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Capaian Pembelajaran 
 Mahasiswa memahami perbedaan mikrokontroler dan mikroprosesor 

 Mahasiswa memahami perkembangan teknologi mikrokontroler 

 Mahasiswa mengetahui implementasi mikrokontroler 



Computer is a machine that can be instructed to 

carry out sequences of arithmetic or logical 

operations automatically via computer 

programming. 

 

(Source: wkipedia.org). 

 

Microprocessor is an electronic component that is used by 

a computer to do its work. It is a central processing unit on a 

single integrated circuit. 

 

 

(Source: wkipedia.org). 



Computer Vs Microcontroller  

 CPU 
 CPU 

 HDD/SSD & RAM 
 Memory 

 System Clock 
 System Clock 

 Peripheral 
 Peripheral 

 Menjalankan berbagai fungsi dan 

dapat dieksekusi secara bersamaan 
 Dibuat untuk menjalankan fungsi 

khusus 



A microcontroller is a small and low-cost 

microcomputer, which is designed to perform 

the specific tasks of embedded systems (on 

chip/IC). 



Beberapa jenis modul mikrokontroler yang populer 

AVR Arduino ESP32 



Aplikasi 
Mikrokontroler 

TV 

Kulkas 

Microwave 

Mesin Cuci 

Traffic light 

Dan lain-
lain 



Microcontroller Vs Microprocessor 

(Source: tutorialspoint.com) 



MIKROKONTROLER 8051 

8051 dan Turunannya 

 Merupakan jenis mikrokontroler 8bit yang paling terkenal, dikeluarkan oleh INTEL Corporation pada tahun 1981. Keberadaannya sudah 
sangat lama dan turunannya sangat banyak (ratusan ribu dari berbagai produsen). 

 Memory Program Internal 

◦ Menggunakan on-chip ROM 

◦ Ukuran on-chip ROM : 0kByte(8031), 4kByte(8051), 8kByte(8052)  

 RAM Internal 

◦ Ukuran : 128Byte(8051), 256Byte(8052) 

 Memory Eksternal 

◦ Memory program dan data dapat dikembangkan sampai 64kByte menggunakan memory eksternal. 



MIKROKONTROLER 8051 (Lanjutan) 

 ATMEL 
◦ Pertama kali mengenalkan AT89C51 dengan programmable flash memory (bisa dihapus dan ditulis kembali) 

◦ Juga mengenalkan AT89S5X dengan kemampuan In System Programmable 

 INTEL 
◦ Pendesain awal 8051 

◦ Dokumentasi yang terkait dengan 8051 disa dilihat di : 

 http://developer.intel.com/design/mcs51/docs_mcs51.htm. 

 MAXIM (DALLAS SEMICONDUCTOR) 
◦ Produk dari Maxim bisa dilihat di : 

 http://www.maxim-ic.com/products/microcontrollers/high_speed.cfm 

 PHILLIPS 
◦ Produk dari Phillips bisa dilihat di : 

 http://www.standardics.philips.com/products/microcontrollers/ 



+ Contoh  
Mikrokontroler 8051 



AVR (dari ATMEL) 

 Merupakan mikrokontroler 8-bit (RISC, didasari dari Harvard architecture), dengan instruksi selebar 16bit (8 bit opcode). Mikrokontroler 
ini merupakan pesaing PIC. 

  

 Memory Program  

◦ Menggunakan flash memory (sampai 256k) 

◦ Ukuran flash memory kadang bisa dilihat dari nama IC-nya (ATmega64x :64 kByte) 

◦ AVR dapat mengambil instruksi berikutnya sementara instruksi saat ini masih dikerjakan (teknik single level pipeline) 

◦ Sebagian besar instruksi butuh hanya 1 atau 2 siklus instruksi. Oleh karena itu AVR merupakan mikrokontroler yang relatif lebih 
cepat bila dibandingkan mikrokontroler 8bit lainnya. 

 Memory Data Internal 

◦ Terbagi sbb : register internal (sebanyak 32 register 8bit), register I/O (sebanyak 64) dan SRAM (sampai 8k) 

 EEPROM Internal 

◦ Sebagian AVR menyediakan EEPROM internal untuk penyimpanan data semi permanen (sampai 4kB). 

 Kecepatan MCU 

◦ Menggunakan clock sampai 16 MHz, sebagian sampai 20MHz 

MIKROKONTROLER AVR 
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Contoh Mikrokontroler AVR Pin Descriptions 
 
  VCC (pin number 10) 

      Digital supply voltage 

 GND (pin number 11 & 31) 

      Ground 

 PORT A (PA7..PA0/ pin number 33..40) 

      General I/O, Analog input for A/D Converter  

 PORT B (PB0..PB7/ pin number 22..29) 

      General I/O, Timer/Counter, Ext. Interrupt, Analog Comparator, SPI 

 PORT C (PC0..PC7/ pin number 22..29) 

      General I/O, TWI, JTAG, Timer oscillator 

 PORT D (PD0..PD7/ pin number 14..21) 

      General I/O, USART, Ext. Interrupt, Timer/Counter 

 RESET (pin number 9) 

      Reset MCU 

 XTAL1 & XTAL2 (pin number 12 & 13) 

      Input and output of inverting oscillator 

 AVCC (pin number 30) 

      Supply voltage pin for Port A and the A/D Converter 

 AREFF (pin number 32) 

      Analog reference for A/D Converter 



KELUARGA AVR 

 tinyAVR  

◦ Memori program : 1-8 kB 

◦ IC : 8-20 pin  

◦ Periferal dalam tinyAVR terbatas 

 megaAVR 

◦ Memori program : 4-256 kB 

◦ IC : 28-100 pin 

◦ Mendukung lebih banyak kumpulan instruksi (perkalian dll)  

◦ Menyediakan periferal yang lebih lengkap 

 AVR untuk aplikasi tertentu  

◦ Contoh untuk LCD controller, USB controller, advanced PWM etc.  

