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1. GENERAL

1.1 General ' . \

1.2

v

»

The M1632 is a low-power-consumption dot-matrix liquid crystal display (LCD)
module with a high-contrast wide-view TN LCD panel and 8 CMOS LCD drive
controller built in. The controller has a built-in character generator ROM/RAM, and
display data RAM. All the display functions are controlled by instructions and the
module can easily be interfaced with an MPU. This makes the module applicable to a
wide range of purposes including terminal display units for microcomputers and
display units for measuring gages.

Features

+ 16-character, two-line TN liquid crystal display of 5 x 7 dot matrix + cursor

- Duty ratio: 1/16

+ Character generator ROM for 192 character types.

(character font: 5 x 7 dot matrix)

+ Character generator RAM for eight character types (program write)
(character font: 5 x 7 dot matrix)

+ 80 x 8 bit display data RAM (80 characters maximum)

+ Interface with four-bit and eight-bit MPUs possible

+ Display data RAM and character generator RAM readable from MPU
* Many instru;:tion functions

Display Clear, Cursor Home, Display ON/OFF, Cursor ON/OFF, Display
Character Blink, Cursor Shift, and Display Shift .

+ Built-in oséinator circuit

+ +5 V single power spipply

+ Built-in automatic reset circuit at power-on
CMOS process

Operating temperature range: 0°C to 50°C
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1.4 Block Diagram
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1.5 Absolute Maximum Ratings

. ‘ . R
Vgs = 0V
item Symbol Standard Unit Remarks
Power supply | Voo -03t0 +7.0 \Y
voltage Vie Vpp - 13.5t0 Vpp + 0.3 Y
Input voltage Vin -0.3to Vpp+0.3, \%
<
Swrage Tsg ~20to +60 °C At 50% RH

1.6 Electrical Characteristics

VbD=5ViS%, Vs =0V, Tp=0Cto 50°C

. Standard
Item - {Symbol Conditions - Unit
Min. Typ. Max.

Input High VK 2.2 - Vopo Vv
voltage |Llow Vi ‘ 0 - 0.6 v
Output | High Voui | = lon = 0.205 mA 2.4 - - Vv
voltage

! (TTL) Low VoL oL = 1.2mA - - 0.4 v
Output | High Vo | -low = 0.04mA - | 0.9Vpp| - - v
voltage
{CMOS) Low Vouz lor = 0.04mA - - 0.1Vpp \

Power supply | VoD 475 | 5.00 5.25 v

voltage Ve |[Vop=5V,Ta= 25°C - 0.25 - A
Current oo - 2.0 3.0 mA
consumption . e |Vie =025V - - 1.0 mA
Clock oscillation freq. fosc | Resistance oscillation 190 270 350 kHz




1.7 Optical Characteristics

1.7.1 Optical characteristies

-

Maximum viewing agg|e.'.‘

Ta = 25°C, Vopr = 475V

6 o'clock (@ = 09)

ltem Symbol Conditions Min. Typ. Max. Remarks
Viewing angle | 6,-6) |C 220, B =0 35 - - See L 1
Contrast C =25, @=0° s 8 - see Note 3.
Rise time t, |8=25°, @=0° - 60 ms 70ms | see note 4.
Fall time tot =25, D=0° - 150 ms 170ms | see Note 4.

Note 1: Definition of angles @ and 8

Note 2: Definition of viewing angles 6, and 8;

Z
. A
- (6=0) { Cmax. foewm=-—==2
Y' (@ = 180" H
| Contrast C
. ! :
¥ |
' ! 20l ccefmmemm
AN i
NAT N\ |
X : T X' 1
\ < : N ' | co
. | 1 |
~ | [}
\J:\. : 61
Y — 1 e . .
v Viewing angle
_Q,ét‘k\ 9 g
Y (2 =0° )
(8=90°
s ]
Note 3: Definition of contrast C Note 4: Definition of response time
c Brightness (reflection) of unselected dot (B2) Kf""ﬁ
Brightness (reflection) of selected dot (B1) Vopr
R Lt T | O O 1
' (Bri?lhtness) N s I. . ‘.... .............. -
1 reflection ) o TN S 1o L,
(%) i selected dot ]J J
(Bright) : LUl P
Brightness
] (re?lection)of (v) P B
Brightness : unselected dot
(reflection) ! Unselected Se.lected state Unselected state
! state - leplay oN) (display OFF)
|
! \
(Bright) . 1
} * 10 %)
(Dark) _ 1 f * 1}
0 , Brightness 100% 90%
Operating voltage (V) (transmission) t
(Dark) ' L 1
ton Lot
Vo ! Operating voltage, (V)
feam © Frame frequency (Hz)
ton : Response time (rise){ms)
toy : Response time (fall){ms)




