Dot Matrix LED Control
This experiment uses 8x8 dot matrix LED (D3) to display decimal numbers. The D3 is a common-cathode matrix LED. The row scan signal is emitted from P2 and the column scan signal is emitted from P0.Both row and column scan signal are active-high signals, that is, all LEDs are turned on when the row and column signals are all 1s.The ULN 2803 Darlington pairs are used to sink column currents. See Fig.4-2-6 for detailed information. Similar to the matrix keyboard, the dot matrix LED is configured by placing a diode on each intersection of row and column lines. When the LED anodes are connected to the column line as shown in Fib. 5-3-1(a), the dot matrix LED is called the common-anode matrix LED. When the LED cathodes are connected to the column line as shown in Figure below. The dot matrix LED is called the common-cathode matrix LED.
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Theory of LED dot matrix display
In a dot matrix display, multiple LEDs are wired together in rows and columns. This is done to minimize the number of pins required to drive them. For example, a 8×8 matrix of LEDs (shown below) would need 64 I/O pins, one for each LED pixel. By wiring all the anodes together in rows (R1 through R8), and cathodes in columns (C1 through C8), the required number of I/O pins is reduced to 16. Each LED is addressed by its row and column number. In the figure below, if R4 is pulled high and C3 is pulled low, the LED in fourth row and third column will be turned on. Characters can be displayed by fast scanning of either rows or columns. This tutorial will discuss the method of column scanning.
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Structure of a 8x8 LED dot matrix
In practice, if we rotate a common-anode dot matrix LED left or right by 90 degrees and re-assign the column and row lines a common-cathode matrix LED is thus obtained. In the same manner a common-cathode matrix LED can be used as a common-anode matrix LED.
Basic Matrix LED Control 

Functional Description: 
Sequentially turn on the column LED’s from column 1 to column 8 eight times, and then turn on the row LED’s from row 1 to row 8 eight times. 
Source Program (1):
ORG
000H

START:

MOV
R0, #64
MOV
P2, #0FFH

MOV
A, #10000000B
NEXT_COL:
MOV
P0, A

CALL
DELAY

RR
A
DJNZ
R0, NEXT_COL
MOV
R0, #64

MOV
P0, #0FFH

MOV
A, #10000000B
          NEXT_ROW:

MOV
P2, A

CALL
DELAY

RR
A
DJNZ
R0, NEXT_ROW 
JMP
START
; ----------------------------
; DELAY 0.1s
; ------------------------------
DELAY:

MOV
R6, #200

DL1:

MOV
R7, #249
DJNZ
R7, $

DJNZ
R6, DL1

RET

END
Program Description: 

To turn on the LEDs column after column, P2 emits FFH to row lines and P0 emits a 1 to column 1, the LEDs in this column are turned on.  Then the 1 is  shifted to column 2 by rotate instruction to turn on the LEDs in column 2, and so on.  To turn on the LEDs row after row, P0 emits FFH to column lines and P0 emits a 1 to row 1, the LEDs in this row are turned on.  Then the is shifted to row 2 by rotate instruction to turn on the LEDs in the row 2, and so on.
Static Character Display
Functional Description: 

Show a 5x7 letter "A" on dot matrix LED. 
Source Program: 

ORG   000H 

START: 

MOV   DPTR,#TABLE 

MOV   R2, # 00010000b
MOV   R1, #0 

NEXT: 

MOV   A, R1 

MOVC  A, @A+DPTR

MOV   P2, A 

MOV   A, R2 

MOV   P0, A 

CALL  DELAY 

RR    A

MOV   R2, A 

INC   R1

CJNE   R1, #5,NEXT 

JMP
START

; ----------------------------
; DELAY                  0.1s

; ------------------------------
DELAY: 

MOV   R6, #10 

DL1: 

MOV   R7, #249 

DJNZ  R7,$ 

DJNZ  R6, DL1

RET 
TABLE: DB   3EH, 48H, 88H, 48H, 3EH

END 

Program Description: 

The pattern data (five columns) of the alphabet "A" stored in TABLE are read and written to P2.  While the pattern data of a column is emitted from P2, the scan data (a 1) is sent to P0 to turn on the LEDs in the corresponding column. The operation procedure of a scanned LED display is also used in the dot matrix LED scanning.  The steps are: 
(1)  Send pattern data of a column to the column lines. 

(2)  Scan the column whose LEDs to be turned on. 

(3)  Delay an appropriate time. 

