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1 .  O v e r v i e w
T h e  LM40A21, 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  a n d  c o n t r o l l e r  L S I  f a b r i c a t e d  o n  a  single P C B .

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  da&a  RAfl in  the

c o n t r o l l e r  L S I , 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 .

( F e a t u r e s )

(1) T h e  L C D  o f  t h e  u n i t  i s  STHC(Super T w i s t e d  H i g h  C o n t r a s t )  g r a y  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 i t h  t h e  d o t - m a t r i x  L C D  p a n e l  a n d  C M O S  1 . S 1 .

( 3 )  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  variely o f

equipment .

( 4 )  A l l o w i n g  f o r  b e i n g  c o n n e c t e d  a 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,

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

g e n e r a l - p u r p o s e  C M O S  s i g n a l e v e l , t h e  u n i t

c o p r o c e s s o r  w i t h  c o m m o n  4. bit a n d  8 - b i t

( 5 )  B u i l t - i n  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
C h a r a c t e r  g e n e r a t o r  ROM

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 )
Cha rac t e r  gene ra to r  RAM

RAM:

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

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

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  O N / O F F ,  C u r s o r  O N / O F F , B l i n k

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 )  B u i l t - i n  r e s e t  c i r c u i t  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  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  U n i t s  w i t h  b u i l t - i n  c o n t r o l  l e r s ” . )

( 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 .

* A s  t o  t h e  p“acking,  r e f e r  t o  t h e  s e p a r a t e

“COMMON PACKING SPECIFICATION FOR LM40255 series”.
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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 dots

u n i t

+  c u r s o r ,  4 0 - c h a r a c t e r  Z-1ine d o t - m a t r i x d i s p

O u t l i n e  : S e e  F i g .  7 .

I n t e r f a c e  s i g n a l s  : S e e  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 e e  F i g .

C h a r a c t e r  c o d e s  : See  Tab le  8 .

7 .

T h e r e  shall b e  n o  s c r a t c h e s ,  s t a i n s ,  c h i p s ,

d r a w b a c k s  t h a t  may a f f e c t  t h e  d i s p l a y  funct.

Rejection c r i t e r i a  s h a l l  b e

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

n o t e d  i n Inspecl

Table I

d i s t o r t i o n s  a n d

on .

i o n  S t a n d a r d  (

o t h e r  e x t e r n a l

s - u -  0 0 9 ).

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

O u t l i n e  d i m e n s i o n s 182(H)  X 33.5(H) X11 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 40  cha rac t e r s  X  2 l i n e s

C h a r a c t e r  fornat 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 . 8 5  (H)(5 X 7 dots) mm

D o t  s i z e 0.6(H)  X  0 . 6 5 ( H ) mm

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

C h a r a c t e r  c o l o r  * D a r k  b l u e

B a c k g r o u n d  c o l o r * Gray

Weight A p p r o x .  7 0 g

*  D u e  t o  t h e  c h a r a c t e r i s t i c s  o f  t h e  L C  M a t e r i a l ,  t h e  coIors  v a r y  w i t 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 .

ay
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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  Abso lu t e  max imum ra t i ngs

Table 2

P a r a m e t e r Symbol Min. Max. U n i t Remark

S u p p l y  voltage(Logic) V DD -Vss -0.3 +6.5 v

S u p p l y  voltage(LCD  d r i v e ) Vo -Vss o +6.5 v VDD>Vo

I n p u t  v o l t a g e VIN -0.3 VDD+O.3 v

.Storage t e m p e r a t u r e Ts tg -25 +70 “c
operaLing  t e m p e r a t u r e Topr o +50 “c

