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Objective

This code example demonstrates how to measure an input voltage using the CapSense_ADC Component on a PSoC® 4000S
device. The ADC output value is used to control the breathing rate of an RGB LED using the Smart IO Component. The ADC
value is also sent over 12C to KitProg2, which is accessible on a PC.

Overview

This code example demonstrates the use of the CapSense_ADC Component to measure an input voltage on any I/O pin. The
example also shows how to implement a breathing LED using the Smart IO Component. The breathing LED effect is
implemented by XORing two pulse-width modulation (PWM) signals that have slightly different frequencies (Figure 1). There
are four levels of breathing rates and three different color LEDs. Depending on the ADC result, a specific LED and breathing
rate is chosen. The ADC result is sent over I°C to a host PC running Cypress’s Bridge Control Panel (BCP) program.

Figure 1. LED Breathing Effect by XORing Two PWM Signals

PWM_1
PWM_2
XOR Output

Requirements

Tool: PSoC Creator™ 4.0 or later versions

Programming Language: C (ARM® GCC 4.9.3)

Associated Parts: All PSoC 4000S parts

Related Hardware: CY8CKIT-041-40XX PSoC 4 S-Series Pioneer Kit

Design

Figure 2 and Figure 3 show the PSoC Creator schematics of this code example. This example uses the CapSense_ADC,
EZI2C Slave, PWM, Pin, Clock, and Smart IO Components.

Figure 2. TopDesign — CapSense_ADC

CE210487 ADC with Breathing LED

This code example demonstrates how to measure input voltage using CapSense_ADC component on PSoC 4000S device.
The ADC output is used to control the breathing rate of a RGB LED using SmartlO component.

ADC Interface 12C Interface for ADC Data Display
CapSense_ADC EZI2C
CapSense_ADC EZI2C

Slave

CapSense Configuration:
1. Single Channel ADC with 10-bit resolution
2. ADC sample rate of 11.6 ksps

EzI2C configuration:
- 12C bus speed: 400 kHz
- Number of addresses: 1
- Slave address: 0x08
- Sub-address size: 8 bit
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Figure 3. TopDesign — Breathing LED

CE210487 ADC with Breathing LED

This code example demonstrates how to measure input voltage using CapSense_ADC component on PSoC 4000S device.
The ADC output is used to control the breathing rate of a RGB LED using SmartlO component.

Breathing LED Control
PWM_1 PV\'IDI\\/’IVM_?)
PWM
ov el
ov ] XOR_Gate_1 un|- XOR_Gate_2
un e Smart 10 celo Smart 10
celo ma
line data6  gpio6| - GREEN_LED Iinelzln: - data6’ " gpio6—fx] BLUE_LED
B e | SR (i B 72rl — Delock datad  gpio4| W RED_LED
. interrupt =1
interrupt ]
PWM_2 Pv\'/:)'\\/,lVMJt
PWM
orl o
unigg - Port 3
cclo Port 2 CC ]
. line
Ji e line_n (&
ine_n o—>clock
Clock_2[ " }-e—>clock .
2MHz interrupt |- i g
PWM Configuration:
1. PWM Mode
2. Period - Runtime controlled
3. Compare Value - Runtime controlled
SMART IO Configuration:
1. Combinatorial Mode
2. LUT configured for XOR Gate Implementation

The CapSense_ADC Component is used to measure the voltage across a potentiometer.

Note: A dummy CapSense button widget is added to the CapSense_ADC Component because it requires at least one
CapSense sensor to be configured in order to use the ADC.

As shown in Figure 1, an LED breathing effect is generated by XORing two PWM signals that have slightly different
frequencies with a duty cycle of 50%. The XOR operation is implemented using the Smart IO Component. To drive the Green
LED, two PWM Components and one Smart IO Component is used; for the Red and Blue LEDs, another set of two PWM
Components and a Smart IO Component is used.

The Smart IO Component is configured in combinatorial mode with the Look-Up-Table (LUT) configured for an XOR gate
implementation.

