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Chapter 1 - Introduction

The PicWiser Ultimate Guide to Embedded C Programming is a hands-on guide designed to quickly and
cost effectively get you programming microcontrollers in C. The PIC16F876 Flash Microcontroller from MicroChip
is used along with the High-Tech C Pro for the PIC10/12/16 MCU Family (Lite mode) Freeware C Compiler for
learning to program embedded microcontrollers. Since this is a hands on guide, all the necessary tools and hardware
are shown to get you up and programming micros in a short period of time.

The projects start with the basics presenting the needed C statements and then advancing to projects
showing how to perform a multitude of embedded techniques. From basic input and output processing to common
interfaces are presented. All projects are complete with hardware how-to and software programs.

There are 3 ways to use this guide. First off you could just read through it to learn about the topics which
will give you a basic understanding of C and embedded micros. The second way, which will require some extra
time, is to build the basic circuitry (The PicWiser), get the USB interface, and then follow along. The recommended
way is to purchase the PicWiser module and you'll be off and running in as little time as possible. The PicWiser is
available either through the Emicros Ebay store at http://stores.ebay.com/emicros or at www.emicros.com.

What is a microcontroller?

Microcontrollers are everywhere. It is virtually impossible to go a day without benefiting from one. Around
the house you’ll find micros (short for microcontroller) in your microwave ovens, phone systems, automatic
thermostats, appliances, TVs, and VCRs. In your automobile there are numerous micros for engine control
functions, automatic braking systems, instrumentation, audio, and body functions. Going on an airplane? Just getting
from the parking lot to the gate there are micros in the parking gates, ticket printers, baggage scanners, you get the
idea. But what is a microcontroller?

Think of a microcontroller as a microprocessor system on a chip. The microprocessor was developed as the
central processing unit in a system with external address and data busses to access memory and peripherals. The PC
that you will be using later in this book is the classic example of a microprocessor system.

The microcontroller integrates the microprocessor, memory, and peripherals onto one integrated device.
The address and data busses are usually not available to access external memory or devices. Instead, devices for
parallel input/output, analog-to-digital conversion, timing/counting, and communications are used.
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Microcontroller Programming

Microcontroller programming comes in 2 basic flavors. The first way is to use the native assembly
language specific to the particular microcontroller you are using. Programming in assembly language is usually slow
and complicated but can result in efficient and compact code. There is an art to assembly language programming and
doesn't allow for using the same code on different microcontrollers.

The second and preferred way is to use a high-level language. C is the most common and is the focus of
this guide.

Microcontroller C

Microcontrollers have evolved and expanded into rather complex and large devices. Complex with respect
to integrating more and more features on chip, and large in the amount of memory available for program storage.
Embedded system designers were (and are) faced with designing systems that are feature rich while minimizing time
to market. Migrating away from assembly language to a high-level language was needed.

Assembly language programming is the lowest level approach to programming microcontrollers. Each
microcontroller contains a set of instructions available to the software engineer to design and implement programs to
meet certain requirements. Assembly language programming has both good and bad features.

Programs written in assembly language can be small and fast. Talented software engineers can take
advantage of internal microcontroller resources to optimize memory utilization and fine tune processor throughput.
Many embedded systems in the past, constrained by cost, have required microcontrollers with less than adequate
memory space. This takes both time and relies on the software engineers level of expertise.

Tightly coupled programs can be tremendously difficult to debug when a defect is present in the software.
Not to mention, maintenance of the software or changing the software can be a nightmare if the original author of
the software decides to leave.

Which 'C' to Use?

There are numerous C Compilers available for the Microchip PIC family. This guide uses the Freeware
version from Hi-Tech. Each project shows the software that goes with it. We've taken this route so you can learn C
and get your projects up and running fast. Where to get this is explained in a later section.
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Variables

Variables allow a program to store and retrieve volatile data while the program is executing. Programs need
variables in order to be useful and range from single bits or floating point numbers.

A variable must be declared before it can be used. Examples of this are shown below;

bit onebitvariable;        /* define a one bit variable named onebitvariable */

Since this is the first C statement shown, let's look at it deeper. The bit is a data declaration saying the
variable named onebitvariable can be used by the program. All variables must be declared before being used so the
program knows how to deal with it. The semicolon ';' terminates the statement and the /* starts a comment line and
the */ terminates the comment line.  The words within the /* and */ are just comments and produce no code. The
color highlighting is for illustrative purposes only and not needed in the code.

Here are the basic variables and how they are defined using the Hi-Tech compiler. This are studied further
in the basic projects section.

The following type specifiers deal with 1 bit values.

bit Defines a 1-bit value

The following type specifiers deal with 8 bit values.

unsigned char Defines an 8-bit unsigned value

signed char Defines an 8-bit signed value

char Defines an 8-bit signed value

The following type specifiers deal with 16 bit values.

short Defines a 16-bit signed value

int Defines a 16-bit signed value

signed short Defines a 16-bit signed value

signed int Defines a 16-bit signed value

unsigned short Defines a 16-bit unsigned value

unsigned int Defines a 16-bit unsigned value

The floating point variable is not discussed in this guide since it adds extra code which might exceed the
limits of the freeware C compiler.
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Comment Lines

The comment line was introduced above and needs to be explored a little further. As stated above, a C
comment line is any thing contained between the /* and the */. You should use comment lines to make your code
easy to understand. You will also see in the examples the use of the C++ comment line that starts with two backslash
characters //. Anything after the // to the end of the line is considered a comment. Note that although most C
compilers support the C++ comments, your code might not be portable to other compilers.

The following shows examples of C comments.

/* Classic C Comment line that starts at position 1 of the line */
          /* Classic C Comment line that starts at position 10 of the line */
short x; /* Classic C Comment used with a C statement */

// C++ comment starting at position 1 and saying that this line is a comment
          // C++ comment line starting at position 10 and saying that this is a comment
short x; // C++ comment used with a C statement

/* --------------------------------------------------------
** Classic C comment spanning multiple lines.
** -----------------------------------------------------*/

Although you are encouraged to use comment lines to explain what your program is doing, you might
notice that some of the software used in the projects do not have comments. This is done basically to make sure the
code fits on the page and is usually because it was explained previous to the example.
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Functions

Functions are to C what subroutines are to Basic. A function is a collection of C statements that can be
called from other functions and can be passed data and/or can return data.

The following table shows a few examples.

The main() function is the first C function
executed after a reset.

main()
{
}

This example shows the recommended way to
declare a function that requires no parameters
and returns nothing.

void main( void )
{
}

This example shows a function f1 called with 2
parameters that returns the sum of the
parameters. This example actually lacks a
function prototype of the f1 function so that the
compiler can figure out how to handle the data
going to and coming from f1.

void main( void )
{
   x = f1( 10,20 );
}

int f1( int a, int b )
{
   return( a + b );
}

Corrected showing the f1 function prototype. int f1( int, int );
void main( void )
{
   x = f1( 10,20 );
}

int f1( int a, int b )
{
   return( a + b );
}

Functions that appear before being used do not
need a function prototype.

int f1( int a, int b )
{
   return( a + b );
}
void main( void )
{
   x = f1( 10,20 );
}

The f1 and f2 functions in this example are
contained on 1 line. This is not recommended
normally because it can be confusing.

int f1( int a, int b ){   return( a + b );  }
int f2( int a, int b ){   return( a - b );  }
void main( void )
{
   x = f1( 10,20 );
   y = f2( 10,20 );
}
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Program Control

Program control statements consist of For Loops, While Loops, Do While Loops, If statements, and Switch
statements.

For Loops

The for loop in C provides a mechanism for repeating a block of code for a specified number of iterations.
There are 4 distinct sections to the for-loop construct as shown below.

for( INITIALIZATION; CONDITION; ITERATION )

{

   BODY

}

Here are 2 examples. In the first one, we are initializing the variables in an array. In the second one, we are counting
the number of bits that are 1 in a variable.

Example #1 Example #2

#define MAX_X 10
int x;
int x_array[MAX_X];

for( x=0; x<MAX_X; x++ )
{
   x_array[x] = 0;
}

int x;
int y;
int z;

for( x=1, y=0; x!=0; x<<=1 )
{
   if( z & x) == x )
   {
      y++;
   }
}

INITIALIZATION Section : This section is performed once when the for loop is encountered and can contain any
number of initialization statement as long as they are separated by a comma. Notice in the second example that x
and y are initialized.
CONDITION Section : This section describes what must be true for the body of the loop to be repeated. In example
#1, the body will be repeated until x is equal to MAX_X (or 10). In the second example, the body is repeated while
x is non-zero.
ITERATION Section : This section contain the statements that are performed each time the loop is executed. In the
first example the variable  x is auto-incremented each time the loop is executed. In the second example the variable
x is left shifted by 1.

BODY Section : The body section contains the statements that are executed each time the loop is iterated. If only 1
statement is to be executed, it can be terminated with a semicolon but it is good programming practice to enclose the
body in brackets to avoid confusion.

Ok but not recommended. Recommended.

for( x=0; x<10; x++ )
   x_array[x] = 0;

for( x=0; x<10; x++ )
{
   x_array[x] = 0;
}

See the For-Loop Example Project for detailed examples.
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While Loops

A while loop is like a for loop without the INITIALIZATION or ITERATION section and is constructed
as follows;

while( CONDITION )

{

   BODY

}

The body is executed as long as the condition is True. Here are 2 examples. In the first one, we are
initializing the variables in an array. In the second one, we are counting the number of bits that are 1 in a variable.

Example #1 Example #2

#define MAX_X 10
int x;
int x_array[MAX_X];

x = 0;
while( x<MAX_X )
{
   x_array[x] = 0;
   x++;
}

int x;
int y;
int z;

x = 1;
y = 0;
while( x!=0 )
{
   if( z & x) == x )
   {
      y++;
   }
   x <<= 1;
}
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Do While Loops

A do while loop is a while loop where the condition is evaluated at the end so the statements in the body
are executed at least once. The do while loop is constructed as follows;

do

{

   BODY

} while( CONDITION );

The body is executed as long as the condition is True. Here are 2 examples. In the first one, we are
initializing the variables in and array. In the second one, we are counting the number of bits that are 1 in a variable.

Example #1 Example #2

#define MAX_X 10
int x;
int x_array[MAX_X];

x = 0;
do
{
   x_array[x] = 0;
   x++;
} while( x<MAX_X );

int x;
int y;
int z;

x = 1;
y = 0;
do
{
   if( z & x) == x )
   {
      y++;
   }
   x <<= 1;
} while( x!=0 );
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If Statements

An  if statement performs a check and controls program execution based on that check. The if statement is
constructed as follows;

if ( CONDITION )

{

   BODY

}

              else if( CONDITION )

              {

   BODY

}

              else

              {

   BODY

              }

The body if the condition is True. Here are 2 examples.

Example #1 Example #2

#define DIFF  0
#define ADD 1
int x;
int y, z;

if( x == ADD)
{
   y = y + z;
}
else if( x == DIFF)
{
   y = y - z;
}
else
{
}

int x;
int y;
int z;

if( x == y)   /* note that only 1 statement follows */
    z = x;

if( x )
   y = x;

if( x > 0)  /* better example of the previous one */
{
   y = x;
}
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Switch Statements

A  switch construct is actually a series of statements that performs a check and controls program execution
based on that check. This is more a structured if statement and is constructed as follows;

switch( CASE_SELECT )

{

   case CONSTANT1:  BODY1 ;  break ;

   case CONSTANT2:  BODY2 ;  break ;

   case CONSTANT3:  BODY3 ;  break ;

   case CONSTANTn:  BODYn ;  break ;

                 default: BODYd; break;

}

The CASE_SELECT statement causes then execution of a matching case statement.

