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Interface Pin Connections Block Diagram Available Options

1. Viewing Angle’

Symbel

Pin No. Function 8 — Bottom
BE Vg ov _ T— Top

N - 2| Veo | 6 Power suepiy - . 2. Fluid Type:

L v e — ey 8 — Commercial

‘ a | o C tortmoetion et S - | (0°C to +50°C)
L |t B e D'SP"?"” | Ho it e,

: S = M TN EZE 40 o - o +

s LI Enable signal T?EH ~ 8% —_ - | W-—Wide Viewing Cone
L} om W |27 = ofidn | | (0°C to + 50°C)
s e 5 L N 3. Viewing Mode:
w | om I A — Reflactive Positive
- o Oata bus ine image/no lamp
12 B8 8 — Transflective Positive
il oes Imagefwith EL lamp
14 car

E — Transmissive Negative
Image/with EL lamp

Voltage Requirements

Display Pattern® Reference Information

5x7 1 Cursur Format
Optimum Power Supply Voltage (Vop-Vol , e S
Units: Volts £ 0.1V ) :f L Page
o ol | - trisaral | Wide Viewing Cone ERT Ordering Information. .. _......... 4
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RS RN o+ eyt Electrical Specifications. . . ... ... .. 36
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@ 1/16 Duty Cycle T . b Display Data Address Chart . ... ... 42
a.7|44137]ag]sef65] 80 [ 68 | 58 ; EL Lump Inverters . ... ......... . 46
; "All di n inchesimmt. Drawings
See Power Supply Schematics ’ : nol :J';‘:;::'oxﬁ ;ip;clfl‘llull‘lgni‘ subject tgn
_on page 36. (Characlur Fitch =.140 in.) change without notice.
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. Item:: - Symbol Min. Manx.. Unit
| Logic Circuit Power Supply Voltage _MpVss | 0 7.0 V
LC Driver Circuit Supply Voltage i Vio-Vo 0 135 v
Input Voltage v Vg Voo \i
A, Commercial fluid 0 +50
Operating Temperature | Wide viewing cone fluid t, o °C
‘ Industrial fluid ~20 +70
o ; Commercial fluid ‘ '
Storage Temperature Wide viewing cone fluid Lag o n—20 +70 °C
‘ s | Industrial fluid -40 +90
ELECTRICAL SPECIFICATIONS
Item Symbol Condition ~Min. Typ. Max Unit
High Input Levet Voltaqe Vin — 2.2 - — v
Low Input Level Voltage Vi o — - LU R
High Output. Level Voltage Vou : 2.4 S P R A
Low Output Level Voltdqe Voi l(,l =1 2,m:\ o = 04 v
Power Current lbo S Viip=5.0V -— 08 2.0 mA
POWER SUPPLY SCHEMATICS
S ondividual module specmcatvon pages for voltuge se‘ttmgs to ohtain nmnmum (Unlx.ml and v;ewmq angle.
3.0 Note: Vg = Vanable Posnsto:— 10 KR (020 KB -
Vool » [ .V
. m : + 5V d) noe
£3 T H3S .
58 | 538 v, %Y
2 2 ; Vss - :E V() % VR 'f'
o ‘ S :
o0 g <= pay e
oo | %V“ 5V a9
Vo S - Ve |

For Modules With Industria’l‘ Temperature Range Fluid or.

VIEWING ANGLE DIAGE

Wide Viewing Cone F

- Viewing Angle
(AN LCDs)

luid (Type H or W)

Left

Top
Viewing-Angle
Top :

N\,

For.Modules

i

Bottom V

Bottom
Viewing Angle

L »ewmg o
. Surfdw

NVith Commercial Temperature Runge Fluud

~ (Type 5)

Right -

NOTE: Select either top or.bottom: viewing anglef‘}f’
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WRITE OPERATION |

s v ftem . Symbaol Min, Typ. | ‘Max. | Unit
- Enable'Cytle Time e 10 — — us

Rw ::—" Enable Pulse Width PW E 450 — — ns
PWE Enable Rise/Fall Time te, tg — — 25 ns

€ Vo AL v "Tew //V_ Address Set-up Time ths 140 — - ns

-« | | Address Hold Time tam 10 — —_ ‘ns

080 - D87 ' >£ VALID DATA v | Data Start-up Time |  togw | 195 - - ns
B - by Data Hold Time . 10 — — ns
READ OPERATION

Rs}{'. . ' -Nem 1 Synibol Min, Typ. Max. Unit
Enable Cycle Time tove E 1.0 — — uSs

