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1. Introduction.
This tutorial introduces MPLAB Version 8.92. This is the final iteration prior to MPLAB X.

MPLAB is a program development suite called an “IDE”, short for “Integrated Development Environment”. 

MPLAB is produced by Arizona Microchip to help people develop programs for the PIC series of microcontroller integrated circuits. It’s totally free. Downloads are available free of charge.

The tools provided are: a program source code editor, an assembler and linker, and a simulator.

· The editor creates and modifies assembler source files which are ASCII text files with the extension .ASM.

· The assembler and linker read the assembler file (or files). 

i. The assembler file(s) are turned into machine code instructions that the PIC microcontroller understands. 

ii. The machine code is written to files with the extension HEX or COD.

· The simulator is a program-debugging tool that displays the contents of

i.  the program memory, ( where your code lives)

ii. the random access memory ( where your data lives)

iii. the working registers
iv. the register banks of the PIC. 

· The simulator can single step through the program one instruction at a time. This lets the programmer confirm that the microcontroller executes program instructions as the programmer expects.  Unfortunately this is rarely happens, especially when programming in assembler, resulting in a “bug”.

2. Starting MPLAB Version 8.92
Click the MPLAB icon on the desktop. [image: image51.png]swi
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The MPLAB window appears. 
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The Caption Bar shows “MPLAB IDE v8.92”.

The inner window shows the text “Untitled Workspace” in its Caption Bar. 

The IDE is waiting for you to define a new project or open an existing project.

3. Defining a Project using the Project Wizard

Any program you create using MPLAB can have its own project, but this isn’t essential.
A project controls the files used in the program and how the files interact.

Some files are “source files” with extensions like “.ASM” or “.C”. 

Other files are “intermediate” and “destination” files with extensions like

· “.LST”: a “listing” file produced when an .ASM file is assembled

· “.HEX”: a file containing the hexadecimal machine code of the program

· “.ERR”: a file that contains error messages.

Click “Project” 

The “Project” menu opens:

Click “Project Wizard”.

[image: image3.png]s MPLAB IDE v8.92 (ol x|
Fie Edt Uew | Froject Debugger Programmer Tooks Configue Window Help

N

?

| ] @} B owm @ | Checksum: 0x3bif

—ioix] X
Bt |Vesir  Close .

Quickbuid (no .asm fie)

Package in .Zip




The “Welcome” window opens. (This contains no useful information so I’ve left it out).
Click “Next”.
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The “Project Wizard Step One: Select a Device” window appears:

This window lets us choose a PIC for our project.

There are many PIC microcontrollers. 

We want the PIC16F84 because it’s simple and easy to program. 

You are welcome to explore the myriad different processors available in the “Device” list box.

Select “PIC16F84”.

Click “Next”.
The “Project Wizard Step Two: Select a Language Toolsuite” window appears:

[image: image4.png]Project Wizard

Step Two:
Select 3 language toolsuite

Active Toalsuit:

[~ Toolste Conterts

MPLINK Obiect Linker (mplink.ere] v
MPLIB Libarian (mpl.eve] v4.43

- Location
[C:\Program Files\Hicrochip MPASH Sute\MPASMWIN exe Browse.

I~ Store tool lacations n prject

Helpl My Suie srit Listed! I~ Show al nstaled tookuites

coe e





We want the “Microchip MPASM Toolsuite”.

(To program the PIC16F84 in C, you would select a different tool from the “ActiveToolsuite” listbox).

Select the “Microchip MPASM Toolsuite” in the “Active Toolsuite” listbox.

Click “Next”.
The “Project Wizard Step Three: Name Your Project” window appears:

This window defines the project name and the project directory.

· Start Windows Explorer.

· Either

· Create a new folder (directory) in “C:\MPLAB8\StudentProg\XXX” 

· Or

· Rename the existing “New Folder” in “C:\MPLAB8\StudentProg\New Folder” as “C:\MPLAB8\StudentProg\XXX”

· Replace “XXX” with your initials.

· Use the “C:\MPLAB8\StudentProg\XXX” folder as the project directory.

· Use the “Browse” option to select your directory after you’ve created it.
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· Click “Next”.

