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INTRODUCTION

This application note interfaces a midrange PICmicro
device to a Hitachi LM032L LCD character display
module, with a two line by twenty character display. LCD
modules are useful for displaying text information from a
system. In large volume applications, the use of custom
LCD displays becomes economical. The routines pro-
vided should be a good starting point for users whose
applications implement a custom LCD. This source code
should be compatible with the PIC16C5X devices, after
modifications for the special function register
initialization, but has not been verified on those devices.

OPERATION

The Hitachi LM032L LCD character display module can
operate in one of two modes. The first (and default)
mode is the 4-bit data interface mode. The second is
the 8-bit data interface mode. When operating in 4-bit
mode, two transfers per character / command are
required. 8-bit mode, though easier to implement (less
program memory) requires four additional I/O lines.
The use of 8-bit mode is strictly a program memory size
vs. I/O trade-off. The three most common data inter-
faces from the microcontroller are:

1. An 8-bit interface.

2. A 4-bit interface, with data transfers on the high
nibble of the port.

3. A 4-bit interface, with data transfers on the low
nibble of the port.

The LCD module also has three control signals, Enable
(E), Read/Write (R_W), and Register Select (RS). The
function of each control signal is shown in Table 1.
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TABLE 1: CONTROL SIGNAL FUNCTIONS

A single source file, with conditional assembly is used
to generate each of these three options. This requires
two flags. The flags and their results are shown in
Table 2.

TABLE 2: CONDITIONAL ASSEMBLY 
FLAGS

Control
SIgnal

Function

E Causes data/control state to be latched
Rising Edge = Latches control state

(RS and R_W)
Falling Edge = Latches data

RS Register Select Control
1 = LCD in data mode
0 = LCD in command mode

R_W Read / Write control
1 = LCD to write data
0 = LCD to read data

Flags

Four_bit Data_HI Result

1 0 4-bit mode. Data 
transferred on the low 
nibble of the port.

1 1 4-bit mode. Data 
transferred on the high 
nibble of the port.

0 x 8-bit mode.
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Figure 1, Figure 2, and Figure 3 show the block dia-
grams for the three different data interfaces. The
LCD_CNTL and LCD_DATA lines are user definable to

their port assignment. This is accomplished with
EQUate statements in the source code. See Appendi-
ces B, C, and D.

FIGURE 1: 8-BIT DATA INTERFACE

FIGURE 2: 4-BIT MODE; DATA TRANSFERRED ON THE HIGH NIBBLE OF THE PORT

FIGURE 3: 4-BIT MODE; DATA TRANSFERRED ON THE LOW NIBBLE OF THE PORT
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LCD’s (drivers) are slow devices when compared to
microcontrollers. Care must be taken from having
communication occur too quickly. The software will
need to control communicaton speed and timing to
ensure the slow LCD and fast microcontroller can stay
synchronized. The timing requirements of the LM032L
are shown in Appendix A. We recommend that the
complete specifications of the LM032L be acquired
from Hitachi or a Hitachi distributor. The literature num-
bers are CE-E613Q and M24T013 for a LM032L dis-
play driver.

When the module powers up, the default data transfer
mode is 8-bit. The initialization sequence only requires
commands that are 4-bit in length. The last initialization

command needs to specify the data transfer width (4-or
8-bit). Then a delay of 4.6 ms must be executed before
the LCD module can be initialized. Some of the LCD
module commands are:

• 1 or 2 lines of characters

• Display on /off
• Clear display
• Increment / do not increment character address 

pointer after each character
• Load character address pointer

The initialization flow for the module is shown in
Figure 4.

FIGURE 4: INITIALIZATION FLOW FOR LCD MODULE
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After initialization, each character address is
individually addressable. Figure 5 shows the structure
of the command to specify the character address.

FIGURE 5: CHARACTER ADDRESS 
COMMAND FORMAT

The Hitachi Display Drive (HD44780A) has 80 bytes of
RAM. The LM032L modules only use 40 bytes of the
available RAM (2 x 20 characters). It is possible to use the
remaining RAM locations for storage of other information. 

DB7 DB0

1 LINE DD ADDR

Address(1)

Line number

Set DD RAM Address

0 = line1

1 = line2

Note 1: Not all addresses are usable.

Figure 6 shows the display data positions supported by
the display driver as well as the characters actually
displayed by the module (the non-shaded addresses).

The program example implemented here uses the
character auto increment feature. This automatically
increments the character address pointer after each
character is written to the display.

CONCLUSION

The Hitachi LM032L character display module is well
suited for displaying information. The selection of 4-bit
or 8-bit data transfer mode is strictly a program memory
size vs. I/O resource trade-off. The supplied code is
easily used in any of three common data interfaces.
The source is easily modifiable to a designers specific
application needs. Other display modules/drivers
maybe implemented with the appropriate modifica-
tions. Table 3 shows the resource requirements for the
three subroutines SEND_CHAR, SEND_COMMAND, and
BUSY_CHECK in the various data interface modes.

FIGURE 6: DISPLAY DRIVER (DD) RAM LOCATIONS

TABLE 3: RESOURCE REQUIREMENTS

Mode
Program 
Memory

Data 
Memory

Verified On

8-bit 32 3 PICDEM-2(1)

4-bit, Data transferred on the high nibble 
of the port.

53 3 PICDEM-2(1)

4-bit, Data transferred on the high nibble 
of the port.

53 3 Low-Power Real-Time Clock Board 
(AN582)

Note 1: Jumper J6 must be removed.

Note: Shaded locations are not displayed on the LM032L display module.
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APPENDIX A: LM032L TIMING REQUIREMENTS

TABLE A-1: TIMING CHARACTERISTICS

FIGURE A-1: DATA WRITE INTERFACE TIMING

FIGURE A-2: DATA READ INTERFACE TIMING

Parameter # Symbol Characteristics Min. Typ. Max. Unit

1 TCYC Enable cycle time 1.0   µs

2 PWEH Enable pulse width 450   µs

3 TER, TEF Enable rise / fall time   25 µs

4 TAS RS, R/W set-up time 140   µs

5 TDDR Data delay time   320 µs

6 TDSU Data setup time 195   µs

7 TH Hold time 20   µs

Note: Refer to Hitachi documentation for the most current timing specifications.
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TABLE A-2: LM032L PIN CONNECTION 

Pin No. Symbol Level Function

1 VSS  0V Ground

2 VDD  +5V Power Supply(+)

3 VO   Ground

4 RS H/L L: Instruction Code Input
H: Data Input

5 R/W H/L H: Data Read (LCD module→MPU)
L: Data Write (LCD module←MPU)

6 E H,H→L Enable Signal

7 DB0 H/L

8 DB1 H/L

9 DB2 H/L

10 DB3 H/L Data Bus Line

11 DB4 H/L Note (1), (2)

12 DB5 H/L

13 DB6 H/L

14 DB7 H/L

In the HD44780, the data can be sent in either two 4-bit operations or one 8-bit operation, This flexibility allows an
interface to both 4- and 8-bit MPUs.

Note 1: When interface data is 4-bits long, data is transferred using only 4 lines of DB7:DB4 (DB3:DB0 are not 
used). Data transfer between the HD44780 and the MPU completes when 4-bits of data is transferred twice. 
Data of the higher order 4 bits (contents of DB7:DB4 when interface data is 8-bits long) is transferred first 
and then lower order 4 bits (contents of DB3:DB0 when interface data is 8-bits long).

2: When interface data is 8-bits long, data is transferred using 8 data lines of DB7:DB0.
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