EMCH 367 
Fundamentals of Microcontrollers
Exercise BUTTONS BOX


Exercise buttons box

goals and objectives

The goal of this exercise is to review the use of the parallel ports as an input/output (I/O) device. Registers that control the parallel ports will be explored. A 4-button 4-LED box will be used as a communications link. This exercise has the following objectives:

· Review the use of parallel ports

· Illustrate the use of Port C for input and output

· Introduce the concept of shifting register and memory content

· Practice the use of the THRSim11 IO box for input and output

BAsic concepts

a) Define in your own words ”PARALLEL COMMUNICATION”. 6 point(s)
b) For the two parallel ports PORT B and PORT C, what is the difference between them? 6 point(s) 
c) What are the memory locations that are used by each of them? 6 point(s)
PORTB: 

PORTC:

d) What is DDRC? 6 point(s) Explain how it works. 6 point(s)
e) If you place $f0 in DDRC at address $1007 and then load $aa into PORTC at address $1003, what will the output of parallel Port C be? Fill the results into the table. 12 point(s)
	DDRC bits
	Bit 7
	Bit 6
	Bit 5
	Bit 4
	Bit 3
	Bit 2
	Bit 1
	Bit 0

	Value
	
	
	
	
	
	
	
	

	PORTC bits
	PC7
	PC6
	PC5
	PC4
	PC3
	PC2
	PC1
	PC0

	Value
	
	
	
	
	
	
	
	


program Buttons_bx

This program demonstrates the use of Port B for output and of Port C for both input and output. Port C is configured to have the pins PC1, PC3, PC5, PC7 for output. This is achieved using the Data Direction Register for port C (DDRC). Since the default setting for Port C is input, the pins that have to be set to output have their image set to 1 in DDRC. In our case, the bits ?, ?, ?, and ? of DDRC are set to 1. Thus, the Port C pins PC1, PC3, PC5, PC7 become output, while pins PC0, PC2, PC4, PC6 remain input.

The program loops continuously, reading data from the some Port C pins, and sending data back to the other Port C pins. Simultaneously, the data is also sent to Port B.

	Instructions

a) Load REGBAS in reg. X

b) Clear port B by storing zero in it

Select ??? Port C pins for output

c) Load %???????? in accB

d) Store accB to DDRC

Main loop

e) Load Port C to accB

f) Shift accB to the left

g) Store accB to Port C

h) Store accB to Port B

i) Branch back to (v)

j) SWI


	Flowchart 20 point(s)

	Code 20 point(s)



flowchart

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

coding

Use the flowchart to code your program in the simulator. Write or paste your coded program in the space provided. Code the program in to the personalized file LASTNAME_Firstname_Buttons_bx.asm using the standard template.

execution 

Open THRSim11. Close the Commands window. Open port registers and THRSim11 IO box. Open your program. Before assembling your program, disactivate the “Store accB to Port C” instruction by putting * at its beginning (see the code in Example Button Box). Set breakpoint, and reset registers. Set standard labels (Label/Set Standard Labels). Set display of accB to binary. Set display of PORTB and PORTC to binary. Tile windows. Arrange windows for maximum benefit. Paste your screen below:

a) Before you run the program, verify the Port C pins functionality. In the THRSim11 IO box, toggle up the switch PC2. You will see that the corresponding bit in Port C register, bit ?, becomes 1 immediately. Paste your screen below: 3 point(s)
b) Toggle down the switch PC2 in the IO box.

c) Run the program. The program will loop continuously between label ______ and opcode ______. 6 point(s)
d) With the program running, toggle up the switch PC2 in the IO box. Immediately, bit ? (3 point(s))in PORTC will switch to one. Simultaneously, pin ? in PORTB will become 1, and the light PB? (3 point(s)) in the IO box will lit. Press the stop button and capture the screen. Paste your screen below: 3 pointa(s)
e) Try to toggle other PC switches in the IO box. You will notice that now only the even switches (PC0, PC2, PC4, PC6) are producing the setting of the corresponding bits in PORTC register. The odd switches (PC?, PC?, PC?, PC?) can be toggled, but with no effect on the PORTC register. This illustrates how DDRC controls PORTC register.

f) Restart the program by pressing the Run button. With the program running, try to toggle the other switches. You will notice that the toggling of the even switches (PC?, PC?, PC?, PC?) has the effect of switching on the odd Port B lights (PB?, PB?, PB?, PB?). This is the result of the data from the odd Port C pins is loaded in accB, left shifted, and sent back to Port B. 

g) Finally, re-activate the line “store accB to Port C” by removing the *. This makes your program ready to be used in Lab2.

What you have learned

In this exercise, you have learned:

· The use of PORTC for input and output

· The concept of shifting a register

· The use of the THRSim11 IO box for both input and output

· New words and expressions: toggle switch; shift a register, shift data.
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