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AN204833 

F²MC-16FX Family, Infrared Object Detection and Communication 
  

This application note will show a simple way to detect objects and communicate via infrared signals 
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1 Introduction 

This application note will show a simple way to detect objects and communicate via infrared signals. Furthermore it 
will show how to multiplex multiple infrared channels to reduce microcontroller resource usage. 

1.1 Features 

▪ Infrared object detection 

▪ Infrared communication 

▪ Channel multiplexing 

▪ Infrared transmit/receive via USART channel 

1.2 Functional principle 

1.2.1  Object  detect ion  

Object detection is based on sending a known value. When a value is received it can be compared to the one that 
has been sent. If it is the same it can be assumed that an object was reflecting the signal. 

 With reflecting object 

A known value is sent (e.g. 42). The object in front of the LED will reflect the signal back to the infrared receiver. The 
received value is the same (42) as the sent one. 
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 No reflecting object 

The signal sent will not be reflected back to the receiver. Thus no value is received. 

 

 Other infrared module in range 

If multiple modules or other infrared communications (e.g. remote controls) are used in a smaller area they can 
disturb each other. 

Depending on the signal characteristics and value sent by such other module it can be detected that there is another 
module: 

▪ If the value sent by the second module is the same as the one sent by the first module and the time of 
transmission is the same the first module will recognize the second one as an object. 

▪ If the value sent by the second module is different or it is sent at a different time the first module will recognize 
that another infrared transmitter is close. 

 

1.2.2  Communication  

Communication is used to exchange data between different infrared modules. Any data can be transmitted but 
special care has to be taken to protect the data against corruption because an infrared transmission can easily be 
disturbed by other senders or reflections. 

 No disturbing objects 

Infrared module A can send any data to infrared module B while B can send any data to A which means a full duplex 
operation is possible. 

 
Note: The infrared modules themselves can reflect signals of the other module. In that case they act as disturbing 
objects (see Disturbing objects). 
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 Disturbing objects 

When a module sends data while an object is in range the object will reflect the signal back to the sending module. In 
this case no duplex communication can be established since the signal from the second module would collide with 
the reflected signal from the first module resulting in undetermined data. 

 

2 Hardware 

The two operation modes object detection and communication can be realized by the same hardware and software. 
The only differences are that for communication you need at least a second infrared module connected to a second 
microcontroller. 

2.1 Infrared module 

The infrared module is based on a SFH5110 infrared receiver, an infrared LED, e.g. LD274, and a few passive 
components: 

Figure 1. Basic Infrared Circuit 

 
The SFH5110 has an integrated demodulator. Multiple versions for different carrier frequencies are available, this 
example is based on 36 kHz. R1 and C3 are used for stabilization of the power supply. R2 and C2 result in a low-
pass filter with a cut-off frequency of 10 kHz to reduce noise on the OUT line of the receiver. The receiver only 
recognizes signals with a length of at least 6 periods thus the maximum data rate is 6000 baud. For better signal 
integrity at least 10 periods should be used resulting in 3600 baud. 

The transmitter LED is driven by a NPN transistor for higher current output than provided by the MCU pins. R5 
ensures that the LED is off when no signal is applied to the TX pin. 
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2.2 Module multiplexer 

If multiple infrared channels should be used which do not need to be accessed in parallel one can multiplex multiple 
infrared modules, e.g. with a 74HC4052 analog multiplexer for bidirectional connection: 

Figure 2. Infrared Channel Multiplexer 

 
The A and B inputs of the multiplexer can then be used to select which infrared module will be connected to the 
microcontroller pins. R6 ensures that the received signal has a defined state if there is no connection to an infrared 
module and the RX pin of the multiplexer is open. 

2.3 Microcontroller connection 

The microcontroller has the following two tasks: 

▪ Generate the carrier 

▪ Modulate the USART data on the carrier 

The carrier is needed for the receiver to recognize the signal. The frequency of the carrier depends on the receiver 
used, this document is referring to the 36 kHz variant. Modulation of the data on the carrier is done by switching the 
carrier on or off according to the state of the USART output. 

The power output to the LED can be varied by different duty cycles of the carrier. This can be used to reduce range of 
object detection or communication if required. 

Two different solutions to achieve these tasks are given in this document: 

▪ Programmable Pulse Generator (PPG) 

▪ Reload Timer (RLT) 

The PPG has the advantage that it is designed to output PWM waveforms, thus the duty cycle can be varied. On the 
other hand the PPG is not designed to be switched on or off according to another signal so the software has to take 
care of controlling the PPG output by checking the USART output which results in a slightly increased CPU load. 

