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© Cypress Semiconductor Corporation, 2009. The information contained herein is subject to change without notice. Cypress
Semiconductor Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in a Cypress
product. Nor does it convey or imply any license under patent or other rights. Cypress products are not warranted nor
intended to be used for medical, life support, life saving, critical control or safety applications, unless pursuant to an express
written agreement with Cypress. Furthermore, Cypress does not authorize its products for use as critical components in life-
support systems where a malfunction or failure may reasonably be expected to result in significant injury to the user. The
inclusion of Cypress products in life-support systems application implies that the manufacturer assumes all risk of such use
and in doing so indemnifies Cypress against all charges.

Any Source Code (software and/or firmware) is owned by Cypress Semiconductor Corporation (Cypress) and is protected by
and subject to worldwide patent protection (United States and foreign), United States copyright laws and international treaty
provisions. Cypress hereby grants to licensee a personal, non-exclusive, non-transferable license to copy, use, modify, create
derivative works of, and compile the Cypress Source Code and derivative works for the sole purpose of creating custom soft-
ware and or firmware in support of licensee product to be used only in conjunction with a Cypress integrated circuit as speci-
fied in the applicable agreement. Any reproduction, modification, translation, compilation, or representation of this Source
Code except as specified above is prohibited without the express written permission of Cypress.

Disclaimer: CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS MATE-
RIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE. Cypress reserves the right to make changes without further notice to the materials described
herein. Cypress does not assume any liability arising out of the application or use of any product or circuit described herein.
Cypress does not authorize its products for use as critical components in life-support systems where a malfunction or failure
may reasonably be expected to result in significant injury to the user. The inclusion of Cypress’ product in a life-support sys-
tems application implies that the manufacturer assumes all risk of such use and in doing so indemnifies Cypress against all
charges.

Use may be limited by and subject to the applicable Cypress software license agreement.

PSoC Designer™, and Programmable System-on-Chip™ are trademarks and PSoC® is a registered trademark of Cypress
Semiconductor Corp. All other trademarks or registered trademarks referenced herein are property of the respective corpora-
tions.

Flash Code Protection

Cypress products meet the specifications contained in their particular Cypress PSoC Data Sheets. Cypress believes that its
family of PSoC products is one of the most secure families of its kind on the market today, regardless of how they are used.
There may be methods, unknown to Cypress, that can breach the code protection features. Any of these methods, to our
knowledge, would be dishonest and possibly illegal. Neither Cypress nor any other semiconductor manufacturer can guaran-
tee the security of their code. Code protection does not mean that we are guaranteeing the product as "unbreakable."

Cypress is willing to work with the customer who is concerned about the integrity of their code. Code protection is constantly
evolving. We at Cypress are committed to continuously improving the code protection features of our products.
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1.1 Welcome

Thank you for purchasing the CY8CKIT-003 PSoC® 3 FirstTouch™ Starter Kit.

The PSoC 3 FirstTouch Starter Kit is designed to introduce you to the PSoC programmable system-
on-chip design methodology and Cypress's new PSoC 3 architecture. This full-featured starter kit
ships with an array of sensors, 1/0's, projects and software to quickly get you up to speed with PSoC
Creator and our powerful design methodology so you can easily evaluate PSoC and see what
values the solution can provide you.

This kit, in addition to our new PSoC 3 architecture, features the following:

m PSoC Creator development software with an integrated, free-edition Keil C51 Compiler
USB-based Serial Wire Debugging protocol programmer and debug interface

Accelerometer analog sensor

m Thermistor analog sensor

m Proximity analog sensor

®

m CapSense~ analog touch-sensing interface

m 28-pin general purpose /O pins

m 12-pin wireless module header

In this guide you will find instructions on how to easily evaluate the PSoC 3 architecture and PSoC

Creator design methodology through five included example projects. Experience the development
software for yourself and discover how we truly have changed the way you change the world!

If you have questions about or need help with this kit, visit our online technical support center at
http://www.cypress.com/go/support for support options, or contact your local Cypress sales
representative or authorized distributor.

1.2 Kit Contents

PSoC 3 FirstTouch Starter Kit contains:

m Evaluation Board

Quick Start Guide

Kit CD

Retractable USB A to Mini B cable

Proximity wire (for use as proximity detection antenna)
9V battery
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1.3

1.4

Document Revision History

Table 1-1. Revision History
. PDF Origin of o
Revision Creation Date | Change Description of Change
> 02/19/09 KKU/VED | New kit user guide.
*A 06/19/09 fég/A Updated Guide to the latest FTK Board Revision
B 07/28/09 KKU Updated Guide to the latest FTK Board Revision

Documentation Conventions

Table 1-2. Document Conventions for Guides

Convention

Usage

Courier New

Displays file locations, user entered text, and source code:
C:\ ...cd\icc\

Italics

Displays file names and reference documentation:
Read about the sourcefile.hex file in the PSoC Designer User Guide.

[Bracketed, Bold]

Displays keyboard commands in procedures:
[Enter] or [Ctrl] [C]

File > Open

Represents menu paths:
File > Open > New Project

Bold

Displays commands, menu paths, and icon names in procedures:
Click the File icon and then click Open.

