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SC16028SLB(/ S22 54 1) SC16028S+B(5D) ILERH

I FEATURE: Il MECHANICAL DATA
1. 5xTrwh+h-YAER ITEM DIMENSIONS UNIT
2. ¥8I/MO-TRE Module Size (W X H X T) | 85.0X30.0X8.8(12.7LED) | mm
3 SVQ‘HCMED Viewing Area (W X H) 66.0 X 16.0 mm
4 ?/16;1“5'4’)47” Character Size (W X H) 296 X 5.56 mm
: _ - Character Pitch(W X H) 355X 594 mm
6. Vf=4.2V LEDQItY7 74 MARRO#) Dot Size(W X H) 0.56 X 0.66 mm
6. M1632, L167263 8574 Dot Pitch(W X H) 060 X 070 i
B INTERFACE PIN CONNECTIONS: B ELECTRICAL CHARACTERISTICS:
No|Symbol Function No [ Symbol {  Function liem Symbol | Condtiion |{Min.{ Typ. [ Max.|Unit
/| Voo 5V 9 | DB2 | DATA BIT2 LCD Operating Ta=0C | — | 48| — | V
2| Vss oV 10} DB3 | DATA BIT3 Voo-Vo [Ta=25C| — [ 45| — | V
3 Vo CONTRAST ADJ. | 11| DB4 | DATA BIT4 Voliage Ta=S0C| — |42} — | Vv
4 RS |REGISTER SELECT| 12} DBS | DATA B8ITS Suplly Voliage | Vop-Vss — 471 5 53|V
5| R/W READ/WRITE 131 DB6 | DATA BITé6 Inpur |"High"Level Vi — 22} — |Voo | ¥V
6 E ENABLE SIGNAL | 14| DB7 | DATA BIT7 Voliage | “Low"Level Vi — 0 | — |06}V
7 DB0 DATA BITO Output “High™Level Vou _ 24 — —_ 1%
8| DBI DATA BITI Voltage | *Low”Level VoL — — | — o4 v
B EXTERNAL DIMENSION
(LED=12.7)
14-91.0 4-925
% el
n 14 37 D b i
3 PRI d3d -1  d44:
p ool B 23J A g
FEEER-h d {,\ L ———oma
g‘? = l ©3 SCALE4/1
ah " 5621 = 1,
s 66.0 &
252 71.2
2.0 | 81.0
PH N | 1 3 51719 n
SCNLL [Vdd | Vo [R/wW |DBO |DB2 DB4 |DB6 unit:MM
PN NO.| 2 4 6 8 110 |12
SN |vss | RS | £ |DB1 |DB3|DBS|{DB7
LN ~ —_ g ~ L3 o~
BM1632¢LEEY - ARSIV ERACTY., (ELEZTEE)

BL. A—Hh—DEBESORVAHIBICE > TWVWEY. (1~14,14~D

BLEOD/INWDSAHICDOWT
- LEDDRAGBEN4.2V (Ryp) TIDT, BREBERZENL T
BHL (e, BRERBEB0RSETELEHDETHEI0Q~1000)
- MBERLEDJIBHNZESI—FL. LEDDAY —RFRDNT—>IC

BER(Fv 7B Z¥BRTLTE/I WIS EFRITILET. (R

BREHATEET)



 Absolute maximum ratings

Test Standard value )
Item Symbol - Unit
condition min. max.
Supply voltage for logic vdd-Vss Ta=25"C -0.3 7 14
Supply voltage for LCD drive Vicd Ta=25C Vdd-13.5 | Vdd+0.3 ' |4
Input voltage Vin Ta=25C -0.3 Vdd+0.3 4
Operating temperature Topr 0 50 T
Storage temperature Tstg. -20 70 T
M Relability conditions
LCD Module (Consumer Type)
High temperature operation | Operation 96~100Hrs ai 50 £ 2 'C surrounding temp.
. Operation 96~100Hrs at 0 £ 2 'C surrounding iemp.No dew 10 be
Low temperature operation No visible

Sound.

High temperature storage

Stroage 96-100Hrs a1 60 X 2 'C surrounding temp.then storage
4Hrs at normal condition (Power Off).

