

    
      
          
            
  
SunFounder Elite Explorer Kit

Thanks for choosing our Elite Explorer Kit.


Note

This document is available in the following languages.



	Deutsch Online-Kurs


	日本語オンライン教材


	English Online-tutorials







Please click on the respective links to access the document in your preferred language.
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Tired of basic Arduino kits with limited projects? Eager to build advanced IoT systems but don’t know where to begin?

Look no further than the SunFounder Elite Explorer Kit with the all-new Arduino Uno R4 WiFi!

The powerful Arduino Uno R4 WiFi board represents a giant leap forward for the world’s most popular open-source electronics platform. With its 32-bit processor, expanded memory, USB-C, and built-in WiFi/Bluetooth, R4 unlocks endless possibilities.

Our Elite Kit unleashes R4’s full potential with a massive array of components to build creative projects, from music makers to plant monitors. Simple tutorials teach you the basics while guided projects let you construct automated fans, RFID door locks, and smartphone-controlled robots.

Explore the world of IoT with WiFi web servers, cloud dashboards, MQTT networks, and more. The kit transforms R4 into a versatile IoT prototyping tool constrained only by your imagination.

With SunFounder, programming Arduino gets an upgrade. The Elite Explorer Kit, combined with the groundbreaking Uno R4 WiFi, is the ultimate all-in-one solution for mastering Arduino and building advanced DIY electronics projects. Order today and let your creativity soar!
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Learn about the Components in Your Kit


Components List

After opening the package, please check whether the quantity of components is compliance with product description and whether all components are in good condition.


	Components List






Components Introductions

Below is the introduction to each component, which contains the operating principle of the component and the corresponding projects.

Basic



	Arduino Uno R4 WiFi

	Breadboard

	Resistor

	Transistor

	Capacitor

	Diode

	Jumper Wires





Chip



	TA6586 - Motor Driver Chip

	74HC595





Display



	LED

	RGB LED

	WS2812 RGB 8 LEDs Strip

	7-segment Display

	I2C LCD1602

	OLED Display Module





Sound



	Buzzer

	Audio Module and Speaker





Driver



	DC Water Pump

	DC Motor

	Stepper Motor

	Servo

	Relay

	Power Supply Module





Controller



	Button

	Potentiometer

	Joystick Module

	Keypad

	Infrared Receiver

	MPR121





Sensor



	Ultrasonic Module

	Soil Moisture Module

	Photoresistor

	Thermistor

	Tilt Switch

	PIR Motion Sensor Module

	Humiture Sensor Module

	MFRC522 Module

	GY-87 IMU module









            

          

      

      

    

  

    
      
          
            
  
Arduino Uno R4 WiFi

Overview

The Arduino UNO R4 WiFi represents the pinnacle of IoT and wireless innovation. Equipped with the power of the RA4M1 microcontroller by Renesas and further enhanced by an ESP32-S3 coprocessor, this board is meticulously crafted to meet the evolving demands of modern-day makers. Whether you’re a newcomer to the Arduino world or a seasoned tech enthusiast, the UNO R4 WiFi ensures top-notch performance, all while maintaining the trusted form factor and 5 V operating voltage.

Venturing further into the Arduino domain, the UNO R4 WiFi emerges as a symbol of connectivity, efficiency, and ingenuity.

[image: ../_images/unor4.jpg]
Here’s what the Arduino UNO R4 WiFi offers:


	Seamless Integration with UNO Ecosystem: Staying true to its heritage, the UNO R4 WiFi guarantees compatibility with the iconic UNO form factor, pinout, and 5 V operating voltage. Transitioning from previous versions is effortless, thanks to the harmonious design and the expansive Arduino UNO ecosystem.


	Supercharged Memory and Processing: Step into a realm of faster computations and intricate projects. The UNO R4 WiFi not only boasts enhanced memory but also operates with a clock speed that’s three times quicker, ensuring your projects run smoothly and efficiently.


	Diverse On-Board Peripherals: From a 12-bit DAC and CAN BUS to an OP AMP and a unique SWD port, the UNO R4 WiFi is equipped with features that elevate your project capabilities. Dive into a realm of endless possibilities and unleash your creativity.


	Connectivity at its Best: With integrated Wi-Fi® and Bluetooth® Low Energy, the UNO R4 WiFi paves the way to the Internet of Things. Whether crafting a smart home system or an interactive dashboard, this board has your back.


	Interactive 12×8 LED Matrix: Illuminate your projects with dynamic animations or real-time sensor data visualization, all without the need for external hardware.


	Advanced Safety Mechanisms: The board’s innate ability to detect and prevent potentially harmful operations, such as division by zero, ensures a seamless experience. Plus, with detailed feedback on the serial monitor, you’re always in the loop.


	Qwiic Connector for Rapid Prototyping: Broaden your project scope with the Qwiic connector. With a vast range of I2C-compatible modules available, prototyping becomes a breeze.




Step into the future of making with the Arduino UNO R4 WiFi. Whether you’re aiming to integrate wireless functionalities, explore the vast IoT landscape, or simply upgrade your existing setup, this board is the ideal partner for your upcoming ventures.

Tech specs








	Board

	Name

	Arduino® UNO R4 WiFi





	Microcontroller

	Renesas RA4M1 (Arm® Cortex®-M4)



	USB

	USB-C®

	Programming Port



	Pins

	Digital I/O Pins

	14



	Pins

	Analog input pins

	6



	DAC

	1



	PWM pins

	6



	Communication

	UART

	Yes, 1x



	I2C

	Yes, 1x



	SPI

	Yes, 1x



	CAN

	Yes 1 CAN Bus



	Power

	Circuit operating voltage

	5 V (ESP32-S3 is 3.3 V)



	Input voltage (VIN)

	6-24 V



	DC Current per I/O Pin

	8 mA



	Clock speed

	Main core

	48 MHz



	ESP32-S3

	up to 240 MHz



	Memory

	RA4M1

	256 kB Flash, 32 kB RAM



	ESP32-S3

	384 kB ROM, 512 kB SRAM



	Dimensions

	Width

	68.85 mm



	Length

	53.34 mm






Pinout

[image: ../_images/unor4_wifi_pinout.png]

	Arduino UNO R4 WiFi Datasheet 


	Arduino UNO R4 WiFi Schematic 


	Arduino UNO R4 WiFi Documentation 


	Arduino UNO R4 WiFi Cheat Sheet 







            

          

      

      

    

  

    
      
          
            
  
Breadboard

[image: ../_images/breadboard.png]
A breadboard is a construction base for prototyping of electronics. Originally the word referred to a literal bread board, a polished piece of wood used for slicing bread. In the 1970s the solderless breadboard (a.k.a. plugboard, a terminal array board) became available and nowadays the term “breadboard” is commonly used to refer to these.

It is used to build and test circuits quickly before finishing any circuit design.
And it has many holes into which components mentioned above can be inserted like ICs and resistors as well as jumper wires.
The breadboard allows you to plug in and remove components easily.

The picture shows the internal structure of a breadboard.
Although these holes on the breadboard appear to be independent of each other, they are actually connected to each other through metal strips internally.

[image: ../_images/breadboard_internal.png]
If you want to know more about breadboard, refer to: How to Use a Breadboard - Science Buddies




            

          

      

      

    

  

    
      
          
            
  
Resistor

[image: ../_images/resistor.png]
Resistor is an electronic element that can limit the branch current.
A fixed resistor is a kind of resistor whose resistance cannot be changed, while that of a potentiometer or a variable resistor can be adjusted.

Two generally used circuit symbols for resistor. Normally, the resistance is marked on it. So if you see these symbols in a circuit, it stands for a resistor.

[image: ../_images/resistor_symbol.png]
Ω is the unit of resistance and the larger units include KΩ, MΩ, etc.
Their relationship can be shown as follows: 1 MΩ=1000 KΩ, 1 KΩ = 1000 Ω. Normally, the value of resistance is marked on it.

When using a resistor, we need to know its resistance first. Here are two methods: you can observe the bands on the resistor, or use a multimeter to measure the resistance. You are recommended to use the first method as it is more convenient and faster.

[image: ../_images/resistance_card.jpg]
As shown in the card, each color stands for a number.

















	Black

	Brown

	Red

	Orange
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	Green

	Blue

	Violet

	Grey
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	0

	1

	2

	3

	4

	5
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	7
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	9

	0.1

	0.01






The 4- and 5-band resistors are frequently used, on which there are 4 and 5 chromatic bands.

Normally, when you get a resistor, you may find it hard to decide which end to start for reading the color.
The tip is that the gap between the 4th and 5th band will be comparatively larger.

Therefore, you can observe the gap between the two chromatic bands at one end of the resistor;
if it’s larger than any other band gaps, then you can read from the opposite side.

Let’s see how to read the resistance value of a 5-band resistor as shown below.

[image: ../_images/220ohm.jpg]
So for this resistor, the resistance should be read from left to right.
The value should be in this format: 1st Band 2nd Band 3rd Band x 10^Multiplier (Ω) and the permissible error is ±Tolerance%.
So the resistance value of this resistor is 2(red) 2(red) 0(black) x 10^0(black) Ω = 220 Ω,
and the permissible error is ± 1% (brown).

You can learn more about resistor from Wiki: Resistor - Wikipedia [https://en.wikipedia.org/wiki/Resistor].