Times New Roman

Displays an equation:
2+2=4

Text in gray boxes

Describes Cautions or unique functionality of the product.
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2.1 Hardware

The PSoC 3 FirstTouch Starter Kit contains these components and sensors.
Figure 2-1. PSoC 3 FirstTouch Starter Kit

2. Proximity Sensor Connector

14. Voltage

4. CapSense Slider
Regulator

13. Jumper J4

5. Eight Red LED Outputs
12. Jumper J1 - —

6. Thermistor

11. QV Battery
Header

7. 12-Pin Wireless
Header

— - 8. 28-Pin External

10. USB Mini B 9. CY7C68013A I/O (on reverse)
Port FX2LP High Speed USB

The components indicated in Figure 2-1 are:

PSoC 3 100-pin TQFP (Cypress CY8C3866AXI-040 TQFP100)
Proximity Sensor Connector (Samtec Inc, BCS-101-L-S-HE)

Three Axis Accelerometer (Kionix, KXSC7-2050)

Five Segment CapSense Slider

Bank of Eight LEDs (Also Referred as LED Display in this user guide)
Thermistor (Murata, NCP21XV103J03RA)

Wireless Expansion Connector

General Purpose Expansion Connector (22 GPIO, 2 VDD, 2 GND, 2 SIO)
USB Programming and Debugging Interface (Cypress CY7C68013A-56LFXC)
. USB Connector

. 9V DC Battery Holder

. Jumper J1 Vddio Power Source Select

. Jumper J4 Voltage Regulator Source Select

. Voltage Regulator (Zetex Inc, ZLDO330)

. General Purpose Push Button Switch

= © 0o N o=

- A A A A
a b WODN = O
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3.1 Install Hardware

This section shows you how to use the PSoC 3 FirstTouch Starter Kit.

Note: This kit comes with a factory programmed demonstration to display "PSoC Rocks!" message
on the LED display when the board is waved.

1. Unpack the PSoC 3 FirstTouch Starter Kit.

2. Connect a 9V DC battery to the battery connector on the kit board.

3. Hold the board and battery exposing the LEDs. Then continuously wave the board from side to
side in the plane of the PCB (shown in Figure 3-1).

4. As you wave the board, the rasterized image of the message "PSoC Rocks!" appears as shown
in the following figure.

5. Keep waving. The message changes every few seconds.

Figure 3-1. Rasterized Image of "PSoC Rocks!"

3.1.1 Hardware Jumpers

There are two jumpers for power configuration. All examples are run with the default setup of 3.3V
operation. This requires J1-2 to connect to J1-3 and J4-2 to connect to J4-3. For all other configura-
tions see section 5.1.1 Hardware Jumpers on page 33.

CY8CKIT-003 PSoC 3 FirstTouch Starter Kit Guide, Spec. # 001-49613 Rev. *B 9
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Install Software

When installing the PSoC 3 FirstTouch Starter Kit, the installer checks if the prerequisites, PSoC
Creator, PSoC Programmer, Windows Installer, Windows.NET, Acrobat Reader, and Keil C51
Compiler, are installed in your PC. If these applications are not installed, then the installer prompts
you to install them.

1. Insert the Kit CD into the your PC. The CD is designed to automatically open an installation
dialog (see Figure 3-3). If this does not automatically open, do manually open this by running the
cyautorun.exe utility on the kit cd.

Figure 3-2. Auto Run File View
Mame | Size | Type |
Files Currently on the CD

(CéDocumentation | File Folder
[ Firmweare File: Folder
[T Hardware File: Falder
[ Prerequisite File: Falder
[C3)PS0C 3 FirstTouch Starter Kit File: Folder
[CIPS0C Creatar File: Folder
[C)PSoC Programmer File Folder
}autorun.inf 1 KB Setup Infarmation
cyaukorun, dak LKE DATFile
¢ cyaukorun, exe 1,416 KE  Application
% setup.ico 10KE Icon

2. The kit cd's installation dialog prompts you to open this file or begin installing the development
environment software. Click the Install PSoC 3 FirstTouch Starter Kit menu item to begin this
installation.

Figure 3-3. Installation Dialog.
S psoc 3 FirstTouch Starter Kit FEK

=7 CYPRESS

PERFORM

PSoC 3 FirstTouch Starter Kit

Open the Kit User's Guide. ..

Install PSoC 3 FirstTouch Starter Kit...

Exit

@ 2009 Cypress Semiconductor Corporation. All rights reserved

3. As specified, this installation process first determines if you have all prerequisite software. Follow
the on-screen dialogs to complete all required installations. After following these steps, you must
have the following software installed:

a. PSoC Creator 1.0
b. PSoC Programmer 3.10
c. Keil C51 Compiler (Cypress edition)

CY8CKIT-003 PSoC 3 FirstTouch Starter Kit Guide, Spec. # 001-49613 Rev. *B
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d. GNU GCC Compiler (for PSoC 5 development)
e. PSoC 3 FirstTouch Starter Kit example projects and documentation

4. Following the software installation, verify you have all hardware and drivers setup for the PSoC 3
FirstTouch Starter Kit by connecting the kit board to your PC via its USB interface. As this is the
first time you have connected this board to this PC, initial driver installations occur. Should any
on-screen dialogs appear, follow them to complete the installation process.

5. Now, verify your installation and setup by opening PSoC Programmer with the kit board attached
over USB. To open PSoC Programmer, click Start — Programs — Cypress — PSoC
Programmer 3.10 — PSoC Programmer (see Figure 3-4). In the port selection frame, you
should see the PSoC 3 FirstTouch starter kit. If you do, you have successfully installed all
required software and drivers to begin your PSoC 3 evaluation. Congratulations!

