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1. M40X21B. . . . .-—

1 .  O v e r v i e w

T h e  LM40X21B,  d o t - m a t r i x  L C D  u n i t  c o n s i s t s of a  5  x  7 - d o t  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  L C D  p a n e l ,  L C D  d r i v e r , c o n t r o l l e r  L S I  and y e l l o w  g r e e n  b a c k l i g h t  L E D

f a b r i c a t e d  o n  a  s i n g l e  PCB. I n c o r p o r a t i n g  m a s k  R O M - b a s e d  c h a r a c t e r  g e n e r a t o r

a n d  d i s p l a y  d a t a  R A M  i n  t h e  c o n t r o l l e r  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

t h e  d e s i r e d  c h a r a c t e r s  u n d e r  m i c r o p r o c e s s o r  c o n t r o l .  L C D  i s  n e g a t i v e  t y p e .

( F e a t u r e s )

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

, *

T h e  L C D  o f  t h e  u n i t  iS STJIC(Supcr  T w i s t e d  Iligh C o n t r a s t )  ‘iO1ct ‘egativc

t y p e .

Low p o wer  co n su m p t io n  w i th  t he  do t -ma t r i x  LCD pane l  a nd  CMOS LSI. Bu i l t - in

b a c k l i g h t  L E D  w i t h  h i g h  l u m i n a n c e  a n d  stable r a d i a t i o n .

T h i n , l i g h t w e i g h t  d e s i g n  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 .

A l l o w i n g  f o r  being c o n n e c t e d  a t  g e n e r a l - p u r p o s e  C M O S  s i g n a l  l e v e l ,  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 - b i t  a n d  8 - b i t

p a r a l l e l  i n p u t s  a n d  o u t p u t s .

Bu i l t - i n  cha rac t e r  gene ra to r  ROM and  RAM,  and  d i sp l ay  da t a  RAM:

C h a r a c t e r  g e n e r a t o r  R O M

1 6 0  d i f f e r e n t  5  x  7  d o t - m a t r i x  c h a r a c t e r  p a t t e 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  gcncra~or 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  d o t - m a t r i x  p a t t e r n s

Di sp l ay  da t a  RAM

80 x 8 bits

N u m e r o u s  i n s t r u c t i o n s

D i s p l a y  c l e a r ,  C u r s o r  h o m e ,  D i s p l a y  ON/OFF,  Cursor ON/O~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

B u i l t - i n  r e s e t  circuiL i s  t r i g g e r e d  a t  p o w e r  O N .

( F o r  t h e  o p e r a t i n g  c o n d i t i o n s , r e f e r  t o  Lhc separaLc u s e r ’ s manual

“ D o t - M a t r i x  L C D  U n i t s  wiLh  b u i l t - i n  c o n t r o l  l e r s ” . )

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 .

A s  t o  t h e  packing,rcfcr  to the s e p a r a t e

“COMMON PACKING SPECIFICATION FOR LM402AOI series”.
J
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C o n s t r u c t i o n  a n d  O u t l i n e

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 ,  n e g a t i v e  t y p e )

O u t l i n e  :

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

C h a r a c t e r  p a t t e r n

C h a r a c t e r  c o d e s  :

T h e r e  s h a l l  b e  n o

R e j e c t

Mechan,

t h a t  m a y

c r i t e r i a

S e e  F i g .  7 .

.. S e e  T a b l e  5.

d e t a i l s  : S e e  Fig. 7.

Sec T a b l e  9 .

s c r a t c h e s ,  s t a i n s ,  c h i p s ,  d i s t o r t i o n s

a f f e c t  t h e  d i s p l a y  f u n c t i o n .

a n d o t h e r  exLernal

shall b e  noted i n  I n s p e c t i o n  S L a n d a r d  ( S - U - 0 0 9 ) .

c a l  S p e c i f i c a t i o n s

Table I

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

O u t l i n e  d i m e n s i o n s 182(W) X 33.5(11) x16 MAX(D) mm

E f f e c t i v e  d i s p l a y  a r e a 154.4(W) X 15.8(11) mm

D i s p l a y  f o r m a t 4 0  c h a r a c t e r s  X  2  l i n e s

C h a r a c t e r  f o r m a t 5 X  7  d o t s  w i t h  c u r s o r

C h a r a c t e r  s i z e 3.2(W) X 4.85(11)(5 X 7 dots) mm

D o t  s i z e 0.6(W) X 0.65 (}1) mm

D o t  s p a c i n g 0.05 mm

C h a r a c t e r  c o l o r  * Ye l low  g reen

B a c k g r o u n d  c o l o r * D a r k  I)luc

Weight A p p r o x .  9 0 gi

*  D u e  t o  t h e  charact.crisLics  o f  Lhc  LC  MaLcrial,  L h c  c o l o r s  v a r y  w i L h

e n v i r o n m e n t a l  t e m p e r a t u r e .

