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Features  

The Matrix Orbital Parallel display series offers a low cost display solution utilizing an industry standard 

communication interface for simple integration into a wide variety of new and existing applications.  The 

Light Emitting Diode backlight with configurable brightness and voltage controlled contrast allows the 

MOP Liquid Crystal Display line to offer a professional display solution with low power impact for any 

project.  The standard alphanumeric font set also allows up to eight custom characters to be saved in 

display Random Access Memory for a custom design touch. 

Hardware  
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Figure 1: MOP-AL402A Mechanical Drawing 

Interface  
Table 1: Display Control 

Pin Symbol Description 

1 VSS Ground 

2 VDD Supply Voltage for Logic 

3 V0 Supply Voltage for LCD (Contrast)  

4 RS Register Select 

5 R/W Read/Write 

6 CE Chip Enable 

15 LED(+) Anode of LED Backlight 

16 LED(-) Cathode of LED Backlight 
 

Table 2: Parallel Data 

Pin Symbol Description 

7 DB0 *Data bit 0 

8 DB1 *Data bit 1 

9 DB2 *Data bit 2 

10 DB3 *Data bit 3 

11 DB4 Data bit 4 

12 DB5 Data bit 5 

13 DB6 Data bit 6 

14 DB7 Data bit 7 
*Note: Not used in 4-bit mode 
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Instructions  

Outline  

The MOP line is controlled using a standard HD44780 compliant controller.  The display is enabled by 

pulling the Chip Enable (CE) pin high, communication to and from the device is controlled using the 

Read/Write (R/W) input, and one of two available 8-bit registers are selected via the Register Select (RS) 

line.  Using Register Select, either the Instruction Register (IR) or Data Register (DR) is selected by 

toggling RS low or high respectively.   

While executing from the IR, the display will pull the Most Significant Bit of the data bus, DB7, high.  

While this Busy Flag (BF) is set, any instructions sent to the unit will be ignored.  The status of this flag 

and the current position of the Address Counter (AC) can be obtained by performing a read operation on 

the instruction register at any time. 

Table 3: Register Selection 

RS R/W Operation 

0 0 IR write as an internal operation (display clear, etc.) 

0 1 Read busy flag (DB7) and address counter (DB0 to DB6) 

1 0 Write data to DDRAM or CGRAM (DR to DDRAM or CGRAM) 

1 1 Read data from DDRAM or CGRAM (DDRAM or CGRAM to DR) 

 
When writing for the DR, one of two locations can be chosen using the AC.  The value provided to the AC 

when executing a set address command differentiates these locations.  The AC is automatically 

decremented or incremented after a read or a write. 

DDRAM provides eighty bytes of display memory to all displays.  Memory outside the bounds of the 

display area can be used as general RAM.  DDRAM addressing begins at the top left of the display with a 

value of 0, addresses then increment from left to right then down once a row is filled.  

Table 4: One Line Addressing 

Position 1 2 ... 80 

DDRAM Address 00 01 ... 4F 
 

Table 5: Two Line Addressing 

Position 1 2 ... 40 

DDRAM 
Address 

00 01 ... 27 

40 41 ... 67 
 

Table 6: Four Line Addressing 

Position 1 2 ... 20 

DDRAM 
Address 

00 01 ... 13 

40 41 ... 53 

14 15 ... 27 

54 55 ... 67 
 

 
CGRAM provides eight custom characters that can be created by writing to CGRAM locations then 

displayed using the first eight CGROM character codes, as seen in the character ROM table below. 

Characters are sent to the display by performing a write operation on the DR using the correct character 

address within CGROM.  Instructions are issued by writing to the IR; a complete list is available below. 
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Instruction  Table 
Table 7: Parallel Instruction Table 

Instruction 

Instruction Code 

Description 

RS R/W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0 

Clear 
Display 

0 0 0 0 0 0 0 0 0 1 
²ǊƛǘŜ άнлIέ ǘƻ all DDRAM locations, set 
DDRAM address ǘƻ άллIέΣ ǊŜǘǳǊƴ ŎǳǊǎƻǊ 
to its original position, and sŜǘ Lκ5 ǘƻ άмέΦ 

Return 
Home 

0 0 0 0 0 0 0 0 1  
Set DDRAM address ǘƻ άллIέ ŀƴŘ return 
cursor to its original position if shifted.  

The contents of DDRAM are not changed. 

Entry Mode 
Set 

0 0 0 0 0 0 0 1 I/D SH 

Assign cursor moving direction and 
enable the shift of entire display.  DDRAM 

and CRAM addresses are incremented 
and cursor moves right when I/D is set to 
άмέΣ ǘƘŜ ƻǇǇƻǎƛǘŜ ƛǎ ǘǊǳŜ ǿƘŜƴ reset to 
άлέΦ  {ŜǘǘƛƴƎ {I ǘƻ άмέ ŎŀǳǎŜǎ ǘƘŜ ŜƴǘƛǊŜ 
display to shift affecting only DDRAM. 