Figure 3-4. Opening PSoC Programmer
Accessories

Programs > |

e Cypress PaoC Creator 1.0 L4
<y Documents r Skartup (Y G PSo Programmer 3,10 B command Line Interface

=
q Internet Explorer I UsE 4 E CyInstaller
» Settings & @

& Cvpress Update Manager
Search 3 |'_;@ PSoC Programmer Help

vz P30C Programmer

| Help and Support
@) Hep PP
$=7 Run...
&

Log OFf Cypress-Gold 2005,

Windows XP Media Center Edition

Turn CFF Computer. ..

6. Close PSoC Programmer
7. Open PSoC Creator and continue on to the next section to experiment with the included example

projects.
Figure 3-5. Opening PSoC Creator
|

Accessories *
Gl Cypress

Programs

B PSoC Creator 1.0 d CvInstaller

<y Documnents 4 Startup » PSOC Programmer 3,10 ¢ f A aweo:
q & Internst Explorer LISE v
J Settings (3
\“ M3k & Cwpress Update Manager
/_) Search » @ Qutlook Express

“- Help and Suppark

Z=] Run..

"‘] Log OFf Cypress-Gold 2005, ..

Windows XP Media Center Edition

@ Turn OFfF Camputer, ..
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4. Example Projects

4.1 PSoC Rocks

The PSoC Rocks project displays a rasterized image of the user defined message ("PSoC Rocks!")
using persistence of vision. Waving the circuit board back and forth quickly in the plane of the board
generates the message.

4.1.1 Open the PSoC Rocks Project

1. Click on the example project PSoC Rocks from Kits and Solutions present on the Startup page
of the PSoC Creator.

2. Make a folder in the desired location and click OK.

3. Project opens up in the PSoC Creator and gets saved in that folder.

4. Build the project to generate the .hex file.

Figure 4-1. Open PSoC Rocks from Kits and Solutions
‘Workspace Explorer > o X _/m

® ™
> PSoC® Creator
2
£|| Beta
L EJ] ProCHocks. cywrk EIE‘_
a B PSoCRacks cywrk - i Ki
o
2 [ PSoCRocks.cymk Choose the location to copy sample project
S ‘BubbleLevel.cywrk’ to. The project will open after the copy tsm
,3_ Create Mew Project is done. Soc
o L )
Open Existing Project... it
. P g 125 Clock project ~ fitinct
m [+ i
2| | | start Page Topics g Eesfgngé ide
= ‘whelcome to PSoC Creator =sian = CYE
Intro b PS ol (D Designn3
Design Flow L .
Tutorials 5 LD project dd
n 3
= Kits and Solutions ) 2 PSOC ROCKS
= PSaC 3 FirstTouch Starter Kit 3 PsocRacks
E] BubbleLevel. cywik 2 study fami
E] CapSenseSlider.cywrk I PSoCRacks
] Proximity5 ense. cywrk 12 PZE reply farth
] PScCRocks. cynrk. |2 Resumes - atirn
B ThemistorT emperatureSen...
CatestHews [ Make New Folder ] [ 84 ] [ Cancel

41.2 Modify the PSoC Rocks Project

1. From the Workspace Explorer, open the main.c file as shown in Figure 4-2.

2. Replace the "PSoC Rocks!" string in the DisplayString[ ] [ ] array of strings with "Cypress" or any
other message(s) desired up to 25 characters.
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Figure 4-2. main.c File View

Skart F‘age)/main.cl

61 E fTT'&"XWTTT'X'XWWTT'R'KWTTT'X'KH‘TWTK'XWTWT?'XWTWT?'XWH‘WT?'XWH‘WT'R'KH‘WTT?'XWRWT'X'XWRWT'X'XWH‘WT?'XW

[ * Main function performs following functions:

63 # 1: Initializes all wvariables

&3 * 3: Turn off 411 LED=s on FOR

65 * 2: Initializes the accelerometer

Gei| * 3: Conwverts the string to display into a rasterized data array

67 * 4: Start ADC to read acceleration wvalue from ¥ axis of Accelerometer

1] ¥ 5: Wailts for an acceleration from a wave to be detected.

69| * 5: Updates the LEDs with the rasterized message at a periodic rate

"l.'|:| o ol
71

723 /% Messages to ke displaved when board iz waved (wessages must not he longer t
737 const chard DisplayString[MAX MESIAGE NUMEER] [STRING MAX LEN] =

T

k=] WFS0C Rocksi

76 "Customize Message™,
77 "By Installing™,

= P30l Creator™,

79 "From Kit CD',

=18} "Open Project™,
Slil:

23/ * Nuwber of wave cycles to diasplay each message defined in 'Displavy3cring' */
S3; oconst uintd StringCycles[MAXY MESSAGE NUMEER] =

g4ig §

g5l 3a.

3. The number of times each string in the array is displayed can be adjusted by modifying the
respective entry in the StringCycles[ ] array. Valid entries are 1-255.

Build, Program, and Run the PSoC Rocks Project
1. Build the project by selecting Build — Build PSoCRocks.

P

File

Workspace Explarer {1 project)

Figure 4-3. Build PSoCRocks

oLRocks - PS>0l Creator 1.0
Edit  Wiew Debug  Project | Build | Tools  wWindow  Help

Build PSoCRocks Shift+Fe

Clean PSoCRocks

Clean and Build PSoCRocks

- g G

2. Connect the PSoC 3 FirstTouch Starter Kit board to your PC by using a USB cable.
3. Click the Program icon.

File

Figure 4-4. Program

Edit  “iew Debug Project Buld Tools wWindow Help

Fintjﬁﬁzjnr‘_%; JJ—_I_\J.X y ‘;ﬂv;

[EH - S ﬂ -

Workspace Explarer £l oeais ax _/—l_
Prograrn {Ckrl+FS) T Start Page

T

4. The project is programmed successfully as shown in Figure 4-5 on page 15.
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Figure 4-5. Program Successful

Oukpuk

Show output fram:  All - SR

cyhextool "-o "C:/P3oCRocks/PSoCRocks.cydsn/DPS051-Keil Generic/Debug/PS3oCRocks.hex"
Frogramming started for device: 'PSoC3 CYECISGEAEI-0O40'.