1.7.2 Recommended operating voltage

The viewing angle and screen contrast of the LCD panel can be varied by

changing the liquié crystal operating voltage (Vopr),..thgt is Vpc.*
The optical characteristics is influenced by an ambient temperature.

recommended value of Vopr for an ambient temperatures are shown below.

Temperature (T)

10

25

40

50

Voltage Vepr (V)

5.00

4.90

4,75

4.60

4.50

The

Vopr = Vpp = Vic



2. OPERATING INSTRUCTIONS

2.1 Terminal Functions

Table 1 Terminal functions

Signal name ter‘ig{ir?;ls 110 Destination Function
DBg to DB3 4 10 MPU Tristate bidirectional lower four data buses: Data

is read from the module to the MPU or written to
the module from the MPU through the buses. If
the interface data is 4 bits, the signals are not
used.

DB4 to DBy 4 I10 MPU Tristate bidirectional upper four data buses: Data is
read from the module to the MPU or written to the
module from the MPU through the buses. DBj is also
used as a busy flag.

E 1 input MPU | Operation start signal: The signal activates data
write .or read.
R/W 1 Input MPU Read (R) and Write (W) selection signals
0: Write
1: Read ‘
RS 1 Input MPU Register selection signals

0: Instruction register (Write)
Busy flag and address counter (Read)
1: Data register (Write and Read)

Vic 1 - Power |Power supply terminal for driving liquid crystal
' supply |display: The screen contrast can be varied by
changing Vic.

Voo 1 - Power +5V
supply :

Vss 1 - Power |Ground terminal: 0OV
supply




2.2 Basic Operations

2-2‘1

Registers .

The controller has two kinds of eight-bit registers: the instruction register
(IR) and the data register (DR). They are selected by the register select (RS)
signal as shown in Table 2.

The IR stores instruction codes such as Display Clear and £1£§9L§D_'Lﬁ, and
the address_informatien-of display data RAM (DD RAM) and character generator
RAM\(;SQ__RA—M?-/They can be written from the MPU, but cannot be read to the
MPU.

The DR temporarily stores data to be written into DD RAM or CG RAM, or
read from DD RAM or CG RAM. When data is written into DD RAM or CG
RAM from the MPU, the data in the DR is automatically written into DD RAM
or CG RAM by internal operation. However, when data is read from DD RAM
or CG RAM, the necessary data address is written into the IR. The specified
data is read out to the DR and then the MPU reads it from the DR. After the.
read operation, the next address is set and DD RAM or CG RAM data at the
address is read into the DR for the next read operation.

Table 2 Register selection

RS

IR selection, IR write. Internal operation : Display clear

Busy flag (DB;) and address counter (DBg to DBg) read

DR selection, DR write. Internal operation : DR to DD RAM or CG RAM

RAW Operation
0
1
0
1

DR selection, DR read. internal operation : DD RAM or CG RAM to DR

2.2.2

Busy flag (BF)

The flag indicates whetbzr the module is ready to accept the next
instruction. As shown in Table 2, the signal is output to DB7 if RS =0 and
R/W = 1. If the value is 1, the module is working internally and the
instruction cannot be accepted. If the value is 0, the next instruction can be
written. Therefore, the flag status needs to be checked before executing an
instruction. If an instruction is executed without checking the flag status,
wait for more than the execution time shown by 2.4 Instruction Outline.




2.2.3

2.2.4

Address counter (AC)

The counter specifies an address when data is wrxtten into DD RAM or CG
RAM and the data stored in DD RAM or CG RAM is read out. If an Address
Sct instruction (for DD RAM or CG RAM) is written in the IR, the address
information is transferred from the IR to the AC. When display data is
written into or read from DD RAM or CG RAM, the AC is automatically
incremented or decremented by one according to the Entry- Mode Set. The
contents of the AC are output to DBg to DBg as shown in Table 2 if RS =0
and R/W = 1.