Example #1 Example #2

#define DIFF 0
#define ADD 1
int x, y, z;

x = ADD;
switch( x )
{
   case DIFF: y = y - z; break;
   case ADD: y = y + z; break;
}

void ProcessSerialCommand( char rc )
{
   switch( rc )
   {
      case 'r': ProcessRcommand(); break;
      case 's': ProcessScommand(); break;
      case 't': ProcessTcommand(); break;
   }
}
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Chapter 2 – Getting Started With The Tools

This book is a hands-on guide to microcontrollers. Reading about microcontrollers is fine for reference or
as an introduction to microcontrollers. But for the motivated reader that really wants to learn about microcontrollers,
you have to have both hardware and software. Emulators usually cost too much for the non-professional so the
challenge is to provide a cost effective system that allows software to be written quickly and tested on hardware.

Of course it is just fine to study along as the projects are developed learning C along the way. One step up
from that is to get a PIC16F876 with a bootloader programmed in it and prototype it on a breadboard with a RS232
chip. This can be purchased from Digikey for around $15 or depending on shipping and might require an hour or 2
to build.

There are numerous PIC boards available (try a Google search) but the PicWiser is recommended. Now we
need to get our tools ready to go.

Getting Started with the PicWiser

The PicWiser (shown below) used in this book is a complete, low-cost development system that contains a
MicroChip 16F876 Flash Microcontroller. The PIC is programmed with a bootloader that allows you to download
and test your programs in a matter of seconds.



The PicWiser Ultimate Guide To Embedded C Programming

The PicWiser Ultimate Guide To Page 15 V2.0 11/15/08
Embedded C Programming www.emicros.com

PicWiser Schematic

The following schematic diagram will be used throughout the projects.
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Connecting PicWiser to the PC

Before we get started with the C learning experience, we need to hook up the PicWiser to the PC. PicWiser
contains a USB interface which provides both a serial communications port and provides +5 volts for power. The
serial communications is important for downloading programs from the PC using the interface program detailed in
the next section. Once the programs are downloaded, the serial channel can be used for various functions such as
reading data from PicWiser or sending commands to it.

The first time you connect PicWiser to your PC with the USB cable, Windows will detect it and need to
install the driver for it. The Virtual Com Port (VCP) drivers cause the USB device on PicWiser to appear as a COM
port on the PC. The most current driver is available at www.ftdichip.com/vcp.htm. Click on the link and save the
zipped file to a directory like c:\ftdi. Unzip the files to the same directory and when you plug in PicWiser and
Windows ask you where the driver is you can point it to this directory.

Note that when you connect PicWiser to the PC using the USB cable, the onboard LED will blink if it's the
first time you've connected it and haven't overwritten the default program.

Pressing the reset switch will cause the micro to enter the reset state and the LED will remain off while the
switch is pressed. The reset switch is important when downloading programs to the PicWiser.
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Downloading Programs to PicWiser

PicWiser contains a bootloader that allows it to be programmed, or reflashed, from the PC. This small-
embedded program executes only after a reset (caused by either a power-up or pressing the reset button) and looks
for a command to be sent to it over the USB connection from the PC. If there are no commands after a short period
of time, execution is transferred to your application.

At reset, the micro loads the program counter with the address contained in the reset vector. This address
usually contains the address of the first location to execute in your application. Instead, the address of the bootloader
is placed in the reset vector (this is already provided) causing the bootloader to be executed at reset. The bootloader
is a very small program that is placed in the upper portion of memory so that your application can use the remaining
bulk of the program memory.

The bootloader executes for a very short period of time watching the serial channel for commands and if it
does see any then it will jump to the real start of the application program.

In order for you to quickly develop programs and download them to the board, a PC downloader program is
needed. This program reads the file containing your program and sends it over the COM port to PicWiser and it
knows how to program itself. When the programming is complete, PicWiser immediately executes your program.

The Picwiser Downloader program for the PC is available in the zipped file at
www.picwiser.com/PicWiserDownloader.zip. Unzip the files to a directory such as c:\PicWiser and execute the
PicWiserDownloader.exe file.
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Getting the C Compiler

HI-Tech Software offers a free evaluation version of their PIC C compiler at microchip.hi-tech.com. Go to
the HI-Tech web site at microchip.hi-tech.com to download the Lite (Freeware) version of the PIC C Compiler.
During the installation process an option to download the Integrated Development Environment HI-TIDE will be
given. Install this also.

Note that as of this writing the compiler file is HCPICP-pro-9.60PL3.exe and the HI-TIDE version is 3.15.
Yours might be different.

After installation, launch HI-TIDE either automatically when the installation procedure exits or clicking on
the icon on your desktop.

** SPECIAL NOTE **

In the directory C:\Program Files\HI-TECH Software\PICC\PRO\9.60\lib is a file named doprnt.c that
needs a change in order to work correctly when using the sprintf() library function later in the projects. Edit this file
and add comments to line 741 as shown below.

//cp = va_arg(ap, const char *);

Chapter 3 - Basic Projects

The basic projects are designed to teach you how to use the various aspects of the C programming language
while actually using the embedded microcontroller hardware. In order to understand this, I recommend that you get
a proto board and a PicWiser and follow along.
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Simple LED Output Project

One of the simplest projects to learn about controlling a single bit on an output port is to turn an LED on
and off. The PicWiser has a red LED connect to pin 13 of the 16F876. This pin is known as PORTC pin #2 and in
order to reference it in a C program we use the designator RC2. The following schematic shows the connection.

The LED (D1) is connected to RC2 using a resistor (R1) to limit the current. R1 on PicWiser is 10kohm but
any value from 1000 (1k) to 10,000 (10k) is sufficient to turn the LED on. Note that the lower the resistor value, the
brighter the LED will be.
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#include <htc.H>
//----------------------------------------------------
// file:        blinkled.c
// description: This is the first PicWiser project
// author:     Emicros
// compiler:    Hi-Tech
//----------------------------------------------------

/*----------------------------------------------------
** function:    InterruptServiceRoutine
** description: This is just a place holder for now
**              and isn't used in the program.
**--------------------------------------------------*/
void interrupt InterruptServiceRoutine( void )
{
   if( (TMR1IE) && (TMR1IF) )
   {
      TMR1IF = 0;
   }
}

/*----------------------------------------------------
** function:    main()
** description: This is the main function.
**--------------------------------------------------*/
void main( void )
{
   TRISC = 0b11111011;
   while( 1 )
   {
      PORTC = 0b00000100;
      _delay( 100000 );
      _delay( 100000 );
      PORTC = 0b00000000;
      _delay( 100000 );
      _delay( 100000 );
   }
}

On the right is a basic C program
for the Hi-Tech Compiler to blink the LED
connected to pin 13 (C2).

The first line starts with a pound
sign (#) and is a command to the C
compiler to include the file contained in the
angle brackets <>. In this case the file htc.h
is included in the compilation process and
provides access to information needed by
the program.

The second line starts with 2
forward slashes // and indicates to the
compiler that everything after (and
including) the slashes is a comment and
will not generate and code. The double
slashes are actually a recent convention
from C++ code but has been adopted in
most C compilers. Standard C comments
are contained between /* and */ as shown
in lines 9 through 13.

The InterruptServiceRoutine()
function is defined on line 14. This
function is not used in this simple program
but serves as a placeholder for now.
Without defining this interrupt function, the Hi-Tech C Compiler will detect that the program can start executing
immediately after reset and will not contain the correct reset vector preventing the bootloader from operating
correctly. Note that keyword is inserted before the function name to indicate that this is a special function. More on
interrupts later.

The meat of the program (more like a slice of ham in this simple program) starts on line 26 with the main
function void main( void ) . Functions are to C what subroutines are to Basic. Functions execute code and are called
from functions and can be passed data and can also return data. Functions will be expanded on as we develop more
programs.

The main function in C is significant in that normally it is the first function that is executed after the C
startup code is executed. In the case of a microcontroller running C, there is a certain amount of code that is
executed from reset to initialize the processor to get it up and running. This startup code in most cases is hidden
from the developer and basically just does some preliminary initialization. For what we are learning this isn't
important but it's more for your information.
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Since main is the first function executed after startup, we don't expect to receive any data and we don’t
expect to return any data. That is why there is a void declaration in the parentheses and the function name main is
preceded with the void declaration.

             void main( void )

 No parameters
passed to

function

 No parameters
returned from

function

The first statement in main() is the line TRISC = 0b00000100; which configures the data direction register
for Port C. So what's this all about you might ask. In order to set a port pin either high or low on the PIC, we need to
configure that particular bit as an output. At reset the normal state of an input/output pin is to be an input which
means that the data direction register associated with Port C is set to all zero's. A zero means that the port pin is an
input and a 1 indicates that it is an output.

The data direction register for Port C is called TRISC and in order to set Port C Pin 2 as an output we set
bit 2 to a 1.

       TRISB = 0b00000100;

 Bit 2 is set to a
1 setting the

pin as an output

 Bit 0 Least
Significant Bit or

LSB

 Bit 7 Most
Significant Bit or

MSB

Note that the 0b prefix indicates binary notation and allows a particular bit in this 8 bit byte to be set or
cleared individually. We could have just as easily set the value to hexidecimal 0x02 (0x prefix indicates hexidecimal
notation) or in this case just decimal 2 (TRISC = 2;).

So where did the TRISC come from? This is actually buried deep in the htc.h include file. One of the
reasons this file is there is to provide access to the registers contained within the micro we've selected for our
project.

The next statement in the main() function is the start of a while loop. A while loop performs a repeated
operation while some condition contained within the parenthesizes is TRUE (or not FALSE depending how you
look at things). While loops can repeat single statements or multiple statements as shown in the following examples.
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Example #1 while( 1 ); This is an infinite loop because the constant 1 as the
argument for the while statement evaluates to TRUE
and there is no further statements to execute because
the statement is terminated with the semicolon (;).

Example #2 while( 1 )
do_function1();

This is another infinite loop but in this case the
function do_function1() is continually executed.

Example #3 while( 1 )
{
   do_function1();
   do_function2();
}

This while loop again goes on forever but shows how
multiple statements can be executed, in this case 2
functions. The brackets enclose all the statements
associated with the while loop.

Note : Try to adopt this general format for while loops
because numerous organizations consider this easy to
understand.

Example #4 x = 0;
while( x < 10 )
{
   delay_msec( 50 );
   x = x + 1;
}
do_more_function();

Now we have a while loop with a condition associated
with it. Notice that the while is executed while the
variable x is less than 10. When the variable x equals
or exceeds 10 then the while loop is terminated and the
program continues. More on variables later in the
projects.

Now that a basic while loop is understood, the 4 statements that are executed continuously do the
following;

1. Set the output port pin C2 high which turns on the LED
2. Delay
3. Set the output port pin C2 low which turns off the LED
4. Delay
5. go back to #1

The _delay() function provides a delay of instruction cycles and is rather crude for now. A better delay
function will be developed in a following section.

Try this program out.
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A Better Delay Function

The blinkled program uses the _delay() function which only delays the number of instruction cycles passed
to it as a parameter. An instruction cycle is the amount of time, or number or clock cycles, needed by the PIC to
execute an instruction. The PIC needs 4 oscillator cycles to perform 1 instruction cycle and most instructions take 1
instruction cycle to execute. So the _delay() function just executes one of the shortest instructions a number of
times. The NOP instruction which doesn't do anything is usually used.