Aw Enable Pulse Width PW E 450 —_ — ns
Enable Rise/Fall Time | te tg — — 25 ns

€ Address Set-up Time tas - 140 — — s

. S}“’ 1 Address Hold Time tan 10 — -— ns

bso - 087 o vAUDOAADX Vo | Data Delay Time toor - — 320 ns
I bei -I Data Hold Time tonn 20 - — ns

'PIN FUNCTION CHART

Pin Name /0 ‘ Function
Vss —_— £ Giond; OV R _ -
Voo ' = 5V .
Vo — ' Power supply for LC driving

Signal to select régisters
RS I ' “0": Instruction. register (for write}

Busy flag; address counter {for read)
“1". Data register (for read and. write)

Signal to select read (R} and write (W)

R/W . I "0": Write MPIJ — LCD Module
. "1". read MPU “— LCD Module
E - | Operation start signal for data read or write
- f Data- bus of lower order 4 lines having bidirectional tri-state.

DBO thru DB3 o Used for data transfer between the MPU and the module.
These four are not used during 4-bit operation
Data bus of higher order 4 lines having bidirectional tri-state.

DB4 thru DB7? o

Used for data transfer between the MPU and the module.
DB7 can be used as a BUSY flag.

In the module, the data can be sent in either 4-bit 2-sequence operation or 8-bit single-operation so that it can interface to both

4 and 8-bit MPU's.

1. When interface data is 4 bits long, data is transferred using only line DB4-DB? and DBO-DB3 are not used. Data transfer
between the module and the MPU is complete wihen the 4-hit data is transferred twicn, Data of the higher order 4 bits
{the contenits of DB4~DB7 when the interface data is 8 bits long) is transferred first, and the lower order 4 bits (the contents
of DBO-DB83 when the interface data is 8 hits long) follows.

2. When the in}e_rface data is 8 bits long, data is transferred using all 8 data lines of DBO ~ DBZ.

NOTE:
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Instruction Code

_ s ’ Execution:Time
Instruction |=— — [~ T T s T : T Description: (when f, or fosc is
'RS |R/W | DB7.| DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO , 250KHz)
, . : ' . L "I Clears all display and retumns - | 3 B
Clear Display: |+ 0:.1. -0 0 0 R 0 0 0. .01 [-thecursorto -the home ‘82 us-1.6dms. . |
) o ; i _DO‘illlon (,“\(IF'{ress_o) . .
A o Returns the cursor to the home
- v " : position (Address 0). Also
‘ S o S retuins the display being
Re‘f""'H°me 0 0} 0 0 o | 0 0 0 ! ' shilted 1o’ the original position. 40“"5 ~1.6ms
; | DD RAM onténts. remain
- unc han(p d. o
, S(‘l' he cursor move dlrecuon
Entry : ; . = and specifiss-or.not to shift”
Mode Set 0 0 0 0 0 0 0 LI S I the dispi-y. These operations 40 ps
e ' s arg pesde mwd durlnq dala . .
. L o write and 1ead, o
- Display. - v i ; i S sais ONOFF of all display (D) '
ON/OFF ~ 0 0 |0 0 0 0. 1 Dl o« B | Crsor GREGFE {C);:and blink : 4055
Control- , Lot R of cursor_position character (B) ' ‘
Cursoror R | - Moves the cursor and shifts’
Display Shift 0 0 0. {0 0 “hp SIE RL ¢ * the display wnthout changing 40 ps
play : i sl bD RAM: contems ' '
‘ . . o o “Sets 4 interface data length (DL)
. Func;ionvSet =0 0.0 0 1 DL- |1 N i * numbnr of dusplay Imes {N), and 40 s
, : : SSols lhc G RAM address o
SetCGRAM | o Vg | 0 | 1 A CG RAM data is sent and 40 s
Address cG :
. fpar liqec eived aner this setting: :
g A : "Sets the DD RAM address -
?et Dgs,RAM 0 [0 1 Aso DD RAM data is sent and 40 ;s
L C - oo “reiceived after this settlng o P e
'Read'v"‘:« g ; . - “Reads |L’.u sy Flag (BF)bmducanng
0o Flac) : i 1 g _internal aperation is being .
g"z\ég:agr 10 & »BF AC .performed and reads address s
|| & Address. ~ _counter mnlents
Wiite Data S S )
: ‘,.ﬁ'to CGor 1 0 Write Data Wnl( S (i\ll(; into. DD RAM 40 jis
| DD RAM - : S ou(GH WY
" Read Data L Fe
from CGor | 1 _ 'Read Data. : R'“?fh k HIS’I frorm DD RAM - 40 jis
DDRAM | e © o | orCGRA B
' D =1 Increment ‘ I/D =.0: Decrement | DD RAM: Dlsplay data RAM Execution time-.:;
'S = 1: Accompanies display shift. S St |CG RAM: Eharacter generator changes when.
SIC = 1: Display shift » ; SIC = 0:.Cursor move ™ RAM & frequency changes
| R = 1: Shift to.the right ; ; Ac,: CG RAM address (Example) .
‘Rt "= 0: Shift:1o theleft e : " A DD RAM address When f_; or fosc is
DL = 1: 8 bits DL .= 0: 4 'bits - © .. Corrgsponds to: 270 KHz
N = 1:2lines: SN0 line L e cursor-address, 40 250 _ I7us
1. F = 1:5x10:dots F = 0:5x7 dots’ AC: " -Address counter us X 270 K
"BF = 1:'Intema|ly operating : ’ ‘ “used for.bo;h of DD.-
BF = 0: Can accept instruction - - : and €G RAM -
D.. = 0: Display. OFF ‘D= 1: Display ON “address
.C = 0:.Cursor OFF. ~ €= 1: Cursor ON :
B = 0: Blink OFF ' B:ii= 10 Blink ON

