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EET242

Laboratory #3 Data Manipulation and Look-up Tables (F10)
Objectives:

1. Apply data masking and data shifting in preparation to adding two binary numbers
2. Understand and use the indexed mode of addressing and a look-up table to convert a binary number to seven-segment display code
3. Learn more about the Dragon 12 schematic and typical interfacing devices such as buffers and 7-segment displays
Reference:

1. CPU12 Reference manual

2. Dragon 12 User’s Manual, Dragon12 CD

3. Dragon 12 schematic, Dragon 12 CD

Learning Activities:

Activity I. Interfacing the microcontroller with a 7-segment display.  
Below is a simplified schematic showing (a) how switch data is sent through Port H, (b) how the LED’s are controlled by Port B and Port J and (3) how the seven segment display is controlled by Port B and Port P.  Note that the lead labeled “LEDS”, which pulls the cathode of the LED’s to 0V (LOW), enables the LED’s.  Four separate lines, DIG0 thru DIG3 can enable any or all of the displays by pulling their cathodes LOW 
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a. Print out only Section 4.1, 4.2 and 4.3 (P. 24 & 25) of the Dragon 12 User’s Manual.  (Go to Dragon12 on your desktop ( Document ( dragon12-plus_manual_D.pdf)  Read the material.  After you read the last sentence on P. 24, “The segments A, B ... respectively.” make the necessary typographical correction to the sentence.

b. Study the diagram / schematic above.  It had been build upon the circuit of Laboratory #2 to include the 7-segment display.  Note that Port B is shared by both the LED’s and 7-segment display.  Note the addition of the 74HC367 IC.

c. Using the diagram and table from Sec. 4.1 and the Port B-to-7-segment-display connections, complete the “Number to Hex Value” conversion table below for the 7-segment display.  This table will be used for your “binary to 7-segment” code-conversion-look-up table”.

	Number
	DP
	G
	F
	E
	D
	C
	B
	A
	Hex Value

	0
	0
	0
	1
	1
	1
	1
	1
	1
	$3F

	1
	0
	0
	0
	0
	0
	1
	1
	0
	$06

	2
	0
	1
	0
	1
	1
	0
	1
	1
	$5B

	3
	0
	1
	0
	0
	1
	1
	1
	1
	$4F

	4
	0
	1
	1
	0
	0
	1
	1
	0
	$66
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d. Look up the 74HC367 specifications (data sheet) and briefly describe its operation as applied to the Dragon 12.  (Go to Dragon12 on your desktop ( Document ( Datasheets.)  Include this discussion in your report.
Notes:
e. Print out the pages of the Dragon 12 schematic that includes the 74HC376. (Go to Dragon12 on your desktop ( Document ( Schematics.)  You may want to rotate / enlarge the schematic as required.  Locate all of the pins / lines / parts shown on the above diagram /schematic (Page 3-1 of this laboratory) on the Dragon 12 schematics.  Circle each of the pins / lines / parts on the Dragon 12 schematics (not the board layout), give what you circle a brief heading such as “current-limit”, “buffer” etc.  If you have questions see the instructor or another lab group.

Activity II. Installing, verifying and understanding the program.  
After you assemble the ADD_DISPLAY.asm program you will verify it operation by examining the contents of the MPU internal registers as you single step (trace) through the program.  The program uses shift instructions to add two binary numbers and a look-up table and indexed addressing mode to convert from binary code to 7-segment display code.

a. Refer to the ADD_DISPLAY.asm program below and identify and label each of the sections:
( Title / description

( Assembly directives

( Initialization

( Program I: Binary addition

( Program II: Binary to 7-segment conversion

b. Load the ADD_DISPLAY.asm program from the EET242 web site, assemble, down load and run the program.  Note that it will not accurately display a binary sum greater than four (4).

c. In order to display numbers up to 9, the look-up table must be expanded using the conversion table you developed in Learning Activity I.c.  In addition you should understand the assembler directive FCB (form constant byte) show in Section 2.5 (P. 84) of your text.  Make these changes and verify that you can display up to “9”.

d. In order to verify and understand the “program flow” of Program I Binary Addition, try adding “3 + 2”, that is place “00110010” on the switches.  As you single step (trace) through the program, observe ACCA and ACCB register information, such as the binary data after shifting.  If some of these results are shown in binary, rather than HEX, it will aid your explanation.
e. When you understand the manipulation of data in ACCA and ACCB, produce a print out of important “single step” register results shown on the screen.

