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DEFINITION OF TERMINALS

PIN NOJ SYMBOL FUNCTION
1 Y55 Greund lerminal of moduie
o Vpo Supply terminal of module, +5V
3 Vo Power supply for Liguid crysial Drive
4 RS Register Select
AS = O ... Instruction Register
RS = 1 .. Dots Register
5 Reod /Wrile
/% R = 1 ,. Read
R/W = Q ... Wrile
6 E Enable

T-14 DRO-~0D87

Bi—gireclional Data Bus. Dota Transfer

is gerformed once, thru DEO-0B7,

in {he case of interface dato

lenglh is B-bils; ond iwice, thru DH4-DB7,
in ihe cose of inledace dota length

is 4-bils, Upper laur bits first then
tower four bits,

15 L-
i6 L+

LED or E£L lamp power supply erminals

OPERATING SPECIFICATIONS

STANDARD TEMP

Operating te-mpcrulure range | OC in +50C

Storage lemperciure ronge

—10C to +80C

Operating reiotive humidily

90X MmAX

POWER SUPPLY REQUIREMENTS

® Wide Ternperature Ronge Version
@ Standard
® Super-Twist Display Version

MODULE EQUIVALENT LOAD

& 45V

= Yo -

LCh
MODULE VR
Vss ov
When R-L=23.5K. VR=10~20K
RL=5K,  VR=2~5K

This circuit shows the typical power supply
connection for all dot matrix module,

The display Voltage (Vo) is slightly

diffarent for different version

(eg. stondord, wide temp ond supertwist.)
Recommend end user to use

VARIABLE RESISTOR as shows in the circuit
for optimum Vieo (Mas—Vo) odjustment to
obtain best display controst ond viewing angle.

ELECTRICAL CHARACTERISTICS (T = +257)

PARAMETER SYMBOL CONDITION MiN ™P WA UNIT
Supply Vottoge Ven 4.5 50 5.5 v
LCR Drive Vallage Voo~ Vo
Normel Ternp Model {TH/STN) (Vien ) 4.2 4.5 4.8
_Wide Temp Model (5TN): L . B4 BB 7.5 ;.
Su.pply {Eu.rrcnt' o
3 x 16 OMM log Voo = 5V - 1.0 2.0 mA
2 x 16 DMMm Yo = OV MIN = 1.0 3.0 maA
T ox 20, 2 x 20, 2 x 24 DMM ' - o L] mé
4 x 20, 2 x 40 DwM = 2.5 4.0 mé
Input Voilage? Vi [¢] - .6 v

Yin 2.0 - Voo v
Outpu! Voltage* Va. b= 1.6ma 2 ™ Q.4 v

Yan Fon = 0.2mA 2.4 - _ o
LED Current

Leo L+ — L— = 5¥
tox 16, 2 x 16 OMM S Y 60 mA
2 x 24, 2 x 20 OMM - &0 ac maA
tox 200 1 2 40, 2 x 40, 4 x Z0 DMM - 150 250 ma,

DAIVE VOLTAGE{Mep) IS MNOT IDENTICAL FOR LCD MOOULES
MANUFACTURES. ACCEPTABLE RESULTS CAM BE OBTAINED BY
ADJUSTING Viep IF THIS OOES NOT WORK, HITECH CAN MODIFY
DISPLAY TO MEET CUSTOM NEEDS.

