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LM40X21A

1. Overview
T h e  LM40X21A,  d o t - m a t r i x  L C D  u n i t  c o n s i s t s  o f  a  5  x  7 - d o t  4 0 - c h a r a c t e r  2 - l i n e

do t -ma t r i x  LCD pane l ,  L C D  d r i v e r , controller  LSI and Y CI 1O W  green back l igh t  LED
f a b r i c a t e d  o n  a  s i n g l e  PCD. Incorporating mask ROM-based character  generator
and display data RAM in the control ler  LSI, t h e  u n i t  c a n  e f f i c i e n t l y  d i s p l a y

the  des i red  charac te r s  unde r  m i c r op r o c e s so r  c on t r o l .  LCD  is posilivc  type .

(Fea tu res )

(1) T h e  LCD of  the uni t  is  STllC(Supcr  T w i s t e d  Iligh  C o n t r a s t )  Y C1 1O W  g r e e n
transmissive t y p e .

( 2 )  L o w  p o w e r  c o n s u m p t i o n  w
back l igh t  LED wi th  high

th the do t -ma t r i x  L C D  p a n e l  a n d  C M O S  LSI. Bu i l t - in
l u m i n a n c e  a n d  s t a b l e  r a d i a t i o n .

( 3 )  T h i n ,  l i g h t w e i g h t  design p e r m i t s  e a s y  i n s t a l l a t i o n  i n  a  v a r i e t y  o f
e q u i p m e n t .

( 4 )  A l l o w i n g  f o r  b e i n g  c o n n c c t c d  a l  g e n e r a l - p u r p o s e  C M O S  signal Icvel, t h e  u n i t

c a n  b e  e a s i l y  i n t e r f a c e d  t o  a  m i c r o p r o c e s s o r  w i t h  c o m m o n  4-biL and 8-bit
p a r a l l e l  i n p u t s  a n d  o u t p u t s .

( 5 )  Built-in c h a r a c t e r  g e n e r a t o r  R O M  a n d  R A M ,  a n d  d i s p l a y  d a t a  RAi’t:
C h a r a c t e r  g e n e r a t o r  R O M

160 d i f f e r e n t  5  x  7  dot-maLrix  c h a r a c t e r  p a L t c r n s

( A l p h a n u m e r i c  a n d  s y m b o l s )
Character  gcncraLor  R A M

8  d i f f e r e n t  u s e r  p r o g r a m m e d  5  x  7  doL-matrix  p a t t e r ’ n s

Display data  RAM

80 x 8 bits

( 6 )  N u m e r o u s  i n s t r u c t i o n s

Di sp l ay  c l ea r ,  Cu r so r  h o m e ,  D i s p l a y  O N / O F F ,  C u r s o r  O N / O F F , Blink

c h a r a c t e r , C u r s o r  s h i f t , D i s p l a y  s h i f t

( 7 )  Built-in rcscL circuiL i s  Lriggcrcd aL p o w e r  O N .

( F o r  t h e  opcratin~  c o n d i t i o n s , r e f e r  L o  t h e  s e p a r a t e  u s e r ’ s manual

“ D o t - M a t r i x  L C D  Uni”ts w i th  bu i l t - i n  conLrollcrs”.)

( 8 )  T h e  u n i t  o p e r a t e s  f r o m  a  s i n g l e  5 V  p o w e r  s u p p l y .

* As to the packing,  rcfcr to  Lhc  separa te

“COMMON PACKING SP~CIFICATION  FOR LM402AOI series”.

I
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2 .

3 . _

C o n s t r u c t i o n  and OUL]ine

C o n s t r u c t i o n  : 5  x  7  d o t s  +  c u r s o r , 4 0 - c h a r a c t e r  2 - l i n e  d o t - m a t r i x  d i s p l a y

u n i t  ( B u i l t - i n  Y e l l o w - g r e e n  b a c k l i g h t  L E D ,  p o s i t i v e  t y p e )

O u t l i n e  . : Scc Fig. 7 .

I n t e r f a c e  s i g n a l s  : S c c  T a b l e  5 .

C h a r a c t e r  p a t t e r n  d e t a i l s  : S c e  F i g .  7 .

C h a r a c t e r  c o d e s  : Scc T a b l e  9 .