  CATATAN 

 Sangat cocok bila kita membutuhkan MCU yang cukup cepat. 

 Memudahkan kita yang ingin menggunakan kontroler seperti : CAN, USB, Ethernet dll, karena telah terintegrasi dalam sebagian periferal. 

MIKROKONTROLER AVR (Lanjutan) 
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Pin Descriptions 
 
  VCC (pin number 10) 

      Digital supply voltage 

 GND (pin number 11 & 31) 

      Ground 

 PORT A (PA7..PA0/ pin number 33..40) 

      General I/O, Analog input for A/D Converter  

 PORT B (PB0..PB7/ pin number 22..29) 

      General I/O, Timer/Counter, Ext. Interrupt, Analog Comparator, SPI 

 PORT C (PC0..PC7/ pin number 22..29) 

      General I/O, TWI, JTAG, Timer oscillator 

 PORT D (PD0..PD7/ pin number 14..21) 

      General I/O, USART, Ext. Interrupt, Timer/Counter 

 RESET (pin number 9) 

      Reset MCU 

 XTAL1 & XTAL2 (pin number 12 & 13) 

      Input and output of inverting oscillator 

 AVCC (pin number 30) 

      Supply voltage pin for Port A and the A/D Converter 

 AREFF (pin number 32) 

      Analog reference for A/D Converter 



Blok Diagram ATmega16 



Blok Diagram ATmega16 (Lanjutan) 



Memory Block 

Peripheral 

Block 
I/O 

Modul 

Interrupt 

Unit 

Timers/ 

Counters 

 

SPI 
 

 

USART 
 

 

TWI 
 

 

Comparator 
 

System 

Clock 

Oscillator 

MCU CTRL 

& Timing 

SRAM 

Program FLASH 

EEPROM 

Central Processing Unit (CPU) 

Stack Pointer 

Program Counter 

Instruction Register Instruction Decoder Status Register 

Control Line ALU 

General Purpose 

Register (8 × 32) 

Arsitektur AVR (ATmega16) 



 Central Processing Unit 



Register :  
Sebuah slot yang berfungsi untuk 
menyimpan data, alamat, kode instruksi, 
dan bit status 



ALU (Arithmetic Logic Unit): 

Berfungsi melakukan perhitungan 

matematika dan logika. 

 



Status Register: 

Berisi informasi tentang hasil operasi 

operasi arithmetic logic unit. 

Global Interrupt Enable 

Bit Copy Storage 

Half Carry Flag 

Sign Bit 

Two‟s Complement Overflow Flag 

Negative Flag 

Zero Flag 

Carry Flag 



Stack Pointer: 

Umumnya digunakan untuk menyimpan data sementara, menyimpan local variables, dan 

menyimpan alamat kembali setelah interrupt. 

Program Counter 

Menyimpan alamat memori yang berisi instruksi yang sedang diproses 

Instruction Register 

Berisi instruksi yang diproses oleh ALU 

Instruction Decoder 

Bertugas menerjemahkan instruksi dari 

instruction register 



Memory Block 

Peripheral 

Block 
I/O 

Modul 

Interrupt 

Unit 

Timers/ 

Counters 

 

SPI 
 

 

USART 
 

 

TWI 
 

 

Comparator 
 

System 

Clock 

Oscillator 

MCU CTRL 

& Timing 

SRAM 

Program FLASH 

EEPROM 

Central Processing Unit (CPU) 

Stack Pointer 

Program Counter 

Instruction Register Instruction Decoder Status Register 

Control Line ALU 

General Purpose 

Register (8 × 32) 

Arsitektur AVR (ATmega16) 

Program 

Komputer 



 Memory Block 



SRAM (Static Random Access Memory) 

• Menyimpan program saat program berjalan 

• Jenis volatile memory 

• Penyimpanan sementara 

• Tidak memerlukan refresh berkala seperti DRAM 

Data Memory Map 

1024 bytes internal data SRAM 



Program Flash 

• Bertugas menyimpan kode program 

• Bersifat non-volatile 

• Program flash pada ATmega16 memiliki 10.000 kali siklus baca/tulis 

Program Memory Map 



EEPROM (Electrically Erasable Programmable Read Only Memory) 

• Bersifat non-volatile 

• EEPROM pada ATmega16 memiliki 100.000 kali siklus baca/tulis 



 System Clock 



Clock Distribution 



Device Clocking Option Select 



 Peripheral Block 



General Digital I/O 



Reset and Interrupt Vectors 

General Interrupt Control Register 



16 bit Timer/Counter 

Block Diagram 

Tujuan Penggunaan Timer & Counter: 

• Melaksanakan tugas secara 

berulang-ulang 

• Mengendalikan kecepatan motor DC 

(PWM) 

• Melakukan perhitungan (Counter) 

• Membuat penundaan waktu (delay) 



SPI Pin Overrides 

SPI Block Diagram 



USART(Universal Synchronous Asynchronous Receiver/Transmitter) 

 

• Mode sinkron dimana pengirim data mengeluarkan pulsa/clock untuk 

sinkronisasi data 

• Mode asinkron, dimana pengirim data tidak mengeluarkan pulsa/clock, tetapi 

untuk proses sinkronisasi memerlukan inisialisasi, agar data yang diterima 

sama dengan data yang dikirimkan 
• Pada proses inisialisasi, setiap perangkat yang terhubung harus memiliki baudrate yang 

sama 



TWI (Two Wire Interface) 
• Sebuah protokol untuk komunikasi serial antar IC 

• Lebih fleksibel dari SPI 

Typical TWI bus configuration TWI Terminology 



Comparator 
• Untuk membandingkan tegangan input dengan sebuah referensi 

 

Analog 

Comparator 

Block 

Diagram 
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Tugas 1 
 Buatlah simulasi sederhana dengan menggunakan LED berbasis mikrokontroler ATmega 
dengan compiler CodeVision AVR. 





