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Colour  video  printer. 

©  A  color  video  printer  has  a  liquid  crystal  body 
(14)  acting  as  a  shutter  extending  across  a  color 
printing  paper.  The  liquid  crystal  body  (14)  includes 
a  first  shutter  array  (1  4B)  for  a  first  color,  a  seconde 
shutter  array  (14G)  for  a  second  color,  and  a  third 
shutter  array  (1  4R)  for  a  third  color,  and  an  electrical 
arrangement  for  supplying  first,  second,  and  third 
color  signals  to  the  respective  first,  second,  and  third 
shutter  arrays  (14B,  14G,  14R).  Ralative  motion  be- 
tween  the  liquid  crystal  body  (14)  and  the  color 
printing  paper  is  provided  in  a  direction  to  cause  the 
liquid  crystal  body  (1  4)  to  scan  the  paper. 

FIG.  3  
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BACKGROUND  OF  THE  INVENTION 

Field  of  the  Invention 

This  invention  relates  generally  to  printing  ap- 
paratus  and,  more  particularly,  to  a  color  video 
printer  in  which  light  is  projected  onto  a  color 
sensitive  printing  paper,  such  as  an  instant  and 
self-developing  photo-sensitive  film,  through  a  liq- 
uid  crystal  shutter  that  is  controlled  by  a  video 
signal. 

Description  of  the  Background 

A  printing  apparatus  that  can  obtain  a  so-called 
hard  copy  of  a  visual  image  corresponding  to  a 
video  signal  recorded  by  an  electronic  still  camera 
or  to  a  video  signal  supplied  from  a  television 
receiver  is  described  in  Japanese  Patent  Laid- 
Open  Gazette  No.  60-81986.  That  Japanese  pub- 
lished  application  describes  a  printing  apparatus  in 
which  a  color  image  corresponding  to  a  video 
signal  can  be  formed  by  irradiating  light  onto  a 
color  sensitive  printing  paper  through  liquid  crystal 
shutters  whose  opening  and  closing  is  controlled 
by  the  video  signal.  This  kind  of  printing  apparatus 
utilizing  liquid  crystal  shutters  is  low-powered  and 
compact-sized  and  is  inexpensive,  so  that  it  is  now 
becoming  commercially  viable  as  a  home  color 
video  printer. 

When  a  color  visual  image  is  projected  onto  a 
color  sensitive  printing  paper  by  the  prior-art  print- 
ing  apparatus  utilizing  liquid  crystal  shutters,  as 
shown  in  Fig.  1  ,  a  color  picture  element  1  ,  which  is 
the  minimum  unit  of  the  color  image  and  may  be 
thought  of  as  one  colored  dot.  This  color  picture 
element  1  is  formed  of  a  red  portion  2R  of  a  red 
micro-shutter  element,  a  green  portion  2G  of  a 
green  micro-shutter  element,  and  a  blue  portion  2B 
a  blue  micro-shutter  element.  In  Fig.  1,  a  separat- 
ing  band  portion  3  of  the  color  picture  element  1 
separates  the  respective  micro-shutter  elements. 

Using  the  known  liquid  crystal  shutter,  if  the 
magnification  of  optical  system  is  taken  as  "1",  the 
area  of  the  picture  dot  resulting  from  color  picture 
element  1  can  only  be  the  sum  of  the  areas  of  the 
three  micro-shutter  elements  2R,  2G,  2B  in  the 
liquid  crystal  shutter,  so  that  resolution  of  the  color 
visual  image  is  limited. 

OBJECTS  AND  SUMMARY  OF  THE  INVENTION 

Accordingly,  it  is  an  object  of  the  present  in- 
vention  to  provide  an  improved  color  video  printer 
that  can  eliminate  the  above-described  defects  in- 
herent  in  previously  proposed  printers. 

5  Another  object  of  the  present  invention  is  to 
provide  an  improved  color  video  printer  in  which 
the  same  portion  of  the  color  sensitive  printing 
paper  is  exposed  three  times,  through  the  red, 
green,  and  blue  shutter  arrays  in  an  additive, 

w  primary-color  fashion,  whereby  resolution  of  the 
resultant  color  image  can  be  improved  about  three 
times  as  compared  with  the  prior  art. 

It  is  another  object  of  the  present  invention  to 
provide  an  improved  color  video  printer  in  which 

75  the  effective  ratio  between  the  visual  image  of  the 
liquid  crystal  shutter  and  the  image  area  formed  on 
the  color  sensitive  printing  paper  can  be  substan- 
tially  100%,  thereby  improving  the  image  quality. 