            

          

      

      

    

  

    
      
          
            
  
Transistor

[image: ../_images/npn_pnp.png]
Transistor is a semiconductor device that controls current by current. It functions by amplifying weak signal to larger amplitude signal and is also used for non-contact switch.

A transistor is a three-layer structure composed of P-type and N-type semiconductors. They form the three regions internally. The thinner in the middle is the base region; the other two are both N-type or P-type ones – the smaller region with intense majority carriers is the emitter region, when the other one is the collector region. This composition enables the transistor to be an amplifier.
From these three regions, three poles are generated respectively, which are base (b), emitter (e), and collector (c). They form two P-N junctions, namely, the emitter junction and collection junction. The direction of the arrow in the transistor circuit symbol indicates that of the emitter junction.


	P–N junction - Wikipedia [https://en.wikipedia.org/wiki/P-n_junction]




Based on the semiconductor type, transistors can be divided into two groups, the NPN and PNP ones. From the abbreviation, we can tell that the former is made of two N-type semiconductors and one P-type and that the latter is the opposite. See the figure below.


Note

s8550 is PNP transistor and the s8050 is the NPN one, They look very similar, and we need to check carefully to see their labels.



[image: ../_images/transistor_symbol.png]
When a High level signal goes through an NPN transistor, it is energized. But a PNP one needs a Low level signal to manage it. Both types of transistor are frequently used for contactless switches, just like in this experiment.

Put the label side facing us and the pins facing down. The pins from left to right are emitter(e), base(b), and collector(c).

[image: ../_images/ebc.png]

	S8050 Transistor Datasheet


	S8550 Transistor Datasheet




Example


	Relay (Basic Project)


	Active Buzzer (Basic Project)


	Passive Buzzer (Basic Project)







            

          

      

      

    

  

    
      
          
            
  
Capacitor

[image: ../_images/103_capacitor.png]
[image: ../_images/10uf_cap.png]
Capacitor, refers to the amount of charge storage under a given potential difference, denoted as C, and the international unit is farad (F).
Generally speaking, electric charges move under force in an electric field. When there is a medium between conductors, the movement of electric charges is hindered and the electric charges accumulate on the conductors, resulting in accumulation of electric charges.

The amount of stored electric charges is called capacitance. Because capacitors are one of the most widely used electronic components in electronic equipment, they are widely used in direct current isolation, coupling, bypass, filtering, tuning loops, energy conversion, and control circuits. Capacitors are divided into electrolytic capacitors, solid capacitors, etc.

According to material characteristics, capacitors can be divided into: aluminum electrolytic capacitors, film capacitors, tantalum capacitors, ceramic capacitors, super capacitors, etc.

In this kit, ceramic capacitors and electrolytic capacitors are used.


	Ceramic Capacitor - Wikipedia [https://en.wikipedia.org/wiki/Ceramic_capacitor]


	Electrolytic Capacitor - Wikipedia [https://en.wikipedia.org/wiki/Electrolytic_capacitor]




There are 103 or 104 label on the ceramic capacitors, which represent the capacitance value, 103=10x10^3pF, 104=10x10^4pF

Unit Conversion


1F=10^3mF=10^6uF=10^9nF=10^12pF




Example


	Button (Basic Project)







            

          

      

      

    

  

    
      
          
            
  
Diode

A diode is an electronic component with two electrodes. It allows current to flow in only one direction, which is often called the “Rectifying” function.
Thus, a diode can be thought of as an electronic version of a check valve.

Because of its unidirectional conductivity, the diode is used in almost all electronic circuits of some complexity. It is one of the first semiconductor devices and has a wide range of applications.

According to its use classification, it can be divided into detector diodes, rectifier diodes, limiter diodes, voltage regulator diodes, etc.

Rectifier diodes and voltage regulator diodes are included in this kit.

Rectifier Diode

[image: ../_images/in4007_diode.png]
[image: ../_images/symbol_rectifier_diode.png]
A rectifier diode is a semiconductor diode, used to rectify AC (alternating current) to DC (direct current) using the rectifier bridge application. The alternative of rectifier diode through the Schottky barrier is mainly valued within digital electronics. This diode is capable to conduct the values of current which changes from mA to a few kA & voltages up to a few kV.

The designing of rectifier diodes can be done with Silicon material and they are capable of conducting high electric current values. These diodes are not famous but still used Ge or gallium arsenide-based semiconductor diodes. Ge diodes have less allowable reversed voltage as well as a lesser allowable junction temperature. The Ge diode has a benefit as compared to Si diode that is low threshold voltage value while operating in a forward-bias.


	1N400x general-purpose diode - Wikipedia




Zener Diode

A Zener diode is a special type of diode designed to reliably allow current to flow “backwards” when a certain set reverse voltage, known as the Zener voltage, is reached.

This diode is a semiconductor device that has a very high resistance up to the critical reverse breakdown voltage. At this critical breakdown point, the reverse resistance is reduced to a very small value, and the current increases while the voltage remains constant in this low resistance region.

[image: ../_images/zener_diode.png]
[image: ../_images/symbol-zener-diode.jpg]

	Zener diode - Wikipedia




Example



	Relay (Basic Project)










            

          

      

      

    

  

    
      
          
            
  
Jumper Wires

Wires that connect two terminals are called jumper wires. There are
various kinds of jumper wires. Here we focus on those used in
breadboard. Among others, they are used to transfer electrical signals
from anywhere on the breadboard to the input/output pins of a
microcontroller.

Jump wires are fitted by inserting their “end connectors” into the slots
provided in the breadboard, beneath whose surface there are a few sets
of parallel plates that connect the slots in groups of rows or columns
depending on the area. The “end connectors” are inserted into the
breadboard, without soldering, in the particular slots that need to be
connected in the specific prototype.

There are three types of jumper wire: Female-to-Female, Male-to-Male,
and Male-to-Female. The reason we call it Male-to-Female is because it
has the outstanding tip in one end as well as a sunk female end.
Male-to-Male means both side are male and Female-to-Female means both
ends are female.

[image: ../_images/Jumper_Wires.png]
More than one type of them may be used in a project. The color of the
jump wires is different but it doesn’t mean their function is different
accordingly; it’s just designed so to better identify the connection
between each circuit.




            

          

      

      

    

  

    
      
          
            
  
TA6586 - Motor Driver Chip

[image: ../_images/ta6586.png]
TA6586 is a monolithic IC designed for driving bi-directional DC motor. It has
two pins of logic inputs for controlling the direction, forward and backward.
The circuit feature good anti-interference performance, small standby current and
low output saturation pressure drop. It has a built-in clamp diode to reverse the impact
of the release of inductive load current, making it in the drive relays, DC motors,
stepper motors or control the use of switching power safe and reliable.
TA6586 is suitable for toy vehicles, remote-controlled aircraft motor drive, automatic
valve motor, electromagnetic lock drive, precision instruments and other circuits.

Features


	Low stand-by current: ≦2uA


	Wide supply voltage range


	Built-in Brake Function


	Thermal Shutdown protection


	Over Current Limit and Short Circuit Protect Function


	DIP8 Pb-Free package.




Pin Function

[image: ../_images/ta6586_pin1.png]
[image: ../_images/ta6586_pin.png]
Input Truth Table

[image: ../_images/ta6586_priciple.png]
Example


	Motor (Basic Project)


	Water Pump (Basic Project)


	Smart Fan (Fun Project)


	Plant Monitor (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
74HC595

[image: ../_images/74HC595.png]
The 74HC595 consists of an 8−bit shift register and a storage register with three−state parallel outputs. It converts serial input into parallel output so you can save IO ports of an MCU.
When MR (pin10) is high level and OE (pin13) is low level, data is input in the rising edge of SHcp and goes to the memory register through the rising edge of SHcp. If the two clocks are connected together, the shift register is always one pulse earlier than the memory register. There is a serial shift input pin (Ds), a serial output pin (Q) and an asynchronous reset button (low level) in the memory register. The memory register outputs a Bus with a parallel 8-bit and in three states. When OE is enabled (low level), the data in memory register is output to the bus.


	74HC595 Datasheet




[image: ../_images/74hc595_pin.png]
Pins of 74HC595 and their functions:


	Q0-Q7: 8-bit parallel data output pins, able to control 8 LEDs or 8 pins of 7-segment display directly.


	Q7’: Series output pin, connected to DS of another 74HC595 to connect multiple 74HC595s in series


	MR: Reset pin, active at low level;


	SHcp: Time sequence input of shift register. On the rising edge, the data in shift register moves successively one bit, i.e. data in Q1 moves to Q2, and so forth. While on the falling edge, the data in shift register remain unchanged.


	STcp: Time sequence input of storage register. On the rising edge, data in the shift register moves into memory register.


	CE: Output enable pin, active at low level.


	DS: Serial data input pin


	VCC: Positive supply voltage.


	GND: Ground.




Example


	74HC595 (Basic Project)


	Digital Dice (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
LED

[image: ../_images/LED.png]
Semiconductor light-emitting diode is a type of component which can turn electric energy into light energy via PN junctions. By wavelength, it can be categorized into laser diode, infrared light-emitting diode and visible light-emitting diode which is usually known as light-emitting diode (LED).