*Don’t care -
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The.dispiav‘-méduieﬂaté-busaccepts_&bitwidaj ety 3 de&whaehareduee&datmt re- it mregmorwhema& B-{low)
and R'W = 0 {low). When writing programs, the equivalegj_t"l‘mmadecimal code is easier to usethan-the-8-bit widé instruction codes,
Key operational codes are listed below in hexadecimal format. -

Command Instruction Code
Description {Hexadecimal Format) RS Code R/W Code
Display Control: ,
On - o _ - ocC 0 0
Blank (All'memory retained) _ 0A, 08 0 0
Clear Display & Home Cursqr ;o 0 0
Home Cursor ' 02 . 0 0
Cursor;
On OE 0 0
Off . _ ocC 0 H
Wink ; o oD 0 0
Shift Left ' 10 0 0
Shift Right 14 0 0
Horne _ 02 N 0 0
Cursor Travel Upon '
Character Entry:
Left , ‘ 04 0 0
‘Right 06 0 0
Shift Display
with Data Entry: :
Left 07 : 0 0
Right : © 05 0 o
Shift Display
without Data Entry: _ ' ,
Left : 18 : 0 0
Right ‘ 1c_ - 0 ' 0
Display Data Addresses: ; ‘ '
{See page 42) . _
Home Position 1st Line = 80 0 0
Home Position 2nd Line co ‘ 0 0

INSTRUCTION CODE DEFINITIONS
Outline 1 ' |

Two registers of the HD44780, the Instruction Register {IR) andl the Data Register {DR) only can be controlled by MPU directly. Control
informatian is temporarily stored in these registers, prior to internal operation st L, to allow interface 10 various types of MPUs which
operate in different speeds from HD44780 intemal operation or 1o allow iterface 1o ieripheral control ICs. The HD44780 internal operation
is determined by signals sent from the MPU. These signals including register selection signais (RS), readiwrite signals {(R/W) and data
bus signals (DBO - DB7) are called instruclions in this paragraph. Table un pog- 38 shows the instructions and the execution time
of the instructions. Details are explained in the following scclions. The instructions can be divided into the following 4 types:

(1) Instructions that designate the H04478_0 functions such as display forimat, data length, etc.

{2) Instructions that give internal RAM: addresses.

{3) Instructions that perform data transfer with interrial RAM.

(4} Qther instructions. )

In the normal use, instructions of category {3}, which sends display data, is used nost frequently. However, since the HD44780 imternal
RAM addresses are configured to be automatically incremented {or decremente:d) Ly +1 after each data write, MPU program load
is lessened, Specifically, display shift is performed concurrently with display data write, and then this enables the user to develop
systems with' minimum time and maximum efficiency of programming. When an instruction is being executed {during internal opera-
tion), the busy flag DB7 is active high. This must be monitorod when high speed operation is planned {=50KHz).
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RS AW DBT DBO-

 Code- [0 | {io | | 0. ‘oo 1o 0 oo

Wr' sharacter code 20" (hexadecumal) into all the DD RAM addresses. The cursor returns to Address 0’ (Ayp="80") and display,

if it ...s been shifted, returns to the original position. In other words, display dusappears and the cursor goes to the left edge of the
display (the first line if 2 lines are displayed.)

