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Method  of  controlling  the  transfer  of  an  image. 

a  variable  in  the  step  of  sequentially  forming  the 
intermediate  image.  In  one  specific  embodiment,  the 
original  has  a  test  area  of  known  density.  After  a 
corresponding  test  area  has  been  formed  on  the 
carrier,  the  test  area  on  the  carrier  is  inspected  to 
determine  if  its  density  corresponds  to  the  density  of 
the  original.  If  the  density  of  the  test  area  on  the 
carrier  does  not  correspond  to  the  density  of  the  test 
area  on  the  original,  the  process  of  forming  an 
intermediate  image  on  the  carrier  is  revised  before  a 
next  succeeding  intermediate  image  is  formed  on 
the  carrier. 

©  An  improved  method  is  provided  to  control  the 
transfer  of  an  image  from  an  original  (22)  to  a  carrier 
(26)  and  from  the  carrier  (26)  to  photosensitive  ma- 
terial.  Intermediate  images  (26a,6)  corresponding  to 
the  originals  are  formed  on  the  carrier.  Radiation  is 
transmitted  through  the  intermediate  images  to  form 
projected  images  which  correspond  to  the  originals. 
At  least  a  portion  of  an  intermediate  image  is  in- 
spected  to  determine  if  the  actual  characteristic  of 
the  intermediate  image  corresponds  to  a  desired 
characteristic.  If  the  actual  characteristic  of  the  inter- 
mediate  image  is  different  than  the  desired  char- 
acteristic,  a  control  function  is  undertaken  to  change 
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extent  at  least,  objectionable. 

Brief  Description  of  the  Invention 

5  The  present  invention  provides  a  new  and  im- 
proved  method  for  controlling  the  transfer  of  an 
image  in  such  a  manner  as  to  minimize  any  differ- 
ences  between  the  transferred  image  and  an  origi- 
nal.  In  transferring  the  image,  a  series  of  intermedi- 

10  ate  images  are  formed  on  a  carrier.  At  least  a 
portion  of  an  intermediate  image  is  inspected  to 
determine  if  an  actual  characteristic  of  the  inter- 
mediate  image  corresponds  to  a  desired  character- 
istic  of  the  intermediate  image.  If  the  actual  char- 

75  acteristic  of  the  intermediate  image  is  different  than 
the  desired  characteristic,  a  change  is  made  in  a 
variable  in  the  process  of  forming  the  intermediate 
images. 

In  one  specific  instance,  the  intermediate  im- 
20  age  is  inspected  to  determine  whether  or  not  the 

actual  density  of  an  area  of  known  desired  density 
of  the  intermediate  image  is  the  same  as  the 
desired  density.  If  the  density  of  the  area  of  known 
desired  density  is  different  than  the  desired  den- 

25  sity,  a  control  function  is  undertaken.  This  control 
function  is  advantageously  undertaken  before  the 
next  succeeding  intermediate  image  is  formed. 
When  electrostatic  methods  are  used  to  form  the 
intermediate  image,  the  control  function  which  is 

30  undertaken  may  include  changing  the  quantity  of 
particles  which  are  electrostatically  attracted  to  the 
carrier  by  changing:  an  electrostatic  charge  applied 
to  the  carrier,  a  toner  bias  voltage,  projector  shutter 
speed,  and/or  intensity  of  light  to  which  originals 

35  are  exposed. 
Accordingly,  it  is  an  object  of  this  invention  to 

provide  a  new  and  improved  method  wherein  inter- 
mediate  images  corresponding  to  originals  are 
formed  on  a  carrier  and  the  intermediate  images 

40  are  inspected  to  determine  if  an  actual  characteris- 
tic  of  an  intermediate  image  corresponds  to  a  de- 
sired  characteristic,  a  variable  in  the  forming  of  the 
intermediate  images  being  changed  if  the  actual 
characteristic  of  an  intermediate  image  is  different 

45  than  the  desired  characteristic. 
Another  object  of  this  invention  is  to  provide  a 

new  and  improved  method  wherein  intermediate 
images  corresponding  to  originals  are  formed  on  a 
carrier,  at  least  one  intermediate  image  is  inspect- 

so  ed  and  a  variable  in  the  forming  of  the  intermediate 
images  is  changed  before  a  next  succeeding  inter- 
mediate  image  is  formed  if  an  actual  characteristic 
of  the  one  intermediate  image  is  different  than  a 
desired  characteristic. 

55  Another  object  of  this  invention  is  to  provide  a 
new  and  improved  method  of  transferring  images 
of  an  original  and  wherein  at  least  a  portion  of  an 
intermediate  image  is  inspected  to  determine 

Background  of  the  Invention 

The  present  invention  relates  to  a  method  of 
controlling  the  transferring  of  an  image  of  an  origi- 
nal  to  photosensitive  material. 

Current  plate  making  practice  in  many  printing 
plants  is  to  make  a  paste-up  copy  which  is  photo- 
graphed  to  produce  a  full  sized  image  on  film  as  a 
negative.  The  silver  halide  film  must  be  developed 
in  a  separate  processor.  The  developed  film  nega- 
tive  must  then  be  placed  in  contact  with  the  unex- 
posed  plate  in  a  vacuum  frame.  The  plate  is  then 
exposed  to  high  intensity  ultraviolet  radiation  which 
causes  a  photochemical  reaction  to  take  place  on 
the  surface  of  the  plate.  The  film  is  then  removed 
and  the  plate  is  further  prepared  by  developing 
(offset  lithography)  or  wash  out  (letterpress/flexo) 
operation. 

Another  known  method  of  making  printing 
plates  includes  providing  a  plate  which  is  coated 
with  an  organic  photoconductive  layer.  The  pho- 
toconductive  layer  is  charged  and  then  exposed  to 
a  paste-up  copy  which  is  projected  onto  the  plate 
surface.  Background  areas  of  the  image  reflect 
light  and  discharge  the  plate.  As  soon  as  the  plate 
exposure-  is  finished,  the  plate  is  moved  into  a 
processor  where  a  liquid  dispersant  containing 
positively  charged  toning  particles  is  applied  to  the 
surface  of  the  plate.  The  toner  particles  adhere  to 
negatively  charged  areas  of  the  plate.  After  being 
dried,  the  toner  particles  on  the  plate  are  fused 
together  and  bonded  to  the  surface  of  the  plate. 
After  decoating,  rinsing  and  gumming,  the  plate  is 
ready  for  use  in  a  printing  press. 

EP-A-0345010  discloses  a  method  and  appara- 
tus  for  use  in  transferring  an  image  from  an  original 
to  photosensitive  material.  The  photosensitive  ma- 
terial  may  be  disposed  on  a  base  or  plate  and 
used  in  the  making  of  an  article  such  as  a  printing 
plate  or  printed  circuit  board.  To  transfer  the  image 
from  an  original  to  the  photosensitive  material,  a 
film  strip  or  other  carrier  is  moved  along  a  path 
which  extends  through  an  array  of  stations.  An 
image  of  an  original  is  formed  on  the  carrier  by 
electrophotographic  methods. 

When  the  method  and  apparatus  disclosed  in 
the  afore-mentioned  EP-A-  0345010  are  used  to 
transfer  an  image,  it  has  been  determined  that 
process  variables  may  result  in  the  image  trans- 
ferred  to  the  photosensitive  material  having  char- 
acteristics  which  are  different  than  the  original  im- 
age.  Any  difference  between  the  original  image  and 
the  image  transferred  to  the  photosensitive  material 
could  be  the  result  of  many  different  process  vari- 
ables.  Regardless  of  what  process  variable  result  in 
the  difference  between  the  original  image  and  the 
image  transferred  to  the  photosensitive  material, 
the  existence  of  such  a  difference  may  be,  to  some 
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a  structure  which  is  different  than  the  film  strip. 
However,  the  film  strip  is  the  presently  preferred 
embodiment  of  the  carrier  26. 

The  linear  array  30  of  processing  stations  facili- 
5  tates  constructing  the  apparatus  20  in  modules. 

The  modules  can  be  interconnected  and  in  a  mini- 
mum  of  space  in  many  different  environments.  The 
relatively  compact  apparatus  20  can  be  automated 
by  the  use  of  computer  controls  32  (Fig.  1B)  to 

io  allow  the  apparatus  to  be  operated  by  a  minimum 
number  of  personnel  having  relatively  little  training. 

Although  the  apparatus  20  can  be  used  for 
making  many  different  articles,  it  is  advantageously 
used  for  making  printing  plates.  The  printing  plates 

15  are  mounted  in  a  press  and  used  to  print  news- 
papers  or  other  sheet  material  items  in  a  known 
manner.  When  the  apparatus  20  is  used  to  form 
printing  plates,  the  original  22  will  be  paste-up 
copy  and  the  photosensitive  material  24  will  be  a 

20  layer  of  photosensitive  material  supported  on  a 
base  or  plate.  However,  it  should  be  understood 
that  the  apparatus  20  can  be  used  to  produce 
printed  circuit  boards  and  other  items.  It  should 
also  be  understood  that  the  body  of  photosensitive 

25  material  24  can  be  supported  in  other  ways  if 
desired. 

The  film  strip  26  is  indexed  in  both  a  forward 
direction  (indicated  by  an  arrow  36  in  Fig.  1A)  and 
a  reverse  direction  from  the  supply  roll  28  along  a 

30  path  extending  through  the  linear  array  30  of  sta- 
tions  to  the  storage  roll  31  by  operation  of  revers- 
ible  motors  37  connected  with  drive  sprockets, 
including  a  drive  sprocket  38.  The  drive  sprocket 
38  is  rotated  to  sequentially  index  segments  of  the 

35  film  strip  26  through  each  of  the  stations  in  the 
linear  array  30  of  stations.  The  speed  and  direction 
of  rotation  of  the  drive  sprocket  38  can  be  varied  to 
vary  the  speed  of  movement  of  the  film  strip  26.  A 
pair  of  motors  40  and  42  (Figs.  1A  and  1B)  are 

40  continuously  energized  to  tension  the  film  strip  by 
urging  the  supply  and  storage  rolls  28  and  31  in 
their  windup  directions. 

A  reduced  size  image  of  the  original  22  is 
projected  onto  a  segment  of  the  film  strip  26  at  an 

45  exposure  station  46  (Fig.  1A).  The  image  of  the 
original  22  is  developed  on  the  film  strip  26  at  a 
developing  station  48  (Figs.  1A  and  1B)  to  form  a 
visible  intermediate  image  on  the  film  strip.  An 
enlargement  of  the  intermediate  image  on  the  film 

so  strip  is  projected  onto  the  plate  24  of  photosen- 
sitive  material  at  a  transfer  station  50  (Fig.  1B). 
After  passing  through  the  transfer  station  50,  the 
film  strip  26,  with  the  intermediate  image  of  the 
original  thereon,  is  wound  onto  the  storage  roll  31. 

55  The  operation  of  the  apparatus  in  the  linear 
array  30  of  stations  46,  48,  50  is  regulated  by  the 
computer  controls  32.  In  addition,  the  operation  of 
the  motors  40  and  42  is  regulated  by  the  computer 

whether  or  not  the  actual  density  in  the  inspected 
portion  of  the  intermediate  image  is  the  same  as  a 
desired  density. 

