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beginners guide to embedded c programming using the pic microcontroller and the hitech picc
Embarking on the journey of embedded C programming can seem daunting for beginners, especially when
working with microcontrollers like the PIC series and development tools such as Hi-Tech PICC. This
comprehensive guide aims to introduce newcomers to the fundamental concepts, tools, and practical steps needed
to start programming PIC microcontrollers using embedded C and Hi-Tech PICC compiler. Whether you're a
hobbyist, student, or aspiring embedded systems engineer, this guide will lay a solid foundation to help you
develop your skills and confidence in embedded C programming.

Understanding Embedded C and PIC Microcontrollers

What is Embedded C?

Embedded C is a set of language extensions for the C programming language designed specifically for embedded
systems. It allows developers to write efficient, low-level code that interacts directly with hardware components
like timers, I/O ports, and communication interfaces. Key features of Embedded C: - Access to hardware registers
and peripherals - Real-time performance - Efficient memory usage - Portability across different microcontrollers
with minimal modification

Introduction to PIC Microcontrollers

PIC microcontrollers are a popular family of 8-bit, 16-bit, and 32-bit microcontrollers developed by Microchip
Technology. They are widely used in embedded systems due to their simplicity, affordability, and rich feature set.
Common features of PIC microcontrollers: - Multiple I/O ports - Timers and counters - Analog-to-Digital
Converters (ADC) - Communication modules like UART, SPI, I12C - Low power consumption modes

Tools Required for PIC Microcontroller Programming

1. PIC Microcontroller

Choose a suitable PIC microcontroller based on project requirements. For beginners, a PIC16F series (e.g.,
PIC16F877A) is recommended because of its simplicity and ample documentation.

2. Hi-Tech PICC Compiler

Hi-Tech PICC is a popular embedded C compiler for PIC microcontrollers, offering a free version with limitations
suitable for learning and small projects. Features: - Supports various PIC microcontrollers - Generates optimized
code - Easy integration with development environments
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3. Development Environment

While Hi-Tech PICC can be used via command line, many developers prefer an integrated development
environment (IDE) such as MPLAB X IDE, which simplifies coding, compiling, and debugging.

4. Programmer/Debugger

To upload your code to the microcontroller, you'll need a programmer such as PICkit 3 or PICKkit 4.

5. Additional Hardware

- Breadboard or PCB for circuit assembly - Power supply (e.g., 5V DC) - LEDs, switches, sensors, and other
peripherals for interfacing

Setting Up the Development Environment

Installing Hi-Tech PICC Compiler

1. Download the latest version of Hi-Tech PICC from the official website. 2. Follow installation instructions specific
to your operating system. 3. Ensure that the compiler's path is added to your system environment variables for
easy access via command line.

Installing MPLAB X IDE (Optional but Recommended)

1. Download from Microchip's official website. 2. Install following the provided instructions. 3. Configure the IDE
to recognize your PIC programmer.

Connecting Hardware

- Connect the PIC microcontroller to your programmer. - Connect power supply and peripherals as per your circuit
design. - Ensure all connections are correct to prevent damage.

Writing Your First Embedded C Program

Basic Blink LED Program

Let's walk through creating a simple program that blinks an LED connected to a GPIO pin. Sample Code: include
// Configuration bits: set according to your microcontroller and requirements pragma config FOSC = INTRCIO,
WDTE = OFF, PWRTE = OFF, MCLRE = ON define XTAL FREQ 8000000 // Define oscillator frequency for delay
functions void main() { TRISBO = 0; // Set RBO as output while(1) { RBO = 1; // Turn LED ON _ delay ms(500); //
Delay 500ms RBO = 0; // Turn LED OFF _ delay ms(500); // Delay 500ms } } Notes: - Configure the appropriate
pins and settings for your microcontroller. - Use *_delay ms()" for timing delays, requiring the = XTAL FREQ®
definition.



Compiling and Uploading Your Code

Compiling the Program

1. Save your C code in a file with a ".c" extension. 2. Use Hi-Tech PICC command-line tools or an IDE to compile
the code: picc --chip=16F877A blink.c -o blink.hex 3. Ensure that the output file (" blink.hex") is ready for
uploading.

