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Microcontroller

A microcontroller contains a microprocessor, which is defined by its 
instruction set, i.e. its machine instructions (assembly language).

Different assembler commands are usually required to program an 
Xtensa, RISC-V or ARM Cortex-M CPU.

Programs for microcontrollers are usually written in the C programming 
language.

The "Integrated Development Environment" (IDE) includes a C compiler 
that converts the programs into machine language. Therefore, programs 
can be "simply" translated (compiled) for the corresponding processor 
architecture. Each processor has a "program counter", "stack pointer" 
and several registers.

During "flashing" the program is transferred from the development PC to 
the non-volatile program memory. Flash memory is a further 
development of EEPROM technology.
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Microcontroller -> Embedded Systems

The microcontroller is embedded in a system, with the mC itself being 
soldered to a control board.

Universal boards that are used for product development, testing of 
individual functions, or exploratory learning are referred to as evaluation 
boards or development kits.

These circuit boards usually have one or more LEDs and buttons which 
are connected to individual connections of the microcontroller (pins) via 
the printed circuit board conductors to form electronic circuits.

The pins are commonly referred to as GPIO "General Purpose Input 
Output" and can contain a binary 1, represented by an electrical voltage 
of +3.3V (older mC may use +5V), and a binary 0, represented by 0V 
(also known as Ground GND).
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How to program a microcontroller

Using the Arduino IDE, the configuration takes place on a "higher 
abstracted" level, but this means that not all functions can be 
configured.

The solutions are reached quickly but are not optimal 
(energy consumption & computing power)

With more detailed knowledge, significantly better solutions can be 
achieved. The path to these solutions requires familiarization with the 
details, which can be found in the documentation, as well as becoming 
familiar with the tools and library functions provided by the 
manufacturers. ESP32 microcontrollers are programmed using Microsoft 
Visual Code in combination with platform.io or the Toolchain provided by 
espressif!
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Include derictive & Header files

Many programming languages and other computer files have a directive, often 
called include (sometimes copy or import), that causes the contents of the 
specified file to be inserted into the original file. 
These included files are called copybooks or header files. There are over one 
thousand C library files and they are often used to define the physical layout of 
program data, pieces of procedural code, and/or forward declarations while 
promoting encapsulation and the reuse of code or data. 

In computer programming, a header file is a file that allows programmers to 
separate certain elements of a program's source code into reusable files. Header 
files commonly contain forward declarations of classes, subroutines, variables, 
and other identifiers. Programmers who wish to declare standardized identifiers 
in more than one source file can place such identifiers in a single header file, 
which other code can then include whenever the header contents are required. 
This is to keep the interface in the header separate from the implementation.

The C standard library and the C++ standard library traditionally declare their 
standard functions in header files. 

https://en.wikipedia.org/wiki/Include_directive
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ESP32 Wroom Board

This development kit for the ESP32
has a USB connection and the 
necessary components 
for power supply.

The assignment of the pins 
can be seen in this figure.

To make an LED blink, 
we need to connect an LED 
and a resistor to this module.
For this we need to use a breadboard.

This Evaluation Board has an
ESP32-Wroom Module
soldered on Top of the PCB.
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ESP32 Wroom Board

The assignment of the IO-Pins from the ESP32-Microcontroller to the Arduino-Connector 
can be seen in this table!
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Breadboard

A breadboard has 10 rows 
labeled with the letters A through J

The columns are numbered, 
starting with 1 on the left

In each column rows A-E and 
separately rows F-J are connected!

https://www.elektronik-kompendium.de/sites/praxis/bauteil_steckbrett.htm
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In column 3 you can see yellow      
circles at rows F-J, this shows that 
these 5 connecting holes are         
connected together perpendicular .
The same is visible for column 8.

With the blue cable shown in line H, 
the connecting holes F-J in column 3 
can be tied with the connecting holes 
F-J in column 8.
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ESP32 Wroom and Arduino IDE - 1

1) We start with the IO26 
which can be found at Arduino D2,
with a jumpwire we connect 
to the breadboard

3) The resistance is inserted in row E 
plugged into columns 8 and 14

4) The LED has its plus pole on the longer 
of the two connections. 
The positive pole is connected to 
the resistor on the breadboard, 
since both are plugged into column 14.

5) The negative pole of the LED is plugged 
into column 14 row F 

6) With another jumpwire we make
a connection to the ESP32 ground pin (0V).
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How to program with Arduino IDE

In the Arduino IDE, 
a “sketch” is used 
instead of the main.c file.

There are two functions that are 
empty at startup:

• All program parts that are to 
be executed only once after 
a reset are inserted under 
setup().

• All program parts that are to 
be executed permanently, 
in an endless loop, after the 
setup are inserted under 
loop() .
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Arduino IDE – select ESP32 Board 
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Windows Device-Manager

Communication between the development PC and the ESP32 takes place via a CP210x chip from 
Silicon Labs. The COM port assigned under Windows must be looked up in the device manager!
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Arduino IDE – select COM Port 
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Program with Arduino IDE

#define PIN_LED 26
// to modify the Pin number
// only at one place in your file

void setup() {
pinMode(PIN_LED, OUTPUT);
// initialize digital pin as output.
}

// the loop function runs over and over again forever
void loop() {
digitalWrite(PIN_LED, HIGH); // turn the LED on (HIGH is the voltage level)
delay(1000); // wait for a second

digitalWrite(PIN_LED, LOW); // turn the LED off (by making the voltage LOW)
delay(1000); // wait for a second
}
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How to program with Arduino IDE
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Arduino IDE

Several steps will be
done by the IDE 

Build

Connect

Erase

Write

Reset & Run
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Microcontroller programming using Arduino IDE

The development environment brings you to a working result very quickly, 
WITHOUT having to read the user manuals for exact details about the 
microcontroller used.

With pinMode(Output) the desired connection can be configured as a 
digital output.

The programmer does not need any knowledge about the microcontroller, 
but instead knowledge about the functions provided by the respective IDE!

https://www.arduino.cc/reference/en/
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Arduino Function reference
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Arduino Structure
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