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Cypress CapSense® solutions bring elegant, reliable, and easy-to-use capacitive touch sensing functionality to your
design. Our capacitive touch sensing solutions have replaced more than 4 billion mechanical buttons. CapSense also
changed the face of industrial design in products such as cell phones, PCs, consumer electronics, and white goods.
Cypress’s robust CapSense solutions leverage our flexible Programmable System-on-Chip (PSoC®) architecture to
accelerate time-to-market, integrate critical system functions, and reduce bill of materials costs.

Overview

This document provides a detailed overview of 10 CapSense code examples with an intention to help customers
experience and evaluate features of Cypress CapSense Controllers, CapSense Kits, and CapSense User Modules.
This document also explains how to read back and plot sensor data through I°’C and UART interfaces. You should be
familiar with CapSense sensing technology before you read this document. If you would like more information about
general CapSense theory and operation, see Getting Started with CapSense.

Note The code examples in this application note are particular to the kits referenced in this document. Refer to
Getting Started with CapSense for the key design considerations and layout best practices to ensure successful
porting of these code examples on custom boards. If this document does not address your needs or answer all of
your questions or if you wish to provide feedback please contact capsense@cypress.com.

To facilitate your evaluation, we present the code examples in order of increasing complexity:

®  [ntroduction: For beginners, we recommend that you start with a demonstration of how CapSense touch
sensors function. Code Example 1: Buttons and Sliders with SmartSense with a CY8C20xx6A CapSense
Controller showcases how easy and quick it is to implement touch buttons and sliders using the SmartSense
Auto-Tuning capacitive sensing algorithm.

m  Communicate: After you understand how CapSense functions, the next important step is to learn how to
communicate with the CapSense controller to send and receive data. This communication is necessary to tune
CapSense sensors as well as to interface the CapSense controller with the host processor. Code Example 2:
Host Communication Through 12C with a CY8C20xx6A CapSense Controller and Code Example 3: Data
Transmission Through UART with a CY8C20xx6A CapSense Controller describe in detail how to communicate
with the CapSense controller.

®  Tune: The next step is to tune CapSense sensors for robust operation. To complete the tuning procedure, you
must first know the parasitic capacitance of all the capacitive sensors on the PCB. Code Example 4: Measuring
Absolute Sensor Capacitance with a CY8C20xx6A CapSense Controller, Code Example 5: Measuring Absolute
Sensor Capacitance with a CY8C21x34/B CapSense Controller, and Code Example 6: Measuring Absolute
Sensor Capacitance with a CY8C20x34 CapSense Controller demonstrate how to measure the parasitic
capacitance of each capacitive sensor for different CapSense devices. Code Example 7: Tuning CSD with a
CY8C20xx6A CapSense Controller, Code Example 8: Tuning CSD with Feedback Resistor with a CY8C21x34/B
CapSense Controller, and Code Example 9: Tuning a CSA_EMC with a CY8C20x34 CapSense Controller
describe the steps to tune CapSense controllers.

m  Optimize for Power Consumption: Finally, Code Example 10: Power Consumption Optimization for One
CapSense Button Using SmartSense on CY8C20xx6A explains how to optimize the power consumed by the
CapSense controller to ensure longer battery life in the end application.

Note Only four CapSense devices are under the scope of this design guide: CY8C20xx6A, CY8C20x34,
CY8C21x34/B, and CY8C24x94. Refer to the Appendix of this document for instructions on how to port the code
examples to other CapSense devices. The Appendix also provides instructions on Configuring the CSD User Module,
which is required to create or modify a code example.
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Table 1. List of Code Examples

Introduction

Code Code Example Target Kit Description
Example

1 Buttons and Sliders with CY3280-20x66 Demonstrates how to implement CapSense buttons and sliders with
SmartSense with a CY8C20xx6A SmartSense auto-tuning user module.

CapSense Controller

2 Host Communication Through 12C CY3280-20x66 Demonstrates how to transfer CapSense data to and from a
with a CY8C20xx6A CapSense CapSense controller through I°C. It also explains how to plot read
Controller back data using Bridge Control Panel tool.

3 Data Transmission Through UART CY3280-20x66 Demonstrates how to transmit CapSense data in RS232 data
with a CY8C20xx6A CapSense packet format. It also explains how to plot read back data using
Controller MultiChart tool.

4 Measuring Absolute Sensor CY3280-20x66 Measures the absolute capacitance of sensors with parasitic
Capacitance with a CY8C20xx6A capacitance (Cp) up to 60 pF to within 1 pF accuracy and then
CapSense Controller display the results on a PC using Windows HyperTerminal or Bridge

Control Panel.

5 Measuring Absolute Sensor CY3280-21x34 Measures the absolute capacitance of sensors with parasitic
Capacitance with a CY8C21x34/B capacitance (Cp) up to 60 pF to within 1 pF accuracy and then
CapSense Controller display the results on a PC using Windows HyperTerminal or Bridge

Control Panel.

6 Measuring Absolute Sensor CY3280-20x34 Measures the absolute capacitance of sensors with parasitic
Capacitance with a CY8C20x34 capacitance (Cp) up to 60 pF to within 1 pF accuracy.

CapSense Controller

7 Tuning CSD with a CY8C20xx6A CY3280-20x66 Tunes the CSD user module in the CY8C20xx6A.
CapSense Controller

8 Tuning CSD with Feedback CY3280-21x34 Tunes the CSD user module in the CY8C21x34/B.
Resistor with a CY8C21x34/B
CapSense Controller

9 Tuning a CSA_EMC with a CY3280-20x34 Tunes the CSA_EMC user module in the CY8C20x34.
CY8C20x34 CapSense Controller

10 Power Consumption Optimization CY3280-20x66 Provides a method to achieve power consumption less than 50 pA
for One CapSense Button Using for one sensor using SmartSense user module.

SmartSense on CY8C20xx6A

Table 2. Code Examples by Product Family

Product Family

Intended Functionality CY8C20xx6A CY8C20x34 CY8C21x34/B CY8C24x94
Buttons and sliders with SmartSense Code Example 1 N/AH After Port®? N/Al
Host communication with 1°C Code Example 2 After Port?2! After Port2! After Port?2!
Data Transmission with UART Code Example 3 After Port'2! After Port'2! After Port'2!
Absolute Sensor Capacitance Measurement Code Example 4 | Code Example 5 Code Example 6 After Port?2!
Tuning CSD Code Example 7 N/AF! No N/A!
Tuning CSD with feedback resistor N/A3 N/AB! Code Example 8 N/AB!
Tuning CSA_EMC N/A3 Code Example 9 N/A! N/A!
Power Consumption optimization with SmartSense Code Example 10 No No No

! These devices do not support SmartSense UM.
2 Code example works after porting the project provided with this guide to the respective devices as explained in the Appendix section Migrating Code
Examples to Other CapSense Devices

% The tuning method is unique to the device and UM.
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Code Example 1 Buttons and Sliders with

SmartSense with a CY8C20xx6A
CapSense Controller
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1.1 Project Name

CE_1_ButtonsandSliders_withSmartSense_withCY8C20xx6A

1.2 Overview

The proper operation of capacitive sensors requires you to manually tune several parameters depending on the
parasitic capacitance (Cp). The SmartSense™ User Module improves and expands the basic architecture of the CSD
UM. A key advance is SmartSense Auto-Tuning. SmartSense UM optimizes the parasitic capacitance operational
parameters during runtime based on the Cp of each sensor; you do not need to manually tune when you use
SmartSense. This code example demonstrates how to use the SmartSense User Module. We use the EzI2Cs User
Module to send CapSense parameters such as raw counts, difference counts, baselines of each button, and
centroid position of slider, to the | ’C master.

1.3 Hardware Setup

1.3.1 Requirements

m  CY3280-20x66 Universal CapSense Controller board

m  CY3280-SLM Universal CapSense Linear Slider Module

m CY3240-12USB Bridge or CY8CKIT-002 Miniprog3

m  CY3217-MiniProgl Programmer Kit or CY8CKIT-002 Miniprog3
= USB A to Mini B Cable

m  PC running Windows XP or later

1.3.2 Assembly

Figure 1-1 represents the hardware setup. The CY3280-20x66 UCC kit connects to the CY3280-SLM module through
a 22x2_RA_Receptacle. Use MiniProg1/MiniProg3 or the I2USB bridge/MiniProg3 to connect to the ISSP header of
the kit. The setup uses the MiniProg1/MiniProg3 for programming and the 12USB bridge/Miniprog3 to send data to a
PC. They connect to the PC through a USB cable.
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Figure 1-1. Hardware Setup Block Diagram

MiniProg1/MiniProg3 }—

CY3280SLM CY3280-20x66 UCC }7 PC

I2USB / MiniProg3 }—

1.3.3 Setting Up the Board

Make following hardware connections:

Connect header J1 of the CY3280-SLM daughter card to the 22x2_RA_Receptacle (connector P2) on the
CY3280-20x66 UCC board.

Place a jumper on header J7 to short the pins Vcc and Vec proc 0f the UCC board. This setting allows you to
power the CapSense controller from the ISSP connector.

Place a jumper on header J4 to short the pins XRES and XRES/INT (pins 1 and 2) of the UCC board. This
setting routes the XRES pin of the CapSense controller to pin 3 of ISSP connector J3.

Place a jumper on header J2 to short the pins GND and SHIELD (pins 2 and 3) of the CY3280-SLM board. This
setting allows the board hatch pattern on the CY3280-SLM board to connect to ground.

Connect the MiniProg1/MiniProg3 to the ISSP header on J3 of the UCC board. This connection is required only
when the UCC is to be programmed with the code generated hex file. This connection has to be replaced with
the 12USB bridge/MiniProg3 when the CapSense data is to be read in the Bridge Control Panel software.

Use the USB A to Mini B cable to connect the other end of the MiniProg1 (or the I2USB bridge or the MiniProg3)
to the PC.
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11


http://www.cypress.com/?rID=37761
http://www.cypress.com/?rID=38222

A
W

N 4

CYPRESS

EMBEDDED IN TOMORROW™

1.4 Schematic

POl

U1

Cmod

2.2nF _

PRO(B]
PRO[4]
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560

Buttons and Sliders with SmartSense with a CY8C20xx6A CapSense Controller

—tlne
L2202 fpog
L2 3 ey
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et — Pal1]
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— Pay1]
—E pap)
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—12 pyp7

NC 22—

@
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40

Po[3]
Po[s]
NC
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5
o

P2l6]

Pof6]
Po[4]
Po[2]

P2[4)
P2[2]
P2[0]

P4[2)

CY8C20666 4(0)

(6]
P3[4)
Pa[2)
P3[0]
XRES
P

Pi[2]
P1[

R7 560 PR2[6
R 560 PR2[4
34 R5 560 PR2[2
R4 560  PR2[0
|32
3l
|30
29
R3 560 PR32
R2 560  PR3[0]
|26
P1[6

—13 ] P1[5T

The modulator capacitor (Cmop) is @ 2.2 nF capacitor connected to PO[3]. A 560 Q resistor is connected in series with
each CapSense button to reduce RF interference. LEDs are connected in active low configuration with 1 kQ series

560

PR1[4]

CapSense Buttons

P1[6] 560 11
cap_butd
Pil3] 560, 12
cap_but1
P3[3] 560 13
cap_but2
P2[1] 560 14
cap_but3
P2[3] 560 15
cap_but4
LEDs
LEDO
P2[5] A\
LED1
P27 AN
LED2
Poj A\
LED3
Pojs] XN
LED4
Pi[2] X

resistors. In total there are five LEDs, five buttons, and one slider with 10 segments available.

Table 1-1. Pin Assignments for LEDs, Buttons, and Slider Segments

LED Button Slider Segment
LEDO - P2[5] | BTNO - P1[6] SLDO - P1[4], SLD1 - PO[6]
LED1 - P2[7] | BTN1 - P1[3] SLD2 - PO[4], SLD3 - P0[2]
LED2 - PO[1] | BTN2 - P3[3] SLD4 - P2[6], SLD5 - P2[4]
LED3 - PO[5] | BTN3 - P2[1] SLD6 - P2[2], SLD7 - P2[0]
LED4 - P1[2] | BTN4 - P2[3] SLD8 - P3[2], SLD9 - P3[0]

1.5 Software Setup

1.5.1 Tools Required

m  PSoC Designer™ (version 5.2 or higher)

m  PSoC Programmer (version 3.13 or higher)

®m  Bridge Control Panel
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1.5.2 User Module List

The following table lists the user modules (UM) used in this code example and the hardware resources occupied by
each UM.

User Module Hardware Resources
SmartSense CapSense and Comparator, Timerl
EzI2Cs I’C/SPI Block

1.5.3 User Module Parameters, Global Resources

The ReadMe. txt file in the project describes the parameter settings for the user modules used in this code example.
It also includes a list of the Global Resources.

1.6 Operation
On reset, the firmware performs the following operations:

m  Defines a structure Myl2C_Regs to store the button number, raw count, difference count, baseline, the centroid
position, and the status of the CapSense button corresponding to the given button number.

®m  Enables global interrupt, and then starts the SmartSense user module.
m  Starts the EzI2Cs UM, and then sets the structure Myl2C_Regs as the I°C RAM buffer.

m  Performs the following operations in an infinite loop:

o Scans all sensors continuously and updates the structure Myl2C_Regs with the raw count, difference count,
baseline, slider centroid position, and the status of the requested CapSense button. The I°C master can
request CapSense data of a particular button by writing the button number into the first byte of the I°C buffer
of the EzI2Cs slave.

o When the firmware detects a button press, it switches the corresponding LED to ON. It switches the LED to
OFF when the button is released.

o When the slider is touched, the firmware turns the LED to ON indicating the touch position.

WWW.Cypress.com Doc. No. 001-74590 Rev. *F
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Figure 1-2. Functional Flow for Code Example 1

Start Loop forever >4—

A

Epable global Scan all sensors
interrupts Update all baselines
Set I2C RAM buffer Check for active
sensors
A A
Start I°C
Start SmartSense UM Update LEDs

v

Update I°C RAM buffer with

Initialize CapSense CapSense parameters
baselines (RawCount, Baseline, SensorMask,

Difference Counts Slider Position)

A

1.7 Running the Code Example

Program the board with the project, and then use this procedure to run the code example. For details on how to
program the UCC board, refer to the Chapter 5 of CY3280-20x66 kit guide.

1.

2.

3.

Use MiniProgl/MiniProg3 or any of the sources mentioned in the CY3280-20x66 UCC kit guide to power the
board at 5 V.

Touch the linear slider on the CY3280-SLM module board. The corresponding LEDs on the CY3280-SLM board
light up.

Touch a button. The corresponding LED on the CY3280-SLM module board lights up. Multiple buttons can be
touched at the same time. The linear slider and buttons can also be used simultaneously.

1.8 Reading CapSense Data over I°C

Use this procedure to run the code example and to read back the CapSense data on to Bridge Control Panel tool. For
additional details on the Bridge Control Panel, see AN2397, “CapSense® Data Viewing Tools”.

1.8.1 Loading the Bridge Control Panel

1.

2.

e

Use 12USB bridge/ MiniProg3 and a USB A to Mini B cable to connect your computer to the ISSP connector J3 of
the CY3280-20x66 Universal CapSense Controller board.

On the computer desktop, select Start > All Programs > Cypress > Bridge Control Panel (version) > Bridge
Control Panel (version).
The Bridge Control Panel is a component installed during the PSoC Programmer installation.

Select the device from the port selection window.
Power the CY3280-20x66 CapSense Controller board at 5 V.

From the Bridge Control Panel, select File > Open. Load the BCP.iic file from BCP Configuration Files folder
contained in the code example project folder.
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7.

Select Charts > Variable Settings. Load the BCP. ini file from BCP Configuration Files folder contained in the

code example project folder.
: - [B]x]

File  Edtor Chart Execute Tools  Help

FRE SRR CE EEE

Edior | Chart | Table | File

;I2C Write <Slave Address> <Offset> <SensorIndex = Sensor#>
;Sensor# = 00 for BIN#H#O

;Sensor# = 04 for BIT#4
;Sensor# = 05 for SLD#D

;Sensor# = OF for SLDHS
W 04 00 00 ; T2C Write <Slave Address = 04> <0ffset = (> <SensorIndex = (>

;I2C_Read <Slave Address> <Sensory_Index, 8hits> <RawCount, 16bits> <Baseline, 16,
R 04 ESensor Index @lRawCount E@0RawCount @lBaseline @0Baseline @1DiffCount EODif:

=
w

>

Successfully Connected to Bridge/0000011
USB2IIC Bridge version 1.22

Power Protocol
© S @ 12
O 43

Send al stings: [ Connected [2C/SP1-USB corverters @
=
Repestcor. | 03]
o] Scompeiod [ 13]

[ 1en | Spntax s ok Jok 0 Gannecked ] [ Payiered (] voltage: -

Click OK to return to the main window.

