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LM16X21A

The LMI6X21A, dot-matrix LCD unit consists of a 5 x 7-dot lb-character 2-lince
dot-matrix LCD pancl, LCD driver, controller LSI and yellow green backlight LED
fabricated on a single PCB. Incorporating mask ROM-basecd character gencralor
and display data RAM in the controller LSI, the unit can efficiently display
the desired characters under microprocessor control. LCD 1s positive Lype.

(Features)

(1Y The LCD of the unit is STHC(Super Twisted High Centrast) yellow green

Lransmissive Lype.

(2) lLow power consumplion with the dot-matrix LCD panc! and CHOS LSI. Built-in
backlight LED with high luminance and stable radiation.

(3) Thin, lightweight design permits easy installation in a varicty of

cquipment.

(4) Aliowing for being connecled at general-purpose CMOS signal level, Lhe untt
can be casily interfaced to a microprocessor with common 4-bit and 8-bit

parallel inpuls and oulpuls.

(%) Built-in character generator ROM and RAM, and display data RAM:
Character generator ROM
160 different 5 x 7 dot-matrix character pallerns
(Alphanumeric and symbols)
Character gencrator RAM
8 diffcrent user programmed 5 x 7 dot-matrix patlierns
Display data RAM
80 x 8 bits

(6) Numcrous instructions
Display clear, Cursor home, Display ON/OFF, Cursor ON/OFF, Blink

character, Cursor shift, Display shilt

(7) Built-in resel circuil 1s triggered at power ON.
(For the operating conditions, rcfer to the separate user's manual
“NDot-Matrix LCD Units witlh built-in controllers".)

(8) The unil operales from a single 5V power supply.

* As to the packing,refler to the separale

CEAMMON PACKING SPVOUSICATION FOR LMI6255 series”
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2. Construclion and Qutline
Construction : 5 x 7 dots + curseor, i6-character 2-iinc dot-matlrix display

unitl (Built-in Ycllow-green backlight LED,positive type)

Qutline : See Fig. 7.

Interface signals : See Table 5.
Character pattern details ¢ See Fig. 7.
Character codes Sce Table 9.

There shall be no scratches, stains, chips, distortions and other external
drawbacks that may affect the display function.

Rejeclion criteria shall be noted in Inspection Standard (5-U-009) .

3. Mechanical Specificalions

Table |
Paramecter Specification Unit
Qutline dimensions 84 (W)Y X 44 (1) X16 MAX(D) mn
Effective display area 61 (W) X 15.8{0D mm
Display format 16 characters X 2 lines -
Character format 5 X 7 dots with cursor -
Character size 2.96(W) X 4.86(H)(5 X 7 dots) mm
) Dol size 0.56(W) X 0.66(H) o mm
Dot spacing 0.04 mm )
Character Color * Dark blue —~> ‘
Backlight color Yellow green B )
Weight Approx. 40 7; )