——————————————— Euild 3ucceeded —-———-——————————-

Device ID Check

Erasing...

Frogramming User NWL Arrays...

FProgratuning of Flash Starting...

Frotecting. ..

Verifyv Checksum. ..

LDevice 'PR0CS CYSC3IS66LXI-040' was successfuly programmoed.

£
Oukput | Maokice Lisk

5. When the download is complete, remove the USB cable from the PSoC 3 FirstTouch Starter Kit
board and connect a 9V battery to the battery connector.

6. Follow the steps in section 3.1 Install Hardware on page 9 to see your message displayed.

Schematic Design PSoC Creator

This project's customized hardware configuration is viewed by opening the TopDesign.cysch file
located in the Workspace Explorer window. PSoC Creator's schematic design entry methodology,
using pre-defined peripheral functions called components, allows rapid hardware definition and
implementation.

The schematic entry system works similarly to standard circuit board schematic entry tools, with the
exception that all components and routing are automatically implemented within the PSoC device
rather than on a PCB. This allows you to create custom solutions using peripherals commonly found
in MCU designs as well as analog peripherals, digital peripherals, and logic, not possible with any
other microcontroller or System on Chip. In many designs, traditionally external resources are able
to be fully integrated within the PSoC device.

The PSoC Rocks design schematic uses several peripheral and circuit elements. A single analog
input pin connected to the accelerometer's Y axis is routed to an ADC. Two digital ports are used to
control the functionality of the accelerometer and another pair is used to drive the LEDs. The last
schematic element is a control register that is used to drive the LED ports. The control register
output is inverted to sink current from the LEDs. This allows the LEDs to be driven externally with the
highest possible current and brightness without adding complexity to the design. Conventional
systems would require firmware overhead to decode and invert the data for each of the affected LED
port registers.

The PSoC Rocks schematic (see Figure 4-6 on page 16) provides a small sample of how custom
hardware and peripherals are possible in PSoC devices. Each component selected from the
component catalog and placed onto the project schematic provides a GUI, configurable parameters,
and full data sheet to further customize its operation in the design. During the project build process,
each component generates the required hardware configuration and firmware APls as necessary to
provide a truly custom hardware configuration.
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Figure 4-6. PSoC Rocks Schematic

Companent block to Read accelerometer ¥ axis voltage Comp{onent block to set up
accelerometer
; AcclADC
aPort ¥ Axis ADC_DelSig

— dPort_AcclContral
i D
EOCIE) width = 3

11 Bit Resolution

Companent black ta contrel LEDs
dPort LSE
LED_Control Reg
Cantral Reg
control_0
- [0
control_1 N
control_2 E;} b' [3:01
contral_3 - . '
cantrol_4 E} [7:0] [7:0]
control_5 [7:4]
control & [5]
contral_7 (6] o
= 7 (1}{ee
dPort_ MSE

How the PSoC Rocks Project Works

This example displays a message using a bank of LEDs, that when swung in a back and forth arcing
motion, produces a rasterized character display. The PSoC 3 FirstTouch Starter Kit has a three axis
accelerometer. The accelerometer detects the instantaneous acceleration of the board when in
motion. The instantaneous voltage at each axis of the accelerometer is directly proportional to the
acceleration along that axis.

In this project, the firmware uses the Y axis voltage output of the accelerometer. This voltage is
routed to an ADC in the PSoC. This digital value is now a measure of acceleration detected by the
accelerometer. If the acceleration exceeds a maximum value it signals the start of a new wave event.
On start of a new wave the firmware delays for a fixed period of time to start the first character in the
proper position of the wave. The current string is converted into a rasterized display data array prior
to the start of the wave. Each column of the rasterized data array is sequentially output after a fixed
delay. The delay periods may be adjusted in firmware.

For a particular character in the message, a look up table determines which LEDs to turn on. When
the board is waved back and forth rapidly, due to persistence of vision, the user defined image
appears to float in the air. Multiple strings may be configured with each string being displayed for an
adjustable number of wave cycles.
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Figure 4-7. PSoC Rocks Project Flowchart
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PCB Schematic

Figure 4-8. PSoC Rocks Project PCB Schematic
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4.2 Bubble Level Emulator

This project emulates a glass bubble level instrument using the onboard accelerometer and the LED
display. When the program is run, the LEDs shows the direction in which the board is tilted.

Running the Bubble Level Emulator project:

1.
2.

Connect the PSoC 3 FirstTouch Starter Kit board to the USB port of the PC using the USB cable.

Click on the example project BubbleLevel from Kits and Solutions present on the Startup page
of the PSoC Creator.

Make a folder in the desired location and click OK.

Project opens up in the PSoC Creator and gets saved in that folder.

Follow step 1 to 4 in section 4.1.3 Build, Program, and Run the PSoC Rocks Project on page 14
to program the project into the PSoC 3 FirstTouch Starter Kit board.

When the download is complete, remove the PSoC 3 FirstTouch Starter Kit board from the USB
port and connect a 9V DC battery to the battery connector of the PSoC 3 FirstTouch Starter Kit
board.

Tilt the board along the X axis of the accelerometer by holding the battery in a stationary position
and move the edge opposite the battery up and down as shown in Figure 4-9. As you tilt the
board, you could see the direction of the tilt on the LED display.