The clock input to all the PWM Components is 2 MHz. One of the PWM inputs to the XOR gate has a fixed frequency of
100 Hz (2 MHz/20000). The second PWM input frequency is varied depending on the ADC result. Output frequencies of the
second PWM are shown below:

2 MHz/19950 = 100.25 Hz
2 MHz/19800 = 101.01 Hz
2 MHz/19230 = 104.00 Hz
2 MHz/17857 = 112.00 Hz

Routing these PWM signals through an XOR gate yields an output signal with a gradually changing duty cycle. Driving an LED
with this signal results in a “breathing” effect, where the LED gradually gets alternately brighter and dimmer. The rate of
change is proportional to the difference between the PWM output frequencies.
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The EZI2C Slave Component is used to send the ADC result to the PC. The 12C-to-USB Bridge (KitProg2) on the kit is used to
transfer the data from the PSoC I°C interface to the PC’s USB interface. The Cypress Bridge Control Panel program can be
used to view the ADC result on the PC.

Figure 4 shows the firmware flowchart of this code example.

Initialize all the components

v

Set RGB LEDs to default
state (OFF)

»

"

Measure voltage across
potentiometer

ADC resultis in
ADC Range 1?

Set RED_LED to Strong
drive mode, other LEDs to
HI-Z state

A

Figure 4. Firmware Flowchart

ADC resultis in
ADC Range 2?

Set GREEN_LED to Strong
drive mode, other LEDs to HI-Z
state

Set PWM period to produce
breathing effect at frequency
0.25,1,40r 12 Hz
depending on the ADC
Result

ADC resultis in
ADC Range 3?

A

Set BLUE_LED to Strong drive
mode, other LEDs to HI-Z state

Set RGB LEDs to HI-Z

state

<

A

Update 12C Buffer with ADC
Result
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Design Considerations

This code example is designed to run on CY8CKIT-041-40XX with the PSoC 4000S device. To port the design to other
PSoC 4 devices and kits, you must change the target device in Device Selector, and change the pin assignments in the cydwr
settings.

Note: Because the forward voltage of the Blue and Green LEDs is 3.0 V, they will not turn ON if the kit is configured for
operation below 3.3 V.

Hardware Setup

The code example works with the default settings on the CY8CKIT-041-40XX PSoC 4 S-Series Pioneer kit. If the settings are
different from the default values, see the “Switches Default Position” table in the kit guide to reset to the default settings.

Software Setup

Tzhis section describes how to set up the Cypress Bridge Control Panel (BCP) program for viewing the ADC result sent over
I°C.

The BCP software is installed automatically as part of the kit software installation. Follow these steps to configure the BCP
software:

1. Open BCP (Start > All Programs > Cypress > Bridge Control Panel <version> > Bridge Control Panel <version>).

2. Select KitProg2/<serial number> under Connected 12C/SPI/RX8 Ports (see Figure 5). Note that the PSoC 4 S-Series
Pioneer Kit must be connected to the USB port of your computer.

Figure 5. Bridge Control Panel

5
¥ Bridge Control Panel - — =

File  Editor Chart Execute Tools Help

FEEORE SEEEE

| Edtor [chat | Table | Fle |

| -

7| b

Select Port in the PortList, then try to connect -
Opening Port

Successfully Connected to KitProg2/1F0D0OC2D00155400

KitProg2 Version 1.01 [HW Rev.0x01]

4 b

| Connected [2C/SPI/RX Forts:

= Repeat count: 0 -
= fil
= St s L@ ]

T | -- (AR

3. Goto Tools > Protocol Configuration, navigate to the 12C tab, and set the 12C speed to ‘400 kHz'. Click OK.
4. Select File > Open File and open the CE210487 ADC with Breathing LED.iic file from the following path:
<Install_Directory>\CY8CKIT-041-40XX PSoC 4 S-Series Pioneer Kit\<version>\Firmware\PSoC 4000S\BCP Command\.

‘ 1:1
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Click OK (see Figure 6).

Select Chart > Variable Settings and Load the CE210487 ADC with Breathing LED.ini file from the following folder.

<Install_Directory>\CY8CKIT-041-40XX PSoC 4 S-Series Pioneer Kit\<version>\Firmware\PSoC 4000S\BCP Command\.

This file includes the variable name, its data type, and signs, to represent the data sent over I°C.