T h e r e  s h a l l  b e  n o  scralchcs, sLains, c h i p s ,  disLorL i o n s  a n d  o t h e r  cxLcrna]

d r a w b a c k s  L h a t  m a y  affccL Lhc d i s p l a y  f u n c t i o n .

RcjccLion c r i t e r i a  s h a l l  I)c n o t e d  i n  i n s p e c t i o n  S t a n d a r d (S-U-009).

M e c h a n i c a l  SpccificaLions

Table 1

I P a r a m e t e r I S p e c i f i c a t i o n I U n i t I

] Outlincdimcnsions I 182(W) X33.5(11) X16 MAX(D) I mm I

I  C h a r a c t e r  f o r m a t I 5X7dotswiLl)  cursor l - l

~

3.2(W) X 4.85(11)(5 X 7 dots) mm

0.6(W) X 0.65 (1[) mm

= ‘::’’]UC -
mm

I B a c k l i g h t  color I Ycllow8rccn l - l
I Weight Approx.  90 E

*  Duc to  t he  charactcrisLics o f  L h e  LC M a t e r i a l ,  L h c  color v a r y  w i L h

cnvironmcnLal  tcmpcraLurc.

I
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I L M 4 0 X 2 1 A 3

E l e c t r i c a l  Spccifical ions

4 .1  Abso lu t e  max imum ra t i ngs

Table 2

r

Symbo J M i n .

-0.3

*

V D D  -Vss

4
Vo -Vss o

1 l,~D

‘IN -0.3

400 I mA lTa=25”c II SupPlY currcnt(Ilacklight  L E D )

I n p u t  v o l t a g e

S t o r a g e  t e m p e r a t u r e Tstg

t -

- 2 5

Topr 0O p e r a t i n g  t e m p e r a t u r e

Reverse voltage(~acklight  LED) VLED-VLss -5

4 . 2  E l e c t r i c a l  c h a r a c t e r i s t i c s

Table 3 (Ta = 25-C)

P a r a m e t e r Symbol

S u p p l y  volt.agc(Logic) VDD-VSS

tlin. lTyp. lMax. lUnitl C o n d i t i o n

4.7515.0  15.251  V  I

0 . 6 5 * v VDD=5.0V

-0.3 - 0.6 v I
Supply voltage (LCD drive) Vo -Vss

I n p u t  v o l t a g e I “L” IV,],

i

I I 1.

2.2 - V D D v I
,, ,, t, V][[

Output v o l t a g e ,, L ,, VOL 0.4 v ]oL=l.2UtA”

2.4 - - v -Ioil=0.205mA“ II n Voll

I n p u t  l e a k a g e  c u r r e n t ]IL ‘l-IIIPAI
160 Kllz— — — 1

Inlcrnal oscillatin~ f r e q u e n c y  I f o s c

S u p p l y  currcnl IDD

I[,~D

Power  dissipa~ion Pd

=kAlv’’ED-v’’ss=5”0vSupp ly  vo l t age  (Back l igh t  LED) ‘LLD-VLSS

* N o t e . A f t e r  o v e r  a  h o u r  s i n c e  backligh~ begin l i g h t i n g .

I
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4.3 T i m i n g  c h a r a c t e r i s t i c s

Table 4.—
VDD=5.0V&5Z

“Ta =0%.50”C

Paramet?r Symbol M i n . T y p . M a x . U n i t

E n a b l e  c y c l e  t i m e tcycE 1000 - - ns

E n a b l e  p u l s e  w i d t h ph’Ell 450 - - n s

Enadle  r i s e / f a l l  t i m e tEr,tEf 25 n s

RS, R/W setup t ime tAS 140 - - n s

A d d r e s s  h o l d  t i m e tAl{ 10 - - ns

D a t a  s e t u p  t i m e tDS~ 195 - - n s

D a t a  d e l a y  L i m e tDDR 3 2 0 ns

D a t a  h o l d  time(write) t ]1 10 - ns

Data h o l d  time(read) tD]lR 20 - - ns
L

T i m i n g  c h a r t : S e e  F i g .  1 .

