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LM40X21A

1. Overview
The LM40X21A, dot-matrix L CD unit consists of a 5 x 7-dot 40-character 2-line
dot-matrix LCD panel, LCD driver, controller LSI and v cl low green backlight LED
fabricated on a single PCB. Incorporating mask ROM-based character generator
and display data RAM in the controller LS1, the unit can efficiently display
the desired characters under microprocessor control. LCD ispositive type.

(Features)

(1) The LCD of the unit is STHC(Super Twisted lligh Contrast) v cl low green
transmissive type.

(2) Low power consumption w th the dot-matrix LCD panel and CMOS LSI. Built-in
backlight LED with high luminance and stable radiation.

(3) Thin, lightweight design permits easy installation in a variety of
equipment.

(4) Allowing for being conncctcd al general-purpose CMOS signallevel, the unit
can be easily interfaced to a microprocessor with common 4-bitand8-bit
parallel inputs and outputs.

(5) Built-in character generator ROM and RAM, and display data RAM:
Character generator ROM
160 different 5 x 7 dot-malrix character palLtcrns
(Alphanumeric and symbols)
Character generator RAM
8 different user programmed 5 x 7 dot-matrix patter’'ns
Display data RAM
80 x 8 hits

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

character, Cursor shift, Display shift

(7) Built-inresctcircuil istriggeredat power ON.
(For the operating conditions, refer Lo the separate user’'s manual
“Dot-Matrix LCD Units with built-in controllers™.)

(8) The unit operates from a single 5V power supply.
As to the packing, refer to Lhc separate

“COMMON PACKING SPECIFICATION FOR LM402AQ1 series’.
!
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2. Construction andQutline

Construction : 5 x 7 dots + cursor,40-character 2-line dot-matrix display

unit (Built-in Yellow-green backlight LED, positive type)

Outline .: See Fig. 7.

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

There shall be no scratches,stains, chips, distorl jons and other external

drawbacks Lhat may affectthe display function.

Rejection criteria shall be noted in inspection Standard (S-U-009).

3._Mechanical Specifications

Table 1
I Parameter | Specification | Unit |
| outline dimensions | 182 (W) X33.5(11) X16 MAX(D) | mm |
Effective display arca 154.4(W) X 15.8(Q1) mm
Display format 40 characters X 2 lines =
| Character format 5 X 7 dots with cyrqor | -
Character size 3.2(W) X 4.85(11)(5 X 7 dots) mm
Dot size 0.6(W) X 0.65 (1[) mm
Dot spacing 0.05 mm
.Charactcr color * Dark blue -
Backlight color Yellow green -
Weight Approx. 90 8

* Due to the characteristics of Lhe LC Material, Lhc color vary wilLh

environmental temperature.
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4,

Electrical Specificaljons
4.1 Absolute maximum ratings
Table 2
Paramecter SymboJ Min Max. | Unit | Remark
Supply voltage(Logic) V. =Vgg | -0.3 | +6.5 v
Supply voltage(LCD drive) Vo -Vss 0 +6.5 v Vpp>Vo
SupPlY current (Backlight LED) 1LED - 400 | mA | Ta=25C
Input voltage VIN -0.3 | vpp+0.3 v
Storage temperature Tstg -25 +70 C
Operating temperature Topr t 0 _| +50 C
Reverse voltage (Backlight LED)| Vi ED-YLSS -5 - v
4.2 Electrical characteristics
Table 3 (Ta = 25-C)
Parameter Symbol Min.lTyp.lpax.]UInit ] Condition
Supply voltage (Logic) Vpp-Vss | 4.75 [ 5.0 |5.25 ] Vv
Supply voltage (LCD drive) Vg -Vss 0.65* v Vpp=5.0V
Input voltage | “Lr | VL -0.3 - |o.6 v
R Viu 222 - | Voo v
Output voltage mblon VoL 0.4 v ToL=!.2mA"
"y Vo 2.4 - - v -19;;=0.205mA
Input leakage current T1L _ _ { BA
Internaloscillating frequency | fosc 160 _Kiiz
- Supply current Inp 2.4 3.5 mA Vpp=9V,Vg=0V
I'LED 300 400 mA VI.L.Ep-V1.ss=5.0V
Power dissipation Pd 1512 RO17.5 mW | Vpp=5V, Vp=0V
VLED-VLss=3-0V
lSupply voltage (Backlight LED) IVLED“VLSS 4.75 (5.0 5.25 v