I
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4. E l e c t r i c a l  S p e c i f i c a t i o n s

4.1 Absolute m a x i m u m  ratings

Table 2

Parameter ] Symbol ]Min. ] flax.  \Unit \Rernark  \

Supply voltage(Logic) VDD -Vss

Supp ly  voltage(LCD  drive) Vo -Vss ‘o:~
S u p p l y  current (Backlight  LED) ‘LED ~1 3 0 0  [MA lTa=25”Cl[ I 1 I I

Input  vol tage VIN - 0 . 3 VDD+O.3 v
L I

1
1 1 I

Storage temperature l’stg -25 +70 “c
Operating temperature Topr o +50 “c
R e v e r s e  voltage(~acklight  LED)IVLED-VLSS I - 5  / - Ivl I

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)

Parameter I SymboI lMin.

Supply voltage(Logic) VDD-VSS 4.75

S u p p l y  voltage(LCD  driv~) Ivo-vss I
Input  vol tage I I, I,” IVIL 1-0.3

“ II “ VIII 2 .2

Output  vol tage 1-
1 1 t

I “II “ IvO,, I 2.4

Inpu t  l eakage  cur ren t IIIL 1-
In te rna l  oscillatirlg  f r e q u e n c y fosc

1 - - -
S u p p l y  c u r r e n t I

IL~D

Power dissipat ion Pd

Supply voltage (Backlight  LED) ‘LED-VLSS 4“75

0 . 4 v

v

I pA

160 Kllz

2.4 3 .5 mA

200 300 mA

1012 1517.5 mW

* Note. Af te r  over  a  hour  s ince b a c k l i g h t  b e g i n  l i g h t i n g ..

Condit ion

VDD=5.0V

IoL=t .2mA

-1011=0.205mA

VDD=5V,V0=0V

VLED-V1,SS=5.0V

VDD=5V,  VO=OV

VIJED-VLSS=5.0V

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

Tab le  4

VDD’5.0V~5%

~a .()-.5O”C

Parameter Symbol Min. Typ. Max. U n i t

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

E n a b l e  p u l s e  w i d t h PWEH 450 - - n s

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

RS,  R /R  se tup  time tAS {40 - - ns

A d d r e s s  h o l d  t i m e tA]l 10 - - ns

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

D a t a  d e l a y  t i m e ‘DDR 320 n s

D a t a  ho ld  t ime  (wr i t e ) t ii 10 - ns

Data ho ld  t ime  ( r ead ) tDljR 20 - - n s
b

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

Table 5

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

1 Vss G r o u n d  p o t e n t i a l GND : OV

2 VDD Power supply +5V

3 Vo C o n t r a s t  a d j u s t m e n t A d j u s t  the c o n t r a s t  b y  chan8ing t h e

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

I 41RS lRegister  s e l e c t  s i g n a l ] C o n t r o l  s i g n a l  i n p u t s

5 R/W R e a d / w r i t e  s e l e c t  s i g n a l ( F o r  d e t a i l s , see~  section 6

6 E O p e r a t 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 )

a n d  7 . )

7 DBO Code 1/0 data  LSB D a l a  b u s  l i n e

8 DB, C o d e  1 / 0  d a t a  2 n d  b i t . DB7 m a y  a l s o  b e  u s e d  t o  c h e c k  t h e

I 91 DBZ lCode I/0data3rd  b i t I busy flag.

I 10 I .DB, lCodc I/0”data4tt,  bit I
I 11 I DB4 Code”l/O d a t a  5 t h  b i t I .  L i n e s  DBO=DB3 a r e  n o t  usrd w h e n

12 DB5 C o d e  1 / 0  d a t a  6 t h  b i t i n t e r f a c i n g  w i t h  a  4 - b i t

13 DB, C o d e  1 / 0  dala 7 t h  b i t m i c r o p r o c e s s o r . ( F o r  d e t a i l s ,

[ 14 I DB, [Code I/Oda,aflSB I s e e  s e c t i o n  6  a n d  7 . )

H15 ‘LED P o w e r  s u p p l y  (+) 5V power supply between

16 ~PL S S Poh’cr  su[~ply ( - ) VLED and VLSS .
—
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W r i t e  O p e r a t i o n

RS

R/W

E

DB O

L ‘ I H

~vIL V1L7

tAs tAH
+

VIL
7 –

I PWEH
4 * ~f

~vIH
-

~~

7 VIL VIL c -?“
t ~ tDsw tH

w

LVIH J- VJH
%DB7 V a l i d  d a t a

WT1. i- VIL

tcvcE4 *

R e a d  O p e r a t i o n  “

VIH -
RS

VIL  .

