EMCH 367 
Fundamentals of Microcontrollers
 Example DELAY

Example delay

OBJECTIVE

This example has the following objectives:

· Review the use of branching

· Illustrate a delay (wait) program

· Demonstrate a flowchart and its relation with the program tasks list and program code

· Demonstrate the calculation of clock cycles from the clock cycles of each operation

· Demonstrate the calculation of MCU time from the clock cycles

program

The program does the following:

	(i)   Define variable DELAY at $0000

(ii)  Load DELAY into accA

(iii)  Decrement accA

(iv) Branch back to (iii) if the result is higher than zero (unsigned >0)

(vi) SWI


	Flowchart
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Define variables:
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à

 

 

$0000

 

SWI
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N

 

LABEL1

 

Load DELAY into accA

 

Subtract 1 from accA

 

Brach if higher 

than zero

 

 


	Code

DELAY
RMB
1


LDAA
DELAY

LABEL1
SUBA
#1


BHI
LABEL1


SWI




coding

The essential code for this program is shown in the third column above. The program has been coded into the file Ex_delay.asm using the standard template.

execution

Open THRSim11. Close the Commands window. Open the memory window. Open and assemble Ex_delay.asm. Tile windows, set breakpoint, and reset registers. Set standard labels (Label/Set Standard Labels). Remove labels RAM and DATA. Set display of memory DELAY to decimal. Press the RESET button. Your screen should look like this:

[image: image2.png]=lo/x|

Ele Edt Search Vew Execute Label [reakpont Conmect Window Help

e ST AT e ‘=I><Iﬂ~||&| Sy B 2|0
=10l x| : =101x] =lolxI*
123456789 6123456789 61234567896 a | [HINCLUDE “AI\UAR_DEF-ASH" [=]la  $63
* GIURGIUTIU, Uictor % GIURGIUTIU, Uictor 5 00
* Define program variables [ Define program variables b <o300
ORG  DATA ORG  DATA x o000
DELAY  RHB 1 IDELAY  RHB 1 v $08000
. sp $o16F
 Start main progran x Start main progran
ORG_ PROGRAN ORG  PROGRAN cC %11610000
START  NOP
[ emory st ST=TE )
* Begin typing your code * Begin typing your code DECAY 1 888 Sii N
i 50001 $eF
$cee1 96 08 LDAR DELAY LDbAA DELAY En $8882 SFF
$c083 80 81 LABEL1 SUBA " LABEL1  SUBA " M $8883 SFF
$co8s 22 fc BHI LABEL1 BHI LABEL1 M $886n SFF
) 1 $0005 $eF
* End of main progran % End of main progran W $oo0s hed
sur M $0007 $eF
ORG $FFFE ; reset ORG $FFFE 5 reset vl 1 $0808 $FF
$FFfe co 80 FDB START  ; set ti FDB START  ; set to H $8889 SFF -
' = 1 $o00a
K| _>l_I d 21 A n Seomn
<
[S[A $03 B $00[S=1 %=1 H=0 I=1 N=0 2=0 U=0 G=0|X 0000V 50000 |SP SOTFF PC $c000Clock Cycles





a) Put 5 into variable DELAY: click $ff on line $0000 in the memory list, and type in the value 5 in the highlighted location. Your screen looks like this:
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Note “Clock Cycles 2” in the lower right corner. This indicates that 2 clock cycles were expended just to get the MCU started and reset.

b) Step through the program; after each step, observe the number of cycles taken by each operation. You will notice that NOP takes 2 cycles, LDAA takes 3, SUBA takes 2, and BHI takes 3. Look up these opcodes in the Motorola MC68HC11 Programming Reference Guide pocketbook and verify these numbers in the ‘Cycles’ column of the Instructions table.

c)  After each pass through LABEL1, accA is decremented by one. When reaching the branch instruction BHI, the program branches back to LABEL1 if the result of the decrementation is still higher than zero. After the first pass, accA was decremented from 5 to 4. The screen looks like this:
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Note that clock cycles counter shows 12. This number is made up as follows: 2+2+3+2+3=12. During this pass, accA was reduced from $05 to $04. These are illustrated in the table below:

Cycles count table, actual and cumulative, opcode by opcode, after pass 1.

	
	Pass 1
	
	
	
	

	AccA start
	$05
	
	
	
	

	
	
	
	2
	2
	
	
	
	
	
	
	
	

	START
	NOP
	
	2
	4
	
	
	
	
	
	
	
	

	
	LDAA
	DELAY
	3
	7
	
	
	
	
	
	
	
	

	LABEL1
	SUBA
	#1
	2
	9
	
	
	
	
	
	
	
	

	
	BHI
	LABEL1
	3
	12
	
	
	
	
	
	
	
	

	
	SWI
	
	
	
	
	
	
	
	
	
	
	

	AccA end
	$04
	
	
	
	


After the second pass, the screen looks like this:
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Note that clock cycles counter shows 17. This number is made up as follows: 2+2+3+2(2+3)=17. During this pass, accA was reduced from $04 to $03. These are illustrated in the table below:

Cycles count table, actual and cumulative, opcode by opcode, after pass 2.