According  to  an  aspect  of  the  present  inven- 
20  tion,  a  color  video  printer  has  a  liquid  crystal  body 

extending  in  a  lateral  direction  relative  to  the  print- 
ing  paper,  in  which  the  liquid  crystal  body  includes 
a  first  shutter  array  for  a  first  color,  a  second 
shutter  array  for  a  second  color,  and  a  third  shutter 

25  array  for  a  third  color.  A  circuit  is  provided  for 
supplying  first,  second,  and  third  color  signals  to 
the  respective  first,  second,  and  third  shutter  ar- 
rays,  while  moving  the  liquid  crystal  body  relative 
to  a  color  sensitive  printing  paper. 

30  The  above  and  other  objects,  features,  and 
advantages  of  the  present  invention  will  become 
apparent  from  the  following  detailed  description  of 
preferred  embodiments  when  read  in  conjunction 
with  the  accompanying  drawings,  in  which  like  ref- 

35  erence  numerals  are  used  to  identify  the  same  or 
similar  parts  in  the  several  views. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
40 

Fig.  1  is  a  plan  view  of  a  previously  pro- 
posed  liquid  crystal  shutter  for  a  color  printing 
apparatus; 

45  Fig.  2  is  a  perspective  view  of  a  color  video 
printer  showing  the  arrangement  of  the  shutter  ele- 
ment  according  to  an  embodiment  of  the  present 
invention; 

Fig.  3  is  an  exploded  perspective  view  illus- 
50  trating  a  liquid  crystal  shutter  and  a  color  filter  used 

in  the  embodiment  of  Fig.  2; 
Fig.  4  is  a  block  diagram  of  a  control  circuit 

for  a  color  video  printer  according  to  an  embodi- 
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lent  of  the  present  invention,  shown  with  portions 
f  the  printer  in  perspective-view  fashion; 

Figs.  5A  to  5C  are  plan  views  of  a  photo- 
snsitive  sheet  that  has  been  exposed  by  operation 
f  the  printer  according  to  an  embodiment  of  the 
resent  invention; 

Fig.  6  is  a  plan  view  of  a  liquid  crystal 
hutter  according  to  a  second  embodiment  of  the 
resent  invention; 

Fig.  7  is  a  enlarged  plan  view  of  a  portion  of 
ie  second  embodiment  of  the  invention  shown  in 
ig.  6; 

Fig.  8  is  a  plan  view  of  a  liquid  crystal 
hutter  according  to  another  embodiment  of  the 
wention;  and 

Fig.  9  is  a  diagrammatic  representation  of  a 
lodification  of  the  embodiment  of  Fig.  2. 

DETAILED  DESCRIPTION  OF  PREFERRED  EM- 
BODIMENTS 

Referring  to  the  drawings  in  detail,  and  initially 
o  Figs.  2  through  5,  a  color  video  printer  according 
o  an  embodiment  of  the  present  invention  is  de- 
scribed,  in  which  the  present  invention  is  advanta- 
geously  applied  to  a  video  hard-copy  apparatus  for 
in  electronic  still  camera. 

In  Fig.  2,  a  silver  salt  film  such  as  used  in  an 
nstant  camera  film  is  provided  as  the  color  sen- 
sitive  printing  paper  and  is  accommodated  within  a 
ilm  pack  4  such  that  the  film  5  may  be  moved  in 
tie  direction  of  arrow  D.  More  specifically,  film  5 
sxtends  between  film  pack  4  and  a  pair  of  rollers 
3A  and  6B,  such  that  when  roller  6B  is  rotated  by  a 
notor  7,  film  5  is  moved  or  drawn  toward  direction 
D.  A  disc  8  having  slits  formed  around  the  outer 
peripheral  portion  thereof  with  a  predetermined 
pitch  is  mounted  on  a  shaft  of  roller  6A,  and  a 
photo  detector  9,  formed  of  light  emitting  and  re- 
ceiving  elements,  is  secured  to  a  base  of  the 
apparatus  (not  shown),  so  that  detector  9  surrounds 
the  slits  formed  on  the  outer  peripheral  portion  of 
disc  8.  It  will  be  appreciated  that  disc  8  and  detec- 
tor  9  constitute  a  rotary  or  angular  encoder.  Detec- 
tor  9  in  the  rotary  encoder  is  adapted  to  supply  a 
control  circuit  (shown  in  Fig.  4)  with  a  detected 
signal  having  pulses  whose  number  corresponds  to 
a  rotational  angle  of  roller  6A,  which  in  turn  cor- 
responds  to  the  liner  displacement  film  5. 