1.8.2 Reading Raw Count, Baseline, and Difference Count of BTNO

1.
2.

3.

1.8.3 Reading raw count, baseline, difference count, and slider position of SLDO

Send the I°C write instruction W 04 00 00 once.
Click the Repeat button to send the following I°C read instruction continuously:

R 04 @Sensor Index @l1RawCount @ORawCount @1Baseline @OBaseline @1Diffcount

@ODiffCount @ButtonStatus @SliderPosition

Click the Chart tab to view raw count, baseline, and difference count of BTNO.

1. Send the I°C write instruction W 04 00 05 once.
2. Click the Repeat button to send the following I°C read instruction continuously:
R 04 @Sensor Index @lRawCount @ORawCount @lBaseline @OBaseline @1Diffcount
@O0DiffCount @ButtonStatus @SliderPosition
3. Click the Chart tab to view raw count, baseline, difference count, and slider position of SLDO.
WWW.Cypress.com Doc. No. 001-74590 Rev. *F
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2.1 Project Name

CE_2_HostCommunication_vial2C_withCY8C20xx6A

2.2 Overview

This code example uses the I C communication protocol to send the data (raw counts, difference counts, baseline,
and status) of five CapSense buttons and a ten-segment slider to the Bridge Control Panel tool where we can view
it. The CSD algorithm implements the buttons on the CY8C20xx6A CapSense controller. By specifying the button
number, you can obtain the data of that particular button.

2.3 Hardware Setup

2.3.1 Requirements

CY3280-20x66 Universal CapSense Controller board

CY3280-SLM Universal CapSense Linear Slider Module

CY3240-12USB Bridge or CY8CKIT-002 Miniprog3

CY3217-MiniProgl Programmer Kit or CY8CKIT-002 Miniprog3
m  USB A to Mini B Cable

2.3.2 Assembly

Figure 2-1 represents the hardware setup. The CY3280-20x66 UCC kit connects to the CY3280-SLM module through
a 22x2_RA_Receptacle. Connect either the MiniProg1/MiniProg3 or the I2USB bridge/MiniProg3 to the ISSP header
of the kit. The setup uses the MiniProg1/MiniProg3 for programming and the I2USB bridge/MiniProg3 to send data to
PC. They connect to the PC through a USB cable.

Figure 2-1. Hardware Setup Block Diagram

MiniProg1/MiniProg3

CY3280SLM CY3280-20x66 UCC Jﬁ - PC

12USB / MiniProg3
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2.3.3 Setting Up the Board

Make the following hardware connections:

Host Communication Through 12C with a CY8C20xx6A CapSense Controller

m  Connect header J1 of the CY3280-SLM daughter card to the 22x2_RA_Receptacle (connector P2) on the
CY3280-20x66 UCC board.

®m  Place a jumper on header J7 to short the pins Vcc and Vec proc 0f the UCC board. This setting allows you to

power the CapSense controller from the ISSP connector.

®  Place a jumper on header J4 to short the pins XRES and XRES/INT (pins 1 and 2) of the UCC board. This
setting routes the XRES pin of the CapSense controller to pin 3 of ISSP connector J3.

®  Place jumper on header J2 to short the pins GND and SHIELD (pins 2 and 3) of the CY3280-SLM board. This

setting allows the board hatch pattern on the CY3280-SLM board to connect to ground.

m  Connect the MiniProg1/MiniProg3 to the ISSP header on J3 of the UCC board. This connection is required only

when the UCC is to be programmed with the code generated hex file. This connection has to be replaced with

the 12USB bridge/MiniProg3 when the CapSense data is to be read in the Bridge Control Panel software

m  Use the USB A to Mini B cable to connect the other end of the MiniProg1 (or the 12USB bridge or the MiniProg3)

to the

PC.

2.4 Schematic
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The modulator capacitor (Cmop) is a 2.2 nF capacitor connected to PO[3]. A 560-Q resistor is connected in series with
each CapSense button to reduce RF interference. LEDs are connected in active low configuration with 1-kQ series
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resistors. In total there are five LEDs, five buttons, and one slider with 10 segments available.
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Host Communication Through 12C with a CY8C20xx6A CapSense Controller

Table 2-1. Pin Assignments for LEDs, Buttons, and Slider Segments

LED Button Slider Segment
LEDO - P2[5] | BTNO - P1[6] | SLDO - P1[4], SLD1 - PO[6]
LED1 - P2[7] | BTN1-P1[3] | SLD2 - PO[4], SLD3 - P0O[2]
LED2 - PO[1] | BTN2 - P3[3] | SLD4 - P2[6], SLD5 - P2[4]
LED3 - PO[5] | BTN3-P2[1] | SLD6 - P2[2], SLD7 - P2[0]
LED4 - P1[2] | BTN4-P2[3] | SLD8 - P3[2], SLD9 - P3[0]

2.5 Software Setup

2.5.1 Tools Required

m  PSoC Designer (version 5.2 or higher)

m  PSoC Programmer (version 3.13 or higher)

®  Bridge Control Panel

2.5.2 User Modules List

The following table lists the user modules (UM) used in this code example and the hardware resources occupied by

each UM.

User Module Hardware Resources
CsD CapSense Block, Timerl (default)
EzI2C I°C/SPI Block

2.5.3 User Module Parameters, Global Resources

The ReadMe. txt file in the project describes the parameter settings for the user modules used in this code example.
It also includes a list of the Global Resources.

Note We tuned the code example for the 1.5 mm acrylic overlay that comes with the CY3280-SLM kit. To check the
example with a thicker overlay, tune the project as described in Code Example 7: Tuning CSD with a CY8C20xx6A
CapSense Controller.

2.6 Operation

On reset, the firmware performs the following operations:

m  Defines a structure Myl2C_Regs to store the button number, raw count, difference count, baseline, the centroid
position, and the status of the CapSense button corresponding to the given button number.

= Enables global interrupt, and then starts the CSD UM.

m  Starts the EzI2Cs UM, and then sets the structure Myl2C_Regs as the I°C RAM buffer.

m  Performs the following operations in an infinite loop:

o Scans all sensors continuously and updates the structure Myl2C_Regs with the raw count, difference count,
baseline, slider centroid position, and the status of the requested CapSense button. The I°C master can
request CapSense data of a particular button by writing the button number into first byte of the 12C buffer of
EzI2Cs slave.

o When the firmware detects a button press, it switches the corresponding LED to ON. It switches the LED to
OFF when the button is released.

o When slider is touched, the firmware turns the LED to ON indicating the touch position.
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Figure 2-2. Functional Flow for Code Example 2
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Enable global Scan all sensors
interrupts Update all baselines

v v

Check for active
sensors

Set 1°C RAM buffer

4

4

Update LEDs

Start I°C
Start CSD UM ¢
y Update I>’C RAM buffer with
A. Initialize CapSense CapSense parameters
baselines (RawCount, Baseline, SensorMask,
B. Set Finger Difference Counts, Slider Position)
thresholds

2.7 Running the Code Example

Program the board with the project, and then use this procedure to run the code example. For details on how to
program the UCC board, refer to chapter 5 of CY3280-20x66 kit guide.

1. Use MiniProg1/Miniprog3 or any of the sources mentioned in the CY3280-20x66 UCC kit guide to power the
board at 5 V.

2. Touch the linear slider on the CY3280-SLM module board.
The corresponding LEDs on the CY3280-SLM board light up.

3. Touch a button.

The corresponding LED on the CY3280-SLM module board lights up. Multiple buttons can be touched at the same time. The
linear slider and buttons can also be used simultaneously.

2.8 Reading CapSense Data Over I°C

Use this procedure to run the code example and to read back the CapSense data on to Bridge Control Panel tool. For
additional details on the Bridge Control Panel tool, see AN2397, “CapSense® Data Viewing Tools”.

2.8.1 Loading the Bridge Control Panel
1. Use the 12USB bridge/MiniProg3 and a USB A to Mini B cable to connect your computer to the ISSP connector
J3 of the CY3280-20x66 Universal CapSense Controller board.

2. On the computer desktop, select Start > All Programs > Cypress > Bridge Control Panel (version) > Bridge
Control Panel (version).
The Bridge Control Panel is a component installed during the PSoC Programmer installation.

w

Select the device from the port selection window.
Power the CY3280-20x66 CapSense Controller board at 5 V.

5. From the Bridge Control Panel, select File > Open. Load the BCP. iic file from BCP Configuration Files folder
contained in the code example project folder.

Ea
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7.

Select Charts > Variable Settings. Load the BCP. ini file from BCP Configuration Files folder contained in the

code example project folder.

- (3]

File  Editor  Chatt Execute  Tools  Help

ELE R

Editor | Chart | Table | Fiie

;IZC_WZ'ite <Slave Address> <Offset> <Sensorindex = Sensor#>
;Sensor# = (00 for BINH#O

;Sensor# = 04 for BIN#d
;Gensor# = 05 for SLD#HO

;Gensor# = OF for SLDHS
W 04 00 00 , IZC Write <Slave Address = 04> <0ffset = 0> <Sensorindex = 0Ox

;I2C Read <Slave Address> <Sensor Index, §bits> <RawCount, 16bits> <Baseline, 16
R 04 @Sensor Index ElRawCount EORawCount E@lBaseline E0Baseline E1DiffCount EODif:

I~
|»

Successfully Connected to Bridge/0000011
USB2IIC Bridge version 1.22

B3

Power Pratocal
Send ol stings: [] Connected I2C/SPHUSE conveters &0
i 12
Fiepeat count Bicge/0000011 O 3 @
= ot | ., period, ms: 0%

[T ET Jok [ Cannected 1 [T Fowered [ vokage: -

Click OK to return to the main window.

2.8.2 Reading raw count, baseline, and difference count of BTNO

1.
2.

3.

2.8.3 Reading raw count, baseline, difference count, and slider position of SLDO
1.
2,

Send the 12C write instruction W 04 00 00 once.
Click the Repeat button to send the following I°C read instruction continuously:

R 04 @Sensor Index @lRawCount @ORawCount @lBaseline @0Baseline @1DiffCount

@O0DiffCount @ButtonStatus @SliderPosition

Click the Chart tab to view raw count, baseline, and difference count of BTNO.

Send the 1°C write instruction W 04 00 05 once.
Click the Repeat button to send the following I°C read instruction continuously:

R 04 @Sensor Index @lRawCount @ORawCount @lBaseline @OBaseline @1DiffCount

@0DiffCount @ButtonStatus @SliderPosition

Click the Chart tab to view raw count, baseline, difference count, and slider position of SLDO.
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3.1 Project Name

CE_3_DataTransmission_viaUART_withCY8C20xx6A

3.2 Overview

This code example uses the UART communication protocol to send the CapSense® data to a PC in a format that the
MultiChart tool can read. We use the MultiChart tool to view the following CapSense parameters: raw counts,
difference counts (signal), baseline, and the slider position in a graphical form. The SmartSense™ user module (UM)
continuously scans all the buttons and slider segments on the CY3280-SLM, and the UART UM sends the CapSense
parameters to a TX8 output pin. An external level translator converts the TX8 data to RS232 levels then sends it over
the standard RS232 cable to the PC. On the PC, we use the MultiChart tool (available with AN2397) to monitor the
data. The code example also turns the LEDs on the CY3280-SLM ON and OFF to indicate the button status and
slider position.

3.3 Hardware Setup

3.3.1 Requirements

m CY3280-20x66 Universal CapSense Controller board

m  CY3280-SLM Universal CapSense Linear Slider Module

m CY3217-MiniProgl Programmer Kit or CY8CKIT-002 Miniprog3
m  USB A to Mini-B Cable

®  An external RS232 level translator

m A standard 9-pin RS232 serial cable

m  PC with serial (9-pin RS232) port

3.3.2 Assembly

Figure 3-1 represents the hardware setup. The CY3280-20x66 UCC kit connects to the CY3280-SLM module through
a 22x2_RA_Receptacle. A MiniProgl/MiniProg3 connects to header J3 to program and power the kit. P3[5] on
connector P3 connects to an external level translator which in turn connects to the PC through a UART cable.
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Figure 3-1. Hardware Setup Block Diagram

MultiChart RS232 Serial
CY3280-20x66 [ UARTto | USBy)] PR
ucc USB Bridge
L ]
RS232 Level
Translator

Note The CY3280-20x66 UCC can send data to the PC via one of two methods: a UART to USB Bridge or an RS232
level translator (requires a PC with an RS232 serial port).

3.3.3 Setting Up the Board

Make the following hardware connections:

Connect header J1 of the CY3280-SLM daughter card to the 22x2_RA_Receptacle (connector P2) on the
CY3280-20x66 UCC board.

Place a jumper on header J7 to short the pins Vcc and Vec_pros 0f the UCC board. This setting allows you to
power the CapSense controller from the ISSP connector.

Place a jumper on header J4 to short the pins XRES and XRES/INT (pins 1 and 2) of the UCC board. This
setting routes the XRES pin of the CapSense controller to pin 3 of ISSP connector J3.

Place a jumper on header J2 to short the pins GND and SHIELD (pins 2 and 3) of the CY3280-SLM board. This
setting allows the board hatch pattern on the CY3280-SLM board to connect to ground.

Connect the MiniProg1/ MiniProg3 to the CY3280-20x66 UCC on the J3 header.

Connect P3[5] on connector P3 on the CY3280-20x66 UCC to the external level translator. See Figure 3-2 for an
example schematic.

Connect GND from connector P3 on the CY3280-20x66 UCC to the external level translator.

Power the external level translator. The Vcc from connector P3 on the CY3280-20x66 UCC may be used to
power the external level translator with 5 V.

Connect the RS232 cable from the external level translator output to the PC.
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3.4 Schematic
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The modulator capacitor (Cmop) is @ 2.2 nF capacitor connected to PO[3]. A 560 Q resistor is connected in series with
each CapSense button to reduce RF interference. LEDs are connected in active low configuration with 1 kQ series
resistors. In total there are five LEDSs, five buttons, and one slider with 10 segments available.

Table 3-1. Pin Assignments for LEDs, Buttons, and Slider Segments

LED Button Slider Segment
LEDO - P2[5] | BTNO - P1[6] SLDO - P1[4], SLD1 - PO[6]
LED1 - P2[7]| BTNL1-P1[3] SLD2 - PO[4], SLD3 - PO[2]
LED2 - PO[1] | BTN2 - P3[3] SLD4 - P2[6], SLD5 - P2[4]
LED3 - PO[5] | BTN3-P2[1] SLD6 - P2[2], SLD7 - P2[0]
LED4 - P1[2] | BTN4 - P2[3] SLD8 - P3[2], SLD9 - P3[0]

3.5 Software Setup

3.5.1 Tools Required
m  PSoC Designer (version 5.2 or higher)

m  PSoC Programmer (version 3.13 or higher)

®  MultiChart tool (available with AN2397)

3.5.2 User Module List

The following table lists the user modules used in this project and the hardware resources occupied by each user

module.

User Module

Hardware Resources

SmartSense

CapSense Block, Timerl (default)

UART

No blocks occupied (Software
implementation)

3.5.3 User Module Parameters, Global Resource

The ReadMe. txt file in the project describes the parameter settings for the user modules used in this code example.
It also includes a list of the Global Resources.

