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LM16X21B

1 .  O v e r v i e w

T h e  LM16X2111,  doL-matrix  L C D  u n i t  c o n s i s t s  o f  a  5  x  7-doL 16-characLcr  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  LSI  and Y C1 1O W  g r e e n  b a c k l i g h t  1.ED

f a b r i c a t e d  o n  a  s i n g l e  P C B . I n c o r p o r a t i n g  mask  R O M - b a s e d  characLcr gcncrat.or

a n d  d i s p l a y  d a t a  R A M  in t h e  c o n t r o l l e r  L S I , t h e  u n i t  c a n  cfficicnLly 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 .  I*CD i s  n e g a t i v e  LYPC.

( F e a t u r e s )

( 1 )  T h e  L C D  o f  Lhc un i t  i s  STllC(Supcr T w i s t e d  Iligh C o n t r a s t )  vio]cL nczaLivc

LyPc-

( 2 )  I,ow p o w e r  c o n s u m p t i o n  w i t h  t h e  doL-matrix L C D  p a n e l  a n d  C M O S  1,S1. i]uil L-in

backlighL  LED w i t h  h i g h  Iuminancc a n d  s t a b l e  radialion.

( 3 )  ‘i”hin,  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  varicLy  of

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  conncctcd  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  ICVC1,  Lhc  uniL

c a n  bc 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  a n d  8–biL

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

(5) BuilL-in  cha rac t e r  kcncrator R O M  a n d  R A M ,  a n d  d i s p l a y  d a L a  R A M :

CharacLcr gcncraLor  ROM

160 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  pnLLcrns

(Alphanumeric and symbols)

CharacLcr  g e n e r a t o r  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  dot-maLrix  paLLcrns

Display data  RAM

80 x 8 biLs

( 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 ,  Cursor ~N/OFF, JIlink

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

(7) I]uilL-in rcscL circuiL i s  Lriggcrcd  a t  p o w e r  O N .

( F o r  L h c  opcraLing c o n d i t i o n s , r e f e r  LO L h c  scparaLc  u s e r ’ s manual

“DoL-MaLrix  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 ” . )

( 8 )  T h e  uniL opcraLcs f r o m  a  s i n g l e  5V p o w e r  supp]y.

* A s  L o  Lhc  packing,rcfcr  L o  t h e  s e p a r a t e

“ C O M M O N  P A C K I N G  S P E C I F 1 C A T I O N  F O R  1,M16255  ser ies”.
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Construction and Outline

Construct. ion : 5 x 7  dots+

unit (Buil L–

OuLlinc : Scc Fig. 1.

InLerfacc  signals : Scc Table

Character paLLcrn details : S(

cursor,16-character 2-line do

n Ycl

5.

-maLrix  display

ow-green backlighL I,l;D, ncEaLivc Lypc)

c Fig. 7.

CharacLcr codes : Scc Table 9.

There shall bc no scratches, stains, chips, distortions and oLhcr cxLcrna[

drawbacks Lhat may affect the display function.

RcjccLion criLcria shall be noted in Inspection Standard ( S - U - 0 0 9 ) .

Mechanical Spcci[icaLions

Table I

—
I>aramctcr Specification

OIJL]inC dimensions 84(W) X 44(11) x16 MAX(D)

~ffccLivc display area 61(H) X 15.8(}1)

Display format 16 characters X 2 lines

CharacLcr format 5 X 7 dots with cursor

CharacLcr size [ 2.96(W) X4.86(11)(5 X7 doLs)

D O L  s i z e 0.56(W) X 0.66(11)

DOL spacing 0 . 0 4

CharacLcr co]or * Ycilow green
——

IIackground coIor* Dark blue

WcighL Approx.  40
—

lJniL
— . I

mm
_-—_-

mm

——— ..-—

——— . . —
mm

—  ..—
mm

----
mm

— _.. -.. —

_— ___ .—. ..—

c.—— —— I

* Duc Lo Lhc characlcrisLics  of Lhc LC MaLcrial,  the colors vary wiLh

cnvironmcnLa] Lcmpcraturc.
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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.[ Absolu Le m a x i m u m  raLings

T a b l e  2

4 .