The “Project Wizard” displays the “Step Four: Add any existing files to your Project” window:
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This window lets you add files that you already have to your project.

We don’t have any files for this project yet, so click “Next”.

(For example, if we had a file called “MYPROG99.asm” that appeared in the left hand pane in the “XXX” directory, we would click “MYPROG99.ASM” to highlight it, then click “Add>>”).

The “Project Wizard Summary” window appears.

This window shows 

[image: image38.jpg]
· the device selected is PIC16F84
· the Toolsuite is the Microchip MPASM toolsuite
· the name and location of the project file on the hard drive.

If any of the details are wrong, click “Back” and make changes to the preceding windows.

When you are happy with the details, click “Finish”.
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The “MYPROG1.MCW” window appears.

This is our project.

At the moment it’s empty. 

There are no source, header, object, library or linker files in this project.

We will create a new ASM source file by copying a template file for the PIC16F84 from the MPLAB Template/Code directory to our own directory in “C:\MPLAB8\StudentProg\xxx” (where xxx was replaced by your initials).

4. Creating an ASM File by copying a Microchip Template
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Microchip provides a “Template” file for each type of PIC chip.

Template files are kept in the folder 
“C:\Program Files\Microchip\MPASM Suite\TEMPLATE\Code”.

For your convenience a copy of the file “16f84temp.asm” is located in the “C:\MPLAB8\StudentProg” folder.

· Start Windows Explorer. 

· Find the “C:\MPLAB8\StudentProg” folder. 

· Find “16f84temp.asm”.

· Copy this file to your directory in “C:\MPLAB8\StudentProg\xxx” 

· Remove the “Read Only” attribute from your copy.

· Rename the file in “C:\MPLAB8\StudentProg\xxx” as “MYPROG1.ASM”.

A template file consists of “assembler directives” plus a few assembler mnemonic instructions as an outline program.

“Assembler Directives” control the assembler. They do not produce machine instructions.

For instance, the line

	        list      p=16F84             ; list directive to define processor


tells the assembler that the program is written for the PIC16F84 processor.

The assembler generates an error message if the processor type in the project and the processor type in the list directive in the file do not match.

· “ORG 0” tells the assembler where the beginning of the program is located in the file and 

·  “END” tells the assembler where the program ends.

· Assembler mnemonics generating machine code are found between “ORG 0” and “END” 

Most important of all, there are lots of comment lines that describe the program, where it comes from, who owns it, who wrote it, and what it is supposed to do. Comments are A Good Thing
5. Editing “MYPROG1.ASM”

· In the “File” menu, 

· click “Open” and 

· select “MYPROG1” from the dialog box.

· Scroll down through the “MYPROG1.ASM” file.

· Find the “File Name”, “Date”, “File Version”, “Author”, and “Company” lines and fill in your details.

· For “Files Required” type “This one”

· For “Notes” type “Mark One Endless Loop Program”.

· Scroll down to the end of the file.

·  On the line before the “END” directive, type these 3 lines exactly as shown here:

	1

	        addlw 1

;add the literal value 1 to the W register

	       goto main
;endless loop, let’s do it all again and again and again


· Make sure that the character “1” appears as the first character on the line.

· Make sure that there is a “tab” character or a space character before the “addlw” and “goto” instructions.

· Save the file using “File” and “Save”.

We’ve created our first assembler file for the PIC16F84. 

It doesn’t do much, but it’s a beginning. There’s an error in it. Fortunately it’s an easy one for the assembler to spot.
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Before we can assemble & build this new file, we must add it to the project.

· Find the “MYPROG1.mcw” window.

· Right click on “Source Files” and click “Add Files…”
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· In the “Add Files to Project” window, navigate to your directory in “C:\MPLAB6\student_prog\xxx”.

·  Select “myprog1.asm”.

· Click “Open”.

The file “MYPROG1.asm” appears under “Source Files” in the “MYPROG1.mcw” window.

6. Building the Project

Click on “Project” and “Build All” to assemble and link the project.
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You have the option to make the built file “Absolute” or “Relocatable”.
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We want an “Absolute” build, so select “Absolute”
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For a successful build the “Output” window appears with “Build Succeeded”.