Low temperature storage

Sirage 96~100Hrs at -20 % 2 'C surrounding 1emp.then storage
4Hrs at normal condition (Power Off). No dew to be found.

Damp prouf

Storage 96~100Hrs a1 40 £ 2 'C and 90~95% RH surrounding
condition then storage 4Hrs ai normal condition( Power Off).No
dew 1o be found.

inferiority in
appearance no

Junction.

Note:The above mentioned conditions are nominal oncs.which may differ in special specifications.

M Optical characteristics

1.8TN Type
Item Symbol Condition min. typ. max. | Unit | Note
Viewing angle ¢ 2-¢ 1 K=2.0 60 deg. A
Contrast ratio K ¢ =10, 08 =0 b B
Response rime (Rise) tr ¢ =10, 9 =0 150 250 ms C
Response time (Fall) tf ¢ =10, 6 =0 200 300 ms C
2.TN Type
Item Symbol Condition min. typ. max. | Unit | Note
Viewing angle ¢ 2-41 K=2.0 40 deg. A
Contrast ralio K ¢ =25,08 =0 5 B
Response time (Rise) !." $ =25,8 =0 80 120 ms C
Response time (Fall) tf ¢ =25,08 =0 60 90 ms C




M ELECTRICAL CHARACTERISTICS
1.DC Characteristics (Vdd=5V+10%,Vss=0V,Ta=25C)

Parameter Symbol Condition A4p ‘l;,l;%ble Min. Typ. Max. | Unit
H level input voltage(1) Vihl —_— DBO-~-DB7 2.2 —_— Vdd |4
L level input voltage(1) — RSR/WE| -03 —_— 0.6 v
H level input voltage(2) | Vih2 — 0SCI Vdd-10 | — Vdd |4
L level input voltage(2) Vil 2 —_— -0.2 — 1 14
H level output voltage(1) | Vohl |loh=-0.205mA DBO-DB7 24 —_ — |4
L level output voltage(1) Voll lol=1.2mA — 04 | 4
H level output voltage(2)} Voh2 loh=-40uA 09vdd | —— —_— 124
L level oul;]))ul vollagge(Z) Vol2 101=40uA XSC LP DOF——— — (0.1 Vdd| V
1/0 leakage current ' Vin=0 1o Vdd -1 — 1 uA
Pull-UP Mos Current Vdd=5V 50 | 125 250 uA
Rf
oscillation
Jrom
Supply current external vdd —_— 0.35 0.6 uA
clock
vdd=5V
fosc=270kHz
Internal clock operation (RF oscillation)
Oscillation frequency fosc Rf=91k+2% |0SC1-085C2} 190 270 | 350 kH:z
Oscillation frequency fosc Ceramic filter |OSC1~0SC2) 245 250 | 255 kHz
LCD driving voliage Vicd vdd-Vs5 Vi-Vs5 3.0 — | 11.0 14
2.AC Characteristics (Vdd=5V+10%,Vss=0V,Ta=25C)
1).Read Cycle
Parameter Symbol Min. Typ. Max. Unit. | TEST PIN
Enable cycle time Ic 500 ns E
Enable "H" level pulse widtl Iw 220 ns E
Enable rise / fall time rtf 25 ns E
RS, R/W setup time tsu 40 ns R/W.RS
RS,R/W address hold time th 10 ns R/W,RS
Read data output delay td 60 —_— 120 ns DB0~DB7
Read data hold time tdh 20 ns DB0~DB7
2).Write Cycle
Parameter Symbol Min. Typ. Max. Unit. | TEST PIN
Enable cycle time tc 500 ns E
Enable "H" level pulse widtl tw 220 ns E
Enable rise / fall time tritf 25 ns E
RS, R/W setup time tsul 40 ns R/W,RS
RS,R/W address hold time thl 10 ns R/W,RS
Data setup time tsu2 60 ns DB0~DB7
Write data hold time th2 10 ns DB0~DB7




