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Objective 

This example demonstrates the flexibility of the PSoC® 6 MCU Smart IO Component, by implementing the LED breathing 
effect exclusively in hardware with no CPU usage beyond initialization. 

 

Overview 

This example uses a PWM and PSoC 6 MCU Smart IO Component to implement a breathing LED, where an LED gradually 
cycles through increasing and decreasing brightness levels. There is no CPU usage except for the initialization of PWM and 
Smart IO Components. This example also demonstrates how to use Smart IO to route the same signal through multiple I/O 
pins on the same port. This is demonstrated by inverting the signal using Smart IO and then routing the signal to another pin 
thus creating two breathing LEDs that are out of phase.  

Requirements 

Tool: PSoC Creator™ 4.2 

Programming Language: C (Arm® GCC 5.4) 

Associated Parts: PSoC 6 MCU 

Related Hardware: CY8CKIT-062-BLE PSoC 6 BLE Pioneer Kit 

Design 

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

The signal is then output to gpio4 and gpio6 on the port. Driving LEDs with this signal results in a “breathing” effect, where the 
LEDs gradually get brighter and dimmer. Additionally, gpio6 inverts the gpio4 signal and creates a breathing effect that is of 
opposite polarity to the signal on gpio4. 

 

http://www.cypress.com/
http://www.cypress.com/products/psoc-creator-integrated-design-environment-ide
http://www.cypress.com/psoc6
http://www.cypress.com/cy8ckit-062-ble
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Figure 1. Breathing LED Project Schematic 

 

The PWM is driven by a 1-kHz clock with a period of 40 counts and a compare value of 20 counts. This gives a 50 percent 
duty cycle square wave with a 40-ms period. The Smart IO Component is clocked at 99 Hz using a divided clock sourced from 
PeriClk. This input clock is divided by 4 using the lookup tables (LUTs) of the Smart IO Component to produce a square wave 
with a 40.4-ms period. 

To generate a square wave signal with a time period close to 40 ms, a 99-Hz clock is divided by 4 using a synchronous 
sequential circuit, which is realized using the LUTs of the Smart IO Component. 

To implement a divide-by-4 sequential circuit, consider the state transition values shown in Table 1:  

Table 1. State Transition Table for a Divide-by-4 Sequential Circuit 

CLK 
Present State Next State 

D0 D1 
Q0 Q1 Q0 Q1 

 0 0 1 1 1 1 

 
1 1 0 1 0 1 

 0 1 1 0 1 0 

 1 0 0 0 0 0 

 

From this state transition table, you can observe that Q0 is half the frequency of Clock_smartio and Q1 is 1/4 th frequency of 
Clock_smartio. This sequential logic can be implemented using the LUTs of the Smart IO Component. 

According to Table 1: 

 𝐷0 = 𝑄0̅̅ ̅̅       𝐷1 = 𝑄0 𝑋𝑁𝑂𝑅 𝑄1 
 

http://www.cypress.com/
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Figure 2. LUT Configuration and Timing Diagram 
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Figure 2 shows the implementation of this logic using LUT 2 and LUT 3. In addition, the divided clock is XORed with the PWM 
output using LUT 4 to generate a signal with the duty cycle gradually increasing and decreasing over time as shown in Figure 
2. The output of LUT 4 is driven to gpio4 output. The LUT 4 output is inverted using LUT 6, and then driven to gpio6 output. 
This creates a breathing effect that is of opposite polarity to the signal driven on gpio4. To know more about implementation 
digital functions using the Smart IO component, see the Smart IO Component Datasheet.  

The firmware is implemented in main_cm0p.c and performs only the component initialization functions:  

1. Starts the Smart IO Component 

2. Starts the PWM Component  

The CM4 core is not used in this example. 

  

http://www.cypress.com/
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Design Considerations 

In this example, a clock frequency of 99 Hz is generated.  For generating such low-frequency clocks, PeriClk is set to 2 MHz 
(IMO/4). PSoC Creator automatically sets a clock divider value of 20202 to generate this frequency. You can see this in the 
Design Wide Resources (cydwr) tab of PSoC Creator. Figure 3 shows the clock configuration setting used in this example. 

Figure 3. Clock Configuration Setting 
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Hardware Setup 

Port 8 and Port 9 are the Smart IO-enabled ports in PSoC 6 MCU. In CY8CKIT-062 BLE, Port 8 of PSoC 6 MCU is dedicated 
to the CapSense functionality. Therefore, in this kit, only Port 9 can be used for Smart IO-based projects. 