Brief  Description  of  the  Drawings 

The  foregoing  and  other  objects  and  features 
of  the  invention  will  become  more  apparent  upon  a 
consideration  of  the  following  description  taken  in 
connection  with  the  accompanying  drawings 
wherein: 

Figs.  1A  and  1B  are  a  schematic  illustration  of 
an  apparatus  which  is  used  to  transfer  images  of 
originals  to  photosensitive  material; 
Fig.  2  is  a  highly  schematicized  illustration  de- 
picting  the  manner  in  which  a  photoconductive 
layer  on  a  film  strip  is  charged  at  a  charging 
station; 
Fig.  3  is  a  highly  schematicized  illustration  de- 
picting  the  manner  in  which  portions  of  the 
photoconductive  layer  are  rendered  conducting 
by  exposure  to  an  original  at  an  exposure  sta- 
tion; 
Fig.  4  is  a  highly  schematicized  illustration  de- 
picting  the  manner  in  which  toner  particles  are 
attracted  to  conducting  areas  of  the  photocon- 
ductive  layer  on  the  film  strip  at  a  developing 
station; 
Fig.  5  is  a  highly  schematicized  illustration  de- 
picting  the  manner  in  which  toner  particles  are 
fused  with  the  conductive  layer  at  the  develop- 
ing  station; 
Fig.  6  is  a  schematic  illustration  depicting  the 
manner  in  which  a  plurality  of  densitometers  are 
used  to  inspect  portions  of  an  intermediate  im- 
age;  and 
Fig.  7  is  a  schematic  illustration  of  an  apparatus 
utilized  to  determine  the  amount  of  toner  par- 
ticles  in  a  toner  solution  being  conducted 
through  a  conduit. 

Description  of  Specific  Preferred  Embodiments  of 
the  Invention 

General  Description 

An  apparatus  20  for  transmitting  an  image  of 
an  original  22  to  photosensitive  material  24  is  illus- 
trated  schematically  in  Figs.  1A  and  1B.  A  carrier 
26  is  used  in  transferring  an  image  from  the  origi- 
nal  22  to  the  photosensitive  material  24  (Fig.  1B). 
In  the  illustrated  embodiment  of  the  invention,  the 
carrier  is  a  continuous  film  strip  26  which  extends 
from  a  cylindrical  supply  roll  28  (Fig.  1A)  through  a 
linear  array  30  of  processing  stations  to  a  cylin- 
drical  storage  roll  31  (Fig.  1  B).  It  should  be  under- 
stood  that  the  carrier  26  could  be  one  or  more 
plates  or  sheets  of  material  or  other  articles  having 
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During  operation  of  the  apparatus  20  to  se- 
quentially  expose  printing  plates  24  of  photosen- 
sitive  material  to  images  of  different  originals  22  at 
the  exposure  station  46,  the  film  strip  26  is  indexed 

5  in  the  forward  direction  36  and  in  the  opposite  or 
reverse  direction  in  a  stepwise  manner  by  rotation 
of  the  main  drive  sprocket  38  at  a  relatively  low 
rate  of  speed.  However,  when  the  film  strip  is  to  be 
quickly  indexed  relative  to  the  linear  array  30  of 

w  stations,  the  motor  37  for  rotating  the  main  drive 
sprocket  30  is  operated  by  the  controls  32  to  move 
the  film  strip  26  in  either  a  forward  or  reverse 
direction  at  relatively  high  speed. 

An  image  of  an  original  22  is  transferred  to  and 
75  from  the  film  strip  or  other  known  carrier  26  by 

electrophotography,  that  is,  by  using  electricity  and 
radiation.  During  operation  of  the  illustrated  appara- 
tus  20,  an  electrostatic  latent  image  is  formed  on 
each  segment  of  the  film  strip  26  in  turn  as  the  film 

20  strip  is  indexed  through  the  exposure  station  46 
and  a  charging  station  60  (Figs.  1A  and  2).  In  order 
to  prevent  dissipation  of  the  charge  on  a  segment 
of  the  film  strip  while  the  apparatus  20  is  inactive,  a 
segment  of  the  film  strip  26  is  moved  from  an 

25  initial  or  holding  location  58  back  through  the 
charging  station  60  to  the  exposure  station  46.  As 
the  segment  of  the  film  strip  26  moves  through  the 
charging  station  60  in  the  reverse  direction,  a 
charge  is  applied  to  the  segment  of  the  film  strip. 

30  This  eliminates  the  possibility  of  a  previously 
charged  segment  of  the  film  strip  26  becoming 
patially  discharged  while  it  is  at  the  exposure  sta- 
tion  46  and  the  apparatus  20  is  inactive. 

As  a  segment  of  the  film  strip  moves  back 
35  through  the  charging  station  60,  a  uniform  positive 

electrostatic  charge  is  applied  to  the  segment  of 
the  film  strip  26.  At  the  exposure  station  46,  the 
positively  charged  segment  of  the  film  strip  26  is 
exposed  to  a  light  pattern  corresponding  to  a  se- 

40  lected  original  22.  Wherever  the  exposing  light 
beam  strikes  the  film  strip  26,  the  electrostatic 
charge  applied  at  the  charging  station  60  is  dis- 
charged.  This  results  in  the  formation  of  a  latent 
electrostatic  image  of  the  original  22  on  a  segment 

45  of  the  film  strip  26. 
The  extent  to  which  portions  of  a  segment  of 

the  film  strip  26  are  discharged  at  the  exposure 
station  46  depends  upon  the  intensity  of  the  light 
which  strikes  each  portion  of  the  film  strip.  The 

50  greater  the  intensity  of  the  light  which  strikes  a 
portion  of  the  film  strip  26  the  greater  is  the  reduc- 
tion  in  the  magnitude  of  the  charge  on  that  portion 
of  the  film  strip.  This  enables  continuous  tone 
images  to  be  subsequently  formed  on  a  segment 

55  of  the  film  strip. 
After  the  latent  electrostatic  image  of  the  origi- 

nal  22  has  been  formed  on  a  segment  of  the  film 
strip  26  at  the  exposure  station  46,  the  film  strip  is 

controls  32  to  control  the  tension  in  the  film  strip 
26.  Thus,  the  motor  40  is  connected  with  the 
computer  controls  32  by  a  lead  indicated  schemati- 
cally  at  54  and  the  motor  42  is  connected  with  the 
computer  controls  by  a  lead  indicated  schemati- 
cally  at  56.  The  computer  controls  32  regulate  the 
direction  and  speed  of  operation  of  the  motor  37 
connected  to  the  main  drive  sprocket  38  to  move 
the  film  strip  26  against  the  influence  of  one  of  the 
motors  40  or  42  with  the  assistance  of  the  other 
motor. 

The  film  strip  26  can  be  used  to  subsequently 
produce  another  printing  plate  having  an  image 
corresponding  to  a  selected  original  22  without  re- 
exposing  the  selected  original.  When  this  is  to  be 
done,  the  computer  controls  32  operate  the  motor 
connected  to  the  main  drive  sprocket  38  to  rotate 
the  sprocket  at  a  high  speed  in  the  reverse  direc- 
tion.  During  reverse  rotation  of  the  drive  sprocket 
38,  the  motors  40  and  42  rapidly  unwind  the  film 
strip  26  from  the  storage  roll  31  . 

The  film  strip  36  is  moved  at  a  relatively  high 
rate  of  speed  through  the  linear  array  30  of  stations 
until  the  film  segment  upon  which  a  copy  of  a 
selected  original  is  disposed  is  at  the  transfer  sta- 
tion  50.  An  image  of  the  selected  original  is  then 
transferred,  for  a  second  time,  from  the  film  strip 
26  to  photosensitive  material  24.  The  controls  32 
then  effect  rotation  of  the  drive  sprocket  38.  to 
quickly  wind  the  film  strip  26  back  onto  the  storage 
roll  31. 

During  operation  of  the  apparatus  20  to  se- 
quentially  transfer  images  of  a  plurality  of  originals 
22  to  a  plurality  of  plates  24  of  photosensitive 
material,  the  film  strip  26  is  incrementally  indexed 
by  and  maintained  under  a  constant  tension  by 
operation  of  the  main  drive  sprocket  38  and  motors 
40  and  42.  This  sequentially  moves  adjacent  seg- 
ments  of  the  film  strip  26  from  the  supply  roll  28 
through  each  of  the  stations  46,  48,  and  50.  There- 
fore,  there  is  continuous  series  of  equal  size  seg- 
ments  in  a  side-by-side  relationship  on  the  film 
strip  26.  Each  segment  of  the  film  strip  26  contains 
a  reduced  size  intermediate  image  corresponding 
to  a  different  original  22. 

However,  it  is  contemplated  that  the  apparatus 
20  could  be  operated  in  such  a  manner  as  to 
transfer  only  an  image  of  a  single  original  22  to  the 
film  strip  26  at  the  exposure  station  46  and  to  then 
index  the  film  strip  to  move  this  image  through  the 
developing  station  48  to  the  transfer  station  50.  At 
the  transfer  station  50,  the  image  would  be  trans- 
mitted  to  photosensitive  material  24  to  form  a  sin- 
gle  printing  plate  or  other  article.  The  film  strip 
would  then  be  wound  onto  the  storage  roll  31.  Of 
course,  this  would  result  in  a  substantial  portion  of 
the  film  strip  26  being  blank  between  adjacent 
images. 
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between  the  developing  station  48  and  transfer 
station  50.  The  temporary  storage  station  70  func- 
tions  to  temporarily  hold  a  variable  length  of  the 
film  strip  26  until  it  is  indexed  to  the  transfer  station 

5  50.  The  length  of  the  film  strip  26  held  at  the 
storage  station  70  can  be  increased  from  a  rela- 
tively  short  length  to  a  relatively  long  length  during 
the  exposure  of  a  substantial  number  of  originals 
22  at  the  exposure  station  46  with  the  transfer 

10  station  50  inactive.  Subsequently,  the  length  of  the 
film  strip  26  held  at  the  storage  station  70  can  be 
reduced  from  a  relatively  long  length  to  a  relatively 
short  length  during  transfer  of  a  substantial  number 
of  images  from  the  film  strip  to  photosensitive 

75  material  24  of  the  transfer  station  50  with  the  expo- 
sure  station  46  inactive. 

At  the  transfer  station  50,  an  image  on  a  seg- 
ment  of  the  film  strip  26  is  projected  from  the  film 
strip  onto  photosensitive  material  24.  This  is  ac- 

20  complished  by  transmitting  radiation  through  the 
film  strip  26  onto  the  plate  24  of  photosensitive 
material.  The  radiation  trasmitted  through  the  film 
strip  26  projects  an  enlarged  image  of  the  inter- 
mediate  image  on  a  segment  of  the  film  strip  to  the 

25  plate  24  of  photosensitive  material.  The  image  pro- 
jected  onto  the  photosensitive  material  24  corre- 
sponds  to  and  may  be  larger,  smaller  or  the  same 
size  as  an  original  22.  The  image  projected  onto 
the  photosensitive  material  24  may  be  smaller  than 

30  the  image  on  the  film  strip  26. 
In  order  to  enhance  the  quality  of  the  image 

formed  on  the  plate  24  of  photosensitive  material, 
ultraviolet  radiation  is  transmitted  through  the  film 
strip  26  to  the  photosensitive  material  24.  Although 

35  light  of  various  wavelengths  could  be  used,  the 
ultraviolet  light  includes  light  of  a  wavelength  be- 
tween  365  and  450  nanometers.  At  the  surface  of 
the  photosensitive  material  24,  the  ultraviolet  radi- 
ation  has  an  energy  level  of  at  least  500  ergs  per 

40  square  centimeter.  The  quality  of  the  image  formed 
on  the  photosensitive  material  24  is  enhanced  by 
using  very  high  quality  projection  optics  to  transmit 
the  image.  Since  the  conventional  offset  plates  24 
of  photosensitive  materials  are  relatively  inexpen- 

45  sive,  the  consumable  materials  used  to  make  a 
printing  plate  are  relatively  inexpensive. 