B Pin assignment

FIG.1 WRITE OPERATION

FIG.2 READ OPERATION

RS V) RS ‘6;“\ Vi)
tal
R/AW N R/W
E £
— Wy
o
0BO~DB7 DBO~0DB7
(Write Dato from MPU to MODULE) (Reod Dato from MODULE to MPU)
Pin No | Symbol | Level Function ¥ Interface between daia bus line and 4-bit or 8-bit
1 vdd e (1% MPU is available. Daia transfer are made in twice in
2 Vss .es ;ow‘;r OV(GND) case of 4-bit MPU, and once in case of 8-bit MPU.
u .
3 Vo v 4 for LCD Drive
Register select signal B If inierface daia is 4-bit long
4 RS H/L Register H:Data input Data transfer are made through 4 bus line from DB4
Select L:Instruction Input to DB7. While the rest of 4 bus fine from DBO 10 DB3
H:Date read(Module > MPU) are not used. Data transfer with MPU are compleied
d R/w | H/L L:Data Write{ Module & MPU) when 4-bil data are transferred in twice. First upper 4-
6 E |HH-L| Enable signal(no pull-up resistor) | bit data, then lower 4-bit data.
7 DBo H/L
8 DBl | H/L M /f interface data is 8-bit long
9 DB2 H/L Data transfer are made through all of 8 bus line from
10 DB3 H/L DBO0 10 DB7.
Data bus line
11_| DB4 | H/L ata s
12 DBS5 H/L
13 DB6 H/L
14 DB7 H/L

B Interface with MPU

Exomple of Intrefoce with 8~bit MPU (Z80)

RS
R/w _./ \___._._
E — NV S N

Internol Operation Reody for doto

No .
087 Busy Busy Busy
Reod BF BF | BF Reod

Inside em—0—

Inslruction | Check Check Check Instruction

DO~D7 DBO~DB?

AD RS
— 1K
A4 A TN o0 E
AS B 53" _
:? o I SC series
Module
280 N9 v
Mi G
I0RD

R—b—p—>————R/W




H{gﬁer 4-bit (D4 to D7) of Character Code (Hexadecimal)
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B Instructions

R Co‘.“ . Executed
Instruction —T Description Timp(max.)
RS |R/W|DB7|DB6{DBS|DB4|DB3|DB2|DBI1\DB0 P )
Clears all display and retuns the
Clear Display ototltofotaol ool 0| 01\ I |cursortohome position 1.64ms
(Address 0)
Returns the cursor to the home
position{ Address 0).Also
returns the display being shifted
Cursor At Home Clojo o000 |0 | 1 x]| "o original position DDAM 1.64ms
contents remain unchanged.
(during data write and read.)
Sets the cursor move direction
and specifies or not shift the
Entry Mode Set 0 0 0 0 1] 0 0 1 {I/D| § | display.These  operations  are 0 us
’ performed during geta write and
read
; Sers ON/OFF of all display(1})
Display On/Off | o\ ol ol oto|o|1]|D|cC| B |cursor ONJOFFIC).and blink Wus
Control of cursor position characicr(B).
. . Moves the cursor and shifts the
Cousar,{lblsplay g 0 0 0 0 1 |S/CIR/L| =* * | display without changing 40 s
Shift DDRAM contents.
Sets interface data length(DL)
Function Set 0 0 0 0 1 |DL} N | F * * | number of display lines (N)and O0us
character foni(F).
~ Sers the CGRAM
CGRAM Address 0 0 0 1 ACG address.CGRAM data is sent 0 us
Set and received after this setting.
] Sets the DDRAM address.
DDRAM Address 0 0 1 ADD DDRAM data 15 semt and 40 i s
Set received afrerthis setling.
Reads Busy flag (BF)indicating
Busy Flag/ internal  operation is  being
Address Read 0 1 BF AC performed and read address Wus
counter contents.
CGRAM /DDRAM : Writes data imo DDRAM or
Data Write 1 0 WRITE DATA CGRAM 40 u s
CGRAM/DDRAM Reads data info DDRAM or
Data Read i READ DATA CGRAM WOus
Code Descripion Executed Time(max)
1/D=1:Increment DDRAM :Display Data RAM
DL=0:4bit fep or fosc=250kHz
1/D=0:Decrement CGRAM :Character Generator RAM
N=1:2 lines However,when  frequency
S=1:With display shift ACG:CGRAM Address
N=0:1 lines changes,eecution 1ime

§/C=1:Display shifi

§/C=0:Cursor movemnent

R/L=1:Shift to the right

R/L=0:Shift to the left

DL=1:8-bit

F=]:5 X ]10dots

F=0:5 X 7dots

BF=1:Internal operation is being performed

BF=0:Instruction acceptable

ADD:DDRAM Address Corresponds
10 cursor address.

