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1. GENERAL

1.1

1.2

* Display data RAM and character generator RAM readable from MPU

General

The L2432 is a low-power-consumption dot-matrix liquid crystal display (LCD)
module with a high-contrast wide-view LCD panel and a CMOS LCD drive controller
built in. The controller has a built-in character generator ROM/RAM, and display
data RAM. All the dlsplay 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 termmal display units for microcomputers and dxsplay

units for measuring gages.
Features

* 24-character, two-line liquid crystal display of § x 7 dot matrix + cursor

. Duty ratio: 1/16

'+ Character genentor ROM for 192 chaucter types

. (character font:s § x 7 dot matrlx)

* Character generator RAM for eight character types (program write)

(character font: § x 7 dot matrix)

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

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

* Many instruction lunctions et

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

+ Built~in oscillator circuit

+ +5 V single power supply

+ Built-in automatic reset circuit at power-on

R CMOS process

+ Operating temperature range: 0°C to §Q.°C

b
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1.3 Block Diagram

Common signal

- LCD
on-08, (> >
| [ Y ——— ' Segment signal ﬁ T\
W - LcD % | »

& ; Controiler | sqrialdata Segment
. > driver

v Timingsiginl : {?
T ‘

Vop O——p

Figure 1 .
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1.4 Absolute Maximum Ratings

’ Vg = OV
item " $ymbol Standard Unit Remarks
Power supply Voo -0.310 +7.0 Y
 voltage Ve Vop=7.0to Vpp +0.3 v
Input voltage Vin | -03toVpp+0.3 v
Operating Topr 0to +50 o .
Storage Tag | -20t0460 S At 50% RH

1.5 Electrical Characteristics

Vop = 5V£5%, Vs =0V, Ta = 0°C to 50°C

Item Symbol Condition Min. | Typ. | Max. | uUnit
input | High | Vi |22 | - Voo | V
| voltage* |Low Vit , i 0 - 0.6 v
 Output |High | Vowr | -low =0205mA 2.4 - - vV
vdltago"' Low Vou1 loL = 1.2mA - | - 0.4 v
Power supply Voo , | 435 | s.00 5.25 v
voltage - Vpo-Vic & 3.0 - | 60| v
Current loo ’ : - 2.5 40 .| mA
consumption e Vic = 0.25V - 0.5 1.0 mA -
Clock oscillation- freq. fosc Resistance ascillation 190 270 356 kHz

* Appliedto DBg to DB5, E, R'W, and RS
** Abplied to DBg to DB;

| (Remark: Recommended operating voltage
The viewing angle and screen contrast of the LCD panel can be varied by changing
the liquid crystal operating voltage (Vopr), that Is VLC.

The optical characteristics is influenced by an ambient temperature. The |
recommended value of Vopr for an ambient temperatures are shown below.

Vopr = Vpp = Vic -

Temperature (T) ' 10 25 | 40 | so

Vour V) 5.00~ - ~48.70 | 4.75~4.60 | 4.60~4.30 | 4.50~4.10 |
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1.6.1 Write operation

item Symbol Min, Max. | Unit
Enable cycle time teycE 1000 - ns
Enable pulse width High level PWen 450 - ns
Enable rise and fall time ter tes - 25 ns
Setup time RS, RW — E : tas 140 - ns
Address hold time taM 10 - ns
Data setup time tosw 195 - ns
Data hold time th 10 - ns
RS : i Vini Vin
: K Vin i1
tas : | ta )
: N\ ViLy ViLy
< PWen 1 |tay ‘ '
L 1t ;
K Vi Vini ; o /
E E Vi Viu S’-L 7 ViH
t . 1 it
£ < DSW ‘
D‘30 to DBy Valid data Vi,
) V“_] ; &
S tevcE _
Fi

/

AN.No.L2432-840

Voo = 5.0V £5%, Vgs = 0V, Ta = 0°C to 50°C
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1.6.2 Read operation

Voo = 5.0V 5%, Vss = OV, Ta = 0°C to 50°C

ftem Symbol Min. Max. | Unit
Enable cycle time ‘ : tovcE 1000 - 1 ns
Enable pulse width High level PWen 450 - | ns
Enable rise and fall time te tet - 25 ’r'\s

| Setup tim§ , | RS, RIW—E x tas 140 = ns |
Address hold time taAH 10 - ns
Data delay time . toon » 320 | ns
Data hold time t 20 | - ns

RS * Viny Vine
‘ R_Viu . ‘ o Vi
o las _ t

— . : v » ' Vv
i i - /IH)
) 9 PWgy ‘ teg ;
E Zl[vlﬂl ter V““ S / ’
: Vil 7 :

tgr =

DBg to DBy Valid data

e r—

4

tevcE

Figure 3 Nnata read from module to MPU

-~
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1.7 Optical Characteristics
1.7.1 Optical chiracteristics (TN LCD)

Viewing angle: 6 o'clock (@ .07
Ta @ 25%C, Voo = 46V

item Symbol Conditions ‘Min. | Typ. Max. | Remarks
Viewing angle 6:-6, |C220,B =0 s = - ::, hzlom .
Contrast c |o=25", @=0° 5 8 = |seenote3
Response time (rise) ton [0 =25, @a0° - 40 ms 80mMs  |see Note 4.
Response time (fal) | toy | 6=25", @=0° - 120 ms 160 mMs | see Note 4.