3.6 Operation

On reset, the program loads all hardware settings from the device configuration into the device and executes main.c.
The firmware then performs the following operations:

®m  Enables global interrupt, and then starts the SmartSense and UART user modules.

m |nitializes the sensor baselines.

m  Performs the following operations in an infinite loop:

o Scans all sensors continuously and uses the UART user module to send the raw counts, difference counts,
baseline, and the slider position to the TX8 pin.

o When the firmware detects a button press, it switches the corresponding LED to ON. It switches the LED to
OFF when the button is released.

o When slider is touched, the firmware turns the LED to ON indicating the touch position.
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Figure 3-3. Functional Flow for Code Example 3

Start Loop Forever >4——

Scan All Sensors

Update all baselines
Enable Global
interrupts
Check for active
v sensors
Start TX8SW UM v

Start SmartSense UM

Update LEDs

v

Send CapSense parameters

A. Initialize CapSense

basellr_1es (RawCount, Baseline, Difference
B. Set Finger . . —
Counts, SensorMask, Slider position )
thresholds

via UART

3.7 Running the Code Example

Program the board with the project, and then use this procedure to run the code example. For details on how to
program the UCC board, refer to chapter5 of CY3280-20x66 kit guide.

1. Use MiniProgl/ MiniProg3 or any of the sources mentioned in the CY3280-20x66 UCC kit guide to power the
board at 5 V.

2. Touch the linear slider on the CY3280-SLM module board.
The corresponding LEDs on the CY3280-SLM board light up.

3. Touch a button.

The corresponding LED on the CY3280-SLM module board lights up. Multiple buttons can be touched at the same time. The
linear slider and buttons can also be used simultaneously.
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3.8 Plotting CapSense Data with MultiChart

Use this procedure to run the code example and view the plotted data with the MultiChart tool. For more information
and to download the MultiChart tool, see AN2397, “CapSense® Data Viewing Tools”

1. Open the MultiChart tool.
2. From the MultiChart tool, select Tools > Settings.
The Settings dialog box appears.

Settings rz|
Select port COk1 “
Fort speed
“isible points
Log file name |MultiChartLog.csv ﬂ

3. Use the Select port drop list to select the COM port used to connect the board to computer.
Most users connect via COM1. However, your system may be different.

4. Use the Port speed drop list to select 115200, and then click OK.
The raw counts appear in red and the baseline in blue.

[ MultiChart
Eile Chart Inols Help

K0 HEEE %

Sensor View | Custom View

Series:

— Raw Data
— Baseline
— Sigral

Select data
to display

Signal

0 500 1000 1500 2,000 2,500 3000 3,500 4,000 4,500 5000

COM1_ Funning Packet ho. (49 pktls) Logging. OFF

5. Touch button 0 to observe the signal (difference counts).

[ MultiChart
File chart Tools Help

X0 HAkE %

Sensor View | Custom View

Series:

— Raw Data
-~ Baseline
— Signal

Select data
to display

0 SO0 1,000 1500 2,000 2500 3000 3,500 4000 4,500 5,000

COM1 Running Packet no. (51 pktis) Loaging OFF
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6. The ‘raw count 15 variable of series 15 represents the slider position (varies between 0 — 100), shown below. If
you are not able see it, zoom in or set the axes to auto in Chart > Edit...>Axis.

] MultiChat
Fie Chan Toou Help

@D dR=E| %

SonsrViow Gt

100

©
@ : : . i
= I 1 r T i Select data
w0 o display
7 -
{ i 5
3
“ 0
» i
12
» 3 [
0 i i i i Lo
. -

coMe ET.

Data | Baseline
)

Signal

7. The sensor view shows only one sensor at a time. In this view, ‘Raw Count 15’ represents the slider position. To
observe multiple sensors together, click the Custom View tab.

B MultiChart
File Chart Tools Help

X0 HEB2E %

Sensor View | Custom Yiew |

3,630

3620

W — Raw Court 0 |4 |

36104 W — Reaw Court 1
g . W Raw Court 2
W — Raw Court 3
3590 ¥ Rew Court 4
3580 [~ — Raw Court 5
[~ — Raw Court 6
3504
[~ — Raw Court 7
3,560 [~ — Raw Court &
3550 -~ [~ — Raw Court 9
™ — Raw Court 10
EE [~ — Raw Court 11
3530 4--- [~ — Rew Court 12
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[T — Raw Court 14
3,510 4y

r Baseline 0
r Baseline 1

3,500 -
0 500 1,000 1,500 2,000 2500 3000 3500 4000 4500 5000|  Baseine2 [y

COM1  Running Packet no. (49 pkt/s) Logging OFF El

WWw.cypress.com Doc. No. 001-74590 Rev. *F 27



Code Example 4 Measuring Absolute

Sensor Capacitance with a CY8C20xx6A
CapSense Controller

CYPRESS

EMBEDDED IN TOMORROW™

.
e
-

4.1 Project Name

CE_4_MeasuringAbsSensorCap_withCY8C20xx6A

4.2 Overview

This code example demonstrates how to use a CY8C20xx6A CapSense® controller to calculate the absolute
capacitance of five sensors and to display the results on a computer with Windows HyperTerminal software or Bridge
Control Panel. The measured absolute capacitance is accurate to 1 pF.

4.3 Hardware Setup

4.3.1 Requirements

m  CY3280-20x66 Universal CapSense Controller

m  CY3280-SLM Universal CapSense Linear Slider Module

m  RS232 Level Translator Module

m CY3240-12USB Bridge or CY8CKIT-002 Miniprog3

m  CY3217-MiniProgl Programmer Kit or CY8CKIT-002 Miniprog3
m  USB A to Mini B Cable

®  PC running Windows XP or later

4.3.2 Assembly

The following figure represents the hardware setup. The CY3280-20x66 UCC kit connects to the CY3280-SLM
module through a 22x2_RA_Receptacle. Connect a MiniProg1/MiniProg3 to header J3 to program and power the kit.
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Figure 4-1. Hardware Setup Block Diagram

—b‘ MiniProg1/MiniProg3

CY3280SLM H CY3280-20x66 UCC }7 PC

12USB / MiniProg3/RS232
Level Translator

.

Note This code example uses the external level translator. However, you can also use a UART-to-USB bridge to view
the data on the PC. You can convert the CY3240-12USB bridge included in the UCC kit to a UART-to-USB bridge.
For more details, see AN2397, “CapSense® Data Viewing Tools”. Bridge Control Panel software can be used to view
sensor Cp on the PC using either 12C-USB bridge or MiniProg3. HyperTerminal can be used to view the data on the
PC using RS232 communication protocol.

4.3.3 Setting Up the Board

Make the following hardware connections:

m  Connect header J1 of the CY3280-SLM daughter card to the 22x2_RA_Receptacle (connector P2) on the
CY3280-20x66 UCC board.

®m  Place a jumper on header J7 to short the pins Vcc and Vec pros 0f the UCC Board. This setting allows you to
power the CapSense controller from ISSP connector.

m  Place a jumper on header J4 to short the pins XRES and XRES/INT (pins 1 and 2) of the UCC Board. This
setting routes the XRES pin of the CapSense controller to pin 3 of ISSP connector J3.

®  Place a jumper on header J2 to short the pins GND and SHIELD (pins 2 and 3) of the CY3280-SLM board. This
setting allows the board hatch pattern on the CY3280-SLM board to connect to ground.

m  Connect the MiniProg1/MiniProg3 to the CY3280-20x66 UCC on the J3 header to program the device.

m  [f sensor Cp is viewed on Bridge control panel through I2C communication protocol, connect the jumper J3 of
CY3280-20x66A to [12C-USB Bridge/MiniProg3 and the other end of bridge/MiniProg3 to the computer through
USB A to mini B cable. Power the device by clicking on Toggle power button in Bridge control panel.

m  |f sensor Cp is viewed on HyperTerminal through UART, connect the TX pin of RS232 level translator board to
P1[7] of UCC. Connect Vcc and GND pins of level translator to Vcc and GND pins of UCC respectively. A good
example of RS232 level translator is MAX 232 serial level converter

m  Use the serial cable to connect RS232 port of level translator board to the computer.
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4.4 Schematic

Measuring Absolute Sensor Capacitance with a CY8C20xx6A CapSense Controller
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CY8C20xx66 CAPSENSE
CONTROLLER BLOCK

The modulator capacitor (Cwop) is a 2.2 nF capacitor connected to PO[3]. A 560 Q resistor is connected in series with
each CapSense button to reduce RF interference.

Table 4-1. Pin Assignment for CapSense Buttons

Button Pin
0 P1[6]
1 P1[3]
2 P3[3]
3 P2[1]
4 P2[3]

4.5

Software Setup

45.1 Tools Required

m  PSoC® Designer™ (version 5.2 or higher)

m  PSoC Programmer (version 3.13 or higher)

®  Bridge Control Panel

®  Windows HyperTerminal
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4 5.2 User Modules List

The following table lists the user modules (UM) used in this code example and the hardware resources occupied by
each UM.

kjﬂifjrule Hardware Resources

CSD CapSense block, Timerl(default)

Ezl2Cs 12C block

TX8SW No blocks occupied ( Software implementation)

4.5.3 User Module Parameters, Global Resources

The ReadMe . txt file in the project describes the parameter settings for the user modules used in this code example.
It also includes a list of the Global Resources.

4.6 Operation

The program uses the following formula to calculate raw counts for a sensor:

R
2"=1-V .-
( ) ref fi C

Ipac )

raw _count =

5

Where,

n = resolution

Vref = Reference voltage

fs = switching voltage of the pre-charge clocks
Cs = sensor Capacitance

iDAC = iDAC current

n, f and Vref can be determined from CSD UM parameters.

iDAC can be determined by the below equation:

-iDAC

gain range

ip.c = IDAC _D-iDAC

IDAC_D is the control register setting, and iDACrange is the “ldac Range” in CSD UM parameter setting. Both of
these are known at design time. The only missing piece needed to calculate IDAC is iDACgain. iDACgain is the
iDAC strength in A/bit which varies over PVT from part to part. In the 4X range, the test limits for iDACgain are
230nA/bit < iDACgain < 270nA/bit.

The Krypton ATE program (at production) measures iDAC current in the 4x range with IDAC_D = 0xCO = 192. With a
nominal 247nA/bit iDAC, this current would be 247nA/bit; 192 * 4 = 190uA. The ATE measures the actual current
and records the difference in uA from 190uA in a sign-and-magnitude format and stores it as bIDACComp. The MSB
(mask = 0x80) is interpreted as the sign with 1 = negative and 0 = positive. For example, a part with 0x8D stored has
iDACgain = (190uA — 13uA) / (4 * 192) = 230nA/bit.

Note that:
2"-1) = Vier * fs
ipac
The program uses the following procedure to display the absolute capacitance on the screen:

uSensitivity = Cs/RawCount =

1. Calculates the sensitivity for the sensors and stores the results in the variable uSensitivity. GetiDACComp() is a
custom function defined in the file GetIDACComp.asm to retrieve the IDAC compensation for part-to-part
variations in IDAC.

2. Note: Since IDAC varies with temperature variation, this code example is only valid for room temperature.
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choice.

Enables the global interrupts, and starts the user modules.
Scans each sensor sequentially, and gets the raw counts from the CSD_waSnsResult[] array.

Calculates the absolute capacitance by taking the ratio of the raw counts and the sensitivity.

Transmits the result to a computer for display in the Bridge Control Panel or HyperTerminal, depending on user

Figure 4-2. Functional Flow for Code Example 4

Start

A

Call IDACComp() to retrieve IDAC
offset from trim rows

v

Apply IDAC Compensation

}

Loop forever

Enable global interrupts

A

Start CSD UM

UART Enabled?

Yes

Start EzI2C UM

Start TX8SW UM

4.7 Running the Code Example

Programming the UCC Board

Ensure that the #define UART statement is commented out in main.c, as shown in the following screenshot. Next,
generate the project (press F6), and program the board. For details on how to program the UCC board, refer to
chapter 5 of the CY3280-20x66 kit guide.

Www.Ccypress.com

Yes

Initialize Sensor scan loop

Scan Sensor

4

Calculate sensor absolute
capacitance

4

A

Display capacitance value in
Hyperterminal/Bridge Control
Panel

l

Next sensor

All Sensors Complete
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- A

750 /% Comment this while using I2C;Uncomment this while using TART */
76 //#define UART

Monitoring sensor data using BCP

1. Connect jumper J3 of CY3280-20x66A to I2C-USB Bridge or MiniProg3 and the other end of 12C-USB

bridge/MiniProg3 to the computer through USB A to mini B cable.

2. On the computer desktop, select Start > All Programs > Cypress > Bridge Control Panel (version) > Bridge

Control Panel (version).
Select the device (12C-USB Bridge or MiniProg3) from the port selection window.
Power the device by clicking the Toggle power button in Bridge Control Panel.

rw

5. From the Bridge Control Panel, select File > Open. Load the BCP.iic file from BCP Configuration Files folder

contained in the project folder.

6. Select Charts > Variable Settings. Load the BCP.ini file from BCP Configuration Files folder contained in the

project folder.

7. Click on the send button to send the 1°C command to the CY8C20xx6 controller to get the sensor Cp values in

the bottom window in the hex format as shown in the following figure.

% Bridge Control Panel,

File Editor Chart Execute Tools Help
R EERR(CEEEERE
| Edtor [Chart | Table [ Fie_|

;Bridge Control Panel reads the capacitance of 5 sensors
;I2C Read <Slave Address> <Sensorl Cp, 8bits> <Sensor2 Cp, 8bits>
;<Sensor3 Cp, 8bits> <Sensord Cp, 8bits> <Sensor5 Cp, 8bits>

R 00 €Cpl @Cp2 @Cp3 @Cp4 @Cp5

Sensor Cp (Hex value)

R 00+ 11+ OF+ OD+ OC+ OB+ p
R 00+ 11+ OF+ OD+ OC+ OB+ p
R 00+ 11+ OF+ OD+ OC+ OB+ p
R 00+ 11+ OF+ OD+ OC+ OB+ p
R 00+ 11+ OF+ OD+ OC+ OB+ p
R 00+ 11+ OF+ OD+ OC+ OB+ p
R 00+ 11+ OF+ OD+ OC+ OB+ p

<

™|

Connected 12C/SPI/RX8 Ports: P
(@ | : ngs: [ Lo Protord
Q EJ—H g Send all strings: MiniProg3/1223DD001563 \E @ +50V © Ic

COM1
Repeatcount: | 0% |coms © 33 SPI
(s ! = |coma 25v
Scan period, ms: 0] © g 2% ©reumD
[5:31 [syntax:oK [Ce=a57 Rate=387 smp/s [ Conneetedl ] |1 Powered ] voltage: 5000 mv
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5 Bridge Control Panel
File Editor Chart e Tools Help
XA etk Sensor Cp (Decimal value)
# Cpl o2 o3 Cot o5 / 3
0 17 15 14 12 1 @
1 17 15 14 12 1
2 17 15 14 12 1
3 17 15 14 12 1
4 17 15 14 12 1
5 17 15 14 12 1
6 17 15 14 12 1
7 17 15 14 12 1
8 17 15 14 12 1
9 17 15 14 12 11
10 17 15 14 12 1
1 17 15 14 12 1
12 17 15 14 12 1
13 17 15 14 12 1
14 17 15 14 12 1
15 17 15 14 12 1
16 17 15 14 12 1
17 17 15 14 12 1
18 17 15 14 12 11 e

Power Protocol

© +50v @ 1
© «33v SPI

23 omawm

[ 521

["Syntax: 0K [Ce=a57 Rate=387 smp/s |1 Conneeted | | Powered ] voltage: 5000 mv

Programming the UCC board
Uncomment #define UART statement in main.c as shown in the following screenshot, generate the project, and

program the ucc
board.

T4

750 /% Comment this while using I2C;Uncomment this while using ULRT */

76

$#define ULRT

Monitoring sensor data using HyperTerminal

1.

Power the board using either Miniprogl or Miniprog3.
On the computer desktop, select Start > All Programs > Accessories > Communication > HyperTerminal.