Note: 1. Applies 1o DBO ~ DB7, E, RS ond R/W
2. Applies to DBO - 087
3. Supply currenl may slightly excesd MAX.
Rating il SAMSUNG contrallar is used,
withaut pull—up resisior far DBO - DR7.
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CODE E‘;Egﬂ%
INSTRUCTION UTION
5 M [R5 [R/ia7o880850B 408 3082081080 BESERIFTAN TME
Clear dispiay stalalaslelalalatels Clecrs display ond returns the cursor to home pasition 1.64 ms
{Address B). Sets 1/D=1 of Entry Mode.
Return home Return the cursor to the home posilion (Address #) Also returns 1.64 ms
gisleglalalalala | ! !®] e dispiay being shifted lo the original position. 00 RAM cantenls
rempin unchanged. Sat DD RAM oddresses to zern.
Eniry mode set Set the cursor mave direction and specifies or not to shift the 40 s
gia|atp |88 8 t/0| S | disploy. These cperstions ore performed during date write ond read
of D) RAM/CG RAM. FOR NORMAL OPERATION, SET S T0 §
“Display ON/ON w b stalaliloicls Sets ON/OFF aif disploy (D), curser ON/OFF (C), ond biink of 4 s
control y curser position character {B).
Cursor or Moves the cursor and shifts the dispioy wilhout changing DD RAM 40 ps
display shift ﬂ. @|aj8 |8 t|S/CRAI@I@ contents,
i i ! her of display linez {N} ond 40
Function set slajslalt]loulrlel® Sets interfoce doto length (D) number of display line N _uis
charaeter foat {F).
Set ihe CG Sets tha CG RAM oddress. CG RAM dola is sent ond received oiter 40 _us
1 |[M58
RAM gddress Bi13}8 AGG 8 this setimg.
Set the 0D Sets the DD RAM oddress. DD RAM doto is senl and received after 40 ux
RAN oddress B2 |21 1MSB ADD 158 Ihis. setting. : . w s
Read busy flag Reads Busy fieg (BF) indicating internel operclion is being 40 us
g 11 use
& address : B AC - performed and rends address counter contents. -
#rite dota to Writes dota into DO RAM or CG RAM. 40 _us
CG or 0 Ram |1 | B [MSB 158
Reod dats from Reeds date from DD RAM ar G RAM. 40_us
CGor DO RAM || 11 [MSB 158
S =% Accompanies display shift when dota | DD RAM : Dispigy date RAM
iz wrilien for normo) operalion, set o B L6 RAM : Chorocler generator RAM
{/D=1: Increment DL=% : B hils ACG 1 CG RAM address
i/0=8: Decremeni DL=9 : 4bits | ADD  : DD RAM address comesponds o cursor address
5/C=1: Gisplay shift N =1: 2{1} kna| AC : Address counter used for both 0D and CC RAH oddress
5/C=8: Cursor move N=F:1Ins B 1 $=0N  B=0FF {Blinking l:ur:-nr)
RA=1: Shifl to the right F =1 : 5218 dots| C ; i=ON  B=0FF (Cursor)
R/L=¢ Shift lo Whe Jeft F =8 : 5x7 dolsi D T 1=08  E=0FF (Display}
Bf =1 inlemnally operating s
8F =8: Can occept-instruglion W 0on:k: Core
|
INITIALIZATION
The module cutomolically performed initiclizaticn when powered
on {using internal resel cireuil). The foliawing Watructions are
execuled during initializelion : ~ Y
1. CLEAR DISPLAY OFF '
The Buzy Fing is kepl in the Ausy Stote (8F=1) uait Otma ghege g 10ms : z R
initializglion ends. The lime is 13 ms. Power Qn Timing Diogrem
2. Funetign Sel ———=-—————= Ol= 1: B-bils long intetioce dalo NOTE :
M= 8:1 Line display Wnen the above power supply condition is nol satisfied, the inlernal
3. DISPLAY ON/OFF CONTROL--~ O = @ ; Display OFF reset circuitry daes nob oparste cocrectly. In this cose, perform the
C=8: CL!rsar OFF needed iniliglization by sending function et inztructions thrice !rnrp
g = 8. Blink OFF NP ufler tuming the power on, For example, (o designote o B-bils
4 ENTRY MOOE SET --—-eoaw 1/D0= 1 0 +H{INCREMENT) date lenglh, send the iollowing instruclions thrice.
S = B : NO SHIFT
5 0D RAM 15 SELECTD RS R/w DB7 0B DB DB4 pEY 0B 08y DB
Power On Iniliolizabion depends on rise time of the supply when ¢ ¢ ¢ ¢ 1 1 e & @ @
it is lurned on. The folfowing lime relotionship must be satisfied. 8B ¢ 2 8 ! ] : ind : :
S L ]
TTEW SYMBOL | STANDARD TIME | it g ¢ ¢ 8 | , _
WNCLTYR | WAX Whea Ihiz ends,the module enters B-bils dala length mode wilhout
Power Supply Rise Time | 1,ce 1] - t19 4 ms fod. then er;ler 4-bity dote length instruction for 4-bils date
Pawer Supply ONf Fime § | ey 1.8 A s lestgih interloce:
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DOT CHARACTER PATTERNS
For 5x7 Dot Character Patterns
Lhotacter Lodes [T Characler Pallerng
{00 Asu Dalo) Addreya {CC RAM Dalal
76543210 543210
—Higher -—Higher
Lower —= Lowefr ~—=
000 IS )
g 01 1 gan
10 1 0 1o oagp Charagler
b1 1 Vigo Pattern
GQ00.000 voofl . o o A S
1 01 e olt]o
[ ] 11300 Cursor
111 «r 20 0Q0 D] = Fasitian
A 00 v s 2 000D
0o iR 0]
3y 0 1 1 Choracter
g Y1 0 0 ![D [¥] Pollzern
- 1
000000 001‘00 ™ Exnmpigf-n
1 01 Q0 QHiI0 0
1% 0Q 0ofjoo
111 =v s 00000
3 G O R
e a &3
h“"-\-\—-
J0G0«1 11 1!‘100 i
i 0 Mo EHesl
1 1 0
1 1 - a L
NOTE:
Characier code bits 0,2
correspond to. CG RAM
oddress bils 3.5
(3 bits : & types)