The  plate  24  of  photosensitive  material  can  be 
any  one  of  many  known,  commercially  available, 
plates  intended  for  use  in  the  forming  of  printing 

so  plates.  When  the  surface  of  the  plate  24  of  pho- 
tosensitive  material  is  exposed  to  ultraviolet  radi- 
ation  having  an  energy  level  of  at  least  500  ergs 
per  square  centimeter,  the  plate  undergoes  a 
photochemical  reaction  which  causes  a  permanent 

55  change  in  physical  properties  of  a  polymeric  com- 
position  or  diazo  compound  forming  an  upper  (as 
viewed  in  Fig.  1  B)  layer  on  the  plate.  Development 
of  the  printing  plate  24  is  then  completed  in  a 

indexed  in  a  forward  direction  to  move  the  exposed 
segment  of  the  film  strip  through  the  charging 
station  60  and  initial  or  holding  location  58  to  the 
developing  station  48.  As  the  film  strip  is  moved  in 
a  forward  direction  through  the  charging  station  60, 
the  charging  station  is  inactive.  Therefore,  the  elec- 
trostatic  charge  on  the  exposed  segment  of  the  film 
strip  remains  constant  to  maintain  the  latent  elec- 
trostatic  image  of  the  original. 

Although  the  charging  station  60  has  been 
shown  as  being  downstream  or  after  the  exposure 
station  46  in  Figs.  1A  and  2,  it  is  contemplated  that 
the  charging  station  could  be  ahead  of  the  expo- 
sure  station  if  desired.  If  a  segment  of  the  film  strip 
26  is  indexed  through  charging  station  60  in  a 
forward  direction  to  the  exposure  station  46,  a 
positive  electrostatic  charge  would  be  applied  to 
the  segment  of  the  film  strip  before  it  reached  the 
exposure  station.  If  the  apparatus  20  is  inactive  for 
a  substantial  period  of  time,  the  charge  on  the 
segment  of  the  film  strip  disposed  at  the  exposure 
station  46  may  tend  to  dissipate  with  the  passage 
of  time.  Of  course,  this  will  tend  to  adversely  effect 
the  quality  of  the  image  projected  onto  the  pho- 
tosensitive  material  24  at  the  transfer  station  50. 

The  electrostatic  latent  intermediate  image 
which  is  applied  to  a  segment  of  the  film  strip  at 
the  exposure  station  46  and  charging  station  60  is 
made  visible  and  permanent  at  the  developing  sta- 
tion  48.  The  developing  station  48  includes  a  toner 
substation  64  and  a  fusing  substation  66.  Positively 
charged  toner  particles  are  electrically  attracted  to 
discharge  areas  of  the  film  strip  26  at  the  toner 
substation  64. 

The  quantity  of  toner  particles  attracted  to  a 
portion  of  a  segment  on  the  film  strip  26  is  an 
inverse  function  of  the  magnitude  of  the  charge 
remaining  on  that  portion.  Thus,  lower  charged 
portions  receive  more  toner  particle  and  higher 
charged  portions  receive  less  toner  particles.  The 
resulting  toner  particle  density  differences  on  dif- 
ferent  portions  of  a  segment  of  the  film  strip  may 
make  up  a  continuous  tone  image. 

The  toner  particles  form  a  visible  intermediate 
image  which  corresponds  to  and  is  smaller  than 
the  original  22.  A  dryer  (not  shown)  is  disposed 
between  the  toner  substation  74  and  fusing  station 
66.  At  the  fusing  substation  66,  the  toner  particles 
are  fused  together  and  are  fused  with  the  material 
of  the  film  strip  26  to  form  a  permanent  visible 
image  corresponding  to  the  original  22.  The  inter- 
mediate  image  formed  by  fusing  the  toner  particles 
with  the  film  strip  26  is  durable  and  can  be  stored 
for  a  relatively  long  period  of  time  on  the  storage 
roll  31.  This  enables  the  film  strip  26  to  be  indexed 
from  the  storage  roll  31  and  used  at  a  later  time  for 
forming  a  second  printing  plate  24. 

A  temporary  storage  station  70  is  provided 
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original,  the  less  is  the  conductivity  of  the  cor- 
responding  area  on  the  segment  of  the  film  strip. 

The  photoconductive  layer  78  is  a  solid  solu- 
tion  of  a  suitably  sensitized  organic  photoconduc- 

5  tor.  This  transparent  homogeneous  layer  78  does 
not  have  any  of  the  crystalline  structure  associated 
with  the  emulsion  layer  of  silver  halide  photograph- 
ic  materials.  In  one  specific  embodiment  of  the 
invention,  the  film  strip  26  was  KODAK  EKTAVOLT 

io  (Trademark)  recording  film  sold  by  the  Eastman 
Kodak  Company.  Of  course,  equivalent  film  strips 
of  a  somewhat  different  construction  and/or  ma- 
terial  could  be  utilized  if  desired.  It  should  be 
understood  that  the  photoconductive  layer  78  faces 

75  downwardly  in  the  embodiment  of  the  invention 
shown  in  Figs.  1A  and  1B  even  though  the  pho- 
toconductive  layer  78  is  shown  facing  upwardly  in 
Figs.  2-5. 

While  it  is  preferred  to  use  the  film  strip  26  as 
20  the  carrier  for  an  intermediate  image  of  an  original, 

other  known  carriers  could  be  used  if  desired. 
Thus,  a  transparent  plate  covered  by  a  thin  coating 
of  aluminum  or  carbon  could  be  used  as  the  car- 
rier.  If  this  was  done,  a  laser  could  be  used  at  the 

25  exposure  station  46  to  form  an  image  of  the  origi- 
nal  22  on  the  transparent  plate  by  vaporizing  or 
melting  the  coating  where  a  laser  beam  is  directed 
against  the  coating.  While  it  is  preferred  to  use  a 
single  element  as  a  carrier  for  an  image,  the  carrier 

30  could  include  a  series  of  elements  and  the  image 
could  be  transferred  from  one  element  of  the  car- 
rier  to  succeeding  element  of  the  carrier.  Of 
course,  other  known  carriers  could  be  used  if  de- 
sired. 

35 
Charging  Station 

A  uniform  electrostatic  charge  is  applied  to  the 
electrically  insulating  photoconductive  layer  78 

40  (Fig.  2)  on  the  film  strip  26  at  the  charging  station 
60.  The  charge  is  applied  in  the  dark  by  a  charger 
82  having  a  corona  wire  84  and  a  control  grid  86. 
The  corona  wire  is  connected  with  a  high  voltage 
source  88,  that  is  a  source  of  4,000  to  6,000  volts. 

45  The  corona  wire  84  produces  positively  charged 
ions.  The  positively  charged  ions,  indicated  sche- 
matically  in  Fig.  2,  are  electrically  attracted  to  the 
photoconductive  layer  78. 

The  corona  charger  82  has  a  grounded  shield 
so  92  which  improves  control  of  the  charging  process 

by  attracting  corona  current  and  providing  stability. 
The  control  grid  86  modulates  corona  current.  The 
operation  of  the  power  supplies  for  the  corona 
charger  82  and  control  grid  86  are  controlled  by 

55  the  computer  controls  32  (Fig.  1B).  Thus,  the  high 
voltage  source  88  is  connected  with  the  computer 
controls  32  by  lead  96.  The  control  grid  86  is 
connected  with  the  controls  32  by  lead  97. 

known  manner.  The  fully  developed  printing  plate 
24  is  mounted  in  a  printing  press  and  used  to  print, 
copies  of  an  original  on  sheet  material  in  a  known 
manner. 

Film  Strip 

In  the  illustrated  embodiment  of  the  invention, 
the  carrier  for  an  intermediate  image  of  an-  original 
22  is  a  film  strip  26.  The  film  strip  26  is  a  105  mm 
organic  photoconductor  film.  The  film  strip  26  has 
two  series  of  openings  along  its  opposite  edges  to 
receive  sprockets  at  the  supply  roll  28,  drive 
sprocket  38,  and  storage  roll  32.  This  enables  the 
film  strip  to  be  accurately  indexed  by  rotation  of 
the  drive  sprocket  38. 

The  film  strip  26  includes  a  transparent  and 
electrically  insulating  base  74  (Fig.  2)  formed  of  a 
polyester  material.  A  transparent  conductive  layer 
76  is  disposed  over  the  base  74  and  is  connected 
to  ground,  in  the  manner  indicated  schematically  in 
Fig.  2,  at  the  supply  roll  28  (Fig.  1A).  Thus,  one 
end  of  the  film  strip  26  is  mechanically  clinched  to 
a  metal  spool  for  the  supply  roll  28.  The  metal 
spool  is  grounded  during  the  film  loading  step.  The 
transparent  conductive  layer  76  acts  as  a  ground 
electrode  during  the  processing  of  the  film  strip  26 
at  the  charging  station  60,  at  the  exposure  station 
46  and  at  the  developing  station  48. 

A  transparent  photoconductive  layer  78  (Fig.  2) 
of  organic  material  is  applied  over  the  conductive 
layer  76.  The  purpose  of  the  photoconductive  layer 
78  is  to  accept  and  hold  an  electrostatic  charge  in 
the  dark,  and  then  to  discharge  areas  which  are 
struck  by  an  exposing  light  beam.  Prior  to  being 
exposed  to  a  light  beam  at  the  exposure  station  46, 
the  photoconductive  layer  78  is  electrically  insulat- 
ing.  However,  portions  of  the  photoconductive  layer 
which  are  struck  by  a  light  beam  at  the  exposure 
station  46  are  rendered  conducting.  The  extent  to 
which  portions  of  the  photoconductive  layer  78  are 
rendered  conducting  varies  as  a  direct  function  of 
the  intensity  of  the  light  beam  to  which  the  portions 
of  the  photoconductive  layer  is  exposed.  The  great- 
er  the  intensity  of  the  portion  of  a  light  beam 
striking  a  spot  on  the  photoconductive  layer  7,  the 
greater  is  the  conductivity  of  that  spot  on  the 
photoconductive  layer. 

When  the  photoconductive  layer  78  on  a  seg- 
ment  of  the  film  strip  26  is  exposed  at  the  expo- 
sure  station  46  to  a  light  pattern  which  corresponds 
to  the  original  22,  the  photoconductive  layer  is 
rendered  electrically  conducting  in  areas  having  a 
configuration  which  corresponds  to  the  configura- 
tion  of  an  image  on  the  original  22.  The  lighter  an 
area  on  the  original,  the  greater  is  the  conductivity 
of  the  corresponding  area  on  the  segment  of  the 
film  strip.  Conversely,  the  darker  an  area  on  the 
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original  22  (Fig.  1A).  The  magnitude  of  the  charge 
at  any  point  on  the  charge  pattern  will  be  an 
inverse  function  of  the  ink  density  at  a  correspond- 
ing  point  on  the  original.  Although  the  exposing 

5  light  pattern  118  is  illustrated  schematically  in  Fig. 
3  as  originating  from  above  the  film  strip  26,  the 
exposing  light  pattern  actually  originates  from  be- 
low  the  film  strip  in  the  manner  shown  in  Fig.  1A. 

