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Notes:

· Do all your work on the exam answer sheets.  No credit will be given for any work done on this exam paper.

· Turn in both the answer sheets and the exam when you are done.

· Problems may be weighted differently.  Be sure to give enough time to problems with higher point values.

· Show all work.  Partial credit will be given.

1) Problem 1 (15 Points):  

Assume you are doing RS232 serial transmission at 9600 baud with one start bit (active low), one stop bit (active high), even parity and 8 data bits.

a. Draw a timing diagram for transmitting the ASCII value “C” (hex $58).

b. For this system, show how to calculate the system bandwidth in bits per second.  You may express your result as a fraction.

2) Problem 2 (15 Points):

a. List and briefly describe the three events that can cause an SCI interrupt.

b. Assuming the SCI transmitter and all SCI interrupts are enabled, give the basic sequence of events (from a programmer’s point of view) involved in transmitting a single SCI character.  Make sure to include any flags that get set along the way.

3) Problem 3 (15 Points):

In the weather station operating example we looked at in class, the IRQ ISR is used to schedule Task 0 (the wind speed task) to run as soon as possible.  Let’s say that, instead of starting Task 0, we wanted the IRQ interrupt to start Task 6 as soon as possible.  

Starting with the beginning of the IRQ ISR, show the flowchart of high-level software components involved until Task 6 is completed.
4) Problem 4 (10 Points):

Assume a chip has the following parameters:  IIL = 100uA, IIH = 10uA, VIH = 4.8V, 

VIL = 0.2V.  Show how to connect a switch so that “open” is a logic “0” and “closed” is a logic “1”.  Make sure to minimize power dissipation and to specify any required component values.  You do not need to worry about switch de-bouncing.

Problem 5 (15 Points): 

Six devices need to be connected to a 68HC11.  The devices, their required address space and starting addresses are defined in the table below:

	Device
	Address Space
	Starting Address

	ROM
	8KB
	$E000

	RAM
	4KB
	$3000

	I/O 1
	8 bytes
	$B580

	I/O 2
	16 bytes
	$B5C0

	I/O 3
	8 bytes 
	$B600

	I/O 4
	64 bytes
	$B640
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Design minimal cost address decoding for this system.  You may show this in either equations or logic gates.

b. Assuming the 4KB RAM needs address, data, CS, OE and WE (three control signals are all active low), show the “glue logic” connecting the 68HC11 to the RAM chip.

5) Problem 6 (20 Points):

A 4K x 8-bit RAM chip needs to be connected to a 68HC11 running at 2MHz.  Use the attached timing information for the RAM and ‘HC11 to answer the questions.

	
CS  OE  WE
	Function

	  0      x      0
	Write

	  0      0      1
	Read

	  0      1      1
	Nothing

	  1      x      x
	Nothing



Timing Delays:

· Address Decoding:  30ns

· Address Latch Delay:  20ns

· All other logic gates:  10ns min, 15ns max  

a. Show a truth table for CS, OE and WE in terms of “select” (output from the address decoder) and the 68HC11 control signals R/W and ECLK.

b. Draw a logic diagram (circuit) showing the gates needed to generate these three signals from signals the 68HC11 makes available.  (You may use a “black box” for CS, since you don’t know the actual addresses of the RAM chip, but do show the required inputs to the box.)

c. When attached to the ‘HC11, what are the intervals for the RAM chip’s Read Data Available (RDA) and Write Data Required (WDR)?

d. Show whether or not this device will be compatible with the 2MHz 68HC11.

6) Problem 7 (10 Points):

a. Why is SPI a faster protocol than RS232?  State the difference and explain why it has this affect.

b. Why is RS485 a faster protocol than RS232?  State the difference and explain why it has this affect.

4K x 8-bit RAM Timing

	
Parameter
	Description
	Value

	t1
	Address & CS valid to data valid (max)
	100ns

	t2
	OE low to data valid (max)
	30ns

	t3
	Address, CS and OE invalid to data invalid (min)
	0ns

	t4
	WE pulse width (min)
	80ns

	t5
	Data setup before WE inactive
	60ns

	t6
	Data hold after CS, WE, address invalid (min)
	10ns


 

Key 68HC11 Timing Parameters

Address Available (2MHz):  

AA = (AdV, AdN) = (181, 533)

Read Data Required (2MHz): 
RDR = (450, 510)

Write Data Available (2MHz):
WDA = (378, 533)
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[image: image2.png]Characteristic frequency at

1.0 MHz 2.0 MHz 2.1 MHz
Cycle time (ns) 1000 500 476
Pulse width E low (ns) 480 230 218
Pulse width E high (ns) 480 230 218
Rise/fall time (ns) 20 20 20
Address hold time (ns) 95.5 min 33 min 30 min
A15-A8, R/W valid time (ns) 281.5 min 94 min 85 min
Read data setup time (ns) 30 min 30 min 30 min
Read data hold time (ns) 10 min 10 min 10 min
Read data goes HiZ (ns) 145.5 max 83 max 80 max
Write data delay time (ns) 190.5 max 128 max 125 max
Write data hold time (ns) 95.5 min 33 min 30 min
A7-AQ valid time (ns) 271.5 min 84 min 75 min
A7-AQ hold time (ns) 95.5 min 33 min 30 min
E to AS nise time (ns) 115.5 53 50

AS pulse width (ns) 221 9% 90
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