The Reload Timer output is directly controlled by a gate input so no additional software overhead is needed. The 
drawback is that the Reload Timer cannot be used to set a duty cycle other than 50 %, power output cannot be 
changed. 
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2.3.1  PPG 

Figure 3. Schematic Outline Using PPG mode 

 
 

Figure 4. Microcontroller Interface Using PPG Mode 

 
 

The TX line of the infrared modules is driven by a PPG output which is used to generate the 36 kHz carrier frequency. 
The USART output SOT is connected to an external interrupt to switch the PPG output on or off according to the 
state of the SOT output. This results in a modulated output on the PPG. 

The RX line of the infrared module is directly connected to the SIN pin of the USART. If a multiplexed setup is used 
two IO pins have to be connected the multiplexer channel select pins. 

Figure 5. Relation of SOT, PPG and SIN in infrared Communication 
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1: Interrupt caused by SOT falling edge starts PPG output 

2: Interrupt caused by SOT rising edge disables PPG output 

3: IR receiver detects 36 kHz carrier and sets its output low 

4: No carrier detected by the IR receiver makes its output go high 

Note: The signal output by the IR receiver has a time offset related to the PPG output because the 
receiver has to detect a few 36 kHz pulses before it recognizes the signal. 
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2.3.2  Reload T imer  

Figure 6. Schematic outline using Reload Timer Mode 

 
 

Figure 7. Microcontroller interface using Reload Timer Mode 

 
 
 
 
 
 
 
 
 
 

If a Reload Timer is used to generate the carrier frequency for the infrared signal the USART output is fed into the 
gate input of the timer. The timer only counts when the USART output is low and thus only toggles its output during 
that time. The timer has to be set up so that the reload frequency is twice the carrier frequency because it only 
toggles its output once after each reload of the timer counter. 

The carrier frequency also has to be an exact multiple of the USART baud rate. Otherwise the reload timer and 
USART signal will get out of synchronization. In that case the timer would stop to count in the wrong moment so that 
the timer output will not always be low when the USART output goes high. 

Figure 8. Relation of SOT, RLT operation and SIN in Infrared Communication 
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1: Low level at TIN enables counting of RLT 

2: High level at TIN disables counting of RLT 

3: IR receiver detects 36 kHz carrier and sets its output low 

4: No carrier detected by the IR receiver makes its output go high 

Note: The signal output by the IR receiver has a time offset related to the PPG output because the receiver has to 
detect a few 36 kHz pulses before it recognizes the signal. 
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3 Software 

The software is split into six parts, depending on the setup: 

▪ Initialization 

▪ Interrupt handling for PPG modulation (in PPG modulation mode only) 

▪ Multiplexer channel selection 

▪ Send and receive data 

▪ Autonomous object detection 

▪ Simple PC terminal 

3.1 Initialization 

Initialization of the infrared communication includes setting up the USART for data transfer, PPG for carrier 
generation, SOT pin interrupt for PPG modulation and optionally the pins for multiplexer control. 

3.1.1  USART 

USART initialization is done by setting up the SOT and SIN pins and configuring USART control registers. If 
interrupts should be used the TIE and/or RIE bits in the serial status register (SSR) have to be set accordingly. 

 

 
 

// Relocate SOT and SIN pin if required: 

PRRR8_SOT9_R = 1; 

PRRR8_SIN9_R = 1; 

 

DDR07_D6     = 1; // SOT9 pin output 

DDR07_D7     = 0; // SIN9 pin input 

PIER07_IE7   = 1; // SIN9 input enable 

 

// USART settings 

SCR9 = 0x17;    // TX/RX enable, Clear reception errors, 8N1 

SMR9 = 0x01;    // Asynchronous mode, SOT enable 

SSR9 = 0x00;    // LSB first, no interrupts 

BGR9 = 6659;    // 16 MHz (CLKP1) / 6660 = 2400 Baud 
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3.1.2  Carrier  generat ion and signal  modulat ion  

 Based on PPG 

The PPG is used in PWM mode with a period length set so that the generated frequency matches the receiver’s 
frequency, which is 36 kHz in this setup. The output mask is used to disable PPG output when the SOT pin is in idle / 
high state. In this mode the duty cycle and with it the power output to the LED can be set by setting the PDUT register 
value to a fraction of the period register PCSR. 

 

The toggling of the PPG output is handled by an edge interrupt connected to the SOT output of the USART. Using a 
MB96F340 series microcontroller the USART output SOT9R and the external interrupt INT6 share the same pin so 
there is no need to provide an external connection between those two. The data direction of the pin has to be set to 
output for SOT, the interrupt still works if input enable is set for the pin. 