Note 1: Definition of angles @ and © Note 2: Definition of viewing angles 6, and 8;

-

&~

6=0) Cmax 1
Y' (@ = 180" (©= e

N
AN
\

- Contrast C

2.0

3. /
/(

L

P L o

A

Viewing angle

/ ’
s“‘"
r’l
I 4
‘I

Y(@=0°
(6=90°
Note 3: Definition of contrast C Note 4: Definition of response time
Brightness (reflection) of unselected dot (82) *  * ' — o
€ = Snghtnes (refiection) of selected dot (81) | 1 Vew
S ' : Voitage l'l-l _
Brahtness R L WL | G AR |
o {refiection ) of N L T ST | L.....
(%) . 81 : u.‘ned do‘ weee ‘- N © ey
(Bright) ' ‘ ;
) Brightness - |
' {reflection)of Wi o pedpenes ;
elected dot : : ;
Brightness ‘ P Unselected | Selected state . |Unselected state
(reflection) i ' state Ldnspl;y ON) - (gasphy OFF)
3 .
. 1 . : . ) : \
; . (Bright) ‘ + 10%)
(Dark) ' _ o f ‘ 4
0 ‘ v Brightness 100% 90%
Operating ") {transmission) t :
# (Dark) L— 1 N
‘ . feen-| ftmd
ton tont
" Vgpe: Operating voltage
te o0 Co tiam - Frame frequency
' , t,n : Response time (rise)
& s  toyy . Response time (fall)

S S
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Figure 4

. % S,

Unit : mm/inch

General tolerance: £0.5mm

/O terminal symbol

No. Symbol
1 Vss
2 Voo
3 Vic
4 RS
5 RAW
6 E
7 DBy
8 D84
9 D8,
10 DB,
" D8,
12 DBs

13 D8
14 D8,
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2. OPERATING INSTRUCTIONS

2.1 Terminal Functions

Table 1 Terminal functions

Signal name ".".',%"“’:“ R [e] Destination ' Function
DBotoDB; | 4 110 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. o ‘

D84 to DB 4 110 MPU | Tristate bidirectional upper four data buses: Data is

‘ ‘ read from the module to the MPU or writtentothe
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— '
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 reéister (Write)
Busy flag and address counter (Read)
1: Data register (Write and Read)

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

Vop 1 ] - Power |.,5V | /
supply |

Vss 1 - Power | Ground terminal: 0V
supply_ : '
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2.2 Basic Operations

2.2.1

Registers

The controller has two kinds of oight-blt registers: the imtructlon rogiator (IR)
and the data register (DR). They are selected by thc rmmr select (RS) signal
as shown in Table 2.

The IR stores instruction codes such as Display Clear and Cursor Shift, and the

“address information of display data RAM (DD RAM) and character generator

RAM (CG RAM). 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 automaticany 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.

N

Table 2. Register selection

RS | RW , Operation

0 0 | IR selection, IR write. Internal operation : Display clear i

() 1 _|Busy flag (DB7) and address counter (DBg to DBg) read

1 0 | DRselection, DR write. Internal operation : DR to DD RAM or CG RAM

1 1 | DR selection, DR read. Internal operation : DD RAM or CG RAM to DR
 2.2.2 Busy flag (BF)

The flag indicates whether the module is ready to accept the next mstructlon.
As shown in Table 2, the Snjm( is output to DBy if RS = 0 and R/W = 1. If the
value is 1, the module is werking internally and the instruction cannot be’
sccepted. If the value % ¢, next instruction can be written. Therefore,
the flag status needs to &  os'ked before executing an instruction. If an
instruction is executed wiﬂwu-‘ checking the flag status, wait for more than
the execution time shown truction Outline.’
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2.2.4

Address counter (AC)

The counter speclfxes an address when data is written into DD RAM or CG

T“~W§’ﬂ0 i

. ',.;‘.j.;- .j;.z.;‘fr»,(f
Coe s randed kD0 18i%s A

RAM and the data stored in DD RAM or CG'.RAM: h readxo

f an:Address
Set instruction (for DD RAM or CG RAM) is Written 1n,thodR ho‘udduu

information is transferred from the IR to thc Ac. ‘(Whewsplay.\data is
written into or read from DD RAM or CG RAM, the AC is automatically

incremented or decremented by one lccordinz to

Display data RAM (DD RAM)

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

follows.

