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Electromagnetic Spectrum, Devises
IrDA Infrared communication
Infrared Emitting Diode

• Angle of half intensity: ϕ,
• Relative radian power vs wave length

Infrared Receiver
• Series for remote control

• Automatic gain control (AGC), Data format compatibility
Data Encoding Methods

• Pulse distance encoding, Pulse width encoding, Manchester bi-phase encoding
Basic IR System –IR emitter/receiver

• External components/software
• Generating Pulses

• With PSoC PWM interrupts, Raspberry Pi Pico State Machine
• Receiving Pulse

• Raspberry Pi Pico using interrupts
• Single Pulse Application Example

IR Receiver for Continues Data Communication
• What works for RS-232 data transmission and why

Project Utilising IR emitters/Receivers using RS-232 Communication
Reference



Electromagnetic spectrum



IR Devices
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Infrared Data Association (IrDA) Developed in 1993
• wireless data transfer over short rage using point-and-shoot principles
• implemented in portable devices such as mobile telephones, laptops, 

cameras, printers, and medical devices
• Range :  

• standard: 2 m
• low-power to low-power: 0.2 m
• standard to low-power: 0.3 m 

• Angle: minimum cone ±15°
• Speed: 2.4 kbit/s to 1 Gbit/s



IrDA Infrared communication Module Rohm Semiconductor RPM871
• Designed for low power consumption at waiting mode (Typ.73µA)
• Suitable for sets driven by battery due to power down control function
• Power supply voltage range : 2.6V to 3.6V 5)
• Constant LED load resistance can change transmission distance. (Approx. 20 to 60cm)



Infrared Emitting Diode With λp = 940 nm

• Vishay, TSAL6100 tsal6100.pdf (vishay.com)
• Angle of half intensity: ϕ = ± 10°
• Peak wavelength: λp = 940 nm

• Vishay, VSLY5940 vsly5940.pdf (vishay.com)
• Angle of half intensity: ϕ = ± 3°
• Peak wavelength: λp = 940 nm

• Other Manufacturers With λp = 940 nm
• Broadcom, LITEON, Everlight, Lamex, …

https://www.vishay.com/docs/81009/tsal6100.pdf
https://www.vishay.com/docs/84240/vsly5940.pdf


Vishay, TSAL6100
ϕ = ± 10°



Vishay, VSLY5940 
ϕ = ± 3°



Vishay’s Series for Remote Control
3-Pin Devices



Vishay’s Series for Remote Control
• Basically there are six categories of IR receive  based on:

• Data format (encoding/decoding methods used by various manufacturers)
• Sonny, RCA, NEC,  Panasonic, Sharp, etc.

• Noise  suppression (reduced by AGC) due to environmental factors
• fluorescent lamps, dimmed LCD panels, emit noise in the infrared 

spectrum
• Surface Mounted (8)
• Through Hole (5)

• Range: ≈20 m
• Frequency: from  30 kHz to 57 kHz

Other Manufacturers:









Data Encoding Methods
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Basic IR System

Transmitter End External Components:
• Microcontroller

• 8-bit $1.00  micro will do
• Resistor to a GPIO pin to

• Limit current <20ma
• IR   emitter to match λ of IR receiver

• Like tsal1600
• Software

• Generate n pulses 
• at frequency of IR receiver

Receiver End External Components:
• Microcontroller or Not

• Logic gates
• Do some think

• IR receiver
• Most type will do

• No continuous data
• Software

• Poll pin or generate interrupt
• Do some think



Example Calculations Using a Clock of 24 MHz (any other clock frequency can be used)
• Using a 56 KZ IR receiver
• 24 MHz / 56 Kz ≈ 429

• Set the period of the PWM to 428
• Set the compare value to  428/2 ≈ 214 for 50% duty cycle

Generating Pulses Using a PWM  and a tsop 4156 56 Kz IR Receiver



Test Program Using Interrupts
.
CY_ISR_PROTO(PWM_Interrupt_Handler)

{

uint8 Temp;

if ( PulseCount !=0)

PulseCount --;

Temp = PWM_ReadStatusRegister();

