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Objective 

This example demonstrates the flexibility of PSoC® 4 Smart I/O, by implementing a breathing LED effect exclusively in hardware, 
with no CPU usage beyond initialization.  

 

  

Overview 

This example uses a PWM and a Smart I/O to make an LED gradually cycle through increasing and decreasing brightness. 
There is no CPU usage beyond PWM initialization. This example also shows how the Smart I/O can be used to route the same 
signal through multiple I/O pins on the same port.  

Requirements 

Tool: PSoC Creator 4.1 

Programming Language: C (GCC 4.9, ARM MDK) 

Associated Parts: PSoC 4000S, PSoC 4100S, PSoC Analog Coprocessor, PSoC 4200L 

Related Hardware: CY8CKIT-041, CY8CKIT-048, CY8CKIT-046 

Design 

This design consists of a PWM Component and a Smart I/O Component, both of which create square waves. The square waves 
have slightly different frequencies. They are routed through an exclusive-OR (XOR) gate within the Smart I/O Component, 
yielding a signal with a gradually changing duty cycle. The rate of change is proportional to the difference between the PWM 
output frequencies. 

The signal is then output to pin4 and pin6 on the port. Driving LEDs with this signal results in a “breathing” effect, where the 
LEDs gradually get brighter and dimmer. Additionally, pin6 inverts the pin4 signal and thereby creates a breathing effect that is 
of opposite polarity to the signal on pin4. 

Figure 1 shows a schematic overview of the design. 

Figure 1. Breathing LED with Smart I/O Schematic 

 

The PWM is driven by a 1.5-MHz clock with a period of 65535 and a compare value of 32768. This gives a 50% duty cycle 
square wave with a period of roughly 43.7 ms. 

http://www.cypress.com/
http://www.cypress.com/documentation/development-kitsboards/cy8ckit-041-psoc-4-s-series-pioneer-kit
http://www.cypress.com/documentation/development-kitsboards/cy8ckit-048-psoc-analog-coprocessor-pioneer-kit
http://www.cypress.com/documentation/development-kitsboards/cy8ckit-046-psoc-4-l-series-pioneer-kit
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The Smart I/O Component is clocked at 90 Hz using a divided clock sourced from the high-frequency clock (HFCLK). The 
Component implements several logic functions using its lookup tables (LUTs). The gpio4 and gpio6 terminals are connected to 
LEDs external to the chip, where specific LED connections differ depending on the kit that is used. 

 

Figure 2 shows the Smart I/O LUT configuration. The Smart I/O Component implements a divide-by-four circuit from the 90-Hz 
clock. Therefore LUT3 produces a signal with a period of roughly 44.4 ms. The signal is XORed with the PWM output using 
LUT4. The output is sent out to gpio4. The same signal is replicated and inverted using LUT6 (not shown), before driving it out 
to gpio6. This creates a breathing effect that is of opposite polarity to the signal driven on gpio4.  

Figure 2. LUT configuration and timing diagram 
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The firmware is implemented in main.c and performs only the Component initialization functions: 

1. Starts the Smart I/O Component. 

2. Starts the PWM. 

Design Considerations 

This design can be extended in a number of ways, depending on the device resource availability:  

 Connect a kit button through an input pin to the PWM’s enable terminals. This allows hardware control of whether or not the 
LED breathes, with no CPU usage.  

 Add an analog-to-digital converter (ADC), with a kit potentiometer as an analog input. Then use CPU firmware to change 
the period of the PWM or the 90-Hz clock based on the potentiometer position. This allows potentiometer-based control of 
the breathing rate. 

 Configure other LUTs to either replicate the PWM signal to other pins on the port or perform additional logical operations to 
create more PWMs. 

 Use a kit button to gate an LUT output to effectively gate the breathing LEDs entirely in hardware. 

http://www.cypress.com/
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This code example is designed for the specified ports on the stated devices. The design is portable to other PSoC 4 devices 
with Smart I/O, but it may require LUT reconfiguration due to the close relationship between the device port and the Component. 

Hardware Setup 

Depending on the kit used, follow the appropriate instructions. 

CY8CKIT-041 

No changes required. The pin_LED_1 and pin_LED_2 are connected to red and blue LEDs respectively. 

CY8CKIT-048 

To connect the Smart I/O pins to red and blue LEDs on the kit, manually connect the following pins using wires: 

P0[4] to P1[4]. 

P0[6] to P1[6]. 

CY8CKIT-046 

To connect the Smart I/O pins to red and blue LEDs on the kit, manually connect the following pins using wires: 

P11[4] to P5[2]. 

P11[6] to 5[4]. 

Software Setup 

The Smart I/O Component is a port-wide resource; you must define its port before it can be used. Follow these steps to configure 
your design. 

CY8CKIT-041 

Default Smart I/O port is Port 3. No changes necessary. 