Uploading to the Microcontroller

1. Connect your PIC programmer to the microcontroller and your PC. 2. Use the PICKkit software or MPLAB X to
upload the ".hex" file: - Select the correct device. - Load the "blink.hex" file. - Program the device.

Understanding Key Concepts in Embedded C for PIC

Register and Bit Manipulation

- PIC microcontrollers use special function registers to control hardware. - Example: "TRISB" registers configure
port direction. - Bits within registers control specific pins or features.

Interrupts and Timers

- Enable real-time responses using interrupts. - Use timers for precise delays or event counting. - Example: Setting
up a timer interrupt to toggle an LED periodically.

Peripheral Interfaces

- Communicate with sensors or modules using UART, SPI, or I12C. - Example: Reading temperature from a sensor
via I2C.

Best Practices for Embedded C Programming on PIC

Code Organization

- Modularize code into functions for readability. - Use meaningful variable names. - Comment code thoroughly for
clarity.

Power Management

- Utilize low-power modes when possible. - Manage peripheral power states to conserve energy.

Debugging and Testing

- Use debugging tools like MPLAB X Simulator. - Test hardware connections thoroughly. - Use LEDs or serial
output for debugging messages.
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Documentation and Version Control

- Keep track of code versions. - Document hardware connections and configurations.

Advanced Topics to Explore

- PWM (Pulse Width Modulation) for motor control - UART communication for serial data exchange - Using ADC
for sensor data acquisition - Implementing real-time operating systems (RTOS) - Low-power design techniques

Resources for Learning More

- Microchip's official datasheets and manuals - Online tutorials and forums like Microchip Community - Books on
embedded C programming - YouTube channels focused on PIC microcontroller projects

Conclusion

Starting with embedded C programming using PIC microcontrollers and Hi-Tech PICC can be an exciting and
rewarding experience. By understanding the basic concepts, setting up the environment correctly, and practicing
with simple projects like blinking LEDs, beginners can build a strong foundation in embedded systems
development. As you progress, explore more complex peripherals, communication protocols, and power
management techniques to create sophisticated embedded applications. Remember, patience and consistent
practice are key to mastering embedded C programming. This guide aims to serve as a comprehensive starting
point for beginners interested in embedded C programming with PIC microcontrollers and the Hi-Tech PICC
compiler. Happy coding!

Beginner’s Guide to Embedded C Programming Using PIC Microcontroller and Hi-Tech PICC Embarking on the
journey of embedded systems development can be both exciting and daunting for beginners. With the proliferation
of microcontrollers in today’s technology landscape, mastering embedded C programming—especially using PIC
microcontrollers and tools like Hi-Tech PICC—becomes an invaluable skill. This comprehensive guide aims to
provide newcomers with a detailed understanding of how to start programming PIC microcontrollers in embedded
C, leveraging Hi-Tech PICC, and navigating the essential concepts, tools, and best practices involved.

Understanding Embedded C and Its Significance

What is Embedded C?

Embedded C is a set of language extensions for the C programming language designed specifically for embedded
systems development. Unlike standard C, embedded C includes features and constructs that facilitate direct
hardware manipulation, real-time constraints, and resource optimization. It provides low-level access to hardware
peripherals, making it ideal for programming microcontrollers like PIC.

Why Use Embedded C for PIC Microcontrollers?

- Hardware Control: Embedded C allows fine-grained control over microcontroller peripherals such as timers,
GPIOs, ADCs, and communication interfaces. - Efficiency: It enables writing optimized code that can run with
limited memory and processing power. - Portability: While hardware-specific, embedded C code can be structured
to be portable across different microcontrollers with minimal modifications. - Community and Resources: A vast



community supports embedded C development, providing libraries, tutorials, and troubleshooting tips.

Introduction to PIC Microcontrollers

What Are PIC Microcontrollers?

PIC (Peripheral Interface Controller) microcontrollers are a family of microcontrollers developed by Microchip
Technology. Known for their simplicity, low cost, and wide availability, PICs are popular in education, hobbyist
projects, and industrial applications.

Key Features of PIC Microcontrollers

- Variety: From 8-bit to 32-bit architectures. - Peripherals: Built-in ADCs, DACs, UART, SPI, 12C, PWM modules. -
Ease of Use: Rich set of development tools and extensive documentation. - Low Power Consumption: Suitable for
battery-powered applications.