(4)  Turn off the LEDs in the column if necessary.
By repeating this procedure for each pattern data, the character of "A" is thus displayed on the matrix LED. To display an alphanumeric pattern on the matrix LED, the user must first create the pattern and then obtain pattern data of each column.  Fig. 5-3-2 shows the patterns of 26 letters in the format of 5x7 dots.  For example, the pattern data of letter A, as shown below, are (C1)=3EH, (C2)=48H, (C3)=88H, (C4)=48H, and (C5)=3EH
C1:  3EH    C2:  48H    C3:  88H    C4:  48H    C5:  3EH
	
	C1
	C2
	C3
	C4
	C5
	

	P2.7
	0
	0
	1
	0
	0
	R1

	P2.6
	0
	1
	0
	1
	0
	R2

	P2.5
	1
	0
	0
	0
	1
	R3

	P2.4
	1
	0
	0
	0
	1
	R4

	P2.3
	1
	1
	1
	1
	1
	R5

	P2.2
	1
	0
	0
	0
	1
	R6

	P2.1
	1
	0
	0
	0
	1
	R7

	P2.0
	0
	0
	0
	0
	0
	R8

	
	P0.0
	P0.1
	P0.2
	P0.3
	P0.4
	


5 x 7 dots patterns
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Static Character Display 

Functional Description:

Sequentially show 5x7-dot characters A through Z and numbers 0 through 9.
Source Program:

ORG
000H

START:

MOV
DPTR,#TABLE

MOV
R0, #36
         ; TOTAL 36 CHAR.

NEXTC:

MOV
R3, #20

REPEAT:

MOV
R2, #00010000B
; COLUMN
MOV
R1, #0

NEXT:

MOV
A, R1
;DATA POINTER

MOVC A,@A+DPTR

MOV
P2, A

MOV
A, R2

MOV
P0, A

CALL
DELAY

RR
A

MOV
R2, A

MOV
P0, #00H
;TURN OFF LED

INC
R1

CJNE
R1, #5, NEXT

DJNZ
R3, REPEAT

INC
DPTR
;NEXT CHAR.

INC
DPTR

INC
DPTR

INC
DPTR

INC
DPTR

DJNZ
R0, NEXTC

JMP
START

TABLE: 

DB
3EH, 48H, 88H, 48H, 3EH
  
;A

DB
0FEH, 92H, 92H, 92H, 6CH
 ;B

DB
7CH, 82H, 82H, 82H, 44H
 
 ;C

DB
0FEH, 82H, 82H, 44H, 38H  
 ;D

DB
0FEH, 92H, 92H, 92H, 82H   
 ;E

DB
0FEH, 90H, 90H, 90H, 80H   
 ;F

DB
7CH, 82H, 92H, 94H, 5EH

;G

DB
0FEH, 10H, 10H, 10H, 0FEH
;H

DB
00H, 82H, 0FEH, 82H, 00H 
 ;I

DB
04H, 02H, 82H, 0FCH, 80H
 ;J

DB
0FEH, 10H, 28H, 44H, 82H
;K

DB
0FEH, 02H, 02H, 02H, 02H
;L

DB
0FEH, 40H, 30H, 40H, 0FEH 
;M

DB
0FEH, 20H, 10H, 08H, 0FEH
;N

DB
7CH, 82H, 82H, 82H, 7CH

;O

DB
0FEH, 90H, 90H, 90H, 60H
;P

DB
7CH, 82H, 8AH, 84H, 7AH

;Q

DB
0FEH, 90H, 98H, 94H, 62H
;R

DB
64H, 92H, 92H, 92H, 4CH

;S

DB
80H, 80H, 0FEH, 80H, 80H
;T

DB
0FCH, 02H, 02H, 02H, 0FCH
;U

DB
0F8H, 04H, 02H, 04H, 0F8H
 ;V

DB
0FCH, 02H, 1CH, 02H, 0FCH 
 ;W

DB
0C6H, 28H, 10H, 28H, 0C6H
  ;X

DB
0E0H, 10H, 0EH, 10H, 0E0H
 ;Y

DB
86H, 8AH, 92H, 0A2H, 0C2H
 ;Z

DB
7CH, 8AH, 92H, 0A2H, 7CH
 ;0

DB
00H, 42H, 0FEH, 02H, 00H  
;1

DB
42H, 86H, 8AH, 92H, 62H

;2

DB
84H, 82H, 0A2H, 0D2H, 8CH
;3

DB
18H, 28H, 48H, 0FEH, 08H
;4

DB
0E4H, 0A2H, 0A2H, 0A2H, 9CH
 ;5

DB
3CH, 52H, 92H, 92H, 0CH

;6

DB
80H, 8EH, 90H, 0A0H, 0C0H
;7

DB
6CH, 92H, 92H, 92H, 6CH

;8

DB
60H, 92H, 92H, 94H, 78H

;9

;----------------------------
; DELAY                 5mS
;------------------------------

DELAY: 

MOV  R6,#10 

DL1: 

MOV  R7,#249 

DJNZ R7,$ 

DJNZ R6,DL1

RET 

END
Program Description: 

The time of 25 ms is needed to display a character (5 columns) since the 5-ms delay subroutine is called for one column display. This speed is too fast to display characters visibly.   A way to display a visible character is that the character is displayed several times.  The register R3 of this program is initiated to 20 to display a character 20 times.  Therefore a character stays 25 msx20=0.5s.Since five consecutive addresses are needed for storing the column data of one character, five instructions of "INC DPTR" are used to point to the beginning of next character data.  The MOV P0, #00H instruction temporarily turns off all LEDs after each column display completion.
Dynamic Character Display 

Functional Description: 

Sequentially show 5x7 characters A through Z and numbers 0 through 9, and move it from the left to right. 