(

E

--l‘ E r

k‘ A S

1-

I :VIH

DBo %DB7

tcy~E I

*

.-.. . -. . . -. .
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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  Hhen  b a c k l i g h t  L E D  i s  O F F

T a b l e  6  s h o w s  t h e  o p t i c a l

s t a t e

characterist. v o l t a g e  i s  a d j u s t e d

(Ta=25”C)

cs when LCD d r i v e

to the ❑  a x i m u m  c o n t r a s t  i n  9=0”.

Tab le  6

Symbol  I C o n d i t i o n I Min./ Typ.1  Max./  Unitl RemarklP a r a m e t e r

C024.O 60 - - dgr.

C()=4.O - - -25 d g r .
i

Note  I

No te  I40,-0, @=o”

6, e,<e,
02 I

V i e w i n g  a n g l e  r a n g e d@,-e, 4=45”

e, 315”

e, 0,<0, 7N o t e  1

I 251-1-

C o n t r a s t  r a t i o co I e =o-

R e s p o n s e  t i m e R i s e ‘r I ‘=0- ~+=o. I - I ’501 2501 ‘s I ‘0te31
] Decay td I 6 =0. , ~ =()” 1- 11501250  /msl Note3\

1) i s incd a s  s h o w n  b e l o w .The

e ,

v i e w i n g  a n g l e r a n g e

* A n g l e s  6j,0 z 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 .
I 0’0”

(<0°)
4> =1801’

(;, =99”

4

~, =27(3’

~~

\Vieh’irj~

direct ior)

I

Fig.2 D e f i n i t i o n  o f  v i e w i n g  ang]e
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N o t e  2 ) C o n t r a s t  r a t i o  i s  d e f i n e d

W h e n  i n p u t  s i g n a l  i s  appl.

a s  f o l l o w s :

e d  t o  t h e  u n i t  t o  s e l e c t  ( t u r n  o n )

t h e  L C D  d o t s  ( p i x e l s )  t o  b e  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  m 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  v o l t a g e  w i t h  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  b e i n g  a p p lied

P h o t o d e t e c t o r  o u t p u t  vo]tage w i t h  n o n - 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

Measurement wave length A =540nm

N o t e  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  i n  F i g .

3 .  T h e  r e s p o n s e  c h a r a c t e r i s t i c s  o f  t h e  p h o t o - d e t e c t o r  o u t p u t  a r e  m e a s u r e d

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

I
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Fig.1 3 Optical Characteristics Test Method
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5 . 2  C h a r a c t e r i s t i c s  o f  B a c k l i g h t  L E D  (When  LCD is ON state)

Tab le  7

Ta=25°C

VLED-VLSS=5V

P a r a m e t e r Min. Typ. Max. ,Unit r emark

L u m i n a n c e  * 6 20 - cd/m2

P e a k  e m i s s i o n  w a v e l e n g t h 565 - nm

S p e c t r u m  r a d i a t i o n  bandwid~h 30 - nm

* N o t e . C e n t e r  o f  lhc un i t  with L E D  b a c k l i g h t .  l i t .

LCD is full dot on.

N o n  f r e e  a i r  sLatc.

A f t e r  o v e r  a  h o u r  s i n c e  L E D  backlight  b e g i n  l i g h t i n g .

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  t o  Lhe m a x i m u m  c o n t r a s t  i n  ~=0”.

I
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6. Pin D e s c r i p t i o n

1)

2)

3)

4

5

6)

7)

VDD and, VS S  p i n s

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

s u p p l i e d  w i t h  +5V. E a c h  v o l t a g e  n e c e s s a r y  t o  d r i v e  LCD is g ene ra t ed  i n  the

u n i t .

RS P i n

The c o n t r o l l e r  L S I  h a s  two 8 - b i t  r e g i s t e r s ; a n  i n s t r u c t i o n  regisLer  (lR) 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  selects those r e g i s t e r s .

IR s t o r e s  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  ~lear, shifL, PLC. a n d  also

s t o r e s  a d d r e s s  infornlation for  the d i s p l a y  dal.a RA.Y ( D D  R A M ) , charac[cr

generator RAM (CG RAM); DR i s  u s e d  f o r  T e m p o r a r i l y  s t o r i n g  d a t a  L o  be wri Lt.en

into DD RAM and CG RAM.
!, ~ !! : I n s t r u c t i o n  r e g i s t e r  ( w h e n  w r i t i n g )

B u s y  flag r e g i s t e r ; a d d r e s s  c o u n t e r  ( w h e n  r e a d i n g )
,, , It :Data r e g i s t e r  ( r e a d / w r i t e )

R/k’ Pin

R e a d  o r  w r i t e  select s i g n a l  p i n .
,, () ,, :Writing
,, , ,, :Reading

E P in

D a t a  r e a d  o r  write o p e r a t i o n  e n a b l e  s i g n a l  p i n .

