 SYSC3601 LABORATORY #2 (Summer 2014)

Signal Waveforms and Parallel Port Programming

You will be filling in the blanks on the answer sheets provided by the TAs (one per group). The T.A. will ask you questions about your work. You will have to demo your work to the T.A.

Resources for this lab

· Download the software package for lab2 (Lab2Materials.zip). Unzip the contents onto your H: drive. Keep all files in the same directory. The zip file contains:

· LAB2A.ASM – Code for use with Part A below.

· Programs to assemble code and interface with SDK-86 board

· The SDK-86 (MCS-86 System Design Kit) User’s Guide 


· Appendix B of the Brey text provides descriptions of the 8086 instruction set including instruction timing information.


· 8255A specs (either from Orange book or website).


· Lab2 Review Slides from course website

PART A: BUS SIGNALS AND WAVEFORMS

Learning Objectives

· Understand bus cycles / timing

· What do the ALE, WR and RD bits indicate?

· What is the happening during each clock cycle?

· Demonstrate instruction pre-fetching, and the effect of JMP on the instruction queue

Instructions

In this part of the lab you will use a logic analyzer to monitor the bus signals on the CPU as it executes as small program loop. You must understand the relationship between the program and what appears on the bus. The logic analyzer should already be connected to your board, if not, please contact a TA.

1. Assemble, link and convert to hex code the LAB2A.ASM file provided in the Lab2Materials.zip file. Download and run it on the SDK board.
(Note: follow the downloading instructions provided in Lab #1 PART C).

2. Once your program is running, press the RUN key on the logic analyzer. Note that program LAB2A.ASM is exactly the same as the one given in the pre-lab. Looking at your pre-lab, where in your program will the first 
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 signal will occur? ________A1_______ (Note that 
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 signal will occur mid-way through an instruction…)

3. Look carefully at the displayed waveform to make sure that it matches what is given in Table A1 before proceeding. If in doubt, consult a TA. Complete the AD16 through AD19 portions timing diagram in Table A1 by copying the waveforms as observed on the logic analyser. 

4. Also in Table A1, fill in the value that appears on the bus for AD15-AD0 and A19/S6-A16/S3 at the bottom of the table (the first entry is given for you). You should only enter a value in the non-shaded boxes provided. 

5. Determine what the processor is doing at each clock cycle by looking at the address, data, and control values on your timing diagram.  The bus has either a 20-bit address value on it or a 16-bit data value at a specific time, but not both.  Determine which type of value is on the multiplexed AD19-AD0 bus and write down the events which are occurring and the meaning of each event in Table A2.  The first entry is given for you. Your pre-lab tables will be very useful for this task. The following questions will also help you to complete Table A2 (read ahead…).  Look at the top of Table A1, which lists the instructions that are being executed by the EU.  Pay attention to the expected number of clock cycles for each instruction from your pre-lab and think about the state of the instruction queue at each point in the program.

6. During cycle 23, what is the I-flag bit set to in A18/S5 and what segment is being accessed as reported in A16/S3 – A17/S4?  ___A2______________________

7. Over which clock cycles is the MOV [BX], AL instruction executed (not fetched)? 

____A3_______________________________________________

8. From the pre-lab, how many cycles do you expect each loop to take?

____A4_______________________________________________

9. What is the period of repetition of the loop (i.e. how many clock cycles does the entire loop take)?

____A5_______________________________________________

10. Why is the number of clock cycles observed different from the number calculated in the pre-lab?

____A6_______________________________________________

PART B: PARALLEL PORT PROGRAMMING AND THE D/A CONVERTER

Learning Objectives

· Understand how to set up 8255A I/O ports for output

· Understand how to output values to the port

· Understand how the D/A converter works

· Write a program using this information to produce a triangle waveform

· You should be able to adjust the period and amplitude of your waveform by adjusting your code

Instructions

In this part of the lab you will program the 8255A parallel I/O port to generate analog voltages via the wire-wrapped DAC0800 D/A converter expansion on the SDK board. You will modify your pre-lab program slightly to generate a triangle waveform using the SDK.
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The D/A converter obtains its data from the P2B port of the 8255A chip.  This data is then converted into the corresponding voltage at the analog output between -4V and +4V.  You can monitor this voltage with the oscilloscope.  To use the P2B port for this purpose, the 8255A must first be programmed for this function via the P2 Control Register. 
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1. Using the keypad monitor on the SDK board, program the 8255A port P2B by outputting the control byte B5h to the P2 Control Register which is set up as address FFFEh on the SDK board.  This is done by using the OB (output byte) command.  According to the Peripherals Handbook (see page 3-104), what does this configure the 8255A to do?  Show all eight bits with an explanation of what each does in B1.


Note that hitting SYSTEM RESET will reset the contents of the P2 control register (so you will have to re-enter this control word each time you reset)

2. Now output a data value to the A/D converter by outputting to P2B at address FFFAh on the SDK board.  IF you wish (with appropriate test equipment), you could see these values appear on pins 18 to 25 on the second (lower) 8255A chip.  This is port P2B.  The D/A output is viewed by connecting the oscilloscope between the D/A output and the D/A ground (both are marked on the left hand side of the SDK board).

3. What analog voltage is produced for the digital output value of 3Eh? ____ B2____

4. What digital output data produces the following analog voltages: ___B3___

5. Modify the program that you wrote for your pre-lab as follows:

a. Fill in values for _MIN (digital value that corresponds to -4V) and _MAX (digital value that corresponds to +4V).

b. Add code to set the P2 control word to B5h at the start of your program.


Recall that your program should allow the period of the cycle (i.e. the rising time of the slope) and the amplitude of the triangle to be specified and independently controlled.  This can be done by either reassembling or redownloading the code, or by altering the program via the keypad monitor.

This program must be well documented and demonstrated to the T.A. at the end of the lab.

BONUS

Modify your program to create square waveforms with an adjustable period such as:
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