Diode has unidirectional conductivity, so the current flow will be as the arrow indicates in figure circuit symbol. You can only provide the anode with a positive power and the cathode with a negative. Thus the LED will light up.

[image: ../_images/led_symbol.png]
An LED has two pins. The longer one is the anode, and shorter one, the cathode. Pay attention not to connect them inversely. There is fixed forward voltage drop in the LED, so it cannot be connected with the circuit directly because the supply voltage can outweigh this drop and cause the LED to be burnt. The forward voltage of the red, yellow, and green LED is 1.8 V and that of the white one is 2.6 V. Most LEDs can withstand a maximum current of 20 mA, so we need to connect a current limiting resistor in series.

The formula of the resistance value is as follows:


R = (Vsupply – VD)/I




R stands for the resistance value of the current limiting resistor, Vsupply for voltage supply, VD for voltage drop and I for the working current of the LED.

Here is the detailed introduction for the LED: LED - Wikipedia.

Example


	LED module (Basic Project)


	Relay (Basic Project)


	Light-sensitive Array (Fun Project)


	Smart Fan (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
RGB LED

[image: ../_images/rgb_led.png]
RGB LEDs emit light in various colors. An RGB LED packages three LEDs of red, green, and blue into a transparent or semitransparent plastic shell. It can display various colors by changing the input voltage of the three pins and superimpose them, which, according to statistics, can create 16,777,216 different colors.

[image: ../_images/rgb_light.png]
RGB LEDs can be categorized into common anode and common cathode ones. In this kit, the latter is used. The common cathode, or CC, means to connect the cathodes of the three LEDs. After you connect it with GND and plug in the three pins, the LED will flash the corresponding color.

Its circuit symbol is shown as figure.

[image: ../_images/rgb_symbol.png]
An RGB LED has 4 pins: the longest one is GND; the others are Red, Green and Blue. Touch its plastic shell and you will find a cut. The pin closest to the cut is the first pin, marked as Red, then GND, Green and Blue in turn.

[image: ../_images/rgb_pin.jpg]
Example


	RGB LED (Basic Project)


	HueDial (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
WS2812 RGB 8 LEDs Strip

[image: ../_images/ws2812b.png]
The WS2812 RGB 8 LEDs Strip is composed of 8 RGB LEDs.
Only one pin is required to control all the LEDs. Each RGB LED has a WS2812 chip, which can be controlled independently.
It can realize 256-level brightness display and complete true color display of 16,777,216 colors.
At the same time, the pixel contains an intelligent digital interface data latch signal shaping amplifier drive circuit, and a signal shaping circuit is built in to effectively ensure the color height of the pixel point light Consistent.

It is flexible, can be docked, bent, and cut at will, and the back is equipped with adhesive tape, which can be fixed on the uneven surface at will, and can be installed in a narrow space.

Features


	Work Voltage: DC5V


	IC: One IC drives one RGB LED


	Consumption: 0.3w each LED


	Working Temperature: -15-50


	Color: Full color RGB


	RGB Type:5050RGB（Built-in IC WS2812B）


	Light Strip Thickness: 2mm


	Each LED can be controlled individually




WS2812B Introdction


	WS2812B Datasheet




WS2812B is a intelligent control LED light source that the control circuit and RGB chip are integrated in a package of 5050 components. It internal include intelligent digital port data latch and signal reshaping ampli fication drive circuit. Also include a precision internal oscillator and a 12V voltage programmable constant current control part, effectively ensuring the pixel point light color height consistent.

The data transfer protocol use single NZR communication mode. After the pixel power-on reset, the DIN port receive data from controller, the first pixel collect initial 24bit data then sent to the internal data latch, the other data which reshaping by the internal signal reshaping amplification circuit sent to the next cascade pixel through the DO port. After transmission for each pixel, the signal to reduce 24bit. pixel adopt auto resha -ping transmit technology, making the pixel cascade number is not limited the signal transmission, only depend on the speed of signal transmission.

LED with low driving voltage, environmental protection and energy saving, high brightness, scattering angl e is large, good consistency, low power, long life and other advantages. The control chip integrated in LED above becoming more simple circuit, small volume, convenient installation.

Example


	WS2812 RGB LEDs Strip (Basic Project)


	CherryLight (IoT Project)







            

          

      

      

    

  

    
      
          
            
  
7-segment Display

[image: ../_images/7-seg.jpg]
A 7-segment display is an 8-shaped component which packages 7 LEDs. Each LED is called a segment - when energized, one segment forms part of a numeral to be displayed.

There are two types of pin connection: Common Cathode (CC) and Common Anode (CA). As the name suggests, a CC display has all the cathodes of the 7 LEDs connected when a CA display has all the anodes of the 7 segments connected.

In this kit, we use the Common Cathode 7-segment display, here is the electronic symbol.

[image: ../_images/segment_cathode.png]
Each of the LEDs in the display is given a positional segment with one of its connection pins led out from the rectangular plastic package. These LED pins are labeled from “a” through to “g” representing each individual LED. The other LED pins are connected together forming a common pin. So by forward biasing the appropriate pins of the LED segments in a particular order, some segments will brighten and others stay dim, thus showing the corresponding character on the display.

Display Codes

To help you get to know how 7-segment displays(Common Cathode) display Numbers, we have drawn the following table. Numbers are the number 0-F displayed on the 7-segment display; (DP) GFEDCBA refers to the corresponding LED set to 0 or 1, For example, 00111111 means that DP and G are set to 0, while others are set to 1. Therefore, the number 0 is displayed on the 7-segment display, while HEX Code corresponds to hexadecimal number.

[image: ../_images/segment_code.png]
Example


	7-segment Display (Basic Project)


	74HC595 (Basic Project)


	Digital Dice (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
I2C LCD1602

[image: ../_images/i2c_lcd1602.png]

	GND: Ground


	VCC: Voltage supply, 5V.


	SDA: Serial data line. Connect to VCC through a pullup resistor.


	SCL: Serial clock line. Connect to VCC through a pullup resistor.




As we all know, though LCD and some other displays greatly enrich the man-machine interaction, they share a common weakness. When they are connected to a controller, multiple IOs will be occupied of the controller which has no so many outer ports. Also it restricts other functions of the controller.

Therefore, LCD1602 with an I2C module is developed to solve the problem. The I2C module has a built-in PCF8574 I2C chip that converts I2C serial data to parallel data for the LCD display.


	PCF8574 Datasheet




I2C Address

The default address is basically 0x27, in a few cases it may be 0x3F.

Taking the default address of 0x27 as an example, the device address can be modified by shorting the A0/A1/A2 pads; in the default state, A0/A1/A2 is 1, and if the pad is shorted, A0/A1/A2 is 0.

[image: ../_images/i2c_address.jpg]
Backlight/Contrast

Backlight can be enabled by jumper cap, unplugg the jumper cap to disable the backlight. The blue potentiometer on the back is used to adjust the contrast (the ratio of brightness between the brightest white and the darkest black).

[image: ../_images/back_lcd1602.jpg]

	Shorting Cap: Backlight can be enabled by this cap, unplugg this cap to disable the backlight.


	Potentiometer: It is used to adjust the contrast (the clarity of the displayed text), which is increased in the clockwise direction and decreased in the counterclockwise direction.




Example


	I2C LCD1602 (Basic Project)


	Ultrasonic (Basic Project)


	Plant Monitor (Fun Project)


	GAME - Guess Number (Fun Project)


	Bluetooth Message Box (IoT Project)







            

          

      

      

    

  

    
      
          
            
  
OLED Display Module

[image: ../_images/oled.png]

Introduction

An OLED (Organic Light-Emitting Diode) display module is a device that can display text, graphics and images on a thin and flexible screen using organic materials that emit light when electric current is applied.

The main advantage of an OLED Display is that it emits its own light and doesn’t need another source of backlight. Due to this, OLED Displays often have better contrast, brightness and viewing angles when compared to LCD displays.

Another important feature of OLED Displays is deep black levels. Since each pixel emits its own light in an OLED Display, to produce black color, the individual pixel can be turned OFF.

Due to lower power consumption (only pixels which are lit up draw current), OLED displays are also popular in battery operated devices like Smart Watches, Health Trackers and other wearables.



Principle

An OLED display module consists of an OLED panel and an OLED driver chip that is mounted on the back of the module. The OLED panel is made of many tiny pixels that can produce different colors of light. Each pixel consists of several layers of organic materials sandwiched between two electrodes (anode and cathode). When electric current flows through the electrodes, the organic materials emit light of different wavelengths depending on their composition.

The OLED driver chip is a chip that can control the pixels of the OLED panel using a serial communication protocol called I2C (Inter-Integrated Circuit).

The OLED driver chip converts the signals from the Arduino into commands for the OLED panel. The Arduino can send data to the OLED driver chip using a library that can control the I2C protocol. One such library is the Adafruit SSD1306 library. With this library, you can initialize the OLED display module, set the brightness level, print text, graphics or images, etc.

Example


	OLED (Basic Project)


	GAME - Pong (Fun Project)


	WeatherTime Screen (IoT Project)








            

          

      

      

    

  

    
      
          
            
  
Buzzer

[image: ../_images/buzzer1.png]
As a type of electronic buzzer with an integrated structure, buzzers, which are supplied by DC power, are widely used in computers, printers, photocopiers, alarms, electronic toys, automotive electronic devices, telephones, timers and other electronic products or voice devices.

