Using the Microprocessors Lab.

1 Introduction

The Microprocessors Lab in has several lab stations at which you can program 68HC11s using either machine or assembly language. This handout describes enough about the lab to get you started programming in machine language.

2 Hardware

Each lab station has a Motorola 68HC11 EVB (evaluation board) connected to a terminal (monitor and keyboard) via an RS-232C serial cable and powered by a triple-output power supply. The EVB (referred to in Miller as a “trainer”) emulates a 68HC11 microcomputer, but has additional memory for you to write programs in and runs a simple monitor program that lets you write, run, and debug your programs. For information about the microcontroller refer to the various books by Motorola available in the Laboratory (Library), refer to the book, "Microcomputer Engineering" by Miller or the course web page http://www.cs.itu.edu.tr/~buzluca/EE342. An application board is connected to the EVB. The application board provides several buffered inputs and two bottons (for generating digital inputs), LEDs, an LCD and a seven-segment display (for displaying digital outputs).

3 Setting up the Board 

1. On your PC, make sure that you are in Windows. 

2. If there is a shortcut 68HC11 on the desktop then click it go to step 6.

3. Click on Start, select Programs, select Accessories, and choose Hyperterminal. This will open a Hyperterminal window. Open the Hyperterminal Program, hypertrm.exe. 

4. A window may appear asking you if you wish to install a modem. If so, click on NO. 

5. A New Connection window will appear. Type a name for the connection (eg. 68HC11). Select any icon and then click OK. This will open the Phone Number window. Make sure that the “connect using” option is set to “Direct to Com 1”. Click OK. This will then open the COM1 Properties window. Change the BPS selection to 9600. Keep the default settings for the other options. Click OK. 

6. Press the red button, which is located next to the power connector P4. The following message will appear on the terminal window: 

Buffalo 2.5 (ext)  Bit User Fast Friendly Aid to Logical Operation 

7. Press <ENTER>. 

A prompt will appear as such: 

> 

8. Now the Microcontroller is ready to be programmed. 

To start off with, let us try modifying the memory of a random address $c03c to $e5 (The ‘$’ signifies that the number is in hexadecimal). To do this, type at the command prompt: 

mm c03c <ENTER> 

The following line will appear: 

C03C 00 _ 

And you will be able to write an 8 bit hexadecimal number at the cursor. Enter a number, say $e5 as such: 

e5 <ENTER> 

Note that all Hexadecimal alpha values must be in small letters. 

This tells BUFFALO to Modify Memory location $103c by changing its contents to $e5. Make sure that you do all programming and memory modifications in locations between $c000 and $dfff which is the User RAM (p5-3, User’s Manual). In this manner, it is possible to modify locations in memory of the EVB. 

4 Programming the 68HC11

To write basic machine language programs you need to know about the EVB hardware is how to reset it (use the red button) and its memory map, shown in Figure 1. The EVB has RAM, ROM, and EEPROM memory. Some is on the 68HC11 chip itself and some is off-chip, but this doesn’t matter for now. Some is used by the BUFFALO program, and some is available for you to program and/or store data in. This does matter. As Figure 1 shows, what you have is basically

• 8 k bytes of off-chip RAM (C000–DFFF). This is where you usually put your programs.

• 55 bytes of on-chip RAM (0000–0036). This is pretty small for programs, but you can keep data here. There’s actually more RAM (up through 00FF) on the 68HC11 chip, but the rest is used by BUFFALO to store its data. (Try displaying this memory—you can usually see some of the things you and BUFFALO have recently said to one another stored there.)

• 512 bytes of on-chip EEPROM (B600–B7FF). You can use this for programs or data if you want. Its main feature is that it is non-volatile: its values are retained even if you cycle the EVB’s power off and on. 












Figure 1: 68HC11 EVB memory map

For a more complete hardware description of the EVB see Motorola’s M68HC11EVB Evaluation Board User’s Manual. (A PDF-format copy can be found on the course web page.)

5 Software

When you program the EVB in machine language you interact solely with software running on the EVB: the BUFFALO monitor program. Every terminal keystroke you enter is sent directly to BUFFALO via the 68HC11’s serial port and, in fact, every character that appears on the terminal screen appears only because it has been “echoed” back by BUFFALO. The acronym BUFFALO stands for (get ready. . . ):

Bit User Fast Friendly Aid to Logical Operation

What it is a monitor program—in essence a very simple operating system that can talk to a terminal through a serial interface, interpret a few simple commands, and control the execution of programs on the EVB. The commands do the basic things you need to load, execute and debug programs:

• display and modify registers,

• display and modify memory,

• execute a user program at full speed,

• execute a user program one (or several) instruction(s) at a time (trace), and

• execute a user program until a particular address (a breakpoint) is reached.

For a good introduction to BUFFALO and its commands, see Appendix C.4, pp. 501–506 of

Miller. For an exhaustive description, including a complete program listing, see the M68HC11EVB Evaluation Board User’s Manual.

The following is a step by step approach to write and run a simple program to load a number to an accumulator, add a number to it and store the new number in a specific memory address. This is to familiarize you with some very basic commands of the BUFFALO software. Clearer descriptions of the commands can be found on pages 4-6 to 4-34 of the User’s Manual. 

At the command prompt, type: 

asm c000 <ENTER> 

You will see the memory address and other information similar to that given below: 

C000 TEST 

> 

The cursor will be just after the indented prompt symbol. At the prompt, type the following assembly instruction: 

LDAA #20 <ENTER> 

This will load the number $20 into accumulator A. The following will be displayed underneath the command that you just wrote: 

86 20 

This is the hexadecimal code for the LDAA command. At the next line, type: 

ADDA #20 <ENTER> 

This will add the number $20 to the Accumulator A. Again, this will be followed by: 

8B 20 

Now type: 

STAA c020 <ENTER> 

This will store the new number in Accumulator A into location $c020. 

B7 C0 20 will be displayed. 

Press <CTRL> <A> to leave the assembler. Then type: 

rm <ENTER> 

This will display the contents of some of the special registers of the 68HC11 and allow you to modify the program counter (PC) which is displayed as P: 

P-FFFF 

Set the value to $c000 and then press <ENTER> as follows: 

c000 <ENTER> 

We will do a line by line execution of the program. In order to do this, type: 

t <ENTER> 

The letter t represents the word trace. This will execute the command at the location pointed by the PC. The updated values of the registers will be displayed. You will see that the PC’s value is now $c002 and the Accumulator A (A) is now $20. Now repeat the t command. The PC’s value is now $c004. 

The next command should store this new value, $40 into location $c020. First we will examine the contents of location of $c020. Type: 

md c020 c020 <ENTER> 

This will display the contents of memory (memory display) in location $c020 as well as the contents of the next 15 memory locations. The contents of $c020 will be right next to the address. You will see that its value is $00. Type the command t again. Now the contents of location $c020 must be reexamined again by typing md c020 c020. You will see that $40 is now in the contents of $c020. 

You can clear the contents of the memory by typing: 

bf c000 c030 0 <ENTER> 

Here bf stands for block fill and will fill memory locations from $c000 to $c030 with $00. You can verify this my retyping the md command: 

md c000 c030 <ENTER> 

This command will display the contents of the memory from $c000 through $c03f. You will see that all the memory locations from $c000 through $c030 are cleared. 

You should now have a basic understanding of the BUFFALO Monitor Program.
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