Figure 6. Variable Settings in Bridge Control Panel Software

rﬁ} Variable Settings l = i"j—1

+ Vatabies }| Fags |

M Active \Varable Name Type Sign Scale (Offset Color e
i VIN int EIE 0 Black 5
2 [|A Var2 int B 1 0 Blue

3 A vard int B 1 0 OrangeRed

4 [ vard int B 1 0 Red

5 @ vars int B 1 0 BlueViolet

& | vark int B 1 0 LawnGreen

7 | var? int B 1 0 Magenta

8 | varg int B 1 0 Clive &2
Prirt packet every |1 $ @ AxisXis a count Auta Range of fudsY

Seroll  [3000 |2 © AdsXisatime Min |0 Max |500

E Save... | W 0K ! X Cancel

A

The BCP software is now ready for reading the ADC result via I°C interface. See the Operation section for evaluating the code

example.

PSoC Creator Components

Table 1 lists the PSoC Creator Components used in this example, as well as the hardware resources used by each

Component.

Table 1. List of PSoC Creator Components

Component Instance Name Version Hardware Resources
CapSense_ADC CapSense_ADC v3.10 CSD, 3' GPIO pin
EZI2C Slave (SCB mode) | EZI2C v3.20 SCB, 2 GPIO pins
Digital Output Pin RED_LED, v2.20
GREEN_LED, 1 GPIO pin each
BLUE_LED

PWM (TCPWM mode) PWM_1, PWM_2, | v2.10

1 TCPWM each

PWM_3, PWM_4

Smart IO XOR_Gate_1, v1.0 1 Smart 10 block each,
XOR_Gate_2 12 GPIO Pin

Clock Clock_2 v2.20 1 Clock Divider

! The CapSense_ADC Component requires at least one sensor to be configured for proper operation. Therefore, one pin is used for sensor

and one for CMOD connection.

2 XOR_Gate_1 consumes one pin P2[5] because the PWM_2 signal is connected through this pin internally.

Www.Cypress.com
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Parameter Settings

CapSense_ADC
Figure 7 and Figure 8 show the CapSense_ADC Component that is changed from default values. See the CapSense ADC
component datasheet for additional information.

Figure 7. CapSense ADC Component Configuration- Enable At least One Sensor

|5 Load configuration [ Save configuration B Export Register Map

Mame: CapSense_ADC

IDBasiciIAdumdeDCthﬂt—h 4 b

4 Moveup 4 Movedown I Delete CSD tuning maode: [Snﬂtsam(ﬁj Auto-Tune) -
Type | Name Sensing mode Sensing element(s) Finger capacitance
o] Button( CSD (Seff-cap) 1 |B|.ltm£s] 01pF
+

Sensor resources
CSD electrodes: 1 CSX electrodes: 0 Pins required: 2 Pins available: 36

—— R |

[

Figure 8. ADC Configuration

[ Load configuration [gfl Save configuration B Export Register Map

Name: CapSense_ADC

| “Basic | Advanced " ADC | Buiitn 4b
Number of input channels: |1 EI
Resolution (bits):
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EZI2C Slave

Figure 9 shows the EZI2C Slave Component settings that are changed from their default values. See the SCB Component

datasheet for additional information.

Figure 9. EZI2C Slave Component Configuration

-
Configure 'SCE_P4'

-ﬂ_m-- -_— O ey

(B

Name: EZI2C
Configuration EZI2C Basic |~ EZI2C Advanced }/Built-in ] 4 b
Data rate (kbps): a0 - Actual data rate (kbps): 400

[ Clock from terminal
Clock stretching
[ Byte mode

Number of addresses:
Primary slave address (7-bits): 08
Secondary slave address (7 09
Sub-address size (bits):

[ Enable wakeup from Deep Sleep Mode

r

Smart IO

Figure 10 , Figure 11, and Figure 12 show the Smart IO Component settings that are changed from default values. See the
Smart |0 Component datasheet for additional information.