_delay( 10 ); /* This example delays 10 instruction cycles */

_delay( 50 ); /* This example delays 50 instruction cycles */

_delay( 10000 ); /* This example delays 10000 instruction cycles */

The PicWiser uses a 14.7456 Mhz (mega-hertz) crystal which results in an instruction cycle time of 4 /
14,754,600 or 271.3 nanoseconds (nsec). Delay functions that are based on this won't be exact but will be close
enough and easy to deal with.

The first basic delay function will be 5 microseconds. Since we only have multiples of .271 microseconds
to deal with we will get close to 5 microseconds by executing 18 instruction cycles or 18 * .271 = 4.88
microseconds. We could set this up as a function but instead lets define it as a series of inline instruction.
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#include <htc.H>
//----------------------------------------------------
// file:        delay.c
// description: This is the PicWiser delay project
// author:     Emicros
// compiler:    Hi-Tech
//----------------------------------------------------
#define delay_3c  asm( "nop"); asm( "nop"); asm("nop");
#define delay_5us delay_3c;delay_3c;delay_3c;delay_3c;delay_3c;
#define delay_10us delay_5us;delay_5us;

/*----------------------------------------------------
** function:    InterruptServiceRoutine
** description: This is just a place holder for now
**              and isn't used in the program.
**--------------------------------------------------*/
void interrupt InterruptServiceRoutine( void )
{
   if( (TMR1IE) && (TMR1IF) )
   {
      TMR1IF = 0;
   }
}

void delay_50usec( unsigned char delay )
{
   unsigned char x;
   for( x=0; x<delay; x++)
   {
      delay_10us; delay_10us; delay_10us; delay_10us;
      delay_10usec; delay_3c; delay_3c;
   }
}

void delay_msec( unsigned char delay )
{
   unsigned char x;
   for( x=0; x<delay; x++)
   {
      delay_50usec(22);
   }
}

/*----------------------------------------------------
** function:    main()
** description: This is the main function.
**--------------------------------------------------*/
void main( void )
{
   TRISC = 0b11111011;
   while( 1 )
   {
      PORTC = 0b00000100;
      delay_msec(50);
      PORTC = 0b00000000;
      delay_msec(50);
   }
}

The program shown
on the right contains the
blinkled.c program updated
with the delay routines.

Notice that starting on
line 8 we use the #define
statement to do 'something'.
What this 'something' does is
tell the compiler to substitute
or replace the delay_3c with
the 3 assembly functions using
the string "nop" as the
argument. The asm("nop")
function tells the compiler to
insert a nop instruction inline
whenever it compiles this
statement. In this case,
whenever the compiler
encounters delay_3c it will
insert 3 nop instructions.

The next line builds
upon this by now telling the
compiler to insert delay_3c 5
times whenever it finds
delay_5us in the program.

The last #define
delay_10us replaces this with
2 delay_5us.

This can quickly get
out of hand but this works well
for small inline delays.
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In order to provide longer delays without wasting too much inline code space, the delay_50usec() and
delay_msec() functions are used. These 2 functions represent a variable number of delay periods based on 50
microseconds and 1 millisecond respectively.

Notice that we have now introduced parameter passing as arguments to functions. Both of these functions
contain the unsigned char delay declaration within the parentheses of the function declaration. This means that
when we call them from another function we need to provide a number as an argument which in both cases represent
the number of time delays.

Both function internally declare a variable x as an unsigned char. Remember that an unsigned char is an 8
bit number ranging from 0 to 255 (or 0x00 to 0xff in hex or 0b00000000 to 0b11111111 in binary). Since the
variable is declared within the function it's scope is limited to the function only and cannot be seen by other
functions.

The for loop is now executed a number of times as specified in the delay parameter passed to them. In the
for loop, x is first initialized to 0 and the for loop is executed as long as x is less than the value in delay. The last
statement in the for loop increments to variable x at the end of each loop.

The function delay_50usec() uses a variety of #define's at the top of the file to cause each execution of it's
for loop to delay 50 microseconds.

The function delay_msec() calls the delay_50usec() with an argument of 22 to provide a 1 millisecond
delay each time it's for loop is executed.

The main() function has been updated to call the delay_msec() function with a value of 50 indicating that
50 milliseconds should be the delay between each setting or clearing of the PORTC output pin. When you load this
program into PicWiser the LED with blink at a 10 hertz rate.

This scope trace shows the
output which appears to be slightly
longer than 50 milliseconds. Better
timing will be achieved when we
introduce interrupts later.
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#include <htc.h>
#include "delay.h"
//----------------------------------------------------
// file:        led4_1.c
// description: This is the C code for the
//              4 LED project
// author:  Emicros
//----------------------------------------------------

/*----------------------------------------------------
** function:    InterruptServiceRoutine
** description: This is just a place holder for now
**              and isn't used in the program.
**--------------------------------------------------*/
void interrupt InterruptServiceRoutine( void )
{
   if( (TMR1IE) && (TMR1IF) )
   {
      TMR1IF = 0;
   }
}
/*----------------------------------------------------
** function:    main()
** description: This is the main function.
**--------------------------------------------------*/
void main( void )
{
   TRISB = 0b00001111;
   TRISC = 0b11111011;
   while( 1 )
   {
      PORTB = 0b11110000; /* turn on the 4 leds */
      PORTC = 0b00000100;
      delay_ms( 50 );
      PORTB = 0b00000000; /* turn off the 4 leds */
      PORTC = 0b00000000;
      delay_ms( 50 );
   }
}

4 LEDs Output Project

The previous project showed how to simply turn an LED on and off. Let's say we want to turn on and off 4
LEDs connected to Port B pins RB4, RB5, RB6, and RB7. The following shows the schematic.

The program on the right shows
how this is done. Note that basically we
just added more 1's to the port setting
statement (as well as changed from
PORTC to PORTB).
Nothing real earth shattering hear but
what happened to the delay functions we
just introduced?

What we'd like to look at now is
reusing the delay functions by putting
them in a separate file so we can share the
functions with other programs.

The second line in the program
is another #include statement but it's
different from the first one. The first one
has the include file name in brackets <>
which tells the compiler to find it in one
of it's standard search directories. The 2nd

line has the file name in double quotes
which tells the compiler that it should
find it stored with the project.
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The photo on the right shows the complete
project with the PicWiser connected to a small
protoboard and 4 LEDs wired up to it. The resistors are
1 kohm .

What if we wanted to access an individual bit separately from the rest. In this case the AND and OR
operators are useful. For example if we the PORTC bit 2 pin is to be set without affecting the other 7 pins we would
just want to OR in this particular bit. This is shown as follows;

PORTC = PORTC | 0b00000100;

 This is the OR

operator.

This is a bit-wise operation. The OR operation says that anything OR'd with 1 is a 1 so if BIT2 in PORTC is a 0 and
we OR it with the 0b00000100 value then BIT2 will be set in PORTC. No other bits are affected.

Conversly if we want to clear a bit, we would AND the value with 0 since anything AND'd with 0 is a 0. This would
look like the following;

PORTC = PORTC & 0b11111011;

 This is the

AND operator.

Update the latest program to use this statement.
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//----------------------------------------------------
// file:        myheader.h
//----------------------------------------------------
#define BIT0  (0x0001)
#define BIT1  (0x0002)
#define BIT2  (0x0004)
#define BIT3  (0x0008)
#define BIT4  (0x0010)
#define BIT5  (0x0020)
#define BIT6  (0x0040)
#define BIT7  (0x0080)
#define BIT8  (0x0100)
#define BIT9  (0x0200)
#define BIT10 (0x0400)
#define BIT11 (0x0800)
#define BIT12 (0x1000)
#define BIT13 (0x2000)
#define BIT14 (0x4000)
#define BIT15 (0x8000)

#define SET_BIT(x,y) x = x | y
#define CLEAR_BIT(x,y) x = x & ~y

//----------------------------------------------------

This is fine and dandy but when we get into functions that are dealing with individual bits it would be nice
to just deal with that particular bit and not the whole byte. We can define some macros to deal with this using the
#define statement.

Now that we've introduced the header file (the delay.h is considered a header file) we can add certain things
to a common header file to make our programming lives easier.

Using a Common Header File

The port pins on the PIC micro corresponds to bit values from 0 to 7 so to make accessing these pins easier
as well as bits in registers and variables easier, we can define the following in a common header file that we'll call
myheader.h for now. Later you might want to adopt something like system.h or common.h but that'll be up to you.
In this file we'll start defining things that can make our programming task simpler to understand.

The first items we'll add is bit
definitions. They will be called BIT and
range from 0 to 15 so that we can use
them for 16 bit variables as well. You can
define them for 32 bit values as well if
you like but 16 bits is all we'll need for
now.

Two macros to set and clear bits
are defined as well. When the compiler
sees either SET_BIT or CLEAR_BIT it
will replace these with either the
expression x = x | y or x = x & ~y. x and
y are placeholders and the compiler will
use the values as if a function has been
called.
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#include <htc.h>
#include "delay.h"
//----------------------------------------------------
// file:        led4_3.c
// description: This is the C code for the second
//              4 LED project
// author:  Emicros
//----------------------------------------------------
unsigned char x;

/*----------------------------------------------------
** function:    InterruptServiceRoutine
** description: This is just a place holder for now
**              and isn't used in the program.
**--------------------------------------------------*/
void interrupt InterruptServiceRoutine( void )
{
   if( (TMR1IE) && (TMR1IF) )
   {
      TMR1IF = 0;
   }
}

/*----------------------------------------------------
** function:    main()
** description: This is the main function.
**--------------------------------------------------*/
void main( void )
{
   TRISB = 0x00;
   x = 0;
   while( 1 )
   {
      PORTB = x;
      delay_ms( 50 );
      x = x + 0x10;
   }
}

Variable Data with the 4 LED Output Project

So far the programs haven't dealt with any variable data. It's been very simple stuff but we need to
introduce some variable data to make programs useful. Expanding on the simple 4 LED program, let's introduce a
variable x and change it in the while loop and write it to the LEDs.

In line 9 we introduce a variable
called x that is assigned the type of
unsigned char. This makes it an 8 bit
variable ranging from 0 to 255.

A good habit to get into is to
make sure you initialize variables at the
start of the program. Variable x is
initialized to 0 just before the while loop
in the program shown on the right.

In the while loop we write the
value stored in x to PORTB, delay 50
millisecond, and then change the value in
x by adding 0x10 to it. The 0x10 is
hexidecimal notation and allows the
program to increment through the upper 4
bits of PORTB without any pauses.
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#include <htc.h>
#include "delay.h"
//----------------------------------------------------
// file:        led4_4.c
// description: This is the C code for the second
//              4 LED project
// author:  Emicros
//----------------------------------------------------
unsigned char x;

/*----------------------------------------------------
** function:    InterruptServiceRoutine
** description: This is just a place holder for now
**              and isn't used in the program.
**--------------------------------------------------*/
void interrupt InterruptServiceRoutine( void )
{
   if( (TMR1IE) && (TMR1IF) )
   {
      TMR1IF = 0;
   }
}

/*----------------------------------------------------
** function:    main()
** description: This is the main function.
**--------------------------------------------------*/
void main( void )
{
   TRISB = 0x00;
   x = 0x10;
   while( 1 )
   {
      PORTB = x;
      delay_ms( 50 );
      x <<= 1;
   }
}

C provides some shortcuts that can make programming easier. Instead of using x = x + 0x10 we could write
this in a shorthand method as x += 0x10;. The "plus equals" means that whatever x is we sant to add 0x10 to it.
Example programs will be employing this method from here on out.

The following shows some common shorthand methods used in calculations.