Return Home RS RW DB? DBO
Code offolf{ololo|lololo]| 1]~
‘ *Dont Care :

‘Returns the cursor to Address 0 (Agg = "80") and display, |f it has been shufted to the ougunal position. The DD RAM coments
remain unchanged. :

Entry Mode Set "~ &s ’n/w,iv o87 4 o oo

Code do | lo] o] off

o |1 || s

I/D: Increments (l/D 1) or decrements (I/D 0) the'DD RAM address by one upon writing into or readmg from the DD RAM a character

code. The cursor: moves to.the rlght when incremented by one. The same applies to writing and reading of CG RAM.
S:  Shifts the entire display to either the right or the’ Ieft when'S is 1; to-the left when /D = 1 and to the right when 1/D = 0. Therefore,

the cursor looks as if it stood still with the dlsplay only moved Display is not shnf ted when reading from the DD :RAM. Display
is not shifted when S=0. : v

DisplayONlOFF Control - ‘
h o RS RW: DB7 o . DBO

Code 0 ol lolo|lolo|la|Dpl|lc|s

D: Display is turned ON when D=1 and OFF when D=0, When display is tumed off due to D=0, the dusplay data remains in the
DD RAM and-it can be dusplayed immediately by settmg D=1.
C:  The cursor is displayed when C=1-and not displayed when:C =0. Even if the cursor disappears, funcnon of /D, etc. does not

“ange during display data write. The cursor is displayed using 5 dots in the Sth hne when the 5x7 dot character font is selected
dnd in the 11th line when 5x10 dot character font is selected.

B:  The character residing at the cursor position: blinks when B=1. The blink is done by swnchmg between all the: black dots and - _

display characters at _04 second interval. The cursor and:the blink can be sét concurrently.

5x7:Dot
Character Font

5x10 Dot -
Character Font

‘:g,.,.;v\m*‘———(;ur_sor\ T4 R T [T]'l . —
- ‘ B r—  ‘, ‘ Allemative Display
-(a) Cursor Display: - LI ; o (b) Blink Dlsplay
“ " "Example s co - ' Example

Cursor or Dispiay Shift

RS RW DBZ . . . pBO
Code | 0O 0 oo ol |scir| ]~
*Don’t Care

Shifts the cursor position or display to the nght and the left without wntmg or readmg the dlsplay data. This functlon is used for correc-
tion or search of display.

S/C R/L : :
0 0 Shifts the cursor: posmon 1o the Ioft (AC is dec remented by one.) .

0 1 - Shifts the cursor position to the right. (AC is incremented by one.):” ‘
1 0 - Shifts the entire display to the left. The cursor follows the display shift.
1o

Shifts  the entire display 10 the right. The cursor follows the display shift.
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Function: Set - RS. RMW-  DB? _ DBO.
Code: 0 0 ool 1 joL!Nn]|F | =]~
*Don't Care

DL: Sets interface data length. Data is sent or received in 8-bit length (DB7~D80) when DL=1 and 4-bit length (DB7 -~ DB4) when
DL =0. When 4-bit length is selected, data must be sent or received twice.

N:  Sets number of display lines.

F: Sets character font.

_ No. of . Character Duty .
N F Display Lines " Font Factor Remarks
0 0 1. 5x7 dots : /8 -
1 1 5x10 dots 1t ' —
1 : * 2 5x7 dols - 116 Cannot display 2 lines with
: ‘ 5x10 dot character font.
- : *Don't Care
Set CG RAM Address
RS RW DB7 _ DBO
- Code | O 0 6 t1 1Al ATAlA]lA]|A
. Higher Order . Lower Order _,
Bits Bits

Sets the CG RAM address in a binary number of AAAAAA to the address counter, and data is written or read from the MPU related
to the CG RAM after this.

Set DD RAM Address

RS RW DB7 : DBO
Code o]0 [Ll Ayl AlATATATA]A
'. . Higher Order Lower Order -

" Bits Bits

Sets the DD RAM address in a binary number of A AAAAAA to the address counter, and data is written or read from the MPU related
Lo the DD RAM after this. However, when N =0 (i-line display), A, AAAAAA is 80" 1o "CF” (hexadecimal). When N =1 {2 fine display),
ALGAAAAAA is 80" to "A7" (hexadecimal) for the first ling, and “€0” to "E7” (hexadecimal) for the second line.