	
	Pass 1
	Pass 2
	
	
	

	AccA start
	$05
	$04
	
	
	

	
	
	
	2
	2
	
	
	
	
	
	
	
	

	START
	NOP
	
	2
	4
	
	
	
	
	
	
	
	

	
	LDAA
	DELAY
	3
	7
	
	
	
	
	
	
	
	

	LABEL1
	SUBA
	#1
	2
	9
	2
	14
	
	
	
	
	
	

	
	BHI
	LABEL1
	3
	12
	3
	17
	
	
	
	
	
	

	
	SWI
	
	
	
	
	
	
	
	
	
	
	

	AccA end
	$04
	$03
	
	
	


After the third pass, the screen looks like this:
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Note that clock cycles counter shows 22. This number is made up as follows: 2+2+3+3(2+3)=22. During this pass, accA was reduced from $03 to $02. These are illustrated in the table below:

Cycles count table, actual and cumulative, opcode by opcode, after pass 3.

	
	Pass 1
	Pass 2
	Pass 3
	
	

	AccA start
	$05
	$04
	$03
	
	

	
	
	
	2
	2
	
	
	
	
	
	
	
	

	START
	NOP
	
	2
	4
	
	
	
	
	
	
	
	

	
	LDAA
	DELAY
	3
	7
	
	
	
	
	
	
	
	

	LABEL1
	SUBA
	#1
	2
	9
	2
	14
	2
	19
	
	
	
	

	
	BHI
	LABEL1
	3
	12
	3
	17
	3
	22
	
	
	
	

	
	SWI
	
	
	
	
	
	
	
	
	
	
	

	AccA end
	$04
	$03
	$02
	
	


After the fourth pass, the screen looks like this:
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Note that clock cycles counter shows 27. This number is made up as follows: 2+2+3+4(2+3)=27. During this pass, accA was reduced from $02 to $01. These are illustrated in the table below:

Cycles count table, actual and cumulative, opcode by opcode, after pass 4.

	
	Pass 1
	Pass 2
	Pass 3
	Pass 4
	

	AccA start
	$05
	$04
	$03
	$02
	

	
	
	
	2
	2
	
	
	
	
	
	
	
	

	START
	NOP
	
	2
	4
	
	
	
	
	
	
	
	

	
	LDAA
	DELAY
	3
	7
	
	
	
	
	
	
	
	

	LABEL1
	SUBA
	#1
	2
	9
	2
	14
	2
	19
	2
	24
	
	

	
	BHI
	LABEL1
	3
	12
	3
	17
	3
	22
	3
	27
	
	

	
	SWI
	
	
	
	
	
	
	
	
	
	
	

	AccA end
	$04
	$03
	$02
	$01
	


After the fifth and final pass, the screen looks like this:
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Note that clock cycles counter shows 32. This number is made up as follows: 2+2+3+4(2+3)+2+3=7+5*5=32. During this pass, accA was reduced from $01 to $00. At the branch point, the loop was exited, and the operation SWI was executed after which the program stopped. These are illustrated in the table below:

Cycles count table, actual and cumulative, opcode by opcode, after pass 5.

	
	Pass 1
	Pass 2
	Pass 3
	Pass 4
	Pass 5

	AccA start
	$05
	$04
	$03
	$02
	$01

	
	
	
	2
	2
	
	
	
	
	
	
	
	

	START
	NOP
	
	2
	4
	
	
	
	
	
	
	
	

	
	LDAA
	DELAY
	3
	7
	
	
	
	
	
	
	
	

	LABEL1
	SUBA
	#1
	2
	9
	2
	14
	2
	19
	2
	24
	2
	29

	
	BHI
	LABEL1
	3
	12
	3
	17
	3
	22
	3
	27
	3
	32

	
	SWI
	
	
	
	
	
	
	
	
	
	
	

	AccA end
	$04
	$03
	$02
	$01
	$00


The total number of cycles expended during the operation of this program with DELAY=5 was 32. The number of cycles was calculated with formula: N_cycles=7+DELAY*5=7+5*5=32

a) Each clock cycle takes 1/2MHz=0.5 micro-sec. The total time taken by the MCU to execute this program can be calculated with the formula D_t=N_cycles*0.5 micro-sec. For DELAY=5, N_cycles=32, and D_t=16 micro-sec=0.000016 sec. This value is shown in the lower left corner of the simulator window as ‘Simulated time:  0.000016 sec’. To see it, you may have to expand the window. Your screen should look like this:
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b) Reset the simulator. Run the program by pressing the Run button. The program stops when accA has been reduced to zero. The values shown on the task bar are Simulated time:  0.000016 sec in the lower left corner and Clock Cycles 32 in the lower right corner. 

c) Reset the simulator. Put value 10 in DELAY. 

d) Predict the number of cycles with the formula N_cycles=7+DELAY*5=7+10*5=57. Calculate the time D_t=N_cycles*0.5=57*0.5=28.5 micro-sec=0.0000285. 

e) Run the program. The screen capture is:
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Note that ‘Clock Cycles 57’, while ‘Simulated time: 0.0000285 sec.

What you have learned

In this example, you have learned:

· The use of variables

· The use of labels and branching

· The flowchart and its relation with the program tasks list and program code

· Calculation of clock cycles from the clock cycles of each operation

· Calculation of MCU time from the clock cycles knowing that each clock cycle lasts 0.5 micro-sec

· How to read clock cycles and simulated time in the simulator window

· How to write a delay (wait) program

· New words and notations: variables, labels, branch, clock cycles, MCU time.
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Define variables:
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Load DELAY into accA
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