Display data RAM (DD RAM)

DD RAM has a capacity of up to 80 x 8 bits and stores display data of 80
eight-bit character codes. Some storage areas of DD RAM which are not used
for display can be used as general data RAM.

A DD RAM address to be set in the AC is expressed in hexadecimal form as
follows.

Example: DD RAM address = 07

-— Upper bits Lower bits —>
AC : ACg | ACs | ACyq | AC3 | AC, AC, | ACy
1 ) [}
1 [} [}
3
DD RAM 0 0 0 0 1 1 1
0 7

00y to OFY of the DD RAM address is seét in the line 1, and 40} to 4FH in the

line 2. ;

Note: The addresses in the digit 16 of line 1 and the digit 1 of line 2 are not
conseccutive. '



Line 1

Line 2

AN.NO.1632-711E

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Display digit

&

03 | 04 | 05 06 |07 |08 |09 |0A | 0B |Uc|oD|0E]|oF]| DD RAM
: address

43 | 44 145 {46 | 47 | 48 | 49 [ 4aA | aB 4C 1 4D | 4k | 4F

If the display is shifted, DD RAM address 00 to 27y are displayed in line 1 and
40H to 67y in line 2. The following figures are examples of display shifts.

*Left shift
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1g Display digit
Line 1 i 03|04105/06|07|08[{09]|0Aa|0B|0C]|oD]|or OF | 10 { DD RAM
- address
Line 2 43 [ 44 145|146 |47 [ 48 | 49 {aA | 4B | 4aC | aD | aE | aF 50
*Right shift
1 2 3 4 5 6 7 8 9. 10 11 12 13 14 15 16 Display digit
Line 1| 27 03 10da (05060708109 1}0A 0B | OC|0OD | OE DD RAM
address
Line2| g7 43 |44 | 45 | 46| 47 | 48 | 49 |4A | 4B | ac | 4D | 4E
2.2.5 Character generator ROM (CG ROM)

2.2.6

Character generator ROM generates 192 types of § x 7 dot-matrix character
patterns from. eight-bit character codes.

Table 3 shows the correspondence between the CG ROM character codes and
character patterns.

Character generator RAM (CG RAM)

CG RAM is used to crente character pnttc.rns frecly by programming. Eight types
of character patterns can be written.

Table 4 shows the character patterns created from CG RAM addresses and data.
To display a created character pattern, the character code in the left column of the
table is written into DD RAM corresponding to the display position (digit). The areas
not used for display are available as general data RAM.

- 10 =
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‘Table 3 Correspondence between character codes and character patterns

] o] =] 7] [ F]° 17 _
Lower 0000 { 0010 | 0011 | 0100 | 0101 [ 0110 [O111 | 1010 | 1011 | 1100 1101 11104 1N
bhit 4 bit . |
S I A I O R N o
oo | @ | F LT O L e e [ F 1 e
S B D o ot ol el I I B S R =
wonxonn | RPN I D A R R R
e A D LA R N R Rl A
e N e b e A S R R s R P A e
S B A e b L O ol Bl o B P
S N N e I A Bl s B el e e
S i 1 R L S R R 8 R P e
B I B o I R I e e A R I EE A R
emewo | @ || 5 LT L o [ e (|
R N A R A R ] e b
e e I I R A B A E A
xxxx111 @ .. : ‘..- .. . " .
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Table 4 Relationships between CG RAM addre‘s‘ség and character codes
(DD RAM) and character patterns (CG RAM data)

display.

Character code bits 0 to 2 and CG RAM address blt., 3toh

with each other (three bits, cight types).

s

A

Exomple of
character
pattern (R)

- Cursor
position

Example of
character
pattern (%)

Character code Character pattern
(DD RAM data) CG RAM address (CG RAM data)
76543210 5 4 3 2 10 76543210

4= Upper bit Lower bit P 4-Upper bit  Lower bit ¢ Upper bit Lower bit
: 0 0 * A W ’
10 0 1
0 1 0
P01 1
10 1
110
51 11 . o
Eo 0 0 *
:0 o 1
:O 1 0
0000 +00 1 o o 130 11
: 1 0 O
! i 0 1 !
: 1 1 0 :
1 1 1 1 b )
] N . |
H :
:0 o]} 0 x x -:
— 0 0 1 !
0000 » 1 11 LR R I :
. ‘ 110 0 '
01 '
1110 .
R LI
Notes:+ In CG RAM data, 1 corrcsponds to Seleetion and 0 to Non- selection on the

correspond

CG RAM address bits 0 to|2 specify a line position for a'character pattern.
Line 8 of a character pattern is the cursor position where the logical sum
of the cursor and CG RAM data is displayed. Set the data of line 8 to 0 to

display the cursor.
the cursor,

- 12 -

If the data is changed to 1, one bit lights, regardless of
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The character pattern column positions correspond to CG RAM data bits 0
to 4 and bit 4 comes to the left end. CG RAM data bits 5 to 7 are not
displaycd but can be used as general data RAM. '