{Jni L

v

——— .— -
Paramc Lcr S y m b o l [Min.1 f l a x . Kcmark

S u p p l y  vol Lagc ( L o g i c ) V D D  -Vss 1-0.3 / + 6 . 5

S u p p l y  vol LaRc(LCD d r i v e )

S u p p l y  currcnl(IlackJight  L E D )

Input vo]Lagc

Vo -Vss \ O \ +6.5 v

mA

v

v~~>vo
—.———
Ta=25”c

VIN - 0 . 3  VDD+0.3

TSLg - 2 5 + 7 0

‘f’opr o + 5 0

“C
“c

Sloragc LcmpcraLurc

opcraLing Lcmpcraturc

_ ..—

—..
Rcvcrsc volLagc(BacklighL  L E D ) VLED-VLSS - 5 - v

4 . 2  ElccLrica] charactcrisLics

T a b l e  3 (Ta =  25”C)

P a r a m e t e r S y m b o l 1 M i n . T y p . Max. Cond i Lion
-—— .———-

S u p p l y  vollagc(l,ogic)

%

VDD-VSS 4 . 7 5

Vo -Vss

VII, - 0 . 3

VIII 2 . 2

V()[,

Voll 2 . 4

5 . 0 5.25 v

v

v

v

v

0 . 6 51

——--—. ..—.——  .
v~D=5.0vS u p p l y  voltagc(LCD d r i v e )

0 . 6

‘DO

0 . 4

———————.—
InpuL vo]tagc 1? 1. “

—. -- .—
,1 ,, ,,

OUlpUL vo]Lagc n~l!

—
10[,=1  .2mA

“ II “ v -1~11=0.205mA
—.

lnpuL Icakagc c u r r e n t I I }1 A

]ntcrnal osci]laling frcqucncY f o s c I 2 5 0 Kllz

vD[)=jv,vo=ov
-......—— .. _.. _. . . . . .-
v[,l;~-v[,ss=t.ov

vl)u=jv, V()=OV

S u p p l y  currcnl J D D 1.6 2 . 2 mA

80 120
_..——.—
611

mA
— - —

mWI)owcr d i s s i p a t i o n

;upp]y volLagc (Ilacklight LE~j

408

vi,[;D-v[,ss=~.ov
—

VLED-VLss 4 . 7 5 5 . 0 5.?5 v
.._— _._. .—— -..

* Not. c. A f t e r  o v e r  30 minuLcs since back] igl~l bc~in li~t)tin[;.
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4.3 Timing characteristics

Tablr 4

VDD’5.OVt 5%

~a .()%.5 (3”~

F

Parameter Symbol Min. Typ.

: ~ ~

Max. Un il.
——

Enable cycle time tcycE 1000 - - 11s

Enable pulse width
——. -.— .——

Ph’p;/j 450 - - ns

Enadlc rise/fall timr LEr,t~f 25 ns
——

RS, R/W setup lime
_..—— .

tAS 140 - - ns

Addr~ss hold time
_ — — . —

tA][ 10 - - ns
_ _——— .—

Dala selup time tDs~ 195 - - II s

DaLa delay time
——

LDDR 3Z0 – rls ““
—

Dala hold limc~ritc) 10 - “-

L

_——
t ii 11 s

.————  .
i)ata hold timc(rcad)

— . .. ----- .
tDl[R 20 - - rl s

Timing charL: See Fig. ].

4.4 ]nLcrface signals

Table 5

Pin No

1

2

3

4

5
———

6

—
7

_ .—
8

9

10

II

12
— .

13

I 4–

15

, I ()

.——
Symboj

Vss
vD~

v fJ

KS—.——
R/w

DI12

DD,
——

D II 4
.—

D115

DD,

I)D7
——

\)[,~~”

\’l, ss
———

1
.—.

Dcscriplion Connection
— ———

Ground potenLia] GND : (.)V “–
.—-. .— . . . . . . .-

Power supply +5V
———— .— . ..-. .

ConLrasL adjusLmcnt Adjusl Lhe conlrasL l~y cll;ltll:infl” IIIC

Voltage supply voiLaRc from OV 10 5\’..
Register select signal

_-.. .- ..——
Control si~nal inpul.s

Read/write select signal (For dcLails, scc scclion b and 7.)

OperaLion(daLa read/wriLc

:~ ‘aLa bus ;~-------”-”-” ‘---”- ““--

+

Code 1/0 data 2nd bit “ DD7 may also be used LO chctk (tic

Code 1/0 daLa 3rd biL busy rlafi.

Code l/O”daLa 4Lh bit

Code 1/0 dala 5th biL . l,incs  1)1}0-=-DIJO  arc 1101 used Kllrll

Code 1/0 daLa 6th bit inLcrfacin~  with a 4-lJi[
—

Code 1/0 daLa 7th bit microprocessor. (For dcl.ails,

Code 1/0 daLa MS]] scc scclion 6 and 7.)
—— .—..