Buzzers can be categorized as active and passive ones (see the following picture). Turn the buzzer so that its pins are facing up, and the buzzer with a green circuit board is a passive buzzer, while the one enclosed with a black tape is an active one.

[image: ../_images/buzzer2.png]
The difference between an active buzzer and a passive buzzer:

An active buzzer has a built-in oscillating source, so it will make sounds when electrified. But a passive buzzer does not have such source, so it will not beep if DC signals are used; instead, you need to use square waves whose frequency is between 2K and 5K to drive it. The active buzzer is often more expensive than the passive one because of multiple built-in oscillating circuits.

The following is the electrical symbol of a buzzer. It has two pins with positive and negative poles. With a + in the surface represents the anode and the other is the cathode.

[image: ../_images/buzzer_symbol.png]
You can check the pins of the buzzer, the longer one is the anode and the shorter one is the cathode. Please don’t mix them up when connecting, otherwise the buzzer will not make sound.

Buzzer - Wikipedia

Example


	Active Buzzer (Basic Project)


	Passive Buzzer (Basic Project)


	Access Control System (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
Audio Module and Speaker

Audio Amplifier Module

[image: ../_images/audio_module.jpg]
Audio Amplifier Module contains a HXJ8002 audio power amplifier chip. This chip is a power amplifier with low power supply, that can provide 3W average audio power for a 3Ω BTL load with low harmonic distortion (under 10% threshold distortion at 1KHz) from a 5V DC power supply. This chip can amplify audio signals without any coupling capacitors or bootstrap capacitors.

The module can be supplied by a 2.0V up to 5.5V DC with 10mA operating current (0.6uA for typical standby current) power source and produce a powerful amplified sound into a 3Ω, 4Ω, or 8Ω impedance speaker. This module has an improved pop and clicks circuitry for reducing significantly the transition nose at the powering on and off moment. Tiny size besides high efficiency and low power supplying make it applicable in widely portable and battery-powered projects and microcontrollers.


	IC: HXJ8002


	Input Voltage: 2V ~ 5.5V


	Standby Mode Current: 0.6uA (typical value)


	Output Power: 3W (3Ω load) , 2.5W (4Ω load) , 1.5W (8Ω load)


	Output Speaker Impedance: 3Ω, 4Ω, 8Ω


	Size: 19.8mm x 14.2mm




Speaker

[image: ../_images/speaker_pic.png]

	Size: 20x30x7mm


	Impedance:8ohm


	Rate Input Power: 1.5W


	Max Input Power: 2.0W


	Wire Length: 10cm




[image: ../_images/2030_speaker.png]
The size chart is as follows:


	2030 Speaker Datasheet [https://github.com/sunfounder/sf-pdf/raw/master/datasheet/2030-speaker-datasheet.pdf]




Example


	Audio Module and Speaker (Basic Project)


	Welcome (Fun Project)


	Fruit Piano (Fun Project)


	Digital-to-Analog Converter (DAC)







            

          

      

      

    

  

    
      
          
            
  
DC Water Pump

[image: ../_images/pump.png]
This pump essentially functions as a DC motor, operating at a voltage of 3V and a current of 100mA. Upon powering, the pump draws water in from the bottom of its plastic casing and expels it from the outlet pipe. It must always be kept immersed in water to function properly. Reversing the polarity won’t turn it into a water intake device; it will only pump water out!

It’s highly suitable for beginners to create a fountain or plant watering project using this submersible pump, as it is incredibly user-friendly!

Features


	Voltage Scope: DC 3 ~ 4.5V


	Operating Current: 120 ~ 180mA


	Power: 0.36 ~ 0.91W


	Max Water Head: 0.35 ~ 0.55M


	Max Flow Rate: 80 ~ 100 L/H


	Continuous Working Life: 100 hours


	Water Fing Grade: IP68


	Driving Mode: DC, Magnetic Driving


	Material: Engineering Plastic


	Outlet Outside Diameter: 7.8 mm


	Outlet Inside Diameter: 6.5 mm


	It is a submersible pump and should be used that way. It tends to heat too much that there’s a risk of overheating if you turn it on unsubmerged.


	It comes with a 25cm male wire, allowing for easy insertion into a breadboard.




Example


	Water Pump (Basic Project)


	Plant Monitor (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
DC Motor

[image: ../_images/motor.jpeg]
This is a 3V DC motor. When you give a high level and a low level to each of the 2 terminals, it will rotate.


	Length: 25mm


	Diameter: 21mm


	Shaft Diameter: 2mm


	Shaft Length: 8mm


	Voltage: 3-6V


	Current: 0.35-0.4A


	Speed at 3V: 19000 RPM (Rotations Per Minute)


	Weight: Approximately 14g (for one unit)




Direct current (DC) motor is a continuous actuator that converts electrical energy into mechanical energy. DC motors make rotary pumps, fans, compressors, impellers, and other devices work by producing continuous angular rotation.

A DC motor consists of two parts, the fixed part of the motor called the stator and the internal part of the motor called the rotor (or armature of a DC motor) that rotates to produce motion.
The key to generating motion is to position the armature within the magnetic field of the permanent magnet (whose field extends from the north pole to the south pole). The interaction of the magnetic field and the moving charged particles (the current-carrying wire generates the magnetic field) produces the torque that rotates the armature.

[image: ../_images/motor_sche.png]
Current flows from the positive terminal of the battery through the circuit, through the copper brushes to the commutator, and then to the armature.
But because of the two gaps in the commutator, this flow reverses halfway through each complete rotation.
This continuous reversal essentially converts the DC power from the battery to AC, allowing the armature to experience torque in the right direction at the right time to maintain rotation.

Example


	Motor (Basic Project)


	Smart Fan (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
Stepper Motor

[image: ../_images/stepper_motor2.jpeg]
Stepper motors, due to their unique design, can be controlled to a high degree of accuracy without any feedback mechanisms. The shaft of a stepper, mounted with a series of magnets, is controlled by a series of electromagnetic coils that are charged positively and negatively in a specific sequence, precisely moving it forward or backward in small
“steps”.

Principle

There are two types of steppers, unipolars and bipolars, and it is very important to know which type you are working with. In this experiment, we will use a unipolar stepper.

The stepper motor is a four-phase one, which uses a unipolarity DC power supply. As long as you electrify all phase windings of the motor by an appropriate timing sequence, you can make it rotate step by step. The schematic diagram of a four-phase reactive stepper motor:

[image: ../_images/stepper_motor3.png]
In the figure, in the middle of the motor is a rotor - a gear-shaped permanent magnet. Around the rotor, 0 to 5 are teeth. Then more outside, there are 8 magnetic poles, with each two opposite ones connected by coil winding. So they form four pairs from A to D, which is called a phase. It has four lead wires to be connected with switches SA, SB, SC, and SD. Therefore, the four phases are in parallel in the circuit, and the two magnetic poles in one phase are in series.

Here’s how a 4-phase stepper motor works:

At the beginning, switch SB is power on, switch SA, SC, and SD is power off, and B-phase magnetic poles align with tooth 0 and 3 of the rotor. At the same time, tooth 1 and 4 generate staggered teeth with C- and D-phase poles. Tooth 2 and 5 generate staggered teeth with D- and A-phase poles. When switch SC is power on, switch SB, SA, and SD is power off, the rotor rotates under magnetic field of C-phase winding and that between tooth 1 and 4. Then tooth 1 and 4 align with the magnetic poles of C-phase winding. While tooth 0 and 3 generate staggered teeth with A- and B-phase poles, and tooth 2 and 5 generate staggered teeth with the magnetic poles of A- and D-phase poles. The similar situation goes on and on. Energize the A, B, C and D phases in turn, and the rotor will rotate in the order of A, B, C and D.

The four-phase stepper motor has three operating modes: single four-step, double four-step, and eight-step. The step angle for the single four-step and double four-step are the same, but the driving torque for the single four-step is smaller. The step angle of the eight-step is half that of the single four-step and double four-step. Thus, the eight-step operating mode can keep high driving torque and improve control accuracy. In this experiment, we let the stepper motor work in the eight-step mode.

ULN2003 Module

[image: ../_images/uln2003.png]
To apply the motor in the circuit, a driver board needs to be used. Stepper Motor Driver-ULN2003 is a 7-channel inverter circuit. That is, when the input end is at high level, the output end of ULN2003 is at low level, and vice versa. If we supply high level to IN1, and low level to IN2, IN3 and IN4, then the output end OUT1 is at low level, and all the other output ends are at high level. So D1 lights up, switch SA is power on, and the stepper motor rotates one step. The similar case repeats on and on. Therefore, just give the stepper motor a specific timing sequence, it will rotate step by step. The ULN2003 here is used to provide particular timing sequences for the stepper motor.

Example


	Stepper Motor (Basic Project)


	Access Control System (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
Servo

[image: ../_images/servo.png]
A servo is generally composed of the following parts: case, shaft, gear system, potentiometer, DC motor, and embedded board.