»
e

When reading a character pattern from CG RAM, set to 0 all of character
code bits 4 to 7. Bits 0 to 2 determine which pattern will be read out.
Since bit 3 is not valid, 004 and 08y select the same claracter.

- 13 -
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2.3 Timing Characteristics

2.3.1 Write timing chéaracteristics .

Mo,

Vpp = 5.0V £5%, Vgs = 0V, To = 0°C to 50°C

Standard
Iltem Symbol Unit
Min. Max.
Enable cyclc time ‘ teycE 1000 - ns
Enable pulse width | High level PWeH 450 - ns
Enable rise and fall time teeteg - 25 ns
Setup time RS, RAW — E tas _ 140 - ns
Address hold time tAH 10 - ns
Data setup time . . tD;W "~ 195 - ns
Data hold time tH 10 - ns
Write operation
RS [VIHI Vini w~
O T~ Vi Vi A
' bt BZUR
el«(o\y
RAW (
- Ja‘”’r
N Vi = A Viu
D PWey 1 | tan
- Tolol " [ BSAIAN
- < LEf
.E clatle lZ[ Vil Vins : /
; Vit Vi N = Vi
A il N
tee - i tosw MR
Vini v . ViHi
DBy to DB Valid data
0 7 Vi | Vi
‘ ! , o? /0\
- tevcE AN

Figure 3 Data write from MPU to module

- 14 =



2.3.2 Read timing characteristics

"Vpp = 5.0V£5%, Vss =0V, Ta = 0°C’to 50°C
Standard
ltem Symbol Unit
Min. Max.
Enable cycle time teycE 1000 - ns
Enable pulse width High level PWegn 450 - ns
Enable rise and fall time ter s - 25 ns
Setup time RS, RAW—E tAs 140 - ns
. Address hold time tAH 10 - ne
Data delay time toor - 320 ns
Data hold time U 20 - ns
Read operation
RS 4 Vin Vi
< Vit Vit
_ tas tan
z \
— Viki v
RV IH1
-- D PWEen N
' v /
E \Z[ i IE'
Vin 7 e 7
. / Vit Vi
tgr — —
et ] i P
Vo . Vo
DBy to DB Valid data
0 7 Vou Vou
tevcE .

Figure 4 Data read from module to MPU

- 15 -
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Table 5 List of instructions
. Code ) Execu-
Instruction P KNI E Function tian
RS | W} Oy | DBg| OBg| DB, | DB3| DBy DB, | DB time
/ Clears all display and returns cursor to
(1) Display clear o |o]Jo}olo]o|o]ol]o 1 | home position (address 0) 1.64 ms
/ Returns cursor to home position. Shifted
{2) Cursor Home oo oo to o o1 |display retutns to home pasition and DD 164 ms
RAM contents do not change.
o Sets direction of cursor movement and
(3) Entry Mode set /] 0 [0 [ o [ e [0 oo | |w]|s |whether dizplay will be shiftcd when data | “ob
V| Oy }is written or read
(4) Display. ON / OFF Turns ON/OFF total display (D) and cursor
' 0 [ o 0 D n ' n C o (C), and makes cursar positinn colurnn start Anps
control 1 blinking (R)
Moves cursor and shifts disploy without
{5) Cursor/Display Shiﬂ/ o jJoto oo v s} o « | changing DD RAM contents v ps
\’/ Sets interface data length {DL)
(6) Function Set L2 TN SR (U SR ARLUTE LA IR IR 40 s
Sets CG RAM address to start transmitting
7) CG RAM Address
7y e ¢ Jo o g1 Acg or receiving CG RAM data 40 ps
- Set
(8) OO RAM Address Sets DO RAM address to start transmitting
T et o ol AD\ or receiving DD RAM ‘data 10 |8
. Reads BF indicating module in internal
.(9) BF/Address Read o1 |m AC operation and AC contents (used for both o ps
CG RAM and DD RAM)
(10) Data Write to CG - Writes data into DD RAM ar CG RAM
e i s
RAM or DD RAM | ' | © Write Data on
{11) Data Read f{rom Reads data from DD RAM or CG RAM
CG RAM or DD} 1 1 Read Data e
RAM .
° .
« ¢ nvalid bit VD w1 Incremaont Cw=1 : Cursor ON L = 1 @ ftight shilt
Acg: CG RAM address WD « 0 : Decrement C =0 : Cursor OFF UL = O @ Laft shilt
Asp: DD RAM address
S = 1 : Display shift B =1 :0link ON DL~ 1 : B bits
S =0 : Nodisplay <hilt w0 : Blink OFF DL -0 : A hits
D« 1 : Display ON $/Cw= 1 : Display BF = 1 : Internal operation
D =0 : Display OFF shift in progress
. S/IC = 0 : Cursor BF = 0 : Instruction can be
movement accepted

