EMCH 367 
Fundamentals of Microcontrollers
Exercise A/D CONVERTER

Exercise – A/D converter

Objective

This exercise will help you learn how to use the M68HC11 microcontroller to collect analog data in digital format. The following objectives are considered:

· Review the use of A/D conversion function of the M68HC11 microcontroller.

· Illustrate the use of A/D conversion to convert an analog voltage signal on a designated channel (Port E pin) into four sequential digital values

· Demonstrate how to calculate an average of four values and send it to Port B for display 

Basic Concepts

1) Explain what register must be set, and to what bit pattern, in order to activate (turn on) the AD converter of M68HC11 microcontroller during the initialization segment of your program. 6 point(s)
2) Identify and write below the bit pattern setting of the A/D conversion control register ADCTL to achieve a one-time conversion of the input signal on channels PE2 6 point(s)
3) Identify and write below the bit pattern setting of the A/D conversion control register ADCTL to achieve continuous conversion of an the input signal on channels PE4 6 point(s)
4) Identify and write below the bit pattern setting of the A/D conversion control register ADCTL to achieve a one-time conversion of input signals on channels PE0 – PE3 6 point(s)
5) Identify and write below the bit pattern setting of the A/D conversion control register ADCTL to achieve continuous conversion of input signals on channels PE4 – PE7 6 point(s)
6) Fill Table 1 with the predicted AD conversion values for each voltage value. 18 point(s)
Table 1

	
	Voltage at pin PE4 (mV)
	AD converted values (Hex)

	1
	750
	$26

	2
	1700
	$ 

	3
	2400
	$ 

	4
	3100
	$ 

	5
	4200
	$ 

	6
	5000
	$ 


program A/D converter

Note: This program will be based on the Example A/D converter. Before performing the present programming, review, operate, and duplicate the example codes Ex_AD_1.asm, Ex_AD_2.asm, Ex_AD_3.asm and Ex_AD_4.asm. However, only one of these four example codes is needed to complete the program for this exercise (Choose wisely!).

Program Description

This program should make the MCU perform continuous A/D conversion on pin PE4, store the conversion results in double precision variables VAL1 – VAL4, average some of the values VAL1 – VAL4, and send out the averaged result through port B. The averaging is done by sequentially adding the values VAL1 – VAL4 into accD and then dividing by 4 using the inherent operation IDIV. Because IDIV utilizes register X, you will have to use register Y for indexed addressing in your program. Also, note that, in this program, VAL1 – VAL4 are double precision, while in the Example A/D converter they were single precision. You need to have VAL1 – VAL4 as double precision variables in order to properly perform the sequential addition in accD.

The following steps should be considered in your program:

a) Define program variables, double precision VAL1 – VAL4

b) Initialize index register Y to REGBAS

c) Activate (turn-on) A/D converter function of the MCU

d) Set A/D control register ADCTL to perform continuous conversion on channel PE4

e) Zero accD

f) Load and store the converted values from ADR1 – ADR4 to VAL1 – VAL4. Perform these operations using the appropriate accumulator such that at the end of the process the single precision values existing in ADR1 – ADR4 get properly stored in the double precision variables VAL1 – VAL4 (Hint: recall that accD = accA:accB).

g) Sequentially add VAL1 through VAL2 into accD.

h) Store the number 2 into register X (this is the denominator 

i) Perform the division operation IDIV.
j) Send result of division through Port B for display

k) Loop back to e)

flowchart

Draw a flowchart for the program. Use a layered flowchart approach. It is up to you to go with your layered flowcharting as detailed as needed for successful programming. Insert the flowchart below.

15 point(s)
coding

Use the flowchart to code your program in the simulator using the standard template. Save the program in the personalized file name LASTNAME_Firstname_AD.asm. Write or paste your coded program below. 17 point(s)
execution

Open THRSim11. Close the Commands window. Activate your program. View CPU registers, Port E pins, AD converter registers, Port B register, memory list, Sliders E port. View ADCTL as binary. Open and assemble your program. Set standard labels. Set breakpoints at SWI. Arrange windows for maximum benefit. Press the RESET button. Paste your screen: 2 point(s)
a) Enter the value 750 mV in PE4. Look up the expected value after conversion in Table 1. The expected value is ______?????? 6 point(s)
b) Let your program run. The program should go through initialization and perform an AD conversion giving values in registers ADR1 – ADR4. Stop program and paste your screen. 
2 point(s)
c) Set breakpoint at the line performing ‘zero accD’.

d) Reset. Fill VAL1 – VAL 4, and PORTB with $ff. Let run to the breakpoint

e) Step through the program. The following should happen:

i) Values from registers ADR1 – ADR4 should be loaded into the lower part of accD and then stored in the double precision values VAL1 – VAL4. Paste your screen below when this has happened just for ADR1: 2 point(s)
ii) The values in VAL1 – VAL4 should be sequentially added into accD and then divided by X. Paste your screen below when this has happened for VAL1 and VAL2: 2 point(s)
iii) The division by number 4 is performed. Paste your screen below when this has happened:
2 point(s)
iv) The division result, i.e., the average value, is stored in Port B. Paste your screen below when this has happened: 2 point(s)
f) Repeat with the other voltage values indicated in Table 1. Paste your screen below at the end of each cycle: 2 point(s)
g) Clear the breakpoint at ‘zero accD’ and let your program run freely. Move the PE4 sliders up and down and watch the value in Port B change accordingly.

What you have learned

In this exercise, you have:

· Reviewed the use of A/D conversion function of the M68HC11 microcontroller.

· Used of A/D conversion to continuously convert an analog voltage signal on Port E pin PE4

· Stored the four sequential digital values resulting from conversion as double precision values VAL1 – VAL4

· Calculated the average of the four values using sequential addition into accD and IDIV division by the number 4 loaded in register X.

· Sent the double precision content of register X to Port B for display as a single precision number.
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