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
I

Symbol Min. Typ. Max. U n i t C o n d i t i o n

S u p p l y  voltage(Logic) VDD-VSS 4.75 5.0 5.25 v

S u p p l y  voltage(LCD  d r i v e ) Vo -Vss 0.5 v VDD=5.0V

I n p u t  v o l t a g e “ L ” VIL -0.3 - 0.6 v

“ I f ” vI}f 2.2 - VDD v

O u t p u t  v o l t a g e “ L ” VOL 0.4 v Io[,=i  .2mA

“ H ” VOH 2.4 - - v -1011=0.205mA

I n p u t  l e a k a g e  c u r r e n t IIL 1 PA

I n t e r n a l  o s c i l l a t i n g  f r e q u e n c y f o s c 160 Kllz

S u p p l y  c u r r e n t IDD 2 . 4 3 . 5 ❑ A VDD=5V

P o w e r  d i s s i p a t i o n Pd 12 1 7 . 5 mW V()=ov
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4 . 3  T i m i n g  c h a r a c t e r s t i e s

Tab le  4

VDD=5.0Vk5%

Ta  =O~50”C

P a r a m e t e r Symbol flin. Typ. flax. 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 4 5 0 - - ns

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

R S ,  R/H s e t u p  t i m e tAS 140 - - ns

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

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

D a t a  d e l a y  t i m e tDDR 320 ns

Da ta  ho ld  t ime  (wr i t e ) tH 10 - ns

D a t a  h o l d  time(read) tDHR 20 - - ns

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

Tab le  5

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

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

2 VD D P o w e r  s u p p l y +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  t h e  c o n t r a s t  b y

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

c h a n g i n g  t h e

to 5 V .

on 6 and 7.)

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 )

71 DB, I Code 1/0 data LSB \ D a t a  b u s  l i n e

8 I J)B, I Code 1/0 d a t a  2 n d  bit I . DB, may a l s o  bc ~lscd l<) (llo~.k  [hc

12 I DB, I C o d e  1 / 0  d a t a  6 t h  b i t I i n t e r f a c i n g  wi,il a 4 I)i,

13 I DB, C o d e  1 / 0  d a t a  7 t h  b i t I m i c r o p r o c e s s o r .  ( F o r  dcl:~ils,

14 DB, Code 1/0 data  HSB s e e  s e c t i o n  f ?-” 7.)

-.-.4
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Write Operation

—

k ‘IH ‘IHA
RS yvlL V1L7

tAs tAH
b

R/W VIL 7“
I PWEH

4 * Qf+
~vIH VIH 3 &

? VIL VIL r 7

t 4
tDsw tH

*
.

-~-

DBO%DB7 Valid data
flTr.

‘cyc E4 *

E

Read Operation

VIH .
RS VIL -

DBo  %DB7

PWEH
4 4

-VIH

\

– VILI VIL

I

’011 v~li~ VOIIJ
voL data VOL,

Fig. 1 Timing Chart

. . . . . —,.
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5. ()[~l.  iral Characteristics

rs when LCD drive volta~f> is adjus[(’dTable b shoh’s the optical characterist

to the maximum contrast in 6=0” .

Table b ( Ta=25’(”)

\tieh’ing ang

.

—.———— .

Remark

Note I

Nol(’ I

No

No

,.. . ..—.

Cl

[’ 1-

—

Note 1) ‘l’he view

[f) =270

~~ I I I —J_.  . ..–..1 . . .-

ng angle range is defined  as shown below.

(/,=180’

/(/1
u \

/
\(f, =o” ‘/ ‘

* Angles (),, (/: and ,/I shall fal]

within the range over K,}]i(l] (11(>

dis[)layed character can I)e rt,ad.

~ix.~ Definition of viewing angle
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Note 2) Con t ras t  r a t io  i s  de f ined  as  fo l lows :

Hhen inpu t  s igna l  i s  app l i ed  to  the  un i t  t o  s e l ec t  ( t u rn  on )

the  LCD do t s  (p ixe l s )  to  be  measured  in  the  op t i ca l  cha rac te r i s t i c s

t e s t  me thod  as  de f ined  in  F ig .  3 .