F|gure 4-9. Bubble Level Emulator Perpendlcular Motion
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How the Bubble Level Emulator Project Works

A bubble level displays the amount the level deviates from horizontal using a bubble of air in a glass
via level. In this project, a level is emulated by the accelerometer on the board.

In the case of the bubble level detection, LEDs display the tilt of the board along its length
(corresponding to the X axis of the accelerometer).

The accelerometer is always under the influence of gravity. When the board is placed flat on the
ground, the static acceleration due to gravity along the X axis of the accelerometer is zero. In this
position of the board, the two LEDs in the center of the LED display are turned on. As the board is
tilted in one direction, the force of gravity along that axis increases. This increases the static
acceleration detected by the accelerometer. The X axis voltage output of the accelerometer is fed
into an ADC in the PSoC. The ADC converts this voltage into digital count, which is the measure of
the static acceleration detected by the accelerometer. PSoC determines the tilt of the board and
lights up LEDs indicating the tilt. If the board is further tilted in one direction, the LED accordingly
keeps moving to the extreme of the LED display.

Figure 4-10. Bubble Level Emulator Project Flowchart
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PCB Schematic
Figure 4-11. Bubble Level Emulator Project PCB Schematic
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ThermistorTemperatureSense

This project measures the current room temperature and displays it as a rasterized image when the
board is waved.

Running the ThermistorTemperatureSense project:

1.

Connect the PSoC 3 FirstTouch Starter Kit board to the USB port of the PC through the USB
cable.

. Click on the example project ThemistorTemperatureSense from Kits and Solutions present on

the Startup page of the PSoC Creator.
Make a folder in the desired location and click OK.
Project opens up in PSoC Creator and gets saved in that folder.

Follow step 1 to 4 in section 4.1.3 Build, Program, and Run the PSoC Rocks Project on page 14
to program the project into the PSoC 3 FirstTouch Starter Kit board.

. When the download is complete, remove the PSoC 3 FirstTouch Starter Kit board from the USB

port and connect a 9V DC battery to the battery connector of the PSoC 3 FirstTouch Starter Kit
board.

Hold the board and wave it continuously from left to right as shown in Figure 3-1 on page 9. A
rasterized image of the current measured temperature in degree Celsius is visible in the air.
Press the S1 switch and continue to wave the board. The display has switched from Celsius to
Fahrenheit.

How the ThermistorTemperatureSense Project Works

The thermistor example demonstrates how the PSoC device senses temperature using a thermistor.
The thermistor resistance varies with temperature following a predictable nonlinear curve. The
temperature-resistance relationship is given by the Steinhart-Hart equation:

1 /T = A + B*In(R) + C*(In(R))’

In this equation:

A, B, and C are empirical constants known as Steinhart-Hart coefficients.
R is the resistance of the thermistor in Ohms.
Ty is the temperature in degree Kelvins.

The same equation, when converted to Celsius scale becomes:

T, =Ty -273.15

In this equation, T, is the temperature in degree Celsius.
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Figure 4-12. Temperature Sensor Project Flowchart
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Temperature Sensing Design Principle

As shown in Figure 4-13, the design for temperature sensing uses a voltage divider with a precision
resistor on one side and the thermistor on the other to estimate the thermistor resistance. The
temperature calculations are as accurate as the resistance measurement of the thermistor.

Figure 4-13. Temperature Sensing Design Principle
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This setup significantly removes gain and offset errors from the resistance calculation.

The analog voltage output from the divider is converted to a digital signal using the ADC on the
PSoC. To gain additional accuracy, the voltage at the input side of the divider is also measured. The
resistor value is calculated using the ratio of the voltages across the two resistors in the resistor
ladder.

Rthermistor = Rref * (V{-V,/V(y-V))
In this equation, V, = 0 (Ground voltage)

Offset errors, if any, are removed due to subtraction of the two measured voltages. The ratio of these
two values removes the measurement path gain error. The error due to the reference resistor is
reduced by using a precision resistance in series with the thermistor.
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Temperature is calculated by referring to a table of 165 known points on the resistance/temperature
curve using a look up table. The table holds resistance values of the thermistor from -40°C to 125°C,

in 1°C increments. Linear interpolation is used between the points in the table for temperature
calculation up to two decimal places.

The temperature is then displayed as a rasterized image using persistence of vision when the board

is waved around. Refer to section 4.1.5 How the PSoC Rocks Project Works on page 16 to
understand how the message is displayed on the LEDs.

For more information on using PSoC family devices with a thermistor, refer to the application note
AN2017 "Sensing - A Thermistor-Based Thermometer, PSoC Style".
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CapSense Slider

This project shows how to detect the position of a finger on the CapSense slider of the PSoC 3 First-
Touch Starter Kit board and indicate its position on the LED display.

Running the CapSense project:
1. Connect the PSoC 3 FirstTouch Starter Kit board to the USB port of the PC through the USB
cable.

2. Click on the example project CapSenseSlider from Kits and Solutions present on the Startup
page of the PSoC Creator.

3. Make a folder in the desired location and click OK.
4. Project opens up in PSoC Creator and gets saved in that folder.

5. Follow step 1 to 4 in section 4.1.3 Build, Program, and Run the PSoC Rocks Project on page 14
to program the project into the PSoC 3 FirstTouch Starter Kit board.

6. When the download is complete, remove the PSoC 3 FirstTouch Starter Kit board from the USB
port and connect a 9V DC battery to the battery connector of the PSoC 3 FirstTouch Starter Kit
board.