(To copy trace information displayed on the screen: Right click anywhere in terminal window, select copy all, open notepad2, select paste on the toolbar or go to edit, then paste.  Note: All the contents of the terminal will be copies.  You must delete unwanted text.  You may want to include a screen dump (“alt print screen”) in your report to support your discussion.)  
f. Briefly explain what is happening to ACCA and ACCB during “3 + 2” by adding notes to your screen dump print out.
Include the screen dump (“alt print screen”) in your report to support your discussion.  
Notes:

Instructor’s ok of “3 + 2 screen dump”: _____
g. Verify, understand, record and demonstrate the results of Part II Binary to 7-segment conversion to the instructor.  When you understand how the “effective address” of the look-up table is determined and how the indexed addressing mode is used, produce a print out of important “single step” register results shown on the screen..  Feel free to discuss your ideas with the instructor.  
Include a screen dump (“alt print screen”) in your report to support your discussion.  
Instructor’s ok “forming the effective address”: ____

Activity III. Changes to the program.  
Determine (a) how to turn off all but the least significant digit of the four 7-segment display array and (b) display $0 thru $F of the Hex addition results.  There is room in the table on Page 3-2 for $A - $F.  Explain and demonstrate both of these to the instructor.  
Hint: The digits turn on/off is controlled by the common cathode of each display which is connected to Port P through the buffer, 74HC367.
Instructor’s ok of (a) and (b): ____
;FILE NAME: ADD_DISPLAY.ASM

;THERE ARE TWO PARTS TO THE PROGRAM.

;PART I IS TO ADD TWO BINARY NUMBERS AND

;PART II IS TO CONVERT / DISPLAY THE RESULTS ON

;THE 7-SEGMENT DISPLAY.

;THE RESULTS WILL ALSO BE DISPLAY ON THE LED'S

;THE PORT THAT IS CONNECTED TO LED'S IS CALLED "PORTB"

;THE PORT THAT IS CONNECTED TO THE CATHODES OF THE LEDS

;THROUGH CURRENT LIMIT RESISTORS, RN8 IS "PORTJ"

;THE PORT THAT IS CONNECTED TO THE ANODES OF THE

;7-SEGMENT LED DISPLAYS IS "PORTB"

;PROGRAM STEPS;

;

;THE START (ORIGIN) OF TABLE THAT CONVERTS THE BINARY

;RESULTS OF ADDITION TO 7-SEGMENT DISPLAY IS SET

;TO $2000

;THE CONVERSION TABLE IS BUILD USING THE FCB (FORM

;CONSTANT BYTE) ASSEMBLER DIRECTIVE.  THIS TABLE

;CONVERTS THE BINARY RESULTS TO THE CODE NEEDED TO

;TURN ON THE CORRESPONDING SEGMENTS OF THE DISPLAY

;SOME PROGRAM STEPS ARE OUTLINED BELOW:

; PORTS B, J AND P ARE PROGRAMED AS OUTPUTS

; STORE A 0 OR 0V TO THE COMMON CATHODE OF THE

;7-SEGMENT DISPLAY.  THIS ALLOWS THEM FROM TURNING ON.

; STORE A 0 OR 0V TO THE COMMON CATHODES OF EACH LED

;DISPLAY.  THIS ENABLES THEM TO BE TURNED ON.