Power supply (+) 5V poh’cr supply I)clw(’rn

Toh’(’r sllpply (-) VI,ED and ~’1.ss.
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RS

R/W

E

Write Operation

W
/

/

r

41t, + ‘Dsw “1 HtH
4—

‘cYc E *

Read Operation

RS

R/W

E

14----tAs

--lt~r

I t‘IH

PWEH
4 4L ‘

tAH

DBo %DB7
c  v  OH~-VOH
VOL

Fi~. 1 Timing Chart
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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 backlighL LED is OFF sLatc

Tal)lc 6 s h o w s  t h e  o p t i c a l  characLer

t o  t h e  m a x i m u m  c o n t r a s t  in 0=0”.
s t i e s

Table 6

when ,CD d r

t

vc volLagr a d j u s t e d

(’f’a=25”C)
—

P a r a m e t e r Max.\ U n iSymbol  I CondiLion \ Min.1 Typ Remark
_-—_— _

NOLC I

NOLC [

n~ angle r a n g eView *

C024.O 60 -

C(J=4,0 - -

25 -

C(324.O 60 -

-25 dgr.

—1
..——
dgr.

--i

0,-e, d=45-

e, 315”

NOLC  I
—————

NOLC I-25 Idgr.

—-----1
- 1

—-——t———— _.—___
NOLC 2Contrasl  ratio

— ————
250 mstr I ~ .()” ,4=0”  I - I 150 Note 3

——-
NOLC 3

!

250 I mstd o =0” , ~ =0” - 150
—-L———

NoLe 1 )  T h e  v i e w i n g  a n g l e  r a n g e  is d e f i n e d  a s

(]=O.

shown LC1OW.

* Angles

within

o,
Lhc

0, a n d  + shall fall

r a n g e  o v e r  w h i c h  Lhc

r e a d .b cd i s p l a y e d  characLcr ran

l\ I \
h

\
,,

~- , -/.,,.

/ \ ,/, =()” /

\\);Ch’;nfi

dircrl;orl

Fig.2 D e f i n i t i o n  of v i e w i n g angle
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NOLC 2 ) Contrast ratio is defined as follows:

When input signal is applied to Lhc unit to sclecl(lurn  on)

the I*CD dots (pixels) to bc measured in the oplica]  characLerisLics

test mcLhod as defined in Fig. 3.

PhoLodcLcctor  output voltage wiLh SCICCL

ConLrasL ratio =
waveform being applied

PhoLodcLccLor  output voltage wiLh non-select
waveform being applied

Mcsurcmcnt wave Icngth A =540nm

NOLC 3) When inpuL signal  for selecting or non-selecting Lhc doLs Lo bc measured

arc applied using Lhc optical characteristics LCSL met.hod shown in I;iK.

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

as shown in Fig. 4.
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TEKTRONIX
TYPE549
STORAGE
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1 I

I
I
/

I

I

I
I

I /’
If

Polarizer

9 Light source

Fig . 3 Optical Characteristics Test Method
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Fig. L D e f i n i t i o n  o f  R e s p o n s e  Time

. *

D r i v e  w a v e f o r m

1
-

l--

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

1

““--JUL
c e l l W

-----
LrL

Non-select ~
—  w a v e f o r m

N o n - s e l e c t  ~
w a v e f o r m

S e l e c t  w a v e f o r m  -+

R e s p o n s e  w a v e f o r m

Photo-

1+

1002 10%
d e t e c t o r
o u t p u t -—-- —-

. . .

---i

t

[
tr: R i s e  t i m e

Ltd : D e c a y  t i m e
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5.2 Charac Lcristics ight LED O N  s t a l e )

T a b l e  7

Ta=25”c

VLED-VLSS=5V
.

P a r a m e t e r M i n . Typ. Hax. [Jn i [.
—

Ijuminancc * 5 15 - cdlm~
— — —

565 - nmP e a k  e m i s s i o n  w a v e l e n g t h
.—

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

-1—--:

remark
———. .- . .—

-.

——

●  Note. Center of  the u n i t  w i t h  L E D  b a c k l i g h t  lit.

L C D  i s  f u l l  d o t  o n .

N o n  f r e e  a i r  s t a t e .

A f t e r  o v e r  3 0  m i n u t e s  s i n c e  L E D  backligh~ bcfiin liglll. in~.

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  t h e  m a x i m u m  conlrasl  in ()=0”.
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(). I’iil l)escri[~l i o n

1)

2)

‘1)

(J)

7)

VDD al]d VSS P i n s

\’l]lJ a n d  VSS pirls arc (or p o w e r  s u p p l y .  VSS  pir] i s  :roundcd, and V[lI] ~Jirl i s

s u p p l i e d  w i t h  +5V. Each vollagr ncccssary  L o  d r i v e  I,CD  i s  fif’flf>ra{.rd ifl III{.

u n i t .

RS I’ilt

‘1’II<J conlrol](’r 1,S1 }]as t.h!o 8-lJi[  rc~istcrs; an ins[rucliofl rcflislrt. (11<) :111(I

a dali] refiislcr (I)R). RS si~nai SC]CCLS  Lhcsc rcgisLcrs.