Figure 10. Configuration of Smart IO Component for Port2

Configure 'Smarll0" 9 ]
Name:  XOR_Gate_l
_~ General | LUT6 | Buitn ab
Port: [N |=|| Clock: Asynehronous - & Show routing matrix | X Clear
data?| Undefined Eypass +
datab| TCPWM[Tline_ v |[input ~
datas| TCPWM(Oline_ v |[input
)
datad| Undefined Bypass ~
data3| Undefined Bypass -
data2| Undefined Bypass -
datal | Undefined Bypass ~
Gatal| Undefined Eypa:
A 012 A 012 A 012 |a 012 A 012
LuTo LuT1 LuT2 LuT3 LuT4
Input 0: |[None || |[None || |[Nome « || [[None « || |[Nome .
input 1: |[None = || |[None || |[Nome ~ || [[None || |[Nome
input 2 ([None_-]| ([None_<| |[None_=)| |[Nene_=]| |[Nore <
.
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In the above figure, TCPWMO line_out_compl and TCPWML1 line_out are routed to the LUT6 inputs. The LUT6 output is then

routed to a pin to drive the Green LED.

Figure 11. Configuration of Smart IO Component for Port3

[Configure ‘Smarto’ - &  AAB - salnd R
Name:
- Generﬂlf LL’T4}’ LUTG)' Built-in 4 b
Port: 3 Clock: Asynchronous ~ | Hide unused routing matrix | ¥ Clear
| | |
‘data? Undefined T T T
datab Undefined [Bypass ~ | o) w;' \;' \;'
[eeealicrmizine gt~ ¢ ¢ ¢
PR VY S VY
2 2
data3| Undefined Bypass ~ |[*=o 93 93 .
T 69 S 6 S
data2 Undefined Bypass v | *7 s 'y 'y 2
I 0 S 0 S D 6
; 20 30
datal | Undefined Bypass - | S P S 0 3
et T
M || datadl Undefincd Bypass v |[* s ,_I ;. I 1 I
A 012 A 012 A 012 A 01 2||BEEONEA | 4 01 2| [EEEONER | A
LuTO LuT1 LuT2 LUT3 LUT4 LUTS LUTS LuT?
Input 0: |[None + || [[None « || |[Nome [datst o | |(None + | [l[catat | |[Nore ~
Input 1: |[None || |[None || |[None [datab + | f(None | [lfdatas | |[None ~
Input 2 |[None ~ || [[None || |[None [datas ~ | |(None ~ | [{[datab ~ | |[Nave ~

In the above figure, TCPWM3 line_out and TCPWM2 line_out are routed to two LUT (LUT4, LUT6) inputs. The LUT outputs

are then routed to a pin by the Smart 10 Component to drive the Red and Blue LEDs.

Figure 12. LUT? Configuration of Port2 and Port 3 Smart IO to Implement XOR Gate

F B
Configure "SmartIC’ M
Name: HOR_Gate_1
General{ Lut s Buitin | b
Iput2  Input 1 Input O Out Mode:
EEEy GEEY (ZE9 @ Combinatorial
L v L L () Gated input 2
J v L ! () Gated output
0 1 0 1 (") Set/reset flipflop
0 1 1 0
1 0 0 0 ==
Lookup
- T - : In1 Table — Cut
In2
1 1 0 1
1 1 1 1]
Cutput mapping: Ox |66 |2
4 T | +
|

Note that there are only two unique inputs to the LUT (data6 and data5) because Input 2 and Inputl are both data6. Therefore,
the output values are set based only on the XOR combination of Input 1 and Input 0. Also, the four rows in which Input 2 and

Input 1 are not the same will never occur because those inputs are the same signal.

3 LUT6 in XOR_GATE1 and LUT4, LUT6 in XOR_GATE?2 have the same LUT configuration.
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Design-Wide
Figure 13 shows the non-default cydwr settings for the project.
Figure 13. CYDWR Pins Tab Settings

StartPage,/ CE210487 ... LED.cydwr a| T

MName / Port Pin Lock

<< <<

=

CYBC4045AZI-5413
48-TQFP

gadddagad
<M<N<N<]

A - |
M - |
- |
- - |
M [~ L
- - |
M M
- - |
- -

I EEREREEREER

] m J

% Pins ]\'V'h Analog ]\@ Clocks ]\jf Interrupts ]\\@ System ]\% Directives ]x Flash Security ] q bk

Operation

1. Select the CE210487 ADC with Breathing LED.cywrk file in the PSoC Creator Start Page, under Examples and Kits >
Kits > CY8CKIT-041-40XX. Select a location to save the code example.