It works like this: The microcontroller sends out PWM signals to the servo, and then the embedded board in the servo receives the signals through the signal pin and controls the motor inside to turn. As a result, the motor drives the gear system and then motivates the shaft after deceleration. The shaft and potentiometer of the servo are connected together. When the shaft rotates, it drives the potentiometer, so the potentiometer outputs a voltage signal to the embedded board. Then the board determines the direction and speed of rotation based on the current position, so it can stop exactly at the right position as defined and hold there.

[image: ../_images/servo_internal.png]
The angle is determined by the duration of a pulse that is applied to the control wire. This is called Pulse width Modulation. The servo expects to see a pulse every 20 ms. The length of the pulse will determine how far the motor turns. For example, a 1.5ms pulse will make the motor turn to the 90 degree position (neutral position).
When a pulse is sent to a servo that is less than 1.5 ms, the servo rotates to a position and holds its output shaft some number of degrees counterclockwise from the neutral point. When the pulse is wider than 1.5 ms the opposite occurs. The minimal width and the maximum width of pulse that will command the servo to turn to a valid position are functions of each servo. Generally the minimum pulse will be about 0.5 ms wide and the maximum pulse will be 2.5 ms wide.

[image: ../_images/servo_duty.png]
Example


	Servo (Basic Project)


	Smart Can (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
Relay

[image: ../_images/relay_pic.png]
As we may know, relay is a device which is used to provide connection between two or more points or devices in response to the input signal applied. In other words, relays provide isolation between the controller and the device as devices may work on AC as well as on DC. However, they receive signals from a microcontroller which works on DC hence requiring a relay to bridge the gap. Relay is extremely useful when you need to control a large amount of current or voltage with small electrical signal.

There are 5 parts in every relay:

[image: ../_images/relay142.jpeg]
Electromagnet - It consists of an iron core wounded by coil of wires. When electricity is passed through, it becomes magnetic. Therefore, it is called electromagnet.

Armature - The movable magnetic strip is known as armature. When current flows through them, the coil is it energized thus producing a magnetic field which is used to make or break the normally open (N/O) or normally close (N/C) points. And the armature can be moved with direct current (DC) as well as alternating current (AC).

Spring - When no currents flow through the coil on the electromagnet, the spring pulls the armature away so the circuit cannot be completed.

Set of electrical contacts - There are two contact points:


	Normally open - connected when the relay is activated, and disconnected when it is inactive.


	Normally close - not connected when the relay is activated, and connected when it is inactive.




Molded frame - Relays are covered with plastic for protection.

The working principle of relay is simple. When power is supplied to the relay, currents start flowing through the control coil; as a result, the electromagnet starts energizing. Then the armature is attracted to the coil, pulling down the moving contact together thus connecting with the normally open contacts. So the circuit with the load is energized. Then breaking the circuit would a similar case, as the moving contact will be pulled up to the normally closed contacts under the force of the spring. In this way, the switching on and off of the relay can control the state
of a load circuit.

Example


	Relay (Basic Project)







            

          

      

      

    

  

    
      
          
            
  
Power Supply Module


Note

To protect the Power Supply Module’s battery, please fully charge it before using it for the first time.



When we need a large current to drive a component, which will severely interfere with the normal work of Arduino UNO board. Therefore, we separately supply power for the component by this module to make it run safely and steadily.

You can just plug it in the breadboard to supply power. It provides a voltage of 3.3V and 5V, and you can connect either via a jumper cap included.

[image: ../_images/power_supply_new.png]

Features and specifications


	Charge Input: USB Type-C, 5V


	Output Voltage: 5V, 3.3V (adjustable via jumpers. 0V, 3.3V, and 5V configuration)


	Output Current: 5V/1.5A, 3.3V/1A


	ON-OFF Switch Available


	Two Independent Channel


	USB (Type-A) Output Available


	Battery: 3.7V 14500 Lithium-ion Battery, 500mAh


	Dimension: 52mm x 32mm x 24mm (L x W x H)




Example


	Motor (Basic Project)


	Water Pump (Basic Project)


	Stepper Motor (Basic Project)


	Smart Fan (Fun Project)


	Plant Monitor (Fun Project)


	Access Control System (Fun Project)


	GAME - Pong (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
Button

[image: ../_images/button.png]
Buttons are a common component used to control electronic devices. They are usually used as switches to connect or break circuits. Although buttons come in a variety of sizes and shapes, the one used here is a 6mm mini-button as shown in the following pictures.
Pin 1 is connected to pin 2 and pin 3 to pin 4. So you just need to connect either of pin 1 and pin 2 to pin 3 or pin 4.

The following is the internal structure of a button. The symbol on the right below is usually used to represent a button in circuits.

[image: ../_images/button_symbol.png]
Since the pin 1 is connected to pin 2, and pin 3 to pin 4, when the button is pressed, the 4 pins are connected, thus closing the circuit.

[image: ../_images/button2.png]
In this kit, we provide two types of buttons. The one mentioned earlier is a small button, and there is also a large button. They have the same principle, only different in size.

[image: ../_images/button3.png]
Example


	Button (Basic Project)


	Digital Dice (Fun Project)


	Smart Fan (Fun Project)


	GAME - Pong (Fun Project)


	Cloud Calling System with MQTT (IoT Project)


	Keyboard Control







            

          

      

      

    

  

    
      
          
            
  
Potentiometer

[image: ../_images/potentiometer.png]
Potentiometer is also a resistance component with 3 terminals and its resistance value can be adjusted according to some regular variation.

Potentiometers come in various shapes, sizes, and values, but they all have the following things in common:


	They have three terminals (or connection points).


	They have a knob, screw, or slider that can be moved to vary the resistance between the middle terminal and either one of the outer terminals.


	The resistance between the middle terminal and either one of the outer terminals varies from 0 Ω to the maximum resistance of the pot as the knob, screw, or slider is moved.




Here is the circuit symbol of potentiometer.

[image: ../_images/potentiometer_symbol.png]
The functions of the potentiometer in the circuit are as follows:


	Serving as a voltage divider


Potentiometer is a continuously adjustable resistor. When you adjust the shaft or sliding handle of the potentiometer, the movable contact will slide on the resistor.  At this point, a voltage can be output depending on the voltage applied onto the potentiometer and the angle the movable arm has rotated to or the travel it has made.






	Serving as a rheostat


When the potentiometer is used as a rheostat, connect the middle pin and one of the other 2 pins in the circuit. Thus you can get a smoothly and continuously changed resistance value within the travel of the moving contact.






	Serving as a current controller


When the potentiometer acts as a current controller, the sliding contact terminal must be connected as one of the output terminals.








If you want to know more about potentiometer, refer to: Potentiometer - Wikipedia.

Example


	Potentiometer (Basic Project)


	HueDial (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
Joystick Module

[image: ../_images/joystick_pic.png]
The basic idea of a joystick is to translate the movement of a stick into electronic information that a computer can process.

In order to communicate a full range of motion to the computer, a joystick needs to measure the stick’s position on two axes – the X-axis (left to right) and the Y-axis (up and down). Just as in basic geometry, the X-Y coordinates pinpoint the stick’s position exactly.

To determine the location of the stick, the joystick control system simply monitors the position of each shaft. The conventional analog joystick design does this with two potentiometers, or variable resistors.

The joystick also has a digital input that is actuated when the joystick is pressed down.

[image: ../_images/joystick318.png]
Example


	Joystick Module (Basic Project)


	GAME - Snake (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
Keypad

A keypad is a rectangular array of 12 or 16 OFF-(ON) buttons.
Their contacts are accessed via a header suitable for connection with a ribbon cable or insertion into a printed circuit board.
In some keypads, each button connects with a separate contact in the header, while all the buttons share a common ground.

[image: ../_images/keypad314.png]
More often, the buttons are matrix encoded, meaning that each of them bridges a unique pair of conductors in a matrix.
This configuration is suitable for polling by a microcontroller, which can be programmed to send an output pulse to each of the four horizontal wires in turn.
During each pulse, it checks the remaining four vertical wires in sequence, to determine which one, if any, is carrying a signal.
Pullup or pulldown resistors should be added to the input wires to prevent the inputs of the microcontroller from behaving unpredictably when no signal is present.

Example


	Keypad (Basic Project)







            

          

      

      

    

  

    
      
          
            
  
Infrared Receiver


IR Receiver

[image: ../_images/infrared-receiver_01.png]

	S: Signal output


	+: VCC


	-: GND




SL838 is a small receiver for infrared remote control systems. It contains high speed and high sensitivity photodiode and preamplifier, and is packaged with epoxy resin to form infrared filter, Its main advantage is that it hasreliable function even in the disturbed environment.

Infrared, or IR, communication is a popular, low-cost, easy-to-use wireless communication technology. Infrared light has a slightly longer wavelength than visible light, so it is imperceptible to the human eye - ideal for wireless communication. A common modulation scheme for infrared communication is 38KHz modulation.


	Can be used for remote control


	Wide operating voltage: 2.7~5V


	Internal filter for PCM frequency


	TTL and CMOS compatibility


	Strong anti-interference ability


	Compliant RoHS






Remote Control

[image: ../_images/infrared-receiver_02.jpeg]
This is a Mini thin infrared wireless remote control with 21 function buttons and a transmitting distance of up to 8 meters, which is suitable for operating a wide range of devices in a kid’s room.