10  Developing  Station 

At  the  developing  station  48,  the  latent  inter- 
mediate  image  of  the  original  22  on  a  segment  of 
the  photoconductive  layer  78  is  made  visible  and 

75  permanent.  Thus,  positively  charged  toner  particle 
are  electrically  attracted  to  conducting  areas  on  a 
segment  of  the  photoconductive  layer  78  to  form  a 
visible  intermediate  image.  The  toner  particles  are 
fused  with  the  material  of  the  photoconductive  lay- 

20  er  78  to  make  the  visual  image  permanent. 
At  the  toner  substation  64  (Figs.  1A  and  4), 

positively  charged  toner  particles  are  transmitted 
from  a  toner  head  130  to  a  segment  of  the  pho- 
toconductive  layer  78  on  the  film  strip  26.  The 

25  toner  head  130  functions  as  a  positively  charged 
development  electrode  (Fig.  4)  .  An  electrostatic 
field  is  established  between  the  toner  head  130 
and  the  conducting  layer  76  at  areas  where  the 
photoconductive  layer  78  was  rendered  electrically 

30  conducting  by  exposure  to  the  light  pattern  118 
(Fig.  3). 

The  positively  charged  toner  particles  from  the 
toner  head  130  (Fig.  4)  are  electrically  attracted  to 
discharged  areas  of  a  segment  of  the  photocon- 

35  ductive  layer  78.  This  is  because  the  discharged 
areas  of  a  segment  of  the  photoconductive  layer  78 
are  adjacent  to  the  conducting  layer  76.  The  toner 
particles  are  repelled  by  the  positively  charged 
areas  of  a  segment  of  the  photoconductive  layer  78 

40  in  the  manner  indicated  schematically  in  Fig.  4. 
Thus,  the  toner  particles  adhere  to  a  segment  of 
the  film  strip  26  only  in  areas  where  light  impinged 
against  the  film  strip  at  the  exposure  station  46. 

The  density  with  which  the  toner  particles  are 
45  attracted  to  a  particular  area  in  a  segment  of  the 

film  strip  26  is  an  inverse  function  of  the  optical 
density  at  the  corresponding  area  of  the  original 
22.  This  is  because  different  levels  of  charge  will 
remain  on  the  photoconductive  layer  78  depending 

so  upon  the  intensity  of  the  light  to  which  the  pho- 
toconductive  layer  is  exposed.  The  different  charge 
levels  will  result  in  the  attraction  of  different 
amounts  of  toner  particles.  Thus,  lower  charged 
areas  will  attract  more  toner  particles  and  higher 

55  charged  areas  will  attract  less  toner  particles. 
The  discharged  areas  of  the  photoconductive 

layer  78  have  a  configuration  corresponding  to  the 
configuration  of  the  light  pattern  118  transmitted 

Although  the  corona  charger  82  has  been 
shown  in  Fig.  2  as  being  above  the  film  strip  26,  it 
should  be  understood  that  the  charging  unit  60  is 
disposed  below  the  film  strip  26  in  a  manner  illus- 
trated  in  Fig.  1A.  The  photoconductive  layer  78 
forms  the  lowermost  or  bottom  layer  of  the  film 
strip  26  and  the  base  or  supporting  layer  74  is  the 
upper  layer.  Although  the  charging  station  60  has 
been  illustrated  herein  as  being  after  the  exposure 
station  46,  the  charging  station  could  be  disposed 
before  the  exposure  station  if  desired. 

Exposure  Station 

At  the  exposure  station  46  (Fig.  1A),  a  latent 
intermediate  image  which  corresponds  to  and  is 
smaller  than  an  original  22  is  formed  on  a  segment 
of  the  downwardly  facing  photoconductive  layer  78 
of  the  film  strip  26.  To  accomplish  this,  the  film 
strip  26  is  held  flat  by  a  vacuum  head  1  00.  Lamps 
102  and  104  are  then  turned  on  by  the  computer 
controls  32  through  leads  106  and  180. 

The  computer  controls  32  then  effect  operation 
of  a  shutter  assembly  110  to  enable  light  to  be 
projected  through  a  lens  112  onto  a  segment  of  the 
film  strip  26.  To  enable  the  shutter  110  to  be 
actuated  by  the  computer  controls  32,  the  shutter 
is  connected  with  the  computer  controls  by  a  lead 
114.  Although  the  shutter  cycle  time  will  depend,  in 
part  at  least,  on  the  characteristics  of  a  film  strip 
26,  the  shutter  cycle  time  may  range  from  3  to  7.5 
seconds. 

When  a  light  beam  118  from  the  original  22 
strikes  the  photoconductive  layer  78,  in  the  manner 
indicated  schematically  in  Fig.  3,  the  light  beam 
causes  the  photoconductive  layer  to  become  elec- 
trically  conductive  to  an  extent  corresponding  to 
the  intensity  of  the  light  beam  where  the  light  beam 
strikes  the  photoconductive  layer.  The  areas  of  the 
photoconductive  layer  78  not  struck  by  the  expos- 
ing  light  118  remain  electrically  nonconducting.  In 
areas  where  the  photoconductive  layer  78  is  ren- 
dered  conducting  by  the  exposing  light  pattern 
from  the  original  22,  positive  charges  on  the  sur- 
face  of  the  photoconductive  layer  78  are  attracted 
to  the  ground  conducting  layer  76.  The  greater  the 
conductivity  of  a  specific  area  on  a  segment  of  the 
film  strip  26,  the  greater  is  the  extent  to  which  the 
positive  charges  on  the  surface  of  the  photocon- 
ductive  layer  78  are  attracted  to  the  grounded 
conducting  layer  76.  Negative  charges  on  the  con- 
ducting  layer  76  are  attracted  to  the  surface  of  the 
photoconductive  layer  78  in  the  manner  indicated 
schematically  in  Fig.  3. 

The  resulting  charge  pattern  on  the  photocon- 
ductive  layer  78  forms  a  latent  intermediate  image 
of  reduced  size  and  having  a  configuration  which 
corresponds  to  the  light  pattern  formed  by  the 
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to  be  operated  to  expose  a  large  number  of  origi- 
nals  22  at  the  exposure  station  46  while  the  trans- 
fer  station  50  remains  inactive.  Similarly,  the  ap- 
paratus  20  can  be  operated  to  transfer  a  large 

5  number  of  intermediate  images  from  the  film  strip 
26  to  photosensitive  material  24  while  the  exposure 
station  46  remains  inactive. 

Thus,  if  the  apparatus  20  is  operated  to  expose 
originals  22  while  the  transfer  station  50  remains 

10  inactive,  the  length  of  the  film  strip  26  at  the 
storage  station  70  increases.  If  the  apparatus  20  is 
then  operated  to  transfer  images  from  the  film  strip 
26  to  photosensitive  material  24  while  the  exposure 
station  46  remains  inactive,  the  length  of  the  film 

75  strip  at  the  storage  station  70  decreases.  If  the 
apparatus  is  operated  to  expose  originals  22  at  the 
exposure  station  46  at  substantially  the  same  rate 
as  the  transfer  of  images  to  photosensitive  material 
24  at  the  transfer  station  50,  the  length  of  the  film 

20  strip  at  the  storage  station  70  remains  substantially 
constant. 

The  computer  controls  32  regulate  the  opera- 
tion  of  stepper  motors  (not  shown)  for  film  drive 
sprockets  on  opposite  sides  of  the  storage  station 

25  70  to  control  the  feeding  of  the  film  strip  26  into 
and  out  of  the  storage  station.  Thus,  the  film  strip 
26  is  fed  into  the  storage  station  under  the  influ- 
ence  of  the  weight  of  the  festoon  rolls  and/or  a 
drive  sprocket  on  the  input  side  of  the  storage 

30  station.  When  the  film  strip  26  is  to  be  fed  out  of 
the  storage  station  70,  a  drive  sprocket  on  the  input 
side  of  the  storage  station  is  stationary  and  the  film 
strip  is  fed  out  of  the  storage  station  against  the 
weight  of  the  festoon  rolls  150  by  the  drive  sprock- 

35  et  on  the  output  side  of  the  storage  station. 

Transfer  Station 

At  the  transfer  station  50,  light  from  a  source 
40  156  (Fig.  1B)  is  projected  through  transparent  por- 

tions  of  the  film  strip  26  to  the  plate  24  of  pho- 
tosensitive  material.  The  light  activates  the 
photoresist  materials  on  the  printing  plate  24  to 
form  an  image  corresponding  to  the  original  22.  As 

45  was  previously  mentioned,  the  plate  24  of  pho- 
tosensitive  material  can  be  either  a  printing  plate, 
printed  circuit  board  or  other  article.  The  photosen- 
sitive  material  24  can  be  a  photopolymer  or  diazo 
compound  disposed  on  a  suitable  base.  A 

so  photochemical  reaction  is  initiated  when  the  sur- 
face  of  the  photopolymer  or  diazo  compound  is 
exposed  to  radiant  energy  of  a  magnitude  of  at 
least  500  ergs  per  square  centimeter. 

In  the  embodiment  of  the  invention  illustrated 
55  in  Fig.  1B,  the  high  intensity  source  156  of  light  is 

a  mercury  xenon  short  arc  lamp.  The  radiant  en- 
ergy  from  the  lamp  156  is  focused  into  a  conical 
beam  by  a  polished  reflector.  The  light  beam  is 

from  the  original  22.  Therefore,  the  opaque  toner 
particles  form  a  visible  pattern  which  corresponds 
to  the  original  22  when  the  toner  particles  adhere 
to  the  conducting  areas  of  the  photoconductive 
layer  78.  The  computer  controls  32  are  connected 
with  the  toner  substation  64  by  a  lead  134  to 
enable  the  controls  to  regulate  the  strength  of  the 
electrical  field  between  the  development  electrode 
130  and  the  film  strip  26.  In  addition,  the  computer 
controls  32  turn  the  toner  head  130  off  when  the 
film  strip  26  is  being  indexed  in  the  reverse  direc- 
tion  and/or  when  toner  is  not  to  be  applied  to  a 
segment  of  the  film  strip  at  the  toner  substation  64. 

At  the  fusing  substation  66  (Figs.  1B  and  5), 
toner  particles  136  are  fused  together  and  are 
fused  with  the  material  of  the  photoconductive  lay- 
er  78  in  the  manner  illustrated  schematically  in  Fig. 
5.  Thus,  an  infrared  lamp  138  at  the  fusing  station 
66  heats  the  toner  particles  to  melt  or  fuse  the 
toner  particles  together.  During  the  fusing  process, 
the  toner  particles  also  melt  slightly  into  and  fuse 
with  the  conductive  layer  78  in  the  manner  illus- 
trated  schematically  in  Fig.  5. 

As  the  film  strip  26  moves  into  the  fusing 
substation  66,  the  film  strip  enters  a  fusing  water 
tank  142  (Fig.  1B).  The  film  strip  26  is  then  ex- 
posed  to  the  infrared  lamp  138  by  opening  a  shut- 
ter  144.  Operation  of  the  shutter  144  is  controlled 
by  the  computer  controls  32  over  a  lead  148. 

When  the  shutter  144  is  opened,  the  heat  from 
the  infrared  lamp  138  fuses  the  particles  of  toner 
together.  In  addition,  the  heat  from  the  infrared 
lamp  fuses  the  particles  of  toner  with  the  material 
of  the  film  strip  26.  This  results  in  the  formation  of 
a  permanent  image  on  the  film  strip  26.  It  should 
be  understood  that  the  film  strip  26  is  transparent 
at  locations  where  the  opaque  toner  particles  136 
do  not  block  transmission  of  light  through  the  film 
strip.  Although  the  infrared  lamp  138  is  shown  in 
Fig.  5  as  exposing  an  upper  side  surface  of  the  film 
strip  26,  the  infrared  lamp  138  is  exposed  to  a 
lower  side  of  the  film  strip  when  it  is  in  a  vertical 
orientation  in  the  fusing  water  tank  142  (Fig.  1B). 