Read Busy Flag and Address

RS RW DB7. ‘ DBo
Code 0 1 |;BF l A A A A A A A
.. Higher Order lL.ower Order -
‘ Bits Bits

Reads Busy Flag {BF) that indicates the system is internally operating on an instruction received before, When BF = 1, it indicates that
internal operation is going on and the next instruction is not accepted until BF is set to “0!" Check the BF status before the next write
operation and at the same time, the value of the address counter expressed in a binary number of AAAAAA. The address counter
is used by both the CG and DD RAM address, and its value is determined by the previous instruclion. Address conlents are those
of the CG RAM or DD RAM previously shown. ' : '

Write Data to CG or PD RAM

RS AW  DB7 " DBO
Code 1110 D D D D D D D D
« Higher Order Lower Order _,

Bits . Bits

Writes binary 8-bit data DDDDDDDD to the CG or the DD RAM. Whether the CG or the DD RAM is to be written is determined by
the previous designation {CG RAM address setting or DD RAM adclress selling): Alter write, the address is automatically incremented
or decremented by one according to entry mode. Display shift also follows the entry made. -

4




ol D

:‘Higher Order » . Lower Order
Bits ' Bits

Reads binary 8-bit data DDDDDDDD from the CG or the DD RAM. Whe,&he: the CG RAM or the DD RAM is to be read is determined

by the previous designation.-Prior to inputting this read instruction, 'ther the CG RAM address set instruction or the DD -RAM

address set instruction must be executed. If it'is not done, the first read data becomes invalid, and data of the next address is
read normally from the second read. After read, the address is' automatically incremented or decremented by one according to the
| entry mode. However, display shift is-not pPrformed regardless of entry mode types.

' DISPLAY DATA ADDRESS CHARTS

{Note: Some charts are different from general mstructlonal data)

1LINEx 8 CHARACTERS PER LINE

2 LINES x 8'CHARACTERS PER LINE 1 LINE x.16 CHARACTERS PER LINE

Character ;
: 1.2.3°4 56 7.8 : Character
Line 1 |80 81{82|83|84 85|86 |87 : 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Line 2 [cojc1 fc2fcslcalesjcs]er|: Line 1 l80l8| Ja2]sa]sa]es 8e [s7[cofci]c2|ealcales [esjer)
SLM 10801 (LINE 1 WITH E) -

e T SlMHGDS/SLM 11606
SLM 20801 (LINE 1 & 2 WITH €) :

" 1 UNE x 16 CHARACTERS PER LINE

1 LINE x 20 CHARACTERS PER LINE
2 LINES x 16, CHARACTERS PER LINE

.2 LINES x 20 CHARACTERS PER LINE

Character Character
1 273 4 5 6.7°8 9 1011121314 15 16" 1 203 4.5°6 7 8 9 101112 13 14 15 16 17 18 19 20
tine 1 |80]81[82]83[s4]ss |86 |e7 }ss |es |sa|er|acsn]se [er ~ tine 1 [0]81]s2]83]8a]8s [sc |87 |ea |as |saen |ac |an|se |ar a0 |o1 |a2 Jos
Line 2 |cofcr [c2{ealcales]cs|crleslcalcafcleclenlcelce] 7 Line 2 fcoci]c2]ealcalcs{csfcricaicaleale]aclenlce [cr [polor [pa]is
SLM 11601 / SLM 11602 / SLM 11603, \ |\ + wirhi ) . SLM 12001 / SLM 12002 (LINE 1 WITH E)
SLM: 11604 / SLM 11607 . , ~ "SLM 22001 / 'SLM 22002 (LINE 1 & 2 WITH E)
SLM 21601 / SLM 21602 | , ., : B =

. SLM.21603 ] (LINE 1 & 2 WITH E)

1 LINE x 24 CHARACTERS PER LINE
2 LINES x.24 CHARACTERS PER LINE

zharacter.

4 LINES x 16 CHARACTERS PER LINE
_Character : '

1 2 3 4.5 6 789 1011 1213 14 15 16 ~1 2°3 4 5 6 7 891011 12 13.14 15:16 17 18 19 20 21 22 .23 24
Line 100 |01 ]02 |03 {0405 |06 {07 |08 {00 |oa 0B D(: 0D |0E {OF Line 1 [80]81 |82 [83 |24 ]85 |86 87 |8a |19 [ jsB |5C lﬂD BE 8F |90-191 |92 [23 194195 4 11/