EX
AC:Address Counter used for both
DDRAM and CGRAM

*:Invalid

also changes

if fep or fosc is 270kHz,
40uS X 250/270=37uS
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B Electrical characteristics

VDD=5V * 5%
V§S=0V,Top=0-50 C

Standard Value

Applicable

Item Symbol Condition - Unit .
min. | typ. | max. terminal
Power Voltage Vdd 4.75 51525 V vdd
Input H-level voliage VIH 2.2 | o | Vdd V | RS,R/W.E
Input L-level voltage VIL seee 0.3 | -+ | 06 V | DB0O~DB7
Output H-level voltage VOH |IOH=0.205mA| 2.4 toe ces V | DB0O~DB7
Output L-level voltage VOL I0OL=1.2mA e cee 0.4 V |RS,R/W.E
1/0 leakage current - JIL VIN=0~VDD | -1 sos 1 uw A | DBO~DB7
Supply current IDD Vdd=5V see 10351 06 | mV Vdd
LCD operation voltage | VLDC Vdd-Vo 3 s 11 v Vo
-l Timing chart VDD=5V £ 5%
VS§S=0V,Top=0-50 C
Item Symbol Min. Max. Unit
Enable cycle time feyce 500 oo ns
Enable pulse width ] "High" Level Pwen 220 oee ns
Enable rise/fall time fer Ler o 25 ns
Set-up time l RS,R/W-E Tas 40 ses ns
Address hold time {an 10 oo ns
Data set-up time {psw 60 see ns
Data delay time {oor 60 120 ns
Data hold time (writing) [ 10 soe ns
Data hold time (reading) tour 20 oo ns
Colck oscillating frequence fosc 270 (TYP) KHZ




I Power supply reset

The internal reset circle will be operated properly
when the following power supply conditions are satis-
fied1f it is not operated properlyplease perform
initial setting along with the instruction.

Meosuring | Slondord Volve | .

flem Symbol | condition | min. typ. [mox, | Uit

Power Supply Rise Time | trec — fo1|—}10 |mS
Pawer Supply OFF Time | tof! J— t [=]—|msS

Vee

Vss
tol

toffz1mS

0.1mSgirceg 10mS

Nole: toff defines period lhot power supply is off when
power supply shul down momenionly or repeols

on/ol! state,

H Reset function

@ Inittalization mode by Internal Reset Circuit

HD44780 automatically initializes (resets)when power
is supplied (built-in internal reset circuit). The follow-
ing instructions are executed in initialization. The
busy flag (BF)is kept in busy state until initialization
ends. (BF=1)
The busy state is 10mS after Vdd reach to 4.5V.
1.Display clear
2.Function set

DL=1:8bit long interface data

DL=0:4bit F=0:5 X dot character font

N=1:2 lines

N=0:1 lines
3.Display ON/OFF control

D=0:Display OFF C=0:Cursor OFF B=0:Blink OFF
4.Entry mode set

1/D=1:+1(increment)S=0:No shift
Noie:When coditions siated in "Power Supply Condi
tions Using Internal Reset Circuit” are not satisfied,
the internal reset circuit will not operate properly and
initialization will not be perfomed. Please make initial-
ization using MPU along with Initialization (along
with) instructions.

@ Initialization along with instruction

1f power supply conditions are not satified, which for

proper operation of internal reset circuil, il is

required 1o make initialization along with instruction.
Please make following procedures:

When inlerfoce is B-bil long,

[ ok more thon 15ms ofler Vec ises to 45 |

—

I

0 0 0 0 ¢ 1 e ..

RSR/'M?MDBSW‘NJMWIWJ BF conmol be checked belore this insiruclion.
.

lunction st interfoce i B bAs bong).