In this example, you need to connect external LEDs to Port 9 because there are no LEDs connected to Port 9 in CY8CKIT-
062- BLE. You can use LED8 (P1 [5]) and LED9 (P13 [7]) on the kit. Connect P9[4] to P1[5] and P9[6] to P13[7]. 

Operation 

1. Connect the PSoC 6  BLE Pioneer kit baseboard (CY8CKIT-062 BLE) to your computer’s USB port. 

2. Build the project and program the PSoC 6 MCU device on the CY8CKIT-062 BLE Kit. For more information on device 
programming, see PSoC Creator Help. 

3. Connect two LEDs to pins P9[4] and P9[6]. Connect P9[4] to P1[5] (LED8) and P9[6] to P13[7] (LED9).  

You can observe the breathing effect of opposite polarity on the two LEDs. You can also probe the two pins (P9[4] and P9[6]) 

to observe the signals on an oscilloscope as shown in Figure 4.  

Figure 4. Breathing LED Signals as Displayed on Oscilloscope 
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The sections that follow discuss the Components, parameter settings, and resources used to make the example. 

Components 

Table 2 lists the PSoC Creator Components and hardware resources used in this example 

Table 2. List of PSoC Creator Components/PSoC Designer User Modules 

Component  Hardware Resources 

PWM 1 TCPWM 

SmartIO 1 PRGIO 

Pin_LED_1, Pin_LED_2 2 GPIOs 

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 count of 40 and compare value of 20 counts. The PWM block 
is driven by a 1-kHz clock source. 

Figure 5. PWM Configuration Settings  

 

The Smart IO Component is configured to have one input (data4) from the PWM output and two outputs (gpio4 and gpio6).  
LUT 2 and LUT 3 are configured to divide Clock_smartio by 4 as discussed in the Design section. LUT 4 performs an XOR 
operation of the divided clock with the PWM output to generate the breathing LED signal. This signal drives the gpio4 output of 
the Smart IO Component. LUT 6 inverts the breathing LED signal and is brought out to gpio6 output of the Smart IO 
Component. Figure 6 shows the configuration settings for the Smart IO Component. 
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Figure 6. Smart IO Configuration 
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LUT4 implements a XOR Logic 

operation. The  Input2 and Input1 are 

connected to the LUT3 output and 

Input0 is connected to the data4 

(PWM output)

 

LUT6 implements a NOT Logic 

operation. The Input2, Input1 and 

Input0 of LUT6 are connected to the 

LUT4 output.

 

Design-Wide Resources 

Figure 7 shows the pin assignments for the CY8CKIT-062-BLE PSoC 6 BLE Pioneer Kit. 

Figure 7. Device Pin Assignments 

 

 

Related Documents 

Application Notes 

  AN210781   Getting Started with PSoC 6 MCU with Bluetooth 
Low Energy (BLE) Connectivity 

Describes the PSoC 6 MCU with BLE connectivity and how to build your 
first PSoC Creator project. 

PSoC Creator Component Datasheets 

PWM Supports PWM, Timer/Counter and QuadDec modes 

Smart IO Supports Smart IO peripheral 

Pins Supports connection of hardware resources to physical pins 

Clock  Supports clocks dividers for HFCLK 

Device Documentation 

PSoC 6 MCU: PSoC 63 with BLE Datasheet 
PSoC 6 MCU: PSoC 63 with BLE Architecture Technical Reference 
Manual 

Development Kit (DVK) Documentation 

CY8CKIT-062-BLE PSoC 6 BLE Pioneer Kit 

 

 

 

http://www.cypress.com/
http://www.cypress.com/an210781
http://www.cypress.com/go/comp_TCPWM_PWM_PDL
http://www.cypress.com/go/comp_SmartIO_PDL
http://www.cypress.com/go/comp_GPIO_PDL
http://www.cypress.com/go/comp_SysClk_PDL
http://www.cypress.com/ds218787
http://www.cypress.com/trm218176
http://www.cypress.com/trm218176
http://www.cypress.com/cy8ckit-062-ble
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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 | PSoC 6 MCU 

Cypress Developer Community 

Community Forums | Projects | Videos | Blogs | Training | 
Components 

Technical Support 

cypress.com/support
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