If there are errors in the .ASM file, the “Output” window appears with “Build Failed”:
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The assembler writes the error message to the “Output” window:

“Error(108) C:\MPLAB8\StudentProg\XXX\MYPROG1.ASM   83: Illegal character (1)”

The assembler is complaining that it found an “Illegal character (1)”.

The “illegal character” is the numeric character “1” shown in the brackets.

This is an error type 108 that the assembler found on line 83 of the source file “MYPROG1.ASM”. 

· A list of error numbers and warnings is in the MPLAB Help menu. 

· Look in Help, Topics, MPASM Assembler. 

· Type “errors” or “warnings” into the Help Index keyword search.

Assembler error reporting is terse. 

It’s useful to open the .LST file generated by the assembler to have a closer look at what’s causing the problem.

· In the “File” menu, click “Open” and navigate to your directory in “C:\MPLAB8\student_prog\xxx”.

· Select the file “MYPROG1.LST” and 

· click “Open”.

· Search for the error by scrolling down through the file or use “Find” in the “Edit” menu.
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The list file shows the error is on line 00083. It’s the numeric character “1”.

In your “MYPROG1.ASM” file the error is caused by the character “1” on the line above the “addlw” instruction. 

The assembler thinks that the “1” is a label, but a label cannot begin with a number.

Deleting this character from the source file “MYPROG1.ASM” removes the error.

· Delete the “1” and rebuild the project. (“Project”, “Build All”).

The project builds with no errors.

7. Using the Simulator

The Simulator is the part of MPLAB that provides a method of debugging PIC programs by pretending to be a PIC and running the PIC program on the PC.

It’s easier to use the simulator to find bugs than to spend hours looking for an obscure error in the assembler source file.

The simulator has some limitations, such as not performing input and output very well because it doesn’t have real I/O ports.

The simulator:

· executes PIC instructions, 

· shows the condition of the flags

· shows the contents of memory, 

· single steps through a program one instruction at a time

·  “animates” the running of the program

· runs the program at “full speed” 

· sets breakpoints that halt the simulation at an address in program memory.

· displays the contents of the registers (Special Function and General Purpose)

· shows the address that the program counter points to in the program.

This is about 80% of the functions provided by a hardware emulator.

Now we’ve built a program successfully, we can start the simulator.
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In the “Debugger” menu, highlight “Select Tool” and click “MPLAB SIM”.

This starts the Simulator.
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In the “View” menu:

· Click on “Program Memory”.

A window showing the contents of the Program memory appears.

· Click on “Special Function Registers”.

A window showing the contents of the Special Function Registers appears.

· In the “Window” menu, click on “Tile Horizontally”.

The MPLAB window should look something like this:
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(To make your MPLAB window look like this one, go to the “Window” menu and click “Tile Horizontally”).

The status bar at the bottom of the main window shows some useful information:
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The Special Function Register window shows the contents of the first five SFRs. (You can scroll down to see more of them).

WREG is listed first, followed by INDF, TMR0, PCL, STATUS, FSR, etc.

The Program Memory window indicates the current value in the Program Counter register by the little green arrow to the left of Line 1.

· The Program Counter is initialised to address zero when the PIC is Reset. 

· It points to the first instruction in the program on Line 1, “goto 0xc”. 

· This is located at 0000 in the Address column of the SFR window.

Six toolbar buttons control the simulator:
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· “Reset” resets the simulator to address 0000 in the program.

· “Step Over” steps over a subroutine call (i.e. it jumps over the call, the subroutine runs but you don’t step through it).

· “Step Into” steps into a subroutine call (i.e. it jumps into the subroutine and you step through the subroutine code instruction by instruction).

· “Step Out” steps out of a subroutine call (i.e. it jumps out of the subroutine to the instruction following the Call instruction).

· “Halt” stops the simulator.

· “Run” starts (or continues) the simulation, running at full speed (this is too fast to see anything happening).

· “Animate” steps through the code more slowly, showing the changes to registers and memory.

Click on the “Step Over” button and see what happens.
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Using the “View” menu, add the “Disassembly” window.

