EMCH 367 
Fundamentals of Microcontrollers
Example SQUARE WAVE


Example Square wave

OBJECTIVE

This example 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
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Figure 1 Square wave schematics showing the half-wave duration, t, and the low (L) and high (H) states.

programs 

This example 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 second pin of Port B, i.e., pin PB1. 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

Load %00000000 in accA

Store accA in Port B

Load DELAY into accB

Decrease accB in a loop until zero

Send high signal

Load %00000010 in accA

Store accA in Port B

Load DELAY into accB

Decrease accB in a loop until zero

Branch back to (iii)

SWI


	Flowchart


[image: image2.wmf] 

SWI

 

 

Define DELAY 

à

$0000

 

Initialize REGBAS in reg X 

 

Send low signal

 

Load %00000000 in accA

 

Store accA in Port B

 

Load DELAY into accB

 

Decrease accB by 1

 

Loop until zero

 

Send high signal

 

Load %00000010 in accA

 

Store accA in Port B

 

Load DELAY into accB

 

Decrease accB by 1

 

Loop until zero

 

LABEL1

 

LABEL2

 

B

EGIN

 


	Code

DELAY
RMB
1

* Start main program


ORG
PROGRAM

START
LDX
#REGBAS

* Begin typing your code

* Send low signal

BEGIN
LDAA
#%00000000


STAA
PORTB,X


LDAB
DELAY

LABEL1
SUBB
#1


BHI
LABEL1

* Send high signal


LDAA
#%00000010


STAA
PORTB,X


LDAB
DELAY

LABEL2
SUBB
#1


BHI
LABEL2


BRA
BEGIN


SWI




Flowchart and code

The program flowchart is show to the right of the program instructions. Note the ‘send low signal’ and ‘send high signal’ blocks. Also note the two wait blocks, one sending the low signal, the other after sending the high signal. The wait blocks are not detailed, since they have been covered in a previous example and can be directly cloned from there (the ‘code reuse’ concept).

The essential code for this program is shown to the left of the flowchart. The file Sq_wav1.asm is the result of incorporating this code in the standard template.

execution

Open THRSim11. Close the Commands window. Open memory list, port registers, and THRSim11 IO box. Open and assemble Sq_wav1.asm. Set breakpoint at SWI as an insurance against the program running wild. Reset the 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: memory $0000 only; registers A through X; sufficient of .asm and .LST windows to show the code. Reset DELAY, A, B, X. Your screen should look like this:
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a) Put $04 into variable DELAY. Reset the simulator. The PORTB register is %00000000, and all the lights in the THRSim11 IO box are off. 

b) Note the initialization readings: clock cycles = 2, simulated time = 0.0000010 sec = 1.0 s. These values are entered as N_1 and T_1 in the "Initialize" row of Table 1.

c) Make one step through the program. The REGBAS value of $1000 is being loaded into X. This will assist with accessing the port registers in Extended mode using register X. Your screen looks like this:
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d) This is the end of the initialization cycle and the beginning of the low-signal part, L, of the square wave. Step twice. Your screen looks like this:
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e) Note the start up readings: clock cycles = 11, simulated time = 0.0000055 sec = 5.5 s. These values are entered 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.

Table 1
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f) Step through the program until PORTB becomes %00000010 and PB1 in THRSim11 IO box turns on. Your screen looks like this:
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Note the clock cycles and the simulated time as N_2 = 40 and T_2 = 20.0 the first (L) row of Table 1. Compute N = 29 and T = 14.5. Also compute N/T = 2.000 and T/N = 0.500. Enter the current values N_2 = 40 and T_2 = 20.0 as N_1 =40 and T_1 = 20.0 in the first (H) row of Table 1.

g) Step through the program until PORTB becomes again %00000000 and PB1 in THRSim11 IO box turns off. Your screen looks like this:
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Note the clock cycles and the simulated time as N_2 = 72 and T_2 = 36.0 in Table 1. Compute N = 32 and T = 16.0. Also compute N/T = 2.000 and T/N = 0.500. Enter the N_2 and T_2 values of this (H) row as N_1 and T_1 values on the next (L) row.

h) You are now again in a low-signal state. Step through the program until the light PB1 comes on again. Your screen looks like this
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Observe the N_2 and T_2 values and compare them with the appropriate values in Table 1. 

i)  Repeat this until all the values in the $04 portion of Table 1 have been observed. Note that the ratios N/T and T/N are consistently 2.000 and 0.500, as theoretically predicted. 

j) Also, note the wavelength of your square wave. The low (L) portion of the signal has 29 cycles, i.e., 14.5 s, while the high (H) portion has 32 cycles, i.e., 16.0 s. The H portion is longer since in includes an additional operation, BRA, which brings us back to the beginning of the program. However, at higher wavelength, these differences will fade away. These observations are important for future use of the MCU as a timing device.

k) Set breakpoints at $c007 and $c011. These points correspond to the moments just after the sending of %00000000 to PORTB, and the sending of %00000010 to PORTB, respectively. These breakpoints will allow us to run the program automatically, ensuring that it will stop each time the signal status is changed.

l) Reset the MCU. Observe again the clock cycles and the simulated time, and verify that they correspond to the N_1=2 and T_1=1.0 on row ‘$04 Initialize’ in Table 1.

m) Run to the first breakpoint. Verify N_2=11 and T_2=5.5 in Table 1.

n) Run to the next breakpoint. You have run through the first L lap. Verify N_2=40 and T_2=20.0 on the corresponding row in Table 1.

o) Run to the next breakpoint. You have run through the first H lap. Verify N_2=72 and T_2=36.0 on the corresponding row in Table 1.

p) Repeat until you have exhausted the $04 portion of Table 2.