	Size: 85x39x6mm


	Remote control range: 8-10m


	Battery: 3V button type lithium manganese battery


	Infrared carrier frequency: 38KHz


	Surface paste material: 0.125mm PET


	Effective life: more than 20,000 times




Example


	Infrared Receiver (Basic Project)


	GAME - Guess Number (Fun Project)








            

          

      

      

    

  

    
      
          
            
  
MPR121

[image: ../_images/mpr121.png]

	3.3V: Power supply


	IRQ: Open Collector Interrupt Output Pin, active low


	SCL: I2C Clock


	SDA: I2C Data


	ADD: I2C Address Select Input Pin. Connect the ADDR pin to the VSS, VDD, SDA or SCL line, the resulting I2C addresses are 0x5A, 0x5B, 0x5C and 0x5D respectively


	GND: Ground


	0~11: Electrode 0~11, electrode is a touch sensor. Typically, electrodes can just be some piece of metal, or a wire. But some times depending on the length of our wire, or the material the electrode is on, it can make triggering the sensor difficult. For this reason, the MPR121 allows you to configure what is needed to trigger and untrigger an electrode.




MPR121 OVERVIEW

The MPR121 is the second generation capacitive touch sensor controller after
the initial release of the MPR03x series devices. The MPR121 features
increased internal intelligence, some of the major additions include an
increased electrode count, a hardware configurable I2C address, an
expanded filtering system with debounce, and completely independent
electrodes with auto-configuration built in. The device also features a 13th
simulated sensing channel dedicated for near proximity detection using the
multiplexed sensing inputs.


	MPR121 Datasheet




Features


	
	Low power operation
	
	1.71 V to 3.6 V supply operation


	29 μA supply current at 16 ms sampling interval period


	3 μA Stop mode current










	
	12 capacitance sensing inputs
	
	8 inputs are multifunctional for LED driver and GPIO










	
	Complete touch detection
	
	Auto-configuration for each sensing input


	Auto-calibration for each sensing input


	Touch/release threshold and debounce for touch detection










	I2C interface, with Interrupt output


	3 mm x 3 mm x 0.65 mm 20 lead QFN package


	-40°C to +85°C operating temperature range




Example


	MPR121 (Basic Project)


	Fruit Piano (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
Ultrasonic Module

[image: ../_images/ultrasonic_pic.png]
An ultrasonic sensor module is an instrument that measures the distance to an object using ultrasonic sound waves. It has two probes. One is to send ultrasonic waves and the other is to receive the waves and transform the time of sending and receiving into a distance, thus detecting the distance between the device and an obstacle. In practice it is really convenient and functional.

It provides 2cm - 400cm non-contact measurement function, and the ranging accuracy can reach to 3mm.
It can ensure that the signal is stable within 5m, and the signal is gradually weakened after 5m, till the 7m position disappears.

The module includes ultrasonic transmitters, receiver and control circuit. The basic principles are as follows:


	Use an IO flip-flop to process a high level signal of at least 10us.


	The module automatically sends eight 40khz and detects if there is a pulse signal return.


	If the signal returns, passing the high level, the high output IO duration is the time from the transmission of the ultrasonic wave to the return of it. Here, test distance = (high time x sound speed (340 m / s) / 2.




The timing diagram is shown below.

[image: ../_images/ultrasonic228.png]
You only need to supply a short 10us pulse for the trigger input to start the ranging, and then the module
will send out an 8 cycle burst of ultrasound at 40 kHz and raise its
echo. You can calculate the range through the time interval between
sending trigger signal and receiving echo signal.

Formula: us / 58 = centimeters or us / 148 =inch; or: the range = high
level time * velocity (340M/S) / 2; you are suggested to use
measurement cycle over 60ms in order to prevent signal collisions of
trigger signal and the echo signal.

Example


	Ultrasonic (Basic Project)


	Smart Can (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
Soil Moisture Module

[image: ../_images/soil_mositure.png]

	GND: Ground


	VCC: Power supply, 3.3v~5V


	AOUT: Outputs the soil moisture value, the wetter the soil, the smaller its value.




This capacitive soil moisture sensor is different from most of the resistive sensors on the market, using the principle of capacitive induction to detect soil moisture. It avoids the problem that resistive sensors are highly susceptible to corrosion and greatly extends its working life.

It is made of corrosion-resistant materials and has an excellent service life. Insert it into the soil around plants and monitor real-time soil moisture data. The module includes an on-board voltage regulator that allows it to operate over a voltage range of 3.3 ~ 5.5 V. It is ideal for low-voltage microcontrollers with 3.3 V and 5 V supplies.

The hardware schematic of the capacitive soil moisture sensor is shown below.

[image: ../_images/solid_schematic.png]
There is a fixed frequency oscillator, which is built with a 555 timer IC. The generated square wave is then fed to the sensor like a capacitor. However, for the square wave signal, the capacitor has a certain reactance or, for the sake of argument, a resistor with a pure ohmic resistor (10k resistor on pin 3) to form a voltage divider.

The higher the soil moisture, the higher the capacitance of the sensor. As a result, the square wave has less reactance, which reduces the voltage on the signal line, and the smaller the value of the analog input through the microcontroller.

Specification


	Operating Voltage: 3.3 ~ 5.5 VDC


	Output Voltage: 0 ~ 3.0VDC


	Operating Current: 5mA


	Interface: PH2.0-3P


	Dimensions: 3.86 x 0.905 inches (L x W)


	Weight: 15g




Example


	Soil Moisture (Basic Project)


	Plant Monitor (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
Photoresistor

[image: ../_images/photoresistor.png]
A photoresistor or photocell is a light-controlled variable resistor. The resistance of a photoresistor decreases with increasing incident light intensity; in other words, it exhibits photo conductivity.

A photoresistor can be applied in light-sensitive detector circuits and light-activated and dark-activated switching circuits acting as a resistance semiconductor. In the dark, a photoresistor can have a resistance as high as several megaohms (MΩ), while in the light, a photoresistor can have a resistance as low as a few hundred ohms.

Here is the electronic symbol of photoresistor.

[image: ../_images/photoresistor_symbol.png]

	Photoresistor - Wikipedia




Example


	Photoresistor (Basic Project)


	Light-sensitive Array (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
Thermistor

[image: ../_images/thermistor.png]
A thermistor is a type of resistor whose resistance is strongly dependent on temperature, more so than in standard resistors. The word is a combination of thermal and resistor. Thermistors are widely used as inrush current limiters, temperature sensors (negative temperature coefficient or NTC type typically), self-resetting overcurrent protectors, and self-regulating heating elements (positive temperature coefficient or PTC type typically).


	Thermistor - Wikipedia




Here is the electronic symbol of thermistor.

[image: ../_images/thermistor_symbol.png]
Thermistors are of two opposite fundamental types:


	With NTC thermistors, resistance decreases as temperature rises usually due to an increase in conduction electrons bumped up by thermal agitation from valency band. An NTC is commonly used as a temperature sensor, or in series with a circuit as an inrush current limiter.


	With PTC thermistors, resistance increases as temperature rises usually due to increased thermal lattice agitations particularly those of impurities and imperfections. PTC thermistors are commonly installed in series with a circuit, and used to protect against overcurrent conditions, as resettable fuses.




In this kit we use an NTC one. Each thermistor has a normal resistance. Here it is 10k ohm, which is measured under 25 degree Celsius.

Here is the relation between the resistance and temperature:


RT = RN * expB(1/TK – 1/TN)





	RT is the resistance of the NTC thermistor when the temperature is TK.


	RN is the resistance of the NTC thermistor under the rated temperature TN. Here, the numerical value of RN is 10k.


	TK is a Kelvin temperature and the unit is K. Here, the numerical value of TK is 273.15 + degree Celsius.


	TN is a rated Kelvin temperature; the unit is K too. Here, the numerical value of TN is 273.15+25.


	And B(beta), the material constant of NTC thermistor, is also called heat sensitivity index with a numerical value 3950.


	exp is the abbreviation of exponential, and the base number e is a natural number and equals 2.7 approximately.




Convert this formula TK=1/(ln(RT/RN)/B+1/TN) to get Kelvin temperature that minus 273.15 equals degree Celsius.

This relation is an empirical formula. It is accurate only when the temperature and resistance are within the effective range.

Example


	Thermistor (Basic Project)


	Smart Fan (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
Tilt Switch

[image: ../_images/tilt_switch.png]
The tilt switch used here is a ball one with a metal ball inside. It is used to detect inclinations of a small angle.

The principle is very simple. When the switch is tilted in a certain angle, the ball inside rolls down and touches the two contacts connected to the pins outside, thus triggering circuits. Otherwise the ball will stay away from the contacts, thus breaking the circuits.

[image: ../_images/tilt_symbol.png]

	SW520D Tilt Switch Datasheet




Example


	Tilt Switch (Basic Project)







            

          

      

      

    

  

    
      
          
            
  
PIR Motion Sensor Module

[image: ../_images/pir_pic.png]
The PIR sensor detects infrared heat radiation that can be used to detect the presence of organisms that emit infrared heat radiation.

The PIR sensor is split into two slots that are connected to a differential amplifier. Whenever a stationary object is in front of the sensor, the two slots receive the same amount of radiation and the output is zero. Whenever a moving object is in front of the sensor, one of the slots receives more radiation than the other , which makes the output fluctuate high or low. This change in output voltage is a result of detection of motion.