5 the Enﬁ?’M&e Set”r The
contents of the AC are output to DBo to DBe“u Shéwn IX"TaBT’e"z 1" RS =0

SRR Qsd‘l‘ ‘.(MMI"DO) MAS

3‘- nl '?"'"Q’v

. s'{ Wo’q*,’

U‘IV

SOCIERUIT m'thm';r HA 27T
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., 9/ 1v1aa0 iamieset 2d MA -

ERe TN .CX Blia OJJ

$a28) ba\il

wo b i ot @oitsieno
st et J ads ot he g pi

Example: DD RAM address = 07

B R e

VAR

H
ava s -.-orm L T N R

I Upper bits Lower bits ——
AC: | ACs | ACs | ac, | Acs | A, | Ac, | AG )
[]
[} N | -
! i ’ ~dtr
o [0 [0 | ol
‘ s T u}..?l:
o 1
r‘m'n o

- 10 ~

gt

o
e

"A‘i

C AN e e et o ey e ——y —— o .

i

J ’ N s Sl ey ¥
. B I PR S PV -

B R TAT @ e s )
e . 1’;‘; '[
' AU

Py

JPPV W U TN
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DD RAM addresses 00H to 17H are set in the line 1, and 40§ to 57y in the line 2.

Notes The lddx;esics in the digit 24 of line 1 and the digit 1 of ‘]line 2 are not
consecutive. : :

f 2 3 4 5 6 7 8 17 18 19 20 21 22 23 24 Display digit

00101102103 [04]05|06{07|---110]11}12]113114]15]16}17 DD RAM

line2 | 40 | 41142 | 43 |44 |as |46 |47 | --- | 50|51 |52 53 |5a]55 56|57 | 299

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

*Left shift ;
1 2 3 4 5 6 7 ,87\ 17 18 19 20 21 22 23 24 Display digit
0102 {03 [oafos|o6for|os|--- |11 |12|13]ra]1s| 16|17} 18]

DD RAM
41 {42 |43 |aa|as|a6|a7|a8|--- |51 |52]|53|54|55]|56]|57|58 sddrass

i

*Right shift

1 2 3 4 5 6 7 8 17 18 19 20 21 22 23 24 Display digit
27 oo bo1lo2{03|os]ostos|---]oFfto]11)12]13}1a]15]16

+— DD RAM
67 |40 ['a1 |42 |43 |44 | a5 | a6 | --- | aF [50 |51 |52 |53 |54 5556 address

Character generator ROM (CG ROM) - , ' i

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

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

Chsracter generator‘ RAM (€ AM)

CG RAM is used to creat ater patterhs freely by programming. Eight types of
character patterns can be 2.

Table 4 shows the charact ‘terns created from CG RAM addresses and data. To
display a created charact. rern, the character code in the left column of the
table is written into DD R rresponding to the display position (digit). The areas

not used for display are av. as gen'eraldata RAM.

- 11 -
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Table 3 Correspondence between character rodes and character patterns -