Statement Description

x++; Autoincrement x, i.e. x = x + 1, x equals x plus 1

x--; Autodecrement x, i.e. x = x - 1, x equals x minus 1

x += 5; Add 5 to x

x -= 4 Subtract 4 from 4

x *= 2; Multiply x by 2

x /= 10; Divide x by 10

x &= 0x0c; And x with 0x0c (mask bits 2 and 3)

x |= 0x0f Or x with 0x0f (set the low order 4 bits)

Let's change the program to
turn on just 1 LED at a time and
sequence through all 4 LEDs. In this
case we need to modify the program to
do a bit shift on the data contained in
x. The statement x <<= 1; is the
shorthand method for the left-hand
shift operation. In this case, the value
in x is left shifted by 1. Notice that
instead of initializing x to 0 we have
initialized it to 0x10 so that the first
time x is written to PORTB, only pin
RB4 is turned on. After the delay, the
value is left shifted and written to
PORTB again turning on only RB5.

The only problem with this
program is that it turns performs the
sequence only once because when x is
0x80 and it is left shifted, the result is
0 so the LEDs will turn off after one
time through the sequence.
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#include <htc.h>
#include "delay.h"
//----------------------------------------------------
// file:        led4_5.c
// description: This is the C code for the second
//              4 LED project
// author:  Emicros
//----------------------------------------------------
unsigned char x;

/*----------------------------------------------------
** function:    InterruptServiceRoutine
** description: This is just a place holder for now
**              and isn't used in the program.
**--------------------------------------------------*/
void interrupt InterruptServiceRoutine( void )
{
   if( (TMR1IE) && (TMR1IF) )
   {
      TMR1IF = 0;
   }
}

/*----------------------------------------------------
** function:    main()
** description: This is the main function.
**--------------------------------------------------*/
void main( void )
{
   TRISB = 0x00;
   x = 0x10;
   while( 1 )
   {
      PORTB = x;
      delay_ms( 50 );
      x <<= 1;
      if( x == 0 )
      {
         x = 0x10;
      }
   }
}

This brings us to a new topic, the if statement.

The if statement allows the
program to test for certain conditions and
adjust variables or program execution
accordingly. In the above example, the
sequence was executed once but was
required to run continuously. We need to
add an if statement to test for x equal to 0
and then set x to 0x10 if this is true. This
can be seen in the modified program on
the right.

Problem #1: As a quick check
to see if you understand this, modify the
program to change the direction to start
with RB8 and sequence from RB8 to RB4
and then repeat. The answer is shown in
the last section (don't peek until you've
tried it).
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#include <htc.h>
#include "delay.h"
//----------------------------------------------------
// file:        led4_sw.c
// description: This is the C code for the second
// author:  Emicros
//----------------------------------------------------
unsigned char x;

void interrupt InterruptServiceRoutine( void )
{
   if( (TMR1IE) && (TMR1IF) )
   {
      TMR1IF = 0;
   }
}
/*----------------------------------------------------
** function:    main()
** description: This is the main function.
**--------------------------------------------------*/
void main( void )
{
   TRISB = 0x0f;
   x = 0x80;
   while( 1 )
   {
      if( RB1 == 0 )
      {
         PORTB = x;
         delay_ms( 50 );
         x >>= 1;
         if( x == 0 )
         {
            x = 0x80;
         }
      }
   }
}

Reading an Input Switch Project

Let's explore how to read a port pin. In the last set of examples, we focused on writing to a port pin that is
set as an output. How do you think we can read a pin? The answer is set the port pin as an input and either read the
port pin individually or read the port and mask off the desired bit.

The following schematic shows 2
additional components needed to read a
switch. A 10kohm pullup resistor connecting
RB1 on pin 22 to VCC has been added as
well as a push button switch connecting RB1
to ground.

The pullup resistor places VCC
on RB1 which is read as a 1 using the
input( PIN_B1 ) statement in the modified
program on the right. When the switch is
pushed, RB1 is connected to ground and
the RB1 will be 0 so the if statement if(
RB1 == 0 ) will be true and the LEDs will
sequence.

Notice the modification to the
TRISB statement. This was changed so
that RB1 is initialized as an input.

Problem #2: What if you wanted
the LEDs to sequence and then stop if you
pressed the switch? Try this out and check
your results against the answer in the last
section.
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The following photo shows the additional switch and pullup resistor added to the PicWiser board. The
switch is available from Digikey part # CKN9016-ND. Later we will look at debouning the switch.
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/* ---------------------------------------------------------
// function:    SetupCommPort( unsigned char baud )
// description: This function configures the serial channel.
//              The baud rate setting is passed to it
//              and the values defined in the serial.h file.
// --------------------------------------------------------*/
void SetupCommPort( unsigned char baud )
{
   TRISC7 = 1; /* Set the RX pin as output */
   TRISC6 = 0; /* Set the TX pin as input  */
   /* -----------------------------------------------------
   // Set the baud rate register with the value passed to
   // this function.  
   // ---------------------------------------------------*/
   SPBRG = baud;
   
   /* -----------------------------------------------------
   // Set the Transmit Status and Control Register
   // Bit 7  CSRC = 0    Don't care for async mode  
   // Bit 6  TX9  = 0    Select 8 bit transmission mode
   // Bit 5  TXEN = 1    Enable transmitter
   // Bit 4  SYNC = 0    Asynchronous mode
   // Bit 3  unused=0    unused bit
   // Bit 2  BRGH = 0    Select low speed mode      
   // Bit 1  TRMT = 0    Transmit Status bit (read only)
   // Bit 0  TX9D = 0    9th bit if TX9=1 (not used)
   // ---------------------------------------------------*/
   TXSTA = 0b00100000;

   /* -----------------------------------------------------
   // Set the Receive Status and Control Register
   // Bit 7  SPEN = 1    Serial Port Enable Bit
   // Bit 6  RX9  = 0    Select 8 bit receive mode
   // Bit 5  SREN = 0    Single Receive Mode (not used)
   // Bit 4  CREN = 1    Continuous Receive Enabled
   // Bit 3  ADDEN= 0    Disable Address Detection
   // Bit 2  FERR = 0    Framing Error (read only)      
   // Bit 1  OERR = 0    Overrun Error (read only)
   // Bit 0  RX9D = 0    9th bit if RX9=1 (not used)
   // ---------------------------------------------------*/
   RCSTA = 0b10010000;
}

"Hello World!" Project : Introduction to the Serial Channel

The PIC16F876 has a Universal Synchronous Asynchronous Receiver Transmitter (USART) which allows
us to send and receive information over a serial channel. In the past, we would have used a MAX232 device to
connect the 5 volt RX and TX signals of the micro to the +-12 volt RS232 signals used by the comm port on a PC.
PicWiser uses the USB connection for serial communications.

The classic C introduction program is to write a program that prints "Hello World!" on the display device.
Since PicWiser doesn't have a display, the serial channel is used and we'll use the PC as the display. Add the
following functions to a file called serial.c as they are developed. Also add the necessary function prototypes and
#defines to serial.h.

SetupCommPort() Function

The serial channel needs
to be configured before it can be
used. The function
SetupCommPort() shown here
sets the port pins, the baud rate
register, the transmit control
register, and then the receive
control register.

Ther serial port uses RC7
to receive and RC6 to transmit.
The data direction for these pins
must be set as input for RC7/RX
(TRISHC7=1;) and output for
RC6/TX (TRISC6=0;).

The Baud Rate Register
is set to a value passed to the
function. This value is a constant
defined in the serial.h file and can
be set to 9600, 19200, 57600, or
115200 baud.

The Transmit Status and
Control Register configures the
transmitter and the only bit that is
set is the TXEN bit to enable the
transmitter.

In the Receive Status and
Control Register (RCSTA) the
receiver is enabled (CREN=1) and
also the Serial Port Enable Bit is
set to enable both the transmitter
and receiver.
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Add the SetupCommPort() function to the serial.c file and make sure to add the prototype to the serial.h file.

The baud rate values are set according to the following formula;

SPBRG = (Fosc / (64 * BaudRate))-1

Fosc for the PicWiser is the value of the crystal which is 14,745,600. The calculated values for SPBRG are shown in
the second column for the 4 baud rate shown in the first column.

Fosc 14745600

Desired Baud
Rate

SPBRG Actual Baud
Rate

9600 23 9600

19200 11 19200

57600 3 57600

115200 1 115200

The last column shows the actual baud rate based on the SPBRG values and as you can see the error between the
actual and desired is 0. That is why the 14.7456 Mhz crystal is used.

Note that if we used the highest oscillator value of 20 Mhz supported by the PIC16F876 the higher baud rate would
not be available.

Fosc 20000000

Desired
Baud
Rate

SPBRG int(SPBRG) Actual
Baud
Rate

Error

9600 31.5520833 31 9765.625 1.73%

19200 15.2760417 15 19531.25 1.73%

57600 4.42534722 4 62500 8.51%

115200 1.71267361 1 156250 35.63%
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/* -------------------------------------------------------
// function:    CommPortSendByte( unsigned tx )
// description: This function sends a byte passed to it.
// -----------------------------------------------------*/
void CommPortSendByte( unsigned char tx )
{
   /* -----------------------------------------------
   // Wait for the previous transmission to complete.
   // ---------------------------------------------*/
   while( !TXIF )
   {
      CommPortClearErrors();
   }
   TXREG = tx;
}

/* --------------------------------------------------------
// function:    CommPortClearErrors( void )
// description: This function clears the overrun or framing
//              errors.
// ------------------------------------------------------*/
void CommPortClearErrors( void )
{
   if( OERR )
   {
      TXEN=0;
      TXEN=1;
      CREN=0;
      CREN=1;
   }
   if( FERR )
   {
      dummy=RCREG;
      TXEN=0;
      TXEN=1;
   }
}

CommPortSendByte() Function

Transmitting an 8 bit byte of
information is performed by the
CommPortSendByte() function. This
function first checks to see if the
transmit register can be written to and
then writes the byte it. Notice that while
it is waiting for the TXIF bit to get set it
is checking the framing and overrun
error bits.

The CommPortClearErrors() function
looks at the overrun error and framing
error bits and clears the error if one or
both have occurred.

Add both of these functions to
the serial.c file and also don't forget to
add function prototypes for each in the
serial.h file.

We just need one more
function in order to complete the Hello
World program.
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/* --------------------------------------------------------
// function:    CommPortSendString( const char *str )
// description: This function sends a string.
// ------------------------------------------------------*/
void CommPortSendString(const char *str)
{
   while( (*str) != 0 )
   {
      CommPortSendByte( *str );
      str++;
   }
}

CommPortSendString() Function

We're just about there. Now
we need a function to send a character
string of data out the serial port.

Oh oh, there's some stuff here
that hasn't been introduced yet. In order
to send a string of data we need to
define a string of data in memory and
then somehow get access to where in
memory this data is. That's basically
what the const char *str is allowing us
to do.

More on this later. For now just blindly add this to the serial.c file and also add a function prototype to the
serial.h file.
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char sstr[40];
void main( void )
{

init();
counter = 0;

TRISC &= ~BIT2;

SetupCommPort( BAUD9600 );

strcpy( sstr, "Hello World!");
CommPortSendString( sstr );
while( 1 )
{

PORTC = 0b00000100;
delay_msec( 50 );
PORTC = 0b00000000;
delay_msec( 50 );

}
}

Sending Hello World!

Now we're ready to update the main()
function to actually send the string Hello World!
out the serial port to the PC.

The first statement added to the main.c
file is char sstr[40]. This declares an area in RAM
where we can store the string that we want to send.
It is delared type char (character) and is an array of
40 elements. The square brackets with the value in
it denotes sstr as an array.