2.4

Instruction Outline

N
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2.5 Instruction Delalls '

(1) Display Clear .

M.

RS RW DBy ‘ DBy
code [0]JoJoJololofjololol]sH

Display Clear clears all display and rcturns cursor to home position (address 0).

Space code 20 (hexadecimal) is written into all the addresses of DD RAM, and DD
RAM address 0 is set to the AC. If shifted, the display returns to the original
position. After execution of the Display Clear instruction, the entry mode is
incremented. '

Note : When executing the Display Clear instruction, follow the restrictions listed
in Table 6.

(2) Cursor Home

RS RAW DB, ' DBg |

Code [0 oo loJoloJo ol a]«] «:mnvaldbi

Cursor Home returns cursor to home position (address 0).
DD RAM address 0 is set to the AC. The cursor returns to the home position, If

shifted, the display returns to tl{c original position. The DD RAM contents do not
change. If the cursor or blinking is ON, it returns to the left side.

Note : When exccuting the Cursor Home instruction, follow the restrictions listed
in Table 6.

Table 6 Restrictions on excention of Display Clear and Cursor IHome instructions

Conditions of use Restrictions

When executing the Display Clear or Cursor |The Cursor Home instruction should be

Home instruction when the display is executed again immediately after the Displa
shifted (after execution of Display Shift Clear or Cursor Home instruction is execuled.
instruction) Do not leave an interval of a multiple of
ins

A00/ o, * sccond after the first execution,
Example:1.5 ms,3 ms, 4.5 ms for fo.c = 270 kHz
*fosc:  Oscillation frequency

when 235, 271, 63y, or 67y is used as a DD Boforel_cxcm‘;lling’ t‘he C[ulr'sor fHom[eD AR

. . . instruction, 12 dala o wn tour D
RAM address 1o execule Curzor tHome addresses given at the left should be read
instruction and saved. After execution, write the dota
again in DD RAM.(This restriction is
necessary to prevent the contents of the
DD RAM addresses from being destroyed
alter the Cursor tlome instruction has been
oxecuted))

'

- 17 -



« (3) Entry Mode Set

Code |_Ro RROODTARETIES

L 4

Entry Mode Set sets the direction of cursor movement and whether display will be
shifted.

I/D ¢ The DD RAM address is incremented or decremented by one when a

character code is written into or read from DD RAM. This is also true for
writing into or reading from CG RAM.

When I/ = 1, the address is incremented by one and the cursor or blink
moves to the right.

When I/D = 0, the address is decremented by one and the cursor or blink

moves to the left.

S ¢ If S=1, the entire display is shifted either to the right or left for writing
into DD RAM. The cursor position does not change, only the display
moves. There is no display shift for reading' from DD RAM.

When § = 1 and I/D = 1, the display shilts to the left.
When § =1 and I/D = 0, the display shifts 1o the right.

If § =0, the display does not shift.

(4) Displny ON/OFF Contrel |

Code |o[o|o7|oj/olol.1[Di]CfDEO]

Display ON/OFF Control turns the total display and the cursor ON and OFF, and

makes the cursor posilion start blinking. Cursor ON/OFT and blinking is done at the
column indicated by the specificd DD RAM address by the AC.

D: When D = 1, the display is turned ON.
When DD = 0, the display is turned OFF.

