EMCH 367 
Fundamentals of Microcontrollers
Exercise SQUARE WAVE


Exercise Square wave

OBJECTIVE

This exercise has the following objectives:

· Review the use parallel ports

· Illustrate the generation of a square wave using Port B output and a waiting sequence

· Demonstrate the use of a subroutine to shorten the length of a program

· Examine the relation between displayed simulation time and clock cycles in THRSim11 simulator

programs 

This exercise uses two programs that produce the same output – the generation of a square wave of programmable wavelength. The wavelength is programmed using the variable DELAY. The square-wave electrical signal is output through first pin of Port B, i.e., pin PB0. The difference between the first and second program consist in the use of a subroutine. The use of a subroutine compresses the code and shortens the total length of the program.

Program sq_wav1

	Instructions

Define variable DELAY at $0000

Load REGBAS in reg. X

Send low signal through PB0

Load %00000000 in accA

Store accA in Port B

Load DELAY into accB

Decrease accB in a loop until zero

Send high signal through PB0

Load %_________ in accA

Store accA in Port B

Load DELAY into accB

Decrease accB in a loop until zero

Branch back to (iii)

SWI


	Flowchart 7 point(s)

	Code 7 point(s)



flowchart

Draw a flowchart for the program in the space provided.

coding

Type the essential code for this program in the space provided above. Code the program in the THRSim11 using the standard template and save it in the personalized file LASTNAME_Firstname_Sq_wav1.asm. Store it on floppy disk.

execution

Open THRSim11. Close the Commands window. Open memory list, port registers, and THRSim11 IO box. Open and assemble your LASTNAME_Firstname_Sq_wav1.asm. Set breakpoint at SWI, and reset registers. Set standard labels (Label/Set Standard Labels). Set display of accA to binary. Set display of PORTB to binary. Tile windows. Arrange windows for maximum benefit: Reset DELAY. Paste your screen below: 1 point(s)
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Note: 
(i) The numbers in the table are not real. You need to substitute them with your actual numbers.
(ii) This is an Excel table, and it has formulae in it. You only need to fill in the N_1 and T_1 values on the Initialize row, and the N_2 and T_2 values in all the rows.

a) Put $03 into variable DELAY. Reset the simulator. 

The PORTB register is %_________  2 point(s)
The lights in the THRSim11 IO box are ____off ____on ? 2 point(s)
b) Record the initialization readings: 

Clock cycles = _____ 2 point(s)
Simulated time = ___________ sec = ___ s. 
4 point(s)
c) Make one step through the program. Explain what happens: _____ 3 point(s)
d) Step through the program until PORTB has been loaded with %00000000. Record the start up readings: 

Clock cycles = _____ 2 point(s)
Simulated time = ___________ sec = ___ s. 
2 point(s)
Enter these values as N_2 and T_2 in the Initialize row, and as N_1 and T_1 in the first (L) row of Table 1..

e) Step through the program until PORTB gets set. The value is %__________2 point(s)
The light of pin___2 point(s) in THRSim11 IO box turns on. Paste your screen: 1 point(s)
Record the clock cycles and the simulated time as N_2 = ___ and T_2 = ____ and enter these values in Table 1. 4 point(s) 

(You should notice that Table 1, which is in Excel, automatically puts these values also as N_1 and T_1 on the next row.)

Compute:

N = ___ 


2 point(s)
T = ____

2 point(s)
N/T = ____

2 point(s)
T/N = _____. 

2 point(s)
f) Step through the program until PORTB becomes again %00000000 and PB0 in THRSim11 IO box turns off. Record the clock cycles and the simulated time as N_2 and T_2 in Table 1. Observe N, T, N/T, T/N. 
g) Repeat until all the rows in Table 1 have been observed and recorded. Check if the ratios N/T and T/N are consistently 2.000 and 0.500, as theoretically predicted. ___Y ____N 2 point(s)?
h) Set breakpoints in the program at the following instances:

· When the low signal is being loaded

· When the high signal is being loaded

What do these points correspond to? 2 point(s)
1) Reset the MCU. Record again the clock cycles and simulated time, and verify that they correspond to the N_1 and T_1 on row ‘$03 Initialize’ in Table 1.

2) Run to the first breakpoint. Verify that N_2 and T_2 are the same as before. Do they agree? ___Y ____N. 2 point(s)
3) Run to the next breakpoint. You have run through the first L lap. Enter N_2 and T_2 in Table 2 and verify that they are the same with those entered in Table 1. Do they agree? ___Y ____N. 2 point(s)
4) Run to the next breakpoint. You have run through the first H lap. Verify that N_2 and T_2 are the same as before. Do they agree? ___Y ____N. 2 point(s)
5) Repeat until you have exhausted the $03 portion of Table 2.

Observe the ratios N/T and T/N. Compare with the theoretical values: 

N/Ttheory = _______ 2 point(s)
T/Ntheory = _______ 2 point(s)
i) Put $30 into the variable DELAY. Reset the simulator. Repeat the above procedure. Observe and enter the values of N-2 and T_2 in Table 1, under the $30 section.

Observe the wavelengths of the L and H parts of the square wave. They are ____ s and ____ s, respectively.2 point(s) 

Calculate the durations of the L and H half-waves for short delay ($03) and long delay ($30):

Short delay: TL = ____ s, TH = ____ s, difference =___% 2 point(s)
Long delay: TL = ____ s, TH = ____ s, difference =___% 2 point(s)
Observe the ratios N/T and T/N. Are there any deviations from the theoretical values: ___Y ____N. 2 point(s)
Program SQ_WAV2

	Instructions

i) Define variable DELAY at $0000

Load REGBAS in reg. X

Send low signal

Load %00000000 in accA

Store accA in Port B

Jump to subroutine WAIT

Send high signal

Load %________ in accA

Store accA in Port B

Jump to subroutine WAIT

Branch back to (iii)

SWI

Subroutine WAIT
ii) ??????