Upper ; :
Abits . ) .
UBY | 5000 | 0010 [ 0011 | 0100 | 0101 {0110 f011: <0 | 1011 [ 1100 | 1101 [ 1110 | 1111
Lower i
4 bits ‘
° .~ :":: "”.: E"': .’c ees: B! eoe e e ¢ a0
oooo RAM . ‘.. : ..: : :... :.. se08e L I:= ::: E ... E. :
x ‘ x x “) ..... .‘:.‘ : : l .0 L] LLEN :....
- L] ese : ‘ L 12 ssoee L ] LN ]
: .’ x ’ : E .‘.. ....: :.: ::! s ... [T 1] ....:
PP I I A I S KR O 0 s B I T D el I I
. 0 (XXl eees [ 200 L]
@ | LG HCTIES IS H AR I 5 B IO B AL IO
x x x %0010 itee | Beadt L] ‘1 I BPCAUIEN I pooCR R
- a!c!‘o .':3‘ :“.' 3““ | _eee coo :"“: 'o:::o e [X1%
wowoony | LD T | e T fe LT TET LR | e
etue o3 N pegee $ i seqes 3
..:., .. : : ..' (137 o LT X A 3 see
x x xo‘oo (5) .‘.5.. ...s. .'.. ; s !‘.. ." esde i.. .s ‘ !...i‘ f: :f
1
x: . (X1 1] s80e : * . .z. ‘ e ® e
(6) ..u see e - KIIN eee seges Rt
x x x x0101 | B 1] '..l! sose gooo .:::. io..; i ,... o.i ‘l'o%o :..:‘ 1.0‘;
l.‘l ..‘ eoee z ' .... see0e l:.'. .80 (XX XZ) s....
7 ... .‘.. (LX) : H .:. H *8e 0 H H o0 e s ..‘ "
‘ x x xo“o ( ) =.:.: s.‘. ‘. * 5 i. ‘. .. '! .! soase ...:é :... v::l‘.
:: "':’: ‘.“. ; s [ . * ssvoe “E" -'...2 o:::’- sese sosae
xxxxoinr | ® $ §° Lgdd ] Teeed | B2 'R B M BPCN KRR
. [ osee LN (123 LR . . . 5 . . ..‘: . .0
SO IPLLLPO B T B OE ANI I goes | oolse |3 %
‘ z 9 l.. :...‘ ... =‘... .. .‘ O. * : ... = : =.. -. N
x x x x 1000 ( , .o. 3:..: i i " .g i i ‘o'o. o's ...o,. 0.5'0 .o' o.: .o':.
CoL .. .... a0 [ : * % =... K
(z) :...o H 3.. «* - H .:. o o H 3 »e ] *
,‘ x'x %1001 . \0'! : “., 'g‘ ! '2' ’ :::!. ‘ .oi i o! o"i E gl: ; !--0:
d . 7 .o °3° b M [IYTY] . . .
..:.l .0 : .. X3 .,.Q:., p— : | . '. - : - .: ..:.
@ . oo | O LR L Ll [ e e |
v @ |.a. e | RO i I g | HE I T Tl I
Cxxx x1011 : O A TRV I PORNE B A L K AN TR SO O 0 %
. . L] . ee *
s o e T R T S A & [t B G N (o
x x x x ’ ‘oo ( ) :: ‘.. »ese” .‘s.. .5. § : ‘ l... ...' ... ‘.E.‘ s.“..i
. o ‘.: e sssee [ e 3
s S— [XXYY] ’ . . e :' .‘.. .. [ 0. s 'o
x x x x 1 101 ( ) ' soees l :‘i b -A‘ g .‘ ...:. ... ‘ I...’ .i:.. ..:‘..
. . ] 3 ‘ 'c
) o B 20 B AN TN [P S I i e ol (2
x x x x1110 13 .'. .i o aeed ®ens .3 8 ; $
. ‘i ..... .ouo. .’ ‘ ' caite !'t . : . Eusz
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" Table 4 Relationships between CG RAM addresses and character codes
: (DD RAM) and character patterns (CG RAM data)

Character code
(DD RAM data)

CG RAM address

Character pattern
(CG RAM data)

0000+ 111

amy

-

[~ =]
[~ =]

-

: 6543210 S 4 3 2 1 0 76543210 x
N-uZpor bit Lower bit M - |¢'Upper it Lower bit P [ Upper bit Ltower bit P
10 0 0 * v e
100 1 Example of
:g : ? character
' 0000+000 Jo o 0 iy o o pattern (R)
i1 0 1
E 1 1 0
i1t LS -« Cursor
T position
:0 0.0 " e o8
:0 (V|
0 1 0
o , 0. 1 1 Example of
0000+00 001921 character
E 1 0 1 pattern (¥)
' 1 10 '
SR IS * e
1
(]
]

- O
*

— o e b
- - OO

- O =0

pron = -

- » L S W S NS ’ e * L
T T e i ] e et e gl i . S e,

Notes: -

In CG RAM data, 1 corresponds to Selection and 0 to Non—'seiection on the display.

Character code bits 0 to 2 and CG RAM address bits 3 to 5 correspond with each

other (three bits, -eight types).

CG RAM address bits 0 to 2 specify a line position for a ch‘a‘racter pattern. Line 8
of a character pattern i~

and CG RAM data is d.

the data is changed to 1,

The character pattern ¢
and bit 4 comes to the l¢

-«sor position where the logical sum of the cursor
de Set the data of line 8 to 0 to display the cursor. lf
it lights, regardless of the cursor.

positions correspond to CG RAM data bits 0 to 4
4. CG RAM data bits § to 7 are not displayed but
M.

can be used as general da.,

When reading a character pat

bits 4 to 7. Bits 0 to 2 deter:

valid, 00y and 08H select th¢

L.

~m CG RAM,'set‘ to 0 all of character code
" uich pattern will be read out. Since bit 3 is not

character.

AT -
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Table 5 List of instructions -+ * '’}

Code

A IDtsft

bewgh

Alles P Y

clear wid “Cuesor kom?

>4'6('nsec l’

- 14 -
O usec

)

