EMCH 367 
Fundamentals of Microcontrollers
Exercise SERIAL COMMUNICATION


Exercise -- Serial Communication

Objective

The objective of this homework is to learn how to use the serial communication port of the M68HC11:

· Basic concepts of serial communications are reviewed. 

· The BAUD rate and other aspects of the serial communications interface (SCI) are investigated.

· The registers used to transmit and receive serial communications data are examined

· The TDRE and RDRF flags used to identify whether or not serial communications data has been transmitted or received are used

· The concept of echo is developed

Basic Concepts

1) Describe in your own words, using formulae or diagrams, as needed:

a) Baud Rate: 2 point(s)
b) Start Bit: 2 point(s)
c) Stop Bit: 2 point(s)
d) ASCII Code: 2 point(s)
2) Using the chart in the back of M68HC11 Quick Reference Manual, write the ASCII code in hex and in 8-bit binary for the following characters: 32 point(s)
	Character
	ASCII
	Binary
	Character
	ASCII 
	Binary

	a
	$61
	01100001
	DLE
	
	

	%
	
	
	d
	
	

	p
	
	
	<
	
	

	:
	
	
	X
	
	


3) Consider the character 'O' being transmitted through serial communication. Sketch and label the ten bits that make up this communication (the serial-data word). 5 point(s)
	Label
	bs
	b0
	b1
	b2
	b3
	b4
	b5
	b6
	b7
	be

	Value
	
	
	
	
	
	
	
	
	
	


4) Name and briefly describe the five Serial Communications Interface (SCI) registers. 8 point(s)
5) The following questions refer to RDRF:

a) Describe in your own words the function of RDRF 2 point(s)
b) In what register is it located? 2 point(s)
c) How does one write a program to check the status of RDRF? 2 point(s)
d) How is RDRF cleared? 2 point(s)
6) Describe how to retrieve received serial communication data

7) The following questions are related to TDRE:

a) Describe in your own words the function of TDRE. 2 point(s)
b) In what register is it located? 2 point(s)
c) How does one write a program to check the status of TDRE? 2 point(s)
d) How is TDRE cleared? 2 point(s)
program Echo

Note: This program is based on the examples SCI_recept and SCI_transm. In fact, it can be assembled from these two examples. Before performing the present programming, review, duplicate, and operate the coding in examples SCI_recept and SCI_transm.

· The program ECHO will continuously check if the MCU has received the transmission signal from the terminal keyboard here simulated by the serial transmitter.

· When keyboard transmission is received, the binary pattern of the character’s ACII code will be sent to Port B for display. This way, you will check that the bit pattern corresponds to that from the ASCII table. 

· Then, the character is transmitted back to the terminal to be displayed on the monitor screen here simulated by the serial receiver. 

· To achieve synchronization with lab equipment during future use of this program in the lab, a sync pulse (low-high-low) is generated in Port C just before the serial transmission.

Instructions

i. Set the BAUD register to 9600 and the SCCR1 to 8 bits. (This step is not necessary when connecting to the microcontroller through MiniIDE, but it must be included in order to run this program on the simulator.)

ii. Initialize the serial communication interface (SCI) for reception and transmission

iii. Initialize all Port C pins for output

iv. Branch in place until the reception data register is full (i.e., branch back if RDRF is not set). This checks if the SCI transmission has been received.

v. Continue when the SCI transmission has been received

vi. Load the key code into AccB and send it out through PORTB. This will be shown on the IOBox LED display.

vii. Branch in place until the transmission register is empty (i.e., branch back if TDRE is not set). This checks if the transmission can take place.

viii. Send out a low-high-low pulse through PORTC.

ix. Send back the character (echo) through SCI.

x. Loop continuously from (vii)

flowchart

Draw a flowchart for the program in the space provided.

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_Echo.asm. Write or paste your coded program in the space provided.

	Flowchart 11 point(s)

	Code 10 point(s)


execution

Open THRSim11. Close the Commands window. View ports registers and serial registers. View serial transmitter and receiver. View IO box. Open and assemble your program. Set breakpoints as follows:

· After RDRF has been detected and its loop exited

· After TDRE has been detected and its loop exited

· At SWI

Reset registers. Set standard labels (Label/Set Standard Labels). Set display of BAUD, SCCR1, SCCR2, SCSR to binary. Set display of accA to binary. Set display of ports B and C to binary. Arrange windows for maximum benefit: Reset, A, B, X, PORTB, PORTC. Press the RESET button. Paste your screen: 1 point(s)
a) Fill in the ASCII codes for each key listed in Table 1. 7 point(s)
Table 1

	Key
	Q
	2
	5
	B

	ASCII code
	51
	
	
	

	IO box 
8- LED pattern 
	MSB(LSB01010001 
	
	
	

	Equivalent Hex values
	$51
	
	
	

	Agreement (Y/N)
	Y
	
	
	


b) Run your program in the simulator. The program should be looping at the beginning showing that it is waiting on a keystroke.

c) Once the program is running, enter the letter Q into the serial transmitter window and click Send. This means that the letter Q is being sent to the microcontroller. After a few moments, the letter Q should begin appearing in the serial receiver window. This means that the microcontroller has sent the letter Q back to the terminal.

*You should see the ASCII code for the character Q represented by the red lights in the IO box and by the values in the Port B pins window.

*You can also detect a “flicker” of the Port C switches in the IO box and a “flicker” of the values in the Port C pins window as the program sends out the High-Low-High pulse each time the character is transmitted.

Repeat with the other keys mentioned in Table 1 and check that your program runs successfully. If you do not get the desired results, debug your program. If you cannot solve the problems, please contact your TA.
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