4 . 4  I n t e r f a c e  s i g n a l s

T a b l e  5

Pin No. Symbol D e s c r i p t i o n

1 Vss G r o u n d  p o t e n t i a l
!

2 V D D Poh’cr  s u p p l y

3 Vo ContrasL  a d j u s t m e n t

4 RS R e g i s t e r  s e l e c t  s i g n a l

5 R/h’ R e a d / w r i t e  s e l e c t  signal

6 E O p e r a L i o n ( d a t a  r e a d / w r i t e

e n a b l e  s i g n a l )

I 71 DBO I Code 1/0 data LSD

8 l)B, C o d e  1 / 0  d a t a  2 n d  b i t

9 DB2 C o d e  1 / 0  d a t a  3 r d  b i t

10 DD3 C o d e  l/O”data  4 t h  b i t

11 DD4 C o d e ”  1 / 0  d a t a  5 L h  biL

15 ‘LED P o w e r  s u p p l y  (+)

16 VLSS Poh’cr  supply ( - )

C o n n e c t i o n

GND : OV

+5V

A d j u s t  L h e  conLrast  b y  chancing  t h e

s u p p l y  v o l t a g e  f r o m  O V  t o  5 V .

C o n t r o l  s i g n a l  i n p u t s

( F o r  d e t a i l s , s e e  s e c t i o n  6  a n d  7 . )

D a L a  b u s  l i n e

.  DB, m a y  a l s o  be u s e d  t o  chock  t h e

b u s y  f l a g .

. Lines DBO-DD3  a r c  noL u s e d  w h e n

i n t e r f a c i n g  w i L h  a  4-biL

m i c r o p r o c e s s o r .  ( F o r  dcLails,

scc s e c t i o n  6  a n d  7 . )

5 V  p o w e r  s u p p l y  bctwccn

V],ED a n d  VLSS.
— .
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Write Operation

~RS
IH

yvIL V1L7

tAs tAH
*

R/W VIL

I

E

RS

DBo ~DB7

pwEH
4

-
+f

?‘
VIH ‘IH 1

&

- VIL VIL r 7

14 tDsw tH~ >
1

‘CYCE● *

Read Operation

R/W

T

‘IH

E

DBo mDB7
.VOH

VOL

t~ycE I
+

Fig. 1 Timing Chart

1’



MODEL No. PAGE
LM40X21A 6
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5. O p t i c a l  C h a r a c t e r i s t i c s

5.1 When backl ight  LED is OFF state

T a b l e  6  s h o w s  t h e  o p t i c a l  c h a r a c t e r i s t i c s  w h e n  L C D  d r i v e  v o l t a g e  i s  a d j u s t e d
to  t he  m a x i m u m  c o n t r a s t  in 0=0”

Tab le  6

(Ta=25”c)

P a r a m e t e r ] Symbol I C o n d i t i o n I Min.1 Typ.1 flax.] Unitl Remark

6’,-0, ~ =0”

e, 0,(02

e,

V i e w i n g  a n g l e  r a n g e 0,-01 4=45”

e , 3 1 5 ”

6, 0,(0,

C022.O 60 - - dgr. Nol.c 1

C()’=2 .0 - - -25 dgr. Note I

25 - -

c~22.o 60 - - dgr. N o t e  I

C()=2.O - - -25 dgr. Note I

25 - -

C o n t r a s t  r a t i o I NOLC21

Response  t ime R i s e t r 6 =0” , ~ =0” - 150 250 ❑ s Note 3

Decay t d @ .0” , + =0” - 150 250 IIS Note 3

N o t e  1) T h e  v i e w i n g  angle r a n g e  i s  d e f i n e d  a s

6, 0=0”

q’, =270”

(<o”)
4,=180{’

\vj’win~
dirrctioll

I

s h o w n  b e l o w .

.,

*  A n g l e s  0,, 0, a n d  @ s h a l l  f a l l

w i t h i n  t h e  r a n g e  o v e r  w h i c h  t h e
\

d i s p l a y e d  c h a r a c t e r  c a n  b e  r e a d .

Fig.2 D e f i n i t i o n  o f  v i e w i n g a n g l e
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Note 2) C o n t r a s t  r a t i o  i s  d e f i n e d  a s  f o l l o w s :

Hhen i n p u t  s i g n a l  i s  a p p l i e d  t o  t h e  u n i t  t o  select(turn o n )

t h e  L C D  d o t s  ( p i x e l s )  t o  bc m e a s u r e d  i n  t h e  o p t i c a l  c h a r a c t e r i s t i c s

t e s t  ❑  e t h o d  a s  d e f i n e d  i n  F i g .  3 .