Source Program:

ORG
000H

START:

MOV
DPTR,#TABLE

MOV
R0,#224 

NEXTC:

MOV
R3,#8 

REPEAT:

MOV
R2,#00010000B

MOV
R1,#0 

NEXT:

MOV
A,R1

MOVC A,@A+DPTR

MOV
P2,A

MOV
A,R2

MOV
P0,A

CALL
DELAY

RR
A

MOV
R2,A

MOV
P0, #00H      ; TURN OFF LEDs

INC
R1

CJNE
R1,#8,NEXT

DJNZ
R3, REPEAT

INC
DPTR

DJNZ
R0, NEXTC

JMP
START

TABLE:

DB
00H,00H,00H,00H,00H,00H,00H,00H

DB
3EH, 48H, 88H, 48H, 3EH, 00H

;A

DB
0FEH, 92H, 92H, 92H, 6CH, 00H

;B

DB
7CH, 82H, 82H, 82H, 44H, 00H

;C

DB
0FEH, 82H, 82H, 44H, 38H, 00H

;D

DB
0FEH, 92H, 92H, 92H, 82H, 00H

;E

DB
0FEH, 90H, 90H, 90H, 80H, 00H

;F

DB
7CH, 82H, 92H, 94H, 5EH, 00H

;G

DB
0FEH, 10H, 10H, 10H, 0FEH, 00H
;H

DB
00H, 82H, 0FEH, 82H, 00H, 00H

;I

DB
04H, 02H, 82H, 0FCH, 80H, 00H

;J

DB
0FEH, 10H, 28H, 44H, 82H, 00H

;K

DB
0FEH, 02H, 02H, 02H, 02H, 00H

;L

DB
0FEH, 40H, 30H, 40H, 0FEH, 00H
;M

DB
0FEH, 20H, 10H, 08H, 0FEH, 00H
;N

DB
7CH, 82H, 82H, 82H, 7CH, 00H

;O

DB
0FEH, 90H, 90H, 90H, 60H, 00H

;P

DB
7CH, 82H, 8AH, 84H, 7AH, 00H

;Q

DB
0FEH, 90H, 98H, 94H, 62H, 00H

;R

DB
64H, 92H, 92H, 92H, 4CH, 00H

;S

DB
80H, 80H, 0FEH, 80H, 80H, 00H

;T

DB
0FCH, 02H, 02H, 02H, 0FCH, 00H
;U

DB
0F8H, 04H, 02H, 04H, 0F8H, 00H
;V

DB
0FCH, 02H, 1CH, 02H, 0FCH, 00H
;W

DB
0C6H, 28H, 10H, 28H, 66H, 00H

;X

DB
0E0H, 10H, 0EH, 10H, 0E0H, 00H
;Y

DB
86H, 8AH, 92H, 0A2H, 0C2H, 00H
;Z

DB
7CH, 8AH, 92H, 0A2H, 7CH, 00H

;0

DB
00H, 42H, 0FEH, 02H, 00H, 00H

;1

DB
42H, 86H, 8AH, 92H, 62H, 00H

;2

DB
84H, 82H, 0A2H, 0D2H, 8CH, 00H
;3

DB
18H, 28H, 48H, 0FEH, 08H, 00H

;4

DB
0E4H, 0A2H, 0A2H, 0A2H, 9CH, 00H
;5

DB
3CH, 52H, 92H, 92H, 0CH, 00H

;6

DB
80H, 8EH, 90H, 0A0H, 0C0H, 00H
;7

DB
6CH, 92H, 92H, 92H, 6CH, 00H

;8

DB
60H, 92H, 92H, 94H, 78H, 00H

;9

DB
00H,00H,00H,00H,00H,00H,00H,00H

;----------------------------
; DELAY                 5mS
;------------------------------

DELAY:

MOV  R6, #4

DL1:

MOV  R7, #249

DJNZ R7, $

DJNZ R6, DL1

RET 

END
Program Description: 

For displaying multiple characters, a space column between characters must be inserted.  Therefore the value 00 follows each pattern data.  To make the motion effect, eight consecutive data bytes are read and displayed once as shown in Fig below. To speed up the motion of characters, the delay is modified to 2 ms.
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Sequentially read data bytes for motion effect 