Common PIC Microcontroller Families for Beginners
- PIC16 Series (e.g., PIC16F877A): Widely used, affordable, and well-documented. - PIC18 Series: Offers more

advanced features but slightly more complex. - PIC10 Series: Ultra-low power, small footprint.

Setting Up the Development Environment

Introduction to Hi-Tech PICC Compiler

Hi-Tech PICC is a popular C compiler for PIC microcontrollers, especially suitable for beginners due to its
straightforward setup and comprehensive documentation.

Required Tools and Software

- Microcontroller Hardware: PIC microcontroller (e.g., PIC16F877A) on a development board or breadboard. -
Programmer/Debugger: Such as PICkit 3 or PICkit 4 for uploading code. - Hi-Tech PICC Compiler: Download and
install from the official sources. - IDE/Editor: While Hi-Tech PICC can be used via command line, IDEs like MPLAB
X (with plugin support) are recommended for ease. - Supporting Tools: MPLAB X IDE (optional), Proteus for
simulation, or other circuit simulation tools.

Installing and Configuring Hi-Tech PICC

1. Download the Hi-Tech PICC compiler. 2. Follow the installation instructions specific to your operating system.
3. Set environment variables if necessary to access the compiler from command line. 4. Configure the compiler
with your target microcontroller's device specifications.

Connecting the Hardware

- Connect the PIC microcontroller to your computer via a programmer (e.g., PICKit). - Ensure power supply and
peripheral connections are correctly established. - Use development boards for simplified setup and testing.
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Understanding the Basic Architecture of PIC
Microcontrollers

Core Components

- CPU Core: Executes instructions. - Memory: Includes Flash (program memory), RAM (data memory), and
EEPROM. - Peripherals: Timers, counters, communication modules, ADC/DAC. - I/O Ports: Digital pins for
interfacing with external devices.

Register and Memory Map

- The microcontroller's internal registers are mapped for configuration and control. - Special Function Registers
(SFRs) control peripherals. - Data and instruction memory are accessed via specific addresses.

Pin Configuration

- Each pin can serve multiple functions—digital I/O, analog input, communication channels. - Configuring pin
modes is essential for proper operation.

Embedded C Programming Basics for PIC
Microcontrollers

Understanding the Program Structure

A typical embedded C program for PIC microcontrollers contains: - Configuration Bits: Set up device-specific
settings (oscillator, watchdog timer, etc.). - Includes: Standard header files for device definitions. - Global
Variables: Data storage. - Main Function: The core loop controlling program flow. - Interrupt Service Routines
(ISR): Handle asynchronous events.

Configuring the Microcontroller

Use configuration bits to set: - Oscillator source (internal/external crystal) - Watchdog timer - Power-up timer -
Code protection features Example: pragma config FOSC = INTRCIO, WDTE = OFF, PWRTE = OFF
Writing the Main Program

- Initialize peripherals (GPIO, timers, ADC) - Enter the main loop - Implement control logic Sample code snippet:
void main() { TRISB = 0x00; // Set PORTB as output while(1) { PORTB = 0xFF; // Turn all LEDs on
__delay ms(500); PORTB = 0x00; // Turn all LEDs off delay ms(500); } }

Using Hi-Tech PICC Specifics

- Use pragma directives for configuration. - Leverage built-in functions like © delay ms()" for timing. - Utilize the
“include * or device-specific headers.



Peripheral Initialization and Control

GPIO (General Purpose Input/Output)

- Set direction (input/output) via TRIS registers. - Write to or read from PORT registers.

Timers and Counters

- Configure timer registers (' TMRO", "TMR1", etc.). - Use timers for delays, PWM, or event timing.

Analog-to-Digital Conversion (ADC)

- Enable ADC modules. - Select input channels. - Start conversion and read results.

Serial Communication (UART, SPI, 120)

- Initialize communication peripherals. - Send/receive data through buffers. - Implement handshake protocols if
needed.

Implementing Practical Projects

Simple LED Blink

- Configure GPIO pin as output. - Toggle the pin state with delays.

Button Controlled LED

- Configure input pin for button. - Read button state. - Turn LED on/off accordingly.

Temperature Sensor Reading

- Use ADC to read sensor output. - Convert ADC value to temperature. - Display or transmit data.