 Next, the serial port needs initialization
and the statement SetupCommPort( BAUD9600 )
does this.

The statement strcpy( sstr, "Hello
World!" ); uses the library function strcpy (string
copy) to copy the "Hello World!" character string
into the sstr character array.

Finally, the CommPortSendString( sstr ); statement send the string out the serial port. Update the main.c
file and give this a try. One more thing. The strcpy() library function is prototyped in the string.h file so make sure to
add #include <string.h> to the top on main.c. Download this program to PicWiser and run the Terminal.exe program
with a 9600 baud rate setting and you should see the following.
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Exploring Data Types Project

Now that we have the ability to use the PC as a display device, we can explore features of the C language
starting with data types.

In the previous program we developed a function to send a string of data out the serial port. The function
strcpy() was used to set a character array to a string which is fine for constant strings. A better way that allows
variable data to be displayed is using the sprintf() function which will be used on the next set of program.



The PicWiser Ultimate Guide To Embedded C Programming

The PicWiser Ultimate Guide To Page 40 V2.0 11/15/08
Embedded C Programming www.emicros.com

#include <htc.h>
#include <stdio.h>
#include <string.h>
#include "serial.h"
#include "delay.h"
#include "myheader.h"

volatile unsigned char counter;
char sstr[40];
bit s1;

void interrupt InterruptServiceRoutine( void )
{
   if( (TMR1IE) && (TMR1IF) )
   {
      TMR1IF = 0;
   }
}
void init( void )
{
   PIE1    = 0b00000001;
   INTCON  = 0b01000000;
   OPTION  = 0b10000000;
   T1CON   = 0b00110101;
}

void main( void )
{
   init();
   counter = 0;

   TRISC &= ~BIT2;

   SetupCommPort( BAUD9600 );

   s1 = 0;   /* example #1 */
   sprintf( sstr, "s1 set to 0.  Result : s1 = %d\r", s1 );
   CommPortSendString( sstr );
   s1 = 10; /* example #2 */
   sprintf( sstr, "s1 set to 10. Result : s1 = %d\r", s1 );
   CommPortSendString( sstr );
   s1 = 10; /* example #3 */
   sprintf( sstr, "s1 set to 10. Result : s1 = %d\r", s1 );
   CommPortSendString( sstr );
   s1 = 1; /* example #4 */
   sprintf( sstr, "s1 set to 1.  Result : s1 = %d\r", s1 );
   CommPortSendString( sstr );
   s1 = s1 + s1; /* example #5 */
   sprintf( sstr, "s1 set to s1 + s1. Result : s1 = %d\r", s1 );
   CommPortSendString( sstr );

   while( 1 )
   {
      PORTC = 0b00000100;
      delay_msec( 50 );
      PORTC = 0b00000000;
      delay_msec( 50 );
   }
}

Bit Data Type

The smallest data
type unit is the bit and can
only have the value of 0 or 1.
In the program shown here, the
variable s1 is defined as type
bit.

Added to main() are 4
examples of setting s1 and the
results are displayed on the PC
(using Terminal.exe).

In the first example,
s1 is just set to 0 and the result
is shown in the screen shot
shown on the following page.
As expected s1 is just 0.

In the second
example s1 is set to 10. Since
s1 is a bit and we're trying to
force it to an 8 bit value, only
the least significant bit (LSB)
is used to set the value of s1
which is 0. The next example
uses 11 to show that the LSB
is actually used and the result
is 1.

The fourth example
sets the value to 1 and the fifth
example sets s1 to s1 plus s1
which would normally be 2
but since s1 is only a bit it
takes on the LSB of the result
which is 0.

The bit data type is
useful for flags such as
maintaining the results of an
operation such as if something
is True or False or maintaining
the status of an output switch
setting such as ON or OFF.
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Th following shows the output from the previous program.
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#include <htc.h>
#include <stdio.h>
#include <string.h>
#include "serial.h"
#include "delay.h"
#include "myheader.h"

volatile unsigned char counter;
char sstr[40];
unsigned char s1;

void interrupt InterruptServiceRoutine( void )
{
   if( (TMR1IE) && (TMR1IF) )
   {
      TMR1IF = 0;
   }
}
void init( void )
{
   PIE1    = 0b00000001;
   INTCON  = 0b01000000;
   OPTION  = 0b10000000;
   T1CON   = 0b00110101;
}

void main( void )
{
   init();
   counter = 0;

   TRISC &= ~BIT2;

   SetupCommPort( BAUD9600 );

   s1 = 0;   /* example #1 */
   sprintf( sstr, "s1 set to 0.  Result : s1 = %d\r", s1 );
   CommPortSendString( sstr );
   s1 = 10; /* example #2 */
   sprintf( sstr, "s1 set to 10. Result : s1 = %d\r", s1 );
   CommPortSendString( sstr );
   s1 = 10; /* example #3 */
   sprintf( sstr, "s1 set to 10. Result : s1 = %d\r", s1 );
   CommPortSendString( sstr );
   s1 = 1; /* example #4 */
   sprintf( sstr, "s1 set to 1.  Result : s1 = %d\r", s1 );
   CommPortSendString( sstr );
   s1 = s1 + s1; /* example #5 */
   sprintf( sstr, "s1 set to s1 + s1. Result : s1 = %d\r", s1 );
   CommPortSendString( sstr );

   while( 1 )
   {
      PORTC = 0b00000100;
      delay_msec( 50 );
      PORTC = 0b00000000;
      delay_msec( 50 );
   }
}

Unsigned 8 Bit Data Type

The unsigned char data
type specifies an 8 bit variable that
ranges for 0 to 255 decimal or 0 to
0xff hexidecimal. For binary
notation it would range from
0b00000000 to 0b11111111.

The program on the right
is the same as the previous
program except that s1 is defined
as an unsigned char instead of a
bit. Execute the program.

In the first example s1 is
still set to 0 but in the second and
third examples s1 is set to 10 and
11. The fourth example shows that
s1 is cleared to 0 and the last
example shows the result of 2.
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unsigned char u1;
signed char u2;
void main()
{
  u1 = 0xff;
  u2 = 0x7f;
  sprintf( sstr,"u1 = %d, u1 = %x, u2 = %d, u2 = %x\r", u1,u1,u2,u2);
  CommPortSendString( sstr );

  u1 = 0;
  u2 = 0x80;
  sprintf( sstr,"u1 = %d, u1 = %x, u2 = %d, u2 = %x\r", u1,u1,u2,u2);
  CommPortSendString( sstr );

  while( 1 )
  {
  }
}

Signed and Unsigned 8 Bit Data Type

The following type specifiers deal with 8 bit values.

unsigned char Defines an 8-bit unsigned value

char Defines an 8-bit unsigned value

signed char Defines an 8-bit signed value

An 8-bit
unsigned value ranges
from 0 to 255 decimal
(or 0 to 0xff
hexidecimal) while a
signed char value
ranges from -128 to
+127 (0x80 to 0x7f).
Try the program on
the right (note that
this is the abbreviated
version) and the
results are shown
below.

u1 is set to
0xff which is the
hexidecimal representation of 255. In the  sprintf() statement the %d specifies that u1 should be displayed in decimal
format and %x specifies hexidecimal format. Note in the following results window that u2 is displayed as 0xff80 in
the last line. This is due to the formatting specifier %x converting it to 16 bits.
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#include <htc.h>
#include <stdlib.h>
// ---------------------------------------------------
// file : data3.c
// ---------------------------------------------------
unsigned char uc1;
signed char sc1;
void main()
{
   uc1 = 40;
   sc1 = -20;
   sprintf( sstr, "uc1 + sc1 = %d\r", uc1 + sc1 );
   CommPortSendString( sstr );
   sprintf( sstr, "uc1 + sc1 = %u\r", uc1 + sc1 );
   CommPortSendString( sstr );

   uc1 = 20;
   sc1 = -40;
   sprintf( sstr, "uc1 + sc1 = %d\r", uc1 + sc1 );
   CommPortSendString( sstr );
   sprintf( sstr, "uc1 + sc1 = %u\r", uc1 + sc1 );
   CommPortSendString( sstr );

   while( 1 )
   {
   }
}

The program on the right shows 2
variables uc1 and sc1 defined as unsigned
char and signed char respectfully. uc1 is set
to 20 and sc1 is set to 40 and then the sum is
displayed using the signed format (%d) as
well as with the unsigned format (%u).
Notice that when you execute the program,
the results are displayed the same.

In the second part of the program,
uc1 is set to 20 and sc1 is set to -40. Both of
these values are within the 8-bit range of the
type specifier, i.e. 0 to 255. But when the
program is executed, the results shown below
and highlighted in RED are not what we
expected.

uc1 = 40, sc1 = -20, uc1 + sc1 = 20
uc1 =  40, sc1 =  -20, uc1 + sc1 =  20
uc1 = 20, sc1 = -40, uc1 + sc1 = -20
uc1 =  20, sc1 = -40, uc1 + sc1 =  65516

The resultant value is negative but
the %u specifier interprets the value as
positive and extends it to 16 bits to get the
65516 value. This is illustrating the fact that you must be aware of what data types you are dealing with.
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#include <htc.h>
#include <stdlib.h>
// ---------------------------------------------------
// file : int1.c
// ---------------------------------------------------
short i1;
int i2;
void main()
{
   i1 = 50;
   i2 = 250;
   sprintf( sstr, "i1 = %d, i2 = %d, i1 + i2 = %d\r", i1, i2, i1 + i2 );
   CommPortSendString( sstr );

   i1 = 30000;
   i2 = 35000;
   sprintf( sstr, "i1 = %d, i2 = %d, i1 + i2 = %d\r", i1, i2, i1 + i2 );
   CommPortSendString( sstr );

   i1 = 30000;
   i2 = 40000;
   sprintf( sstr, "i1 = %d, i2 = %d, i1 + i2 = %d\r", i1, i2, i1 + i2 );
   CommPortSendString( sstr );

   while( 1 )
   {
   }
}

Signed and Unsigned 16 Bit Data Type

The following type specifiers deal with 16 bit values.

short Defines a 16-bit signed value

int Defines a 16-bit signed value

signed short Defines a 16-bit signed value

signed int Defines a 16-bit signed value

unsigned short Defines a 16-bit unsigned value

unsigned int Defines a 16-bit unsigned value

A 16-bit unsigned value ranges from 0 to 65535 decimal (or 0 to 0xffff hexidecimal) and a 16-bit signed
value ranges from   -32768 to +32767 (or 0x8000 to 0x7fff hexidecimal). The following program shows an example
using 16-bit variables.
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The following shows the results of executing the program. Notice that the i2 value exceeded the signed int
maximum and was treated as a negative value and also the summation overflowed as well.

Floating Point

Floating point numbers are specified using the float type-specifier. A float variable is a 32 bit number as is
represented using 8 bits for the exponent, 1 bit for the sign, and 23 bits for the mantissa.