 

 Based on Reload Timer 

The Reload Timer is used in reload mode with gate input so that it only counts when the SOT state is low. The output 
of the Reload Timer is toggled on counter reload so the reload frequency has to be two times the infrared carrier 
frequency. The frequency also has to be an exact multiple of the USART baud rate because otherwise the Reload 
Timer output gets out of synchronisation with the USART output. 

 

DDR08_D1    = 1;    // TOT0 output 

TMCSR0_FSEL = 1;    // No additional clock division by 2 

TMCSR0_CSL  = 0;    // Clock CLKP1 / 2^1 = 8 MHz 

TMCSR0_MOD2 = 1;    // Gate input mode 

TMCSR0_MOD1 = 0;    // Don't care 

TMCSR0_MOD0 = 0;    // Low level gate 

TMCSR0_OUTE = 1;    // Enable timer output 

TMCSR0_OUTL = 0;    // Start with low level output 

TMCSR0_RELD = 1;    // Reload mode 

TMCSR0_CNTE = 1;    // Enable counting 

TMCSR0_TRG  = 1;    // Trigger timer to start 

TMRLR0      = 110;  // Reload value 111: 8 MHz / 111 = 72 kHz 

 

PIER07_IE6 = 1;  // Enable input for INT6 (SOT9R) 

ELVR0_LA6  = 1;  // LB=1 and LA=1: Interrupt on falling edge 

ELVR0_LB6  = 1; 

EIRR0_ER6  = 0;  // Clear interrupt request flag 

ENIR0_EN6  = 1;  // Enable interrupt request for INT6 

 

DDR06_D0  = 1;    // PPG0 pin output 

PCN0_MDSE = 0;    // PWM mode 

PCN0_RTRG = 1;    // Enable restart 

PCN0_CKS  = 0;    // CKS = 00 -> CKSEL (CLKP1) / 1 = 16 MHz 

PCN0_PGMS = 1;    // Enable output mask 

PCN0_EGS  = 0;    // No trigger input 

PCN0_IREN = 0;    // No interrupt requests 

PCN0_IRS  = 0;    // Interrupt cause software/external trigger 

PCN0_OE   = 1;    // Output enable 

PCN0_OSEL = 0;    // Non-inverted Output 

PCN0_CNTE = 1;    // Enable counting 

PCSR0 = 443;      // Period: CLKP1 / (PCSR+1) = 16 MHz / 444 = 36 kHz 

PDUT0 = 443 / 5;  // Duty cycle (lower duty for lower power output) 

PCN0_STGR = 1;    // Start PPG0 
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3.1.3  Mult iplexer control  

If the optional multiplexer circuit is used to connect multiple infrared modules to one USART/PPG then the pins used 
for control of the multiplexer channel have to be initialized to output. 

 

3.2 Interrupt handling for PPG modulation 

If the PPG is used as carrier generator its output has to be toggled on and off according to the USART output, which 
results in a modulated signal on a 36 kHz carrier. This is done in the interrupt service routine of the external interrupt. 

 

3.3 Multiplexer channel selection 

If a multiplexer is used the channel can be selected by setting the IO bits to the value of the desired channel. 

 

 
 

en_result_t Ir_SelectChannel(uint8_t irChannel) 

{ 

    if (irChannel < 4)      // irChannel in range? 

    { 

        PDR02 &= ~0x03;     // Clear bits  

        PDR02 |= irChannel; // Write channel on bits 0 and 1 

        return Ok; 

    } 

    return ErrorInvalidParameter; 

} 

__interrupt void irq_irTrig(void) 

{ 

    // Check whether the external state of the pin is low 

    if (EPSR07_PS6 == 0) 

    { 

        ELVR0_LA6 = 0;  // Set interrupt to rising edge 

        PCN0_STGR = 1;  // Restart PPG to synchronize output 

                        //   to the start of the USART frame 

        PCN0_PGMS = 0;  // Disable PPG output mask 

    } else 

    { 

        ELVR0_LA6 = 1;  // Set interrupt to falling edge 

        PCN0_PGMS = 1;  // Enable PPG output mask 

    } 

    EIRR0_ER6 = 0;      // Clear interrupt request 

} 

 

DDR02 |=  0x03;  // Set P02_0 and P02_1 to output 

PDR02 &= ~0x03;  // Set both pins to low state (channel 0 selected) 

 

http://www.cypress.com/


 

F²MC-16FX Family, Infrared Object Detection and Communication 

www.cypress.com Document No. 002-04833 Rev. *C 10 

3.4 Send and receive data 

Sending and receiving data can be handled just as with any other USART interface. The basic routines for single byte 
transfers are given below. 