	Flowchart   7 point(s)

	Code   7 point(s)
I




flowchart

Draw a flowchart for the program in the space provided above.

coding

Type the essential code for this program in the space provided above. Code the program in the THRSim11 using the standard template and save it in the personalized file LASTNAME_Firstname_Sq_wav2.asm. Store it on floppy disk.

execution

Open THRSim11. Close the Commands window. Open memory list, port registers, and THRSim11 IO box. Open and assemble your LASTNAME_Firstname_Sq_wav1.asm. Set breakpoint, and reset registers. Set standard labels (Label/Set Standard Labels). Set display of accA to binary. Set display of PORTB to binary. Tile windows. Arrange windows for maximum benefit: Reset DELAY, A, B, X. 

DO NOT RESET THE SP (stack pointer) REGISTER, BECAUSE, IF YOU DO SO, ACCESS TO YOUR SUBROUTINE WILL NOT WORK. 

a) Put $03 into variable DELAY. Reset the simulator. The PORTB register is %00000000, and all the lights in the THRSim11 IO box are off. Step through the program until you jump to subroutine. 

b) Step through the subroutine until you get to RTS and are ready to jump back to the program. 

c) After another step, you are back into the main program. 

d) As you step further, you observe that the Port B pin 0 is toggled, and the light PB0 in the IO box comes on. The main program is again ready to jump to the subroutine. 

e) Further stepping takes you again inside the subroutine, and out again.

f) Run the program on automatic. You will notice how the subroutine is accessed every time the PB0   light changes.

g) Put breakpoints at the two JSR lines. Run the program on automatic, and record in Table 2 the values recorded for DELAY = $03, and for DELAY = $30. Compare these values with those in Table 1. 5 point(s)
Table 2
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Note: 
(i) The numbers in the table are not real. You need to substitute them with your actual numbers.
(ii) This is an Excel table, and it has formulae in it. You only need to fill in the N_1 and T_1 values on the Initialize row, and the N_2 and T_2 values in all the rows.

h) Compare the values from Table 2 with those in Table 1. Discuss what you notice:

a. For same delay values, the difference between the results of Table 2 and Table 1 consists of: … 5 point(s)
b. In Table 2, the difference between the durations of the L and H half waves for short delays and for long delay is explained as follows: … 5 point(s)
What you have learned

In this exercise, you have learned:

· The use of Port B

· The use of displayed clock cycles and simulated time, to track the duration of Low and High signal half waves in a square wave

· The usefulness of subroutines for shortening programs

· The use of Port B to generate a square wave

· New words and notations: subroutine, jump to subroutine, return from subroutine, square wave, wavelength.
Dr. Victor Giurgiutiu
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_1247399842.xls
Sheet1

		DELAY		State				Clock cycles						Time, ms				DN/DT		DT/DN

						N_1		N_2		DN		T_1		T_2		DT

		$03		Initialize		2		11		9		1.0		5.5		4.5

				L		11		40		29		5.5		20.0		14.5		2.0		0.5

				H		40		72		32		20.0		36.0		16.0		2.0		0.5

				L		72		101		29		36.0		50.5		14.5		2.0		0.5

				H		101		133		32		50.5		66.5		16.0		2.0		0.5

				L		133		162		29		66.5		81.0		14.5		2.0		0.5

				H		162		194		32		81.0		97.0		16.0		2.0		0.5

		$30		Initialize		2		11		9		1.0		5.5		4.5

				L		11		340		329		5.5		170.0		164.5		2.0		0.5

				H		340		672		332		170.0		336.0		166.0		2.0		0.5

				L		672		1001		329		336.0		500.5		164.5		2.0		0.5

				H		1001		1333		332		500.5		666.5		166.0		2.0		0.5

				L		1333		1662		329		666.5		831.0		164.5		2.0		0.5

				H		1662		1994		332		831.0		997.0		166.0		2.0		0.5






_1153132775.xls
Sheet1

		DELAY		State				Clock cycles						Time, ms

						N_1		N_2		DN		T_1		T_2		DT		DN/DT		DT/DN

		$03		Initialize		2		11		9		1.0		5.5		4.5

				L		11		51		40		5.5		25.5		20.0		2.000		0.500

				H		51		94		43		25.5		47.0		21.5		2.000		0.500

				L		94		134		40		47.0		67.0		20.0		2.000		0.500

				H		134		177		43		67.0		88.5		21.5		2.000		0.500

				L		177		217		40		88.5		108.5		20.0		2.000		0.500

				H		217		260		43		108.5		130.0		21.5		2.000		0.500

		$30		Initialize		2		11		9		0.0		5.5		5.5

				L		11		351		340		5.5		175.5		170.0		2.000		0.500

				H		351		694		343		175.5		347.0		171.5		2.000		0.500

				L		694		1034		340		347.0		517.0		170.0		2.000		0.500

				H		1034		1377		343		517.0		688.5		171.5		2.000		0.500

				L		1377		1717		340		688.5		858.5		170.0		2.000		0.500

				H		1717		2060		343		858.5		1030.0		171.5		2.000		0.500