Display 
ON/OFF 
Control 

0 0 0 0 0 0 1 D C B 

Set display (D), cursor (C), and blinking of 
cursor (B) on/off control bit.  Setting D, C, 
ƻǊ . ǘƻ άмέ ǿƛƭƭ ŎŀǳǎŜ ǘƘŜ ŘƛǎǇƭŀȅΣ 

underline cursor, or blinking cursor to 
turn on, the opposite is true for reset. 

Cursor or 
Display Shift 

0 0 0 0 0 1 S/C R/L   

Set cursor moving and display shift 
control bit, and the direction, without 

changing of DDRAM data.  Setting S/L to 
άмέ ǿƛƭƭ ǎƘƛŦǘ ǘƘŜ ǎŎǊŜŜƴ ƘƻǊƛȊƻƴǘŀƭƭȅ ǿƘƛƭŜ 

the opposite will move the cursor 
through all screen positions.  Setting R/L 
ǘƻ άмέ ǿƛƭƭ ǎƘƛŦǘ ǊƛƎƘǘ ƛƳƳŜŘƛŀǘŜƭȅ.  AC 

and DDRAM are not altered. 

Function Set 0 0 0 0 1 DL N F   

Set interface data length, numbers of 
display line and, display font type.  

{ŜǘǘƛƴƎ 5[ ǘƻ άмέ ǎǇŜŎƛŦƛŜǎ у-ōƛǘ ƳƻŘŜΣ άлέ 
4-ōƛǘΦ  {ŜǘǘƛƴƎ b ǘƻ άмέ ǇŜǊƳƛǘǎ ŀ Ƴǳƭǘƛ-
ƭƛƴŜ ŘƛǎǇƭŀȅΣ άлέ ŀ ǎƛƴƎƭŜΦ  wŜǎŜǘǘƛƴƎ C to 
άлέ ƛƴŘƛŎŀǘŜǎ ŀ рȄу Řƻǘ ŎƘŀǊŀŎǘŜǊΦ 

Set CGRAM 
Address 

0 0 0 1 AC5 AC4 AC3 AC2 AC1 AC0 Set CGRAM address in address counter. 

Set DDRAM 
Address 

0 0 1 AC6 AC5 AC4 AC3 AC2 AC1 AC0 Set DDRAM address in address counter. 

Read Busy 
Flag and 
Address 

0 1 BF AC6 AC5 AC4 AC3 AC2 AC1 AC0 
Read the status of the display controller 

through the BF Bit.  The contents of 
address counter can also be read. 

Write Data 
to RAM 

1 0 D7 D6 D5 D4 D3 D2 D1 D0 

Write data into internal RAM 
(DDRAM/CGRAM), location is determined 

by the AC.  AC and display shift are 
adjusted as specified. 

Read Data 
from RAM 

1 1 D7 D6 D5 D4 D3 D2 D1 D0 

Read data from internal RAM 
(DDRAM/CGRAM), location is determined 
by the AC, set command is recommended 

previous to this.  Only AC is adjusted. 
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Character ROM 

The character generator ROM stores up to two hundred fifty-six 5 8 dot character patterns from 8-bit 

character codes.   The first eight characters are reserved for custom characters saved in CGRAM. 

 

Figure 2: European Character Set 
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Character RAM 

CGRAM allows the creation of up to 
eight 5x8 character patterns.  Eight 
bytes are assigned to each character 
address, the least significant five bits of 
which represent the five pixel columns.  
Pixels are activated by setting the bit in 
ǘƘŜƛǊ Ǉƻǎƛǘƛƻƴ ƛƴ /Dw!a ǘƻ άмέΦ 
 
Each character has eight addresses in 
CGRAM corresponding to each of its 
eight pixel rows.  The highest three bits 
represent the character address in 
DDRAM.  The lowest three bits of this 
address represent the row positions 
beginning with 0 at the top.  The last 
Ǌƻǿ ǿƛƭƭ ōŜ ƭƻƎƛŎŀƭƭȅ hwΩŘ ǿƛǘƘ ǘƘŜ 
cursor when it is active. 
 
Finally, each character can be 
referenced in DDRAM and written to 
the screen using its eight bit address. 

Table 8:Relationship between CGRAM Addresses,  
Character Codes (DDRAM Data) and Character Patterns (CGRAM Data) 

 
Note: *  Indicates no effect. 

Timing Characteristics  
Table 9: Read and Write Operation Specifications 

  Write Read  

Item Symbol Min Typ Max Min Typ Max Unit 

Enable cycle time tcycE 1200   1200   ns 

Enable pulse width (high level) PWEH 140   140   ns 

Enable rise/fall time tEr,tEf   25   25 ns 

Address set-up time (RS, R/W to E) tAS 0   0   ns 

Address hold time tAH 10   10   ns 

Data set-up time tDS 40     100 ns 

Data hold time tH 10   10   ns 

Conditions: Ta=25ᴈ, VDD=5.0± 0.5V 

 
Figure 3: Write Timing Waveform 

 
Figure 4: Read Timing Waveform 

  