7. Move your finger along the CapSense Slider and see the corresponding LEDs light up.

How the CapSense Slider Project Works

Capacitive sensing determines the presence of a conductive element, such as the finger, on a
capacitive sensor incorporated on the PCB. The kit consists of a bank of CapSense sensors in the
form of a slider. The size of the sensors and their position is designed such that when a finger is
placed on any part of the slider, at least three sensors are active (it detects the presence of the finger
by a change in its capacitance value).

The CapSense component provides APIs, which report the centroid (relative position) of the finger
on the slider based on the active sensors. The firmware then lights up the LED corresponding to this
centroid position.
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Figure 4-15. CapSense Slider Project Flowchart
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PCB Schematic

Figure 4-16. PCB Schematic for CapSense Slider Project
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Proximity Sensor

This project senses the presence of a finger near the proximity detection antenna. The number of
LEDs that light up on the LED display on the PSoC 3 FirstTouch Starter Kit board increases as the
finger gets closer to the antenna.

To run the proximity sensor project, follow these steps:

1.

Connect the PSoC 3 FirstTouch Starter Kit board to the USB port of the PC through the USB
cable.

Click on the example project ProximitySensor from Kits and Solutions present on the Startup
page of the PSoC Creator.

Make a folder in the desired location and click OK.
Project opens up in PSoC Creator and gets saved in that folder.

Follow step 1 to 4 in section 4.1.3 Build, Program, and Run the PSoC Rocks Project on page 14
to program the project into the PSoC 3 FirstTouch Starter Kit board.

. When the download is complete, remove the PSoC 3 FirstTouch Starter Kit board from the USB

port.

Attach the wire antenna to the board at the proximity sensor connector and connect the 9V DC
battery to the battery connector of the PSoC 3 FirstTouch Starter Kit board.

Move your finger near and away from the proximity antenna. As your finger comes closer to the
antenna, the number of LEDs that light up increases. When it does not sense your finger or hand
near the antenna, all the LEDs are turned off.

Figure 4-17. Wire Antenna attached to Proximity Sensor Connector
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How the Proximity Sensor Project Works

Proximity detection is performed by a proximity antenna acting as a capacitive sensor. The proximity
antenna consists of a wire connected to the proximity connector on the board.

Upon power up, the board establishes a baseline capacitance value of the board along with the
antenna attached to it. This is used as a reference value of capacitance and is called the parasitic
capacitance of the board.

When a conductive object such as a human finger is brought close to the antenna, the overall
capacitance of the board changes. This change in capacitance determines the proximity of the finger
to the antenna. An increase in capacitance corresponds to the finger being closer to the antenna.

This is used to light up the LEDs based on the proximity of the finger to the antenna. The number of
LEDs turned on increases as the proximity of the finger increases.

To establish the parasitic capacitance, the antenna must be connected to the board before power up.
The baseline for capacitive sensors is updated continuously by the firmware. This accounts for any
changes in environmental conditions during the operation.

Figure 4-18. Proximity Sensor Project Flowchart
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PCB Schematic

Figure 4-19. PCB Schematic for Proximity Detection Project
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When creating a new project or modifying an existing project, refer to the PSoC 3 FirstTouch Starter
Kit board schematic provided in section 5.1 PSoC 3 FirstTouch Starter Kit Schematic on page 32 and
the pin assignment tables listed in section 5.2 PSoC 3 Pin Assignment on PSoC 3 FirstTouch Starter
Kit Board on page 39.
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PSoC 3 FirstTouch Starter Kit Schematic
Figure 5-1. PSoC 3 FirstTouch Starter Kit Design Schematic

N 0dan amign
B 3 T
A
ot pan 0 anign
A Pz P
molﬁ Glﬁ molﬁ 79 WoE T ]
iy i
T amign
na N o 050210501 |, #591 oidan e ;3 ]
QVOTON== GVOTON=I= GvOTON="" e 50
SQH uuolﬁ 520 aniga
oz [ z ez v T
N o
Tox 5 b 5% o
M osuosded
Tox T =y vea 7w v ]
1 5580 w000 iy o 0
angn
TN T ssuasder v = Tw Bz T 4
w00 o o
Irsso angn
m
oi esuasder T &Y 7w e wen T T
9 w00 v w z
1 fesso o
SWOT T w00 ey o i
iwe fzsso
asussder 1
T = = e
w00
1850

5.1

Technical Reference
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5.1.1 Hardware Jumpers

There are two jumpers on the PCB for setting the power configuration. They are J1 and J4. These
jumpers are for selecting the source for powering the PSoC 3. The options are to power the PSoC 3
from the on board 3.3V regulator, to run the PSoC 3 from the USB connector, or to supply power
from off board using the J2/J3 connectors.

J4 is for selecting the power source to drive the 3.3 volt regulator. This regulator can be used to
power everything on the board or just the accelerometer. The regulator cannot be powered indepen-
dently from the VDDIO bus. It must either power the VDDIO bus or be powered by it.

