the user touches any of
the sensors, the system can transition into active mode where it scans all the sensors individually to detect
which sensor is activated.

PSoC™ supports sensor-ganging in firmware, that is, multiple sensors can be connected simultaneously to
AMUXBUS for scanning.

Gesture

Gesture is an action, such as swiping and pinch-zoom, performed by the user. CAPSENSE™ has a gesture
detection feature that identifies the different gestures based on predefined touch patterns. In the CAPSENSE™
component, the Gesture feature is supported only by the Touchpad Widget.
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Guard sensor

Copper trace that surrounds all the sensors on the PCB, similar to a button sensor and is used to detect a liquid
stream. When the Guard Sensor is triggered, firmware can disable scanning of all other sensors to prevent false
touches.

Hatch fill or hatch ground or hatched ground

While designing a PCB for capacitive sensing, a grounded copper plane should be placed surrounding the
sensors for good noise immunity. But a solid ground increases the parasitic capacitance of the sensor which is
not desired. Therefore, the ground should be filled in a special hatch pattern. A hatch pattern has closely-
placed, crisscrossed lines looking like a mesh and the line width and the spacing between two lines determine
the fill percentage. In case of liquid tolerance, this hatch fill referred as a shield electrode is driven with a shield
signal instead of ground.

Hysteresis

A parameter used to prevent the sensor status output from random toggling due to system noise, used in
conjunction with the Finger Threshold to determine the sensor state. See Finger threshold.

IDAC (Current-output digital-to-analog converter)

Programmable constant current source available inside PSoC™, used for CAPSENSE™ and ADC operations.

Liquid tolerance

The ability of a capacitive sensing system to work reliably in the presence of liquid droplets, streaming liquids
or mist.

Linear slider

A widget consisting of more than one sensor arranged in a specific linear fashion to detect the physical position
(in single axis) of a finger.

Low baseline reset

A parameter that represents the maximum number of scan samples where the Raw Count is abnormally below
the Negative Noise Threshold. If the Low Baseline Reset value is exceeded, the Baseline is reset to the current
Raw Count.

Manual-tuning

The manual process of setting (or tuning) the CAPSENSE™ parameters.

Matrix buttons

A widget consisting of more than two sensors arranged in a matrix fashion, used to detect the presence or
absence of a human finger (a touch) on the intersections of vertically and horizontally arranged sensors.

If M is the number of sensors on the horizontal axis and N is the number of sensors on the vertical axis, the
Matrix Buttons Widget can monitor a total of M x N intersections using ONLY M + N port pins.

When using the CSD sensing method (self-capacitance), this Widget can detect a valid touch on only one

intersection position at a time.
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Modulation capacitor (CMOD)

An external capacitor required for the operation of a CSD block in Self-Capacitance sensing mode.

Modulator clock

A clock source that is used to sample the modulator output from a CSD block during a sensor scan. This clock is
also fed to the Raw Count counter. The scan time (excluding pre and post processing times) is given by
(2" - 1)/Modulator Clock Frequency, where N is the Scan Resolution.

Modulation IDAC

Modulation IDAC is a programmable constant current source, whose output is controlled (ON/OFF) by the
sigma-delta modulator outputin a CSD block to maintain the AMUXBUS voltage at V. The average current
supplied by this IDAC is equal to the average current drawn out by the sensor capacitor.

Mutual-capacitance

Capacitance associated with an electrode (say TX) with respect to another electrode (say RX) is known as
mutual capacitance.

Negative noise threshold

Athreshold used to differentiate usual noise from the spurious signals appearing in negative direction. This
parameter is used in conjunction with the Low Baseline Reset parameter.

Baseline is updated to track the change in the Raw Count as long as the Raw Count stays within Negative Noise
Threshold, that is, the difference between Baseline and Raw count (Baseline - Raw count) is less than Negative
Noise Threshold.

Scenarios that may trigger such spurious signals in a negative direction include: a finger on the sensor on
power-up, removal of a metal object placed near the sensor, removing a liquid-tolerant CAPSENSE™-enabled
product from the water; and other sudden environmental changes.

Noise (CAPSENSE™ noise)

The variation in the Raw Count when a sensor is in the OFF state (no touch), measured as peak-to-peak counts.

Noise threshold

A parameter used to differentiate signal from noise for a sensor. If Raw Count - Baseline is greater than Noise
Threshold, it indicates a likely valid signal. If the difference is less than Noise Threshold, Raw Count contains
nothing but noise.

Overlay

A non-conductive material, such as plastic and glass, which covers the capacitive sensors and acts as a touch-
surface. The PCB with the sensors is directly placed under the overlay or is connected through springs. The
casing for a product often becomes the overlay.

Parasitic capacitance (C;)

Parasitic capacitance is the intrinsic capacitance of the sensor electrode contributed by PCB trace, sensor pad,
vias, and air gap. It is unwanted because it reduces the sensitivity of CSD.
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Proximity sensor

A sensor that can detect the presence of nearby objects without any physical contact.