Apa itu Arduino? 

 Arduino is a microcontroller-based open source 

electronic prototyping board which can be programmed 

with an easy-to-use Arduino IDE. 

 

 Arduino consists of both a physical programmable circuit 

board and a piece of software, or IDE. The Arduino IDE 

uses simplified version of C++, making it easier to learn. 

 

 The Uno is one of the more popular boards in the Arduino 

family and great choice for beginners. 

 



Beberapa Jenis Modul Arduino 
Arduino Uno Arduino Due Arduino Mega Arduino Leonardo 

Arduino Lilypad Arduino Nano Arduino Mini 

Arduino Micro 

Arduino Fio 

Arduino Ethernet Arduino Esplora Arduino Robot 



Bagian-bagian terpenting dari Arduino Uno 



















Ringkasan Bagian-bagian Arduino Uno 

1. Reset Button 

2. AREF 

3. Ground Pin 

4. Digital I/O 

5. PWM 

6. USB Connection 

7. TX/RX 

8. ATmega328P 

9. Power LED Indicator 

10.Voltage Regulator 

11.DC Power Barrel Jack 

12.3.3V Pin 

13.5V Pin 

14.Ground Pin 

15.Analog Pin 

 



Block  

Diagram 

ATmega328P 



ATmega328P 

Block Diagram Arsitektur AVR 



Tugas Simulasi 

Buatlah sebuah project simulasi menggunakan Proteus sebagai media desain dan Arduino IDE 

sebagai compiler. 

 

Penilaian: 

• Tingkat kesulitan dan kreativitas. 

• Presentasi 
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Review  

• AVR ATmega16 has 32 pins constituting four ports. The ports are listed below: 

1. PORT A 

2. PORT B 

3. PORT C 

4. PORT D 

 

• Each pins of these four ports can be used as general-purpose inputs/outputs 

 

• These pins can be configured as input or output using the three I/O registers 

for each port. These registers are listed below: 

1. DDRxregisters 

2. PINxregisters 

3. PORTxregisters 

(where x can be A, B, C, or D depending on which port registers are being 

addressed). 

 

•  Each pin also has some special functionality associated with it. 



DDRx (Data Direction Registers) 

 

• These are 8-bit registers. 

• These are used to configure the pins of the ports as input or output. 

• Writing a one to the bits in this register sets those specific pins as output pins. 

• Writing a zero to the bits in this register sets those specific pins as input pins. 

• All bits in these registers can be read as well as written to. 

• The initial value of these bits is zero. 

 

 
Example: 
 

1. Setting Port D as an output port: 
   DDRD = 0xFF; atau DDRD=0b11111111; 
2. Setting Port D as input port: 

       DDRD = 0x00; DDRD=0b00000000; 
 
 

 



PORTx : Data Registers 

 

• These are 8-bit registers. 

• These are used to put pins of the ports in a logic HIGH or logic LOW state. 

• Writing a one to the bits in this register puts a LOW logic (0V) on those pins. 

• All bits in these registers can be read as well as written to. 

• The initial value of these bits is zero 

Example: 
 

We weill use the PORTx register of Port D to write a value 0x55 to Port D 
PORTD = 0x55; 
 
 
 

 
PINx : Input Pins Address Registers 

 

• These are 8-bit registers. 

• These are used to read the values on the specific pins of the port. 

• These bits are read-only bits and cannot be written to. 

 Example: 
 

We well read the value on Port D in an 8-bit variable named „port_value‟ 
Port_value = PIND; 
 
 
 

 



In the figure shown below, the above mentioned three registers for Port A are shown. These 8-bit registers. 



Exercise 

 

Lets write a code to program pin 3 of Port D as an output and use it to drive an LED. We sill toggle the LED 

with some delay. 





Definition 

 

ADC (Analog to Digital Converter) is the most widely used 

device in embedded systems which is designed especially for 

data acquisition. In the AVR ATmega series normally 10-bit 

ADC is inbuilt in the controller. 

 

Let us see how to use the ADC of AVR ATmega16 / 

ATmega32 

 

Atmega16/32 supports eight ADC channels, which means we 

can connect eight analog input at a time. ADC channel 0 to 

channel 7 are present on PORT A. i.e. Pin no. 33 to 40. 

 

 



Resolution 

 

The controller has 10 bit ADC, which means we will get digital output 0 to 1023. i.e. when 

the input is 0V, the digital output will be 0V & when input is 5V (and Vref=5V), we will get the 

highest digital output corresponding to 1023 steps, which is 5V. 

 

So controller ADC has 1023 steps and 

• Step size with Vref =5V, so  5/1023 = 4,88 mV 

• Step size with Vref=2.56V, so 2,56/1023 = 2,5 mV 

 

So Digital data output will be Dout=Vin/step_size.  

 

 

 



Specifications (ATmega16/32 ADC) 

 

• It is 10-bit ADC. 

• Converted output binary data is held in two special function 8-bit register ADCL (result 

Low) and ADCH (result in HIGH). 

• ADC gives 10-bit output, so (ADCH:ADCL) only 10-bits are useful out of 16-bits. 

• We have options to use this 10-bits as upper bits or lower bits. 