2
3. Type a name for the connection.
4

Click OK.
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Connection Description

% New Connection

Enter a hame and choose an icon for the connection:

MName:

[AbsCap_measurement |

SLEEH "

<l il |

lcon:

[ ok [ cance |

5. Use the Connect using drop list to select the serial port used to receive data from the PSoC.
6. Click OK.

Connect To @ @

% AbsCap_measurement

Enter details for the phone number that you want to dial:

Country/region:

Area code: [:]

Phone number: [ I

Connect using: | T

[ ok || cancel |

7. Inthe COM Properties dialog box, configure the following parameters:

®m  Bits per second = 115200
m  Data bits = 8

m  Parity = None

m  Stop bits=1

®  Flow control = None

8. Click OK. The HyperTerminal connects to the specified COM port and is ready for use.
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COM5 Properties @
Bits per second: \115200 V'
Data bits: ’8 vl
Parity: ‘None v}
Stop bits: ’1 vl
Flow control v}

[ Restore Defaults ]
I 0K ] [ Cancel ] [ Apply ]

9. Power on and reset the UCC.

The results appear in the HyperTerminal window.
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& AbsCap - HyperTerminal

File Edit View Call Transfer Help
D @3 DB
Absolute Capacitance Measurements:
Sensor(0) Sensor{l) Sensor{2) Sensor(3) Sensor(4)
16pF 15pF 13pF _ 12pF 11pF
Connected 0;02:11 Auto detect 115200 8-N-1
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Code Example 5 Measuring Absolute

Sensor Capacitance with a CY8C21x34/B
CapSense Controller

CYPRESS
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.
e
-

5.1 Project Name

CE_5_MeasuringAbsSensorCap_withCY8C21x34

5.2 Overview

This code example uses a CY8C21x34/B CapSense® controller to calculate the absolute capacitance of five sensors
and display it on a computer with Windows HyperTerminal software or Bridge control panel. The measured absolute
capacitance is accurate to 1 pF.

5.3 Hardware Setup

5.3.1 Requirements

m  CY3280-21x34 Universal CapSense Controller

m  CY3280-SLM Universal CapSense Linear Slider Module

m  RS232 Level Translator Module

m  CY3240-12USB Bridge or CY8CKIT-002 Miniprog3

m  CY3217-MiniProgl Programmer or CY8CKIT-002 Miniprog3
m  USB A to Mini B Cable

®  PC running Windows XP or later

5.3.2 Assembly

Figure 5-1 represents the hardware setup. The CY3280-21x34 UCC kit connects to the CY3280-SLM module through
a 22x2_RA_Receptacle. A MiniProg1/MiniProg3 connects to header J3 to program and power the kit.

The Bridge Control Panel software can be used to view the sensor Cp on the PC using either the I12C-USB bridge or
MiniProg3.
The HyperTerminal can be used to view the data on the PC using the RS232 communication protocol.
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Figure 5-1. Hardware Setup Block Diagram

—»‘ MiniProg1/MiniProg3

CY3280SLM P‘ CY3280-21x34 UCC J— PC

12USB / MiniProg3/RS232
Level Translator

5.3.3 Setting Up the Board

Make the following hardware connections:

Connect header J1 of the CY3280-SLM daughter card to the 22x2_RA_Receptacle (connector P2) on the
CY3280-21x34 UCC board.

Place a jumper on header J1 to short the pins Vcc and 5 V of the UCC board. This setting allows you to power
the CapSense controller from the ISSP connector.

Place a jumper on header J4 to short the pins XRES and XRES/INT (pins 1 and 2) of the UCC board. This
setting routes the XRES pin of the CapSense controller to pin 3 of ISSP connector J3.

Place jumper on header J2 to short the pins GND and SHIELD (pins 2 and 3) of the CY3280-SLM board. This
setting allows the board hatch pattern on the CY3280-SLM board to connect to ground.

Connect the MiniProg1/MiniProg3 to the CY3280-21x34 UCC on the J3 header to program the device

If sensor Cp is viewed on Bridge control panel through 12C communication protocol, connect the jumper J3 of
CY3280-21x34 to 12C-USB Bridge/MiniProg3 and the other end of bridge to the computer through USB A to
mini B cable. Power the device by clicking on Toggle power button in Bridge control panel.

If sensor Cp is viewed on the HyperTerminal through UART, connect the TX pin of the RS232 level translator
board to P1[7] of UCC. Connect the Vcc and GND pins of the level translator to the Vcc and GND pins of UCC
respectively. A good example of an RS232 level translator is the MAX 232 serial level converter

Use the serial cable to connect the RS232 port of the level translator board to the computer.
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5.4 Schematic

<
'S

10 uFd 25v g

"lict

haf
U1
PO[O P1[0
0 NAAT Sroo) B Puo S he NPT
Rb cmod P02 R6 560 53 | POl s R7 gy ~560 P1[2
P3[1] R 15K o PO[3] R9 560 4 R10 60 P1[3]
BO P1[6 BIV\C PO[2] RIL 560 54 | POI3 P1[3 R12 560 P1[4
c2 P05 RI3 A 560 Po[4 P[4 54 560 TXESW_out
PO[6 R16 w 560 55 | POIS PIBI Maa RI7 <\ o PI6]
B1 ,x P1[3 =| zonr PO R18 560 2| Pale o0 R19 560 Pi[7]
= 560 = 560
P3[3 P2[0 P3[0
B2 P2 _1} ggg ﬁ 560 43 P2[0] P3[0 ‘2‘3 - o560 - Iiini]
P2[2 R23 560 49 | P21 ol a5 Raa s P3[2]
B3 o P2[1 P2[3 R25 560 8 | P2[2 P3(2] 710 R26 A\ pmn560 P33
2[4 R27 560 50 | P23 P3[3 = 560
P25 R28 560 7 | P24
B4 o, P2[3 P26 R29 560 51 | P25
P2[7 R30 560 6 gg ;3
= 560 e o
CAPSENSE BUTTON NG
NC
HCLK R32,m 42 NC %1
CCIK R3S 100 23| HOLK NC 1725
6CbO R 0015 | CCLK NC 95X
GCDE R 00 147| OCDO NC 79
% OCDE NC 55
NC 35
SMP NC
161 swp NC %X
XRES - NC
R37, - al oo Ne %X’(
NC a0
NC 46
wonn NC [
22228 ne L
T Jalel cvecaixxs4
||
CY8C21x34/B

Table 5-1. Pin Assignments for Code Example 5

Object Pin
Button 0 P1[6]
Button 1 P1[3]
Button 2 P3[3]
Button 3 P2[1]
Cwiop PO[3]
Rb P3[1]

5.5 Software Setup

5.5.1 Tools Required

PSoC® Designer (version 5.2 or higher)
PSoC Programmer (version 3.13 or higher)
Bridge Control Panel

Windows HyperTerminal

Www.Ccypress.com
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5.5.2 User Modules List

The following table lists the user modules (UM) used in this code example and the hardware resources occupied by
each UM.

User Module Hardware Resources
CSD CapSense block, Timer1(default)
EzI2Cs 12C block
TX8SW No blocks occupied (Software implementation)

5.5.3 User Module Parameters, Global Resources

The ReadMe. txt file in the project describes the parameter settings for the user modules used in this code example.
It also includes a list of the Global Resources.

5.6 Operation

The program uses the following formula to calculate raw counts for a sensor:
Raw Counts = Cp . Sensitivity
Where: Cp is the sensor capacitance
Thus, we calculate the absolute capacitance of each sensor by taking the ratio of the raw counts and the sensitivity.

This project includes a file called CY8C21x34/B CalculSensitivity.xls. It contains the calculation of the
sensitivity value. The settings for the Ref Value and Prescaler parameters that produced the most accurate results
are:

m  RefValue=5

m  Prescaler=5

The program uses the following procedure to display the absolute capacitance on the screen:
1. With this configuration, the calculated sensitivity equals 465 counts/pF. Refer to
CY8C21x34/B_CalculSensitivity.xls.
The .xls file is part of the project and stored in the project folder.

Enables global interrupts, and starts the user modules.
Scans each sensor sequentially, and gets the raw counts from the CSD_waSnsResult[] array.
Calculates the absolute capacitance by taking the ratio of the raw counts and the sensitivity.

Transmits the result to a computer for display in Bridge Control Panel or HyperTerminal depending on user
choice.

akrwbd
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Figure 5-2. Functional Flow for Code Example 5

Start

Enable global interrupts

|

Start CSD UM

Loop forever

Initialize Sensor scan loop

Initialize baselines, Set Finger

Threshold
Scan Sensor <
4
UART Enabled? Calculate sensor absolute
Yes capacitance
4

Display capacitance value in
Hyperterminal/Bridge Control

Start EzI2C UM Panell

Next sensor

Start TX8SW UM

All Sensors Complete

Yes No

Call DisplayMessage()

5.7 Running the Code Example

Programming the Board

Ensure that the #define UART statement in commented out in main.c as shown in the following screenshot, generate
the project (press F6) and program the board. For details on how to program the UCC board, refer to Chapter 5 of the

CY3280-21x34 kit guide.

Teid f* comment this while using I2C;Uncomment this while using UART

b

T8 f/#define UART

[T RS
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Monitoring sensor data using BCP

1) Connect jumper J3 of CY3280-21x34 to I12C-USB Bridge or MiniProg3 and the other end of
12C-USB Bridge/MiniProg3 to the computer through USB A to mini B cable.

2) On the computer desktop, select Start > All Programs > Cypress > Bridge Control Panel (version) >
Bridge Control Panel (version).

3) Select the device from the port selection window.

4) Power the CY3280-21x34 UCC kit board at 5 V.

5) From the Bridge Control Panel, select File > Open. Load the BCP.iic file from BCP Configuration Files folder
contained in the project folder.

6) Select Charts > Variable Settings. Load the BCP.ini file from BCP Configuration Files folder contained in
the project folder.

7) Click on the send button to send the 1°C command to the CY8C21x34 controller to get sensor Cp values in
the bottom window in hex format as shown in the following screenshot.

% Bridge Control L0 ]

File Editor Chart Execute Tools Help

Fe W AR OEEEERE

Editor | Chart | Table | File.

;Bridge Control Panel reads the capacitance of 5 sensors 25
;I2C Read <Slave Address> <Sensorl Cp, 8bits> <Sensor2 Cp, 8bits>
;<Sensor3 Cp, 8bits> <Sensor4 Cp, 8bits> <Sensor5 Cp, 8bits>

R 00 @Cpl @Cp2 @Cp3 @Cp4d @Cp5

Sensor Cp (Hex value)

<

R 00+ 10+ OF+ OD+ OD+ OB+ p =
R 00+ 10+ OF+ OD+ OD+ OB+ p
R 00+ 10+ OF+ OD+ OD+ OB+ p
R 00+ 10+ OF+ OD+ OD+ OB+ p
R 00+ 10+ OF+ OD+ OD+ OB+ p
R 00+ 10+ OF+ OD+ OD+ OB+ p
R 00+ 10+ OF+ OD+ OD+ OB+ p a

Connected 12C/SPI/RX8 Ports:

[(Eu ngs: & oo
@ &:m Bsend Semial::;gs ‘A o 3/1223DD001563 @ g‘gg“; © I
» 9 com3 R SPI
e WD (@ T omwm
© +1.8v
[5:31 [Syntax:oK [Ct=679 Rate=443 smp/s |1 Gonnecied | | Bowered | Voltage: 5000 my
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5 Bridge Control Panel -
File Editor Chart Execute Tools Help
seu SRR |OEIEEERE

Editor | Chart | Table |Fie

Measuring Absolute Sensor Capacitance with a CY8C21x34/B CapSense Controller

Sensor Cp (Decimal value)

# Cpl Cp2 Cp3 Cp4 Cp5 =
0 16 15 13 13 11 / Dj
1 16 15 13 13 1
2 16 15 13 13 1
3 16 15 13 13 1
4 16 15 13 13 1
5 16 15 13 13 1
6 16 15 13 13 1
7 16 15 13 13 1
8 16 15 13 13 1
3 16 15 13 13 11
10 16 15 13 13 1
11 16 15 13 13 1
12 16 15 13 13 1
13 16 15 13 13 1
14 16 15 13 13 1
15 16 15 13 13 1
16 16 15 13 13 11
17 16 15 13 13 1
18 16 15 13 13 11 o
- Connected 12C/SPI/RX8 Ports: P Pl
— ings: ek
oY e - P b o : : @5 @ic
= = Repeat count: 0t |coms © «33v SPI
Sra'\paiod.ms: com4 ﬁ@ g :fg © RX8 (UART)
[5:31 [syntax: 0K [Ce=679 Rate=443 smp/s |1 onneeted || Powered ] voltage: 5000 mv
Programming the board
Uncomment the #define UART statement in main.c as shown below and program the board.
Tei0 /% comment this while using IZ2C:;Uncomment this while using TUART #/
72: #define UART
Ta
Monitoring sensor data using HyperTerminal.
1. Power the board using either Miniprogl or Miniprog3.
2. On the computer desktop, select Start > All Programs > Accessories > Communication >
HyperTerminal.
3.  Type a name for the connection.
4. Click the OK button.
Connection Description
% New Connection
Enter a hame and choose an icon for the connection:
MName:
IAbsCap_measurement
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5. Use the Connect using drop list to select the serial port used to receive data from the PSoC. This setting

Measuring Absolute Sensor Capacitance with a CY8C21x34/B CapSense Controller

varies based on the PC configuration. In our example, we use COMS5.

6. Click OK.

Connect To

% AbsCap_measurement

Enter details for the phone number that you want to dial:

Country/region:

Area code: [:]

Phone number: i ]

Connect using. | EETER ~ |

[ oK ][ Cancel ]

6. Inthe COM Properties dialog box, configure the following parameters:

o Bits per second = 115200

o Data bits =8

o Parity = None

o Stop bits=1

o Flow control = None

7. Click OK.

The HyperTerminal connects to the specified COM port and is ready for use.

Www.Ccypress.com

COMb5 Properties @

"ot Seings |
Bits per second: ’115200 VE
Data bits: ’8 vi
Parity: [None vi
Stop bits: ’1 vE
Flow control: None v}
Restore Defaults

I 0K I[ Cancel ][ Apply J
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8. Power on and reset the UCC.
The results appear in the HyperTerminal window.

¢ AbsCap - HyperTerminal

EEX

7File Edit View Call Transfer Help I
D @8 DB
Absolute Capacitance Measurements:
Sensor(@) Sensor(l) Sensor{2) Sensor{3) Sensor(4)
16pF 15pF 13pF 13pF 11pF
Connected 0:00:55 Auto detect 115200 8-N-1

WWw.cypress.com Doc. No. 001-74590 Rev. *F

46



Code Example 6 Measuring Absolute

Sensor Capacitance with a CY8C20x34
CapSense Controller

CYPRESS

EMBEDDED IN TOMORROW™

.
e
-

6.1 Project Name

CE_6_MeasuringAbsSensorCap_withCY8C20x34

6.2 Overview

This code example uses a CY3280-20x34 CapSense® controller to calculate the absolute capacitance of five
sensors. The measured absolute capacitance is accurate to 1 pF.

6.3 Hardware Setup

6.3.1 Requirements

m  CY3280-20x34 Universal CapSense Controller

m  CY3280-SLM Universal CapSense Linear Slider Module

m  CY3217 — MiniProgl Programmer or CY8CKIT-002 Miniprog3
m  CY3240 - 12USB Bridge or CY8CKIT-002 Miniprog3

m  USB A to Mini B Cable

®  PC running Windows XP or later

®  Multimeter

6.3.2 Assembly

Figure 6-1 represents the hardware setup. The CY3280-20x34 UCC kit connects to the CY3280-SLM module through
a 22x2_RA_Receptacle. A MiniProg1/Miniprog3 connects to header J3 to program and power the Kkit.

Figure 6-1. Hardware Setup Block Diagram

MiniProg1/MiniProg3

CY3280SLM CY3280-20x34 UCC PC

CY3240 12USB/MiniProg3
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6.3.3 Setting Up the Board

Make the following hardware connections:

Connect header J1 of the CY3280-SLM daughter card to the 22x2_RA_Receptacle (connector P2) on the
CY3280-20x34 UCC board.

Place a jumper on header J1 to short the pins Vcc and 5 V of the UCC board. This setting allows you to power
the CapSense controller from the ISSP connector.

Place a jumper on header J4 to short the pins XRES and XRES/INT (pins 1 and 2) of the UCC board. This
setting routes the XRES pin of the CapSense controller to pin 3 of ISSP connector J3.

Place a jumper on header J2 to short the pins GND and SHIELD (pins 2 and 3) of the CY3280-SLM board. This
setting allows the board hatch pattern on the CY3280-SLM board to connect to ground.

Connect the MiniProg1/Minirpog3 to the ISSP header on J3 of the UCC board. This connection is required only
when the UCC is to be programmed with the code generated hex file. This connection has to be replaced with
the I2USB bridge when the CapSense data is to be read in the Bridge Control Panel software

Use the USB A to Mini B cable to connect the other end of the MiniProg1/Miniprog3 (or the 12USB bridge) to the
PC.