* Jue Lo the characteristics of the LC Material, the color vary with

cnvironmental temperature.
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4, FElectrical Specifications
4.1 Absolute maximum ratings
Table 2
Parameter Symbol Min. Max. Unit | Remark
Supply voltage(Logic) Vpp -Vss | -0.3 +6.5 v o
Supply voltage(LLCD drive) Vo -Vss 0 +6.5 v VDU;Jd‘
Supply current (Backlight LED) ILED - 240 mA Ta=2%§§d
Inpul vaoltage VIN -0.3 | vpp+0.3 v -
Storage Lempcralure Tstg -25 +70 if -
Operating temperature Topr 0 +50 C o B
Reverse voltage {Backlight LED)| Vi Ep-Vis5 -5 - v o
4.2 Electrical characteristics
Table 3 (Ta = 25°C)
Parametler Symbol Min. | Typ. { Max. | Unit Condition o
Supply veltage (Logic) Vpp-Vss 4.7515.0 5.25 Vv o
Supply voltage (LCD drive) Vo -Vss 0.65* v ~VDD=5A0V‘
Input voltage "L ViL -0.3 - 0.6 v
N Vi 2.2 - |vpp |V | -
OQutput voltage "L VoL - - 0.4 v _—10L=|.2mA h
T Vol 2.4 - | = |V |-1gy=0.205mA
Inputl leakage currcnt i - - I A o
Internal oscillating frequency | fosc 250 Kz B
Supply current Ipp 1.6 2.2 mA vnn=5v,v6§5v
1LED 120 | 180 | mA | Vigp-Viss=5.0V
Power dissipation Pd 608 941 mW AVBBZEQTﬁQGQHV”A
VIEp-Vgs=5.0V
Supply voltage (Backlight LED) | Vigp-VYissl 4-75 (5.0 5.25 —_U——_ T
« Note. After over 30 minules since backlight begin lighting.
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3 Timing characleristics
Table 4
Vpp=5.0V 5%
Ta =20~ 50C
Parameler Symbol Min. Typ. Max. Un:l )
" Enable cycle time LeyeR 1000 - - Cons
Enablie pulse widLh PREn 450 - - ns
" Enadle rise/fall time Lk LS - - ns
RS, R/W sctup time LAS 140 - - ns
Address hold time LAll 10 - - s
" Dala selup time Lpsw 195 - - s
Data &giay time LDDR - - 320 | ns
Data hold time(write) Ly 10 - T ns ‘
~ Data hold time(rcad) UDIR 20 - - e !
Timing chart: Sce Fig. 1.
4 Interface signals
Table 5
V]Hn No.| Symbol Description 6§nnorli§5u ;__Vﬂ }
! Vgg Ground potential GND : OV (
R i Power supply +5V o :
7"-W_S Vo Contrast adjustment Adjust the conlrast byArhsﬁgingwiho
voltage supply voltage from OV to 5V.
o RS Register select signal Control signal ingizg -
5 R/W Recad/write seclect signal (For details, sce seclion 6 and 7.)
6 I Operation{data rcad/write
cnable signal)
7 DBe Code [/0 data LSB Data bus linc
8 hi, Code 1/0 data 2nd bit DB, may also be used to cheek the
9 nB, Code 1/0 data 3rd bil busy [lag.
10 DB, Code 1/0 data &4th bit
bl DA Code 1/0 data Sth bit Linecs DBe~DB; arc not uscd when
12 DB Code 1/0 data 6th bit interfacing with a G-hit
I3 DB Code 1/0 data 7th bit microprocessor. (For detarls, ]
14 DB, Code 1/0 data MSB sec section 6 and 7.)
15 ViLED Power supply (+) 5V power supply between
|'i;m[«__vil.SS Power ;”PPIY (-) Vigpn and  Vigg.
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Write Operation

RS >§/' V1n VIH?
VI VILA
taAs ACAH
R/W \
o V1iL V1L
< PWER .
I VV_VIH Vin J&:t,\ /_—
—_— V1L ViL | +-ViL
ty- t
—Er ol e < tDSW ) i H
vVig . N-/V1H
DBo VDB Valid data I
1L A \VIL
» LeycE -
Read Operation
RS XMIH Vin JK
Vil ViL A
_ Eas _tag
v
R/W 7 V1w \VIH
B PWEY | tan
Y t
g S T o} = V1L V1L
DDR
0} SN i LDHR
v - 1 Vo
DBo DB, OH ya1id OH
VoL data VoL f
- LeycE _

Fig. 1 Timing Chart
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5. Optical Characteristics

5.1 When backlight LED is OFF state

Table 6 shows the optical characteristics when LCD drive voltage is adjusted
to the maximum contrast in & =0°

Table 6
(Ta=25C)