[ Wol mort thon {.1mg ]

tunclion set (wlerfoce & 8 By long),

Yo

lgsmmmmwmmom Dsol B connol be checked before NS insleuction.
02 0 ¢ 1 « s

I

Wil more than 100 3 j

[

RS R/W D87 DBE D@5 DB4 DBY 082 WIDE;' BF cannol be checked before [N insiruction.
00 0 0 1 v o« v o«

funclion sel (inlerloce is @ bits fong).

Bf connot be checked ofter Lhe following inglruclions.
When BF 5 nol checked, ihe woiling Wme between
instructions i longer (hon the eretistion mmsinuclion
fime.

Funclion Sel [mlerdoce is 8 bls bong. Speciry the

RS R/w DB? DB6 DBS DB4 DB DBZ 0B' DEO| mumber of dispioy es ond choracter fot). The
0 0 0 0 1V 1 N F + of rumber of fisploy lines ond chavocter be chonged
0 0 0 0 0 0 1 ooov"«-mg’

0 0 0 0 0 0 0 0 0 1 Disploy ON

0 0 0 0 0 0 0 10 s Entry Mode Set

Initilizotion ends.

When inlerfoce is 4-bit fong.

[ ¥R more hon 15me ter wee rises 1o 43

S R/W 097 DB6 DBY DB4 BF connol be Cheched Before this instruclion,
0 0 0 0 v 1 funciion set (intertoce i ¢ Iits long).
1
[ WoR mare then d.ime
1
RS R/W DO7 08§ DBS DB4 ¥ connot be checked before I ingtruction.
09 0 0 1 1 lunclion sel (wlerlnce i ¢ bits fong).
I

ol morg thoa 100 ¢
]

L RS R/¥ 087 006 0BS D4
D000 1ot

BF connol be cheched Belore thig instruclion.
lunclion se) (imterloce ' & Bits long).

g e _JUJ e 1L

DF ool e cheched ofter ihe loflowing Instrvchions,
When BF is nol cheched, Ine woding time beleeen
mslructions & longer Thon the esecwion mastnaction
Teme,

=

-oloclcol~ol

=]

y
g
£
L4
g
L 2
g
i
¥
-
z

© oOlo oo o o‘oea
o ola olo o oohs

o oo ol—- o| 2z oloF
M ol|- oloof- olog

Initialization ends.
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Auto-sensing. . .

MICROCHIP TECHNOLOGY CUSTOMER SUPPORT BBS 43804033

06:52 04-APR-95

EEEREEREER KX MPORTANT ks kX 2 k% % &

You have fully reached the Microchip BBS. Wel Aboard! *

It is REQUIRED that your modem be set at 8Ni before you proceed. *

The BBS will NOT respond if your modem is set differently, ®kxxksx

If you already have a User ID on this system,

type it in and press RETURN. Otherwise, type "new™: new

Welcome, newcomer! You have logged on to the world’s most
advanced multiuser Bulletin Board System, The Major BBS.

— R

but you wili have a chance to see if you like us first.
The following word may or may not be blinking: ANSIY
Is it blinking (Y/N)? n

Good! Your answer has been used to control the ANS!
features of this system. Now if you'll tell us a little
about yourself, we'll get underway.
Please enter your first and last name:
seietsu takahashi
Now enter your company name, or just press RETURN if none:
Microchip Technology International Inc
Enter the first line of your address (your street address or P. 0. Box):
BENEX S-1 6F, 3-18-20 Shinyokohama
Enter the second line of your address (city, state, and ZIP):
Kouhokuk-ku, Yokohama, 222
Enter the last line of your address (Country or <RETURN} for U.S.):
Japan
Now enter the telephone number where you can be reached during the day:
81-45-471-6166
We would also like to know what kind of system you are using, so that we can
serve you better. Do you have. ..
i. An IBM PC or compatible
2. An Apple Macintosh

— PR

0. None of the above
Select a number from 0 to 7: |

Do you want to be known as "Seietsu Takahashi”

on the system (y/n)? y

Ok, Seietsu Takahashi, now you'll also need to select a password, so that
you can keep other people from using your account without your permission.
Make it short and memorable, but not obvious. The security of your account
depends on nobody else knowing what your password is.