TIMING CHARACTERISTICS FOH*_CONTR_O-L_LER CHIPS.

CONTROLLERS CHIPS 1 SAMSUNG! RECOMMENDED i

PARAMETERS KS00EG TIMING

Lnavie Cycle Time 1€ fmin} | 1000 100G nS

tn u Width

H?:::chv:e tW({min) [ 45C 450 nS NOTE :

ke If (o) 3 450 2l | [NITIALIZATON BY POWER-ON

£ Rae lime le {mex}| 25 25 nS RESET INVOLVES MANY

[ fFait Lime i {max) [ 25 25 nS UNSTABLE FACTORS CAUSED BY
Sel -ug hme \Bimin) | 140 140 ng POWER SUPPLY FLUCTUATIONS.
r— - - Tog T THERFFORE, INITIALISING BY
Baic Set-up Time } M {min) 9 ns INSTRUCTIONS IS STRONGLY
Qcia Deloy Time 10 {max}{ 320 320 a3 RECOMMEDED.

hddress Fold Time | tA{max}| 10 3] s

Hoid Tirne .

Wnput Guto tH {min} g 10 s

Ourput Dole W0 {min) | 2C 20 ns

TIMING DIAGRAM ‘ _
RS.R/W i w
£ o E - ' /m—

ingut Dala

11z

e

&

5
(e
s‘

'!"01 - g
- voH VOH
Qutput Dsolc K Gt oL
L 'c J
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CHARACTER CODE MAP

Higher 4 bit (D4 to D7) of Chaoractar Code (Haxc:c‘la:‘:irruJF|

o T T2z 3256l 78] AalB]C|DlE|F]
G I e L L 0] 3 el
0 ‘(ﬁfx)u 1 R A D 8
CG I R e 1 g [ o P e
v Eel | 1A= w [Pl S ]
= O [ A
2 ?3” | | 2
= o | i:' :l::: o P
§ 3 (R AM 1 o B L
PRI o [F b T
2 1®
5|5 | & =
E o et = -::E‘ i
5|7 A #H : ::[ YL
™M -.I «]7 ]| _  [mewwm
C: 8 | BaM | 'l-‘ii-l.l !
21 1Q) -
IBE T IR g
5 (2)
NP ‘(éE)M SRR o B I = | 1 S R
o x “on
E
o fl P e | |