) Execu-
Instruction a1, | W] 097] 04| o8] 06 | 08,] 08,] 08, ] ovg Function ‘ (lon,
‘ Cloars all display and returns cursor to
{1} Display clear o fojojofoe]le]o]e]e] 1 |homepostion udmn 0) 1o me
Returns cursor 10 home pasition. Shifted
(2) Cursor Home S jojoejoqefoetog]eidsplay returns to home position and DD 168 m
RAM contents do not change. :
Sets direction of cursor movement and
{3) Entry: Mode Set o jo o fefe oo} w3 whaether display will be shitted when data “ops
‘ . 15 weitten or read
, Tums ON/OFF total display (D) and cdnbr
y) lOxipiay ON FBRE oJofojofooe|vfo]c]s |(C)and makes cunsor position column start | 4O ps
~control bhinking (8)
: _ Moves cursor and shifts display wnhout
(S)Cursor/Dusplay Shuft | ¢ [ o | o f e o] ]wlim]| . ], thanging DD RAM contents “us
. Sets interface data length (OL), the number
{6) Function Set o leflojofvogutrioele]ofdiplay lines (N), ond character fonts (F) “
Sets CG RAM address to start tummmmg
7) CG RAM Address
mn o BERERE Acq or ucolvmg €6 IAM dnu oy
(8) DO RAM Address Sets DO RAM address to start tnnsmmlng I
St e lof Ago or recaiving DDMMdlu' N L
. Reads BF ‘tndauting module in internal
[{9) BF/Address Read ol vl AC operation and AC contents (used for both ps
i ) CG RAM and DD RAM)
(10) Data Write 10 CG | Writes data into DD RAM or CG RAM s
" RAM orDORAM [ | o Weite Dave : , ops
s vy e .,‘4' : o ot “,
{11) Dats Read from Ruhs dats from DD RAM or CG RAM
CG RAM of DD [ I Read Data " P gl \', et abey 3 e «®R
. RAM |
.- . invahd bit " UD e 1 :Increment <% :Blink ON Nait :2lines
Acg 1 CG RAM address WD =« 0 : Decreme. B0 :BlnkOFF '~ NaQ i1 lmo
Agg: DD RAM address LI R AR N SR
AC . Address counter Sa 1 :Dusplaysh SKCe 1 : Duplay shift ;-.i) il Fu't 3.‘:.§x 10" dot matrix
S =0 . Nodispla ‘~ = 0 : Cursor movement : Hif = 0 4.2 5 x7 dot matrix
. LY -—0_‘ "ata5d_.-:b... w5 *
Dat :Dupls RA =1 Right shift jc1a m;; PBF. --1; , -Jnternal operstion
’ O «0 : Duspla RL=0: Leh shmﬁ “[ 313°¢s vo n“in progress |
' : 8F = o 'lnmuctnon can bo
. -u... u.....ll, -8 2
C=1 : Cursor. DLat :8bits o * "“p“d
: Cursor G- pL o« . - ..
Cu0 : IR EACR NS HISTELH
-.,n,\rq..n ~
4 Anexecution ime indicates maxir O kHz. it changu atthe inverse ptopomon of e
‘ . ,.'...H\‘l'o r,





[image: image18.jpg]AN.No.L2432-840E

2.4 lm&uction Details '

(1) Display Clear

RS RN_V-DB7 ' : DBO‘
code [0 JofolofololoTloelol 1]

Display Clear clears all display and returns 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 Clelu' instruction, follow the restrictions listed in
Table 6. 0y

(2) Cursor Home

) RS RAW DBy ., ' — DB
code [0 ]olofloJoJololo 1]

. Don’t care bit

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. It

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

Note : When executing the Cursor Home Ipstruction, follow the restrictions listed in
Table 6. v

L3

Table 6 Réstrictions on execution of Display' Clear and Cu.rsor Home instructions

*fosc: Oscillation frequency

Conditions of use Restrictions
When executing the Display Clear or Cursor | The Cursor Home instruction should be
Home instruction when the displ~ Erecumdcaga'".ﬁ.".m.ljﬁ‘ iately after the D'SP'ZY 2K
% : ‘ _ ear or Cursor Home instruction is executed.
;hnfted ’(aft.er execwon ol Dk "'",ﬂ Do not leave an interval of a multiple of
instruction) \ : ‘ 400/fo5.* second after the first execution. : A
- : ' Example:1.5 ms,3 ms, 4.5 ms for foec = 270 kHz

: 7 i.3¢ a DD .| Before executing the Cursor Home ;
When 23y, 27y, 63w, or 6C , instruction, the %ata,of the four DD RAM
RAM address to execute Curs. *| addresses given at the left should be read
instruction and saved. After execution, write the data

, : : : again in DD RAM.(This restriction is

necessary 1o prevent the contents of the
DD RAM addresses from being destroyed
after the Cursor Home instruction has been
executed.) '

-

15 -
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RS RW DB; : , D8,
Code rolo[rololo olol 1 {wls

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

/D 3+ 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
wrmng into or reading from CG RAM.

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

When I/D = 0, thé address is decremented by one and the cursor or blink
moves to the left. j

§ : IfS=1,the entire display is shifted either to the right or left for wriiing
into DD RAM. The cursor position does not change, only the display
moves. There Is no display shift for reading from DD RAM.

When S = 1 and I/D = 1, the display shifts to the left.
When S = 1 and I/D = 0, the display lhlfts to the right.

fs=0, the display does not shift.