Storage  Station 

After  the  film  strip  26  leaves  the  fusing  substa- 
tion  66,  the  film  strip  is  indexed  to  the  temporary 
storage  station  70  (Fig.  1  B).  An  open  loop  of  the 
film  strip  26  engages  vertically  movable  festoon 
rolls  150  at  the  temporary  storage  station  70.  An 
output  from  one  of  a  plurality  of  festoon  roll  posi- 
tion  sensors  151  is  conducted  over  leads  152  to 
the  computer  controls  32.  This  provides  the  com- 
puter  controls  32  with  an  indication  of  the  length  of 
film  awaiting  advancement  to  the  transfer  station 
50. 

The  festoon  rolls  150  enable  the  apparatus  20 



EP  0  450  218  A1 16 15 

transmitted  from  the  polished  reflector  to  a  dichroic 
mirror  which  transmits  infrared  light  and  reflects  the 
desired  ultraviolet  light.  Thus,  although  the  lamp 
156  provides  both  ultraviolet  radiation  and  radiation 
of  a  wavelength  different  than  ultraviolet,  only  the 
ultraviolet  radiation  is  reflected  by  the  dichroic  mir- 
ror. 

The  ultraviolet  radiation  is  reflected  from  the 
mirror  through  a  shutter  assembly  164  to  a  lens 
systems  which  homogenizes  the  light  such  that  a 
nearly  uniform  plane  of  illumination  is  produced  at 
a  collector  lens  170.  Energization  of  the  light  sour- 
ces  156  and  operation  of  the  shutter  164  is  con- 
trolled  by  the  computer  controls  32  (Fig.  1  B).  Thus, 
the  light  source  156  is  connected  with  the  com- 
puter  controls  32  by  lead  172  and  the  shutter 
assembly  164  is  connected  with  the  computer  con- 
trol  by  lead  174. 

After  the  radiant  energy  leaves  the  homogeniz- 
ing  lens  system,  it  encounters  a  second  dichroic 
mirror  which  transmits  infrared  light  and  reflects 
ultraviolet  light  to  the  collecting  lens  170.  The  ul- 
traviolet  light  is  transmitted  from  the  collecting  lens 
170  through  transparent  areas  of  a  segment  of  the 
film  strip  26  to  an  imaging  lens  182.  The  ultraviolet 
light  from  the  imaging  lens  182  is  directed  onto  the 
plate  24  of  photosensitive  material. 

The  imaging  lens  182  projects  an  enlarged 
image  of  the  intermediate  image  on  a  segment  of 
the  film  strip  onto  the  photosensitive  material  24. 
Although  the  projected  image  on  the  photosensitive 
material  is  larger  than  the  intermediate  image  on 
the  film  strip  26,  the  projected  image  may  be  larger 
than,  the  same  size  as,  or  smaller  than  an  original 
22.  For  certain  purposes,  such  as  making  inte- 
grated  circuitry,  the  image  projected  onto  the  pho- 
tosensitive  material  may  be  smaller  than  the  inter- 
mediate  images  on  the  film  strip.  The  ultraviolet 
radiation  pattern  transmitted  from  the  film  strip  26 
through  the  imaging  lens  182  to  the  plate  24  of 
photosensitive  material  has  an  energy  level  of  at 
lest  500  ergs  per  square  centimeter  at  the  flat 
upper  surface  of  the  photosensitive  material  24. 
This  radiant  energy  causes  the  photosensitive  ma- 
terial  on  the  plate  to  undergo  a  photochemical 
reaction  and  form  an  image  of  the  original  22. 

The  photosensitive  layer  on  the  plate  24  is  a 
photopolymerizable  system  wherein  the  ultraviolet 
light  triggers  the  spontaneous  reaction  of  mon- 
omers  to  form  long  polymer  chains  with  a  cor- 
responding  change  in  many  physical  properties  of 
the  system.  The  basic  formulation  of  the  photosen- 
sitive  material  may  include  a  monomer,  polymeric 
thickener,  a  photoinitiator,  and  thermal  stabilizer. 
An  acrylate  or  methacrylate  may  be  used  as  a 
monomer.  A  sharp  and  high  quality  image,  cor- 
responding  to  the  image  on  the  original  22,  is 
formed  on  the  photosensitive  material  on  the  plate 

24. 
Rather  than  being  a  photopolymer,  the  pho- 

tosensitive  layer  on  the  plate  24  could  be  a  diazo 
compound.  The  unexposed  diazo  compound  is  ini- 

5  tially  insoluble  and  becomes  soluble  in  areas  ex- 
posed  to  ultraviolet  radiant  energy  at  a  level  of  at 
least  500  ergs  per  square  centimeter.  Therefore,  a 
positive  image  results  when  soluble  areas  are 
washed  away  by  developer. 

w  At  the  transfer  station  50,  the  film  strip  26 
moves  through  a  body  of  water  or  other  liquid 
(Figs.  3  and  4).  The  body  of  water  conducts  heat 
away  from  the  film  strip  26,  the  film  strip  is  cooled 
by  the  body  of  liquid.  This  prevents  excessive 

75  heating  and  distortion  of  the  film  strip. 
Although  the  foregoing  description  has  consid- 

ered  each  station  in  the  linear  array  30  of  stations 
separately,  it  should  be  understood  that  operations 
may  be  simultaneously  occurring,  on  different  seg- 

20  ments  of  the  film  strip  26,  at  each  of  the  stations. 
The  computer  controls  32  coordinate  operations  at 
all  of  the  stations  to  provide  the  resulting  high 
quality  image  on  the  plate  24.  When  the  plate  24  of 
photosensitive  materials  is  a  printing  plate,  the 

25  plate  is  subsequently  mounted  on  the  cylinder  of  a 
printing  press.  When  the  plate  24  of  photosensitive 
material  is  a  printed  circuit  board,  electrical  cir- 
cuitry  is  subsequently  connected  with  the  plate  in  a 
known  manner. 

30 
Control  Features 

In  accordance  with  one  aspect  of  the  present 
invention,  at  least  a  portion  of  an  intermediate 

35  image  formed  on  the  film  strip  26  is  inspected  at 
an  inspection  station  200.  The  inspection  station 
200  is  located  between  the  toner  substation  64  and 
fusing  substation  66.  Thus,  the  film  strip  26  is 
indexed  to  stop  each  intermediate  image  in  turn  at 

40  the  inspection  station  200  where  at  least  a  portion 
of  each  intermediate  image  is  inspected  to  deter- 
mine  if  an  actual  characteristic  of  the  intermediate 
image  is  the  same  as  or  different  than  a  desired 
characteristic  of  the  intermediate  image. 

45  If  an  actual  characteristic  of  an  intermediate 
image  being  inspected  at  the  inspection  station  200 
is  different  than  a  desired  characteristic  of  the 
intermediate  image,  a  control  function  is  imme- 
diately  undertaken  to  change  one  or  more  variables 

so  in  the  process  of  forming  intermediate  images  on 
the  film  strip  26.  Changing  one  or  more  variables  in 
the  process  of  forming  the  intermediate  images  on 
the  film  strip  26  may  either  directly  or  indirectly 
change  the  quantity  of  toner  particles  which  are 

55  electrostatically  attracted  to  each  segment  of  the 
film  strip  at  the  toner  substation  64.  The  variables 
which  may  be  changed  include:  the  magnitude  of 
the  voltage  potential  applied  at  the  charging  station 

10 
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inspection  area  is  only  partially  filled  and  contains 
70%  of  the  toner  particle  density  of  the  inspection 
area  206.  When  the  inspection  area  210  has  the 
desired  density,  it  has  only  30%  of  the  toner  par- 

5  tide  density  of  the  inspection  area  206.  Finally, 
when  the  inspection  area  212  has  the  desired  toner 
particle  density,  it  is  free  of  toner  particles,  that  is, 
it  has  a  0%  toner  particle  density. 

In  the  illustrated  embodiment  of  the  invention, 
w  the  series  204  of  inspection  areas  206,  208,  210 

and  212  correspond  to  areas  formed  on  an  original. 
Thus,  an  original  will  have  four  inspection  areas, 
each  of  which  corresponds  to  one  of  the  inspection 
areas  206-212  on  the  intermediate  image.  Since 

75  the  inspection  areas  on  the  original  are  subjected 
to  the  same  processing  as  the  main  image  on  the 
original,  defects  in  the  intermediate  main  image 
formed  on  the  film  strip  26  will  also  appear  at  the 
inspection  areas  206-212. 

20  The  toner  particle  density  at  the  inspection 
areas  206-212  is  a  negative  or  inverse  function  of 
the  optical  density  at  the  corresponding  inspection 
areas  on  the  original.  Thus,  the  fully  dense  inspec- 
tion  area  206  on  the  film  strip  26  corresponds  to  an 

25  empty  inspection  area,  that  is  an  inspection  area 
which  is  free  of  ink,  on  the  original  22.  The  inspec- 
tion  area  208  on  the  film  strip  26  corresponds  to  an 
inspection  area  on  the  original  22  which  has  a  30% 
optical  density.  Similarly,  the  inspection  area  210 

30  on  the  film  strip  26  corresponds  to  an  inspection 
area  on  the  original  22  which  has  a  70%  optical 
density.  Finally,  the  inspection  area  212  on  the  film 
strip  26  corresponds  to  an  inspection  area  on  the 
original  22  which  is  completely  dense  or  has  a 

35  1  00%  optical  density. 
The  densitometers  216-222  sense  the  test 

areas  206-212  on  the  film  strip  26.  Thus,  each 
segment  of  the  film  strip  26  in  turn  is  stopped  at 
the  inspection  station  200  with  the  inspection  areas 

40  206-212  disposed  directly  beneath  the  densitom- 
eters  216-222.  The  densitometers  216-222  then 
sense  the  optical  density  at  the  inspection  areas 
206-212  and  provide  an  output  which  corresponds 
to  the  actual  toner  particle  density.  The  manner  in 

45  which  the  densitometers  216-222  cooperate  with 
the  inspection  areas  206-212  is  known  and  may  be 
similar  to  that  disclosed  in  U.S.  Patent  No. 
3,756,725. 

The  output  from  the  densitometers  216-222  is 
so  transmitted  to  the  computer  controls  32.  The  output 

from  each  of  the  densitometers  corresponds  to  and 
is  indicative  of  the  actual  toner  particle  density  of  a 
corresponding  inspection  area  on  the  film  strip  26. 
Thus,  the  output  from  the  densitometer  216  over 

55  the  lead  224  corresponds  to  the  actual  toner  par- 
ticle  density  at  the  inspection  area  206.  Similarly, 
the  output  from  the  densitometer  21  8  over  the  lead 
226  corresponds  to  the  actual  toner  particle  density 

60,  the  speed  of  movement  of  the  film  strip  26 
through  the  charging  station,  the  toner  bias  voltage 
at  the  toner  substation  64,  the  shutter  speed  at  the 
exposure  station  46,  the  intensity  of  the  light  at  the 
exposure  station  46,  the  quantity  of  toner  particles 
in  the  toner  solution  at  the  toner  substation  64, 
and/or  other  variables. 