}

void Gen_Pulses(void)

{

if(PulseCount!=0)

PWM_Start();

while(PulseCount !=0){}

PWM_WritePeriod(428);

PWM_Stop();

}

int main(void)

{

.

for(;;){

PulseCount =6;

Gen_Pulses();

CyDelay(5000);

}

}



6 pulses of IR tsal 1600 

Output of tsop 4156 IR receiver 



Generating Pulses Using Raspberry Pi Pico State machine

Finite-State Machines
• A computing system (mathematical mode) that can be in only one of n-states
• Transition from one state to another other state is determined by input to current state
• All around us – computer science theory,  digital circuits, everyday algorithms, etc.

• Parsing the word nice _()                                                          4-bit counter using J k flip flops



Generating Pulses Using Raspberry Pi Pico State machine

Finite-State Machines in Microcontrollers (FSM)
• All arm bases microcontroller may incorporate FSM

• Including Raspberry Pi Pico
• Cypress PSoC Microcontrollers

• All Digital Blocks (UDB) are State Machine (reduces libraries)
• Digital logic –gates, flip flops, registers, mux, de-mux
• Digital Function – counter, shift register, pwm, quadrature 

encoders, plus more
• Digital Communication Blocks 



Raspberry Pi Pico State Machine





Generating n Pulses Raspberry Pi Pico State Machine



6 Pulses from Pico (using State machine )

Output of tsop 4156 IR receiver 



20 Pulses from Pico (using State machine )

Output of tsop 4156 IR receiver 







Application of Single Burst IR Pulses
Force Landing a Quadcopter

Following an IR Hit



Force Landing a Quadcopter
Following an IR Hit

The throttle signal from RC receiver
• is connected to the micro and passed on to the 

flight controller of the quadcopter
• If an IR hit is sensed by the micro

• operator loses throttle control only
• micro slowly reduces throttle signal forcing 

the quadcopter to land
• Following a time out throttle control restores



Events
1. Slowly up to speed
2. IR Pulse sensed
3. Micro reduces rpm to zero
4. Time out 15 sec ends
5. Control returned to operator

Microcontroller

IR Receiver

1. 2. 3. 4.5.



TSDP34138 IR Receiver:
• Frequency : 38.4 kHz
• Data Rate: 4800 bps

TSDP Series:
• TSDP series devices differ from standard infrared receivers for remote control
• frequencies are tuned to the needs of RS-232 communication
• pulse-width accuracy has been improved
• 1200 bps to 9600 bps over a range of up to 35 meters
• either 38.4 kHz or 57.6 kHz

Vishay’s TSDP Receiver Series for Infrared RS232 Communication



TSDP devices may be used for RS-232 Data Communications
(AGC1 low-noise/ AGC3 typical-noise environment) 

TSDP34138 special case : 4800 bps, 38.4 kHz, and AGC1
• any possible data pattern can be received indefinitely
• In all other combinations in the table, data patterns exist that will trigger the AGC 

• data patterns exist  that data transmission may need to be interrupted periodically to 
allow the AGC to recover



Explanation of Why AGC Triggers

tB : burst length 
Dt : envelope duty cycle
Dt = tB/TB : burst time divided by the burst repetition time



Two Worst-Case Data Patterns

alternating 1-0-1-0: Dt =0.5

data bursts of 0: Dt =0.9 



TSDP34138



TSDP34156



Generating Mark/Space Pulses in RS-232 Data Stream
(AGC1 typical-noise environment) 

Solutions
• Cypress PSoC Devices
• Simple solution

• Raspberry Pi Pico
• State Machine ?
• External Nand Gates
• Other



Example Calculations Using a Clock of 24 MHz (any other clock frequency can be used)
• Using a 38.4KZ IR receiver
• 24 MHz / 38.4 KZ ≈ 625

• Set the period of the PWM to 624
• Set the compare value to  624/2 ≈ 312 for 50% duty cycle

Solution Using PSoC 4 Microcontroller



Start   0    1      0      1      0      1       0     1  stop 

Pulses From IR Emitter to IR Receiver

Tx Byte : 10101010 = 0xAA= 170
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