6.4 Schematic

VDD
|+t
10 uFd 25v g
Ui i
Po[a] R1 34 20 Rz P10
o] NN Pofo] 8 P10 NN .
Bt ¢ oo i
Cmod T 560 26 | Doz P12l 55—Re "“"560 Pi[3
Pold B 560 36 | P03 P1E] 35 R10 .V 560 B
c2 PO[E] 11 560 45 | POl P4l 50 R12 V560 P[5
POl R13 560 30| PoIs) P1[5] [ 26 Ri4 .V avs60 P[5
B0 " P16 = a.onF Po[7] R15 e 7560 a4 | P8 P16l g Rmi6 560 Pl
= N ERD PO[7] P1[7 N EED
B e Eg'l?l R ag P2[o P30 gs TN Eg'?
= . P21 Pa[1 AR =
P2l 31 29 R23 . 560 IR
B2 P33 P3[3 R 5| P22 P3[2] 57 Ra5 560 P33
— i 55 P2[3 Paf3 2
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B3 P2l1 0 GEAT = ool xrEs 2 Pen XRES
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The modulator capacitor (Cwvop) is a 3.9-nF capacitor connected to PO[3]. A 560 Q resistor is connected in series with
each CapSense button to reduce RF interference.

Table 6-1. Pin Assignments for Code Example 6

Button Pin
0 P1[6]
1 P1[3]
2 P3[3]
3 P2[1]
4 P2[3]

6.5 Software Setup
6.5.1 Tools Required

= PSoC® Designer (version 5.2 or higher)
m  PSoC Programmer (version 3.13 or above)

®m  Bridge Control Panel

6.5.2 User Modules List

The following table lists the user modules (UM) used in this code example and the hardware resources occupied by
each UM.

User Module Hardware Resources
CSA_EMC CapSense Block, Comparator (default)
EzI2Cs I’C/SPI

6.5.3 User Module Parameters, Global Resources

The ReadMe. txt file in the project describes the parameter settings for the user modules used in this code example.
It also includes a list of the Global Resources.

6.6 Operation

The main.c file has two functions. It calculates the IDAC code of each sensor. It then directs a proportional amount of
current to a port pin from which a user can physically measure the current. We calculate the absolute capacitance of
each sensor with the following equation:

Imeasured

Cp = ——oeasurec
(IM0/8) x 1.3

Where: Cp is the sensor capacitance.
The program completes the following procedure:
m  Defines the two functions calc_IDAC and source_IDAC, and then it calls one of them, depending on the user
input.
m  The first function calc_IDAC performs the following operations:
o Defines an array balDAC to store the IDAC code of each CapSense sensor as per the sensor number.
o Sets the array as the I°C read buffer.

o Enables the global interrupts, and then starts the user modules.

o In an2 infinite loop, scans each sensor sequentially and gets the IDAC code stored in the array. It also updates
the I°C buffer.
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®  The second function source_IDAC performs the following operations:

o Configures the port pin P1[4] as an output pin with a High-Z drive.
o Connects the pin P1[4] to the internal analog MUX bus.

o Reads the IDAC code entered by the user.

o Sources the corresponding current on the pin P1[4].

Figure 6-2. Functional Flow for Code Example 6

“calc_IDAC” function “source_IDAC” function

Define an array to hold the IDAC code
for each sensor

I

Configure port pin P1[4] to be output
pin with High-Z drive mode

I

Enable global interrupts Connect P1[4] to the internal analog

i MUX bus
Start CSA and EzI2Cs UMS i
Set the array as I°C buffer Take IDAC code
i from user
Initialize sensor scan loop i
Set IDAC source as per IDAC code
i entered by user
Scan one sensor —— i
i Turn on IDAC to source on P1[4]
Update I°C buffer array with IDAC
code of the sensor
Next sensor

User to read current flowing through
A P1[4] with a multimeter

I

User to calculate Cp from the equation

All sensors
complete?

6.7 Running the Code Example

Program the board with the project, and then use this procedure to run the code example. For details on how to
program the UCC board, refer to Chapter 5 of CY3280-20x34 kit guide.

1. Use I2USB bridge and a USB A to Mini B cable to connect your computer to the ISSP connector J3 of the
CY3280-20x34 Universal CapSense Controller board.

2. On the computer desktop, select Start > All Programs > Cypress > Bridge Control Panel (version) > Bridge
Control Panel (version).
The Bridge Control Panel is a component of the PSoC Programmer installation.

3. Select the device from the port selection window.
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&

Power the CY3280-20x34 CapSense Controller board at 5 V.

From the Bridge Control Panel, select Tools > Protocol Configuration. In the 12C tab, select I12C Speed as
100 kHz.

6. Select File > Open. Load the BCP.iic file from BCP Configuration files folder contained in the code example
project folder.

o

Figure 6-3. Display of Slave Address in Status Window
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7. Press [Enter] to execute the second instruction in the Bridge Control Panel.
The status window displays the IDAC code for all the sensors.

8. After you have the IDAC code for the five sensors, open the project, uncomment the statement source_IDAC(),
and comment the statement calc_IDAC() to source the corresponding current on the port pin P1[4].

9. In the function source_IDAC(), set the IDAC code to the one obtained in the Bridge Control Panel for any one
sensor, by assigning the appropriate hexadecimal value to the IDAC_D variable.

10. Use PSoC Designer to build the project. Select Build > Generate or
CE_6_MeasuringAbsSensorCap_withCY8C20x34 Project. Verify that there are no errors or warnings during
the build.

11. To program the UCC with the generated hex file, select Program > Program Part.

12. In the Program Part window, verify that the MiniProg1/Miniprog3 is connected. If it is not connected, click the
Connect button.

13. Click the Program button.

14. Disconnect the CY3280-SLM board from the UCC.

15. Click the power button to power on the UCC with the MiniProg1/Miniprog3.

16. Measure the current flowing through P1[4] (Imeasurep)by placing a current meter between the pin and ground.
17. Calculate Cp using the equation:

Imeasured

- (MO/g) x 1.3

Where: IMO is the system clock source. For this project, it is set to 12 MHz.

Cp

18. Repeat steps 9 to 17 to obtain the Cp for other sensors.
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Table 6-2 lists the Cp values of CapSense sensors, along with the IDAC code obtained through the Bridge Control
Panel and the IDAC current sourced on the pin.

Table 6-2. Measured Cp

CapSense Sensor IDAC Code IDA&%lgr:tegitnS&lX')ced Measured Cp Value (pF)
P1[6] 0A 28.0 14.40
P1[3] 09 253 12.98
P3[3] 08 22.6 11.58
P2[1] 07 19.3 9.90
P2[3] 07 19.3 9.90

WWW.Cypress.com Doc. No. 001-74590 Rev. *F 52



Code Example 7 Tuning CSD with a

CY8C20xx6A CapSense Controller
W & CYPRESS

EMBEDDED IN TOMORROW™

7.1 Project Name

CE_7_TuningCSD_withCY8C20xx6A

7.2 Overview

This code example demonstrates how to tune the CapSense® UM for a CY8C20xx6A device. To tune a CapSense
UM, you must be able to view the CapSense data in a graphical format. This code example uses the EzI2C UM to
transmit the required CapSense parameters over an | °C bus and an 12USB bridge. It uses the Bridge Control Panel
software on a PC to view the data.

7.3 Hardware Setup

7.3.1 Requirements

m  CY3280-20x66 Universal CapSense Controller board

m  CY3280-SLM Universal CapSense Linear Slider Module

m CY3240-12USB Bridge or CY8CKIT-002 Miniprog3

m  CY3217-MiniProgl Programmer Kit or CY8CKIT-002 Miniprog3
m  USB A to Mini-B Cable

®  PC running Windows XP or later

7.3.2 Assembly

Figure 7-1 represents the hardware setup. The CY3280-20x66 UCC kit connects to the CY3280-SLM module through
a 22x2_RA_Receptacle. Connect either MiniProg1/MiniProg3 or 12USB bridge/MiniProg3 to the ISSP header of the
kit. The setup uses the MiniProg1/MiniProg3 for programming and 12USB bridge/MiniProg3 to send data to PC. They
connect to the PC through a USB cable.

Figure 7-1. Hardware Setup Block Diagram

—{ MiniProg1/MiniProg3
[ CY3280SLM }»[ CY3280-20x66 UCC J—
—{CY3240 12USB/MiniProg3
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7.3.3 Setting Up the Board

Make the following hardware connections:

Connect header J1 of the CY3280-SLM daughter card to the 22x2_RA_Receptacle (connector P2) on the
CY3280-20x66 UCC board.

Place a jumper on header J7 to short the pins VCC and VCC_PROG of the UCC board. This setting allows you
to power the CapSense controller from the ISSP connector.

Place a jumper on header J4 to short the pins XRES and XRES/INT (pins 1 and 2) of the UCC board. This
setting routes the XRES pin of the CapSense controller to pin 3 of ISSP connector J3.

Place a jumper on header J2 to short the pins GND and SHIELD (pins 2 and 3) of the CY3280-SLM board. This
setting allows the board hatch pattern on the CY3280-SLM board to connect to ground.

Connect the MiniProg1/Miniprog3 to the ISSP header on J3 of the UCC board. This connection is required only
when the UCC is to be programmed with the code generated hex file. This connection has to be replaced with
the 12USB bridge when the CapSense data is to be read in the Bridge Control Panel software.

Use the USB A to Mini B cable to connect the other end of the MiniProg1/Miniprog3 (or the 12USB Bridge).

7.4 Schematic

s FH =
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The modulator capacitor (Cmop) is a 2.2 nF capacitor connected to PO[3]. A 560 Q resistor is connected in series with
each CapSense button to reduce RF interference. LEDs are connected in active low configuration with 1 kQ series
resistors. In total there are five LEDs, five buttons, and one slider with 10 segments available.
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Table 7-1. Pin Assignments for LEDs, Buttons, and Slider Segments

LED Button Slider Segment
LEDO - P2[5] | BTNO - P1[6] SLDO - P1[4], SLD1 - PO[6]
LED1-P2[7] | BTN1-P1[3] SLD2 - PO[4], SLD3 - PO[2]
LED2 - PO[1] | BTN2 - P3[3] SLD4 - P2[6], SLD5 - P2[4]
LED3-PO[5] | BTN3-P2[1] SLD6 - P2[2], SLD7 - P2[0]
LED4 - P1[2] | BTN4 - P2[3] SLD8 - P3[2], SLD9 - P3[0]

7.5 Software Setup

7.5.1 Tools Required

m  PSoC® Designer (version 5.2 or higher)

m  PSoC Programmer (version 3.14 or higher)

®  Bridge Control Panel

7.5.2 User Module List and Placement
The following table lists the user modules used in this code example and the hardware resources occupied by each

user module.
User Module Placement
CSD CapSense Block, Timerl (default)
EzI2Cs I°C/SPI Block

7.5.3 User Module Parameters, Global Resources

The ReadMe. txt file in the project describes the parameter settings for the user modules used in this code example.
It also includes a list of the Global Resources.

Note We tuned the code example for the 1.5 mm acrylic overlay that comes with the CY3280-SLM kit. To check the
example with a thicker overlay, tune the project as described in this code example.

7.6 Operation

On reset, the firmware performs the following operations:

m  Defines a structure Myl2C_Regs to store the button number, raw count, difference count, baseline, the centroid
position, and the status of the CapSense button corresponding to the given button number.

m  Enables global interrupt, and then starts the CSD UM.

m  Starts the EzI2Cs UM, and then sets the structure Myl2C_Regs as the I°C RAM buffer.

m  Performs the following operations in an infinite loop:

o Scans all sensors continuously and updates the structure Myl2C_Regs with the raw count, difference count,
baseline, slider centroid position, and the status of the requested CapSense button. The I°C master can
request CapSense data of a particular button by writing the button number into first byte of the I2C buffer of
EzI2Cs slave.

o When the firmware detects a button press, it switches the corresponding LED to ON. It switches the LED to
OFF when the button is released.

o When slider is touched, the firmware turns the LED to ON indicating the touch position.

Www.cypress.com

Doc. No. 001-74590 Rev. *F 55



o CYPRESS

NS> EMBEDDED IN TOMORROW Tuning CSD with a CY8C20xx6A CapSense Controller

Figure 7-2. Functional Flow for Code Example 7
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7.7 Running the Code Example

Program the board with the project, and then use this procedure to run the code example. For details on how to
program the UCC board, refer to the Chapter 5 of CY3280-20x66 kit guide.

1. Use MiniProg1/Miniprog3 or any of the sources mentioned in the CY3280-20x66 UCC kit guide to power the
board at 5 V.

2. Touch the linear slider on the CY3280-SLM module board.
The corresponding LEDs on the CY3280-SLM board light up.

3. Touch a button.

The corresponding LED on the CY3280-SLM module board lights up. Multiple buttons can be touched at the same time. The
linear slider and buttons can also be used simultaneously.

7.8 Reading CapSense Data over I°C

Use this procedure to run the code example and to read back the CapSense data on to Bridge Control Panel tool. For
additional details on the Bridge Control Panel tool, see AN2397, “CapSense® Data Viewing Tools”.

7.8.1 Loading the Bridge Control Panel
1. Use the 12USB bridge/MiniProg3 and a USB A to Mini B cable to connect your computer to the ISSP connector
J3 of the CY3280-20x66 UCC board.

2. On the computer desktop, select Start > All Programs > Cypress > Bridge Control Panel (version) > Bridge
Control Panel (version).
The Bridge Control Panel is a component installed during the PSoC Programmer installation.

w

Select the device from the port selection window.
Power the CY3280-20x66 CapSense Controller board at 5 V.

5. From the Bridge Control Panel, select File > Open. Load the BCP.iic file from BCP Configuration files folder
contained in the code example project folder.

Ea
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6. Select Charts > Variable Settings. Load the BCP. ini file from BCP Configuration files folder contained in the
code example project folder. Click OK to return to the main window.

Figure 7-3. Bridge Control Panel View
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7.8.2 Reading Raw Count, Baseline, and Difference Count of BTNO

7. Send the I°C write instruction W 04 00 00 once.
8. Press the Repeat button to send the following I°C read instruction continuously:

R 04 @Sensor Index @lRawCount @ORawCount @lBaseline @0OBaseline @1DiffCount
@ODiffCount @ButtonStatus @SliderPosition

9. Go to the Chart tab to view raw count, baseline, and difference count of BTNO.

7.8.3 Reading Raw Count, Baseline, Difference Count, and Slider Position of SLDO
1. Send the I°C write instruction W 04 00 05 once.
2. Press the Repeat button to send the following I°C read instruction continuously:

R 04 @Sensor Index @lRawCount @ORawCount @lBaseline @OBaseline @1DiffCount
@ODiffCount @ButtonStatus @SliderPosition

3. Go to the Chart tab to view raw count, baseline, difference count, and slider position of SLDO.
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7.9 Tuning the CSD User Module

Tuning CSD with a CY8C20xx6A CapSense Controller

In this section, we tune the user module parameters using the procedure outlined by the following flowchart. For more
details, see the CY8C20xx6A CapSense Design Guide.

Figure 7-4. Flow Chart to Tune a CSD User Module
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7.9.1 Configure CSD UM Settings
Use the PSoC Designer tool to input the CSD UM Parameter Settings as described below:

A shield electrode is not required. Therefore, set the ShieldElectrodeOut parameter to None.

Set Negative Noise
Threshold to same
value as Noise
Threshold

I

Set Low Baseline
Reset to 10

End

Table 7-2 lists the sensor Cp using the method described in Code Example 3: Measuring Absolute Sensor

Capacitance with a CY8C20xx6A CapSense Controller. Since the Cp of all sensors is less than 45 pF, set the
IDAC range to 4X.
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Table 7-2. Cp of All the Sensors

Sensor No. Pin Ce
BTNO P1[6] 16 pF
BTN1 P1[3] 14 pF
BTN2 P3[3] 13 pF
BTN3 P2[1] 12 pF
BTN4 P2[3] 11 pF
SLDO P1[4] 14 pF
SLD1 PO[6] 15 pF
SLD2 PO[4] 14 pF
SLD3 PO[2] 14 pF
SLD4 P2[6] 13 pF
SLD5 P2[4] 12 pF
SLD6 P2[2] 12 pF
SLD7 P2[0] 12 pF
SLD8 P3[2] 11 pF
SLD9 P3[0] 11 pF

3. Enable the AutoCalibration parameter.
4. Setthe Precharge source to PRS.
The PRS source provides spread-spectrum operation and ensures good immunity from external noise sources.