This window gives another view of the program memory, with the advantage that the labels from our program appear too, such as the “main” label for address 0x0C at the top of the window.

· Click on “Step Into” or “Step Over” a few times and look at WREG.

Each time the ADDLW 0x1 instruction is executed WREG has one added to its contents.

Click “Halt”, and then click on “Animate”. Sometimes “Animate” is very useful. Click “Halt”.

The “Watchdog Timer” is enabled at the moment, so this Warning pops up:
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Edit “MyProg1.asm” to change “WDT_ON” to “WDT_OFF” in the “Config” directive on line 36.

Run the animation again, and the program should run until you stop it.

8. Setting a Break Point

A Break Point stops program execution at a specific location in program memory.

This lets you execute the program at full speed up to the break point, where the program halts automatically.
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Once you have a suspicion of where a problem is located in your program, you put a breakpoint just before it and press the “Run” button. 

The program executes to the breakpoint and stops.

This lets you look at the contents of memory and the registers.

Single stepping through the program from the breakpoint lets you check that it is working correctly.

· For example, click on the “goto main” line at address 00D in the Disassembly Window.

· Right click the mouse.

· Click on “Set Breakpoint”.
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A “B” inside a red circle appears next to the  address 00D.

This shows that the breakpoint is set.

· Click on the “Run” toolbar button.

Notice that the Program Counter Arrow stops at 00D pointing at the “goto main” instruction.
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Clearing the Breakpoint is just as easy.

· Click on the line “goto main”.

· Right click and click “Remove Breakpoint”.

This clears the Breakpoint.

Now if you click “Run” or “Animate” the program executes continuously until you click “Halt”.

Clicking on the B on the Simulation controls brings up the Breakpoint control:
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Any or all breakpoints may be enabled, disabled, or removed using this control.

9. The Watch Window

The Watch Window allows you to monitor specific SFR and General-purpose registers.

· In the “View” menu

· Click “Watch” and this window appears:

[image: image22.png]Add SFR

Add Synbol [ — =

=lolx|

Tpaace aaress Syl Nane Ve |
= Owr
oc ©_tenp oxo0

Walch1 | Watch2

Walch 3| Walch4,





· To monitor WREG, select “WREG” from the left hand drop down list box 

· click “Add SFR”.

You can do the same thing with data variables in your program.

For example, the symbol called “w_temp” in your program is monitored by selecting “w_temp” in the right hand drop down list, and clicking “Add Symbol”.

This is easier than trying to remember where a register file or SFR is located in data memory.

10. Simulating Inputs on the Ports

The simulator can change the state of the Input Ports. 

For example, say that bit 0 of Port A is set as an input, then the simulator can change the state of bit 0 from 0 to 1 or from 1 to 0 as the programmer requires.

Maximise the “MYPROG1.ASM” window.

Add these three lines (the lines in bold type below) to your program, starting on the line immediately after the label “main”:

	main




;you’ve got this line. Add the following 3 lines shown in bold:

	
addlw 1

	
btfss
PORTA,0

;test bit 0 of port A and skip the next instruction if it is set

	
goto main

	

	
addlw 1


; you’ve already got this line

	
goto main


; and this line

	


· Save the file (“File/Save”) 

· Rebuild the program (“Project/Build All”).

· In the “Debugger” menu, select “Stimulus: New Workbook”.
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The “Simulator Stimulus” dialog box appears: (note: this dialog box stays on top)
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· Select the “Asynch” menu tab. 

· This means that the stimulus on the pin is not synchronised to the internal clock of the processor. Most real life events on processor ports are asynchronous.

· In “Pin/SFR”, select “RA0” from the dropdown list.

· This selects bit 0 of port A as the pin used when the “Fire” button is clicked.

· In “Action”, select “Toggle” from the dropdown list. 

· If the state of the pin changes from 0 to 1 when the “Fire” button is pressed, then it remains at 1 until the “Fire” button is pressed again.

· In the “Comments” section, type “Port A bit 0”. 