Enter the password you plan to use: *%%x*

Please re-enter your password for verification: #%%%
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<E> Electronic Mail | =T File Library
{(Read/Write messages) {Download files) x .
r—1 <S> Special Interest Groups (T) Teleconference >< T —
{Public messages) {Chat with online users) 'r/ 1
<t> Information Center <A> Account—Display/Edit
(Mchip and BBS info) (Change and display your account)
<Q> Quick Mail <C> Current Software
{Download messages) (List and Locations of systems SW)
<R> Registry of Users <X> Exit
(User info database) (Logoft)
Library Files Description
3RDPARTY 38 Third party developers forum.
A-VIRUS 5 Anti-Virus Software for MSDOS / PCDOS
ABIG 7 ACCESS.BUS File Library
AN-EPS & Application Notes in .EPS Format
AP-NOTES 44 Application Notes Source Code P Vr—sav/—b/—R3—F
> ASSP 7 ASSP Software and Appnotes
BETA SW 2 PRIVATE Beta Software LIB
DEVTOOLS 7 Probe specs and development tool briefs
DS-DOCS ! Data Sheet Docs in Postscript Print File
ECO © Engineering Change Orders
ERRATA 25 Device & Doc operational differences
FAE LIB 15 PRIVATE File Library for FAEs
FUNC LIB 11 Function library for PICI6/17 devices
INT-REL 4 intermediate Releases of Dev Sys SW
MAIN 136 The Main LIB
MEM APPS 4 Memory Products Application Information
ORDER 3 Order Forms and Instructions
PD BRIEF 2 Product Briefs
PIC-TIPS 6 Tips on Using Microchip Products
RELEASED 11 RELEASED Development Systems Software <« IBM-PC BRRY—LBARV/ 7b I
STATUS 0 Silicon schedule
TRANSFER 0 File Transfer LIB for Mhip Empioyees
utiLITy 15 MS-DOS Related Utility Programs.
WINUTIL 8 MS Windows-Based Utility Programs
Library Msgs _ Files Forum-Op Description
/16c71App 673 2 Sdsouza Application notes for the 16C7I
/16CXX 729 0 Mpaimer 16CXX Enhanced Core Applications Forum
J17CXX 121 0 Mpaimer 17CXX Applications Forum
/ACCESS 165 33 ABIG Op ACCESS.BUS Communications Forum
/APPLICN 867 2 Mpaimer PICI6CSx Applications Forum
> /ASSP 2 0 Wreid Application Specific Standard Products
/Bugs 62 1 Sysop Bug Reports from Customers
/Endurnce 72 1 Dwilkie Endurance/reilability issues w/ MChip EE
/Helio 358 | Sysop Questions and Answers about this BBS
/HW Bugs 13 0 Jpepping Development Systems hardware bugs
/MemApps 147 I Bnegley 2- wire, 3- wire, parallet applications
/MP-C 160 | Sherit C-Compiler for PICI6/17 -
/MPALC 63 0 Sysop MPALC Assembler Forum
/MPASM 308 0 Kim Cooper  Universal Assembler for PICI6/17 Microco
/MPSIM 210 6 Sysop MPSIM Software Simulator Forum
/PICICE 9 0 Jpepping PICICE Development System Forum
/PICMASTR 354 | Jhape PICMASTER In-Circuit Emulator SIG
/PICPro2 15 0 Jpepping PicPro Il PIC 16C5x Programmer
/PICSTART 382 2 Kbeeman Entry Level Development System Programme
/PROMASTR 84 0 Kbeeman  PROMASTER-SUPPORT
/TruGauge 1] 0 Wreid Battery Charging and Monitoring IC Famit
[Fuzzy | 0 Inform fuzzyTECH Development System
/3rdparty 218 | Alovrich Third Party Developers Support
/SPUCIub 72 0 Anders Home of the Scandinavian PIC Users Club
/Relablty 29 0 Dwilkie Reliability fssues and News/Info
/MTENI122 14 O Michael Rose ~ MTE {122 Forum
/PIC-NEC 3 G Onodera PIC Development Tools on NEC Computers
J@JIAPAN 3 0 Onodera Home of the Japanese PIC Users Club
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