A  liquid  crystal  printing  head  10  includes  an 
optical  shield  11,  a  lamp  12,  a  color  filter  13,  a 
liquid  crystal  shutter  14,  arid  a  lens  array  15  all  of 
which  are  located  in  substantially  parallel  relation- 
ship.  Lens  array  15  is  formed  by  aligning  a  number 
of  distributed-index  lenses  15',  each  forming  an 
erect  image  of  magnification  "1  ".  That  is,  the  erect 
image  is  not  reversed  left-to-right,  nor  is  it  a  mirror 

image.  Lens  array  10  is  auapieu  iu  iu  mayoo  un 
film  5  of  respective  micro-shutter  elements  in  liquid 
crystal  shutter  14. 

Fig.  3,  shows  color  filter  13  in  liquid  crystal 
;  printing  head  10  formed  of  three,  stripe-shaped, 

colored  filters,  specifically,  a  red  filter  13R,  a  green 
filter  13G,  and  a  blue  filter  13B.  In  correspondence 
to  these  red,  green,  and  blue  filters,  13R,  13G,  and 
13B,  liquid  crystal  shutter  14  provides  three  shutter 

o  arrays,  specifically,  a  red  shutter  array  14R,  a 
green  shutter  array  14G,  and  a  blue  shutter  array 
14B. 

Liquid  crystal  shutter  14  is  formed  as  follows:  a 
transparent  electrode  is  deposited  over  an  entire 

5  surface  of  a  liquid  crystal  cell  or  substrate  16  and 
micro-shutter  elements  17,  each  formed  at  an  inter- 
section  of  3  x  480  (  =  1440)  transparent  electrodes, 
are  deposited  on  the  other  surface  of  liquid  crystal 
cell  16.  These  micro-shutter  elements  17  are  sepa- 

<o  rated  from  one  another  by  black  separating  bands 
or  portions  1  8.  The  transparent  electrode  deposited 
on  the  one  surface  of  liquid  crstyal  cell  16  is 
connected  to  electrical  ground  via  a  ground  termi- 
nal  GND,  whereas  the  3  x  480  micro-shutter  ele- 

!5  ments  17  deposited  on  the  other  surface  of  the 
liquid  crystal  cell  16  are  each  supplied  with  a 
predetermined  voltage  by  respectively  turning  ON 
and  OFF  switching  transistors  (not  shown)  through 
three  electrodes  Y1  ,  Y2,  Y3  and  through  480  elec- 

jo  trades  X1,  X2  X480.  The  optical  transmissivity 
of  each  of  the  micro-shutter  elements  17  can  be 
controlled  by  the  magnitude  and  frequency  of  the 
voltage  supplied  thereto  through  the  respective 
electrodes.  The  480  micro-shutter  elements  17  cor- 

?5  responding  to  electrode  Y1  constitute  the  red  shut- 
ter  array  14R,  so  that  the  micro-shutter  elements 
17  forming  the  red  micro-shutter  array  14R  can  be 
respectively  regarded  as  red  pixels,  R1  to  R480.  In 
the  same  fashion,  the  480  micro-shutter  elements 

40  17  forming  the  green  micro-shutter  array  14G  can 
be  respectively  regarded  as  green  pixels,  G1  to 
G480,  and  the  blue  micro-shutter  array  14B  can  be 
regarded  as  blue  pixels,  B1  to  B480,  respectively. 

The  control  circuit  for  controlling  the  color  vid- 
45  eo  printer  of  the  embodiment  of  Fig.  2  will  be 

described  with  reference  to  Fig.  4,  in  which  it  is 
seen  that  a  video  signal  VS  reproduced  by  an 
electronic  still  camera,  for  example,  is  supplied 
through  an  input  terminal  19  to  an  RGB  separating 

so  circuit  20  and  also  to  a  timing  signal  generating 
circuit  21  .  RGB  separating  circuit  20  separates  the 
video  signal  VS  into  a  red  signal  R,  a  green  signal 
G,  and  a  blue  signal  B.  These  signals  R,  G,  and  B 
are  supplied  to  input  terminals  of  respective 

55  analog-to-digital  (A/D)  converters  22R,  22G,  and 
22B.  Timing  signal  generating  circuit  21  generates 
a  timing  pulse  in  synchronism  with  the  vertical  and 
horizontal  synchronizing  signals  that  are  separated 

o 
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therein  from  the  video  signal  VS.  The  timing  pulse 
is  supplied  from  timing  signal  generator  to  each  of 
the  A/D  converters  22R,  22G,  and  22B. 