Build the project (Build > Build CE210487 ADC with Breathing LED).
Connect the PSoC 4 S-Series Pioneer Kit to your computer using the USB cable provided.
Program the PSoC 4000S device (Debug > Program). See the kit guide for details on programming the kit.

Vary the input voltage slowly by rotating the potentiometer (R2) wheel counter-clockwise and observe that the RGB LED
glows in the following order: Red > Green - Blue. Also, notice that when the input voltage is varied, the breathing rate of
the LED increases.

Note: When the potentiometer wheel is rotated, wait for few seconds to observe slow breathing rates.
6. Configure the BCP software as described in the Software Setup section.
In the BCP software, click the read command on the Editor tab and then click the Repeat button, as shown in Figure 14.

8. Click on the Chart tab and rotate the potentiometer wheel to observe the ADC result in the graph view, as shown in Figure
15.

See BCP Help for more information on using the Bridge Control Panel software.

g rwD

~
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Figure 14. Command for Reading Data from EZI2C Slave Device
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Figure 15. BCP — Graph View of the ADC Data Read from EZI2C Slave
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Upgrade Information

The code example is updated to the latest version of PSoC Creator and therefore does not require an upgrade.

Related Documents

Table 2 lists all relevant application notes, code examples, knowledge base articles, device datasheets, and PSoC Creator
Component datasheets.

Table 2. Related Documents

Application Notes

AN79953 Getting Started with PSoC 4 Describes PSoC 4, and how to build your first PSoC Creator project.

PSoC Creator Component Datasheets

CapSense_ADC Supports voltage measurement on any /O pin

EZI12C Slave Supports 12C slave operation

Smart IO Allows implementing logic gates

PWM Supports 16-bit fixed-function PWM implementation

Pins Supports connection of hardware resources to physical pins
Clock Supports local clock generation

Device Documentation

PSoC 4000S Family Datasheet

PSoC 4000S Family PSoC 4 Architecture Technical Reference Manuals

Development Kit (DVK) Documentation

CYB8CKIT-041-40XX PSoC 4 S-Series Pioneer Kit

WWW.Cypress.com Document No. 002-10487 Rev. *B 11
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PSoC Resources

Cypress provides a wealth of data at www.cypress.com to help you to select the right PSoC device for your design, and
quickly and effectively integrate the device into your design. For a comprehensive list of resources, see KBA86521, How to
Design with PSoC 3, PSoC 4, and PSoC 5LP. The following is an abbreviated list for PSoC 4:

Overview: PSoC Portfolio, PSoC Roadmap

Product Selectors: PSoC 1, PSoC 3, PSoC 4, or
PSoC 5LP. In addition, PSoC Creator includes a
device selection tool.

Datasheets describe and provide electrical
specifications for the PSoC3, PSoC4, and
PSoC 5LP device families.

CapSense Design Guides: Learn how to design
capacitive touch-sensing applications with the
PSoC 3, PSoC 4, and PSoC 5LP families of devices.

Application Notes and Code Examples cover a
broad range of topics, from basic to advanced level.
Many of the application notes include code examples.

Technical Reference Manuals (TRM) provide
detailed descriptions of the architecture and registers

in each of the PSoC 3, PSoC4, and PSoC5LP
device families.

PSoC Training Videos: These videos provide step-
by-step instructions on getting started building
complex designs with PSoC.

Development Kits:

o CY8CKIT-041 PSoC4 S-Series Pioneer kit is
easy-to-use and inexpensive  development
platform. This kit include connectors for Arduino™
compatible shields.

o CY8CKIT-145 is a very low-cost prototyping
platform for evaluating the PSoC 4 S-Series of
devices.

The MiniProg3 device provides an interface for flash
programming and debug.

Www.Cypress.com
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PSoC Creator

PSoC Creator is a free Windows-based Integrated Design Environment (IDE). It enables concurrent hardware and firmware
design of systems based on PSoC 3, PSoC 4, and PSoC 5LP. See Figure 16— with PSoC Creator, you can:

1.

N

Drag and drop Components to build your hardware
system design in the main design workspace

Codesign your application firmware with the PSoC

3. Configure Components using configuration tools
4. Explore the library of 100+ Components
5. Review Component datasheets

hardware
Figure 16. PSoC Creator Features
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