5. Setthe Prescaler according to the highest Cr amongst all the sensors. Since the maximum Cp in our example is
16 pF, set the prescaler to 4.

For more information, refer to the table “Prescaler Setting Based on Precharge Source, IMO, and CP” found in the CSD UM
datasheet.

6. If a project has multiple sensors with different Cp, set the Resolution according to the sensor with highest Cp. In
our example, the highest Cp is 16 pF and Cf is greater than 0.2 pF. Referring to the figure, “Finger Capacitance
(CF) Based on Overlay Thickness and Circular Sensor Diameter” and the table “Resolution Setting Based on
Finger Capacitance and CP” both found in the CSD UM datasheet, set the resolution to 13.

7. Setthe Scan speed to Fast.

8. The scan time is greater than 380 ps. Referring to the table “Scan Time for a Single Sensor in ys Based on
Resolution and Scanning Speed” found in the CSD UM datasheet, the value is 720 ys so set the PRS
Resolution to 8 bits.

9. Table 7-3 lists the noise (variation in raw counts without finger press) and signal (finger response) values for
different sensors as observed on the Bridge Control Panel.

Table 7-3. Signals on All Sensors

Sensor No. Avg. Raw Counts Noise Signal SNR (Approximated to
without Finger the Nearest Integer)
BTNO 7072 24 260 11
BTN1 7017 22 280 13
BTN2 7103 24 280 12
BTN3 7275 22 340 15
BTN4 6953 20 360 18
SLDO 6627 26 165 6
SLD1 7071 24 150 6
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Sensor No. Avg. Raw Counts Noise Signal SNR (Approximated to
without Finger the Nearest Integer)
SLD2 6697 24 150 6
SLD3 6505 24 145 6
SLD4 6028 22 160 7
SLD5 5840 28 155 5
SLD6 5687 26 160 6
SLD7 5598 24 150 6
SLD8 5362 24 150 6
SLD9 5110 30 160 5

10. Since the SNR for all sensors is greater than 5:1 and the scan time is low enough that the finger presses glow

the LEDs instantaneously, you can set the threshold parameters as described in Table 7-4.

We use the lowest signal value amongst all sensors as a basis to configure the thresholds. Thus, in our example the signal

value is 145.

Table 7-4. High Level Parameters of the CSD UM

Threshold Parameters Recommended Values Value UM Parameter Setting
Finger threshold 75% of signal 108.75 108
Noise threshold 40% of signal 58 58
Baseline Update threshold 2* noise threshold 116 116
Negative noise threshold noise threshold 58 58
Hysteresis 15% of signal 21.75 21

11. Since scan time requirements are met and no false positives reported, set the Low Baseline Reset parameter to

10. Set the Debounce to 3.
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8.1 Project Name

CE_8_TuningCSD_withCY8C21x34/B

8.2 Overview

This code example demonstrates how to tune the CSD User Module (UM) for CY8C21x34/B devices. To tune a
CapSense UM, you must be able to view the CapSense data in a graphlcal format. This code example uses the
EzI2Cs UM to transmit the required CapSense parameters over an I°C bus and an I2USB bridge. It uses the Bridge
Control Panel software on a PC to view the data.

8.3 Hardware Setup

8.3.1 Requirements

CY3280-21x34 Universal CapSense Controller board

m  CY3280-SLM Universal CapSense Linear Slider Module

m  CY3240-12USB Bridge or CY8CKIT-002 Miniprog3

m  CY3217-MiniProgl Programmer Kit or CY8CKIT-002 Miniprog3
m  USB A to Mini-B cable

m  PC running Windows XP or later

8.3.2 Assembly

Figure 8-1 represents the hardware setup. The CY3280-21x34 UCC kit connects to the CY3280-SLM module through
a 22x2_RA_Receptacle. Connect either MiniProg1/Miniprog3 or I12USB bridge to the ISSP header of the kit. The
setup uses the MiniProgl/Miniprog3 for programming and the I12USB bridge/Miniprog3 to send data to the PC. They
connect to the PC through a USB cable.
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Figure 8-1. Hardware Setup Block Diagram

MiniProg1/MiniProg3 }—

CY3280SLM CY3280-21x34 UCC }7 PC

CY3240 12USB/MiniProg3 }—

8.3.3 Setting Up the Board

Make the following hardware connections:

Connect header J1 of the CY3280-SLM daughter card to the 22x2_RA_Receptacle (connector P2) on the
CY3280-21x34 UCC board.

Place a jumper on header J7 to short the pins 5 V and VCC_PROG of the UCC board. This setting allows you to
power the CapSense controller from the ISSP connector.

Place a jumper on header J4 to short the pins XRES and XRES/INT (pins 1 and 2) of the UCC board. This
setting routes the XRES pin of the CapSense controller to pin 3 of ISSP connector J3.

Place jumper on header J2 to short the pins GND and SHIELD (pins 2 and 3) of the CY3280-SLM board. This
setting allows the board hatch pattern on the CY3280-SLM board to connect to ground.

Connect the MiniProg1/MiniProg3 to the ISSP header on J3 of the UCC board. This connection is required only
when the UCC is to be programmed with the code generated hex file. This connection has to be replaced with
the 12USB bridge// Miniprog3 when the CapSense data is to be read in the Bridge Control Panel software

Use the USB A and Mini B cable to connect the other end of the MiniProg1 (or the I2USB bridge or MiniProg3).
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8.4 Schematic
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9 P3[0] CONTROLLER BLOCK
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The modulator capacitor (Cmop) is @ 2.2 nF capacitor connected to PO[3]. A 560 Q resistor is connected in series with
each CapSense button to reduce RF interference. LEDs are connected in active low configuration with 1 kQ series
resistors. In total there are five LEDs, five buttons, and one slider with 10 segments available.

Table 8-1. Pin Assignments for LEDs, Buttons, and Slider Segments

LED Button Slider Segment

LEDO - P2[5] | BTNO - P1[6] SLDO - P1[4], SLD1 - PO[6]

LED1 - P2[7] BTN1 - P1[3] SLD2 - PO[4], SLD3 - PO[2]

LED2-PO[1] | BTN2 - P3[3] SLD4 - P2[6], SLD5 - P2[4]

LED3 - PO[5] | BTNS3-P2[1] SLD6 - P2[2], SLD7 - P2[0]

LED4-P1[2] | BTN4-P2[3] SLDS - P3[2], SLD9 - P3[0]

8.5 Software Setup
8.5.1 Tools Required

= PSocC® Designer (version 5.2 or higher)
m  PSoC Programmer (version 3.13 or higher)

®m  Bridge Control Panel
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8.5.2 User Module List and Placement

The following table lists the user modules used in this code example and the hardware resources occupied by each

user module.
User Module Placement
CapSense Block, Timerl
csb (default)
EzI2Cs I°C/SPI Block

8.5.3 User Module Parameter Parameters, Global Resources
The ReadMe. txt file in the project describes the parameter settings for the user modules used in this code example.
It also includes a list of the Global Resources.

Note We tuned the code example for the 1.5 mm acrylic overlay that comes with the CY3280-SLM kit. To check the
example with a thicker overlay, tune the project as described in this code example.

8.6 Operation

On reset, the firmware performs the following operations:

m  Define a structure Myl2C_Regs to store the button number, raw count, difference count, baseline, the centroid
position, and the status of the CapSense button corresponding to the given button number.

®m  Enables global interrupt, and starts the CSD UM.

m  Stars the EzI2Cs UM, and sets the structure Myl2C_Regs as the I°C RAM buffer.

m  Performs the following operations in an infinite loop:

o Scans all sensors continuously and updates the structure Myl2C_Regs with the raw count, difference count,
baseline, slider centroid position, and the status of the requested CapSense button. The I°C master can
request CapSense data of a particular button by writing the button number into first byte of the I°C buffer of

EzI2Cs slave.

o When the firmware detects a button press, it switches the corresponding LED to ON. It switches the LED to
OFF when the button is released.

o When slider is touched, the firmware turns the LED to ON indicating the touch position.
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Figure 8-2. Functional Flow for Code Example 8
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B. Set Finger Difference Counts, Slider Position)
thresholds

8.7 Running the Code Example

Program the board with the project, and then use this procedure to run the code example. For details on how to
program the UCC board, refer to chapter 5 of CY3280-21x34 kit guide.

1.

2.

Use MiniProg1/Miniprog3 or any of the sources mentioned in the CY3280-21x34 UCC kit guide to power the
board at 5 V.

Touch the linear slider on the CY3280-SLM module board.
The corresponding LEDs on the CY3280-SLM board light up.

Touch a button.

The corresponding LED on the CY3280-SLM module board lights up. Multiple buttons can be touched at the same time. The
linear slider and buttons can also be used simultaneously.

8.8 Reading CapSense Data over I°C

Use this procedure to run the code example and to read back the CapSense data on to Bridge Control Panel tool. For
additional details on the Bridge Control Panel tool, see AN2397, “CapSense® Data Viewing Tools”.

8.8.1 Loading the Bridge Control Panel

1.

2.

Pw

Use the 12USB bridge/MiniProg3 and a USB A to Mini B cable to connect your computer to the ISSP connector
J3 of the CY3280-21x34 Universal CapSense Controller board.

On the computer desktop, select Start > All Programs > Cypress > Bridge Control Panel (version) > Bridge
Control Panel (version).

The Bridge Control Panel is a component installed during the PSoC Programmer installation.
Select the device from the port selection window.

Power the CY3280-21x34 CapSense Controller board at 5 V.

From the Bridge Control Panel, select File > Open. Load the BCP.iic file from BCP Configuration files folder
contained in the code example project folder.
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6. Select Charts > Variable Settings. Load the BCP. ini file from BCP Configuration files folder contained in the
code example project folder. Click OK to return to the main window.

File  Editor  Chart Execute  Tools  Help

BEE|SER|CE EEE

Editor | Chat | Table | File

;I2Q_Write <5lave Address> <0ffset> <ESensorIndex = Sensor#s
JSensor# = (00 for BIN#HO

JSensor# = 04 for BIN#4
JEensor# = 05 for SLD#HO
;Sensor# = (0F for SLD#HS

W 04 00 00 ; T2C Write <Slave Address = (d» «<0ffset = 0> <Sensorindex = 0O

JT2C_Read <Slave Address> <Sensor Index, Shitss> <RawCount, 16bits> <Baseline, 16
R 04 @Sensor TIndex @1lRawCount @0RawCount El1Baseline @0Baseline @1DiffCount @0Dif:

i~
|

>

Successfully Connected to Bridge/0000011
USB2IIC Bridge wversion 1.22

i

. Power Protocol
l@ﬂeset ]@E:Lisl l[_ﬁSand ] s:::;";;::fs [T Connected 12C/5PI-USE converters o @i
[ @] Scan period, ms:

[1ir [ syntaxcox ok | Comected | Powered  vokage:-

8.8.2 Reading Raw Count, Baseline, and Difference Count of BTNO
1. Send I°C write instruction W 04 00 00 once.
2. Press the Repeat button to send the following I°C read instruction continuously:

R 04 @Sensor Index @lRawCount @ORawCount @lBaseline @0OBaseline @1DiffCount
@ODiffCount @ButtonStatus @SliderPosition

3. Go to the Chart tab to view raw count, baseline, and difference count of BTNO.

8.8.3 Reading Raw Count, Baseline, Difference Count, and Slider Position of SLDO:
1. Send I°C write instruction W 04 00 05 once.
2. Press the Repeat button to send the following I°C read instruction continuously:

R 04 @Sensor Index @lRawCount @ORawCount @lBaseline @OBaseline @1DiffCount
@ODiffCount @ButtonStatus @SliderPosition

3. Go to the Chart tab to view raw count, baseline, difference count, and slider position of SLDO.
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8.9 Tuning the CSD User Module

In this section, we tune the user module parameters using the procedure outlined by the following flowchart. For more
details, see the CY8C21x34/B CapSense design guide.

Begin

4

Setup Hardware and Software

Water Tolerance Required

iYes

Shield Electrode Out = Enabled
Route shield electrode to pin No

v

Reference = ASE11
Ref Value = 2

'

Select Prescaler if using a
configuration with prescaler

- Increasing Rb increaces
h Raw Count
Y
Raw Counts = 60-70% Max NOJ
Yes

Increasing Resolution and
No»| decreasing Scan Speed
increases SNR

Yes

Set High-Level Parameters

End

8.9.1 Configure CSD UM Settings

Use the PSoC Designer tool to input the settings to configure the CSD UM Parameter Settings as described below:

1. This code example uses Rb = 15 kQ and Cyop = 10 nF. The CY3280-21x34 UCC board comes with a fixed value
of Rb. For custom board designs, you can tune the user module by varying Rb.

Refer to Section 4.2.3 of the CY8C21x34/B CapSense design Guide to know how to select the optimal value of Rb for proper
sensitivity of the CapSense sensor.

2. A shield electrode is not required. Therefore, set the ShieldElectrodeOut parameter to None.
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Table 8-2 lists the Cp measured of the sensors using the method described in Code Example 5: Measuring
Absolute Sensor Capacitance with a CY8C21x34/B CapSense Controller. Since the maximum CP in our
example is 16 pF, set the prescaler to 4.

Table 8-2. Cp of All Sensors

Sensor Pin Cp
BTNO P1[6] 16 pF
BTN1 P1[3] 14 pF
BTN2 P3[3] 13 pF
BTN3 P2[1] 12 pF
BTN4 P2[3] 11 pF
SLDO P1[4] 14 pF
SLD1 PO[6] 15 pF
SLD2 PO[4] 14 pF
SLD3 PO[2] 14 pF
SLD4 P2[6] 13 pF
SLD5 P2[4] 12 pF
SLD6 P2[2] 12 pF
SLD7 P2[0] 12 pF
SLD8 P3[2] 11 pF
SLD9 P3[0] 11 pF

3. Setthe Precharge Source to PRS.
The PRS source provides spread-spectrum operation and ensures good immunity from external noise sources.

4. Set the Prescaler according to the highest Cp amongst all the sensors. Since the maximum Cp in our example is
16 pF, set the prescaler to 4.

For more information, refer to the table “Prescaler Setting Based on Precharge Source, IMO, and CP” found in the CSD UM
datasheet.

5. If a project has multiple sensors with different Cp, set the Resolution according to the sensor with highest Cp. In
our example, the highest Cp is 16 pF and Cf is greater than 0.2 pF. Referring to the figure, “Finger Capacitance
(CF) Based on Overlay Thickness and Circular Sensor Diameter” and the table “Resolution Setting Based on
Finger Capacitance and CP” both found in the CSD UM datasheet, set the resolution to 13.

6. Select the Comparator reference as ASE11.

ASE11 is recommended for most applications.

7. Setthe Scan speed to Normal.
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Table 8-3 lists the noise (variation in raw counts without finger press) and signal (finger response) values for

Tuning CSD with Feedback Resistor with a CY8C21x34/B CapSense Controller

different sensors as observed on the Bridge Control Panel.

Table 8-3. Signal of All Sensors

Average
Raw SNR(Approximated
Sensor Counts | Signal | Noise to the Nearest
without Integer)
Finger
BTNO 4451 179 20 9
BTN1 3921 182 20 9
BTN2 3419 184 21 9
BTN3 3186 179 20 9
BTN4 2652 191 21 9
SLDO 3790 100 20 5
SLD1 4432 101 20 5
SLD2 4026 101 19 5
SLD3 4011 103 19 5
SLD4 3739 107 20 5
SLD5 3456 104 20 5
SLD6 3310 110 21 5
SLD7 3158 99 19 5
SLD8 2900 101 19 5
SLD9 2688 115 20 5

8. Since SNR for all sensors is greater than 5:1 and the scan time is low enough that the finger press can glow the
LEDs instantaneously, you can set the threshold parameters as described in Table 8-4.
We use the lowest signal value amongst all sensors as a basis to configure the thresholds. Thus, in our example the signal

value is 99.