The  digital  signals  from  A/D  converters  22R, 
22G,  and  22B  are  written  into  respective  memories 
23R,  23G,  and  23B.  The  read  and  write  operations 
of  each  of  memories  23R,  23G,  and  23B  are  con- 
trolled  by  a  read/write  control:  circuit  24.  An  ad- 
dress  signal  generating  circuit  is  supplied  with  a 
timing,  signal  from  timing  signal  generating  circuit 
21  and,  in  turn,  supplies  memories  23R,  23G,  and 
236  with  address  signals,  which  will  be  described 
in  detail  below.  A  system  bus  line  26  is  comprised 
of  a  data  bus  line,  an  address  bus  line,  a  control 
bus  line,  and  the  like  and  is  connected  to  a  central 
processing  unit  (CPU)  27,  so  that  CPU  27  can 
control  the  operation  of  the  entire  color  video  print- 
er  of  this  embodiment. 

Digital  data  read-out  from  memories  23R,  23G, 
and  238  are  supplied  to  respective  digital-to-analog 
(D/A)  converters  28R,  28G,  and  28B  for  conversion 
to  analog  data.  The  converted  R,  G,  and  B  analog 
signals  are  supplied  to  a  liquid  crystal  driver  29, 
which  drives  the  three  electrodes  Y1,  Y2,  and  Y3 
and  the  480  electrodes  Xt  to  X480  of  liquid  crystal 
shutter  T4  on  the  basis  of  the  three  primary  color 
signals  R,  G,  and  B  input  thereto. 

Assuming  that  each  of  memories  23R,  23G, 
and  236  stores  primary  color  video  signals  of  the 
first  horizontal  scanning  period  at  respective  ad- 
dresses  Ao  to  Ao  +  AA  and  stores  primary  color 
video  signals  of  the  nth  horizontal  scanning  period 
at  respective  addresses  Ao  +  (n-1)AA  to  Ao  + 
nAA  thereof,  where  n  is  1,  2,  3,  then  when  the 
printing  operation  is  effected  by  this  embodiment, 
the  read  addresses  At,  Az  and  A3,  to  be  respec- 
tively  supplied  from  address  signal  generating  cir- 
cuit  25  to  memories  23R,  23G,  and  23B,  are  deter- 
mined  to  satisfy  the  following  equations: 
A2  =  A,  +  AA  (1) 
A3  =  A2  +  AA  (2) 

More  specifically,  when  the  red  signal  of  the 
nlh  horizontal  scanning  period  is  read  out,  the 
green  signal  G  of  the  (n  +1)th  horizontal  scanning 
period  is  read-  out  and  the  blue  signal  B  of  the  (n  + 
2)th  horizontal  scanning  period  is  read  out,  whereby 
the  same  portion  of  film  5  is  exposed  three  times, 
once  each  by  the  red  light,  the  green  light,  and  the 
blue  light  in  a  line-sequential  manner  as  will  be 
described  below. 

As  shown  in  Fig.  4,  a  feed  pitch  detecting 
circuit  30  is  supplied  with  detection  signal  pulses 
generated  by  detector  9  of  the  rotary  encoder. 
Feed  pitch  detecting  circuit  30  counts  the  number 
of  detection:  pulses  in  an  accumulation  fashion,  and 
supplies  the  count  value  to  CPU  27  through  a 
motor  drive  circuit  31,  so  that  motor  drive  circuit  31 
continues  driving  motor  7  until  the  count  value 

reaches  a  certain  value  specified  by  the  CPU  27. 
Thus,  film  5  gripped  by  rollers  6A  and  66  can  be 
sequentially  transported  by  a  predetermined  pitch 
P. 

5  An  example  of  the  operation  for  forming  a  hard 
copy  by  use  of  the  apparatus  of  the  embodiment  of 
Fig.  2  will  be  described  in  relation  to  Figs.  5A-5C. 
In  Fig.  5A,  visual  images  (or  latent  images)  39R, 
39G,  and  39B  of  the  respective  red  shutter  array 

70  14R,  green  shutter  array  14G,  and  blue  shutter 
array  14B  comprising  the  three  rows  of  liquid  cry- 
stal  shutter  14  are  formed  on  film  5  by  lens  array 
15  in  a  line-sequential  fashion.  It  is  assumed  that 
red  image  39R  corresponds  to  the  Nlh  horizontal 