Motor Control

- Use PWM signals to control motor speed. - Implement direction control with GPIOs.

Debugging and Troubleshooting

Common Issues

- Incorrect configuration bits. - Wrong pin assignments. - Power supply issues. - Faulty connections.
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Debugging Tips

- Use serial output or LEDs for status indication. - Check connections with multimeter. - Use simulation tools like

Proteus. - Verify compiler settings and include files.

Best Practices and Tips for Beginners

- Start Small: Begin with simple projects to understand core concepts. - Comment Extensively: Clear comments

help in debugging and understanding. - Use Libraries and Examples: Leverage existing code snippets. - Maintain

Organized Code: Modularize functions for readability. - Practice Debugging: Use debugging tools and serial

outputs. - Learn the Datasheet: Deep understanding of your PIC device accelerates development. - Join Community

Forums: Engage with online communities for support.

Conclusion

Getting started with embedded C programming using PIC microcontrollers and Hi-Tech PICC is a rewarding

process that opens the door to designing intelligent embedded systems. By understanding the core principles,

setting up the environment correctly, practicing with simple projects, and gradually exploring advanced

peripherals, beginners can develop robust applications. Patience, continuous learning, and experimentation are

key to mastering embedded programming. With dedication, you'll soon be able to create innovative projects

ranging from simple blinking LEDs to complex automation systems. Happy coding!

Questions & Answers About beginners guide to embedded

c programming using the pic microcontroller and the

hitech picc

No Question Answer
1 What is embedded C programming Embedded C programming is a specialized version of the C
and why is it important for PIC language designed for developing software that runs directly on
microcontrollers? embedded systems like PIC microcontrollers. It is important
because it provides efficient, low-level control of hardware,
making it suitable for resource-constrained devices and real-time
applications.
2 How do I set up the Hi-Tech PICC To set up the Hi-Tech PICC compiler, download the installer from
compiler for beginners? the official website, follow the installation instructions, configure
environment variables if needed, and test the setup by compiling a
simple hello world program to ensure everything is correctly
configured.
3 What are the basic components of a A basic PIC microcontroller program in embedded C typically
PIC microcontroller program in includes initialization routines (for setting up I/O pins, timers,
embedded C? etc.), the main program loop, and interrupt service routines if
needed. These components work together to control hardware and
respond to events.
4 How can I connect and program a You connect the PIC microcontroller to your computer using a
PIC microcontroller using the Hi- programmer/debugger (like PICkit). Then, write your embedded C
Tech PICC compiler? code in an IDE or text editor, compile it with Hi-Tech PICC, and
upload the generated hex file to the PIC using the programmer
software.




What are common challenges faced
by beginners in embedded C
programming with PIC
microcontrollers?

Common challenges include understanding hardware registers
and pin configurations, managing memory and resources
efficiently, debugging hardware-related issues, and mastering the
compiler-specific syntax and tools.

How do I handle input and output
(I/0) operations in embedded C with
PIC microcontrollers?

I/O operations are handled by configuring the TRIS registers to
set pins as input or output, then using PORT registers to read
inputs or write outputs. Embedded C provides macros and
functions to simplify these configurations and operations.

What are some good practices for
writing reliable embedded C code for
PIC microcontrollers?

Good practices include initializing hardware properly,
commenting code thoroughly, avoiding unnecessary delays, using
meaningful variable names, handling errors gracefully, and
testing code thoroughly on actual hardware.

How can I debug my embedded C
program on a PIC microcontroller?

Debugging can be done using in-circuit debuggers or
programmers like PICkit that support breakpoints and step-
through execution. Additionally, adding debug outputs via UART
or LEDs can help monitor program behavior during development.

What resources are recommended for
beginners to learn embedded C
programming with PIC
microcontrollers?

Recommended resources include the PIC microcontroller
datasheets, official Microchip tutorials, online courses on
embedded systems, books like "Embedded C Programming and
the Atmel AVR" (adaptable to PIC), and forums such as Microchip
Community and Stack Overflow.

embedded C programming, PIC microcontroller, Hi-Tech PICC, microcontroller tutorials, embedded systems
development, PIC programming basics, embedded C for beginners, PIC microcontroller projects, Hi-Tech PICC
compiler, microcontroller firmware development
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