We won't be exploring floating point numbers in depth because we are dealing with a low end
microcontroller and there's a significant amount of overhead needed to deal with floating point numbers but we just
wanted you to be aware of them.
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#include <htc.c>
//---------------------------------------------------------
// file:        forloop1.c
// description: 'C' code for the for-loop example.
// author:  Emicros
//---------------------------------------------------------
int x;
int y;
int z;
char sstr[40];
//--------------------------------------------------------
// routine:  main()
// description: Background processing.
//--------------------------------------------------------
void main()
{
   /* -----------------------------------------------------
   ** Here's a simple example of a for-loop that just
   ** prints the x value from 0 to 9.
   ** ---------------------------------------------------*/
   for( x=0; x<10; x++ )
   {
      sprintf( sstr, "x = %d\r", x );
      CommPortSendString( sstr );
   }
   /* -----------------------------------------------------
   ** Here's another example of a for-loop that is
   ** counting the 'on' bits in an 8 bit value.
   ** ---------------------------------------------------*/
   z = 0x43;
   for( x=0x01,y=0; x>0; x<<=1 )
   {
      if( (z & x) == x )
      {
         y++;
      }
   }
   sprintf( sstr, "# bits set in z is %d\r", y );
   CommPortSendString( sstr );
   /* -----------------------------------------------------
   ** Here's an example of an outer and inner for-loop.
   ** ---------------------------------------------------*/
   for( x=0; x<4; x++ )
   {
      for( y=0; y<4; y++ )
      {
         sprintf( sstr, "x = %d, y = %d\r", x, y );
         CommPortSendString( sstr );
      }
   }
   //--------------------------------------------------
   // Background Processing. Note that this for-loop
   // is infinite.
   //--------------------------------------------------
   for( ;; )
   {
   }
}

For-Loop Example Project

The program shown on the
right shows various for-loops.

The first for-loop varies the
x variable from 0 to 9 (10 times) and
displays the results on the PC. The
sprintf statement replaces the %d
with the value contained in x. The \r
sequence cause the display to
advance to the next line.

The second for-loop is
showing how to count the ONE bits
in an eight bit value. The idea of
masking bits is common so keep this
technique in mind.

The third for-loop example
shows an inner for-loop within the
outer for-loop.

And the final for-loop
contains no Initialization,
Conditions, or Iteration sections and
is another form of an infinite loop.

Give this program a try.

Problem #3: Modify the
second for-loop to count the ZEROS
instead of the ONES. Try this out
and check your results against the
answer in the last section.
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#include <htc.c>
//---------------------------------------------------------
// file:        forloop2.c
// description: 'C' code for the for-loop with break
//              example.
// author:  Emicros
//---------------------------------------------------------
int x;
int y;
int z;
char sstr[40];
//--------------------------------------------------------
// routine:  main()
// description: Background processing.
//--------------------------------------------------------
void main()
{
   /* -----------------------------------------------------
   ** Here's an example of using a break statement
   ** in a for-loop that counts the trailing 0's
   ** in a variable.
   ** ---------------------------------------------------*/
   z = 0x40;
   for( x=0x01,y=0; x>0; x<<=1 )
   {
      if( (z & x) != x )
      {
         y++;
      }
      else
      {
         break;
      }
   }
   sprintf( "low order 0s in z is %d\r", y );
   CommPortSendString( sstr );
   //--------------------------------------------------
   // Background Processing. Note that this for-loop
   // is infinite.
   //--------------------------------------------------
   for( ;; )
   {
   }
}

For-Loop with Break Example Project

The break statement has
numerous uses but for now we'll
discuss how it can be used with the
for-loop construct.

Within the body of the for-
loop we can add a break statement
which will terminate the for-loop
right then and there. This is usually
used when a certain condition has
been detected such as some type of
abort condition.

For an example, let's count
the number of least significant 0's in
a variable. The program on the right
will increment the variable y as long
as it is a zero. When a 1 is found, the
break statement is executed and the
for loop terminates.

Setting z equal to 0x40 hex
(or 0b010000000) and executing the
program results in 6 trailing 0's being
found.



The PicWiser Ultimate Guide To Embedded C Programming

The PicWiser Ultimate Guide To Page 49 V2.0 11/15/08
Embedded C Programming www.emicros.com

#include <htc.h>
volatile unsigned char counter;
/*--------------------------------------------------
** function:    InterruptServiceRoutine
** description: This function processes interrupts.
**------------------------------------------------*/
void interrupt InterruptServiceRoutine( void )
{
   if( TMR2IF )
   {
      TMR2IF = 0;
      counter++;
      if( counter >= 25 )
      {
         RC2 = !RC2;
         counter = 0;
      }
   }
   if( (TMR1IE) && (TMR1IF) )
   {
      TMR1IF = 0;
   }
}
void init( void )
{
   /* Enable TMR2 to PR2 Match Interrupt */
   PIE1    = 0b00000010;

   INTCON  = 0b01000000;
   OPTION  = 0b10000000;
   T1CON   = 0b00110101;
   /* ---------------------------------------------
   // Set the Timer 2 Control Register
   // Bit 7   unused=0    unused bit  
   // Bit 6-3 0bx1001xxx  Postscale setting
   //                     (divide by 10-1)
   // Bit 2   TMR2ON = 0  Turn on Timer 2      
   // Bit 1/0 T2CKPS1:T2CKPS0=01
   //         Timer2 Clock Prescale (/4)
   // ------------------------------------------*/  
   T2CON   = 0b01001101;
   PR2 = 184;
}

Timer Interrupts : Using Timer 2

The PIC16F876 contains various
interrupts and we'll introduce a simple
timer interrupt at this point. Having a timer
that interrupts the main program on a
timely basis is an important feature for
micros for various functions from simple
time keeping to more sophisticated task
management functions.

Timer2 will be used in this
program to provide a 2 millisecond
interrupt. Discussion will start with the
interrupt service routine first, followed by
initializing the interrupt, and finally
enabling the interrupt in the main function.

The first function in the program
shown on the right is the interrupt service
routine and the keyword interrupt declares
this to the compiler. This function will be
executed when any interrupt occurs in the
PIC16F876 so we need to check the flags
of interrupts that we have enabled in our
program to see which one occurred.

When the Timer2 interrupt occurs,
the TMR2IF bit is set. The ISR checks to
see if this bit is set and if it is, executes the
associated code. The first statement
executed is to reset the interrupt flag
TMR2IF = 0;. This prevents another
interrupt from occuring immediately when
the ISR is exited.

The counter variable is
incremented until it reaches a value of 25. When 25 is reached, the counter is reset to 0 and the output pin RC2 is
toggled. The toggling happens because RC2 is set to the inverse of itself. This results in the LED blinking at a 10
hertz rate ( 50 milliseconds on 50 milliseconds off).

The 3 registers that are important to setting the Timer2 interrupt are PIE1, T2CON, and PR2. Bit 1 of PIE1
enables the Timer2 interrupt (when global interrupts are enabled). T2CON not only enables Timer2 (bit 2) but sets
both the prescaler and postscaler values. Register PR2 sets the count value where the Timer2 value is reset.

In order to set Timer2 to provide a 2 millisecond interrupt, T2CON and PR2 are set accordingly as shown
in the init() function.
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void main( void )
{
   init();
   counter = 0;

   TRISC = 0b11111011;

   ei();         /* Enable global interrupts */
   while( 1 )
   {
   }
}

The last item needed is to enable
the global interrupts. This is executed
with the ei() function shown in the main()
function.

Give this program a try. See if
you can figure out how to change the rate
to 1 millisecond.

Advanced Projects

The projects in this section are designed to draw upon the basic code modules to develop complex projects.
The following is a list of what is covered in the section.

• Keypad Interface : Key Scanning and Debouncing Routines

• External EEPROM Interface using I2C

• LCD Interface

• Temperature Reading : DS1821 Interface using the 1-Wire Protocol
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Keypad Interface : Key Scanning and Debouncing Routines

The Keypad Interface Project shows how to scan a 16 button keypad and debounce the presses to prevent
false reading. The keypad is shown below and is available from Jameco (www.jameco.com) part number
152063CG.

The following shows the schematic for the project.
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#include <htc.h>
#include <stdlib.h>
//---------------------------------------------------------
// file:        keypad1.c
// description: This is the 'C' code for keypad project.
// author:  Emicros
//---------------------------------------------------------
void main()
{
   /* Enable the weak pullups on PORTB */
   RBPU = 0;
   TRISB = 0b11111111;
   TRISA = 0b11100100;
   PORTA = 0b00011011;
   while( 1 )
   {
      RA0 = 0;
      _delay( 200 );
      sprintf( sstr, "a0 PORTB = %x\r", PORTB );
      CommPortSendString( sstr );
      RA0 = 1;

      RA1 = 0;
      _delay( 200 );
      sprintf( sstr, "a1 PORTB = %x\r", PORTB );
      CommPortSendString( sstr );
      RA1 = 1;

      RA3 = 0;
      _delay( 200 );
      sprintf( sstr, "a3 PORTB = %x\r", PORTB );
      CommPortSendString( sstr );
      RA3 = 1;

      RA4 = 0;
      _delay( 50 );
      sprintf( sstr, "a4 PORTB = %x\r", PORTB );
      CommPortSendString( sstr );
      RA4 = 1;

      delay_ms( 200 );
      delay_ms( 200 );
      delay_ms( 200 );
   }
}

Let's write some software
now. The keypad is made up of 4
columns by 4 rows which gives us 16
key switches. The rows are connected
to PORTB pins 4,5,6, and 7. PORTB
has a unique feature of being able to
be configured with weak pull up
resistors and will be used to read the
rows.

The 4 columns are connected
to PORTA pins 0, 1, 3, and 4. In order
to read one of the rows, we need to set
one PORTA pin low at a time and
then read PORTB. This will give us a
reading of which button in the row
has been pressed.

Type in the program shown
on the right and give it a try.  Notice
that as each PORTA pin is set low,
PORTB is read and will change as a
key is pressed.

This is fine to show the
basics, but for a keypad to be useful,
we need more of a transparent method
to read and debounce it.
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#include <htc.h>
#include <stdlib.h>
//------------------------------------------------------
// file:        keypad2.c
// description: This is the 'C' code for keypad project.
// author:  Emicros
//------------------------------------------------------
int row_a0;
int row_a1;
int row_a3;
int row_a4;
int a0_cnt;
int a1_cnt;
int a3_cnt;
int a4_cnt;

Deboucing

In order to debounce the
keypad, we've added variables to store
the row and to provide a counting
mechanism for debouncing the
switches. These are shown in the code
snipet on the right.
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void ReadKeyPad( void )
{
   RA0 = 0;
   _delay( 50 );
   row_a0 = PORTB & 0xf0;
   RA0 = 1;
   if( row_a0 == 0xf0 )
   {
      a0_cnt = 0;
   }
   else
   {
      if( a0_cnt == 20 )
      {
         if( row_a0 == 0xe0 ) printf( "Clear\r" );
         else if( row_a0 == 0xd0 ) printf( "0\r" );
         else if( row_a0 == 0xb0 ) printf( "Help\r" );
         else if( row_a0 == 0x70 ) printf( "Enter\r" );
         a0_cnt = 0xff;
      }
      else if( a0_cnt == 0xff )
      {
      }
      else
      {
         a0_cnt++;
      }
   }

   output_low( PIN_A1 );
   delay_us( 10 );
   row_a1 = PORTB & 0xf0;
   input( PIN_A1 );
   if( row_a1 == 0xf0 )
   {
      a1_cnt = 0;
   }
   else
   {
      if( a1_cnt == 20 )
      {
         if( row_a1 == 0xe0 ) printf( "7\r" );
         else if( row_a1 == 0xd0 ) printf( "8\r" );
         else if( row_a1 == 0xb0 ) printf( "9\r" );
         else if( row_a1 == 0x70 ) printf( "2nd\r" );
         a1_cnt = 0xff;
      }
      else if( a1_cnt == 0xff )
      {
      }
      else
      {
         a1_cnt++;
      }
   }

The next function needed is a
ReadKeyPad() function. This function
is responsible for setting the row line
low and then reading the columns. The
columns are the upper 4 bits of PORTB.