75  scanning  line  due  to  the  action  of  address  signal 
generating  circuit  25,  and  green  image  39G  and 
blue  image  39B,  respectively,  correspond  to  the 
(N  +  1)th  and  (N  +  2)th  horizontal  scanning  lines,  and 
the  pitch  of  the  three  images  39R,  39G,  and  39B 

20  corresponds  to  P.  In  order  to  simplify  the  explana- 
tion  only  one  image  line  32  will  be  described.  In 
such  case,  the  blue  image  39B  is  formed  at  the 
hatched  portions  of  image  line  32  on  film  5  and 
exposed  thereat  for  a  predetermined  period  of  time 

25  using  light  source  12  of  Fig.  2,  for  example. 
Next,  from  the  state  as  shown  Fig.  5A,  film  5  is 

moved  in  direction  D  by  one  pitch  P,  so  that  film  5 
is  placed  in  the  state  shown  in  Fig.  5B,  and  the 
read  address  produced  by  address  signal  generat- 

30  ing  circuit  26  is  increased  by  AA.  Now,  as  ex- 
plained  above,  the  red  image  39R,  the  green  image 
39G,  and  the  blue  image  39B  correspond  respec- 
tively  to  the  (N  +  1)th  horizontal  scanning  line,  the 
(N  +  2)th  horizontal  scanning  line,  and  the  (N  +  3)th 

35  horizontal  scanning  line.  Then,  the  green  color  light 
is  projected  to  form  green  image  39G  at  the 
hatched  portions  of  line  image  32  on  film  5  and 
exposed  for  a  predetermined  period  of  time. 

Further,  from  the  state  as  shown  in  Fig.  5B, 
40  film  5  is  moved  in  direction  D  by  one  pitch  P,  so 

that  film  5  is  placed  in  the  state  as  shown  in  Fig. 
5C,  and  the  read  address  produced  by  the  address 
signal  generating  circuit  26  is  increased  by  A. 
Therefore,  the  red  image  39R,  green  image  39G, 

45  and  blue  image  398  correspond  respectively  to  the 
(N  +  2)th  horizontal  scanning  line,  (N  +  3),h  horizontal 
scanning  line  and  (N  +  4),h  horizontal  scanning  line. 
Then,  the  red  color  light  is  projected  to  form  red 
image  39R  at  the  hatched  portions  on  line  image 

50  32  on  film  5  and  exposed  for  a  predetermined 
period  of  time. 

Accordingly,  the  three  primary  color  signals  are 
superimposed  at  line  image  32  on  film  5  in  a  line- 
sequential  fashion  and  exposed  thereat  in  additive 

55  primary-color  fashion,  whereby  a  visual  color  image 
corresponding  to  the  (N  +  2),h  horizontal  scanning 
line  is  formed.  In  the  same  fashion,  a  visual  color 
image  corresponding  to  the  horizontal  scanning  line 

4 
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ibove  the  (N  +  2)'n  horizontal  scanning  line  was 
Drmed  in  an  area  33  of  film  5  as  shown  in  Fig.  5C. 

Therefore,  according  to  this  embodiment,  the 
irea  corresponding  to  the  image  of  each  single 
nicro-shutter  element  17  of  liquid  crystal  shutter 
4  can  be  formed  as  a  visual  image  of  a  desired 
:olor,  so  that  resolution  of  the  resultant  color  visual 
mage  can  be  improved  by  about  three  times  com- 
>ared  with  the  previously  proposed  system  de- 
icribed  above  in  relation  to  Fig.  1  that  results  in 
hree  separate  primary  color  areas  for  each  pixel. 

When  using  liquid  crystal  shutter  14  as  shown 
n  Fig.  3,  the  existence  of  the  black  separating  area 
!8  sets  a  limit  on  the  effective  area  of  the  image  of 
nicro-shutter  element  17  in  a  range  from  50%  to 
Wo,  thereby  limiting  the  image  quality  of  the  color 
visual  image  that  is  formed. 