P h o t o d e t e c t o r  o u t p u t  volLage w i t h  n o n - s e l e c t

C o n t r a s t  r a t i o  =
w a v e f o r m  being app l i e d
P h o t o d e t e c t o r .  o u t p u t  v o l t a g e  w i t h  s e l e c t
w a v e f o r m  b e i n g  a p p l i e d

Note 3) W h e n  i n p u t  s i g n a l  f o r  s e l e c t i n g  o r  n o n - s e l e c t i n g  t h e  d o t s  t o  b e  m e a s u r e d

a r e  a p p l i e d  u s i n g  t h e  o p t i c a l  c h a r a c t e r i s t i c s  t e s t  m e t h o d  s h o w n  in F i g .

3 .  T h e  r e s p o n s e  charactcrisLics of  the  phoLo-detector  o u t p u t  a r c  m e a s u r e d

a s  s h o w n  i n  F i g .  4 .

,,
!,

*
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Polarizer

I
I

I

I

TEKTRONIX
TYPE549
STORAGE
OSCILLOSCOPE

Photo-detector

I

I

Viewing sensitivity modulator

J’
f

/1
#

c;:?::;
=LCD  panel,

I

If
I

1’
I

I
/

9 Light source

Fig.’ 3 Optical Characteristics Test Method
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V o l t a g e
a p p l i e d
to LCD
cell

D r i v e  uavefor~

““-m
N o n - s e l e c t  ~
waveform

Response waveform

~

P h o t o -
d e t e c t o r
o u t p u t

%

1-1002 10%

L

S e l e c t w a v e f o r m  ._,

—-.—-- __

[
t r: R i s e  t i m e

Ltd : Decay time

Fig. 4  D e f i n i t i o n  o f  R e s p o n s e  T i m e

N o n - s e l e c t
~ waveform

r90%

I
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5 . 2  C h a r a c t e r i s t i c s o f Back l igh t (Hhen LCD OFF state)

Tal)lc 7

Ta=25°C

VL~D-VLss=5V

Parameter Min. Typ. Max. Unit remark

Luminance * 7 22 - cd/m2

Peak emission wavelcngLh 565 - nm

Spectrum radiat ion bandwidth 3 0 - nm

* Note. Center of Lhc u n i t  w i L h  L E D  b a c k l i g h t  l i t .
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,
60 P i n  D e s c r i p t i o n

1 )  VDD a n d .  VSS P i n s

V D D  a n d  VSS p i n s  a r c  f o r  p o w e r  s u p p l y . VSS pin is  grounded,and  V D D  p i n  i s

s u p p l i e d  w i t h  +5V. Eacl] v o l t a g e  n e c e s s a r y  t o  drive L C D  i s  gcncraLed  in the

u n i t .

2) RS Pin

The c o n t r o l l e r  LSI h a s  t w o  8-biL r e g i s t e r s ; a n  i n s t r u c t i o n  r e g i s t e r  (IR) a n d

a  d a t a  r e g i s t e r  (DR). R S  s i g n a l  s e l e c t s  Lliesc r e g i s t e r s .

IR sLores i n s t r u c t i o n  codes  s u c h  a s  d i s p l a y  clear, shifL, etc. a n d  a l s o

s t o r e s  a d d r e s s  i n f o r m a t i o n  f o r  t h e  d i s p l a y  d a t a  RAM ( D D  RAM),  chara~t~r

generator  RAM (CG RAF1); DR i s  u s e d  f o r  t e m p o r a r i l y  Storir]g d a t a  L o  be wrilLen

into DD RAM and CG RAM.
,1 ~ ,, :InstrucLion r e g i s t e r  (when  w r i t i n g )

B u s y  flag rezister; a d d r e s s  c o u n t e r  (wtlen  readinz)
,1 , ,, :Data r e g i s t e r  ( r e a d / w r i t e )

3) R/W Pin

Read o r  w r i t e - s e l e c t  signal p i n .
,, fJ II :h’riting

“ I “ :Reading

4) E Pin

D a t a  r e a d  o r  w r i t e  o p e r a t i o n  enable s i g n a l  p i n .

5) DBO z DB7 Pins

D a t a  b u s  wit}) t]lrec-st.aLc, bidirecLiona]  funcliorl  f o r  use i n  d a t a

t r a n s a c t i o n s  w i t h  HPU. DD, m a y  a l s o  bc u s e d  L o  c h e c k  Lhc b u s y  flat.