(4) Display ON/OFF Control

RS RW DB, : DBy
code |0|oJoflofJo]o}j1lo|lc]|es

Display ON/OFF Control turns the total display and the cursor ON and OFF, and
makes the cursor position start blinking. Cursor ON/OFF and blinking is done at the
column indicated by the specified DD © * ** address by the AC. '

D: When D = 1, the dis: : aed ON.
When D = 0, the di-; ned OFF. : .
If D = 0 is used, dis;. remains in DD RAM. Change 0 to 1 to display
data. ) , .

v -
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C 1 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 character fonts,

B When B = 1, the character at the cursor positnon starts blinking,
‘When B = 0, it does not blink. '
" For blinking, all-black dots and the character are switched about every 0.4
seconds when fogc is 250 kHz. The cursor and blinking can be set at the same
time.

Example: C = ! (cursor display) B =1 (blinking)

- Cursor i

(5) Cursor/Display Shift

RS; RW DBy — bao
Code 0 l 0 [ 0 [OI 0 1 IS/ClRILl » l '1 » : Don't care bit

Cursor/Display Shift moves the cursor and shxfts the dxsplay without changing the
DD RAM contents. i

The cursor position and the AC contents match. This instruction is available for
display correction and re* -val because the eursor position or display can be shifted

without writing or readit | .ata. Since the DD RAM capacity is 40-character
by two lines, the curso: : - trom digit 40 of line 1 to digit 1 of line 2.
Displays of lines 1 a- ~ifted at the same time. Therefore, the display .
pattern of line 2 is\ 1to line 1.
S/IC | RIL ' | - Operation
0 The on is shi'fted to the leﬁ"(the AC decrements one)
1 The cu n is shifted to the right (the AC increments one)
1 0 |The ent 15 shifted to the left with the cursor
1 | 1 |Theenti ‘ sh;fted to the nght with the cursor
Note: If only display sh. ne AC contems do not change

R
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RS RW DB, ~— DBg
Code | O | O | o | 0 l 1\ joL| W \’F$" * | «;Don'tcarebit

Function Set sets the interface data length, the mmber of display lines, and the
' character font.

DL : Interface data length’
When DL = 1, the data length is set at eight bifs (DB7 to DB).
" When DL = 0, the data length Is set at four bif (DB7 to DB4).
The upper four bits are transferred first, then the lower four bits follow.

N : Number of display lines
When N = 1, the display line is set to two lines.
. : When N = 0, the display line is set to one line.
For L2432, set N to 1.

F : Character font s
When F = 1, the character font is set to 5% 10 dot mntrlx.
When F = 0, the character font is set to 87 dot matrix.
If N is set to 1, F becomes "Don't care bit". For L2432, set Fto0or 1.

The Function Set instructioexecnted 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. ‘

-18 -
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Remarks: Initialization

1. Automatic initialization |
The system is automatically initialized at power-on if the following power supply

conditions are satistigd.

" Vg TEmmTmesS B Z .

tors*

0.1ms S t, S 10ms © topp & Ims

*tore: Time when power supply is OFF if cut. instanténeously or
turned ON and OFF repeatedly

The following instructions are executed for ,lnitjmlution.
» Display Clear

« Function Set DL = 1: Interface data 'lenethz Eight bits
: ‘N=0: One line display ‘
F=0: Character font: 5§ X7 dot matrix

D = 0: Display OFF
C = 0: Carsor OFF
B = 0: Blink OFF

« Display ON/OFF Control

- Entry Mode Set 1/0 = 1: Increment
. S=0: display shift

Since the condition is not suitable for éhe L2432, further Function Set instruction
is necessary.

-19 -
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If automatiao imtxahzatxon is not executed because the above power supply conditions are
not satisfied, use the following instructions. Since it is unknown whaether the interface
data length is set to eight bits or four bits at power on, sexscute Function Set twice to set
the interface data length to eight bits. And then for setting the required lnte;‘f_ffe data

length execute further Function Set instruction.

(a) Interface data length: Eight bits

< Power-on )

A

wait for 15 ms or more
after Vpp reaches 4.5 V

Fumchion Sct Y ;
. RS RW DBy = = = = = = = = DBy
0 010 0 1 1 « =« o «

Wait foror more.

RS AW DBy = = = = = = = - Mo

0lo 0 1 1 » »

RS RW DB, - - -/ JF = Db
0 00 0 1 11 « » &
o oo o0 o0 0-1 0 0 0
o olo oo o0io o0 o0 4"
0 0 oooo‘;oin/iﬂ

|

End of imtialization

The busy flag cannot be checked before the
following instruction: Function Set
(interface data length: 8 bits)

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

«‘ »

The busy, flag cannot be checked before the i‘i
following instruction: ‘Function Set —3
(interface data length.’ 8 bits)

The busy flag can be checked from the
following instructions.