J1 is for selecting the power source of the PSoC 3. The /O cells of the PSoC 3 are driven by this
source level. Only the I/O cells that the accelerometer is connected to remain connected to 3.3V and
must power up with the VDDIO bus or after the VDDIO power bus.
Valid combinations of the jumpers are:
m 3.3V operation
o J1-2to J1-3
o J4-2 to J4-3
m VBUS operation
o J1-1toJ1-2
o J4-1to J4-2
= VDDIO
o J1 open
o J4-1to J4-2
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5.1.2 Board Layout
Figure 5-2. PDCR-9493 Rev ** Primary Side (Primary Silkscreen)
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Figure 5-3. PDCR-9493 Rev ** Secondary Side (Secondary Silkscreen)
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51.3 Bill of Material (BOM)
Table 5-1. Bill of Material (BOM)
Item | Qty Reference Description Manufacturer Mfr Part Number
1 PCB Cypress PDCR-9493 REV**
2 1 |BH1 SCLLEnZTei%Ll\E/)I'EFR Keystone Electronics | 594
3 1 |BH2 g\/}\-ll—\;lraEleR\lgg ?AI_‘I_DER Keystone Electronics | 593
C1, C4, C6, C8, C9,
4 16 81; 813 81; 818 géEA]\iIJIE 1(65\\// 0402 Panasonic - ECG ECJ-0EF1C104Z
C20, C22, C24
5 1 [C2 %’gggﬂlg'\ql ;\f§603 20, Panasonic ECH-U01392GX5
6 6 81237C(1;28C11 €23, gé\\f )gERR&'\(A)L% :.J'(SOUF Taiyo Yuden TMK107BJ105KA-T
7 1 [C5 ?:‘VP )%iR&I\(/I)gC 1.2UF Kemet C0805C125K8PACTU
8 1 [C7 ?&Z %EVR)'\(ASQ Z)L(;ES AVX 0603YD474KAT2A
9 | 1 |ce1 O 2283V | panasonic - ECG | ECJ-0EB0J225M
10 1 |C26 gg\g OC6EO|?3 10PF 100V Murata GRM1885C2A100RA01D
IR R e
2|2 loson [popEScioTe e |wemosan
13 | 1 |D11 '65(')33RSEMDDCLEAR bitsefl’;lrading LTST-C190CKT
142 |14 gggs'\l. 1|-(|)EA\\/DEIIE§ TIN gZLet)r(cl)\;\filsdggrp 22-28-4030
152|928 ?A%%%&F&D\/E;RT TIN lé;/lglﬁgr(;t(i)g:ector 22-28-4140
16 1 |PRX1 (iSCI)\INSEgE-II——il)PROZS Samtec Inc BCS-101-L-S-HE
17 | 1 |P1 o e L |TYCO 1734035-2
18 | 1 |P2 ?SP%%E%%EELD o |1rose Electric Co- | bF11Z-12D8-2v(20)
19 1 |RT1 -Cl—)TﬁliARII\\IA'II'?:T(())SEEJ (SMK/ID Murata NCP21XV103J03RA
20 6 E;HR& R4, R8, R11, Tisoggg gl\|;llll\3/| 1/10W Rohm MCRO3EZPFX5600
21 | 8 E?éﬁéﬁ,ﬁﬁ;ﬁqg, RES 68 OHM 1/16W | panasonic - ECG | ERJ-2GEJ680X
R33 5% 0402 SMD
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Table 5-1. Bill of Material (BOM) (continued)

Technical Reference

Item | Qty Reference Description Manufacturer Mfr Part Number

RES 4.99K OHM 1/ .

22 1 |IR5 16W 1% 0603 SMD Panasonic - ECG ERJ-3EKF4991V
RES 10.0K OHM 1/ .

23 1 |R6 16W 1% 0603 SMD Yageo Corporation | RC0603FR-0710KL
RES 1.0K OHM 1/16W .

24 1 |R20 5% 0603 SMD Panasonic - ECG ERJ-3GEYJ102V

R21, R22, R23, R26, | RES 100K OHM 1/

25 5 R27 10W 1% 0603 SMD Yageo RC0603FR-07100KL
RES 10K OHM 1/16W

26 1 |R24 5% 0402 SMD Phycomp USA Inc 9C1A04021002JLHF3
RES 1.30K OHM 1/ .

27 1 |R25 10W 1% 0603 SMD Panasonic-ECG ERJ-3EKF1301V
RES 2.2K OHM 1/16W .

28 2 |R28, R29 5% 0402 SMD Panasonic - ECG ERJ-2GEJ222X
RES ZERO OHM 1/ .

29 1 |R30 16W 5% 0603 SMD Panasonic - ECG ERJ-3GEYORO0OV
RES 39.0K OHM 1/ Rohm

30 [ 1 |R32 10W 1% 0603 SMD | Semiconductor MCRO3EZPFX3902
RES 62.0K OHM 1/ Rohm

31 1 |R34 10W 1% 0603 SMD Semiconductor MCRO3EZPFX6202
RES 1.50K OHM 1/ .

32 1 |R35 16W 1% 0402 SMD Panasonic - ECG ERJ-2RKF1501X
LT SWITCH 6MM .

33 1 |S1 100GF H=7MM TH Panasonic - ECG EVQ-PBCO7K
Tri-axis 1.5g-6, Analog

34 1 U1 3x3x0.9mm LGA KIONIX KXSC7-2050

35 | 1 |u2 PSoC 3 Programmable | Cypress CY8C3866AXI-040
System-on-Chip Semiconductor
IC, FX2 HIGH-SPEED
USB PERIPHERAL Cypress

36 T us CONTROLLER Semiconductor CY7C68013A-56LFXC
QFN56
IC SERIAL EEPROM Microchi

37 1 |U4 128 BIT 2.5V SOT-23- P 24L.C00-I/0T
5 Technology
IC VREG LOW DROP

38 1 |U5 3.3V SMD SM-8 Zetex Inc ZLDO330T8TA
RESONATOR,

39 1 |Y1 24.000MHZ, WITH Murata CSTCE24M0OXK2***-R0
CAPS, SMD
SHUNT/JUMPER ,

40 2 |N/A 2POS 100 BLACK Superior Tech Co MJPB-D02BG1CA-A
PCA and Serial

41 1 |LABEL Number Barcode Label

CY8CKIT-003 PSoC 3 FirstTouch Starter Kit Guide, Spec. # 001-49613 Rev. *B
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Table 5-1. Bill of Material (BOM) (continued)