Pho tode tec to r  ou tpu t  vo l t age  wi th  non-se lec t

C o n t r a s t  r a t i o  =
waveform being app l i e d
Pho tode tec to r  ou tpu t  vo l t age  wi th  se l ec t
waveform being applied

Measurement wave length A=580 nm

Note 3) When input  s ignal  for  select ing or  non-select ing the dots  to be measured
.

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 test method shown in Fig.

3 .  The  response  cha rac te r i s t i c s  o f  the  pho to -de tec to r  ou tpu t  a re  measure{

as shown in Fig.  4.

.-



,... . . . . . . . . . . . . .4  -.. . . . ----  . . . . . . . .

MODEL JW PAGE

LM40A21 8

V o l t a g e
a p p l i e d
to LCD
c e l l

L i g h t  s o u r c e

16
Normal

3

l i n e
Photo-

4

d e t e c t o r
1

P r o j e c t o r

L

/’

. 8;\ . \ 80
\
P

I
\ I

\ I

P o l a r i z e r s \

Drive waveform

F i g . 3  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  flethod

‘v -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 4100% 10%

1

-  S e l e c t

+--——

4 ‘r:(td:
R i s e  t i m e

Decay  t ime

F i g . 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

~ Non-sclec~ -
waveform

-/

..—-.. ..—
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b . P i n  D e s c r i p t i o n

1)

2)

4

3)

6)

vD~ and v~s  pins

“DD and ‘SS Pin; l::ef:: :;;cr ‘“ppl YQ VSS p i n  i s  ground?d,  a n d
,. -:

i’DD p i n  i s  s u p p  “ E a c h  v o l t a g e  n e c e s s a r y  to cirive L C D
i s  g e n e r a t e d  i n  t h e  u n i t .

RS Pin

T h e  c o n t r o l l e r  LSI  ronrains  cuo S-bir  registdrs;  i n s t r u c t i o n s
r e g i s t e r  ( I R )  a n d  d a t a  r e g i s t e r  (DR).
R S  p i n  s e l e c t s  t h e s e  r e g i s t e r s . lR serves t o  s t o r e  insrructicn
c o d e s  f o r  d i s p l a y  c l e a r ,  s h i f t ,  e t c .  a n d  a d d r e s s  inforcacion  fcr
d i s p l a y  d a t a  RAY (DO RA’:), c h a r a c t e r  g e n e r a t o r  RA~l ( C G  W’:) ; @k

s e r v e s  t o  t e m p o r a r i l y  s c o r e  d a t a  co be ~oricten  i n t o  DD M.’? a n d
CG UY.

“ o ” : I n s t r u c t i o n  r e g i s t e r  ( w r i t e )
B u s y  f l a g  r e g i s t e r ;  a d d r e s s  c o u n t e r  ( r e a d )

81 *D1: D a t a  r e g i s t e r  ( r e a d / w r i t e )

R/W Pin

R e a d  o r  w r i t e  s e l e c t i o n  s i g n a l  p i n .

“o” : W r i t e
II ,,1 : Read

E P i n

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 .

DBO%DB7 P i n s

Tri-state b i d i r e c t i o n a l  d a t a  b u s  p i n s . T h e  b u s  allows data to
b e  t r a n s m i t t e d  t o  o r  r e c e i v e d  f r o m  t h e  e x t e r n a l  c i r c u i t . DB ,
s e r v e s  a l s o  a s  b u s y  f l a g  o u t p u t . W h e n  the u n i t  i s  i n t e r f a c e d  [O
a  m i c r o c o m p u t e r  w i t h  L-bit p a r a l l e l  outpuLs,  DBG ‘.DBj  p i n s  are
n o t  u s e d .

VO P i n

V i e w i n g  angle is 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  by changinl;
i n p u t  v o l t a g e  b e t w e e n  +5V ~OY by a p p l y i n g  b i a s  v o l t a g e  to [IIe
LCD d r ive r .

