SYSC3601 LABORATORY #3 (Summer 2009) - Home preparation
General Instructions
1. Review the following documentation:
· The Carleton SDK System Extensions diagram (available on the course webpage) in particular the programmable interval timer and PIC connections

· Specification documents (available from the course website) for programming of:

· Programmable Peripheral Interface – PPI – 8255A
· Programmable Interval Timer  – PIT – 8253
· Programmable Interrupt Controller  – PIC – 8259A
· Be aware that some portions of the 8259A documentation are specific to the MCS‑80/85 and some portions are specific to the 8088/8086!
· Programmable Keyboard/Display Interface – 8279 (focus on display functionality)
2. Answer the questions below.
3. Using the resources from 1) above, complete all missing comments in LAB3A.ASM and LAB3B.ASM
· Print these out once completed, highlight changes and bring them to the lab.

4. Modify LAB3B.ASM (create a new file LAB3C.ASM) as described below.

PART A: SDK-86 Interrupt Timing Diagrams

The following questions will help you understand what is happening within LAB3A.ASM
8253 Programmable Interval Timer (See class notes or 8253 technical specifications sheet)
1a) Sketch mode 3 operation for a PIT output OUT3 when the COUNT register is set to 0004h.
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1b) What value should a mode 3 counter be set to in order to get a output period of 5ms if the input clock is running at 2.45MHz?  What is the value in hex? 

1c) Draw a sketch of mode 2 operation for a PIT output when the COUNT register is set to 0005h.
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1d) Draw a sketch of mode 2 operation for a PIT output when the COUNT register is set to 0003h. Assume that the CLK1 signal is driven by the OUT3 signal from 1a).
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1e) The COUNT registers are 16 bits wide, but only 8 bits can be transferred to the chip per bus cycle. How are the 16-bit registers filled? (hint: this depends on the RL1/RL0 control bits of the control word…)
8259 Programmable Interrupt Controller

1f) The Carleton SDK System Extensions diagram shows that both ports 0000h and 0002h are used to write initialization and operation control words to the 8259A. Of the 4 initialization and 3 operation control words, which control words are written to port 0000h and which control words are written to 0002h?

1g) How do you configure the 8259A such that IR3 will cause a type 53h interrupt, and IR4 will cause a type 54h interrupt?
1h) The following table describes a number of 8259A behaviours and the corresponding control words/bits (either initialization or operation). Fill in all blanks in this table:
	Behaviour
	Control word
	Bit(s) = Value(s)

	8086 mode
	
	

	ICW4 needed
	
	D0=1

	Allow IR2 to cause interrupts
	
	

	
	ICW4
	D1=0

	Cascade mode
	ICW1
	

	Buffered mode/slave
	
	D3=1,D2=0

	Set IR3 to have the lowest priority
	OCW2
	

	
	OCW2
	D7=0, D6=1, D5=1

	Special fully nested mode
	
	D4=1

	
	ICW1
	D3=0


Lab3A.ASM Comments

1i) Complete all missing comment fields (underlined) in LAB3A.ASM. Print the completed code, highlight changes and bring the completed printout to the lab with you.
PART B: PROGRAMMING THE TIMER, INTERRUPT CONTROLLER AND DISPLAY CHIP
The following is a description of how the program in LAB3B.ASM works.

The program initializes hardware for interrupts and then enters an infinite loop and waits for interrupts. The interrupt service routine for IR0 will output a value to the D/A converter to generate a sawtooth waveform: 
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The interrupt service routine for IR1 will output a garbage character to the rightmost digit of the SDK-86 LED display.

8253 Programmable Interval Timer

2a) According to LAB3B.ASM, what has the PIT chip been programmed to do now?

8259 Programmable Interrupt Controller

2b) How will the 8259A chip behave differently in LAB3B.ASM compared to LAB3A.ASM?

2c) Considering how the 8259A chip has been programmed, if we were going to enable IR2 to cause interrupts, what TYPE of interrupt would be generated by IR2 and where would the corresponding interrupt vector be located in memory?
8279 Keyboard/Display Interface

2d) If the 8279 on-chip display RAM address 00002 corresponds to the right-most digit of the display, and each digit takes 1 byte of on-chip RAM, what is the address of the left-most digit on an 8 digit display? What control word must be sent to the 8279 in order to write to the right-most digit (no auto-increment)? What control word must be written to the control register to then write to the left-most digit?

2e) Review the code in LAB3B.asm and complete the missing comments in the blanks provided.
Adding functionality to LAB3B.ASM
2f) Copy LAB3B.ASM to LAB3C.ASM. For this pre-lab, you are to modify the LAB3C.ASM program as follows:

· Add a third interrupt service routine called ISR2
· This ISR will display a hex digit in the leftmost LED display of the SDK-86 which continually counts down from A – 0 (resetting to A once 0 has been reached).

· ISR2 should be invoked every 0.5 seconds.

· To do this you will have to re-program the timer chip to generate a 0.5 second period signal on pin OUT2.

· Note that OUT2 is connected to IR2 on the PIC.

· You will also have to reconfigure the PIC slightly and change the 8086 program.

· ISR1 and ISR0 should continue to operate as given in LAB3B.ASM (i.e. adding ISR2 should not impact ISR1&ISR0 operation)

· You are required to have ISR2 run at a higher priority than ISR1 and ISR0.

· Hint: Recall that priorities are circular (i.e. if IR5 is the highest priority, IR4 has the lowest)

· The seven-segment digit translation table required by the 8279 is provided in LAB3B.ASM.  It is used in the same manner as LAB1D.ASM; you will need to write the ISR2 code that properly uses this table to output the downwards count in the leftmost LED display position.
· Brownie points with the TA if you clear all of the other LED display positions to make it look cleaner!  

Thus when your program is done, you should see a sawtooth waveform (from ISR0), a garbage character being updated every second in the rightmost LED (from ISR1) and a downward count every 0.5 seconds displayed in the leftmost digit (from ISR2).

2g) Print the commented code with your changes/additions before coming to the lab. Using a highlighter, highlight all lines that were added or modified in LAB3C.ASM.