[image: ../_images/PIR_working_principle.jpg]
After the sensing module is wired, there is a one-minute initialization. During the initialization, module will output for 0~3 times at intervals. Then the module will be in the standby mode. Please keep the interference of light source and other sources away from the surface of the module so as to avoid the misoperation caused by the interfering signal. Even you’d better use the module without too much wind, because the wind can also interfere with the sensor.

[image: ../_images/pir_back.png]
Distance Adjustment

Turning the knob of the distance adjustment potentiometer clockwise, the range of sensing distance increases, and the maximum sensing distance range is about 0-7 meters. If turn it anticlockwise, the range of sensing distance is reduced, and the minimum sensing distance range is about 0-3 meters.

Delay adjustment

Rotate the knob of the delay adjustment potentiometer clockwise, you can also see the sensing delay increasing. The maximum of the sensing delay can reach up to 300s. On the contrary, if rotate it anticlockwise, you can shorten the delay with a minimum of 5s.

Two Trigger Modes

Choosing different modes by using the jumper cap.


	H: Repeatable trigger mode, after sensing the human body, the module outputs high level. During the subsequent delay period, if somebody enters the sensing range, the output will keep being the high level.


	L: Non-repeatable trigger mode, outputs high level when it senses the human body. After the delay, the output will change from high level into low level automatically.




Example


	PIR Motion Sensor Module (Basic Project)


	Welcome (Fun Project)


	Security System via IFTTT (IoT Project)







            

          

      

      

    

  

    
      
          
            
  
Humiture Sensor Module

The digital temperature and humidity sensor DHT11 is a composite sensor that contains a calibrated digital signal output of temperature and humidity.
The technology of a dedicated digital modules collection and the temperature and humidity sensing technology are applied to ensure that the product has high reliability and excellent long-term stability.

Only three pins are available for use: VCC, GND, and DATA.
The communication process begins with the DATA line sending start signals to DHT11, and DHT11 receives the signals and returns an answer signal.
Then the host receives the answer signal and begins to receive 40-bit humiture data (8-bit humidity integer + 8-bit humidity decimal + 8-bit temperature integer + 8-bit temperature decimal + 8-bit checksum).

[image: ../_images/Dht11.png]

	DHT11 Datasheet




Example


	Humiture Sensor Module (Basic Project)


	Plant Monitor (Fun Project)


	Arduino IoT Cloud (IoT Project)


	Bluetooth Environmental Monitor (IoT Project)







            

          

      

      

    

  

    
      
          
            
  
MFRC522 Module

RFID

Radio Frequency Identification (RFID) refers to technologies that involve using wireless communication between an object (or tag) and an interrogating device (or reader) to automatically track and identify such objects. The tag transmission range is limited to several meters from the reader. A clear line of sight between the reader and tag is not necessarily required.

Most tags contain at least one integrated circuit (IC) and an antenna. The microchip stores information and is responsible for managing the radio frequency (RF) communication with the reader. Passive tags do not have an independent energy source and depend on an external electromagnetic signal, provided by the reader, to power their operations. Active tags contain an independent energy source, such as a battery. Thus, they may have increased processing, transmission capabilities and range.

[image: ../_images/mfrc522.png]
MFRC522

MFRC522 is a kind of integrated read and write card chip. It is commonly used in the radio at 13.56MHz. Launched by the NXP Company, it is a low-voltage, low-cost, and small-sized non-contact card chip, a best choice of intelligent instrument and portable handheld device.

The MF RC522 uses advanced modulation and demodulation concept which fully presented in all types of 13.56MHz passive contactless communication methods and protocols. In addition, it supports rapid CRYPTO1 encryption algorithm to verify MIFARE products. MFRC522 also supports MIFARE series of high-speed non-contact communication, with a two-way data transmission rate up to 424kbit/s. As a new member of the 13.56MHz highly integrated reader card series, MF RC522 is much similar to the existing MF RC500 and MF RC530 but there also exists great differences. It communicates with the host machine via the serial manner which needs less wiring. You can choose between SPI, I2C and serial UART mode (similar to RS232), which helps reduce the connection, save PCB board space (smaller size), and reduce cost.

Example


	RFID-RC522 Module (Basic Project)


	Access Control System (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
GY-87 IMU module

[image: ../_images/gy87.png]
The GY-87 sensor module is a high-precision, 10-axis (10DOF) module capable of measuring acceleration, angular velocity, and magnetic field strength across three axes: x, y, and z. It consists of three main sensors: MPU6050, QMC5883L, and BMP180, and communicates via the I2C protocol.

The GY-87 sensor module is based on three sensors:


	MPU6050: This is a 6-axis accelerometer and gyroscope that can measure acceleration and angular velocity in three axes x, y, and z.


	QMC5883L: This is a 3-axis digital compass that can measure the strength of the magnetic field in three axes x, y, and z.


	BMP180: This is a barometric temperature and pressure sensor that can measure atmospheric pressure and temperature.




The MPU6050 measures acceleration and angular velocity in three axes x, y, and z. The QMC5883L measures the strength of the magnetic field in three axes x, y, and z. The BMP180 measures atmospheric pressure and temperature. The data from these sensors are combined to provide accurate information about the orientation of the module in space.

The GY-87 sensor module is commonly used in applications such as drones, robotics, and other projects that require accurate orientation information. It is compatible with Arduino boards and can be easily interfaced with them using the I2C communication protocol.

[image: ../_images/GY-87-SCH.jpg]

Example


	BMP180 (Basic Project)


	MPU6050 (Basic Project)


	QMC5883L (Basic Project)


	GAME - Escape (Fun Project)







            

          

      

      

    

  

    
      
          
            
  
Arduino Video Lessons for Absolute Beginners

Delve into the world of Arduino with our comprehensive video course tailored for absolute beginners. This series of 32 detailed lessons covers everything from foundational concepts to advanced applications, providing a step-by-step guide through the essentials of electronics and programming. Whether you’re a student, hobbyist, or aspiring enthusiast, this course empowers you to embark on engaging Arduino projects for personal interests, academic pursuits, or career ventures.

By the course’s conclusion, you’ll have developed a solid understanding of both theory and practical application in Arduino electronics and programming. Equipped with essential skills, you’ll confidently tackle more complex projects and continue your exploration in this dynamic field. Enroll today and embark on your Arduino journey to unleash the potential of DIY electronics!

All New Arduino R4 WiFi LESSONS for Absolute Beginners - YouTube Playlist [https://youtube.com/playlist?list=PLGs0VKk2DiYyn0wN335MXpbi3PRJTMmex&feature=shared]

Catalog



	LESSON 1: Getting Started for Absolute Beginners

	LESSON 2: How to Build Circuits With a Breadboard

	LESSON 3: Blink an LED With the Arduino

	LESSON 4: Building Clean and Neat Circuits on a Breadboard

	LESSON 5: Explaining How Computers Work Based On Binary Numbers

	LESSON 6: Create a Binary Counter With Arduino

	LESSON 7: Doing Math in Binary

	LESSON 8: Using Variables in Arduino

	LESSON 9: Using the Serial Port to Print to the Serial Monitor

	LESSON 10: Writing Analog Voltages With the Arduino

	LESSON 11: Pulse Width Modulation (PWM) Simulation of Analog Voltages

	LESSON 12: Read Analog Voltages on the Arduino

	LESSON 13: Dimmable LED Controlled by a Potentiometer

	LESSON 14: Read User Input From the Serial Monitor

	LESSON 15: Controlling LED Based on User Input From Serial Monitor

	LESSON 16: Understanding If Statements and Conditionals

	LESSON 17: Control Multiple LED from the Serial Monitor

	LESSON 18: Controlling RGB LED with an Arduino

	LESSON 19: Mixing Colors with an RGB LED

	LESSON 20: For Loops in Arduino

	LESSON 21: Understanding While Loops

	LESSON 22: Control a Servo With Your Arduino

	LESSON 23: Control a Servo with a Potentiometer

	LESSON 24: Make a Button Switch With a Pullup Resistor

	LESSON 25: Make a Toggle Switch with Button Switch

	LESSON 26: Control RGB LED Color with Pushbuttons

	LESSON 27: Using Internal Pullup Resistors on Arduino

	LESSON 28: Using the LED Matrix on the Arduino R4 WiFi

	LESSON 29: Create a Bouncing Pixel on the R4 WiFi LED Matrix

	LESSON 30: Create a One Player Pong Game on the R4 WiFi Matrix

	LESSON 31: Measuring Temperature and Humidity Using the DHT11

	LESSON 32: Show Temperature and Humidity on the LED Matrix








            

          

      

      

    

  

    
      
          
            
  
LESSON 1: Getting Started for Absolute Beginners

This lesson introduces the “Arduino Uno R4 Wifi: Getting Started for Absolute Beginners” tutorial series, offering an engaging and practical learning experience for those new to programming and electronics. You will learn:


	Setting up the Arduino Environment: How to unbox and connect your Arduino Uno R4 Wifi to your computer.


	Installing the Arduino Integrated Development Environment (IDE): Step-by-step guidance on downloading and installing the Arduino IDE necessary for writing and uploading programs.


	Writing Your First Program: Instructions on how to write a basic program to control an LED using the Arduino.


	Understanding Program Structure: Explanation of the essential components of an Arduino sketch, including setup and loop functions.