An  example  of  hard-copy  printing  apparatus 
according  to  the  present  invention  that  can  improve 
he  quality  of  such  color  image  is  described  with 
eference  to  Figs.  6  and  7.  In  Fig.  6,  a  liquid  crystal 
shutter  14'  is  provided  with  3  x  480  (=  1440) 
nicro-shutter  elements  37  having  a  size  or  area 
selected  as  W  x  W  (W  =  P).  The  spacing  between 
nicro-shutter  elements  37  is  covered  by  the  black 
separating  area  18.  Similarly  to  the  example  de- 
scribed  in  relation  to  Fig.  3,  liquid  crystal  shutter 
14'  is  divided  in  the  direction  transverse  to  direc- 
:ion  D  into  groups  forming  the  red  shutter  array 
14R,~the  green  shutter  array  14G,  and  the  blue 
shutter  array  14B.  Picture  elements  R1  to  R480  of 
ihe  red  shutter  array  14R  are  alternately  arranged 
n  a  staggered  pattern,  and  picture  elements  G1  to 
G480  of  green  shutter  array  14G  and  picture  ele- 
ments  B1  to  B480  of  blue  shutter  array  14B  are 
also  respectively  arranged  in  staggered  patterns, 
thereby  aligning  the  six  rows  of  liquid  crystal  shut- 
ter  14'  transverse  to  direction  D.  These  six  rows  of 
micro-shutter  elements  37  from  a  so-called 
checker-board  pattern.  The  alignment  pitch  of  each 
row  in  the  direction  D  is  also  selected  as  W  and 
the  four  corner  portions  of  each  of  the  micro- 
shutter  elements  37  are  cut-off  or  rounded.  The 
black  separating  portion  18  is  also  formed  in  the 
portion  A  between  the  rounded  corner  portions  of 
adjacent-  micro-shutter  elements  37.  The  electrical 
connection  lines  are  located  within  the  spacing  A, 
as  will  be  described  below.  As  an  example  of  the 
size  and  scale  of  this  shutter,  when  the  pitch  W  is 
selected  to  be  150  urn,  the  spacing  A  falls  within  a 
range  of  from  20  um  to  30  u.m. 

Six  terminals  Y1  A,  Y1B,  Y2A,  Y2B,  Y3A,  and 
Y3B  are  provided  in  association  with  the  six  rows  of 
micro-shutters  37,  and  480  terminals  X1  to  X480 
are  provided  in  the  direction  perpendicular  to  these 
six  rows.  By  applying  a  predetermined  voltage  be- 
tween  one  of  these  six  terminals,  Y1A  to  Y3B,  and 
one  of  these  480  terminals,  X1  to  X480,  it  is 

possiDie  to  open  ana/or  ciose  a  aesirea  one  01  me 
1440  micro-shutter  elements  37. 

The  construction  of  the  liquid  crystal  shutter 
14  of  the  embodiment  shown  in  Fig.  6  will  be 

5  described  more  fully  with  reference  to  Fig.  7.  As 
shown  therein  terminal  Y1A  is  connected  to  red 
picture  elements  R1  ,  R3  each  being  formed  of 
a  transparent  electrode,  through  switching  transis- 
tors  TR1,  TR3  shown  diagrammatically  as  a 

0  switch.  Terminal  Y1B  is  connected  to  red  picture 
elements  R2,  R4,  through  transistors  TR2,  TR4, 

terminal  Y2A  is  connected  to  green  picture 
elements  G1,  G3,  through  transistors  TG1,  TG3, 

....  and  terminals  Y2B,  Y3A,  and  Y3B  are  similarly 
5  connected.  The  gate  terminals  of  transistor  TR1, 

TG1,  ...  are  connected  to  terminal  X1;  the  gate 
terminals  of  transistors  TR2,  TG2,  ...  are  connected 
to  the  terminal  X2;  and  the  gate  terminals  of  the 
transistors  TR3,  TG3,  ...  are  connected  to  the  ter- 

10  minal  X3.  The  conductors  and  the  switching  tran- 
sistors  are  all  formed  in  the  black  separating  area 
18  of  the  liquid  crystal  shutter  14,  so  as  not  to 
occlude  the  transparent  shutters  37. 

When  the  liquid  crystal  shutter  array  14  in  the 
?5  embodiment  of  Fig.  6  is  operated,  the  shutter  ar- 

rays  corresponding  to  the  terminals  Y1  A  to  Y3B  are 
opened  and/or  closed  by  the  (N)th  horizontal  scan- 
ning  signal  to  the  (N  +  5)th  horizontal  scanning  sig- 
nal.  Simultaneously,  terminals  Y1A  and  Y1B  are 

30  opened  and/or  closed  by  the  red  signal;  terminals 
Y2A  and  Y2B  are  opened  and/or  closed  by  the 
green  signal;  and  terminals  Y3A  and  Y3B  are 
opened  and/or  closed  by  the  blue  signal,  respec- 
tively.  Thus,  when  the  film  5  is  moved  in  the 

35  direction  D  by  the  pitch  P  (  =  W)  using  the  liquid 
crystal  shutter  14'  of  the  embodiment  of  Fig.  6, 
with  respect  to  the  red  color,  for  example,  visual 
images  of  red  picture  elements  R1,  R3,  R479 
and  visual  images  of  red  picture  elements  R2,  R4, 

40  R480  are  sequentially  exposed  on  certain  posi- 
tions  of  film  5.  In  that  case,  the  visual  image  of  the 
black  separating  band  18  is  eliminated  from  film  5. 
Upon  moving  film  5  five  times  in  the  direction  D  by 
pitch  P,  the  visual  images  of  red,  green,  and  blue 

45  shutteFelements  are  superimposed  and  exposed  at 
certain  positions  on  film  5  in  an  additive,  primary- 
color  fashion. 