Radial slider

A widget consisting of more than one sensor arranged in a specific circular fashion to detect the physical
position of a finger.

Raw count

The unprocessed digital count output of the CAPSENSE™ hardware block that represents the physical
capacitance of the sensor.

Refresh interval

The time between two consecutive scans of a sensor.

Scanresolution

Resolution (in bits) of the Raw Count produced by the CSD block.

Scan time

Time taken for completing the scan of a sensor.

Self-capacitance

The capacitance associated with an electrode with respect to circuit ground.

Sensitivity

The change in Raw Count corresponding to the change in sensor capacitance, expressed in counts/pF.
Sensitivity of a sensor is dependent on the board layout, overlay properties, sensing method, and tuning
parameters.

Sense clock

A clock source used to implement a switched-capacitor front-end for the CSD sensing method.

Sensor

See Capacitive sensor.

Sensor auto reset

A setting to prevent a sensor from reporting false touch status indefinitely due to system failure, or when a
metal object is continuously present near the sensor.

When Sensor Auto Reset is enabled, the Baseline is always updated even if the Difference Count is greater than
the Noise Threshold. This prevents the sensor from reporting the ON status for an indefinite period of time.
When Sensor Auto Reset is disabled, the Baseline is updated only when the Difference Count is less than the
Noise Threshold.
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Sensor ganging
See Ganged sensors.

Shield electrode

Copper fill around sensors to prevent false touches due to the presence of water or other liquids. Shield
Electrode is driven by the shield signal output from the CSD block. See Driven-shield.

Shield tank capacitor (Cg,)

An optional external capacitor (Cg, Tank Capacitor) used to enhance the drive capability of the CSD shield,
when there is a large shield layer with high parasitic capacitance.

Signal (CAPSENSE™ signal)

Difference Count is also called Signal. See Difference Count.

Signal-to-noise ratio (SNR)

The ratio of the sensor signal, when touched, to the noise signal of an untouched sensor.

Slider resolution

A parameter indicating the total number of finger positions to be resolved on a slider.

Touchpad

A Widget consisting of multiple sensors arranged in a specific horizontal and vertical fashion to detect the X and
Y position of a touch.

Trackpad

See Touchpad.

Tuning

The process of finding the optimum values for various hardware and software or threshold parameters
required for CAPSENSE™ operation.

VREF
Programmable reference voltage block available inside PSoC™ used for CAPSENSE™ and ADC operation.
Widget

A user-interface element in the CAPSENSE™ component that consists of one sensor or a group of similar
sensors. Button, proximity sensor, linear slider, radial slider, matrix buttons, and touchpad are the supported
widgets.
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Datasheet
The datasheets for the PSoC™ 3 and PSoC™ 5LP family of devices are available at www.infineon.com.

e PSoC™ 3 datasheets
e PSoC™5LP datasheets

Technical reference manual

The following technical reference manual to provide quick and easy access to information on PSoC™ 3 and
PSoC™ 5LP architecture including top-level architectural diagrams, register summaries, and timing diagrams.
e PSoC™ 3 reference manuals

e PSoC™5LP reference manuals

Development kits

PSoC™ 3 and PSoC™ 5LP development kits
e CY8CKIT-030 PSoC™ 3 development kit
e CY8CKIT-050 PSoC™ 5LP development kit

MiniProg3

e MiniProg3is used to program and debug PSoC™ 3 and PSoC™ 5LP parts. It is also used as I’C-USB
communication bridge for Tuner GUI.

PSoC™ Programmer

e PSoC™ Programmer is a flexible, integrated programming application for programming PSoC™ devices. It
can be used with PSoC™ Designer and PSoC™ Creator to program any design onto a PSoC™ device.

e PSoC™ Programmer provides you a hardware layer with APIs to design specific applications using the
programmers and bridge devices. The PSoC™ Programmer hardware layer is fully detailed in the COM guide
documentation as well as example code across the following languages: C#, C, Perl, and Python.

PSoC™ Creator

e Infienon offers an exclusive Integrated Design Environment, PSoC™ Creator. With PSoC™ Designer you can
configure the hardware and develop firmware in a single tool.

Code examples

Infineon offers a large collection of code examples to get your design up and running fast. Open PSoC™ Creator,
and click on ‘find example project’ link in the Start Page. Following two example projects are recommended for
familiarizing with CAPSENSE™:

e CapSense_CSD_Design
e CapSense_CSD_With Tuner
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Design support
Infineon has a variety of design support channels to ensure the success of your CAPSENSE™ solutions.

e Knowledge based articles - Browse technical articles by product family or perform a search on various
CAPSENSE™ topics.

e CAPSENSE™ application notes - See a wide variety of application notes built on information presented in
this document.

e White papers - Learn about advanced capacitive-touch interface topics.

e Infineon Developer Community - Connect with the Infineon technical community and exchange
information.

e Video library - Quickly get up to speed with tutorial videos.
e Technical Support - World class technical support is available online.
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