;LOAD THE TWO NUMBERS CONTAINED IN THE UPPER AND LOWER

;HALF BYTES, ALLIGN THEM THEN ADD THEM IN ORDER TO

;OBTAIN THE "RESULTS"

;THE BINARY RESULTS IS ADDED TO THE INDEX REGISTER

;TO GIVE THE DESIRED ADDRESS FOR THE BINARY-TO-HEX

;CONVERSION TABLE

;NEXT THE CONTENTS OF THE LOOK-UP TABLE FOR THE

;PARTICULAR RESULTS IS SENT TO THE LED'S

;AND 7-SEGMENT DISPLAY

;BRANCH BACK AND LOAD THE BINARY NUMBER AGAIN.

PORTB   EQU     $1      ;LOCATION OF PORT B (LED OUTPUT)

DDRB    EQU     $3      ;LOC PORT B DATA DIRECTION REG

PTJ     EQU     $268    ;LOCATION OF PORT J (LED CONTROL)

DDRJ    EQU     $26A    ;LOC PORT J DATA DIRECTION REG

PTP     EQU     $258    ;LOC OF PORT P (7-SEG CONTROL)

DDRP    EQU     $25A    ;LOC PORT P DATA DIRECGION REG

PTH     EQU     $260    ;LOC OF PORT H (SWITCH INPUT)

DDRH    EQU     $262    ;LOC PORT H DATA DIRECTION REG

CONVERT ORG     $2000   ;ADDRESS OF BINARY TO SEGMENT TABLE

        FCB     $3F,$06,$5B,$4F,$66 ;CODE FOR 0,1,2,3,4

        ORG     $1000   ;STARTING LOCATION OF THE PROG.

        LDAA    #%11111111      ;"1" = PORTS ARE OUTPUTS

        STAA    DDRB    ;MAKE PORT B AN OUTPUT PORT

        STAA    DDRJ    ;MAKE PORT J AN OUTPUT PORT

        STAA    DDRP    ;MAKE PORT P AN OUTPUT PORT

        LDAA    #%00000000      ;"0" = PORTS ARE INPUT

        STAA    DDRH    ;MAKE PORT H AN INPUT PORT

        LDAA    #%11110000     ;"1" MEANS 5V, "0" MEANS 0V

        STAA    PTP     ;STORE A 0V TO CATHODES OF 7-SEG

                        ;DISPLAY ENABLING THEM TO TURN ON

        LDAA    #%00000000      ;"0" MEANS OV / "GROUND"

        STAA    PTJ     ;STORE A 0 OR 0V TO THE CATHODES

                        ;OF LEDS, THUS ENABLING TURN ON

;PART I

AGAIN   LDX     #$2000  ;POINT TO START OF CONVERT TABLE

        LDAA    PTH     ;LOAD UPPER AND LOWER HALF BYTES

                        ;OF SWITCH DATA

        TAB             ;COPY DATA TO ACCB

        ANDA    #$0F    ;MASK (CLEAR) UPPER HALF BYTE

        LSRB            ;RIGHT SHIFT ACCB FOUR TIMES

        LSRB            ;SO THAT THE HIGH HALF-BYTE IS

        LSRB            ;ALLIGNED WITH THE LOW HALF-BYTE

        LSRB            ;IN PREPARATION TO ADDING

        ABA             ;ADD NUMBERS, PUT RESULTS IN ACCA

;PART II

        TAB             ;NEXT INSTRUCTION NEEDS TO

                        ;OPERATE ON RESULTS IN ACCB

        ABX             ;ADD RESULT TO $2000 IN ORDER

                        ;TO POINT TO SPECIFIC BINARY TO

                        ;SEVEN SEGMENT CONVERSION

        LDAA    0,X     ;LOAD CONVERSION CODE FROM TABLE

        STAA    PORTB   ;TURN ON / OFF LED'S AND SEGMENTS

        BRA     AGAIN   ;GO BACK, LOAD BINARY CODE AGAIN

_1293350443.pcx