· A reminder of what this line does. Usually it would be “Toggle Switch A input” or a similar comment such as “Open Pod Bay Door”.
When your dialog box looks like the one shown above, click “Save”.
Type a sensible file name, such as “portAbit0”, as the file name, then click “Save”.
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Saving the Pin Stimulus data means that you don’t need to re-enter the data if you want to use the same Pin Stimulus again, you just click on “Open Workbook” in “Stimulus”.
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· Click the “Reset” toolbar button.

· Find the “Special Function Registers” window and scroll down until you can see “Port A”. Note the value held in Port A.

· Click the “Fire” button in the “Simulator Stimulus” dialog box.

· Click the “Step Over” toolbar button.

Notice that the value in “Port A” in the “Special Function Registers” window changes and is highlighted in red.

· Click the “Step Over” toolbar button several more times and notice that the value of Port A remains the same.

· Click on “Animate” then click on “Fire”. Notice that the value of Port A changes each time the “Fire” button is clicked. This shows the “Toggle” action.

· Stop the simulation with the “Halt” toolbar button, click the “Reset” toolbar button, then step through the program with “Step Over”.

Note what happens when you click the “Fire” button to toggle the value in Port A. 

This is how the “BTFSS” (Bit Test File Skip on Set) instruction works: 

· When bit 0 of Port A is Clear (=0), the “goto main” instruction immediately below the “BTFSS” instruction executes, adding 1 to the W register each time around the loop.

· When bit 0 of Port A is Set (=1), then the “goto main” instruction immediately following the “BTFSS” instruction is skipped over, adding 2 to the W register each time around the loop.

This is a simple demonstration of how the simulator lets you model inputs to the processor.

11. The “Count” Project

This is a slightly more complex program for use with the March 2005 (or later) version of the HND/BEng PIC16F84 Assignment Board, used as a basis for the programming assignment.

· Close the “MYPROG1” project. (Project:Close Project).

· Use Windows Explorer to copy “COUNT.ASM” from the StudentProg directory into your personal directory.

· Remove the “Read Only” attribute to make your copy of “COUNT.ASM” editable.

· Use Project Wizard to create a project called “COUNT” with “COUNT.ASM” as the assembler source file. 

COUNT.ASM is an assembler file with fewer comments and directives than the Template file we modified earlier.

Some port addresses are defined in the ASM file. 

Important! You need to add more port addresses for the assignment.

Notice that some register files are defined too. 

These register files are memory locations in ram containing the variables for the program (mCount, nCount, and count).

· Build the project. 

· Correct the errors or warnings that appear by editing the ASM file.

· Examine the operation of the program using the simulator.

12. Programming a PIC16F84 device.

When you have a working, error free, program you are ready to program a PIC16F84 device.

· Check that the PICSTART Plus programmer is plugged into the Serial Port of the computer you are using. (The “Serial Port” will be a USB serial port in more modern PCs).
· Check that the PICSTART Plus programmer has power applied to it so that the green power LED on the PICSTART Plus programmer is illuminated.

· In the “Programmer” menu, select “PICSTART Plus”.
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· In the “Programmer” menu, select “Enable Programmer”.

A list of errors appears in the “Output” Window under the “PICSTART” tab if the computer cannot communicate with the PICSTART Plus programmer for any reason.
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· In the “Configure” menu, select “Device”.

· In the “Select Device” dialog box, select “PIC16F84” from the “Device” list box.

· The “Select Device” dialog box shows the support available for the PIC16F84 with green indicators (shown light grey). 

· Red indicators (shown dark grey) mean that the PIC16F84 is not supported by that particular tool.

· Click “OK”.
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In the “Configure” menu, click “Configuration Bits…”.

This menu shows the options available for the processor Configuration Bits.

The default setting is “Configuration Bits set in Code” which is sensible if the program includes a “__Config” definition.

The “Count.asm” file does not, so we have to set these manually (or add a “__Config” definition).
Uncheck the “Configuration Bits set in code” check box.
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In the “Setting” column, the top option sets the type of oscillator the processor uses.

· Click “Oscillator”.

· A drop down list appears showing 

· RC (resistance/capacitance oscillator), 

· LP (low power crystal, typically a watch crystal),

· XT (crystal or ceramic resonator),

· HS (high speed crystal or ceramic resonator).