Line 2 {40 |a1la2 |a3laaias a6 |47 {a8'|a0 laA|aB|4aC{aD4E |aF | *Line 2 |COJCT{C2 [C3[CA|CS CG C7iC8|CaCAlCB](C ,CICD CE|CF{D0|D1]D2{D3|DA|DS DL l‘)'l
Line 3 [1ol11]12131afas]ie 17 s fa 1Afis|ic 1D iF e R

“Line 4 {5051 |52 5354155 |56 |57 |58 |59 [5A |58 |5C |5D|5E |5F
SLM 41601 ’ '

SLM 12401 / SLM 12403 (LINE 1 WITH E)
- SLM’22401 / SLM 22402 (LINE 1 & 2 WITH E} ‘

1 LINE x 40.CHARACTERS PER LINE
_2/LINES x 40 CHARACTERS PER LINE
"4 LINES x 40 CHARACTERS PER LINE®

Character

2 3 45 6 7.8 9 1011 12 13 14 15 16 17 18.19 20 21 22 23 24 35 26 27 28 29 30 31 "33°33 34 35736737 38 39 40
Line 1 |80 [81 |82 |83 84 [85 |86 |87 |8 |89 |sa |88 |ac |80 |8E |8F |90 {91 |92 |93 |94 95 |96 |97 |98 {99 laa|an |oc|oD |9€ |9F lA0|A1 |A2]A3]A4]AS |AGIAT
Line 2 |cojct]c2lcalcalcslcs[crlcs]cafcalcaleclen]ce ek lpe o1 [p2{paloalos [os jo7 |osios oalpslocloo|ue lor feo e 1 [e2 [e3 |4 fes |es |ev
Linie:3 |80 {8182 |83 |84 |85 |86 |87 |88 |89 |8A |an [8C |8D |8€ [8F |90 |91 |92 93 |04 |95 196 |97 |98 |99 [0A 98 |aC fub |oE of [aojar [az{aa|adlas|asia e
_Line 4 [coc1|cz]calcalcs]es|crlcelcalcalcalccien]ce [cr[oolo1|p2{palna e |us|pr |pelbavajvs e onioe o [eo |61 fe2 |e3jea Jes ks e
MNote: Address Locatnons on-Lines 1 & 2 are Enabled. by | E1 Adiress: Locations on Linus 3 & 4 are Enabled by E2
SLM 14001 / SLM 14003 (LINE 1 WITH E)
"SLM 24001 /'SLM 24002 (LINE 1 & 2 WITH E}

*SLM 44001 / SLM 44002 (LINE 1 THRU 4 WITH E1 & E2)
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i LINE x 80 CHAHACTERS PER LINE

" 41 4243.44°45.46 47 49 49 5051752 53 54" ss 55 57- 55 59 sn—n 62 53.54‘?6!&:5!\:57 68 690+ Y72 73 74:75 76 77 787797 80
Line 1 [aglas|anlae [AC[ADIAE larlgofes |82 ea Iaa {85 |86 87168 [ma [saleslaceolse for fen et [e2leslca]esles o7 csles calesleckenlce ler ]
{Con™t]

SLM 18001

ADDRESS CODES BY QUADRANT
(FOR SLM 28001 & SLM 48001)

80|81 |8z |83 |[sa}es {se 87 |88 |8 [saes]ac |sv|ee [ar oo |1 |02 |93 |04 [95 |06 |97 [an |99 Jsa e {oc jsn |t |or |ao]ar|az]as|aaas |asjas
cojcv(cz|cacalcs [ce|c|ca CS‘CAICB‘ CCICDICE |CF |Doj01|D2|D3|D4]D5 D6 D7 jDB DSIDA DR{DC|DD|DE |OF Y0 €1 JE2 JEAJE4|E5 |E6 |E7
- Character
1 40 41 _ 80
Line 1 ADDRESS LOCATIONS : - ADDRESS LOCATIONS
IN THIS QUADRANT- IN THIS QUADRANT -
Line 2 ENABLED BY E1 ENABLED BY E2
Line 3 ADDRESS LOCATIONS ADDRESS LOCATIONS
) IN THIS QUADRANT : IN THIS QUADRANT
Line 4 ENABLED BY E3 : ENABLED BY E4
Note: Addrass codes in all - S5LM 28001 {LINE 1 & 2 WITH E1 & E2)
4 Quadrants are identical. : SLM 43001 (LINE 1. THRU 4 WITH E1, E2, E3 & E4)

See Quadrant chart above.