IK sLorrs  ir!s[ruction  c o d e s  s u c h  a s  d i s p l a y  clear, shif(., elf”. :Irld :I]S(I

s t o r e s  address infori?taLiort for L}IC d i s p l a y  dal.a RAM (Dll RAM), (“tl;]]’a(l<>r

t(’rtcraLor  R A M  (CG  R A M ) ; DK i s  used f o r  Lt’mporari]y sLori!lfi dtIla to I)c I(rill(’11

i n L o  Ill) R A M  and CG R A M .
,, ~ ,, :lnsLrucL ion rc8isLcr (when wrl Lin8)

]Iusy f]a~ rcxisL(’r; a d d r e s s  counLcr  (Wllo!l r~ildlri~)

?1
I “  :flaLa re8isLcr ( r r a d / w r i t e )

K/l/ P i n

Read o r  writr srlrct sigjlal p i n .
,, ~ ,, :Kri Lir]};
II If :Rcading

1~ l]irl

DaLa r e a d  o r  k’riLC operal ion Pna!)]c s i g n s ]  pin.

Dl}~ x I)D7 P i n s

DaLa I)us w i t h  L]}rcc-sLaLc, bidirccL ional funrLiorl for usc ~n dal.<J

LriYnsacLions  wiLh tiPU. 1)1), m a y  a l s o  I)r u s e d  L O  check the i)usy lla~.

I)D[,  ‘- DIJ3 arc n o t  used when inLrrfarin~ w i L h  a  4 -  l)iL mirropror(’ssor.

\/O P i n

\~iewin~ arlClc i s  varjcd a n d  c o n t r a s t  i s  adjusLc,d  by  cllarlfliflu volla~:()  II(>IWCCII

+  r)\l  -. O V  by applyinC I}ias vo]Lagr L o  Lhc L C D  d r i v e r .

Vl,~]) a n d  VLSS

P o w e r  s u p p l y  f o r  LED l)ack]ighL. (By charlging [he s u p p l y  voltaj:[!, l):jrkli~[lll

lunlillallcc c a n  I)r adjusl cd.) v[,~D i s  p l u s  and \’l,ss i s  minljs.



7. I n s t r u c t i o n  S e t

M

r
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Funccion

C l e a r  entire  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 , and
l o a d  a d d r e s s  councer  with DD W a d d r e s s  00H.

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 RAM address 00H.

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  m o d e .
T h i s  o p e r a t i o n  t a k e s  p l a c e  a f t e r  e a c h  d a t a  t r a n s f e r .

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  characcer ac c u r s o r  p o s i t i o n  ( B ) .

S h i f t  d i s p l a y  o r  m o v e  c u r s o r .

S e t  i n t e r f a c e  d a t a  length (DL).

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 CC M d a t a .

L o a d  the a d d r e s s  c o u n t e r  with a DD 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 M d a t a .

R e a d  b u s y  f l a g  (BF)  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 ) .

I n s t r u c t i o n
RS R/U

D i s p l a y  c l e a r o 0

Eisplay/cursor home o 0

Entry ❑ ode set o 0

Cod e

=

DB ] DB2DB7

o

0

0

0

0

0

0

DB6

o

0

0

0

-t-

0 1

1 *
40 0 0 0

00 I 0 0

*

0 0

0 0

0 IID S1

*

c B

* ●

● *

D i s p l a y  Oti/OFF o 0

D i s p l a y / c u r s o r  shift o 0

F u n c t i o n  s e c o 0

CC UH a d d r e s s  set o 0

DD MY  a d d r e s s  s e t o 0

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

CC kY/DD RAY d a t a  urite 1 0

CC U!JDD RA.Y data r e a d 1 1

1 D

o Slc RIL

lIDLo

1

1 0
ACG

ADD1

ACBF

Write d a t a

R e a d  d a t a

I Urice da ca to CC MY o r  D O  W.
.-

R e a d  data f r o m  C C  W or OD WY.

IID- 1 :  Incremenc,

s - 1 : S h i f t  disp

g -1: D i s p l a y  Oti

c - i : C u r s o r  ON,

1/0-0; Oecremenc sic-l: S h i f t  d i s p l a y , SIC*O: ~ve c u r s o r

aY * s -0: F r e e z e  d i s p l a y R / L - l :  S h i f t  r i g h t ,

D -0; D i s p l a y  O= DL - 1 :  8 - b i t ,

c - o : Cursor OFF BF - 1 : Guring incerna

R / L - O : Shifr left

DL -0: L-bit

BF - O : E n d  of i n t e r n a l
o p e r a t i o n

E - 1: Character at cursor B -O: 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 ,

p o s i t i o n  b l i n k s , p o s i t i o n  .nblinh
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Fig.6 Display Adress ( When the display is not shifted )
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Table 9. Input Code vs. Character Patter~”

Note 1. CG RAM is character generator W in which user-definable character
patterns are stored.

Note 2. X mark: prohibition of input

*1 High-order .*2 Low-order
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