Table 8-4. High-Level Parameters of the CSD UM

Threshold Parameters Recommended Values Value UM Parameter
Setting
Finger Threshold 75% of Signal 75.3 74
Noise Threshold 40% of Signal 39.6 40
Baseline Update Threshold 2 Noise Threshold 80 80
Negative Noise Threshold Noise Threshold 40 40
Hysteresis 15% of Signal 14.9 15

9. Since scan time requirements are met and no false positives reported, set the Low Baseline Reset parameter to

10. Set the Debounce to 3.
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9.1 Project Name

CE_9_TuningCSAEMC_withCY8C20x34

9.2 Overview

This code example demonstrates how to tune a CSA_EMC User Module (UM) for CY8C20x34 devices. To tune a
CapSense UM, you must be able to view the CapSense data in a %raphical format. This code example uses the
EzI2Cs UM to transmit the required CapSense parameters over an I°C bus and an I°C to USB bridge. It uses the
Bridge Control Panel software on a PC to view the data.

9.3 Hardware Setup
9.3.1 Related Hardware

m  CY3280-20x34 Universal CapSense Controller board

m  CY3280-SLM Universal CapSense Linear Slider Module

m  CY3240-12USB Bridge or CY8CKIT-002 Miniprog3

m  CY3217-MiniProgl Programmer Kit or CY8CKIT-002 Miniprog3
m  USB A to Mini-B cable

m  PC with a USB port

9.3.2 Assembly

Figure 9-1 represents the hardware setup. The CY3280-20x34 UCC kit connects to the CY3280-SLM module through
a 22x2_RA_Receptacle. Connect either MiniProg1/Miniprog3 or I12USB bridge to the ISSP header of the kit. The
setup uses the MiniProgl/Miniprog3 for programming and the I12USB bridge/Miniprog3 to send data to the PC. They
connect to the PC through a USB cable.

Figure 9-1. Hardware Setup Block Diagram

MiniProg1/MiniProg3

CY3280SLM CY3280-20x34 UCC Jﬁ PC

CY3240 12USB/MiniProg3
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9.3.3 Setting Up the Board

Make the following hardware connections:

m  Connect header J1 of the CY3280-SLM daughter card to the 22x2_RA_Receptacle (connector P2) on the
CY3280-20x34 UCC board.

®  Place a jumper on header J1 to short the pins Vcc and 5V of the UCC board. This setting allows you to power the
CapSense controller from the ISSP connector.

®  Place a jumper on header J4 to short the pins XRES and XRES/INT (pins 1 and 2) of the UCC board. This
setting routes the XRES pin of the CapSense controller to pin 3 of ISSP connector J3.

®m  Place a jumper on header J2 to short the pins GND and SHIELD (pins 2 and 3) of the CY3280-SLM board. This
setting allows the board hatch pattern on the CY3280-SLM board to connect to ground.

m  Connect the MiniProg1/MiniProg3 to the ISSP header on J3 of the UCC board. This connection is required only
when the UCC is to be programmed with the code generated hex file. This connection has to be replaced with
the 12USB bridge/MiniProg3 when the CapSense data is to be read in the Bridge Control Panel software

m  Use the USB A and Mini B cable to connect the other end of the MiniProg1/Miniprog3 (or the I2USB Bridge).

9.4 Schematic
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o @
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B2 @& .
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10 uFd 25v
s (@t T
g
@t " -
PO[0] R1 34 o 20 R2 P1[0)
PO[1] R3 560 2 Eg g S Eﬂ% 16 R4 560 P11
CAPSENSE BUTTON PO[2] R5 560 35 | PO Pl 2 =6 560 Pi[2)
Cmod___R7_\ g 360 46 | POI2 U2 715 Re Jym 560 P1[3
PO[4 RO\ 560 36 | POI3 P 725 R10 . pm 560 P1[4
c2 O[5 RLL 'y 560 45 | PO (710 R12 7y x560 i[5,
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1 PO6 P2[5) R ’-‘sﬁo 4| P24 /'
P26 R 0 33 | P2l e -2 R29T XRES
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5 P24] NC 35X
> NC [59—X
AN NC X
P22 838 Mo
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The modulator capacitor (Cmop) is @ 2.2 nF capacitor connected to PO[3]. A 560 Q resistor is connected in series with
each CapSense button to reduce RF interference. LEDs are connected in active low configuration with 1 kQ series
resistors. In total there are five LEDs, five buttons, and one slider with 10 segments available.
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Table 9-1. Pin Assignments for LEDs, Buttons, and Slider Segments

LED Button Slider Segment
LEDO - P2[5] BTNO - P1[6] SLDO - P1[4], SLD1 - PO[6]
LED1 - P2[7] BTN1 - P1[3] SLD2 - PO[4], SLD3 - PO[2]
LED2 - PO[1] BTN2 - P3[3] SLD4 - P2[6], SLD5 - P2[4]
LED3 - PO[5] BTN3 - P2[1] SLD6 - P2[2], SLD7 - P2[0]
LED4 - P1[2] BTN4 - P2[3] SLD8 - P3[2], SLD9 - P3[0]

9.5 Software Setup

9.5.1 Tools Required

m  PSoC® Designer (version 5.2 or higher)

m  PSoC Programmer (version 3.13 or higher)

®  Bridge Control Panel

9.5.2 User Module List

The following table lists the user modules used in this code example and the hardware resources occupied by each

user module.
User Module Hardware Resources
CSA_EMC CapSense Block
Ezl2Cs I°C Block

9.5.3 User Module Parameter Parameters, Global Resources
The ReadMe. txt file in the project describes the parameter settings for the user modules used in this code example.

It also includes a list of the Global Resources.

Note We tuned the code example for the 1.5 mm acrylic overlay that comes with the CY3280-SLM kit. To check the
example with a thicker overlay, tune the project as described in this code example.

9.6 Operation

On reset, firmware performs the following operations:

m  Define a structure Myl2C_Regs store the button number, raw count, difference count, baseline, the centroid
position, and the status of the CapSense button corresponding to the given button number.

m  Enables global interrupt, and then starts the CSA_EMC UM.

m  Starts the EzI2Cs UM, and then sets the structure Myl2C_Regs as the I°C RAM buffer.

m  Performs the following operations in an infinite loop:

o Scans all sensors continuously and updates the structure Myl2C_Regs with the raw count, difference count,
baseline, slider centroid position, and the status of the requested CapSense button. The I°C master can
request CapSense data of a particular button by writing the button number into first byte of the 12C buffer of

EzI2Cs slave.

o When the firmware detects a button press, it switches the corresponding LED to ON. It switches the LED to

OFF when the button is released.

o When slider is touched, the firmware turns the LED to ON indicating the touch position.
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Figure 9-2. Functional Flow for Code Example 9

Start Loop forever

Eqable global Scan all sensors
interrupts Update all baselines

v v

Check for active
sensors

Set I°C RAM buffer

4

4

Update LEDs

v

Start I°C
Start CSA_EMC UM

4 Update I°C RAM buffer with
A. Initialize CapSense CapSense parameters
baselines (RawCount, Baseline, SensorMask,
B. Set Finger Difference Counts, Slider Position) |
thresholds

9.7 Running the Code Example

Program the board with the project, and then use this procedure to run the code example. For details on how to
program the UCC board, refer to Chapter 5 of CY3280-20x34 kit guide.

1.

2.

Use MiniProg1/Miniprog3 or any of the sources mentioned in the CY3280-20x34 UCC kit guide to power the
board at 5 V.

Touch the linear slider on the CY3280-SLM module board.

The corresponding LEDs on the CY3280-SLM board light up.

Touch a button.

The corresponding LED on the CY3280-SLM module board lights up. Multiple buttons can be touched at the same time. The
linear slider and buttons can also be used simultaneously.

9.8 Reading CapSense Data over I°C

Use this procedure to run the code example and to read back the CapSense data on to Bridge Control Panel tool. For
additional details on the Bridge Control Panel tool, see AN2397, “CapSense® Data Viewing Tools”.

1.

2.

»

Use the 12USB bridge/MiniProg3 and a USB A to Mini B cable to connect your computer to the ISSP connector
J3 of the CY3280-20x34 Universal CapSense Controller board.

On the computer desktop, select Start > All Programs > Cypress > Bridge Control Panel (version) > Bridge
Control Panel (version).
The Bridge Control Panel is a component installed during the PSoC Programmer installation.

Select the device from the port selection window.

Power the CY3280-20x34 CapSense Controller board at 5 V.

From the Bridge Control Panel, select File > Open. Load the BCP.iic file from the BCP Configuration files folder
contained in the code example project folder.

Select Charts > Variable Settings. Load the BCP.ini file from BCP Configuration files folder contained in the
code example project folder. Click OK to return to the main window.
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Editar

File Chart  Execute  Tools  Help

FREERBR|CE EEE

Editor | Chart || Tatle | Fie |

W 04 00 00

sI2C Read <Slave Address» <Sensor Index,
R 04 ESensor_ TIndex @lRawCount @0RawCount

<]

JIZC Write <Slave Address> <0ffset> <Sensorindex = Sensori#r
;Sensor# = 00 for BIWHD
sSensor# = (04 for BIWN#4
;Sensor# = 05 for SLDHD
;Sensor# = 0F for SLDHS

I2C Write <Slave Address = (4> <Qffset = 0> <SensorIndex = 0=

Sbits> <RawCount, 16bits> <Baseline, 16
@1Baseline @0Baseline E1DiffCount RO0Dif:

|

Successfully Connected to Bridge/0000011
USB2IIC Bridge wersion 1.22

>

|

Send all stings: []
0

[@Hasel ]&?:Li“ ]@Send ] Repeat count:
[=] @] Scan period, ms:

Connected 12C/5P1-USE converters:

Protocol

@ 12

[ 1:1 | Syntax: oK jok.

(1 Connected ] [ Pawered [ voltage: -

9.8.1 Reading Raw Count, Baseline, and Difference Count of BTNO

1. Send I>C write instruction W 04 00 00 once.
2.

Press the Repeat button to send the following I°C read instruction continuously:

R 04 @Sensor Index @lRawCount @ORawCount @lBaseline @OBaseline @1DiffCount
@ODiffCount @ButtonStatus @SliderPosition

3.

Go to the Chart tab to view raw count, baseline, and difference count of BTNO.

9.8.2 Reading Raw Count, Baseline, Difference Count, and Slider Position of SLDO

1. Send I>C write instruction W 04 00 05 once.
2.

Press the Repeat button to send the following I°C read instruction continuously:

R 04 @Sensor Index @lRawCount @ORawCount @lBaseline @OBaseline @1DiffCount
@ODiffCount @ButtonStatus @SliderPosition

Www.Ccypress.com
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9.9 Tuning the CSA_EMC User Module

In this section, we tune the user module parameters using the procedure outlined in the following flowchart. For more
details, see the CY8C20x34 CapSense design guide.

Low-Level (Hardware) Parameters High-Level Parameters

G . |

v

Measure C= of Sensors Revise PCB design Set Finger Threshold to
according to the PCB Layout 75% of Signal
Guidelines listed in *
CapSense Getting Started
Guide Set Noise Threshold to 40%
Set Clock 5 of Signal
NO Y
Y Set Baseline Update
; ; Thresheld to double the
Set Settling Time CaNR komal o
sensors > 5:1 *
A
Set Sensor Autoreset
Monitor CapSense Data ? according to the need of the
(RawCounts, Baseline, - G
Signal) Increase 5|_gna| I Apply
Software Filter / Enable
Spread Spectrum / Increase Set Hysteresis (o 15% of
Immunity Level Signal

k3 v

Set Debounce according to
needs of design
oI5 SNR from al™_YES .

sensors = 5:1 *

Set Negative Noise
Threshold to same value as
Noise threshold

Y

Set Low Baseline Reset
according to needs of design
(Recommended value = 10)

Y
End

9.9.1 Configure CSD UM Settings

Use the PSoC Designer tool to input the settings to configure the CSD UM Parameter Settings as described below:

1. Set CPU_CLK equal to SysClk/2 in the Global Resources window of the PSoC Designer tool. Configure the
remaining parameters in the Global Resources window based on your design needs.

2. Table 9-2 lists the Cp measured of all sensors using the method in Code Example 6: Measuring Absolute Sensor
Capacitance with a CY8C20x34 CapSense Controller. Since the highest Cp in our example is 15 pF and IMO is
12 MHz, set the Clock to IMO/4.

For more information on the IMO, see Table 15 in the CY8C20x34 CapSense Design Guide.
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Table 9-2. Cp of All the Sensors

Sensor Pin Ce
BTNO P1[6] 15 pF
BTN1 P1[3] 13 pF
BTN2 P3[3] 12 pF
BTN3 P2[1] 11 pF
BTN4 P2[3] 9 pF
SLDO P1[4] 14 pF
SLD1 PO[6] 14 pF
SLD2 PO[4] 13 pF
SLD3 PO[2] 12 pF
SLD4 P2[6] 12 pF
SLD5 P2[4] 11 pF
SLD6 P2[2] 10 pF
SLD7 P2[0] 10 pF
SLD8 P3[2] 10 pF
SLD9 P3[0] 9 pF

Tuning a CSA_EMC with a CY8C20x34 CapSense Controller

3. Calculate the Settling Time parameter with the equation:

Settling Time =

CINT: 3.9nF

Clock = IMO/4 =

Cp= 15 pF

Fcpu = SysClk/2 = 12 MHz/2 = 6 MHz (SysCIk is set to 12 MHz in this example)

5 X Cinr

(Clock X Cp X 25 (

3 MHz

)

Fcpy

Substituting these values in the above formula for settling time, we get Settling Time = 80

With the new setting in place, use the Bridge Control Panel to measure the SNR. Table 9-3 lists the values observed

for this code example.
Table 9-3. Observed Signal of All the Sensors

Sensor No. Avg. Raw Counts Noise Signal SNR (Approximated to the
without Finger Nearest Integer)
BTNO 2000 14 130 9
BTN1 2140 15 140 9
BTN2 2210 18 140 8
BTN3 2230 16 140 9
BTN4 1930 20 150 7
SLDO 1985 11 100 9
SLD1 2310 14 95 7
SLD2 2075 14 105 7
SLD3 2160 13 95 7
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Sensor No. Avg. Raw Counts Noise Signal SNR (Approximated to the
without Finger Nearest Integer)
SLD4 2500 14 100 7
SLD5 2370 15 105 7
SLD6 2200 16 105 7
SLD7 2180 14 110 8
SLD8 1960 14 110 8
SLD9 2050 15 110 7

4. Since the lowest SNR = 7 (rounded to the nearest integer) is greater than 5:1, set the High Level Parameters as
Described in Table 9-4.

Table 9-4. High-Level Parameters of the UM

Threshold Parameters Recommended Values Value ParaLlJn’\:leter
setting
Finger threshold 75% of signal 71.25 71
Noise threshold 40% of signal 38 38
Baseline Update threshold 2* noise threshold 76 76
Negative noise threshold noise threshold 38 38
Hysteresis 15% of signal 14.25 14

5. Leave the other parameters to their default values.
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10.1 Project Name

CE_10_PowerOptimization_withCY8C20xx6A

10.2 Overview

The objective of this code example is to achieve a power consumption of less than 50 pA for one button using
SmartSense. This code example incorporates a SmartSense and a 16-bit timer UMs. The device operates in Sleep
mode for a certain time period to reduce the average current consumption. We use the 16-bit timer as a scan timer to
wake up the device after a configured sleep time.

10.3 Hardware Setup
10.3.1 Related Hardware

m  CY3280-20x66 Universal CapSense Controller board

m  CY3280-BSM Universal CapSense Simple button Module

m  CY3217-MiniProgl Programmer Kit or CY8CKIT-002 Miniprog3
m  USB A to Mini B cable

= Ammeter

= Power supply

10.3.2 Assembly

Figure 10-1 represents the hardware setup. The CY3280-20x66 UCC kit connects to the CY3280-BSM module
through a 22x2_RA_Receptacle. The setup uses a MiniProg1/Miniprog3 connected to the ISSP header of the kit for
programming.

Figure 10-1. Hardware Setup Block Diagram

[ CY3280SLM j—b[ CY3280-20x66 UCC }—»‘ MiniProg1/MiniProg3 j—b
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Powe

10.4 Setting Up the

r Consumption Optimization for One CapSense Button Using SmartSense on CY8C20xx6A

Board

Make the following hardware connections:

Connect header J1 of the CY3280-BSM daughter card to the 22x2_RA_Receptacle (connector P2) on the

Place a jumper on header J7 to short the pins Vcc and Vec proc 0f the UCC Board. This setting allows you to

ller from the ISSP connector.