Observe the ratios N/T and T/N Note that the ratios N/T and T/N are consistently 2.000 and 0.500, as theoretically predicted.
q) Put $40 into the variable DELAY. Reset the simulator. Repeat the above procedure and verify the values entered in Table 2 under the $40 section.

Observe the durations  of the L and H half-waves of the square wave. They are 164-165 s and 166 s, respectively. The consistency of the L and H parts of signal has greatly improved.

Observe the ratios N/T and T/N Note that the ratios N/T and T/N are consistently 2.000 and 0.500, as theoretically predicted.

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 %00000010 in accA

Store accA in Port B

Jump to subroutine WAIT

Branch back to (iii)

SWI

Subroutine WAIT
(ii) Load DELAY into accB

(iii) Decrease DELAY

(iv) Loop until zero

(v) Return from subroutine


	Flowchart
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SWI

 

 

Load DELAY into accB

 

Decrease accB

 

Loop until zero

 

Return from subroutine

 

SR_WAIT

 

BEGIN

 

Define DELAY 

à

$0000

 

Initialize REGBAS in reg X 

 

Send low signal

 

Load 

%00000000 in accA

 

Store accA in Port B

 

Jump to subroutine

 

Send high signal

 

Load %00000010 in accA

 

Store accA in Port B

 

Jump to subroutine

 


	Code

DELAY
RMB
1

* Start main program


ORG
PROGRAM

START
LDX
#REGBAS

BEGIN
LDAA
#%00000000


STAA
PORTB,X


JSR
SR_WAIT


LDAA
#%00000010


STAA
PORTB,X


JSR
SR_WAIT


BRA
BEGIN

SR_WAIT  LDAB
DELAY

LABEL1
SUBB
#1


BHI
LABEL1


RTS


SWI




Flowchart and code

The program flowchart is show to the left of the program instructions. Note the ‘send low signal’ and ‘send high signal’ blocks. Also, note that the two wait blocks of the program Sq_wav1 have been replaced by a single subroutine block that is repeatedly called. The essential code for this program is shown to the left of the flowchart. The file Sq_wav2.asm is the result of incorporating this code in the standard template.

execution

Open and assemble Sq_wav2.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 and arrange windows for maximum benefit: memory $0000 only; registers A through X; sufficient of .asm and .LST windows to show the code. 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 $04 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 reach subroutine. Your screen will look like this:
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b) Step through the subroutine until you get to RTS and are ready to jump back to the program. Your screen looks like this:
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c) After another step, you are back into the main program:
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d) As you step further, you observe that the Port B pin 1 is toggled, and the light PB1 in the IO box comes on. The main program is again ready to jump to the subroutine:
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e) Further stepping takes you back into the subroutine, and out again.

f) Run the program on automatic. You will notice how the subroutine is accessed every time the PB1 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 = $04, and for DELAY = $40. 

h) Compare the values from Table 2 with those in Table 1. You will notice:

i) For same values of delay (say, DELAY = $04), the duration of the half waves are different: in Table 2 (20 s and 21.5 s) from those in Table 1 (14.5 s and 16 s). This difference is due to the different way in which the two programs were constructed. 

ii) At low delay values (DELAY = $04), the difference between the durations of the L and H half waves is significant (7.5%). As the delay increased, this difference fades away. At DELAY = $40, the difference has come down to 0.9%.

Table 2
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What you have learned

In this example, you have learned:

· The use of Port B

· The use of displayed clock cycles and simulated time, and their relative accuracy

· The fact that the round-off error becomes less severe as the magnitude of the number increases

· 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 (JSR), return from subroutine (RTS), square wave, wavelength, IO (Input-Output), IO box, accuracy, round-off.
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		DELAY		State				Clock cycles						Time, ms				DN/DT		DT/DN

						N_1		N_2		DN		T_1		T_2		DT

		$04		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

				L		194		223		29		97.0		111.5		14.5		2.0		0.5

				H		223		255		32		111.5		127.5		16.0		2.0		0.5

				L		255		284		29		127.5		142.0		14.5		2.0		0.5

				H		284		316		32		142.0		158.0		16.0		2.0		0.5

				L		316		345		29		158.0		172.5		14.5		2.0		0.5

				H		345		377		32		172.5		188.5		16.0		2.0		0.5

		$40		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

				L		1994		2323		329		997.0		1161.5		164.5		2.0		0.5

				H		2323		2655		332		1161.5		1327.5		166.0		2.0		0.5

				L		2655		2984		329		1327.5		1492.0		164.5		2.0		0.5

				H		2984		3316		332		1492.0		1658.0		166.0		2.0		0.5

				L		3316		3645		329		1658.0		1822.5		164.5		2.0		0.5

				H		3645		3977		332		1822.5		1988.5		166.0		2.0		0.5
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		DELAY		State				Clock cycles						Time, ms

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

		$04		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

				L		260		300		40		130.0		150.0		20.0		2.000		0.500

				H		300		343		43		150.0		171.5		21.5		2.000		0.500

				L		343		383		40		171.5		191.5		20.0		2.000		0.500

				H		383		426		43		191.5		213.0		21.5		2.000		0.500

				L		426		466		40		213.0		233.0		20.0		2.000		0.500

				H		466		509		43		233.0		254.5		21.5		2.000		0.500

		$40		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

				L		2060		2400		340		1030.0		1200.0		170.0		2.000		0.500

				H		2400		2743		343		1200.0		1371.5		171.5		2.000		0.500

				L		2743		3083		340		1371.5		1541.5		170.0		2.000		0.500

				H		3083		3426		343		1541.5		1713.0		171.5		2.000		0.500

				L		3426		3766		340		1713.0		1883.0		170.0		2.000		0.500

				H		3766		4109		343		1883.0		2054.5		171.5		2.000		0.500
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