INITIALIZATION OR RESET

Each time power to the module is turned on, an lmttallzatlon {fe.,el) procedure nust be executed. This procedure consists of sending
an initial group of instructions to configure the display f6r normal programming. execution. Each module will automatieally perform
this procedure on power-up (using internal circuitry). However, for this to happen properly, the power supply rise time must meet

the parameters shown below. To absolutely insure proper initialization, it might be best to turn the module power on and then send
the proper initialization instructions from the microprocessor,

The following instructions are executed by each module automatically on power up:

Instruction Equiv.
Code Hex Code
{1) Clear display ' . 80
[ The busy flag is kept in the busy state {BF = 1) until 10000000 {b flag)
. initialization ends. The time is 15ms. ' usy flag
{2) Function Set .......... DL = 1: 8 bits wide interface data 120
N=0: 1-line display 00110000 (st instruction)
F={Q; 5x7 dot character font
{3) Display ON/OFF Controi . .D =0: Display OFF (Blank) . . o
C = 0: Cursor OFF ' 00001000 08
B= 0 Blink OFF
{4) Entry ModeSet ........ WO =1; +1 {increment)y _
S =0: No shift 00000110 06
(5) DD RAM.is selected

Because initialization may not be performed compietely
depending on the rise time of the powér supply when it is
turned on, pay attention to the adjacent time relationship.
" Yope Stipulates the time of power OFF for power supply

instantaneous dip or when power supply repeats ON and
OFE. P PP Y. P 0ims g trcc < 10ms OFF 2 1ms

As mentioned above, since some power supplies may not meet the above parameters, it may be better lo absolutely ensure proper
initialization by sending the following additional initialization instructions from the microprocessor after the above automatic initialization
has taken place. These suggested codes create an automa_tnq:a_l!y—_ancremenled. steady line cursor, which is different from the automatic
initialization. Also, note that the initial hex code 30, 34 or 35:is. 5ent twice to ensure the module enters the 8-bit data length mode
wilhout fail. Al initialization is performed with RS and- RV, belh 0 (low).

For 8-bit data hus:

1line, 5x7 character format ............ ... ... ... .. i 30, 30, 06, OE, 01
1 line, 5x10 character format .. ........ ... ... . ... i, .. 34, 34, 08, OE, 01
2 lines, 5x7 character formatonly . ...... ... . .. e 38, 38, 06, OE, M

It is possible to initialize a 2-line module to write to just one line. Uising the 30 instruction will improve
the contrast ratio by eliminating line 2.
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Four-bit dataes-microprocessors may: alsooperate the displey module. initiakzation is crucial and this format must be closely followed.
"First, we will write- the: program in:hexadecimal code in the same:manner as for 8-bit operation, then we. will re-write it as actually
sent in the-4-bit format. Four:bit operation requirgs that data be'sent twice over:the D4 thru: D7 bus lines which requires reformatting
the 8-bit: hexadecimal code for transmission. Memory. requirements are also.doubled; however, an: advantage:is the ability to.embed

" all 4 data bits, RS and R/W.in a standard 8-bit. wide memory. The 8-bit data bus requires at least 9 bits of memory (assuming RIW

is | low).

For 4-bit data bus: v o
"v“raéter formatice ... . . s e ey g e e i s e e 20, 20, 06, OE, 01

Now, the above initialization code must be reformatted as below, to _se_hd each hex code twice
over the D4 thru D7 bus lines: O DR ‘ '
- 22, 00, 22,00, 00, 66, 00, EE, 00, 1.
(Note the single terminating 1. This is crucial.)

1 line, 5x1.0"vcharé‘¢ter format . ...oviiiii GonEa. .'24,’ 24, O‘GV,'OE, 01

"1 line, 5x7 ch

Now, reformatted for 4-bit transmission: c ,
‘ " 22, 44, 22, 44, 00, 66, 00, EE, 00, 1

2 lines, 5x7 character format 28, 28, 06, OE, 01

“ Now, refo Jﬁi’atted‘ for 4-bivt‘transmi5559n. R

22, 88, 22, 88, 00, 66, 00; EE, 00, 1-

CHARACTER GENERATOR RAM SSnsiisss,

The character geﬁé}atér“‘(C'G) RAM éllons éig_ht cUétbnﬂ‘:S};é chai;é‘c':‘fér‘svdr fourcusmm B5x11 charécter;to be user created and

programmed. Orice programmed, the newly-created characters or symbois are accessed exactly. as if they were in ROM. However,
sin. .+ e RAM is a:volatile miemory, power must be continuously maintained. Otherwise, the programiming format must be programmed
“into...un-volatile -external ROM and sent to the display following each display initialization. All dots of the character matrix may be
programmed, including the cursor position; if desired. - - Rt e e '