J. ..— ..— — . .. —-----  .
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7. Ins t ruc t ion  Set
Table 7

FunctionI n s t r u c t i o n h Cod e

DB7 DBt DBs DBu DB )

o 0 0 0 0

0 0 0 0 0

0 0 0 0 0

0 0 0 0 1

0 0 0 1 Slc

o 0 1 DL 1

DBz I DB I I DBo

Mo 0 1

0 1 *

Clear entire display ● rea, restore display from shift, ● n d
load ● ddreaa counter with DD W ● ddress OOH.I Display clear I o I o

I Display/cureor  home o 0 Restore display from shift ● nd load ● ddreee counter with
DD W ● ddresa 00H.

Specify cursor advance direction ● nd dieplay  shift rode.
Thirn operation takea place ● fter ● ach data tranefer.Entry ● ode set 1

I
o 0

—
Speci fy  ● ctivation of display (D), cursor (C), and blinking
of character  at  cursor  pos i t ion ( B ) .

o 0 D C I B

.

I Dieplay/cursor shift o 0 RIL. ● I ● S h i f t  d i e p l a y  o r  Mve cureor.

I Function sat I o I o nl*l* Set  interface data  length  (DL).“ I I

I o I o 0 I 1 I AcG
Load the ● ddreea counter with a CC W ● ddress.
S u b s e q u e n t  data 16 CC W data.

1 I ADD
Load the address counter with ● DD flAH ● d d r e s s .
S u b s e q u e n t  d a t a  is DD W d a t a .I DD W ● ddress eet I 0 0

Busy flag/address c o u n t e r
read

o 1 BF I AC Read  b(!sy  flag (BF) and contente of ● ddrese  counter  (AC) .

C C  W/DD  Rti data write 1 0

CG W/DD W data r e a d 1 1
I

Write d a t a

Read data

Write data to CC W or  DD W.

R e a d  data from CC W or D D  W.

I 1,/>=1: Increment, I/D-o: Decrement s/c-1: S h i f t

:) -1: S h i f t  dleplay, s -l): Freeze d i s p l a y Xll,-1: S h i f t
I

d i s p l a y ,

r i g h t ,

S i c - o : Hove cursor
RIL-0: S h i f t  left

DL -O: L-bit

BF - O : bd of  internal
o p e r a t i o n

i D = I: DISPIJY ON* D .I): Dleplay OFF DL -1 : 8 - b i t ,

c 1:.> Cursor ON, c .0: Cursor  OFF BF -i: D u r i n g  i n t e r n s

B -  1 :  Characte: a t  cursor B - O :  Charscter ●  t  cureor o p e r a t i o n ,

p o s i t i o n  bli.ks. p o s i t i o n  unblinks
I
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❑ nE-------------------- EaE
❑ HE-------------------- HHB.

-——. —— — ———  ——— — — — ———

Fig . 6 Display Address (When the display is not shifted)
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Table 8 Input Code vs. Character Pattern

. .
1..

\.

*2 bit 0000 0010 0011 0100 0101 0110 0111 1010 1o11 1100 1101 1110 1111
4bil

CC3 m ● m

XXxxoooo y ~1 ;~l p ‘mm ~= – “y :% r: *99

Xxxxooll

Xxxxoloo

Note 1. CG RAM is character generator M in which user-de;:’:.~able character
patterns are stored.

Note 2. X mark: prohibition of tiput

.*1 High-order *2 Low-order
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F i g . 7 I)nit Oljtlir]e Dimcnsjorls and Pir) C o n n e c t i o n s

182 t0,5
.——

[PIN No.1 Sig. 1a1 v Ss

2 v D~
3 Vo
4 RS
5 R / W
6 E
7 DB.

H
8 DB,
9 DB,

10 DB,
1 1 DB,
12 DB,w

I
-- -. -.

L-- -- _.J7,, -.
v

A v

[ 11,,,11 II II 111, II II II II 1111,,1111,,,11 II 1111, ,,11 1z 1
-- -- -—

c

N o t e  1 . Bezel p l a t e d  b y  w h i t e - z i n c .
-——— -— —._ ___— .-

II
II

DOT SIZE I
(s=10/1)