As  described  above,  upon  using  the  liquid  cry- 
stal  shutter  14  of  the  embodiment  of  Fig.  6,  the 

50  film  portion  corresponding  to  the  visual  image  of 
one  micro-shutter  element  37  can  be  colored  by  a 
desired  color  so  that  the  resolution  of  resultant 
color  image  can  be  improved  by  more  than  three 
times  as  compared  with  previously  proposed  de- 

55  vices  that  required  three  individual  colored  portions 
for  each  pixel. 

Further,  the  red  shutter  array  14R,  the  green 
shutter  array  14G,  and  the  blue  shutter  array  14B 
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are  formed  6y  arranging  the  micro-shutter  37  in  a 
checker-board  pattern  and  visual  images  of  respec- 
tive  picture  elements  are  sequentially  exposed  after 
moving  the  film  one  pitch  P,  whereby  the  visual 
image  q£  the  black  separating  area  1  8  is  substan- 
tially  absent  from  film  5.  This  improves  the  quality 
of  the  color  visual  image  that  can  be  provided. 

The  liquid  crystal  shutter  14  of  the  embodi- 
ment  of  Fig_.  6.  may  be  replaced  with  the  liquid 
crystal  shutter  14'"  as  shown  in  Fig.  8.  In  Fig.  8,  like 
parts  corresponding  to  those  of  Fig.  6  have  the 
same  reference  numbers,  and  need  not  be  de- 
scribed  in  detail. 

In  Fig.  8,.  liquid  crystal  shutter  1  4  is  formed  of 
a-  square  micro-shutter  elements  38,  each  having  a 
side  dimension  represented  by  W  that  is  equal  to 
the*  film  transport  pitch  P.  In  the  liquid  crystal 
shutter  14",  there  are  once"  again  3.x  480  =  1440 
micro-shutter  elements  38,  which  are  now  arranged 
in  six  rows  irr  a  checker-board  pattern  similar  to 
that  of  the  embodiment  of  Fig.  6,  however,  the 
pitch  between  the  adjacent  rows  in  the  D  direction 
is  2W.  ~  

When  the  liquid  crystal  shutter  14  is  driven, 
micro-shutter  elements  38  arranged  in  the  six  rows 
are;  sequentially  opened  and/or  closed  by  the  N,h 
horizontal  scanning  signal,  (N  +  2)"1  horizontal  scan- 
ning-signal,  (N  +4)th  horizontal  scanning  signal,  ... 
(N  +  1t))<h  horizontal  scanning  signal.  Simultaneous- 
ly,  these  micro-shutter  elements  38  that  are  ar- 
ranged  in  the  six  rows  are  opened  and/or  closed  by 
the;  red,  green-  and  blue  signals  in  units  of  two 
rows,  respectively.  After  exposing  the  even-num- 
bered  lines,  the  film  is  moved  one  pitch  P  and  then 
the  odd-numbered  lines  are  exposed. 

With  the  liquid  crystal  shutter  1  4  ,  the  resolu- 
tion  of  color  visual  image  can  be  improved,  and 
any  image:  of  the"  black  separating  area  18  between 
micro-  shutter  elements  38  can  be  prevented  from 
being  reproduced.  Thus,  the  quality  of  color  visual 
image  can.  be  improved. 