DBC = DB7 P i n s

D a t a  b u s  w i t h  t h r e e - s t a t e , b i d i r e c t i o n a l  funct  ior) f o r  usc i n  d a t a

t r a n s a c t i o n s  w i t h  MPU. DB, m a y  a l s o  be u s e d  t o  check the b u s y  flag.

DB* * DB3 a r e  n o t  u s e d  w h e n  i n t e r f a c i n g  wiLh  a 4 - bil m i c r o p r o c e s s o r .

VO P i n

V i e w i n g  ar]gle 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  b y  c h a n g i n g  volLage between

+“)V s O V  b y  a p p l y i n g  b i a s  v o l t a g e  L o  the L C D  d r i v e r .

VLED a n d  VLSS

P o w e r  s u p p l y  f o r  L E D  b a c k l i g h t . (BY changing the SUPPIY volta~e, bar-klight
Iuminar,ce  cal be adjuslcd.  ) V],ED is p l u s  a n d  Vl,ss i s  m i n u s .



7 . I n s t r u c t i o n  Set

w
Code

I n s t r u c t i o n
RS RfU DB7 DB6 DBs DB, DB ] DB2 DB I DBo

F u n c t i o n

D i s p l a y  c l e a r o 0 0 0 0 0 0 0 0 1 C l e a r  ●  n t i r e  d i s p l a y  a r e a ,  r e s t o r e  d i s p l a y  f r o m  s h i f t ,  a n d
l o a d  a d d r e s s  c o u n t e r  w i t h  DD M a d d r e s s  OOH.

Gisplaylcursor  home o 0 0 0 0 0 0 0 1 ●
R e s t o r e  d i s p l a y  f r o m  s h i f t  a n d  l o a d  a d d r e s s  c o u n t e r  w i t h
DD W ● d d r e s s  OOH.

S p e c i f y  c u r s o r  a d v a n c e  d i r e c t i o n  a n d  d i s p l a y  s h i f t  de.
Entry ❑ ode set o 0 0 0 0 0 0 1 I/D s This o p e r a t i o n  t a k e s  p l a c e  a f t e r  ●  a c h  d a t a  tranafer.

D i s p l a y  ON/OFF o 0 0 0 0 0 1 D c B
S p e c i f y  a c t i v a t i o n  o f  d i s p l a y  ( D ) ,  c u r s o r  ( C ) ,  a n d  b l i n k i n g
o f  c h a r a c t e r  at c u r s o r  p o s i t i o n  ( B ) .

D i s p l a y / c u r s o r  s h i f t o 0 0 0 0 1 sic RIL ● ● Shift d i s p l a y  o r  m o v e  c u r s o r .

F u n c t i o n  s e 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 a a  s e t o 0 0 1 ACG bad the a d d r e s s  c o u n t e r  w i t h  a  C C  W addreas.
S u b s e q u e n t  d a t a  is CG W d a t a .

DD W a d d r e s s  s e t o 0 1 ADD
L o a d  t h e  a d d r e s s  c o u n t e r  w i t h  a  D D  W a d d r e s s .
S u b s e q u e n t  d a t a  i s  DD RA14 d a t a .

B u s y  f l a g / a d d r e s s  c o u n t e r
r e a d

o 1 BF AC R e a d  b u s y  f l a g  ( B F )  a n d  c o n t e n t s  o f  a d d r e s s  c o u n t e r  ( A C ) .

CC W,/DD RM  d a t a  w r i t e 1 0 W r i t e  d a t a Write d a t a  t o  C C  W o r  DD W.

CG iW4/DD  h! d a t a  r e a d 1 1 Read  da ta R e a d  d a t a  f r o m  C C  W or DD W.

I / D - l : 1ncra9ant, I / D - O : Decrement SIC-I: S h i f t  d i s p l a y , 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: F r e e z e  d i s p l a y RIL-1: Shift r i g h t , R/L-O: Shifr l e f t

D - 1 :  DispLay ON, D - O :  D i s p l a y  O F F DL - 1 :  8-bit, D L  - 0 : L-bit

c -1: C u r s o r  O N , c - O :  C u r s o r  O F F BF - 1 : D u r i n g  i n t e r n a l BF ● 0: hd o f  Interml

B .1: C h a r a c t e r  a t  c u r s o r  B -0: C h a r a c t e r  a t  c u r s o r
o p e r a t i o n , o p e r a t i o n

p o s i t i o n  bllnks, p o s i t i o n  unblf.oka



LM40X21B page 13

c1
Y

-E
I

co

TWU6TS uU3S

4

4

u
.A

m
I



I

——— ——. .—— ——— ——— — ———

EEL------------------
Mnm------------------

-—— ——— ——— —. .—— - _—

,,

Fig . 6 Display Address (When the display is not shifted)
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Tab2e q. Input Code vs. Character Pattern

Page 15

Note 1. CG RAM is character gene~ator M 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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