I D = 0 is used, display data remning in HD RAM. Chnnge 0 to 1 to dinplay
data,



C: When C = 1, the cursor is displayed.
When C = 0, the cursor is not displayed. ‘
The cursor is displayed in the dot line below the § x 7 dot-matrix character
fonts. If the cursor is OFF, display data is written.into DD RAM in the order
specified by I/D. ' .

B : When B = 1, the character at the cursor position starts blinking.
When B = 0, it does not blink.
For blinking, all-black dots and the character are switched about every 0.4
- seconds. The cursor and blinking can be set at the same time.

Example: C = 1 (cursor display) B = 1 (blinking)
M X - -". Iy
i
/ ‘?"‘.’v . »
SRR —— Cu rsor l
(5) Cursor/Display Shift
RS R/W DBy DBg

‘code [0 ]olo]o]o]d [sic[ru] « [« ] + :invalig bit

Cursor/Display Shift moves the cursor and shifts the display without changing the
DD RAM contents.

The cursor position and the AC contents match. This instruction is available for
display correction and retrieval because the cursor position or display can be shifted
without writing or reading display data. Since the DD RAM capacity is 40-character
and two lines, the cursor is shifted from digit 40 of line 1 to digit 1 of line 2.
Displays of lincs 1 and 2 are shifted at the same time. Therefore, the display
pattern of line 2 is not shifted to line 1.

S/C RIL Operation
0 | The cursor position is shifted to the left (the AC decrements one).

1 The cursor position is shifted to the right (the AC increments one).

1 0 The enlire display is shifted to the Inft with the cursor.

1 1 The entire display is shifted to the right with the cursor.

Note: If only display shift is done, the AC contents do not change.



.

(6) Function Set

.
M

RS R/W DB, : DBy
code [0 |ofofo[ 1 o] 1 [« el ~] «:inadbi
SN———’ .
L C =p , \§7
[}
Function Sat sets the interface data leng/'th.
4

DL : Interface data length Q7 ‘
When DL = 1, the data length is set at eight bits (DB7 to DBy).
When DL = 0, the data length is set at four bits (DB7 to DB4).
The upper four bits are transferred first, then the lower four bits follow.

The Function Sct instruction must be executed prior to all other instructions
except for\Busy Flag/Address Read. If another instruction is executed first, no
function instruction except changing the interface data length can be executed.

Remarks: Initialization

The system is automatically initialized at power-on if the following power supply
conditions are satisficd.

e
0.2V~ 02v —0.2V
Vss .
tree tore*
e C e | |
0.1 ms I t,cc S 10ms . torr & 1 ms

*torr: Time when power supply is OFF if cut instantaneously or
turned ON and OFF repeatedly

- 20 -
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The following instructions are executed for Initialization.
. & x 7 dot-matrix charncter font: 1/8 duty

" Display clear

-/I"unction Set DL = 1: Interface data length: 8 bits

Display ON/OFF Control D = 0: Display OFF

C = 0: Cursor OFF
B = 0: Blink OFF
+ Entry mode 1/0 = 1: Increment

S = 0: No display shift

Since the condition is not suitable for the M1632, further function setting is

necessary. -

If automatic initialization is not executed because the above power supply
conditions are not satisfied, use the instruction from next page on.

- 21 -
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(a) Interface data length : Eight bits

L Bud P
< Power-on )

Y A ' N
Wait for 15 ms or more
after Vpp reaches 4.5 V.

RS R'W DBy =~ = = = = = — - DBy The busy flag cannot be checked before the
0 0 0 0 1 1 * « « = following instruction: Function Set
D — ¢ (interface data length: 8 bits)

fod y, 637

RS RIW DBy = = = = = = — - DBg The busy flag cannot be checked before the
0 0 0 0 1 1 * x x « -following instruction: Function Set
,L (interface data length: 8 bits)

The busy flag cannot be checked before the
following instruction: Function Sat
|_. (interface data length: 8 bits)

The busy flag can be checked from the

RS RRW DBy — = = = = = = - DBy following instructions.
0 0 C 0 1 1 1 *« x = Funclion Set

0 0 0 0 0 0 1t 0 0 O Display OFF

0 0 0 0 0 © 0 0 1 ) Display Clear

0 0 0 0 0 O 1 WD S Entry Mode Set

- -

End of initialization
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(b) Interface data length: Four bits

Power-on
s

e

-

Wait for 15 ms or more
after Vpp reaches 4.5 V.,

Y

RS RAW DR; - - DBa The busy flag cannot be checked before the
0 0 0 0 1 1 {ollowing instruction: Function Set (interface
data length: 8 bits)

A

Wait for 4.1 ms or more.