The module’s RAM:is divid_e_d into two parts: data display and custom character generator (not to be confused with 192-character
generator ROM). The CG portion of RAM is located between -hex 40 and 7F, and is contiguous. Locations 40 thru 47 hold the first
custom CG character, 48 thru 4F the second, 50 thru 57 the third and so forth to 78 thru 7F for the eighth-custom CG character. if.
durin'g initialization; the display was programmed. to automatically increment, then only the single initial addiess, 40, need be sent.
Consecutive row data will automatically appear at 41, 42, etc. until the complete character is formed. All 8 custom CG characters
can be programmed in 64 consecutive “writes” after sending the single initial address 40. © . . : ' :

CGRAMis8 bits wide, although only the right-most 5 bits-are used fori_'a custom CG character row. The left-nost dot of the characier
row corresponds to D4 in the most significant nibble (XXXD4j of the:datn’bus code with the remaining 4 clots in the row corresponding
to the least significant nibble (D3:thru DO), DO being the "right-most-tdbl":‘{ Thus, hex 1F 2quals all dots on and hex 00 equals all dots
off.. Other examples ih(:lude:bex 15 (HLHLH) equal to 3.dots on and.hex 04 (LHLHL) equal to 2 dots on. In each case; the key 5 bits
of the 8-bit code, program one row. of a custom- CG character..When all 7 or 8 rowsare programmed, that character is complele.
A graphic example is shown:below. - ' SN ' ' : T

RS : R/W: - " Data Display : S ‘Description
-0 S 0 : .40 S ' addresses 1st row, 1st CG character
1 o 1 woe result-of 11, 1st row
1 o 0A * * . result of 0A, 2nd row
‘0 0 1F e P result of 1F, 3rd row
1 o 04 : o - result of 04, 4th row
1 0 1F rERNE “ regult of 1F, 5th row
1 -0 04 * v result-of 04, 6th row
1 “0 04 . ¥ result of 04, 7th row
1 0 00 result of 00, 8th row {cursor position)
1 0 15 * % x “* st row, 2nd CG character.

Note: addressing not now required,
hex 48'is next in the sequence.




xxxx0000

xxxx0001

xxxx0010

axxxQ011

{4)

xxxx0100

(5) LN )

 Xxxx0101

© (6)

" xxxx0110

{n

0000111

(8)

xxxx1000

"

| 0001001,

{2

LOWER 4-BIT HEXADECIMAL

xxxx1010

(3)

»aee
Aheean

kxxx1011

)

xxx%x1100

(5)

weveanl
ans
a
.
]
sess

xxxx1101

- {6)

xxxx1110

(7)

xxxx1111

()




. 3. All data, RS and R/W signals are not stable for at l;éaéfi

During the design‘and development phase of a new product, hardware orw‘softwa‘re_problems"between the host processor snd the
display module sometimes occur, These problems are usually the result of design errors or an improper understanding of t{r hgat.

microprocessor or display module application rules. As an aid to the designer, some typical interface mistakes are shown aloi §
a checklist of possible solutions. o

Symptom: :
a) ' Display appears blank: check +5 V and GND at display; check 4, 5, 6-and 7 below,

b) Displayed characters enter unreliably or at random: check 1. 2, 3, and 9 below.

¢) Same symptoms as (b) but system has muitiple components tied to the data bus: check 8, 9 and 10 below.

d) Descender type cHara;:ters are “bfoken”, Symptomatic of éalling a descender on a two-

line display. This cannot be done due to
the spacing between lines. ‘

Possible Solution: |

1. Transmitting too fastrt“o the diﬁbléy: a) upon initialization éljbw 15 ms beforn seﬁding data, b) after transmitting hexidecimal
01 or 02 allow 1.6 ms, ) after al! other data allow at _I@astzijo

HS.

: TR e
. . . ; ¥ I .
2. Not generating a positive going enable pulse at least 450 ns wide.

500 ns before, and after, the falling edge of the enabije pulse,

4. V, pin voltage level improper (see chart for applicable module).

S
5. Display misconnection: crossed, open or mis-terminated cable,

6. LCD input assumed to be configured as an IC. (This is not so.)

7. Failure to propgrl‘y initiali;e the display.
8  Signal levels. too low at the display. Insure that 2.4 V {H) appears.

9. Data bus contention. More than one external bus device selected.

10, All data bus components do not have TTL type outputs.

0O ot ol “"‘:T 3F

4o HC He =ttt FF
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