Further,  according  to  the  embodiment  shown  in 
Fig.  8,  each  micro-shutter  element  38  is  formed  as 
a  perfect  square  having  one  side  equal  to  W  or 
slightly  larger  than  W,  where  W  equals  the  line 
pitch  P,  so  that  any  visual  image  of  the  black 
separating,  area  1'S  can  be  removed  from  the  film 
completely^ 

Although:  in  the  embodiment  shown  in  Fig.  2, 
liquid  crystal  printing  head  10  is  fixed  and  film  5  is 
moved,  in  another;  embodiment  as  shown  in  Fig.  9 
film  5  is  fixed  and  liquid  crystal  printing  head  10  is 
sequentially  moved  by  the  predetermined  pitch  P. 
In  Fig,  9:,  in  which:  like  parts  corresponding  to  those 
of  Fig.  2  are  marked  with  the  same  references  and 
are  not  described  in  detail,  liquid  crystal  printing 
head:  10-  is  moved  by  a  feed  screw  35  that  is 
rotated  by  a  motor  36.  A  housing  or  cover  40  is 

provided  for  this  color  video  printer  and  disc  plate 
8  of  the  rotary  encoder  is  secured  to  feed  screw 
35,  and  its  detector  9  is  attached  to  cover  40.  At 
the  completion  of  the  film  printing  operation,  film  5 

5  is  ejected  outside  of  cover  40  by  the  operation  of 
the  pair  of  rollers  6A,  6B  and  motor  7. 

According  to  one  aspect  of  the  present  inven- 
tion,  the  same  portion  of  the  color  sensitive  printing 
paper  is  exposed  three  times  by  the  red,  green, 

70  and  blue  shutter  arrays  in  an  additive  primary-color 
fashion,  whereby  the  resolution  of  the  resultant 
color  image  can  be  improved  by  about  three  times 
as  compared  with  the  prior  art. 

According  to  another  aspect  of  the  present 
75  invention,  the  effective  ratio  in  which  the  visual 

image  of  the  liquid  crystal  shutter  is  formed  on  the 
color  sensitive  printing  paper  can  be  substantially 
100%,  thereby  improving  the  image  quality. 

Having  described  preferred  embodiments  of 
20  the  invention  with  reference  to  the  accompanying 

drawings,  it  is  to  be  understood  that  the  invention 
is  not  limited  to  those  precise  embodiments  and 
that  various  changes  and  modifications  could  be 
effected  by  one  skilled  in  the  art  without  departing 

25  from  the  spirit  or  scope  of  the  invention  as  defined 
in  the  appended  claims. 

Claims 
30 

1.  A  color  video  printer  for  printing  on  a  color 
sensitive  record  medium  comprising: 
an  elongate  liquid  crystal  body  extending  in  a  lat- 
eral  direction  relative  to  the  record  medium,  said 

35  liquid  crystal  body  including  a  first  shutter  array  for 
a  first  color,  a  second  shutter  array  for  a  second 
color,  and  a  third  shutter  array  for  a  third  color; 
means  for  supplying  first,  second,  and  third  color 
signals  to  said  first,  second,  and  third  shutter  ar- 

40  rays,  respectively,  for  selectively  actuating  said 
shutter  arrays;  and 
means  for  providing  relative  motion  between  said 
liquid  crystal  body  and  a  color  sensitive  record 
medium  to  effect  scanning  of  said  record  medium 

45  by  said  liquid  crystal  body. 
2.  A  color  video  printer  according  to  claim  1, 

further  comprising  optical  means  provided  between 
said  liquid  crystal  body  and  said  color  sensitive 
record  medium  for  projecting  a  color  image 

50  through  said  shutter  arrays  onto  said  color  sensitive 
record  medium. 

3.  A  color  video  printer  according  to  claim  2, 
wherein  each  of  said  shutter  arrays  includes  a 
plurality  of  micro-shutter  elements  for  forming  said 

55  color  image  projected  onto  said  color  sensitive 
record  medium. 

4.  A  color  video  printer  according  to  claim  3, 
wherein  each  of  said  plurality  of  micro-shutter  ele- 

6 
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nents  includes  an  aperture  having  a  width  W,  and 
iligned  in  the  lateral  direction  by  an  alignment 
5itch  of  twice  the  width  W  of  each  of  said  plurality 
)f  micro-shutter  elements. 

5.  A  color  video  printer  according  to  claim  4,  5 
vherein  each  of  said  shutter  arrays  has  first  and 
second  arrays  of  micro-shutter  elements  each  array 
nutually  spaced-apart  by  a  distance  corresponding 
o  said  width  of  each  micro-shutter  element  in  the 
ateral  direction,  whereby  said  micro-shutter  ele-  10 
nents  are  arranged  on  said  liquid  crystal  body  in  a 
;hecker-board  pattern. 

6.  A  color  printer  according  to  claim  5,  wherein 
switching  devices  for  said  micro-shutter  elements 
are  formed  on  said  liquid  crystal  body  at  portions  75 
hereof  where  said  micro-shutter  elements  are  ab- 
sent  in  said  checker-board  pattern  of  said  micro- 
shutter  elements. 
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