3.4.1  Send single byte  

 

3.4.2  Receive single byte  

 

3.5 Autonomous object detection 

For autonomous object detection an additional timer can be used which regularly sends data via infrared and checks 
whether it is received afterwards. 

Initialization of timer is given below: 

 

The period of the timer is a bit longer than the time for one USART frame to be completely sent so that a byte that is 
put in the send-register of the USART can be transmitted and the reflected signal is detected by the receiver before 
the next interrupt of the timer occurs. 

The interrupt routine for the timer will first check if a byte was received since last execution. If so the received value is 
compared to the byte that was sent and if it is the same it is assumed that an object is in range. If not or if no byte 
was received no object is in range. Afterwards the next multiplexer channel is selected and a new byte is sent. 

  

TMCSR1_FSEL = 1;     // No additional clock division by 2 

TMCSR1_CSL  = 0;     // Clock CLKP1 / 2^1 = 8 MHz 

TMCSR1_RELD = 1;     // Reload mode 

TMCSR1_INTE = 1;     // Enable interrupt requests 

TMCSR1_CNTE = 1;     // Enable counting 

TMCSR1_TRG  = 1;     // Trigger timer to start 

TMCSR1_INTE = 1;     // Enable interrupt 

TMRLR1      = 39999; // Reload value: 8 MHz / (39999 + 1) = 200 Hz 

 

en_result_t Ir_GetByte(uint8_t* data) 

{ 

    if (SSR9_RDRF == 0)     // No byte in receive buffer? 

    { 

        return Error; 

    } 

 

    *data = RDR9;           // Store received byte 

    if ((SSR9 & 0xE0) != 0) // Any error occurred? 

    { 

        SCR9_CRE = 1;       // Clear receive errors 

        return Error; 

    } else 

        return Ok;          // Successfully return 

} 

void Ir_SendByte(uint8_t data) 

{ 

    while (SSR9_TDRE == 0)  // Wait until transmit buffer is free 

        __wait_nop(); 

    TDR9 = data;            // Put byte in transmit buffer 

} 
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3.6 PC terminal 

The terminal software is used to: 

▪ Select the multiplexer channel 

▪ Toggle between autonomous object detection and manual transmission 

▪ Send a byte via infrared (only in manual transmission mode) 

In autonomous object detection mode the current state of object detection is displayed on the left seven segment 
display by the segments A through D representing the states of channels 1 through 4. 

In communication mode the current multiplexer channel is displayed on the right seven segment display. 

 

  

State of the four infrared 
channels in autonomous object 

detection mode 
In the example given an object 
was detected on channels 1, 2 

and 4 while no object was 
detected on channel 3 

SEG1 SEG2 

Ch. 1 

Ch. 2 

Ch. 3 

Ch. 4 

Currently selected infrared 
channel for 

communication mode 

__interrupt void irq_objDetection(void) 

{ 

    uint8_t data; 

    TMCSR1_UF = 0;      // Clear interrupt cause 

 

    // Check if a byte was received 

    if (Ir_GetByte(&data) == Ok) 

    { 

        // Is byte the same as the one sent? 

        if (data == OBJECT_DETECTION_ID) 

        { 

            // Set bit in states variable 

            Ir_Object_States |= (1 << currentChannel); 

        } else 

        { 

            // Clear bit in states variable 

            Ir_Object_States &= ~(1 << currentChannel); 

        } 

    } else 

        // Clear bit in states variable 

        Ir_Object_States &= ~(1 << currentChannel); 

 

    // Switch to next multiplexer channel 

    Ir_SelectChannel((currentChannel + 1) % 4); 

    // Send a byte 

    Ir_SendByte(OBJECT_DETECTION_ID); 

} 
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Keys used in the terminal software to control the operation of the software: 

Character Action 

“1” .. “4” Select channel 1 through 4 

“O” or “o” Toggle autonomous object detection on/off 

Other characters Send character via infrared if not in autonomous object detection mode 

 
The USART for the interface to the PC is configured as following: 

Parameter Value 

Baud rate 115200 bit/s 

Frame length 8 bit 

Parity None 

Stop bits 1 

 

4 Additional information 

Information about Cypress microcontrollers can be found on the following internet page: 

http://www.cypress.com/cypress-microcontrollers 

The software examples are: 

▪ 96340_uart_infrared_ppg 

▪ 96340_uart_infrared_rlt 

They can be found on the following internet page: 

http://www.cypress.com/products/16FX 
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