After  an  intermediate  image  has  been  inspect- 
ed  and  a  variable  in  the  process  of  forming  inter- 
mediate  images  changed,  a  next  subsequent  inter- 
mediate  image  is  formed  and  inspected  to  deter- 
mine  if  the  intermediate  images  are  being  formed 
with  the  desired  quality.  If  inspection  of  any  one  of 
the  series  of  intermediate  images  formed  on  the 
film  strip  26  indicates  that  a  characteristic  of  the 
intermediate  images  is  not  up  to  the  desired  qual- 
ity,  one  or  more  variables  in  the  process  of  forming 
the  intermediate  images  is  changed.  This  process 
of  inspecting  the  intermediate  images  and,  if  nec- 
essary,  changing  variables  in  the  process  of  for- 
ming  the  images,  is  repeated  throughout  the  pro- 
cess  of  transferring  images  from  the  originals  22  to 
the  film  strip  20.  Therefore,  the  quality  of  the 
intermediate  images  formed  on  the  film  strip  26  is 
continuously  monitored  during  the  exposure  of 
originals  to  the  film  strip  and  the  forming  of  the 
intermediate  images. 

Although  many  different  characteristics  of  an 
intermediate  image  may  be  sensed  by  inspecting 
the  image,  it  is  preferred  to  determine  whether  or 
not  areas  of  known  desired  toner  particle  density 
actually  have  the  desired  density.  Thus,  a  series 
204  (Fig.  6)  of  inspection  areas  206,  208,  210  and 
212  of  known  desired  toner  particle  density  are 
scanned  by  a  series  214  of  densitometers  216, 
218,  220  and  222  located  at  the  inspection  station 
200  (Fig.  6).  Output  signals  are  conducted  from  the 
densitometers  216-222  over  leads  224,  226,  228 
and  230  to  the  computer  controls  32.  The  com- 
puter  controls  32  determine  whether  or  not  the 
actual  density  sensed  by  a  densitometer  is  equal 
to,  less  than,  or  greater  than  the  desired  actual 
density  of  an  inspection  area.  If  the  computer  con- 
trols  32  determine  that  the  actual  density  of  an 
inspection  area  206,  208,  210  or  212  differs  from  a 
desired  density,  a  control  function  is  undertaken  to 
change  at  least  one  variable  in  the  step  of  forming 
intermediate  images  on  the  film  strip  26  in  order  to 
make  the  actual  toner  particle  density  for  subse- 
quent  intermediate  images  equal  to  the  desired 
toner  particle  density. 

The  inspection  areas  206-212  have  different 
desired  toner  particle  densities.  Thus,  when  an 
inspection  area  206  has  the  desired  toner  particle 
density,  the  inspection  area  is  completely  filled  with 
toner  particles,  that  is,  the  inspection  area  has  a 
100%  toner  particle  density.  When  the  inspection 
area  208  has  the  desired  toner  particle  density,  the 

11 
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tion,  that  is  in  a  direction  opposite  to  the  arrow  36, 
through  the  charging  station  60  to  the  exposure 
station  46.  As  the  film  strip  segment  26a  moves 
from  the  intermediate  station  58  through  the  charg- 

5  ing  station  60,  the  corona  wire  84  and  control  grid 
86  cooperate  to  apply  a  uniform  charge  to  the 
segment  26a  of  the  film  strip.  As  the  segment  26a 
of  the  film  strip  26  is  being  moved  to  the  exposure 
station  46,  a  next  succeeding  segment  26b  of  the 

w  film  strip  is  moved  from  the  exposure  station  back 
toward  the  supply  reel  28. 

After  being  moved  to  the  exposure  station  46, 
the  charged  segment  26a  of  the  film  strip  26  is 
exposed  to  an  original  22  to  form  a  latent  image  on 

75  the  film  strip.  The  original  22  includes  inspection  or 
test  areas  corresponding  to  the  inspection  areas 
204  of  Fig.  6.  Therefore,  a  latent  image  of  these 
inspection  areas  is  formed  on  the  segment  26a  of 
the  film  strip  at  the  exposure  station  46. 

20  When  the  charged  segment  26a  of  the  film 
strip  26  is  exposed  to  the  original  22,  including  the 
inspection  areas,  the  photoconductive  layer  78  on 
the  segment  of  the  film  strip  is  at  least  partially 
discharged  to  form  a  latent  image.  The  magnitude 

25  of  the  charge  at  any  point  on  the  latent  image  will 
be  a  direct  function  of  the  optical  density  of  the 
corresponding  point  on  the  original.  Thus,  the 
greater  the  optical  density  of  an  area  on  the  origi- 
nal  22,  the  greater  will  be  the  charge  remaining  in 

30  the  corresponding  area  on  the  segment  26A  of  the 
film  strip. 

The  inspection  area  on  the  original  22  which 
corresponds  to  the  fully  dense  inspection  area  206 
(Fig.  6)  on  the  segment  26a  of  the  film  strip  will 

35  have  a  very  low  or  zero  optical  density.  This  will 
result  in  the  light  which  is  reflected  from  this  area 
having  a  relatively  high  intensity.  Therefore,  the 
inspection  area  206  on  the  segment  26a  of  the  film 
strip  26  being  exposed  is  almost  completely  dis- 

40  charged.  Conversely,  the  inspection  area  on  the 
original  which  corresponds  to  the  inspection  area 
212  on  the  film  strip  26  will  have  a  very  high 
optical  density.  The  very  high  optical  density  of  the 
inspection  area  on  the  original  will  result  in  the 

45  intensity  of  the  light  which  is  reflected  to  the  in- 
spection  area  212  on  the  segment  of  the  film  strip 
being  of  a  relatively  low  intensity.  This  will  result  in 
most,  if  not  all,  of  the  charge  being  maintained  on 
the  film  strip  segment  26a  in  the  inspection  area 

50  212. 
After  the  segment  26a  of  the  film  strip  has 

been  exposed  to  an  original  22  at  the  exposure 
station  46,  the  film  strip  26  is  moved  in  a  forward 
direction,  that  is  in  the  direction  of  the  arrow  36. 

55  This  forward  movement  continues  until  the  exposed 
segment  26a  has  been  moved  through  the  charg- 
ing  station  60,  intermediate  station  58  and  toner 
substation  64  to  the  inspection  station  200.  As  the 

at  the  inspection  area  208.  The  output  from  the 
densitometer  220  over  the  lead  228  corresponds  to 
the  actual  toner  particle  density  at  the  inspection 
area  210.  The  output  from  the  densitometer  222 
corresponds  to  the  actual  toner  particle  density  at 
the  inspection  area  21  2. 

The  computer  controls  32  compare  the  toner 
particle  densities  sensed  by  the  densitometers 
216-222  with  the  desired  toner  particle  densities. 
The  computer  controls  32  then  determine  if  the 
actual  toner  particle  density  is  equal  to,  greater 
than,  or  less  than  the  desired  toner  particle  density 
at  each  of  the  inspection  areas  206-212.  This  may 
be  accomplished  in  many  known  ways,  including  in 
a  manner  similar  to  that  disclosed  in  U.S.  Patent 
No.  3,835,777. 

If  the  output  from  the  densitometers  216-222 
corresponds  to  the  desired  toner  particle  density  at 
the  inspection  areas  206-212,  the  computer  con- 
trols  32  do  not  initiate  a  control  function.  However, 
if  the  output  from  the  densitometers  216-222  cor- 
respond  to  a  toner  particle  density  which  is  less 
than  a  desired  density,  the  computer  controls  32 
initiate  a  control  function  to  increase  the  toner 
particle  density.  Similarly,  if  the  output  from  the 
densitometers  21  6-222  indicates  that  the  toner  par- 
ticle  density  at  the  inspection  areas  206-212  is 
greater  than  the  desired  toner  particle  density,  a 
control  function  is  initiated  to  decrease  the  toner 
particle  density. 

Each  segment  of  the  film  strip  26  in  turn  is 
inspected  by  the  densitometers  214  at  the  inspec- 
tion  station  200.  After  the  inspection  areas  206-212 
on  one  segment  of  the  film  strip  26  have  been 
inspected  at  the  inspection  area  200,  if  it  is  neces- 
sary  to  undertake  a  control  function  to  change  the 
toner  particle  density,  the  control  function  is  com- 
pleted  before  a  charge  is  applied  to  a  next  suc- 
ceeding  segment  of  the  film  strip  at  the  charging 
station  60. 

If  the  output  from  the  densitometers  214  in- 
dicates  that  the  toner  particle  density  should  be 
increased  or  decreased,  a  control  function  is  under- 
taken  to  change  the  toner  particle  density  before  a 
charge  is  applied  to  a  film  strip  segment  which  is 
located  next  adjacent  to  the  film  strip  segment 
being  inspected  at  the  inspection  station  200.  The 
segment  of  the  film  strip  which  next  succeeds  the 
segment  of  the  film  strip  at  the  inspection  station 
200,  is  moved  through  the  charging  station  60  to 
the  exposure  station  46  after  completion  of  any 
control  functions  which  are  to  be  undertaken. 
Therefore,  the  quality  of  the  next  intermediate  im- 
age  to  be  formed  on  the  film  strip  is  enhanced. 

When  an  intermediate  image  is  to  be  formed 
on  a  segment  26a  of  the  film  strip  26,  that  segment 
of  the  film  strip  is  moved  from  an  intermediate 
station  58  (Fig.  1A)  in  a  reverse  or  backward  direc- 
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A  next  succeeding  or  second  segment  26b  of 
the  film  strip  26  is  not  charged  at  the  charging 
station  64  and  exposed  at  the  exposure  station  46 
until  after  completion  of  any  corrective  action  which 

5  is  determined  to  be  necessary  as  a  result  of  in- 
specting  the  preceding  film  segment  26a  at  the 
inspection  station  200.  Thus,  while  a  first  segment 
26a  of  the  film  strip  26  is  being  inspected  at  the 
inspection  station  200,  the  next  succeeding  or  sec- 

w  ond  segment  26b  of  the  film  strip  is  stationary  at 
the  intermediate  station  58.  There  are  no  segments 
of  the  film  strip  26  between  the  first  segment  26a 
at  the  inspection  station  200  and  the  second  seg- 
ment  26b  at  the  intermediate  station  58.  At  this 

75  time,  the  second  segment  26b  of  the  film  strip,  at 
the  intermediate  station  58,  is  in  an  unprocessed 
condition  which  is  the  same  as  when  it  came  off 
the  supply  reel  28.  Thus,  the  segment  26b  of  the 
film  strip  26  has  not  been  charged. 

20  After  a  first  or  leading  segment  26a  of  a  film 
strip  26  has  been  inspected  at  the  inspection  sta- 
tion  200  and  any  necessary  control  functions  to 
change  one  or  more  variables  in  the  forming  of  the 
intermediate  images  have  been  made,  the  next 

25  succeeding  or  second  segment  26b  of  the  film  strip 
is  moved  from  the  intermediate  station  58,  through 
the  charging  station  60,  to  the  exposure  station  46. 
As  the  second  segment  26b  of  the  film  strip  26 
moves  from  the  intermediate  station  58  through  the 

30  charging  station  60,  a  uniform  charge  is  applied 
across  the  surface  of  the  second  segment  26b  of 
the  film  strip.  The  leftward  (as  viewed  in  Fig.  1A) 
movement  of  the  second  segment  26b  of  the  film 
strip  26  is  stopped  when  this  segment  is  at  the 

35  exposure  station  46. 
During  movement  of  the  next  succeeding  or 

second  segment  26b  of  the  film  strip  from  the 
intermediate  station  58  to  the  exposure  station  46, 
the  preceding  or  first  segment  26a  of  the  film  strip 

40  moves  from  the  inspection  station  200  to  the  inter- 
mediate  station.  Immediately  before  the  first  seg- 
ment  26a  moves  through  the  toner  substation  64, 
the  computer  controls  32  actuate  the  valve  236  to 
direct  a  flow  of  toner  solution  from  the  pump  238 

45  back  to  the  reservoir  240.  In  addition,  the  computer 
controls  32  turn  off  the  biasing  voltage  to  the  toner 
head  grid.  Therefore,  additional  toner  particles  are 
not  attracted  to  the  first  segment  26a  of  the  film 
strip  as  it  moves  from  the  inspection  station  200 

so  through  the  toner  substation  64  to  the  intermediate 
station  58. 