C | RAM 1 1 ‘ l e E_:‘]! Mg F
(3) A

o A e T TEL-
(E) - waw |-

e | RamM | w L By
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INITIALIZATION

For 4 bit data imterfocing

Weit for 20ms or more
after Yee rizes lo 4.5V

BF connol be clhccked at this lime

RS R/W DB7 DB6 O0B5 084
8 ‘8 a ] 1 1

Function =zet : OL=1, B bit interfoce data.
0L mual zel ot H during this initiclzation,

Wait for 4.3 mz or more

I
8F connot be che;:ked at this time

RS R/W 0B7 DB6 DBS DB4
¢ 2 a a % 1

Function zet :DLw=l, 8 bit Interface data.
DL must set ot K durlng this initiaization.

. I
| Woit for 100us or maore |
B8F con be thecked ot thiz time
RS R/% ©DB7 0BE DBS 0DR4
a. 8 . a .. a ] i

BL must set at H during this initioizotion.

check for inul busy

RS R/W 0B7 DEE 0B85 DB+ 1
2 a '8 2] 1 2

1
check for 'not busy

RS R®//W DB7 DHE 0B85 DB+
a B a 2] 1 @
2 B N F X X

N = na. aof line
F = character foni

1
check for !nnl busy

RS R/ ©OB7 DBSs DB5 DB+
%] 2 2 ] a ]
a

check I'or'not busy
RS R/W DB7 b 0BS D84

8 2 [} g a a
b oo I
Dizplay aon

I
check lor 1n ol busy

RS R/W 0OB7 DRS DBS OB4
8 B a 4] @ g

End af inlticlizatlion

"NOTE © IN NORMAL OPERATION, SET S TQ @
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INITIALIZATION

For 8 bit data interfacing

Wait for 20ms or more
ofter Vco rises to 4.5V

|
BF connot be checked at
thiz timea

RS R/W D@7 0B6 085 DB4 DB3 DBZ D81 DBO
g 9 2 ¢ 1 1 X X X x

o o i e s A e i T i e ik L Y TP e e e e e el TR e e il Ty e e

Function set : DL=1, 8 bit interfuce data.
0L rmust sst at H during this
tniticlzation.

Pluit for 4.1 ms or rmore

8F cannat be checked at
thiz time

RS R/W DB7 D86 DBS DB4 DB3 DBz DB DBO
6 @2 5] @ 1 1 X X X X

Dt must set ot H during this
inttinization.

1
[Wait_for 100us or move |

RS R/wW D87 DB 0BS5S DB4 DB3 D82 DY QBO
g @ [} g 1 i X X X X

Function set DLﬂf & bit interface dato.
DL must setl at ¥ during this
initiolzation.

]
BF can be checked at this
time, check for not busy

RS R/W DB7 OB6 D85 DB4 DB3 DBZ DB DBEO
8 g_ B %] 1 1 N F X X
Function set ; Di=}, B bit interface data. |

N = no.of line
F = theracter font

check for not busy

Display off

I

check for not busy
|

check l'esrl not busy

RS R/wW OBJ DB6 DB5 0B+ DB3 087 0B 0BO
¢ 6 @ © 8 @ 8 1 /0 S

}

£nd of initialization

*NOTYE : IN NORMAL OPERATION, SET S T0 @
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DISPLAY CHARACTER POSITION AND DD RAM ADDRESS

1x8 DMM, 1/8 MUX

N=@ : 1~LINE DISPLAY
F=@ : 5X7 DOTS

1 23 4 5 6 7 8 DISPLAY POSITION
FIRST UNE ipgisrig2(e3le4{@5|8618 7] ———D0 RAM ADORESS