Parameter Symbol Condition Min.[ Typ.l Max. MUnjl —HR_c_;rrairkA
0.-0, $=00 |Cgz2.0 60 - - ldgr. | Note I
0, | 0.<0, ]| cg=2.0 - - | =25 L dgr. | Note I

o, " 25 | - | -
Viewing angle range | @ ,-8 | ¢ =45 | Cg=2.0 60 - - 77(11;;7.77“&(')”!7; I
o, 315° | Cg=2.0 - - 225 [ dar. | Note

0. | 0.0, 25 - -

Contrast ratio Co g=0" ,$=0" 5.0 8.0 - “Nol,c ?
Response Lime|l Rise tr g=0" ,¢=0" - 150 256 msV"Nolci
Decay |  tg 0=0" , =0 - 150 | 250 | ms | Note 3

Note 1) The viewing angle range i1s delincd as shown below.

* Angles O,, (¢, and ¢ shall fall

within the range over which the

", (=0
{<0°) displayed characler can be read.
S =180° 7. (:0")
\ I
!
=270 =N AN S o=ane

VN iy
Nyt 7

\\’i('winn

direction

Fip.2 Definition of viewsnp-anplc
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Note 2) Contrast ratio is defined as follows:
When input signal is applied to the unit to select(lurn on)
the LCD dots {pixecls) to be mecasured in the oplical characteristics

test mcthod as defined in Fig. 3.

Photodeleclor output voltage with non-sclect
waveform being applicd

Contrasl ratio = -
Photodeteclor output voltage with sclect

waveform being applied

Note 3) When input signal for selecting or non-selecting the dots Lo be measurced
arc applied using the optical characteristics test mcthod shown in Fig.
3. The response characteristics of the photo-detector oulpul arc mecasured

as shown in Fig. 4.
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KETHLEY
DIGITAL
ELECTRO

METER

Contrast
Detector

Polarizer —_T

Fig.

A

Response time TEKTRONIX
Detector TYPES49
STORAGE
OSCILLOSCOPE

Photo-detector

Viewing sensitivity modulator

Lens

Light source

3 Optical Characteristics Test Method
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tr: Rise time
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Definitian of Response Time
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5.2 Characteristics of Backlight LED (When LCD is OFF statc)
Ta=25C
VLED-VL55=5V
Paramctler- Min. Typ. Max. Unit remark

LLuminance * 9 25 - cd/m?

Pcak emission wavelength - 565 - nm

Spectrum radiation bandwidth - 30 - nm

* Nolc. Center of the unit with LED backlight 11t
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Pin Descriplion

1)

2)

1)

Vpp and Vgg Pins
Vpp and Vgg pins are for power supply. Vgg pin is grounded,and Vpp pin is

supplicd with #5V. Each voltage nccessary to drive LCD is generated in the

unit .

RS Pin
The controeller LST has two 8-bit registers; an instruclion register (IR) and
a data register (DR). RS signal sclects Lhese registers.
iR stores instruction codes such as display clear, shift, ectc. and also
stores address information for Lhe display data RAM (DD RAM), character
generator RAM (CG RAM); DR is used for temporarily storing data to be written
into DD RAM and CGC RAM.

"0 " :lnstruclion register (when writing)

Busy {lag register; address counter {when reading)

:Data register (rcad/write)

R/W Pin
Read or wrile sclect signal pin.
"0 " :Rriting

n l n

:Reading

I Pin

Data recad or wrile operalion cenable signal pin.

DB. ~ DB, Pins
Dala bus with three-state, bidircctional function [or use in data
transaclions with MPU. DB, may also be used Lo check the busy [lap.

DB, ~ DB, are nol used when interfacing with a 4 - bit micreprocessor.

Vo, I"in
Viewing angle is varied and contrast is adjusted by changing voltage between

43V ~ 0V by applying bias vollage Lo the LCD driver.

ViEp and Visg
Power supply for LED backlight. (By changing the supply veollage, backlight

fuminance can be adjusted.) Vypp is plus and Vygg s minos.