Place a jumper on header J4 to short the pins XRES and XRES/INT (pins 1 and 2) of the UCC Board. This

of the CapSense controller to pin 3 of ISSP connector J3.

Place a jumper on header J2 to short the pins GND and SHIELD (pins 2 and 3) of the CY3280-BSM board. This

setting allows the board hatch pattern on the CY3280-BSM board to connect to ground.

|

CY3280-20x66 UCC board.
u

power the CapSense contro
|

setting routes the XRES pin
|
m  Connect the MiniProg1l/Mini

10.5 Schematic

Prog3 to the CY3280-20x66 UCC on the J3 header.

CapSensae Button

POEE]

Q)

] ¥ % 3| i %'[ T ?I &5 OB Fil cap_butd
ErEEEZ2 22 EERE B
' g E 2 & SEEFEE 25
O—— HC BE
— | EFE]| -
o— pam rap o
o—4 1 pzy Pz |2 LED
o P[] B4i2] e r
_n - oy
R4 YA C20R6E P4 = LEDID T
o—I ra) rap) [22—c RS s |
o 8 O —
— 21 #ap] [~ 1w
o a3 o3 2o
(=’ o P33 Pam] 7 <L
o gy wres B
o R R e
2o oo 2= g ¥ . D2 2 = =
A X T A 4 - O g F B & o

.||,

Note Remove power LEDs D1 and D2 from the CY3280-20x66 Universal CapSense Controller board while

measuring power consumption

of the device. Power consumption of the device with SmartSense UM depends on the

SNR of system. When the board layout design follows the guidelines in the Getting Started with CapSense guide,
then power consumption is minimized.
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Power Consumption Optimization for One CapSense Button Using SmartSense on CY8C20xx6A

Table 10-1. Pin Assignments Used for Code Example 10

Component Pin
Button 0 PO[5]
LED PO[1]
Cwop PO[3]

10.6 Software Setup
10.6.1 Tools Required

= PSocC® Designer (version 5.2 or higher)

m  PSoC Programmer (version 3.13 or higher)

10.6.2 User Module List

The following table lists the user modules used in this code example and the hardware resources occupied by each

user module.

User Module

Hardware Resources

User Module Name

SmartSense

CapSense Block, Timerl (default)

SmartSense

Timerl6

Timer O

Scan_Timer

10.6.3 User Module Parameter Parameters, Global Resources

The ReadMe. txt file in the project describes the parameter settings for the user modules used in this code example.
It also includes a list of the Global Resources.

10.7 Operation

On reset, the program loads all hardware settings from the device configuration into the device and executes main.c.
Then the firmware performs the following operations:

m  |nitializes the SmartSense UM, the ScanRate_Timer UM, and the LED.

m  Enables global interrupt, and starts the SmartSense and ScanRate_Timer user modules.

®  When the firmware detects a button press, it switches the LED to ON. It switches the LED to OFF when the
button is released. This is done to verify the functionality of the device.

®  The device enters Sleep mode, while the firmware continuously scans the sensor. The device wakes up from
sleep on the ScanRate_Timer interrupt.

To change the scan rate, change the macro SCANRATE_TIMER_VALUE. This controls the period of the ScanRate_Timer.
Response improves as scan rate reduces.
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Figure 10-2. Functional Flow of Code Example 10

Start

A. Enable global
interrupts
B. Clear LED

Start SmartSense UM

Initialize CapSense
baselines

!

Initialize Scan rate timer;
Set the PERIOD value to
achieve desired current
consumption

Loop forever >4————

Scan all sensors
Update all baselines

4

Check for active
sensor

Resume SmartSense
um

Device wake up

Stop SmartSense UM
Enter Sleep Mode

A

Update LED

10.8 Running the Code Example

Program the board with the project, and then use this procedure to run the code example. For details on how to

program the UCC board, refer to Chapter 5 of the CY3280-20x66 kit guide.

1. To change the scan rate, edit the macro SCANRATE_TIMER_VALUE in the code example. This changes the

parameter period of the ScanRate_Timer user module. Scan rate is variable by the relation:

Scan rate =Period / Clock select frequency
Where, Period = SCANRATE_TIMER_VALUE

2. Use an ammeter to measure the current for different scan rates at 250, 500, 750, and 1000 ms. The following
graph and table show the power consumption at different scan rates for different operating voltages.
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Figure 10-3. Average Current at Varying Scan Rates and Voltage
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Table 10-2. Average Current at Varying Scan Rates and Voltage

Average Current (uA)

Scan rate (ms)
5V 3.3V 24V 1.8V
1000 25.7 25.4 25.2 25.1
750 29.5 29.1 28.8 28.7
500 32.8 324 31.7 31.4
250 40 39.6 39.1 39
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Configuring the CSD User Module

To modify the projects available with this design guide, you must be able to configure the CapSense User Modules
(UM) available with the PSoC® Designer software. Configuring UMs helps you to port any project from one device to
other. All CapSense UMs use a similar process for configuration. In the following example, we use a software wizard
to to configure the CSD:

1. Inthe User Modules window of the PSoC Designer, expand the Cap Sensors folder.

User Modules -1 X
4] User Modules

-4 ADCs

G- Amplifiers
-1 Cap Sensaors
-1 Dhgital Lomm
- Legacy
£
£
[

- Misc Digital
H-{_J Protocols
-1 Timers

2. Inthe Cap Sensors folder, right-click CSD and then select Place.

Lzer Modules - 0 X

4] User Modules
&3 ADCs

--1__] Amplifiers
EIL_}' Cap Sensors

- LfE CSA_EMC

ey Sma Place

-3 Digtal ( - ]
: »
-3 Legacy Datasheet
"‘—J Misc Di Properties
[+-{_J Protoco P
--1__] Timers Version List  »

WWW.Cypress.com Doc. No. 001-74590 Rev. *F

83



o CYPRESS

> EMBEDDED IN TOMORROW™

The Designer tool places the user module in the available block in the chip editor.

- ShertFege ) enample_m..jext [Chip]* | b
-]

2SR er. 0.0 >
01 .
Pt 02 -

P10 -
P 11 b
L]
P13
P _i_d
Por 15 b

3. Configure the CSD_1 properties, as shown in the following screenshot:

MName CsSD_1
CsD
Version 210
FingerThreshold 60
Noise Threshald 10
BaselinelUpdate Threshold 100
Sensors Autoreset Disabled
Hysteresis 10
Debounce 3
NegativeMoise Threshold 10
LowBaselineReset 50
iDAC Valus 20
Resalution 12
Scanning Speed
ShieldElectrodeOut

Precharge Source

Prescaler

PRS Resolution

Autocalibration

Idac Range

User Module
User Module name.
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4. Right-click the CSD user module and then select CSD Wizard.

We use the wizard to assign pins to the sensors.

T
21| Workspace Test' (1 project)
£+ Test [CYBC20646A-24LTX1]
E-HH Test [Chip]
i {5 Loadable Configurations
BB test - 1 User Modules

- Test

The CapSense Wizard appears.

MNext Allowed Placement
Place

Unplace

Rename

Delete

Select Color

Datasheet

C5D Wizard... Chrl+W, W

Global Setings | Sanuoes Selings 5|!IJ
Butions 1
Shdmis 1
Feachsl Shers Li]
Moot Caparcdat F M one
Bultan:
Butors Sanvory Courd
NN Y
Chigs P s sgnevent Visw T abis Pin dussigriesd Vies /./ 3 -'..-‘ i 5 =
o FE R TR
FEEFEuuSFEEE
L9 N
ARAT SR ASAS & 47 41 S22R 3007
[ g 1 w = PR
Fafd) z = T Fa|
a1z E ] ﬁ a3
P = FaE
P 2 P
S R S CYOC06HE el [
P[] g 7 aFy = [ PRl
=4 ok
o o i = Faiel
a1l == R i ] #nEs
[r)) == RH i = FIE
EME IS NEIT I3 MR J020 272024
TRRECLLREET Lergend kot Che
st B = vt e
O Aadabie pine
= e .

Tiodal Servboaic & | Sweiches 1 | Showss: | Rodkal Skdeix 0

Www.Ccypress.com

Doc. No. 001-74590 Rev. *F

Appendix

85



o CYPRESS

>  EMBEDDED IN TOMORROW™ Appendix

5. Use the CSD Wizard window to configure the Global Settings.

The settings in the screenshot are a project with five buttons and one slider. Use the Global Settings to configure the number
of sensors required for your project.

Global Settings |Sensnrs Seﬂingsl

Buttons 5
Sliders 1
Radial Sliders 0

Modulator Capacitor F PO[3]

Modulator Capacitor Pin
Modulator Capacitar Fin

6. Click the slider in the CSD Wizard to view sensor settings. Configure the Sensor Settings, as shown in the
following figure.

| Global Seftings  Sensors Settings

Diplex Falze
A ezolution 100
Sensors Count 10

Senszors Count
Slider Sersor Count.

7. To assign the sensor on a particular pin, click and drag from the sensor block to the required pin in the Pin
Assignment window. Drag and drop SWO to pin P1 [6]. Sensor pin assignment can be done in Table Pin
Assignment View (Figure 10-5) or Chip Pin Assignment View (Figure 10-4).
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Figure 10-4. Assign Sensors to Pins - Chip Pin Assignment View
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Figure 10-5. Assign Sensors to Pins - Table Pin Assignment View
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8. Similarly, other sensors can be assigned to the device pins. Click OK to finish
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Migrating Code Examples to Other CapSense Devices

To select the right device for your end application, refer to the Getting Started with CapSense Guide. All the code
examples provided with this document are for a particular device (target kit), as mentioned in the Table 1. To use the
code examples with other CapSense devices, you need to migrate (or port) the project to the desired device.

Before porting, you should be aware of the CapSense User Modules supported by each CapSense device. Table 5-1
in Getting Started with CapSense Guide shows the mapping of the CapSense product family to their supported
CapSense UMs.

The following sections provide step-by-step procedures to port a project from one device to another.

SmartSense

The SmartSense UM is supported by the CY8C20xx6A and CY8C21x34B device families. For more information, refer
to Code Example 1: Buttons and Sliders with SmartSense with a CY8C20xx6A CapSense Controller. Currently, we
do not provide any kit for the CY8C21x34B part, but you can use SmartSense with a CY8C21x34B device in your
environment. Write to capsense@cypress.com to request a kit for CY8C21x34B.

Communication with CapSense Controller

Code Example 2: Host Communication Through 12C with a CY8C20xx6A CapSense Controller and Code Example 3:
Data Transmission Through UART with a CY8C20xx6A CapSense Controller demonstrate use of I°’C and UART
protocols to interface the CapSense controller CY8C20xx6A with the host processor. Porting these projects to other
CapSense controllers is simple and does not need much modification.

Port Code Example 3 to other devices

1.

Create a new project with your desired target device.
The procedure to create a new project is available in the respective UCC kit guides.

Place the UART UM along with a CapSense UM (CSD, CSA, CSA_EMC, or SmartSense).

For reliable operation, tune the CapSense UM with the methods described in Code Example 7, Code Example 8,
or Code Example 9 as appropriate. This step is not needed for SmartSense.

Configure the CapSense and UART UMs as desired.
You may use the same settings as used in the Code Example 3 for the UART UM.

Open the existing main.c file in workspace explorer. Replace the existing main.c content with the content of the
main.c file of the Code Example 3 project.

Add the files display.c and display.h from the Code Example 3 folder to your project folder location.
Complete 3.7 Running the Code Example to run your project.
Refer to Plotting CapSense Data with MultiChart to see the plotted data in MultiChart tool.

Use I°C Communication with a CY8C24x94 Device

I’c protocol is used for data transfer in the tuning code examples found in this document. Refer to the Code Example
7, Code Example 8, and Code Example 9 projects to use I°C with the specified devices. To use I°C communication
with a CY8C24x94 device, follow the steps below.

1.

w

Create a new project with CY8C24x94 as target device.
Refer to the CY3280-24x94 UCC kit guide to learn how to create a new project with the kit.

Place the I°C UM along with a CSD UM to your project.

For reliable operation, tune the CSD UM with the method described in Code Example 7.
Configure the CapSense and I°C UMs as desired.

You may use the same settings as used in Code Example 2 for the 1°C UM.

Add the main.c, display.c and display.h files from the Code Example 2 project folder to your project.

Open the existing main.c file in Workspace Explorer. Replace the existing main.c content with the content of
main.c file of the Code Example 2 project.

Add the files display.c and display.h from the Code Example 2 folder to your project folder location.
Complete 2.7 Running the Code Example to run your project.

To see the CapSense data over 1°C, copy the BCP Configuration Files folder from the Code Example 1 project
folder to your project location, and then complete 1.8 Reading CapSense Data over |12C.
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Absolute Sensor Capacitance Measurement

Appendix

“CE #4 - Measuring Absolute Sensor Capacitance with a CY8C20xx6A CapSense Controller”, “CE #5 - Measuring
Absolute Sensor Capacitance with a CY8C21x34/B CapSense Controller”, and “CE #6 - Measuring Absolute Sensor
Capacitance with a CY8C20x34 CapSense Controller’ measures the absolute capacitance of sensors for
CYB8C20xx6A, CY8C21x34/B, and CY8C20x34 devices. Due to CSD UM architectural similarity, method to calculate
sensor capacitance for CY8C21x34/B has to be used for CY8C24x94 device. To know more about the CSD UM in

CY8C24x94, refer to CSD datasheet for CY8C24x94.
Port Code Example 5to a CY8C24x94 Device
1. Create a new project with CY8C24x94 as target device.

Refer to the CY3280-24x94 UCC kit guide to learn how to create a new project with the kit.
2. Place the CSD and UART UM to your project. Configure the UM as desired.

You can use the same settings as used in Code Example 5 for your project.

3. Open the existing main.c file in workspace explorer. Replace the existing main.c content of main.c file of the

Code Example 5 project.

4. Refer to CY8C21x34/B_Calculsensitivity.xls file to know how to calculate the sensitivity. Replace the sensitivity

value in the main.c file with the calculated value.

5. Complete 6.7 Running the Code Example to display the absolute capacitance on the HyperTerminal tool.

Code Examples 7 through 9 describe how to tune the CapSense UMs is specific to the UMs and devices used in the projects

and cannot be used with other devices.

Related Documents

Design Guides

®m  Getting Started with CapSense

m CYBC20xx6A CapSense Design Guide
m  CYB8C20x34 CapSense Design Guide

m  CY8C21x34/B CapSense Design Guide
Datasheets

m  CSD Datasheet

m  CSA_EMC Datasheet

® SmartSense Datasheet

Application Notes

m  AN2397 — CapSense Data Viewing Tools

Kit Guides
m CY3280-20x66 Universal CapSense Controller Kit Guide
m  CY3280-20x34 Universal CapSense Controller Kit Guide

m  CY3280-21x34 Universal CapSense Controller Kit Guide
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Acronyms

Acronym Definition
AN Application Note

API Application Programming Interface

BSM Simple Button Module

CE Code Example

COM Communication

CSA CapSense Successive Approximation

CsD CapSense Sigma Delta

EMC Electromagnetic Compatibility

PC Personal Computer

SLM Linear Slider Module

UART Universal Asynchronous Receiver/Transmitter
UM User Module

usB Universal Serial Bus
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Appendix

Document Revision History

Revision Issue Date Origin of Description of Change
Change
*x 07/10/2012 ZINE New document
*A 08/17/2012 ZINE Added text in the Overview section to provide details about
capsense@cypress.com.
*B 05/16/2013 ZINE Corrected pin details in Section 4.3.
*C 10/08/2013 DCHE Added MiniProg3 in the Hardware Setup section.
Modified Code Example 3 to view slider centroid position via UART.
Modified Code Example 4 and Code Example 5 to view sensor Cp via UART/I2C.
*D 01/13/2015 SLAN Replaced “I2USB bridge”, “12C-USB Bridge” with “CY3240-12USB bridge” in all
instances across the document.
*E 07/15/2015 DIMA/SLAN Updated Measuring Absolute Sensor Capacitance with a CY8C20xx6A
CapSense Controller:
Updated Operation:
Updated description (to clarify how Cp is measured).
Updated attached code examples to PSoC Designer 5.4 SP1.
Updated to new template.
Completing Sunset Review.
*F 05/26/2017 AESATP12 Updated logo and copyright.
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