DBo s D B3 a r e  n o t  used  h’]lCn  i n t e r f a c i n g  w i t h  a  4  -  b i t  m i c r o p r o c e s s o r .

6) V. pin

Vieh’ing ang]e i s  v a r i e d  a n d  c o n t r a s t  i s  a d j u s t e d  lIy changing  vo]tagt  beth’ecn

+71V - OV b y  apPJying  b i a s  v o l t a g e  to t h e  L C D  d r i v e r .

7 )  VLED a n d  VLSS

Power s u p p l y  f o r  L E D  b a c k l i g h t . ( B Y  cllanginz tile s u p p l y  v o l t a g e ,  b a c k l i g h t
l u m i n a n c e  ca~ be a d j u s t e d .  ) VLED i s  p l u s  a n d  VLSS i s  m i n u s .



7. I n s t r u c t i o n  Sec
Table 8

I n s t r u c t i o n
Code

RS R/V DB7 DBG DBs DB. DBI DB2 DB i DBo
Function

.-—.

Display c lear o 0 0 0 0 0 0 0 0 1 Clear  ent i re  d isplay ● rea ,  res tore  displsy  from shift, at~d
load ● ddress counter with DD W address 00H.

5isplay/cursor  home o 0 0 0 0 0 0 o “ 1 * Restore display from shift and load ● ddress counter with
DD W ● ddress 00H.

Speci fy  cursor advance direction and display shi f t  mode.
Entry ❑ ode set o 0 0 0 0 0 0 1 I/D s This operation takes place ● fter each data transfer.

lisplay ON/OFF o 0 0 0 0 t) 1 D c B Speci fy  ac t iva t ion  of  d isplay  (D) ,  cursor  (C) ,  and bl inking
of  character  AC cursor  pos i t ion  (B) .

3isplay/cursor s h i f t o 0 0 0 0 1 sic Rfl. ● * Shift display or move cursor.

Funct ion  se t o 0 0 0 1 DL 1 0 ● ● S e t  i n t e r f a c e  d a t a  l e n g t h  (DL).

CC W a d d r e s s  s e t o 0 0 1 Load the ● ddrees counter’with a CC W addrecs.ACG
Subsequent  da ta  is U W data .

D D  W address set o 0 1 ADD Load the address counter with ● DD W address .
Subsequent data is DD W data.

Busy flag/address counter
read o 1 BF AC Read busy flag (BF) and contents of address counter ( A C ) .

C C  W./OD U7 d a t a  w r i t e 1 0 Write data W r i t e  data to CC WY or DD M.

C C  RA!!IDD tiq data read 1 1 Read data Read data from CC RAII or DD W.

I / D - l : Increment, I / D - O : Decr&nt SIC-J: Shif t  d isp lay , S i c - o : Mve c u r s o r

s .1: S h i f t  d i s p l a y , s .0: Freeze display R / L - l : S h i f t  r i g h t , R/L-O: S h i f t  l e f t  ‘

D =1: D i s p l a y  Oti, D .0: Display Ofl’ D L  - 1 :  8-bit, DL -O: h-bit

c -1: Cursor ON, c -O: C u r s o r  O F F BF - 1 : Dur ing  in te rna l BF - O : End of lncerul

B - 1: C h a r a c t e r  a t  c u r s o r  B - o : C h a r a c t e r  at cursor opera t ion , o p e r a t i o n

p o s i t i o n  b l i n k s , p o s i t i o n  unblimka



v
LED LED Backlight i

I Rf

‘w ICI

DBo-DB; L

I
)isplay Signs

KD Panel

40-character 2-lines

d
I r-

1 1

1 C 2 4 lc3 4 1C4 4 I C 5

1

I
LCD drive bias voltage

1t

b / Bias voltage
Vo .

generator circuit
V8S

& 4

N o t e : Rf ia an internal oscillating resistor.

Fig.5 Block Diagram
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Table 9. Input Code vs. Character Pattern

Page 15

Note 1. CG ~ is character generator RAM In which user-definable character
patt&rns are stored.

Note 2. X mark: prohibition of input

.*1 High-order *2 Low-order
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Fig .7 Unit Outline Dimensions
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