	Manipulating Outputs: How to digitally write commands to turn an LED on and off.


	Using the Delay Function: Demonstrations on how to use the delay function to control the blinking speed of an LED.


	Homework Assignment: A task to experiment with the delay times to understand the limits of human visual perception regarding blinking lights.




This comprehensive first lesson ensures a solid foundation in using the Arduino platform, geared towards helping learners think like engineers.

Video


  
    
    

    LESSON 2: How to Build Circuits With a Breadboard
    

    

    
 
  

    
      
          
            
  
LESSON 2: How to Build Circuits With a Breadboard

This lesson is delivered by Paul Mcarter. It’s designed to enhance your skills in creating and understanding electronic circuits using a breadboard. Here’s what you will learn:


	Understanding the Circuit Design: How to visualize and plan your circuit with a schematic representation, ensuring correct assembly and functionality.


	Building the Circuit: Step-by-step guidance on constructing a circuit to blink an external LED using pin 13 of the Arduino.


	Implementing the Resistor: The importance of using a resistor to limit current in your circuit, including how to select the correct resistor value using Ohm’s Law.


	Configuring the Breadboard: Detailed explanation of how a breadboard functions, including how to use it to connect components effectively.


	Coding for Control: Instructions on programming the Arduino to control the blinking pattern of the LED to signal SOS in Morse code.


	Homework Assignment: Your task is to complete the circuit setup, write the program for the SOS signal, and share your project on YouTube as a practical demonstration of your learning.




Video


  
    
    

    LESSON 3: Blink an LED With the Arduino
    

    

    
 
  

    
      
          
            
  
LESSON 3: Blink an LED With the Arduino

This lesson is part of a tutorial series designed to help learners think like engineers by using the Arduino R4 WiFi board. In this session, Paul Mcarter walks through building and programming a simple LED circuit to blink in an SOS pattern using the Arduino. The lesson covers a practical application of earlier tutorials and introduces basic electronic concepts such as using a breadboard, managing circuit schematics, and programming the Arduino to manipulate hardware outputs. Here’s what you will learn:


	Review of Homework: The instructor reviews a homework assignment which involved blinking an LED using Arduino, building on concepts taught in earlier lessons.


	Circuit Building: Detailed guidance on constructing a circuit with an LED and resistor on a breadboard, including how to connect these components to the Arduino board correctly.


	Programming the Arduino: Step-by-step coding instructions in the Arduino IDE to control the LED. This includes writing digital outputs, and implementing the pinMode and digitalWrite functions.


	Debugging Tips: Practical advice on debugging common errors in code, such as typos or incorrect pin setups, and emphasizes the importance of checking your work and understanding error messages.


	Homework Assignment: For further practice, learners are tasked to create a circuit with four LEDs that blink simultaneously, each requiring separate control through the Arduino.




Video


  
    
    

    LESSON 4: Building Clean and Neat Circuits on a Breadboard
    

    

    
 
  

    
      
          
            
  
LESSON 4: Building Clean and Neat Circuits on a Breadboard

This lesson is part of a tutorial series designed to teach engineering concepts using the Arduino platform. Here’s a concise overview of what you’ll learn:


	Introduction to the Lesson: An overview of building neat and clean circuits on a breadboard, crucial for efficient troubleshooting and reliable operation.


	Starting with Basic Connections: Setting up LEDs on the breadboard with uniform orientation for easy management and troubleshooting.


	Improving Circuit Layout: Strategies for arranging components and wiring to minimize errors and enhance clarity.


	Using Better Tools and Components: Recommendations for tools and specialized components like Bojack wires to keep breadboard setups tidy and organized.


	Final Adjustments and Tips: Cutting and adjusting components like resistors for a snug fit on the breadboard to prevent short circuits and disconnections.


	Homework Assignment: A practical task to create varied blinking patterns with LEDs, requiring a video submission of the working circuit and code.




Video


  
    
    

    LESSON 5: Explaining How Computers Work Based On Binary Numbers
    

    

    
 
  

    
      
          
            
  
LESSON 5: Explaining How Computers Work Based On Binary Numbers

This lesson delves into the workings of computers and microcontrollers like Arduino, unraveling the magic behind modern electronics through practical examples and exercises. Here’s a brief overview of what you will learn:


	Understanding Modern Electronics: A look into how devices from Arduinos to personal computers operate, demystifying the process by which these devices execute tasks.


	The Role of Numbers in Computing: Exploring how everything in computing from text to colors is represented by numbers, forming the basic language of computers.


	Introduction to Binary Numbers: Learning how binary numbers function and their pivotal role in computing, laying the groundwork for further practical applications.


	Building a Binary Counter: Practical exercise to program an Arduino to count in binary using LEDs, illustrating the concepts of binary numbers in a tangible format.


	Homework Assignment: Developing a binary counter with LEDs, including creating a video demonstration of the working circuit and code, reinforcing learning through hands-on application.




Video


  
    
    

    LESSON 6: Create a Binary Counter With Arduino
    

    

    
 
  

    
      
          
            
  
LESSON 6: Create a Binary Counter With Arduino

This lesson guides you through the intriguing process of building a binary counter using an Arduino Uno R4 WiFi and the Sunfounder Elite Explorer Kit. Here’s a succinct summary of what you’ll learn:


	Setup and Tools Introduction: Starting with the essentials, the lesson introduces the tools and setup required for the project, including the Arduino Uno R4 WiFi and components from the Sunfounder Elite Explorer Kit.


	Review of Basics: It revisits fundamental concepts like turning LEDs on and off, using resistors, and setting up pin modes on the Arduino.


	Binary Counting: The core of the lesson, where you’ll learn to program the Arduino to count in binary using LEDs, making the abstract concept of binary numbers tangible.


	Code Implementation: Detailed walkthrough on writing and implementing the Arduino code to control the LEDs and make them count in binary from 0 to 15.


	Homework Challenge: The lesson concludes with a homework assignment challenging you to expand the binary counter by adding another LED, enabling the system to count up to 31 in binary.




Video


  
    
    

    LESSON 7: Doing Math in Binary
    

    

    
 
  

    
      
          
            
  
LESSON 7: Doing Math in Binary

This lesson dives into the fascinating world of binary mathematics, specifically focusing on how binary calculations power everything from simple Arduino devices to complex supercomputers. Here’s a brief overview of what you will learn:


	Binary Basics and Numbers: Introduction to the concept of binary numbers, including how single bits represent binary digits (0 and 1), and how these bits combine to represent larger numbers.


	Understanding Binary Operations: Explore basic binary operations like addition, subtraction, multiplication, and division through hands-on examples.


	Practical Application with a Binary Counter: Through a detailed demonstration, you’ll see how to apply binary calculations in programming an Arduino for tasks like counting and basic arithmetic.


	Extending Binary to Other Uses: Understand how binary applies to a variety of digital representations including colors, pictures, movies, letters, words, books, music, and more.


	Homework Challenge: Strengthen your understanding of binary mathematics with a practical exercise involving binary operations and real-world applications.




Video


  
    
    

    LESSON 8: Using Variables in Arduino
    

    

    
 
  

    
      
          
            
  
LESSON 8: Using Variables in Arduino

This lesson introduces the concept of using variables in Arduino programming, enhancing flexibility and maintainability of code. Here’s a brief overview of what you will learn:


	Setup and Introduction: Setting up the necessary components for an Arduino project using the SunFounder kit, preparing for a practical programming session.


	Understanding Variables: Learning why and how to use variables in Arduino programs to replace hard-coded numbers, which enhances code flexibility and maintainability.


	Practical Example with LED and Morse Code: Implementing a Morse code SOS signal using variables to control the LED states and timings, showing practical application of variables.


	Improving Code with Variables: Demonstrating how to improve and simplify program modifications by using variables instead of fixed values, which saves time and reduces errors in larger programs.


	Homework Assignment: Applying the concepts learned to create a circuit with two LEDs (red and green), where the green LED blinks quickly five times and the red LED blinks slowly ten times, reinforcing the use of variables in controlling different aspects of a program.




Video


  
    
    

    LESSON 9: Using the Serial Port to Print to the Serial Monitor
    

    

    
 
  

    
      
          
            
  
LESSON 9: Using the Serial Port to Print to the Serial Monitor

This lesson focuses on using the serial port to transmit data from the Arduino to the computer’s screen, specifically through the serial monitor. Here’s a brief overview of what you will learn:


	Introduction to Serial Communication: Understanding the basics of serial communication between Arduino and your desktop computer.


	Setting up the Arduino Environment: Configuring the Arduino IDE, selecting the correct board, port, and basic sketch setup to ensure everything is ready for serial communication.


	Developing a Simple Counting Program: Writing a program that counts numbers and uses the serial port to display these numbers on the computer screen.


	Enhancing Program Functionality: Incorporating various data types and string manipulations to format and present data effectively on the serial monitor.


	Homework Assignment: Applying the concepts learned by modifying an LED blink program to include serial communication, reinforcing the lesson through practical application.




Video


  
    
    

    LESSON 10: Writing Analog Voltages With the Arduino
    

    

    
 
  

    
      
          
            
  
LESSON 10: Writing Analog Voltages With the Arduino

This lesson teaches how to control the brightness of an LED by writing analog voltages