Function Set

Display OFF

Display Clear

Entry Mode Set
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‘ Power-on ’ ‘

A

AN.No.t2432-840C

Wait for 15 ms or more
after Vpp reaches 4.5 V

B

RS R/W DB,

- - DB -

following instruction:

o 0|0 0 1 1

data length: 8 bits)

- Wait for 4.1 ms or more.

RS R/W DBy

~ - DBy4

0 0

0 0 1 1

data length: 8 bits)

Wait for 100 us or more.

RS RAW DB; - - DB,

0 00 0 1 1

data length' 8 bits)

[The busy flag can be chcckod from thc

RS RAW DB; = - DB, following instructions.
0 0j0 0 10 Function Set
T a 1 Yag (interface date length 4 bits)
Q ¢ 8 9 . : Function Set | = . ... €
0 0 1 & & o ~1:, S Kot
) (F=0 Tx 375 Dow
¢ 0f0 0 00 Display OFF SRl S
1 0 01+ .0 0 O » €r & lido Taiier
: " Ao o le o
0 00 0 0 O Disp,lay Clear “{ o vl d o By
0 0 0 0 0 1 (\‘(}' or Tooe d hay
0 0]l0 0 0 o Entry Mode Se o Gl e
0 0jo 1 s L , §$:0 bus Dipie, Suf

‘ .

Envp dF /ufﬂ"létiqﬂ

41\, 3 (“ [»+c-~ g\ Lo i(,u
"/1“( M.AS ‘/‘au’ J/lf//ﬁf (/f.\“«"
N Loentyos Ebvant
t(O Fias o {L»C’:{L,L\ o i f¢ et

J//

The busy flag cannot be checked before the °
Function Set (interface

The busy flag cannot be checked before the
following instruction: Function Set (interface

The busy flag cannot be checked before the
following instruction: Function Set (interface
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(8)

(9)

CG RAM Address Set #

RS RW DB, N ‘ DB,
code {0flofof1lalalalalala
I-G-Upper bit Lower bit -»

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.

DD RAM Address Set

RS R/W: DB; : DBy
Code 0 0 1 A | A A}rA | A Al 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 00H to 27H and those for line 2 (AAAAAAA) are 405 to 671-1.

Busy Flag/Address Read

"RS R/W DBy

Code [‘0 [ "lBFlAlAlAf‘lAIA’lA lAJ
|<-Upper bit Lower bit | (‘ =

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

)

When BF = 1, the modul « working internally and the next instruction cannot be
accepted ,wuk( the BF value becomes 0.

When BF = 0, thé nex = cesfection can be accepted.

Therefore, make sure th. = 0 before writing the next instruction. The AC values
of binary AAAAAAA ar .t at the same time as reading the busy flag. The
AC addresses are use. G RAM and DD RAM but the address set before

execution of the instr. :rmines which address is to be used.

-— 22 -
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(10) Data Write to CG RAM or DD RAM

’ RS RW DBy DBy
code |1 ]o|lp|o|lololololo]o
|-4-Uppér bit : Lower bit -

Binary eight-bit data DDDDDDDD is written into 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. After the write operatxon, the address
and display shift are determined by the entry mode setting.

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

RS RW DB; i B
code |1V ]|1|o|Dpjojo]lbp|olo]o
' |~Upper bi; B 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 fu'st data read becomes- invalid. If read
instructions are executed 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 instructxon because the Cursor Shift
instruction does this. )

~After the read operation, the address is automancally incremented or decremented
by one according to the entry mode, but the dlsplay 1s not shlfted.

Note : The AC s automatically incremented or decremented by one according
to the entry mode after a write instruction is executed to write data in
CG RAM or DD RAM. Howevér, the data of the RAM selected by the
AC are not read out even if a read mstructxon is executed lmmedxately

afterwards:
Correct data is read ¢ -~ .er the following conditions.
- An address set ins .n iz executed immediately before readout.
For DD RAM‘, the : 3hift instruction is executed immediately before
readout. T

- The second, or later ‘jon is executed in consecutive execution of read
instructions. B '

-<23 L d
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2.5.1 Interface dayt‘a length: Eight bits

No. Instruction Display Operation
Power-on | ‘ The built-in reset circuit -
initializes the module.
! Rs |RW |DB; —— DBy
tion Set The interface data length is
Functio set to 8 bits. The character
2 vy —  DBg . format becomes 5 x 7 dot-
R> | RW | D8, — 2 matrix at 1/16 duty cycle.
0 0 J00 111 & &
Display ON/OFF Control Thg display and cursor are
: . : turned ON, but nothing is
3 RS W DBy ——— D8y = displayed.
0 0 [oooo01110
' The addressis incremented
: Entry Mode Set : by one and the cursor shifts
4 o = = ‘1 to the right in a write :
RS 08; —— DBg ‘_? er:;io:\ toi intern:l_ RAM.
o 0 00000110 e display is not shifted.
Write to CG RAM or DD RAM L is written. The ACis
L_ incremented by one and the
5 RS | RAW D8y —— DBy cursor shifts to the right.
1 0 01001100 -
‘Wnte to CG RAM or DD RAM . C is written. -
. ' — — ' » LC_
6 RS | W [DB; —— DBy ;
1 0 01000011
7
Write to CG RAM or DD . . 2 is writtenin digit 24. Cursor
_] LCD ~===m- L2432| |disappears.
8 RS | RAW 08y — o ,
1 | 000110