* Note. After over a hour since backlightbegin lighting.
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4.3 Timing characteristics
_Table 4
Vpp=5.0V+5%
“Ta =0~50C
Parameter Symbol Min. Typ. Max. Unit
Enable cycle time teyeE 1000 ns
Enable pulse width PREY 450 ns
Enadle rise/fall time LtEr»LES 25 ns
RS, R/W setup time tAS 140 - ns
Address hold time LAl 10 ns
Data setup time tpsw 195 - - ns
Data delay Lime tDDR 320 ns
Data hold time(write) ty 10 - ns
Data hold time(read) tpur 20 - . ns
Timing chart: See Fig. 1.
4.4 Interface signals
Table 5
Pin No.| symbol Description Connection
| Vss Ground potential GND : ov
2 VbDb Power supply +5V
3 Vo Contrasl adjustment Adjust Lhe contrast by changing the
voltage supply voltage from OV to 5V.
4 RS Register select signal Control signal inputs
5 R/h’ Read/write select signal (For details, see section 6 and 7.)
6 E OperaLion(data read/write
enable signal)
| 7 I DBol Code 1/0 data LSB DalLa bus line
8 LB, Code 1/0 data 2nd bit .DB; may also be used to check the
9 DB, Code 1/0 data 3rd bit busy flag.
10 DB, Code 1/0 data 4th bit
11 DB, Code” 1/0 data 5Lh bit | . LinesDBo~DB; arc not used when
12 DB, Code 1/0 data 6th bit interfacing wiLh a 4-bit
13 DB¢ Code 1/0 data 7th bit microprocessor. (For details,
14 DB, Code 1/0 data MSB sce section 6 and 7.)
15 “LED | Power supply (+) 5V power supply between
16 VIss Power supply (-) ViEp and Viss.
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Wite Operation
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Fig. 1 Timing Chart
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5. Optical

Characteristics

Table 6 shows the optical
to the maximum contrast in& =0°

5.1 When backlight LED is OFF state

characteristics when LCD

drive voltage

is adjusted

Table 6
(Ta=25C)

Parameter Symbol Condition | Min. Typ.lihax.liUniL Remark
6.-0., =0 Cp=22.0 60 - dgr. Note 1
@, G1<6 | (g=2.0 - -25 | dgr. Note |

G- 25 - -
Viewing angle range | 8 .-0 | ¢ =45 | Cg=22.0 60 - - dgr. Note |
e, 31571 Cg=2.0 -25 | dgr. Note |

G . 0 .,<6 . 25 - -
Contrast ratio Co & =0" ,¢=0° 5.0 8.0 - Note 2
Response timel Rise t, g =0" , ¢ =0 - 150 250 os Note 3
Decay td =0 ¢ =0" 150 250 | ms Note 3

G,
(<0*)
¢ =180"

G =0°

¢ =270°

Fig.2

\

!

Definition of

fr=90°

\(/)=0 /

\Viewing

direc

viewing angle

tion

* Angles @ ,,
within the

{
displayed character

Note 1) The viewing angle range is defined as shown below.

d: and ¢ shall
range over which the

can be

fall

read.
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Note 2) Contrast ratio is defined as follows:
When input signal is applied to the unit to select(turn on)

the LCD dots (pixels) to be measured in the optical characteristics

test 0 ethod as defined in Fig. 3.