The upper 4 bits of PORTB
are placed in the row_a0 value (we'll
look at one row for the example) and if
the value is 0xff meaning that there are
no keys pressed, then the counter is
continually set to 0.

If the row_a0 value is not zero,
then we have a key pressed and the
a0_cnt will count up in the ao_cnt++
statement until it is equal to 20. At this
point, we consider the key to be
debounced and we display whatever is
on the key.

When the key has been
debounced and displayed, the a0_cnt is
set to 0xff which causing no further
action until that key is released.

Note that this function is
continued on the next page.

The rest of the ReadKeyPad()
function is shown on the right.
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   output_low( PIN_A3 );
   delay_us( 10 );
   row_a3 = PORTB & 0xf0;
   input( PIN_A3 );
   if( row_a3 == 0xf0 )
   {
      a3_cnt = 0;
   }
   else
   {
      if( a3_cnt == 20 )
      {
         if( row_a3 == 0xe0 ) printf( "4\r" );
         else if( row_a3 == 0xd0 ) printf( "5\r" );
         else if( row_a3 == 0xb0 ) printf( "6\r" );
         else if( row_a3 == 0x70 ) printf( "Down Arrow\r"
);
         a3_cnt = 0xff;
      }
      else if( a3_cnt == 0xff )
      {
      }
      else
      {
         a3_cnt++;
      }
   }

   output_low( PIN_A4 );
   delay_us( 10 );
   row_a4 = PORTB & 0xf0;
   input( PIN_A4 );
   if( row_a4 == 0xf0 )
   {
      a4_cnt = 0;
   }
   else
   {
      if( a4_cnt == 20 )
      {
         if( row_a4 == 0xe0 ) printf( "1\r" );
         else if( row_a4 == 0xd0 ) printf( "2\r" );
         else if( row_a4 == 0xb0 ) printf( "3\r" );
         else if( row_a4 == 0x70 ) printf( "Up Arrow\r" );
         a4_cnt = 0xff;
      }
      else if( a4_cnt == 0xff )
      {
      }
      else
      {
         a4_cnt++;
      }
   }

}
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int led_timer;
#int_timer2
timer2_isr()
{
   ReadKeyPad();

   led_timer++;
   if( led_timer < 50 )
   {
      output_low( PIN_C2 );
   }
   else if( led_timer < 100 )
   {
      output_high( PIN_C2 );
   }
   else
   {
      led_timer = 0;
   }
}

//------------------------------------------------------
// routine:     main()
// description: Background processing.
//------------------------------------------------------
void main()
{
   a0_cnt = 0;
   a1_cnt = 0;
   a3_cnt = 0;
   a4_cnt = 0;

   /* Enable the weak pullups on PORTB */
   RBPU = 0;
   //-------------------------------------------
   // Set timer2 to interupt every 2 millisec
   // 1/(14745600/4)/4 = 1/500000 = 1.085usec
   // overflow: 1.085usec * 184 = 200usec
   // interrupt:  200usec * (4 + 1) = 2millisec
   //-------------------------------------------
   setup_timer_2( T2_DIV_BY_4, 184, 10 );

   //--------------------------------------------
   // enable the global interrupt and the rs232
   // receive data interrupt.
   //--------------------------------------------
   enable_interrupts( GLOBAL );
   enable_interrupts( int_timer2 );

   while( 1 )
   {
   }
}

The remainder of the
keypad2.c program is shown on
the right. Notice that we are
using the Timer2 interrupt set to
interrupt every 2 milliseconds.
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I2C Project : Interface to a 24C65 EEPROM

We will now use the Inter-IC bus (I2C) to interface to a 24C65 EEPROM. The I2C is a 2 wire interface (or
bus) commonly used to talk to multiple devices contained within the module. The 2 wire interface contains a clock
line (SCL) and data line (SDA) that are pulled up to VCC. The pullup resistors provide the high level and whenever
a low (or 0) is needed, the line is driven low by the device that has control at the time.

Before the bus master can start a transmission the bus must be in an idle state (both SDA and SCL lines
high). With the bus in an idle state, the bus master initiates a transmission by first driving the data line (SDA) low
and then driving the clock line (SCL) low. The 8 bit address byte is sent which consists 7 bits to address a device
and 1 bit for specifying if a read or write is requested. Then numerous 8 bit bytes are sent or received and a stop
condition terminates the transmission. A stop condition is releasing the SDA line (goes high) while the SCL line is
high.

The 24C65 EEPROM is an 8k x 8 device and is shown in the following schematic for this project.
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void i2cinit()
{
   TRISC3=1;
   TRISC4=1;
   SSPCON = 0x28;
   SSPCON2 = 0x00;
   SSPADD = 30;
   CKE = 0;          /* SSPSTAT.CKE=0 (bit6) */
   SMP = 1;          /* SSPSTAT.SMP=1 (bit7) */
   SSPIF = 0;
   BCLIF = 0;
}
void i2cwaitforidle( void )
{
   while( (SSPCON2 & 0x1F) | (SSPSTAT & 0x04) )
   {
   }
}
void i2cstart( void )
{
   i2cwaitforidle();
   SEN = 1;
}
void i2crepStart( void )
{
   i2cwaitforidle();
   RSEN = 1;
}
void i2cstop( void )
{
   i2cwaitforidle();
   PEN = 1;
}

unsigned int rdta;
int i2cread( unsigned int ack )
{

   i2cwaitforidle();
   RCEN = 1;
   i2cwaitforidle();
   rdta = SSPBUF;
   i2cwaitforidle();
   if ( ack )
   {
      ACKDT = 0;
   }
      else
   {
      ACKDT = 1;
   }
   ACKEN = 1;
   return( rdta );
}
unsigned char i2cwrite( unsigned char dta )
{
   i2cwaitforidle();
   SSPBUF = dta;
   return ( ! ACKSTAT  );
}

The functions used to control the
I2C peripheral are shown on the right. This is
the i2c1.c file and contains 7 functions.

• i2cinit() - Initialize the I2C interface

• i2cwaitforidle() - Wait for line to be
idled

• i2start() - Execute the start sequence

• i2crepStart() - Execute a repeated start
condition

• i2cstop() - Execute the stop sequence

• i2cread() - Read a byte from the device

• i2cwrite() - Write a byte to the device
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void write_ext_eeprom(unsigned int address, unsigned
char data)
{
   i2cstart();
   i2cwrite( 0xa0 );
   i2cwrite( (unsigned char)(address>>8) );
   i2cwrite( (unsigned char)(address&0xff) );
   i2cwrite( data );
   i2cstop();
   delay_msec( 11 );
}

unsigned char read_ext_eeprom(unsigned int address)
{

   i2cstart();
   i2cwrite( 0xa0 );
   i2cwrite( (unsigned char)(address>>8) );
   i2cwrite( (unsigned char)(address&0xff) );
   i2crepStart();
   i2cwrite( 0xa1 );
   data=i2cread( 0 );
   i2cstop();
   return( data );
}

The next 2 functions talk to the
24C65 device and are shown on the right.
The write_ext_eeprom() functions takes 2
parameters and writes the data to the
address specified. The read_ext_eeprom()
returns the data in the address specified.
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#define MAX 64
void main()
{
   i2cinit();
   while( 1 )
   {
      new_cmmd = 0;
      if( RCIF == 1 ) /* check for a new serial command */
      {
  new_cmmd = RCREG;
  RCIF = 0;
      }
      switch( new_cmmd )
      {
         case 't':
             sprintf( sstr, "Sequence ... " );
             CommPortSendString( sstr );
             for( x=0; x<MAX; x++ )
             {
                write_ext_eeprom( x, x );
             }
             sprintf( sstr, "Done\r" );
             CommPortSendString( sstr );
             break;
         case 'c':
             sprintf( sstr, "Clearing ... " );
             CommPortSendString( sstr );
             for( x=0; x<MAX; x++ )
             {
                write_ext_eeprom( x, 0 );
             }
             sprintf( sstr, "Done\r" );
             CommPortSendString( sstr );
             break;
         case 's':
             sprintf( sstr, "Setting ... " );
             CommPortSendString( sstr );
             for( x=0; x<MAX; x++ )
             {
                write_ext_eeprom( x, 0xff );
             }
             sprintf( sstr, "Done\r" );
             CommPortSendString( sstr );
             break;
         case 'r':
             sprintf( sstr, "\r" );
             CommPortSendString( sstr );
             for( x=0; x<MAX; x++ )
             {
                 if( (x & 0x0f) == 0 )
                 {
                    sprintf( sstr, "\r %04x ... ", x );
                    CommPortSendString( sstr );
                 }
                 sprintf( sstr, "%02x ", read_ext_eeprom( x ));
                 CommPortSendString( sstr );
             }
             sprintf( sstr, "\r" );
             CommPortSendString( sstr );
             break;

      }
   }
}

The main() function for
this project is shown on the right.
Notice that we initialize the I2C
interface first, then using the serial
interface, we get commands from
the PC and perform various
operations using the 24C65.

Give this program a try.
Type it in, compile it, download it
to the PicWiser, and fire up
Terminal.exe and try one of the 4
commands; t, c, s, or r.

The t command writes a
sequence to the EEPROM, the c
command clears the stored data, the
s command sets the stored data, and
the r command reads it back.

Try changing the MAX
value from 64 to 128 or 256.

Notice that this project
shows a slick way to provide a PC
interface to an embedded device.
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Temperature Sensor Project : Interface to a DS1821

Now that the basics have been presented, we're going to get more complex by designing a temperature
reading system using the DS1821 Programmable Digital Thermostat and Thermometer.

The following shows the schematic for the PicWiser Thermometer project. The DS1821 from Dallas
Semiconductor is a 3 pin device available from Digikey (part # DS1821+-ND). The device using the 1-Wire digital
interface protocol detailed in the datasheet.

Note : The data sheet is online at http://pdfserv.maxim-ic.com/en/ds/DS1821.pdf

Y1

14.7456Mhz

VCC

D1

R1

RB0
21

RB1
22

RB2
23

RB3
24

RB4
25

RB5
26

RB6
27

RB7
28

RA0
2

RA1
3

RA2
4

RA3
5

RA4/T0CKI
6

RA5/*SS
7

RC0
11

RC1
12

RC2
13

RC3/SC
14

RC4/SD
15

RC5/SDO
16

RC6/TX
17

RC7/RX
18

OSC1
9

OSC2
10

Vdd
20

Vss
19

Vss
8

MCLR/Vpp
1

U1

PIC16F876

EMICROS - Embedded Micro Software

DS1821 Project

4.7k

DS1821

1   2   3

USB
USB



The PicWiser Ultimate Guide To Embedded C Programming

The PicWiser Ultimate Guide To Page 62 V2.0 11/15/08
Embedded C Programming www.emicros.com

/* ----------------------------------------------------
** Function    : onewire_set_hi( void )
** Description : Set the 1 Wire line high be setting it
**               as an input and allowing the pullup
**               resistor to take over.
** --------------------------------------------------*/
void onewire_set_hi( void )
{
   TRISB0 = 1;
}

/* ----------------------------------------------------
** Function    : onewire_set_low( void )
** Description : Set the 1 Wire line low by setting
**               PORTB pins low and then changing the
**               direction to output.
** --------------------------------------------------*/
void onewire_set_low( void )
{
   RB0 = 0;
   TRISB0 = 0;
}

/* ----------------------------------------------------
** Function    : onewire_reset( void )
** Description : Provide a reset pulse on the line.
** --------------------------------------------------*/
void onewire_reset( void )
{
   onewire_set_hi();
   onewire_set_low();
   delay_50usec( 10 ); /* delay a total of 500 usec */

   onewire_set_hi();
   delay_50usec( 10 ); /* delay a total of 500 usec */
}

The 1-Wire interface allows the micro to both read and write to the DS1821 using just 1 PORT pin. In this
project, we'll us PORTB pin 0 (RB0) to talk to the device. The 4.7kohm pullup resistor is needed in the protocol to
provide the high level in the common line. When a low is needed on the line, the micro or the DS1821 will drive the
line low.