• We also have three options for Vref 

1. AVcc (analog Vcc) 

2. Internal 2,56 V 

3. External Aref Pin 

• If you decide to use Avcc or Vref pins as ADC voltage reference, you can make it more 

stable and increase the precision of ADC by connecting a capacitor between that pin 

and GND. 

 

 

 



ADC Register 

 

In AVR ADC, we need to understand four main register 

 

1. ADCH: Holds digital converted data higher byte 

2. ADCL: Holds digital converted data lower byte 

3. ADMUX: ADC Multiplexer selection register 

4. ADCSRA: ADC Control and status register 
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CAPAIAN PEMBELAJARAN 
 Setelah membahas materi kuliah ini, diharapkan mahasiswa dapat: 

1. Memahami blok diagram Timer/Counter serta alur kerja yang berlaku di dalamnya 

2. Memahami register-register pada Timer/Counter beserta kegunaannya 



Timer/Counter 

• Time function (starting program/execution) 

• Other uses: timer, PWM, ADC, Oscillator 

 

 

System Clock 
Prescaler 



Ti
m

er
/C

o
u

n
te

r 
A

V
R

 

Timer/Counter 0 
(8-bit) 

Timer/Counter 1 
(16-bit) 

Timer/Counter 2 
(8-bit) 

Independent 



Timer/Counter 0 

 

• Single Compare Unit Counter 

• Clear Timer on Compare Match (Auto Reload) 

• Phase Correct Pulse Width Modulator (PWM) 

• Frequency Generator 

• External Event Counter 

• 10-bit Clock Prescaler 

• Overflow and Compare Match Interrupt Sources (TOV0 and OCF0) 

 



8-bit Timer/Counter Block Diagram 



Counter Unit Block Diagram 



Output Compare Unit, Block Diagram 



Timer/Counter Control Register -  TCCR0 

• Bit 7 – FOC0: Force Output Compare 

• Bit 6,3 – WGM01:0: Waveform Generation Mode 

• Bit 5:4 – COM01:0: Compare Match Output Mode 

• Bit 2:0 – CS02:0: Clock Select 

Clock Select Bit 

Description 



Timer/Counter Control Register -  TCNT0 

Output Compare Register -  OCR0 



Timer/Counter Interrupt Mask Register - TMSK 

Timer/Counter Interrupt Flag Register - TIFR 



Timer0 Overflow 

 

Normal mode: When the counter overflows i.e. goes from 0xFF to 0x00, the TOV0 flag is set 



Creating Delay Using Timer0 

Counting Delay (Fosc= 8MHz) 

 

T =
1

Fosc
=

1

8 × 106 = 0,125 × 10−6 = 0,125 𝜇𝑠 

 

   TCNT = 0x25 

    0xFF – 0x25 = 0xDA (218 desimal) 

     

   Tambahkan 1 siklus lagi untuk membangkitkan flag  

TOV0 = 219. 

 

    Total delay = 219 × 0,125 𝜇𝑠 = 27,375 𝝁𝒔 

 

 

 

 

 

  



Timer Input Capture Mode in AVR ATmega16/ATmega32 

 

The input capture function is used in many applications such as: 

• Pulse width measurement 

• Period measurement 

• Capturing the time of an event 

 

In AVR ATmega32, Timer1 can be used as input capture to detect and measure events happening outside the 

microcontroller. 

 

Upon detection of a defined event i.e. rising edge or falling edge on ICP pin (PORTD.6), the TCNT1 

(Timer/Counter register) value is loaded into the OCR1 (input capture) register and the ICP1 flag will get set. 



Clear Timer on Compare Match (CTC mode) in AVR ATmega16/ATmega32 

 

Generally, compare model is used for generating periodic events or for generating waveforms. 

 

In compare mode, there is one compare register, where we can set the value to compare with the 

Timer/Counter register value. Once the compare value matches with the timer/counter register value, a 

compare match occurs. The compare match event can be used for waveform generation. 

 

In ATmega16/32, the Timer counts up until the value of TCTN0 (Timer/Counter register) register becomes 

equal to the content of OCR0 (Compare register). As soon as TCNT0 becomes equal to the OCR0, a 

compare match occurs, and then the timer will get cleared and the OCF0 flag will get set. 

 

OCF0 flag is located in the TIFR register. 



Clear Timer on Compare Match (CTC mode) in AVR ATmega16/ATmega32 



Normal Mode Vs CTC Mode 

Waveform Generation Using Normal Mode Waveform Generation Using CTC Mode 



CTC Mode 

 

We can change the value of OCR0 in runtime, to generate different pulses 
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USART 

(Universal Synchronous Asynchronous 

Receiver Transmitter) 

Synchronous 

 

sending and 

receiving data 

according to pulses 

of clock. 

(e.g: SPI, I2C) 

 

Asynchronous 

 

data is independent 

of the clock and is 

transmitted and 

received without 

reference to a 

clock. 

(e.g. RS 232) 

 

 
 
 
 
 
 

AVR 
Microcontroller 

TXC 

RXC 

CLK 

Master Slave 



Introduction 

 

AVR ATmega has flexible USART, which can be used for serial communication with other devices like 

computers, serial GSM, GPS modules, etc. 

 

Before beginning with AVR USART, we will through the basic of serial communication. 

Serial data framing 

While sending/receiving data, some bits are added for the purpose of knowing the beginning/ending of data, etc. 

commonly used structure is: 8 data bits, 1 start bit (logic 0), and 1 stop bit (logic 1), as shown: 



Speed (Baud Rate) 

 

As we know the bit rate is “Number of bits per second (bps)”, also known as baud rate in binary system. 