Item | Qty | Reference | Description | Manufacturer Mfr Part Number
NO LOAD Components

42 3 [C25,C29, C30 CAP 0402 NO LOAD [NA NA
RES NO LOAD 0603

43 1 |R14 SMD NA NA
TEST VIA 40 HOLE 20

44 2 |TV1,TV2 PLATED NONE

45 5 CSS1, CSS2, CSS3, | CapSense Slider Manufacturing NA

CSS4, CSS5 Element Process
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5.2 PSoC 3 Pin Assignment on PSoC 3 FirstTouch Starter Kit Board

Table 5-2. Pin Assignments

Pin Number Port Number Design Function
1 P2[5] Unused / No connect
2 P2[6] General expansion connector J2 pin 13
3 P2[7] General expansion connector J3 pin 13
4 P12[4] Unused/No Connect
5 P12[5] Unused/No Connect
6 P6[4] General expansion connector (J2) Pin 10
7 P6[5] General expansion connector (J3) Pin 10
8 P6[6] General expansion connector (J2) Pin 11
9 P6[7] General expansion connector (J3) Pin 11
10 Vssb GND
1 Ind Unused/No Connect
12 Vboost GND
13 Vbat GND
14 Vssd GND
15 XRES Reset from FX2LP
16 P5[0] Wireless expansion connector pin 7
17 P5[1] Wireless expansion connector pin 11
18 P5[2] Wireless expansion connector pin 4
19 P5[3] Wireless expansion connector pin 6
20 P1[0] Programming/Debugging Data line
21 P1[1] Programming/Debugging Clock line
22 P1[2] No Connect
23 P1[3] Debugging, Single Wire viewer
24 P1[4] Wireless expansion connector pin 8
25 P1[5] Wireless expansion connector pin 10
26 Vddio1 3.3V
27 P1[6] CapSense feedback resistor
28 P1[7] Wireless expansion connector pin 12
29 P12[6] Battery low indication input
30 P12[7] No Connect
31 P5[4] CapSense Modulator capacitor
32 P5[5] Thermistor Analog input
33 P5[6] Thermistor Drive Voltage reference
34 P5[7] Proximity Sense antenna connector
35 P15[6] USB/SWD Interface to FX2LP
36 P15[7] USB/SWD Interface to FX2LP
37 Vddd 3.3V
38 Vssd GND
39 Veed Input to digital core

CY8CKIT-003 PSoC 3 FirstTouch Starter Kit Guide, Spec. # 001-49613 Rev. *B
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Table 5-2. Pin Assignments (continued)

Pin Number Port Number Design Function
40 NC No Connect
41 NC No Connect
42 P15[0] Accelerometer ST/Mode
43 P15[1] Accelerometer Mode
44 P3[0] CapSense slider element 1
45 P3[1] CapSense slider element 2
46 P3[2] CapSense slider element 3
47 P3[3] CapSense slider element 4
48 P3[4] CapSense slider element 5
49 P3[5] Accelerometer X axis analog input
50 Vddio3 3.3V
51 P3[6] Accelerometer Y axis analog input
52 P3[7] Accelerometer Z axis analog input
53 P12[0] Wireless expansion connector pin 5
54 P12[1] Wireless expansion connector pin 3
55 P15[2] Accelerometer enable/sleep
56 P15[3] General purpose Push Button Switch
57 NC No Connect
58 NC No Connect
59 NC No Connect
60 NC No Connect
61 NC No Connect
62 NC No Connect
63 Vcca Input to analog core
64 Vssa GND
65 Vdda 3.3V
66 Vssd GND
67 P12[2] General expansion connector (J2) Pin 12
68 P12[3] General expansion connector (J3) Pin 12
69 P4[0] LED 5 drive
70 P4[1] LED 6 drive
71 PO[0] General expansion connector (J2) Pin 2
72 PO[1] General expansion connector (J3) Pin 2
73 PO[2] General expansion connector (J2) Pin 3
74 PO[3] General expansion connector (J3) Pin 3
75 VddloO 3.3V
76 PO[4] General expansion connector (J2) Pin 4
77 PO[5] General expansion connector (J3) Pin 4
78 PO[6] General expansion connector (J2) Pin 5
79 PO[7] General expansion connector (J3) Pin 5
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Table 5-2. Pin Assignments (continued)

Technical Reference

Pin Number Port Number Design Function
80 P4[2] LED 7 drive
81 P4[3] LED 8 drive
82 P4[4] General expansion connector (J2) Pin 6
83 P4[5] General expansion connector (J3) Pin 6
84 P4[6] General expansion connector (J2) Pin 7
85 P4[7] General expansion connector (J3) Pin 7
86 Vced Input to digital core
87 Vssd GND
88 Vddd 3.3V
89 P6[0] General expansion connector (J2) Pin 8
90 P6[1] General expansion connector (J3) Pin 8
91 P6[2] General expansion connector (J2) Pin 9
92 P6[3] General expansion connector (J3) Pin 9
93 P15[4] unused / No Connection
94 P15[5] No Connect
95 P2[0] LED 1 drive
96 P2[1] LED 2 drive
97 P2[2] LED 3 drive
98 P2[3] LED 4 drive
99 P2[4] unused / No Connection
100 Vddio2 3.3V
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