· Select “XT”.

· Click “Watchdog Timer”. Select “WDT Disabled”. 

· The Watchdog timer protects against program crashes. We don’t need it.

· Click “Power Up Timer”. Select “Power-Up Timer is Disabled”.

· Click “Code Protect”. Select “Code Protect is Disabled”. 

· “Code Protect” prevents anyone reading the code programmed into the device. We don’t need it.

· Close the “Configuration Bits” dialog box using the “X” button on the caption bar.

· Open the Zero Insertion Force socket on the PICSTART Plus by rotating the metal lever at the pin one end of the ZIF socket. 

· The ZIF socket is open when the operating lever is parallel to the upper surface of the PICSTART Plus.

· Put the PIC16F84 device into the ZIF socket of the PICSTART Plus programmer.

Important!!! Make sure that the PIC16F84 is the right way around in the PICSTART Plus ZIF socket.

The PIC16F84 and/or the PICSTART Plus may be damaged if the device is not placed the right way round in the socket, with pin 1 of the device in pin 1 of the socket.
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Pin One of the PIC16F84 is identified by a small indentation or notch in the plastic at one end of the device.

Pin One is clearly marked on the PICSTART Plus programmer next to the lever of the ZIF socket.

· Raise the lever so that the ZIF socket grips the legs of the device.

· In the “Programmer” menu, select “Program”.

Important!! Do not touch the PICSTART Plus programmer while it is programming the PIC.
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The status line at the bottom of the MPLAB window shows a progress bar and an incrementing address during programming of the PIC16F84, followed by a similar progress bar and address during “verification”.

Verification checks that the device is programmed properly by reading the program out of the device and comparing it with the original program data.
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The “Output” window indicates whether the programming operation was successful (shown above) or failed (shown below).
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A device may fail to program if 

· it is faulty  

· it is not placed in the socket with pin 1 of the device in pin 1 of the socket.

· the PICSTART Plus programmer is not powered (i.e. the green Power LED isn’t illuminated)

· it’s the wrong device.

13. Testing the Count Program using the PIC16F84 Assignment Board


Your PIC16F84 is ready to run its new program in the PIC16F84 Assignment Board.

The schematic diagram and component outline of the Assignment Board, together with page two of the datasheet for the seven-segment display, are found at the end of this tutorial.

The Assignment Board has a number of peripherals:

· A green pushbutton

· A black pushbutton

· A piezo sounder

· A common cathode seven segment LED display.

The table below lists the connections to port A and port B of the PIC.

	PIC16F84 Pin number
	Pin Name
	Port 
	Attached to

	17
	RA0
	PortA,0
	Black pushbutton

	18
	RA1
	PortA,1
	Green pushbutton

	1
	RA2
	PortA,2
	Not used

	2
	RA3
	PortA,3
	Not used

	3
	RA4/T0CKI
	PortA,4
	Not used

	
	
	
	

	6
	RB0/INT
	PortB,0
	Segment A

	7
	RB1
	PortB,1
	Segment B

	8
	RB2
	PortB,2
	Segment C

	9
	RB3
	PortB,3
	Segment D

	10
	RB4
	PortB,4
	Segment E

	11
	RB5
	PortB,5
	Segment F

	12
	RB6
	PortB,6
	Segment G

	13
	RB7
	PortB,7
	Piezo sounder


· Turn off the power to the board with the slide switch (SW1). The LED on the Assignment Board should not be illuminated.

· Put the PIC16F84 into the 18-pin socket with pin one on the side closest to the seven-segment LED display.

· Turn on the power to the board and observe the segments of the seven-segment display.

The display segments light up in a binary sequence when the program is running correctly.

The seven-segment display does not show sensible numbers because the Count program is writing a binary number to Port B. 

To display a sensible number on the display, you will need to put a “pattern” of bits on Port B that corresponds to the digit you want to display. This forms part of the assignment.

You have reached the end of this tutorial sheet.

Your next task is to modify COUNT.ASM to produce the four programs required for the assignment.

Further information on the assignment board is found below.
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