Normally this defines how fast the serial line is. There are some standard baud rates defined e.g. 1200, 2400, 

4800, 19200, 115200 bps, etc. Normally 9600 bps is used where speed is not critical issue. 

 

 

Wires and Hardware Connection 

 

Normally in USART, we only need Tx (Transmit), Rx (Receive), and GND wires. 

• AVR Atmega USART has a TTL voltage level which is 0V for logic 0 and 5V for logic 1. 

• In computers and most of the old devices, RS232 protocol is used for serial communication i.e. +3V to +25V 

for logic zero and -3V to -25V for logic 1. 



Tx 

Rx 



Converter 

ATmega16/32  

Serial Interface RS 232 
to USB Komputer 



With a new PC and laptops, there is no RS232 protocol and DB9 connector. We have to use serial to USB 

connector. There are various serial to USB connectors available e.g. CP2102, FT232RL, CH340, etc. 

Serial to USB Converter 



Features 

 

• Full Duplex Operation (Independent Serial Receive and Transmit Registers) 

• Asynchronous or Synchronous Operation 

• Master or Slave Clocked Synchronous Operation 

• High-Resolution Baud Rate Generator 

• Supports Serial Frames with 5, 6, 7, 8, or 9 Data Bits and 1 or 2 Stop Bits 

• Odd or Even Parity Generation and Parity Check Supported by Hardware (Data Validation) 

• Data Over Run Detection 

• Framing Error Detection 

• Noise Filtering Includes False Start Bit Detection and Digital Low Pass Filter 

• Three Separate Interrupts on TX Complete, TX Data Register Empty, and RX Complete 

• Etc. 



USART Block 

Diagram 



• St : Start Bit 

• n : Data Bit (0-8) 

• Sp : Stop Bit 

• P : Parity Bit 

Data Frame 



Registers 

 

• UCSRA 

• UCSRB 

• UCSRC 

• USRRH 

• USRRL 

• UDR 



UBRR0L and UBRR0H – USART Baud Rate Registers 

URSEL UBRR (11:8) 

UBRR (7:0) 

UBRRH 

UBRRL 

• Bit 15 – URSEL : Register Select (low:UBRH), (high:UCSRC) 

• Bit 14-12 – Reserve Bit 

• Bit 11:10 – UBRR1:0 (Baudrate Setting) 

UBRR = (fclock/16*Baud) - 1 



UCSR0A – USART Control and Status Register A 

√ 

√ 

√ 

= 1, jika data siap dibaca 

= 1, jika semua data terkirim 

= 1, jika datanya kosong 



UCSR0B – USART Control and Status Register B 

√ 

√ 

√ 

√ 



UCSR0C – USART Control and Status Register C 

0  UBRRH, 1  UCSRC √ 

√ 

√ 

√ 

√ 0  asynchronous, 1  synchronous 
Menentukan banyak bit dalam 1 
frame 



UDR0 – USART I/O Data Register 

 

• All data received by the receiver and data sent by the transmitter will be accommodated by the UDR 

• To read the data received by the receiver can be done by reading the contents of this UDR. 

• To send data through the transmitter it is enough to provide a UDR value. 



USART Initialization 





SPI: The Serial Peripheral Interface (SPI) is a synchronous serial communication interface specification used for 

short-distance communication, primarily in embedded systems. SPI is an interface bus commonly used to send 

data between microcontrollers and small peripherals such as shift registers, sensors, and SD cards. It uses 

separate clock and data lines, along with a select line to choose the device you wish to talk to. 

 

 

The SPI bus specifies four logic signals: 

 

•SCLK: Serial Clock (output from master) 

•MOSI: Master Out Slave In (data output from master) 

•MISO: Master In Slave Out (data output from slave) 

•SS: Slave Select (often active low, output from master) 



Master-Slave Interconnection 



SPI Pin 



SPI Control Register - SPCR 

√ 

√ 

√ 



SPI Status Register - SPSR 

√ 



SPI Data Register - SPDR 
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Basics 

 

The I2C (Inter-Integrated Circuit) protocol, referred to as I-squared-C, I-two-C, or IIC) is two wire serial 

communication protocol for connecting low speed peripherals to a microcontroller or computer motherboard. I2C 

is ideally suited for typical microcontroller applications.  

 

The TWI protocol allows the system designer to interconnect up to 128 different devices 

using only two bi-directional bus lines, one for clock (SCL) and one for dara (SDA). The only external hardware 

needed to implement the bus is a single pull-up resistor for each of the bus lines. 

 





TWI Bus Interconnection 

Pull up 

resistor 



TWI Terminology 

Data Validity 

SDA = 0 or 1 & SCL=1 → Valid : 1 bit data 



START, REPEATED START, and STOP Conditions 

 

The master initiates and terminates a data transmission. The transmission is initiated when the master issues a 

START condition on the bus, and it is terminated when the master issues a STOP condition. Between a START 

and a STOP condition, the bus is considered busy, and no other master should try to seize control of the bus. A 

special case occurs when a new START condition is issued between a START and STOP condition. This is 

referred to as a REPEATED START condition, and is used when the master wishes to initiate a new transfer 

without releasing control of the bus. After a REPEATED START, the bus is considered busy until the next STOP. 



Address Packet Format 

 

All address packets transmitted on the TWI bus are nine bits long, consisting of seven address bits, one 

READ/WRITE control bit and an acknowledge bit. If the READ/WRITE bit is set, a read operation is to be 

performed, otherwise a write operation should be performed. When a slave recognizes that it is being 

addressed, it should acknowledge by pulling SDA low in the ninth SCL (ACK) cycle. 