After  exposure  of  the  next  succeeding  or  sec- 
ond  segment  26b  of  the  film  strip  at  the  exposure 
station  46  has  been  completed,  the  film  strip  is 

55  advanced,  that  is  moved  toward  the  right  (as  view- 
ed  in  Fig.  1A).  This  moves  the  first  segment  26a  of 
the  film  strip  from  the  intermediate  station  58 
through  the  toner  substation  64.  As  this  occurs,  the 

exposed  segment  26a  of  the  film  strip  moves 
through  the  charging  station  60,  the  charger  82  is 
inactive  and  does  not  alter  the  charge  on  the 
exposed  segment  of  the  film  strip.  Therefore,  after 
the  exposed  segment  26a  of  the  film  strip  has 
moved  through  the  charging  station  60,  the  charge 
on  the  exposed  segment  of  the  film  strip  will  be  the 
same  as  when  the  exposed  segment  of  the  film 
strip  left  the  exposure  station  46. 

Immediately  before  the  exposed  segment  26a 
of  the  film  strip  26  moves  through  the  toner  substa- 
tion  64,  a  three-way  valve  236  is  actuated  to  enable 
a  pump  238  to  move  toner  solution  from  a  reservoir 
240  to  the  toner  head  130.  Positively  charged  toner 
particles  are  attracted  from  the  toner  head  130  to 
discharged  areas  of  the  exposed  segment  26a  of 
the  film  strip  26  as  it  moves  through  the  toner 
substation  64.  Since  the  inspection  area  206  will 
have  been  almost  completely  discharged  as  a  re- 
sult  of  the  relatively  intense  light  beam  being  re- 
flected  from  a  corresponding  inspection  area  which 
is  free  of  ink  or  other  material  on  the  original  22,  a 
large  number  of  toner  particles  will  be  attracted  to 
the  inspection  area  206  to  almost  completely  fill 
the  inspection  area  in  the  manner  indicated  sche- 
matically  in  Fig.  6.  Similarly,  the  charge  on  the 
inspection  area  212  of  the  exposed  segment  26a 
will  remain  intact  since  very  little  or  no  light  will 
have  been  reflected  from  the  optically  dark  or 
dense  corresponding  inspection  area  on  the  origi- 
nal  22.  Therefore,  no  toner  particles  will  be  at- 
tracted  to  the  test  area  212. 

When  the  exposed  segment  26a  of  the  film 
strip  26  reaches  the  inspection  station  200,  forward 
movement  of  the  film  strip  stops.  The  densitom- 
eters  216-222  detect  the  toner  particle  density  at 
the  stationary  test  areas  206-212  and  transmit  cor- 
responding  signals  over  the  leads  224-230  to  the 
computer  controls  32.  If  the  computer  controls  32 
determine  that  the  actual  toner  particle  density 
corresponds  to  a  desired  toner  particle  density,  no 
corrective  action  is  undertaken.  However,  if  the 
actual  toner  particle  density  differs  from  the  de- 
sired  toner  particle  density,  corrective  action  is 
undertaken. 

The  magnitude  of  the  charge  applied  to  the 
film  strip  at  the  charging  station  60  is  increased  if 
the  actual  toner  particle  density  on  the  film  strip 
segment  26a  is  less  than  the  desired  toner  particle 
density.  Similarly,  the  magnitude  of  the  charge 
applied  to  the  film  strip  26  at  the  charging  station 
60  is  reduced  if  the  toner  particle  density  on  the 
film  strip  segment  26a  is  greater  than  the  desired 
density.  In  addition,  the  biasing  voltage  applied  by 
the  grid  134  to  the  toner  particles  at  the  toner 
substation  64  may  be  either  increased  or  de- 
creased  to  vary  the  toner  particle  density  on  a 
segment  of  the  film  strip. 
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static  charge  on  the  segment  of  the  film  strip  is 
discharged.  Similarly,  decreasing  the  intensity  of 
the  light  from  the  lamps  102  and  104  decreases 
the  extent  to  which  the  charge  on  the  segment  of 

5  the  film  strip  is  discharged.  A  light  meter  246  is 
connected  with  the  computer  controls  32  by  a  lead 
248  to  provide  an  indication  of  the  intensity  of  the 
light  reflected  from  the  original  22  to  the  segment 
of  the  film  strip  26. 

w  The  amount  of  toner  particles  in  the  toner 
solution  conducted  from  the  pump  238  (Fig.  1A)  to 
the  toner  head  130  also  effects  the  density  with 
which  toner  particles  are  attracted  to  a  segment  of 
the  film  strip  26.  Thus,  if  the  amount  of  toner 

75  particles  in  the  toner  solution  is  below  normal,  the 
density  of  the  toner  particles  in  the  segment  of  the 
film  strip  will  be  less  than  normal.  Therefore,  it  is 
necessary  to  maintain  a  predetermined  minimum 
amount  of  toner  particles  in  the  toner  particle  solu- 

20  tion. 
In  order  to  provide  an  indication  of  a  reduction 

in  the  amount  of  toner  particles  in  the  toner  particle 
solution,  the  toner  particle  solution  is  conducted 
through  a  transparent  section  252  of  conduit  as  the 

25  toner  particle  solution  flows  from  the  pump  238  to 
the  valve  236.  A  light  source  254  (Fig.  7)  on  one 
side  of  the  transparent  conduit  section  252  directs 
light  through  the  toner  particle  solution  to  a 
photocell  256.  The  output  from  the  photocell  256  is 

30  conducted  over  a  lead  258  to  the  computer  con- 
trols  32. 

After  the  toner  solution  has  been  used  for  a 
period  of  time,  the  amount  of  toner  particles  in  the 
solution  will  be  reduced.  This  will  result  in  an 

35  increase  in  the  intensity  of  the  light  received  by  the 
photocell  256.  When  the  amount  of  toner  particles 
in  the  toner  solution  has  been  reduced  below  a 
predetermined  minimum,  the  output  signal  con- 
ducted  from  the  photocell  256  over  the  lead  258  to 

40  the  computer  controls  32  will  cause  the  computer 
controls  to  provide  an  output  indicating  that  it  is 
necessary  to  increase  the  concentration  of  toner 
particles  in  the  solution.  Once  this  has  been  done, 
the  toner  particles  will  again  impede  the  transmis- 

45  sion  of  light  between  the  source  254  and  photocell 
256  as  the  toner  solution  passes  through  the  trans- 
parent  section  252  of  conduit. 

When  a  segment  of  the  film  strip  26  is  at  the 
transfer  station  50  and  light  is  to  be  transmitted 

so  through  the  segment  of  the  film  strip  to  the  printing 
plate  24,  it  is  necessary  to  have  the  segment  of  the 
film  strip  in  the  same  position  relative  to  the  print- 
ing  plate  24  as  the  segment  had  relative  to  the 
original  22  when  the  segment  was  exposed  at  the 

55  exposure  station  46.  In  order  to  be  certain  that  the 
position  of  a  segment  of  the  film  strip  relative  to 
the  printing  plate  24  at  the  transfer  station  50  is  the 
same  as  the  position  of  the  segment  of  the  film 

toner  substation  remains  deactivated.  In  addition, 
the  second  segment  26b  of  the  film  strip  moves 
from  the  exposure  station  through  the  charging 
station  60.  As  this  occurs,  the  charging  station  is 
also  deactivated  so  that  the  charge  on  the  second 
segment  of  the  film  strip  remains  constant. 

After  the  first  segment  26a  of  the  film  strip  has 
moved  back  to  the  inspection  station  200  and  the 
next  succeeding  or  second  segment  26b  of  the  film 
strip  has  moved  from  the  exposure  station  46  back 
to  the  intermediate  station  58,  the  three-way  valve 
236  is  again  actuated  to  direct  toner  solution  to  the 
toner  head  130  and  the  toner  biasing  voltage  is 
established.  Therefore,  as  the  second  segment  26b 
of  the  film  strip  moves  from  the  intermediate  sta- 
tion  58  to  the  inspection  station  200,  toner  particles 
are  attracted  to  the  second  segment  of  the  film 
strip.  As  this  is  occurring,  the  segment  26a  of  the 
film  strip  is  being  moved  through  the  fusing  substa- 
tion  66. 

In  the  foregoing  description,  if  inspection  of  a 
segment  of  the  film  strip  results  in  a  determination 
that  the  process  of  forming  intermediate  images 
needs  to  be  changed,  the  charge  applied  to  the 
next  segment  of  the  film  strip  at  the  charging 
station  60  is  adjusted.  However,  it  is  contemplated 
that  one  or  more  other  variables  in  the  process  of 
forming  intermediate  images  on  segments  of  the 
film  strip  could  be  changed  if  desired.  For  exam- 
ple,  the  speed  of  movement  of  a  segment  of  the 
film  strip  through  the  charging  station  60  could  be 
increased  to  effect  a  reduction  in  the  magnitude  of 
the  charge  applied  to  a  segment  of  the  film  strip  or 
decreased  to  effect  an  increase  in  the  magnitude  of 
the  charge  applied  to  a  segment  of  the  film  strip. 
The  toner  bias  voltage  which  charges  toner  par- 
ticles  can  be  either  increased  to  increase  the  toner 
particle  density  on  a  segment  of  the  film  strip  or 
decreased  to  decrease  the  toner  particle  density. 

If  desired,  the  speed  of  operation  of  the  shutter 
110  at  the  exposure  station  46  could  be  changed  to 
effect  a  change  in  toner  particle  density  on  seg- 
ments  of  the  film  strip  26  subsequently  exposed  to 
originals  22.  Thus,  if  the  toner  particle  density  was 
to  be  decreased,  the  shutter  speed  would  be  in- 
creased.  Similarly,  if  the  toner  particle  density  was 
to  be  increased,  the  shutter  speed  would  be  de- 
creased. 

By  changing  the  amount  of  light  reflected  from 
the  original  22  through  the  shutter  110  to  a  seg- 
ment  of  the  film  strip  26,  a  change  is  made  in  the 
extent  to  which  the  charge  on  a  segment  of  the  film 
strip  is  discharged.  Thus,  increasing  the  intensity  of 
the  light  from  the  lamps  102  and  104  will  increase 
the  amount  of  light  reflected  from  the  original  22 
onto  a  segment  of  the  film  strip  26.  Increasing  the 
intensity  of  the  light  to  which  the  film  strip  is 
exposed  increases  the  extent  to  which  the  electro- 
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formed  on  the  plate  24  of  photosensitive  material. 
At  any  given  time,  a  large  number  of  exposed 

segments  of  the  film  strip  26  may  be  located  at  the 
storage  station  70.  In  addition,  a  substantial  number 

5  of  exposed  segments  of  the  film  strip  may  be 
disposed  on  the  storage  roll  31  .  In  order  to  enable 
a  particular  segment  of  a  film  strip  to  be  identified, 
the  intermediate  image  on  each  of  the  segments  of 
the  film  strip  includes  a  code  which  identifies  the 

w  subject  matter  of  the  intermediate  image.  Although 
many  different  types  of  codes  could  be  used  if 
desired,  a  bar  code  may  advantageously  be  used. 
A  bar  code  reader  274  is  provided  at  the  transfer 
station  50  to  read  the  code  on  an  intermediate 

75  image  before  the  intermediate  image  is  moved  to 
the  lens  170.  The  reader  274  is  connected  with  the 
computer  controls  32  by  a  lead  276. 

strip  relative  to  the  original  22  at  the  exposure 
station  46,  a  marker  262  at  the  exposure  station 
(Fig.  1A)  forms  index  indicia  on  the  segment  of  the 
film  strip.  When  a  segment  of  the  film  strip  has 
been  moved  to  the  exposure  station  46  and  aligned 
with  an  original  22,  the  computer  32  activates  the 
marker  262  over  a  lead  264  to  cause  the  marker 
262  to  form  index  indicia  on  the  film  strip  in  a 
predetermined  location  relative  to  the  segment  of 
the  film  strip  to  be  exposed  to  the  original. 

