Project One
Introduction to the Microcontroller Development System
Complete by:



References:
Friday <month, day>  for 100%

Target system schematic (handout)

(following) Friday <month, day>  for 85%
RICE16 PIC emulator (summarizing handout)

Obtaining printouts (handout)

PIC assembler (summarizing handout)

PIC16C74A block diagram, etc. (textbook)


Before Lab:

[  ]
Attend the demo.

[  ]
On the "team" signup sheet, put a "handle" together with your name and your partner (if you have one).  You will need one or two 3.5 floppy disks.

Using the RICE16 emulator:

Please be sure to familarize yourself with the information in handout.  This information goes into further detail about the RICE16 IDE (Integrated Development Environment) than the information presented here in Project One.

[  ]
Turn on one of the PCs, if necessary.  Turn on power to both the target system board and the emulator.

[  ]
Logon to the PC using the userid "PIC" (without quotes) and password "PIC" (without quotes).  The login process will take 30‑60 seconds while the PC's hard disk is scanned for viruses.  If a warning or error occurs during login or bootup, please contact the TA.

[  ]
See the P1 program attached to this handout.  Copy it from a floppy borrowed from the Lab TA onto your floppy disk.  You will keep your files on a floppy, rather than on the PC's hard disk.  In this way you will have a backup copy that you carry away with you.  We also want to avoid misuse of your files by someone else. 

WARNING: 
All user files are deleted from the PC's hard disk whenever the computer is rebooted or a user logs on.

[  ]
Select the RICE16 IDE software by clicking the appropriate button on the taskbar at the bottom of the screen.  Load the P1 source file (P1.ASM) into the RICE16 IDE by using the "File:Open Source" pulldown menu.  Feel free to move and/or resize the resulting window to make it easy to read and use.

[  ]
Insert your handle and name(s) somewhere within the first five lines of the program.  Be sure that a semicolon is placed at the beginning of the line so that your handle and name(s) will be considered as comments by the assembler.

[  ]
Save your updated P1 source file by using the "File:Save:Save Source" pulldown menu.

[  ]
To assemble your P1 source file (RICE16 calls it "compiling"), use the "Tool:Compile" pulldown menu.  If the assembly was successful, the message "Program is compiled successfully." will be visible in the lower left corner of the screen.  If an error occurred during assembly, a window will appear at the bottom of the screen describing the error(s) encountered.  Double‑clicking on the error message will show the line of code in the source file that caused the error.  Modify the source file, save it, and re‑assemble until all errors have been corrected.

NOTE:
Treat all warnings generated during assembly as errors. Several forms of "typos" will result in warnings being generated during assembly rather than errors.  The warnings often result in assembled code that does not perform as expected.

[  ]
All future lab projects will require a LST file printout to be turned in to the lab TA when each project is completed.  A LST file is generated automatically during the assembly process.  It contains all the information from the normal source file (i.e. P1.ASM) plus the machine opcodes and other information generated by the assembler and used by the RICE16 emulator.

[  ]
Print a copy of P1.LST to familarize yourself with the printing process. Refer to the handout.

[  ]
Download the assembled program (P1.COD) to the RICE16 emulator using the "File:Load Debugged File" pulldown menu.  

NOTE:
This step must be repeated every time the source is recompiled (reassembled).  

WARNING:
Failure to reload the assembled program into the emulator will result in wasting countless hours trying to debug an outdated program.

[  ]
Use the "Config:Device Configuration" pulldown menu to verify that the RICE16 emulator has been setup correctly.  Verify that the PIC processor is configured for the "16c74/74a".  Also verify that the "Watchdog timer" & "Internal Oscillator" have been disabled (i.e. the box to the left of each option is blank).

WARNING:
Failure to configure the RICE16 correctly will result in wasting countless hours trying to debug a flawless program.

[  ]
Run P1 by using the "Run:Go from Reset" pulldown menu.

[  ]
Use the "Run:Halt Processor" pulldown menu to stop the program.

[  ]
Notice that there is a 'yellow arrow' pointing to a line of source code in the P1.ASM window.  This 'arrow' indicates the next line of code that will execute if the program is allowed to continue running.  Using the "Run:Go" pulldown menu will allow the program to continue running from wherever the 'arrow' is pointing.

[  ]
To facilitate debugging, the RICE16 emulator supports "single step" instruction execution.  To execute just the line of code pointed to by the 'arrow', use the "Run:Single Step" pulldown menu.

NOTE:
The 'yellow arrow' is only visible in the source window if the program has stopped running (i.e. a "halt processor" command was sent to the RICE16).

NOTE:
The 'yellow arrow' will never point to a source line containing a macro (i.e. "movlf").  As a result, the 'arrow' will seem to jump from the instruction prior to the macro(s) to the instruction after the macro(s) when using the "single step" option.

[  ]
Viewing the contents of various PIC registers/RAM variables can be accomplished by setting up a 'watch window'.  Use the "Debug:Add Watch" pulldown menu to create or modify a watch window.

[  ]
Add "PORTE@ and APORTD@ as watch variables.  Now that a watch window has been configured, whenever the program stops executing (i.e. "single stepping", "Halt Processor", etc.), the values displayed in the watch window will be updated.

[  ]
Often when debugging a program, there is a known point at which you want to stop the program and view what has happened to variables up to that point..  The RICE16 emulator provides the ability to set breakpoints that allow program execution to be stopped automatically once a specific program location has been reached.

[  ]
Use the "Debug:Add Breakpoints" pulldown menu to add/modify/remove breakpoints.  Add a breakpoint at the address label "RPG".

[  ]
Use the "Run:Go from Reset" pulldown menu to restart the program. The program automatically stops running when the RPG is first turned, generating an ARPG@ interrupt.  It stops running with the 'arrow' pointing to the   "rrf      E_LEDS,F"    instruction.  A "small red stop sign" should be visible to the left of the     "bcf    INTCON,INTF"    instruction.  The "stop sign" indicates the location of a breakpoint in the source file.  

NOTE:
Whenever setting a breakpoint, remember that the instruction located "at" the breakpoint will be executed before the program stops (breaks).

[  ]
Single step through several lines of code using the "Run:Single Step" pulldown menu until execution returns to the mainline loop. 

[  ]
Use the ARun:Go@ (not ARun:Go from Reset@) command to run to the next breakpoint.  Turn the RPG slightly to cause an RPG interrupt.  Look in the watch window to see what has happened to the values of the two variables.  Repeat this a couple of dozen times.  

[  ]
Note that numerous function keys and toolbar icons are available in the RICE16 IDE to simplify tasks such as "Run:Go from Reset", "Run:Halt Processor", "Run:Single Step", etc.

[  ]
Some final comments about the RICE16 IDE environment:

The "Disassembled Code" and "Data Memory" windows contain information that can be duplicated by watch windows and careful examination of a program source file (i.e. P1.ASM).

Although not mentioned previously, the "SFR" window has a single, very important function that cannot be duplicated via a watch window; the contents of the W register can be viewed via the "SFR" window.

Winding Up

[  ]
Be sure to save your file(s) onto your floppy disk.

WARNING:
All user files are deleted from the PC's hard disk whenever the computer is rebooted or a user logs on.

[  ]
DO NOT TURN OFF THE PC ! Instead, click on the "Start" button (in the lower left corner) and choose the "Shutdown" option.  Select the "Close all programs and logon as a different user" option and click on "yes".

[  ]
Tell the lab TA to check you off as having completed this Project One.  You need not turn in anything.

(This project was prepared by James Mossman.)
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