Data Packet Format 

 

All data packets transmitted on the TWI bus are nine bits long, consisting of one data byte and an acknowledge bit. During 

a data transfer, the master generates the clock and the START and STOP conditions, while the receiver is responsible for 

acknowledging the reception. An Acknowledge (ACK) is signalled by the receiver pulling the SDA line low during the ninth 

SCL cycle. If the receiver leaves the SDA line high, a NACK is signalled.  



Combining Address and Data Packets into a Transmission 

Typical Data Transmission 



SCL Synchronization 

between Multiple 

Masters 

Multi-master Bus System 

 

The TWI protocol allows bus systems with several masters. Special concerns have been taken in order to ensure that 

transmissions will proceed as normal, even if two or more masters initiate a transmission at the same time. 



Arbitration 

 

• An algorithm must be implemented allowing only one of the masters to complete the transmission. All other masters should cease 

transmission when they discover that they have lost the selection process. This selection process is called arbitration.  

• Arbitration is carried out by all masters continuously monitoring the SDA line after outputting data. If the value read from the SDA 

line does not match the value the master had output, it has lost the arbitration. Note that a master can only lose arbitration when it 

outputs a high SDA value while another master outputs a low value. 

 

 

Arbitration between 

Two Masters 



Overview of The TWI Module 



Bit Rate Generator 

 

This unit controls the period of SCL when operating in a Master mode. The SCL period is controlled by settings in the TWI Bit Rate 

Register (TWBR) and the Prescaler bits in the TWI Status Register (TWSR).  



TWI Bit Rate Register - TWBR 

• Bits 7..0 – TWI Bit Rate Register  

TWBR selects the division factor for the bit rate generator. The bit rate generator is a 

frequency divider which generates the SCL clock frequency in the Master modes. 



TWI Control Register - TWCR 

• Bit 7 – TWINT: TWI Interrupt Flag 

• Bit 6 – TWEA: TWI Enable Acknowledge Bit 

• Bit 5 – TWSTA: TWI START Condition Bit 

• Bit 4 – TWSTO: TWI STOP Condition Bit 

• Bit 3 – TWWC: TWI Write Collision Flag 

• Bit 2 – TWEN: TWI Enable Bit 

• Bit 1 – Res: Reserved Bit 

• Bit 0 – TWIE: TWI Interrupt Enable  



TWI Status Register - TWSR 

• Bits 7..3 – TWS: TWI Status 

• Bit 2 – Res: Reserved Bit 

• Bits 1..0 – TWPS: TWI Prescaler Bits 



TWI Data Register - TWDR 

• Bits 7..0 – TWD: TWI Data Register 

These eight bits contain the next data byte to be transmitted, or the latest data byte received on the Two-

wire Serial Bus.  



TWI (Slave) Address Register - TWAR 

• Bits 7..1 – TWA: TWI (Slave) Address Register  

These seven bits constitute the slave address of the TWI unit.  

 

• Bit 0 – TWGCE: TWI General Call Recognition Enable Bit  

 If set, this bit enables the recognition of a General Call given over the Two-wire Serial Bus. 



Interfacing the Application to the TWI in a Typical Transmission 
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Ringkasan Bagian-bagian Arduino Uno (Review) 

1. Reset Button 

2. AREF 

3. Ground Pin 

4. Digital I/O 

5. PWM 

6. USB Connection 

7. TX/RX 

8. ATmega328P 

9. Power LED Indicator 

10.Voltage Regulator 

11.DC Power Barrel Jack 

12.3.3V Pin 

13.5V Pin 

14.Ground Pin 
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11. Gerbang Logika AND & OR (2 Push Button, 3 LED) 

 



1. Arduino IDE 



2. Header, Void Setup, & Void Loop 

Header: Berisi deklarasi 

variabel, tipe data, dan lain-

lain 

Set up: Letak coding yang 

dieksekusi hanya sekali 

Loop: Letak coding yang 

dieksekusi berulang-ulang 



3. Arduino Cheat Sheet 



4. Tipe Data, Variabel, dan Comment 



5. digitalWrite (LED pada pin 13) 
LED_BUILTIN 



Code 1: Led Built in 

int Led = 13; // LED_BUILTIN 
 
void setup() { 
  pinMode (Led, OUTPUT); 
 
} 
 
void loop() { 
  digitalWrite(Led, HIGH); 
  delay(300); 
  digitalWrite(Led, LOW); 
  delay(300); 
 
} 



6. digitalWrite (4 LED) 

Gambar 9.1 Rangkaian Arduino dengan 4 LED 



Code 2: 4 Led 

const int Led1=2; 
const int Led2=3; 
const int Led3=4; 
const int Led4=5; 
 
int waktu = 500; 
 
 
void setup() { 
  pinMode(Led1, OUTPUT); 
  pinMode(Led2, OUTPUT); 
  pinMode(Led3, OUTPUT); 
  pinMode(Led4, OUTPUT); 
 
} 
 
void loop() { 
  digitalWrite(Led1, HIGH); 
  delay (waktu); 
  digitalWrite(Led1, LOW); 
  delay (waktu); 
   
   

digitalWrite(Led2, HIGH); 
  delay (waktu); 
  digitalWrite(Led2, LOW); 
  delay (waktu); 
  digitalWrite(Led2, HIGH); 
  delay (waktu); 
  digitalWrite(Led2, LOW); 
  delay (waktu); 
 
digitalWrite(Led3, HIGH); 
  delay (waktu); 
  digitalWrite(Led3, LOW); 
  delay (waktu); 
  digitalWrite(Led3, HIGH); 
  delay (waktu); 
  digitalWrite(Led3, LOW); 
  delay (waktu); 
  digitalWrite(Led3, HIGH); 
  delay (waktu); 
  digitalWrite(Led3, LOW); 
  delay (waktu); 

digitalWrite(Led4, HIGH); 
  delay (waktu); 
  digitalWrite(Led4, LOW); 
  delay (waktu); 
  digitalWrite(Led4, HIGH); 
  delay (waktu); 
  digitalWrite(Led4, LOW); 
  delay (waktu); 
  digitalWrite(Led4, HIGH); 
  delay (waktu); 
  digitalWrite(Led4, LOW); 
  delay (waktu); 
  digitalWrite(Led4, HIGH); 
  delay (waktu); 
  digitalWrite(Led4, LOW); 
  delay (waktu); 
 