WHEN THE DISPLAY SHIFT OPERATION IS PERFORMED, THE DD RAM ADDRESS MOVED AS FOLLOW

AFTER THE LEFT SHIFT INSTRUCTION AFTER THE RIGHT SHIFT INSTRUGCTION
1 2 3 4 5 6 7 8-—-——DISPLAY POSITION 1 23 4 8 § 7 ‘

g QISPLAY POSITION
21182183{04|85]856{97|68 =00 RAM ADDRESS AF{eRiB1i82/ala4/a5/86)—DD RAM ADDRESS

1x18 DMM, 1/18 MUX

N=1 : 2Z-LINE DiSPLAY
F=8 : 5X7 DOTS

1 2 3 4 5 86 7 B 9 1011 12 13 14 35 156 DISPLAY POSITION
FIRST LINE [aa B1i62[03184|85/26187142|41i42[43]44|45/46|47}~——DD RAM ADDRESS

WHEN THE DISPLAY SHIFT OPERATION IS PERFORMED, THE DD RAM ADDRESS MOVED AS FOLLOW :
AFTER THE LEFT SHIFT INSTRUCTION
1 2 3 4 5 6 7 B 9 1011 12 13 14 15 16 DISPLAY POSITION

|m[azla3|e4lzsks]a‘) a8 41i4z]43 44 45145[47}43!-«_—00 RAM ADDRESS

AFTER THE RIGHT SHIFT INSTRUCTION
1 2 3 4 5 6 7 8 9 1011 42 13 14 15 16

DISPLAY POSITION
27[@3 e1{p2|e3la4jos|osle7|ssi41|42]43j44|es|46]|~—0D0 RAM ADDRESS

1xt8 DMM, /8 MuX

M=§ : 1—LINE DISPLAY
F=B : 5X7 DOTS

1 2 3 4 5.6 7 8 9 10 11 12 13 14 15 16
FIRST UNE [aa @ azlas[m[asles a7 aa]qe|aa aaiac]zﬂaelar]

DISPLAY POSITION
DD RAM ADDRESS

an

1x20 DMM, 1/8 MUX
N=@ : 1—LINE DISPLAY
F=9 : 3X7 DOTS

i 2 3 4 3 B 7 8 9 1011 12 13 14 15 16 17 18 19 20 ~—DISPLAY POSITION
FIRST LINE jagign 82852405/ 6(07]|a8igs|palesleciaoieElarf1gi11112(13

——DD RAM ADDRESS

1x40 DMM, 1/11 MUX

Nw@ : Y-LINE DISPLAY
F=1: 5XiG OQTS

1 2 3 4 5 & 7 8 8 1011 12 13 33 34 35 36 37 38 39 40 —DISPLAY POSITION

ﬂ’:i?-:‘r |“|9‘JE’2|93;54 3'515.5[6?[38 ggigajogiac -——-Izs 2112212372425 |25[z7 l--00 RAM ADDRESS

|
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DISPLAY CHARACTER POSITION AND DD RAM ADDRESS (CONTINUE)

2310 DMMN, 1/18 MUX N=t ; 2-LINE DISPLAY F=@ ; 5X7 DOTS
t 2 3 4 5 & 7 8 9 10 11 1213 1415 16 ——DISPLAY POSITION
———DD RAM ADDRESS

FIRST UNE |aatla laa|lesjesjasiecie7ieajaclealenjecienjoE|6F

SECOMD LINE |48141{42[43}44[45/46147]48148|4A 40lac|aDisE|4F

WHEN THE DISPLAY SHIFT OPERATION 15 PERFOMED, THE DO RAM ADDRESS MOVED AS FOLLOW :
AFTER THE LEFT SHIFT INSTRUCTION
1 23 4 5 6 7 8 8§ 10 11 12 13 1415 16 ——DISPLAY POSITION

a1 p2je3i@4leslesle7{salaalaalenjaclenigeiar|i o =00 RAM ADDRESS
211azla3lastaslaglazianlan]sajapiac|eniaefariSa