A

RS RW DBy = - DBy The busy flag cannot be checked before the
0 0O o0 0 1 1 following instruction; Function Set (interface
. data length: 8 bits)

Wait for 100 ps or more.

A

RS RW DB; - - DBq The busy flag cannot be checked before the
0 0 0o 0o 1t 1 | following instruction: Function Set (interface
data length: 8 bits)

B

y (The busy flag can be checked from the

RS RW DBy - - DBy following instructions.

0 0 0 0 1 O Function Set

0 0 0 0 1 0O (interface data length: 4 bits)
Function Set

0 0_ 1 ® * *

6 0 0 0 00 ~Display OFF

0 0 1 0 0 O

0 0O 0 0 0 O Display Clear

0 c 0 0 0 1

0 0 0 0 0 0 Entry Mode Set

0o 0 0 1 UDS i

l

End -of initialization
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(7) CG RAM Address Set

.

»

RS R/W DBy M DBg
Code ™ 0 0 0 1 A A Al A A A
l«—Upper bit Lower bit —"-{

3

CG RAM addresses expressed as binary AAAAAA are set to the AC. Then data in
CG RAM is written from or read to the MPU.

(8) DD RAM Address Set

RS RW DBy L " e DBy
Code 0]0]1[A[A]A[A|A]A[A]
|-<—Upper bit Lower bit -]

. DD RAM addresses expressed as binary-AAAAAAA are set to the AC. Then data
in DD RAM is written from or read to the MPU. The addresses used for display in
line 1 (AAAAAAA) are 001 to 274 and those for line 2 (AAAAAAA) are 40K to 67y.

(9) Busy Flag/Address Read

RS R/W DBy DB,
Code | 0| 1 [Br[A]A]alalalaTla
l«—Upper bit Lower bit -]

‘The BF signal is read out, indicating that the module is working internally because
of the previous instruction.

When BF = 1, the module is working internally and the next instruction cannot be
' accepled untll the BT value becomes 0.
When BF = 0, the next instruction can be accepted.

Therefore, make sure that BT = 0 before writing the next instruction. The AC
values of binary AAAAAAA are rcad out at the same time as rcading the busy flag.
- The AC addresses are used for both CG RAM and DD RAM but the address set
before execution of the instruction determines which address is to be used.

—_— 24 —



AN.N0.1632-711E

|

(10) Data Write to CG RAM or DD RAM
RS R/W DB7 "“DBQ g
Code i lololop|lpop|o|{Dp|D}D}|D '
—~-Upper bit Lower bit -»{

Binary cight-bit data DDDDDDDD is writlen into CG RAM or DD RAM. The CG
RAM. Address Sct -instruction of (7) or the DD RAM Address Sect instruction of (8)
before this instruction selects cither RAM. After the write operation, the address
and display shift are determined by the entry mode setting.

; (11) Data Read from CG RAM or DD RAM

RS R/W DB; ; DBg
code [1]1]o]b|o]p[b|o]o]D]
' |-<-—Upper bit Lower bit

Binary eight-bit data DDDDDDDD is read from CG RAM or DD RAM. The CG
RAM Address Set instruction of (7) or the DD RAM Address Set instruction of (8)
before this instruction selects either RAM. In addition, either instruction (7) or (8)
must be executed immediately before this instruction. If no address set instruction
is executed before a read instruction, the first data read becomes invalid. If read
instructions are exccuted consecutively, data is normally read from the second time.
However, if the cursor is shifted by the Cursor Shift instruction when reading DD
RAM, there is no need to execute an address set instruction because the Cursor Shift
instruction docs this.

After the rend operntion, the nddress is nutomntir:nglly ineremented or decremantaod
by one nccording to the entry mode, but the display is not shifted.

Note : The AC is automatically incremented or decremented by one according
o the enlry mode nfter a write instruction is exccuted to write data in
CG AM or DD RAM. However, the data of the RAM selected by the
AC ore not read out even il a read instruction is executed immedintely
afterwards. ’

Correet data is rend out under the following conditions.
. An address set instruction is exccuted immediately before readout.
. Tor DD RAM, the Cursor Shift instruction is executed immediately before
readout.