The 2 functions shown on
the right are used to set the line either high
or low.

Setting the line high in the
onewire_set_hi() function is simply
making the port pin an input allowing the
pullup resistor to pull the line high.

Setting the line low involves first
setting the output on the pin low, or 0, by
the RB0 = 0 statement. After we do this,
we then set the pin as an output which will
actually set the output to 0 (TRISB0 = 0).

We don't want to ever directly
drive the pin high because there's a chance
that the DS1821 is driving the line low and
that would cause a conflict (possible
thermal event).

We need a function to provide a
reset pulse on the 1-Wire line. The
onewire_reset() function sets the line low
for 500 microseconds (480 minimum is
required) and then releases the line for
another 500 microseconds (480 minimum
is required. Note that during the last period
the DS1821 will actually drive the line low
to let us know that it's there but in this case
we're not concerned about error conditions.



The PicWiser Ultimate Guide To Embedded C Programming

The PicWiser Ultimate Guide To Page 63 V2.0 11/15/08
Embedded C Programming www.emicros.com

/* --------------------------------------------------
** Function : void onewire_write( unsigned char dta)
** Description : Write to the DS1821.
** ------------------------------------------------*/
void onewire_write( unsigned char dta )
{
void onewire_write( unsigned char dta )
{
   unsigned char n, mask;
   mask = 0xfe;
   for(n=0; n<8; n++)
   {
      PORTB=0;
      TRISB=mask;
      if( dta & 0x01 )
      {
         _delay( 20 ); /* Write 1 Time Slot */
         TRISB=0xff;
         delay_50usec( 1 );
      }
      else
      {
      _delay( 20 );
      delay_50usec( 1 ); /* Write 0 Time Slot */
          TRISB=0xff;
      }
      dta = dta>>1;
      /* --------------------------------------------
      ** Minumum 1 usec recovery between bits
      ** ------------------------------------------*/
      _delay( 30 );
   }
}

The onewire_write() function
provides the Write 1 and Write 0 time slots.
All write time slots are a minimum of 60
microseconds to a maximum of 120
microseconds.

To generate a Write 1 time slot (i.e.
write a 1 to the DS1821) the 1-Wire line is
driven low and must be released within 15
microseconds.

To generate a Write 0 time slot the 1-
Wire line is driven low and must be maintained
for at least 60 microseconds.

The last delay needed is the recovery
time between bits and a minimum of 1
microsecond is required.

Notice that data is written on the line
in Least Significant Bit first. In other words, of
the 8 data bits contained in the variable dta, the
lowest one is written on the line first.
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/* ----------------------------------------------------
** Function    : unsigned char onewire_read( void )
** Description : Read back from the DS1821.
** --------------------------------------------------*/
unsigned char onewire_read( void )
{
   unsigned char n, i_byte, temp, mask;
   mask = 0xfe;
   for( n=0; n<8; n++ )
   {
      /* --------------------------------------------------
      ** Set low for min 1 usec, 2 usec is used
      ** ------------------------------------------------*/
      PORTB=0x00;
      TRISB=mask;
      _delay( 8 );
      TRISB=0xff;
      /* --------------------------------------------------
      ** Read within 15 usec on initial low.
      ** ------------------------------------------------*/
      _delay( 24 );
      temp=PORTB;
      if (temp & ~mask)
      {
        i_byte=(i_byte>>1) | 0x80; // least sig bit first
      }
      else
      {
        i_byte = i_byte >> 1;
      }
      delay_50usec( 1 );
   }
   return(i_byte);
}

The onewire_read()
function as shown in the right
and is required to be executed
after a 'read' command is
written on the 1-Wire line to
the DS1821.

Once again the Read
Time slot is a minimum of 60
microseconds to a maximum
of 120 microseconds with at
least a 1 microsecond
recovery time in between
each bit.as well.
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unsigned char temp;
unsigned int tf;
/* ----------------------------------------------------
** Function    : main()
** Description : Provide the main loop processing.
** --------------------------------------------------*/
void main(void)
{
   while( 1 )
   {
      /* -------------------------------------------------
      ** Start the conversion.
      ** -----------------------------------------------*/
      onewire_reset();
      onewire_write(0xee);
      RC2 = 1;
      delay_msec( 100 );
      RC2 = 0;
      delay_msec( 900 );
      /* -------------------------------------------------
      ** Send read temp command
      ** -----------------------------------------------*/
      onewire_reset();
      onewire_write(0xaa);
      /* -------------------------------------------------
      ** Read the temp
      ** -----------------------------------------------*/
      temp = onewire_read();
      /* -------------------------------------------------
      ** Convert to degrees F
      ** -----------------------------------------------*/
      tf = temp;
      tf = tf * 9;
      tf = tf / 5;
      tf += 32;
      /* -------------------------------------------------
      ** Send the temperature out the serial port.
      ** -----------------------------------------------*/
      sprintf( sstr, "t = %d C    %ld F\r", temp, tf );
      CommPortSendString( sstr );
   }
}

The final code needed is to
update the main() function to control
reading the temperature from the
DS1821. This is shown on the right.

Notice that the
onewire_read() function returns the
data into the variable temp which is in
degrees Celcius. It is then converted to
degrees Fahrenheit and both are sent
out the serial port which will be
displayed on the PC using either
Terminal.exe or HyperTerminal.

The temperature is read every
1 second as timed by the delay_ms()
functions.
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Temperature Data Logger : Combining the DS1821 and 24C65

Let's combine the DS1821 Temperature Reading project and the 24C65 EEPROM project into a
Temperature Data Logger. Instead of sampling the temperature and sending it to the PC, let's store it in the
EEPROM every 60 seconds.

The easiest way to combine the code from the 2 projects is to start with the pictemp.c file and add the
appropriate stuff from the i2c1.c file to it. In this case since the big part of the i2c routines are in the i2c.h file, this
becomes even easier. This is shown in green in the following code.

The timer1.c file was used in order to generate a 10 millisecond interrupt that is used to generate a timer to
keep track of seconds which is then used to generate a timer to keep track of minutes. Since the interrupt triggers
every 10 milliseconds, the second_timer variable is incremented until it reaches 100 (100 times 10 milliseconds
equals 1 second). When the second timer indicates 1 second has expired, the minute_timer is incremented which is
used to trigger the temperature conversion. Notice in the code we have the minute timer set to 5 which causes the
conversion to occur every 5 seconds. This allows us to see it working faster instead of waiting an entire minute.

The conversion is again displayed on the PC so we can see it happening and also stored in the EEPROM.
The serial command r is used to read the temperature data stored in the EEPROM while the c command can be used
to clear the data. To keep this simple the number of data bytes read from the EEPROM is still set to 64 but you are
encouraged to expand this number.
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The following shows the completed code for the Temperature Data Logger Project. It is available in the companion
archive as templogr.c.

/* ----------------------------------------------------
** Function    : main()
** Description : Provide the main loop processing.
** --------------------------------------------------*/
void main(void)
{
   new_cmmd = 0;
   second_timer = 0;
   minute_timer = 0;
   storage_address = 0;
   start_conversion = TRUE;
   i2cinit();

   while( 1 )
   {
      if( start_conversion == TRUE )
      {
         start_conversion = FALSE;
         /* -------------------------------------------------
         ** Start the conversion.
         ** -----------------------------------------------*/
         onewire_reset();
         onewire_write(0xee);
         delay_msec( 100 );
         delay_msec( 900 );

         /* -------------------------------------------------
         ** Send read temp command
         ** -----------------------------------------------*/
         onewire_reset();
         onewire_write(0xaa);

         /* -------------------------------------------------
         ** Read the temp
         ** -----------------------------------------------*/
         temp = onewire_read();

         write_ext_eeprom( storage_address, temp );
         storage_address++;

         /* -------------------------------------------------
         ** Convert to degrees F
         ** -----------------------------------------------*/
         tf = temp;
         tf = tf * 9;
         tf = tf / 5;
         tf += 32;

         /* -------------------------------------------------
         ** Send the temperature out the serial port.
         ** -----------------------------------------------*/
         printf( "t = %d C    %ld F\r", temp, tf );
      }

      switch( new_cmmd )
      {
         case 'c':
             new_cmmd = 0;
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             printf( "Clearing ... " );
             for( x=0; x<MAX; x++ )
             {
                write_ext_eeprom( x, 0 );
             }
             printf( "Done\r" );
             break;
         case 'r':
             new_cmmd = 0;
             for( x=0; x<MAX; x++ )
             {
                array[x] = read_ext_eeprom( x );
             }
             printf( "\r" );
             for( x=0; x<MAX; x++ )
             {
                 if( (x & 0x0f) == 0 )
                 {
                    printf( "\r %04x ... ", x );
                 }
                 printf( "%02x ", array[x]);
             }
             printf( "\r" );
             break;

      }

   }

}
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#include <16f876.H>
//----------------------------------------------------
// file:        led4_6.c
// description: This is the C code for the second
//              4 LED project
// author:  Emicros
//----------------------------------------------------
#use delay(clock=14745600)
#byte PORTB = 6
int x;
/*----------------------------------------------------
** function:    main()
** description: This is the main function.
**--------------------------------------------------*/
void main( void )
{
   set_tris_b( 0x00 );
   x = 0x80;
   while( 1 )
   {
      PORTB = x;
      delay_ms( 50 );
      x >>= 1;
      if( x == 0 )
      {
         x = 0x80;
      }
   }
}

#include <16f876.H>
//----------------------------------------------------
// file:        led4_sw.c
// description: This is the C code for the second
//              4 LED project
// author:  Emicros
//----------------------------------------------------
#use delay(clock=14745600)
#byte PORTB = 6
int x;
/*----------------------------------------------------
** function:    main()
** description: This is the main function.
**--------------------------------------------------*/
void main( void )
{
   set_tris_b( 0x0f );
   x = 0x80;
   while( 1 )
   {
      if( input( PIN_B1 ) == 1 )
      {
         PORTB = x;
         delay_ms( 50 );
         x >>= 1;
         if( x == 0 )
         {
            x = 0x80;
         }
      }

Answers to Problems

Problem #1: The program on the right
shows how to change the LED sequence
to the opposite direction. Did you
remember to initialize x to 0x80 instead
of 0x10?

Problem #2: The program on the right
shows how to change the reading of the
switch so that pressing the switch causes
the LEDs to sequence.
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   z = 0x43;
   for( x=0x01,y=0; x>0; x<<=1 )
   {
      if( (z & x) == x )
      {
         y++;
      }
   }
   y = 8 - y;
   printf( "# bits set in z is %d\r", y );

   z = 0x43;
   for( x=0x01,y=0; x>0; x<<=1 )
   {
      if( (z & x) != x )
      {
         y++;
      }
   }
   printf( "# bits set in z is %d\r", y );

   z = 0x43;
   for( x=0x01,y=0; x>0; x<<=1 )
   {
      if( (z & x) == x )
      {
      }
      else
      {
         y++;
      }
   }
   printf( "# bits set in z is %d\r", y );

Problem #3: The for-loops on the
right shows 3 ways to count the
ONES.

The first way is to just
subtract the number of ONES
counted from 8.

The second way shows
how you can look for the masked
value not to be equal to the mask.

And the last way shows
how you can add the else statement
to the if statement.