AFTER THE RIGHT SHIFT INSTRUCTION
1 2 3 4 5 B 7 B § 10 11 12 13 14 15 18 ———0ISPLAY POSITION

s71eelg1|azlesles|esiesiazieslan|eajpaiacieniet ~—0D RAM ADDRESS
&7 49:141 s043laalaslag]arian|ealsajanlac|aDist

2x20 DMM, 1/18 MUX N=1 : 2-UNE DISPLAY F=@ : 5x7 DOTS ;
' 1 2 3 4 5 6 7 8 9 10 1t 32 13 4 15 16 V7 18 19 20 -—DISPLAY POSITION

FIRST LINE [galoilazlaslesies|es|e7iealee|ealenlecijop]jaciar (18311 (i12]13 —DD RAM ADDRESS
SECOND UNE (4G141]a2]43l44145{48j47}a8{49]eAl4B|4C|4D]4E14F | 58{51 [52 53

J

ox24 DMM, /18 MUX N=1 : 2=LNE DISPLAY F=@ : 5X7 BOTS ; _
1 2 3 4 5 6 7 B 39 10 11 1Z 13 14 15 18 17 18 19 20 21 22 23 24 ——DISPLAY
FIRST POSITION
LINE gelerjgz|eslesipsiesia7|osleaiaa agjeclaplat|arj18[11 [12{13{14{15116 117 |-—00 RAM
SEconD [49{41{42]s3[44]a5|46147]48]a]|4Rj4B]4C]|4D atfarisa|s [s2153154]5356 |57 ADDRESS
LINE -
2x40 DHM, 1/%8 BUX N=1 : 2-LINE DISPLAY  F=@ : 5X7 DOTS
+ 2 3 4 5 6 7 8B § 10 13 1213 ' 33 34 35 36 37 38 39 40 ——DISPLAY
FIRST - : POSITION
LINE solatlpzias|ssleslesier|aajae|aalenioc 221 [2223 24725126 127 |——pb RAM
seconp {eo[41{a243[as]esiaslev]en{ag|ealeBl4C o0]61 |62 |63 |64 |65]66 |67 ADDRESS
LINE
4318 DMM, 1/18 MUX N=1 : 2-LINE DISPLAY F=6 : 5X7 DOTS
1T 2 3 4 S 6 7 8 9 10 11 32 i3 14 15 16 —-—DISPLAY POSITION
FIRST UNE |BGlei]ezlellesles|esiaviosles|eajeniaclen]dE|sF — DD RAM ADDRESS
SECOND LINE|4 8141514 2(4 314454 5|46(47148(49]|4A $B{4C|4D{AE|4F
wuro unE [1olispn2h shapvshehvzpspiopapBp CiOpERF
FOURTH UNE |50151152i53[5415a]56{57|58i59]5A{5B|5C|SD{SE(SF
4120 DNM, 1/18 MUX N=1 : 2-UNE DISPLAY Fa® : 5%X7 DOTS
v 2 3 4 5 & 7 B 9 10 11 12 13 1415 16 17 18 18 20 ——DISPLAY POSITION
rrsT UNE  [o@le1l02]es{e4[es[ec|e7]eslagjealsB|acieD|at|ar | 18]i1 12 13 ]~—00 RAM ABORESS
SECOMO UNEl4glatia2(a3|aaiasjaniav|as|sgfsnlsnjaclap(sEiaF|S0 51152 |53}
TIRO UNE 1 aj1slr e 71 Bliglt alselrcio|vE[1Flzelzs |[22]23724]25(26 427
FOURTH LINE |54155l5857158ls5a|salsplscispiseisFlea|st js2ls3i64)65]66 {67