-24 -
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No. instruction Operation
DD RAM address set The DD RAM address is set $0
\ LCD ==w—=- L2432/ | thatthe cursor appears at
9 RS RIW 08; —— DBy - | digit1ofline2.
0 0 12000000 =
Write 1o CG RAM or DD RAM 2is written.
— LCD ==we—— L2432
10 RS |RW |DB; —— DBy >
1 0 /00110010 =
WmetoCGRAMorDDRAM : — . 4is written.
: - : LCD ====ee L2432
" RS |RW |[DB; —— DBy
' , 24
1 0O |lo0o0110100 -
12
Write to CG RAM or DD RAM | S iswritten.
13 : SRp—— LCD =w—ew- L2432
RS |RMWW |DB; —— DBy
24 =--ee 2 LINES
1 {0 Jo1010011" : )
DD RAM address set : The cursor returns to the
— : : LCD ~-===-- L2432| | home position.
| | ks _|Rw DB, — DB "4 =-==- 2 LINES
0|0 10000 e —
Display clear All the display disappears and
, _ _ the cursor remains at the
15 RS | RW |DBy — ‘0 home position. ‘
0 0 000GOC:
16

- 25 =





[image: image29.jpg]2.5.2 Interface data length: Four bits

No instruction Display ~ Operation
Power-on The built-in reset circuit
. initializes the module.
\ RS |RW |DB; — DBg ‘
| ‘ /
Function Set -Four-bit operation mode is
. 3 set. “Eight-bit operation
RS DB; — DBy mode is set by initialization,
2 and the instruction is
0 0 0 1.0

T

executed only once.

Function Set

The 4-bit operation mode,
1/16 duty cycle, and 5 x 7

RS | RAW |DB; — DBy | dot-matrix character format
3 _ - are selected. Then 4-bit
0 | 0O 0 0 1 O operation mode starts.
0 1 L - : )
Display ON/OFF Cantrol The display and cursor are
: ~ o turned ON, but nothing is
RS |RW | DBy — DBy displayed. -
s |
010 0 0 O
0 0 {1t 1 1 0
Ent}y Mode Set The address is incremented
‘ by one and the cursor shifts
RS |RW |DB; —— DBg - to the right in a write
o e — operation to internal RAM.
0 0 /000 00 The display is not shifted.
.” 0o jo0ojo 1t 10 IR
Write to CG RAM or DD L is written. theACis
RAM ‘ incremented by one and the
RS |R/W | DBy — DBg cursor shifts to the right.
6 ' '
1 0 001 0 O
1 0ot v+ 00
7

o
I
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3.NOTES .
Safety : i \
» 1f the LCD panel breaks, be careful not to get the liquid\‘crystal in your mouth. If

the liquid crystal touches your skin or clothes, wnh it off {mmediately using soap
and plenty of water..

Hs‘ndling
’ Avoidn s‘tatic electricity as this can da‘mage the CMOS LSL.

TheLCD“’panel i:s plate vglass;\ do not hit or crush it.
- Do not remoye the panel ‘or' frun;e from the module.
+ The pdlary'iz‘er ‘6tﬁ"the display is vefy ‘fragile,;‘ handl’e’ it Very ,'cgr‘efuliy. :

‘Moﬁ"nting and esigﬂ’ | T

| + Mount the module by using the specnhed mounting part and holes. ,
: Connect a IO—pF capacltor between the power supply termlnals t.o eliminate noisc.

. To protect the module from external pressure, place a transparent plates (e g
acrylic or glass), leavmg a small gap. over the display surtnce, frame, and poluizer. ‘

ﬁ Example

Module = g ‘Small gap, Transparent p)ate Extenor surface

AT P [3 J»,g

1 Design{ the Sy:teni 4 input signal is given unless the power-supplj,voltagé is
applied. Ny ; e e
© Keep the module dry. - idensation, otherw’ise]thetranspareht electrodes may

‘break.
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+ Store the module in a dark place where the temperature is 25° C +10°C and the
humidity below 8596 RH.

» Do not store the module near organic solvents or corrosive gases,

- Do not crush, shake, or jolt the module (including accessories).

Cleaning
+ Do not wipe the polarizer with a dry cloth, as it may scratch the surface.
Wipe the module gently with a soft cloth soaked with a petroleum benzine.

+ Do not use ketonic solvents (ketune and acetoné) or aromatic solvents (toluene and
xylene), as they may damage the polarizing plate.
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