7. Instruction Set

Table 8
i Code :
nstructl F ti
uerion RS | R/W | DB, | DBs | DBs | DB. | DB; | DBy | DBs | DBo unetion
, Clear entire display area, restore display from shift, and
: o] 0 0 1 ! '
Display clear 0 0 0 ° 0 0 load address counter with DD RAM address 00{.
. Restore display from shifr and load address counter witch
-
Cisplay/cursor home o 0 8} Y 0 0 0 0 1 DD RAM address O0y.
Specify cursor advance direction and display shift mode.
Entry mode set 0 0 0 0 0 0 0 1 1/D S This operation takes place after each datas transfer.
. X Specify activation of display (D), cursor (C), and blinking
Display ON/OFF 0 0 0 0 0 0 ! D ¢ B of character at cursor posftion (B).
Display/cursor shift 0 0 0 0 0 1 s/C R/L * o Shifr display or move cursor.
Function set 0 0 0 0 1 DL 1 0 * * Set interface data length (DL).
Load the address counter with a CC RAM address.
CG RAM address set 0 0 0 1 Acc Subsequent data is CC RAM data.
Load the address counter with 8 DD RAM address.
DD RaM address set 0 0 ! App Subsequent data is DD RAM data.
Busy DWMMMZ.‘SW counter 0 1 BF AC Read busy flag (BF) and contents of address counter (AC).
CG RAM/DD RAM data write 1 Q Write daca Write data to CC RAM or DD RANM.
CG RAM/DD RAM data read 1 1 Read data Read data from CC RAM or DD RAM.
/D =1: lacrement, I/D=0: Decrement 5/C=1: Shift display, S/C=0: Move cursor
§ =1: Shift diaplay, S 0: Freeze display R/L=1: Snhift righe, R/L=0: Shifr left
L =1: Display ON, D 0: Display COFF DL =1: 8-bic, DL =0: 64-bic
C =1i: Cursor ON, C 0: Cursor OFF BF «1: During internal BF «0: End of internal
B =1: Character at cursor B 0: Character at cursor operatton, operation

position blinks,

position unblinks
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Fig.6 Display Adress ( When the display is not shifted )
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Table 9. Input Code vs. Character Pat:ern’

N *lb“ 0000j0030 |00lLjulv0O|010] [0110)01)) [§00}10K.711o0 J_;_"_:‘:C,é';'_;li
A 11 y { d
CG L1l .,“ ml l. g e
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xxxx001 l_ .m' ooy ln-—' naa” | yusa” nJ 2 ) roq | “oea” .-
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ant sean | ewe Fooy ' A [TTYY) e -
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1 {1 o | I -
ana a9 ' aEe
xxxx]001 @ -I -l l l "'l Uy | l » i ! ! ! *
_» T 1121 1T »e N [ ']
] ! 1 -Iv '":l 4 - . .
T P "2 | wepes ‘.‘ . 0 hb-ol
xxxx]1010 3 i "1t a *an :::n .n.l |=:n »in seeei ’ ! v'. * "i‘.
IR R L i PO EF
xxxx101] A .‘! :’ .n . ] Ll. l. ll.; T e - e - »i
o ol NS -
xxxx1100 ) :' .'. A s . i’:' n-'l' n'l -:i II- "“g
. hd " sosuy | 0 »
oevee | ™ ] - LA . -
Xxxxf101 te) - r| ’ ... 11 .'.'- 1 -n.' -L ..:.-
) Yo ae I - .l-.l copes | 5 '@ b
. e ¢ olgwe . - v o
o | @ [ D[ H ™ [ m |
- .lll' 2] . - 1 oy !:l vV
xxxxippy | @ | " o l l LR .*:_ LR I .l '::l I
a AR [ I RS *e | pa 2 |

Note 1. CG RAM 1is character generator RAM in which user-definable character
patterns are stored.
Note 2. X mark: prohibition of input

4 Tehmorcer o Loweearder
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