} 



7. For Loop (4 LED) Code 3: For Loop 

const int Led1=2; 
const int Led2=3; 
const int Led3=4; 
const int Led4=5; 
int waktu=300; 
int i; 
 
 
void setup() { 
  pinMode(Led1, OUTPUT); 
  pinMode(Led2, OUTPUT); 
  pinMode(Led3, OUTPUT); 
  pinMode(Led4, OUTPUT); 
 
}   
   

void loop() { 
 
  for(i=1; i<=1; i++){ 
    digitalWrite(Led1, HIGH); 
    delay(waktu); 
    digitalWrite(Led1, LOW); 
    delay(waktu); 
  } 
 
    for(i=1; i<=2; i++){ 
    digitalWrite(Led2, HIGH); 
    delay(waktu); 
    digitalWrite(Led2, LOW); 
    delay(waktu); 
  } 

 for(i=1; i<=3; i++){ 
    digitalWrite(Led3, HIGH); 
    delay(waktu); 
    digitalWrite(Led3, LOW); 
    delay(waktu); 
  }  
  
   
  for(i=1; i<=4; i++){ 
    digitalWrite(Led4, HIGH); 
    delay(waktu); 
    digitalWrite(Led4, LOW); 
    delay(waktu); 
  } 
   
} 

Script sebelumnya (Code 2) terlihat sangat panjang dan tentu tidak efisien. Untuk mempersingkatnya kita dapat menggunakan for loop. 



8. Fungsi (4 LED) Code 4: Contoh Fungsi 

Jika Code 3 masih dirasa belum ringkas, kita dapat membuat fungsi tersendiri, yang nantinya akan dipanggil di void loop 

const int Led1=2; 
const int Led2=3; 
const int Led3=4; 
const int Led4=5; 
int i; 
 
void setup() { 
  pinMode(Led1, OUTPUT); 
  pinMode(Led2, OUTPUT); 
  pinMode(Led3, OUTPUT); 
  pinMode(Led4, OUTPUT); 
 
} 
void loop() { 
 
kedip (1, 1, Led1, 500); 
kedip (1, 2, Led2, 400); 
kedip (1, 3, Led3, 300); 
kedip (1, 4, Led4, 200); 
 
} 
 

void kedip (int nilaiAwal, int 
nilaiAkhir, int Led, int waktu){ 
 
  for (i=nilaiAwal; i<=nilaiAkhir; i++){ 
  digitalWrite(Led, HIGH); 
  delay (waktu); 
  digitalWrite(Led, LOW); 
  delay (waktu); 
} 
 
} 
 

Jika diperhatikan, script di samping 

menjadi lebih ringkas dan fleksibel karena 

pengaturan berapa kali kedip pada led 

hanya perlu mengganti parameter yang 

ada di fungsi kedip . 

 

Selain menggunakan fungsi, script ini juga 

dapat dipersingkat dengan menggunakan 

array. 



9. Array 1D Code 5: Contoh Array 1D 

Instruksi: 

 

Buatlah script menggunakan Arduino IDE 

untuk mensimulasikan 4 led yang nyala 

secara bergantian menggunakan array 1D. 

 

Note: Gunakan skema rangkaian 9.1 

int led[4]={5, 4, 3, 2}; //indeks dimulai dari 0, berarti 0 s.d 4 
 
void setup(){ 
  for (int i=0; i<=3; i++){ 
    pinMode(led[i], OUTPUT); 
  } 
} 
 
void loop(){ 
  for (int i=0; i<=3; i++){ 
  digitalWrite(led[i], HIGH); 
  delay(1000); 
  digitalWrite(led[i], LOW); 
  delay(1000);  
  } 
   
} 



9. digitalRead (1 Push Button) 

Resistor Pull Down Resistor Pull Up 

Default (LOW) 

Merupakan rangkaian 

yang digunakan 

Default (HIGH) 



Code 6: Push Button 

const int Led = 12; 
const int Pb = 11; 
 
void setup() { 
pinMode (Led, OUTPUT); 
pinMode (Pb, INPUT); 
Serial.begin(9600); 
} 
 
void loop() { 
int nilaiPb = digitalRead (Pb); 
 
if(nilaiPb==HIGH){ 
  digitalWrite (Led, HIGH); 
}else{ 
  digitalWrite (Led, LOW); 
} 
 
Serial.println(nilaiPb); 
 
} 



10. Gerbang Logika AND & OR (2 Push Button, 3 LED) 



Code 7: Logika AND 
const int ledM=12; 
const int ledH=11; 
const int ledK=10; 
const int pb1=7; //pb Merah 
const int pb2=6; //pb Hijau 
int nilaipb1; 
int nilaipb2; 
 
void setup() { 
Serial.begin(9600); 
pinMode(ledM, OUTPUT); 
pinMode(ledH, OUTPUT); 
pinMode(ledK, OUTPUT); 
pinMode(pb1, INPUT); 
pinMode(pb2, INPUT); 
 
} 
 
 
 
void loop() { 
nilaipb1=digitalRead(pb1); 
nilaipb2=digitalRead(pb2); 
 