]
. The sccond, or later, instruction is executed in consecutive execution of read
instructions. :

'
{
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2.6 Examples of Instruction Use

AN.No.1632-711E

(1) Interface data length: Eight bits
- »
No. Instruction Display Operation
Power-on The built-in reset circuit
initializes the module.
1 RS |R/W |[DB; —— DBg
Function‘Set v’ The interface data length is
. - set to 8 bits. The character
2 RS R/\—N DB7 - DBO format becomes ’S;_XHZVdot-
matrix at 1/16 duty cycle,
0 0 0 01 1 1 a » =
L. : - N o
Df’%f'afa? ON/OFF C%Ful?ol{) The disptay and cursor are
turned ON, but nothing is
3 RS | RW |DB; —— DB displayed.
0 0 {000DD0D1110
Entry Mode Set The addressis incremented
y by one and the cursor shifts
4 = - to the right in a write
RS | W |DB; —— DBy Oﬁeration to internal RAM.
The display is not shifted.
0] o] 0O 00DO0OO0O110
Write to CG RAM or DD RAM L is written. The ACis
L incremented by one and the
5 RS | RW |DB; —— DB, — cursor shifts to the right.
1 0 010011100
Write to CG RAM or DD RAM C is written. -
— : LC_
6 RS | W [DB; —— DBg
1 0 {o1000011
7 i
Write to CG RAM or DD RAM 2 is written in digit 16." Cursor
_ LCD MODULE M1633 |disappears.
8 RS |RW |DB; —— DBy
1 0 001100110
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No. Instruction Display Operation
DD RAM address set The DD RAM address is set so
- LCD MODULE M1g332| |that the cursor appears at
9 RS | RAW | DBy - DBy digit 1 of line 2,
0 0 l1000000 —
Write to CG RAM or DD RAM 1 is written.
10 — LCD MODULE M1l632
RS |RW |DB; —— DBy
l h
1 0 00110001 L —
Write to CG RAM or DD RAM 6 is written.
11 — LCD MODULE Ml1632
RS |RW |DB; —— DBy
16
1 0 |[00110110 =
1
12
Write to CG RAM or DD RAM S is written.
" _ LCD MODULE M1632
RS | /W | D8y P8o 16DIGITS, 2LINES
1 0 |01 0100011 -
DD RAM address set The cursor returns to the
LCD MODULE M1632| | home position.
14 "y -
RS | /W | B8, DBo 16DIGITS, 2LINES
0 0O |1 0000000
Display clear All the display disappears and
. _ the cursor remains at the
15 RS | RAW DB, DBy home position.
0 0O loooooo0oo01
16
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(2) Interface data length: Four bits

AN.No.1632-711¢

No. Instruction Display e Operation
Power-on The built-in reset circuit
— initializes the module.
RS |RW |DB; — DB,
1
Function Set Four-bit operation mode is
— set. *Eight-bit operation
R RS | W | DBy —— DB, mode is set by initialization, |
and the instruction is
0 S L executed only once.
Function Set The 4-bit operation mode, g
— 1716 duty cycle, and 5 x 7
RS | YW | DB; — DBy, dot-matrix character format
3 0 0 are selected. Then 4-bit
0 0 1o ‘operation mode starts.
0 0 1 * % %
Display ON/OFF Control The display and cursor are ;
turned ON, but nothing is
4 RS |R'W | DB; — DB, displayed.
0 0 {0 0 0 0
0 o (1 1 1 0
Entry Mode Set The address is incremented
: by one and the cursor shifts
' RS | R'W 0By — DB, to the right in a write
5 = operation to internal RAM.
0 0 100 0 o0 The display is not shifted.
0 Jj0 1 10
Write to CG RAM or DD L is written. the ACis
RAM. incremented by one and the
6 RS | RAW 08; — DB, cursor shifts to the right,
1 0 0O 1 0 o
1 0O |1 1 0 o
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2.7 MPU Connection Diagrams

2.7.3

2.7.2

Z80A

74L500

2 2|

b of e

741504

'

=

P

AN.N0.1632-7i1E

— >
B
—

\J__...._ -

Z80A

Z80A and 8265A

741530

PC,
Ao PC,
'y
—_— |
RD
WR

> D|BO

8255A°
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