Photodetector output voltage with non-select
waveform being applied

Photodetector. output voltage with select
waveform being applied

Contrast ratio =

Note 3) When input signal for selecting or non-selecting the dots to be measured
are applied using the optical characteristics test method shown in Fig.

3. The response characteristics of the photo-detector output arc measured

as shown in Fig. 4.
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Fig.” 3 Optical

Characteristics Test

616
KETHLEY Contrast Response time TEKTRONI X
DIGITAL ector’ Detector TYPE549
ELECTRO | Detector STORAGE
METER T f OSCl LLOSCOPE
/
/
i
/
Phot o- det ect or
1
Viewi ng sensitivity nodul ator
8 ,l Lens
[y
/
/
/
/
/
i L i ]
Pol ari zer — s 1 1op panel
P ki
/
/
/
/
/
/
/
|
/
Li ght source

Met hod




Fig. 4 Definition of Response Ti me
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5.2 Characteristics of Backlight LED (WhenLCD is OFF state)
Table 7
Ta=25°C
VLED-VLS§=5V
Parameter Min. Typ. Max. Unit remark
Luminance * 7 22 - cd/m?
Peak emission wavelengtlh 565 - nm
Spectrum radiation bandwidth 30 nm

* Note. Center Of the unit wilLh

LED backlight lit.
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6. Pin Description

1) Vpp and. Vgs Pins
Voo and Vgg pins arc for power supply. Vss pin is grounded,and VDD pin is
supplied with +5V. Each voltage necessary to drive LCD is generated in the
unit.

2) RS Pin
The controller LSI has two 8-bit registers; an instruction register (IR) and
a data register (DR). RS signal selects these registers.
IRstores instruction codes such as display clear,shift,etc. and also
stores address information for the display data RAM (DD RAM),character
generator RAM (CG RAM); DR is used for temporarily storing data Lo bewritten
into Db RAM and CG RAM.

" 0 " :Instruclion register (when writing)

Busy flagregister; address counter (whenreading)

" 1 " :Data register (read/write)

3) RW Pin
Read or write-select signal pin.
" 0" :Writing
“ 1 “ :Reading

4) E Pin
Data read or write operation enable signal pin.

5 DB.~ DB, Pins
Data bus withthree-state, bidirectionalfunction for use in data
transactions with MPU. DB, may also be used Lo check the busy flag.

DBo~ DB, are not usedwhen interfacing with a 4 - bit microprocessor.

6) Vo pin
Viewingangle is varied and contrast is adjusted bychangingvoltagebetween

+3V ~ QV by applying bias voltage to the LCD driver.

7) VLgp and VLSS

Power supply for LED backlight. (BY changingthe supply voltage, backlight
luminance caJ)bo adjusted. ) Vygp is plus and Vi g5 is minus.




7. Instruction Set

Table 8
Instruction Code F i
RS | R/W | DB, | DBs | DBs | DB« | DBy | DBz | DB: | DBo unceion
; Clear entire display e rea, restore display from shift,and
Display clear 0 0 0 0 0 0 .
play 0 0 0 L load e ddress counter with DD RAM address 00R.
n % Restore display from shift and load e ddress counter with
Sisplay/cursor home 0 0 0 0 0 0 0 0 1 DD RAM o ddress 00y.
Specify cursor advance direction and display shift mode.
Encry (0 ode set 0 0 0 0 0 0 0 1 1/D s This operation takes place e fter each data transfer.
display ON/OFF 0 0 0 0 0 0 ] D c B Specify activation of displ_ay (D), cursor (C), and blinking
of character at cursor position (B).
display/cursor shift 0 0 0 0 0 1 S/C | R/L . * Shift display or move cursor.
Function set 0 0 0 0 1 DL 1 0 . . set interface data length (bL).
CCRAM address set o 0 0 1 ACC Load the e ddrees counter witha CC RAM address.
Subsequent data 1is CG RAM data.
DD RAM address set o 0 1 ApD Load the address_ counter with « DD RAM address.
Subsequent data is DD RAM data.
Busy flag/address counter
y regad 0 1 BF AC Read busy flag (BF) and contents of address counter (AC).
CC RAM/DD RAM data write 1 0 Write data Write data to CC RAM or DD RAM.
CC RAM/DD RAM data read 1 1 Read data Read data from CC RAM or DD RAM.
I1/D-1: Increment, I/D-O: Decrement §/C=1: Shift display, Sic-0: Move cursor
s =1: Shift display, s =0: Freeze display R/L-1: Shift right, R/L=0: Shift left
D =1: Display oN, D =0: Display OFF DL -1: 8-bic, DL -O: «4-bit
¢ =1: Cursor ON, -0: Cursor OFF BF -1: During_ internal BF -O: End of {nternal
B " Character at cursor B -o: Character = operation, operation