CY8CKIT-048 

1. Open the Smart I/O Configure dialog in the design schematic, and define the Port parameter to be 0. 

2. Click OK to close the dialog.  

3. Rebuild the PSoC Creator project. 

CY8CKIT-046 

1. Open the Smart I/O Configure dialog in the design schematic, and define the Port parameter to be 11. 

2. Click OK to close the dialog. 

3. Rebuild the PSoC Creator project. 

PSoC Creator Components 

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

Table 1. PSoC Creator Components/Hardware Resources 

Component Hardware Resources 

PWM 1 TCPWM 

SmartIO 1 PRGIO 

pin_LED1, pin_LED2 2 pins 

Clock_pwm, Clock_smartio 2 Clock dividers 

http://www.cypress.com/
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Parameter Settings 

The TCPWM Component is configured as a PWM with a period of 65535 and a compare value of 32768, and is set to generate 
an interrupt at terminal count. 

The Smart I/O Component is configured to operate on “Divided Clock (Active)” clock, as Figure 3 shows. It accepts the “line” 
output from the TCPWM as its input through the data4 terminal.  

LUT2, LUT3, and LUT4 implement the breathing effect PWM signal and are chained as shown in Figure 2 on page 2. LUT6 is 
configured to replicate the LUT4 signal. The LUT configurations to implement these are shown in Figure 4 on page 5. 

Figure 3. SmartIO Routing Configuration 

 

 

http://www.cypress.com/


 
 

 

Breathing LED with Smart I/O™ 
 

 www.cypress.com Document No. 002-09974 Rev.*A 5 

Figure 4. Smart I/O LUT Configuration 

   

 

 

Operation 

Plug the kit into your computer’s USB port. Program the project into the kit, and observe the breathing effect on the red and blue 
LEDs on the RGB LEDs. The LEDs will transition from red to violet to blue and back in a gradual manner. 

http://www.cypress.com/
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Related Documents 

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

Table 2. Related Documents 

Code Examples 

CE203303 
PSoC® 3 and PSoC 5LP 
Breathing LED 

Breathing LED using UDBs in PSoC 3 and PSoC 5LP. 

CE97634 PSoC® 4 Breathing LED Breathing LED using TCPWM and UDBs in PSoC 4. 

CE209975 Clock Buffer with Smart I/O 
Uses the Smart I/O to implement a clock buffer that can operate in chip 
deep-sleep mode 

CE209976 
SPI Slave Select Inversion with 
Smart I/O 

Inverts the polarity of the SCB SPI slave select signal by using the Smart 
I/O component. 

PSoC Creator Component Datasheets 

Smart I/O Supports Smart I/O peripheral 

TCPWM Supports PWM, Timer/Counter and QuadDec modes 

Clock Supports clocks dividers for HFCLK 

Pins Supports connection of hardware resources to physical pins 

Device Documentation 

PSoC 4 Datasheets 

PSoC 4 Technical Reference Manuals 

Development Kit (DVK) Documentation 

PSoC 4 Kits 

 
 

http://www.cypress.com/
http://www.cypress.com/documentation/code-examples/ce203303-psoc-3-and-psoc-5lp-breathing-led
http://www.cypress.com/documentation/application-notes/ce97634-psoc-4-breathing-led
http://www.cypress.com/documentation/code-examples/ce209975-clock-buffer-smart-io
http://www.cypress.com/documentation/code-examples/ce209976-spi-slave-select-inversion-smart-io
http://www.cypress.com/documentation/component-datasheets/psoc-creator-component-datasheet-smart-io-10?source=search&keywords=smart&cat=software_tools
http://www.cypress.com/documentation/component-datasheets/psoc-4-timer-counter-pulse-width-modulator-tcpwm?source=search&keywords=tcpwm&cat=software_tools
http://www.cypress.com/documentation/component-datasheets/clock?source=search&keywords=clock&cat=software_tools
http://www.cypress.com/documentation/component-datasheets/pins?source=search&keywords=pin&cat=software_tools
http://www.cypress.com/?app=search&searchType=advanced&keyword=&rtID=107&id=4749&applicationID=0&l=0
http://www.cypress.com/search/all?f%5B0%5D=meta_type%3Atechnical_documents&f%5B1%5D=field_related_products%3A1297&f%5B2%5D=resource_meta_type%3A583
http://www.cypress.com/search/all?f%5B0%5D=meta_type%3Asoftware_tools&f%5B1%5D=software_tools_meta_type%3A577&f%5B2%5D=field_related_products%3A1297
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Revision Submission 
Date 

Description of Change 

** 4/15/16 New code example 

*A 2/24/17 Updated Smart I/O component to v1.10 

http://www.cypress.com/
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Worldwide Sales and Design Support 

Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find the 
office closest to you, visit us at Cypress Locations. 

 

Products 

ARM® Cortex® Microcontrollers cypress.com/arm 

Automotive cypress.com/automotive 

Clocks & Buffers cypress.com/clocks 

Interface cypress.com/interface 

Internet of Things cypress.com/iot 

Memory  cypress.com/memory 

Microcontrollers cypress.com/mcu 

PSoC cypress.com/psoc 

Power Management ICs cypress.com/pmic 

Touch Sensing cypress.com/touch 

USB Controllers cypress.com/usb 

Wireless Connectivity cypress.com/wireless 

 

PSoC® Solutions 

PSoC 1 | PSoC 3 | PSoC 4 | PSoC 5LP 

Cypress Developer Community 

Forums | WICED IOT Forums | Projects | Videos | Blogs | 
Training | Components 

Technical Support 

cypress.com/support

All other trademarks or registered trademarks referenced herein are the property of their respective owners. 
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