 

if(nilaipb1==0 && nilaipb2==0){ 
  digitalWrite(ledM, HIGH); 
  digitalWrite(ledH, HIGH); 
  digitalWrite(ledK, HIGH); 
  } 
 
if(nilaipb1==1 && nilaipb2==0){ 
  digitalWrite(ledM, LOW); 
  digitalWrite(ledH, HIGH); 
  digitalWrite(ledK, LOW); 
  } 
 
if(nilaipb1==0 && nilaipb2==1){ 
  digitalWrite(ledM, HIGH); 
  digitalWrite(ledH, LOW); 
  digitalWrite(ledK, LOW); 
  } 
 
if(nilaipb1==0 && nilaipb2==0){ 
  digitalWrite(ledM, HIGH); 
  digitalWrite(ledH, HIGH); 
  digitalWrite(ledK, LOW); 
  } 
 
 

if(nilaipb1==1 && nilaipb2==0){ 
  digitalWrite (ledM, HIGH); 
}else{ 
  digitalWrite (ledM, LOW); 
} 
 
if(nilaipb1==0 && nilaipb2==1){ 
  digitalWrite (ledH, HIGH); 
}else{ 
  digitalWrite (ledH, LOW); 
} 
 
if(nilaipb1==1 && nilaipb2==1){ 
  digitalWrite (ledK, HIGH); 
}else{ 
  digitalWrite (ledK, LOW); 
} 
 
Serial.print(nilaipb1); 
Serial.print(" | "); 
Serial.println(nilaipb2); 
 
} 
 



Code 8: Logika OR 
const int ledM=12; 
const int ledH=11; 
const int ledK=10; 
const int pb1=7; //pb Merah 
const int pb2=6; //pb Hijau 
int nilaipb1; 
int nilaipb2; 
 
void setup() { 
Serial.begin(9600); 
pinMode(ledM, OUTPUT); 
pinMode(ledH, OUTPUT); 
pinMode(ledK, OUTPUT); 
pinMode(pb1, INPUT); 
pinMode(pb2, INPUT); 
 
} 
 
 
 
void loop() { 
nilaipb1=digitalRead(pb1); 
nilaipb2=digitalRead(pb2); 
 
 

if(nilaipb1==1 || nilaipb2==1){ 
  digitalWrite(ledK, HIGH); 
}else{ 
  digitalWrite(ledK, LOW); 
} 
 
Serial.print(nilaipb1); 
Serial.print(" | "); 
Serial.println(nilaipb2); 
 
} 
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1. Switch Case 



Code 9: Switch Case 

const int led[4] = {7,6,5,4}; 
const int pb[2] = {8,9}; 
int j; 
  
void setup(){ 
   
  for (int i=0; i<=3; i++){ 
    pinMode(led[i], OUTPUT); 
  } 
   
  for (int i=0; i<=1; i++){ 
    pinMode(pb[i], INPUT); 
  } 
    
  Serial.begin(9600); 
} 
  
void loop(){ 
   
  int nilaiPb1 = 
digitalRead(pb[0]); 
  int nilaiPb2 = 
digitalRead(pb[1]); 

  if(nilaiPb1==HIGH){ 
    j++; 
    delay(20); 
  } 
    if(nilaiPb2==HIGH){ 
    j--; 
    delay(20); 
  } 
    
  switch (j){ 
  
    case 1: 
    digitalWrite(led[0], HIGH); 
    digitalWrite(led[1], LOW); 
    digitalWrite(led[2], LOW); 
    digitalWrite(led[3], LOW); 
    break; 
 
    case 2: 
    digitalWrite(led[0], LOW); 
    digitalWrite(led[1], HIGH); 
    digitalWrite(led[2], LOW); 
    digitalWrite(led[3], LOW); 
    break; 

    case 3: 
    digitalWrite(led[0], LOW); 
    digitalWrite(led[1], LOW); 
    digitalWrite(led[2], HIGH); 
    digitalWrite(led[3], LOW); 
    break; 
     
    case 4: 
    digitalWrite(led[0], LOW); 
    digitalWrite(led[1], LOW); 
    digitalWrite(led[2], LOW); 
    digitalWrite(led[3], HIGH); 
    break; 
     
    default: 
    digitalWrite(led[0], LOW); 
    digitalWrite(led[1], LOW); 
    digitalWrite(led[2], LOW); 
    digitalWrite(led[3], LOW); 
    break; 
  } 
   
Serial.println(j); 
} 



2. PWM 

 Pulse width modulation (PWM), or pulse-duration modulation (PDM), is a method of reducing the 
average power delivered by an electrical signal, by effectively chopping it up into discrete parts.  

 Amplitude & Frequency : Constant 

In Arduino UNO, PWM available on: 

• Pin 3 

• Pin 5 

• Pin 6 

• Pin 9 

• Pin 10 

• Pin 11 

 



 Duty Cycle 

  

DUTY =
THIGH

TTOTAL
× 100% 

VOUT = DUTY × Amplitude 



Contoh 



Code 10: PWM 



The Arduino environment can be extended through the use of libraries, just like most programming platforms. Libraries 

provide extra functionality for use in sketches, e.g. working with hardware or manipulating data. To use a library in a sketch, 

select it from Sketch > Import Library. 

A number of libraries come installed with the IDE, but you can also download or create your own. See these instructions for 

details on installing libraries. There's also a tutorial on writing your own libraries. See the API Style Guide for information on 

making a good Arduino-style API for your library. 

 

For more details: 

https://www.arduino.cc/en/reference/libraries  

3. Libraries 

https://www.arduino.cc/en/reference/libraries
https://www.arduino.cc/en/reference/libraries


4. Sensor & Module 



5. Coding Using Library 

Ultrasonic Sensor 