position blinks,

position ‘=

cursor

[
=
o
[e]
>
N
—
=
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Tavle 9. Input Code vs. Character Pattern
*2 *1,,“ 0000]co10 {0011 |vi100fo101f0or10]0111 1010 1011|1100 f1101]2110f1ma
‘bi' L1214 Lald L]
cG o] 8| % | geee 3ot B ondll ISR
RAM ® jose oo’ ) sosve [ o0 "oe . *
xxxx0000 | (1) u 31 l nl' . ’_l_
| TR e | e iy | -‘_ O i
) [ 1) one *®
xxxx0001 2 2 é_!_‘_.:j ’.‘l "- a '”’l .—'
LB E L] 13 L -
(3) l l . .' .-' .:.' - . r ® ! ‘ l - .' * ‘“'l
xxxx0010 i. | ] . i b L ..'c e
it o "N e r!-l il T
13 . —— b .~ . L] o] .“ L]
xxxx0011 W -.:' .-_-_m’ '__- -t} _"! 2° J pos | .:- l.':l

L, o L. -

..- » -- le 0"1 ]
xxxx0100 8 oode’ o _-’ ' ’l:t' -.l ! ¢ * * :l !!
N R e bl A R R E T A D

S Bl i1%ec [evenn | ove | nea | “an” . 2* - R L

-. .- il '. [ e sase iﬂ
. o | =l (L WS T |
xxx0110 . . a 2" la” a’l epees | poved |

L | T v, Sy -

L * .3 .~, oepee [ N ene b
xxxx0111 o l. I.ll-l .l. ane 4!.' lr n... 1:! * .

(1 ) l () :o: Nar .o.u. * .'-l ' L o.-.
xXxxx} 000 (2  JR | 1 1 l 2" % I.l : - -’i‘- » -.r L °
] L2 W  § -
o |1 R boe '
ore [ IR ] ’ e . e
xXxxx3100} w -.l IIJ I l 1 ana $ ‘ l o° | l *
(3 e 5 n "::l . T2 | eopee % ° sose’
xxxx1010 l 1t n "an _‘:lll.._.l 1.:.1 oo!u sreel ’ ! - * **
¢4 . s ' ] verds " e
. [ . . onsds ressa ) speee
xwoxiony | @ a Lok R
-~ IO - -
s . eiee  1CR IEIL 1: H
xxxx]]00 -1 ... -L E -’. -. ‘1 '- !
wonse | 3°9" » '. "‘:' % - ° .
xxxx110] e} savee l.' l ... ':—:!J .o..- .| o' ® ":-
; e .e I L] o oo ] el B
N ) [ ] L) ﬂ Pos L]
a o ! l- e o 08 . ;-
e te nl,” Tl Il R MTS i
L. R L] Ty
Kl Ca’ o~ | g, 3~ |~
xxxxiill ® .'. * l ' ' s 1 .ﬂ!_ * .‘ " l ' i *
| _ana_ ] o 2 e L

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

*1 Hgh-order 2 |ow order
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