When  the  segment  of  the  film  strip  has  been 
moved  to  the  transfer  station  50  and  before  the  film 
strip  moves  into  the  position  in  which  ultraviolet 
light  is  projected  through  the  film  strip  onto  a 
printing  plate,  a  sensor  268  detects  the  presence  of 
the  index  indicia  formed  by  the  marker  262.  When 
the  sensor  268  detects  the  index  indicia,  a  signal  is 
sent  over  a  lead  270  to  the  computer  controls  32  to 
indicate  that  the  next  segment  of  the  film  strip  is  in 
a  predetermined  position  relative  to  the  transfer 
station  50.  The  computer  controls  32  then  effect 
operation  of  the  film  strip  drive  motors  to  move  the 
film  strip  through  a  predetermined  distance  to  ac- 
curately  align  the  next  segment  of  the  film  strip 
with  the  lens  170  at  the  transfer  station  50.  Al- 
though  the  sensor  268  could  have  many  different 
constructions,  it  may  be  constructed  in  the  manner 
disclosed  in  U.S.  Patent  No.  3,604,941  . 

Although  it  is  preferred  to  use  the  marker  262 
to  form  index  indicia  on  the  film  strip  adjacent  to 
each  segment  of  the  film  strip,  one  or  more  of  the 
inspection  areas  206-212  could  be  used  as  the 
index  indicia.  Thus,  the  fully  dense  inspection  area 
206  is  located  in  a  predetermined  position  relative 
to  a  segment  of  the  film  strip.  Therefore,  the  sensor 
268  could  be  used  to  detect  the  presence  of  the 
inspection  area  206.  This  would  result  in  the  in- 
spection  area  206  being  used  for  two  different 
purposes,  that  is,  as  an  indicator  of  toner  particle 
density  in  a  segment  of  the  film  strip  and  as  an 
indicator  of  the  position  of  the  same  segment  of 
the  film  strip. 

When  a  segment  of  the  film  strip  26  is  at  the 
transfer  station  50,  ultraviolet  radiation  is  transmit- 
ted  through  a  segment  of  the  film  strip  to  the  plate 
24  of  photosensitive  material.  This  results  in  the 
projecting  of  the  intermediate  image  on  the  seg- 
ment  of  the  film  strip  onto  the  photosensitive  ma- 
terial,  the  inspection  areas  206-212  are  positioned 
so  that  ultraviolet  radiation  is  not  transmitted 
through  the  inspection  areas.  This  results  in  the 
image  which  is  formed  on  the  photosensitive  ma- 
terial  24  being  free  of  areas  corresponding  to  the 
inspection  areas  206-212.  However,  if  desired,  the 
inspection  areas  206-212  on  a  segment  of  the  film 
strip  could  be  positioned  in  locations  such  that 
ultraviolet  radiation  is  transmitted  through  the  in- 
spection  areas.  Corresponding  areas  are  then 

Conclusion 
20 

The  present  invention  provides  a  new  and  im- 
proved  method  for  controlling  the  transfer  of  an 
image  in  such  a  manner  as  to  minimize  any  differ- 
ences  between  the  transferred  image  and  the  origi- 

25  nal.  In  transferring  the  image,  a  series  of  intermedi- 
ate  images  corresponding  to  originals  22  are 
formed  on  a  carrier  26.  At  least  a  portion  206-212 
of  an  intermediate  image  is  inspected  to  determine 
if  an  actual  characteristic  of  the  intermediate  image 

30  corresponds  to  a  desired  characteristic  of  the  inter- 
mediate  image.  If  the  actual  characteristic  of  the 
intermediate  image  is  different  than  the  desired 
characteristic,  a  change  is  made  in  a  variable  in  the 
process  of  forming  the  intermediate  images. 

35  In  one  specific  instance,  the  intermediate  im- 
age  is  inspected  to  determine  whether  or  not  the 
actual  density  of  an  area  206-212  of  known  desired 
density  of  the  intermediate  image  is  the  same  as 
the  desired  density.  If  the  density  of  the  area  of 

40  known  desired  density  is  different  than  the  desired 
density,  a  control  function  is  undertaken.  This  con- 
trol  function  is  advantageously  undertaken  before 
the  next  succeeding  intermediate  image  is  formed. 
When  electrophotographic  methods  are  used  to 

45  form  the  intermediate  image,  the  control  function 
which  is  undertaken  may  include  changing  the 
quantity  of  toner  particles  which  are  electrostati- 
cally  attracted  to  the  carrier  26  by  changing  either 
the  electrostatic  charge  applied  to  the  carrier  at  the 

so  charging  station  60,  a  toner  bias  voltage  at  a  toner 
substation  64,  shutter  speed  at  an  exposure  station 
46,  and/or  the  intensity  of  light  to  which  originals  22 
are  exposed  at  the  exposure  station. 

55  Claims 

1.  A  method  comprising  the  steps  of  sequentially 
exposing  a  carrier  to  a  series  of  originals, 
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sequentially  forming  on  the  carrier  a  series  of 
intermediate  images  corresponding  to  the 
originals,  transmitting  radiation  through  the  in- 
termediate  images  to  form  projected  images 
which  correspond  to  the  originals,  inspecting  at 
least  a  portion  of  at  least  one  of  the  intermedi- 
ate  images  to  determine  if  an  actual  char- 
acteristic  of  the  one  intermediate  image  cor- 
responds  to  a  desired  characteristic,  and  prior 
to  completion  of  said  step  of  forming  a  series 
of  intermediate  images,  changing  at  least  one 
variable  in  said  step  of  sequentially  forming 
intermediate  images  if  the  actual  characteristic 
of  the  one  intermediate  image  is  different  than 
the  desired  characteristic. 

2.  A  method  as  set  forth  in  claim  1  wherein  said 
step  of  sequentially  forming  a  series  of  inter- 
mediate  images  includes  forming  the  one  inter- 
mediate  image  with  an  area  of  known  desired 
density,  said  step  of  inspecting  the  one  inter- 
mediate  image  includes  determining  whether 
or  not  the  actual  density  in  the  area  of  known 
desired  density  of  the  one  intermediate  image 
is  the  same  as  the  desired  density,  said  step 
of  changing  at  least  one  variable  in  said  step 
of  sequentially  forming  intermediate  images 
being  performed  if  the  density  in  the  area  of  a 
known  desired  density  of  the  one  intermediate 
image  is  different  than  the  desired  density. 

3.  A  method  as  set  forth  in  claim  1  wherein  said 
step  of  sequentially  forming  a  series  of  inter- 
mediate  images  on  the  carrier  includes  elec- 
trostatically  attracting  particles  to  the  carrier, 
said  step  of  changing  at  least  one  variable  in 
said  step  of  sequentially  forming  intermediate 
images  includes  changing  a  variable  which  re- 
sults  in  a  change  in  the  quantity  of  particles 
which  are  electrostatically  attracted  to  the  car- 
rier. 

4.  A  method  as  set  forth  in  claim  1  wherein  said 
step  of  sequentially  forming  a  series  of  inter- 
mediate  images  includes  applying  an  electro- 
static  charge  to  the  carrier,  said  step  of  chang- 
ing  at  least  one  variable  in  said  step  of  se- 
quentially  forming  intermediate  images  in- 
cludes  changing  the  magnitude  of  the  electro- 
static  charge  applied  to  the  carrier. 

5.  A  method  as  set  forth  in  claim  i  wherein  said 
step  of  sequentially  forming  a  series  of  inter- 
mediate  images  includes  moving  the  carrier 
through  a  charging  station  and  applying  an 
electrostatic  charge  to  the  carrier  as  it  moves 
through  the  charging  station,  said  step  of 
changing  at  least  one  variable  in  said  step  of 

sequentially  forming  intermediate  images  in- 
cludes  changing  the  speed  of  movement  of  the 
carrier  through  the  charging  station. 

5  6.  A  method  as  set  forth  in  claim  1  wherein  said 
step  of  sequentially  forming  a  series  of  inter- 
mediate  images  includes  establishing  a  voltage 
potential  between  portions  of  the  carrier,  said 
step  of  changing  at  least  one  variable  in  said 

w  step  of  sequentially  forming  intermediate  im- 
ages  includes  changing  the  magnitude  of  the 
voltage  potential  established  between  portions 
of  the  carrier. 

75  7.  A  method  as  set  forth  in  claim  1  wherein  said 
step  of  exposing  a  carrier  to  a  series  of  origi- 
nals  includes  providing  an  area  of  known  den- 
sity  on  at  least  one  of  the  originals  and  expos- 
ing  the  carrier  to  a  light  pattern  which  forms  an 

20  image  of  the  one  original  and  which  includes 
one  segment  corresponding  to  the  area  of 
known  density  on  the  one  original,  said  step  of 
sequentially  forming  on  the  carrier  a  series  of 
intermediate  images  includes  developing  on 

25  the  carrier  one  intermediate  image  which  cor- 
responds  to  the  light  pattern  and  which  con- 
tains  an  area  corresponding  to  the  one  seg- 
ment  of  the  light  pattern,  said  step  of  inspect- 
ing  the  one  intermediate  image  includes  sens- 

30  ing  the  optical  density  of  the  area  of  the  one 
intermediate  image  which  corresponds  to  the 
one  segment  of  the  light  pattern. 

8.  A  method  as  set  forth  in  claim  7  wherein  said 
step  of  transmitting  radiation  through  the  inter- 
mediate  images  includes  transmitting  radiation 
through  the  area  of  the  one  intermediate  image 
which  corresponds  to  the  one  segment  of  the 
light  pattern. 

35 

40 
9.  A  method  as  set  forth  in  claim  7  wherein  said 

step  of  transmitting  radiation  through  the  inter- 
mediate  images  includes  transmitting  radiation 
through  an  area  of  the  one  intermediate  image 

45  which  does  not  include  the  area  which  cor- 
responds  to  the  one  segment  of  the  light  pat- 
tern. 

10.  A  method  as  set  forth  in  claim  1  wherein  said 
so  step  of  exposing  a  carrier  to  a  series  of  origi- 

nals  includes  providing  an  area  of  known  den- 
sity  on  at  least  one  of  the  originals  and  expos- 
ing  the  carrier  to  a  light  pattern  which  varies  in 
intensity  as  a  function  of  the  one  original,  the 

55  light  pattern  including  one  segment  having  an 
intensity  which  is  a  function  of  the  density  of 
the  area  of  known  density  on  the  one  original, 
said  step  of  sequentially  forming  on  the  carrier 
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to  the  photoconductive  layer  if  the  signal  which 
is  a  function  of  the  magnitude  of  the  particle 
density  corresponds  to  a  particle  density  which 
is  greater  than  a  particle  density  corresponding 

5  to  the  density  of  the  area  of  known  density  on 
the  one  original. 

12.  A  method  as  set  forth  in  claim  10  wherein  said 
step  of  applying  an  electrostatic  charge  to  the 

w  photoconductive  layer  includes  the  step  of 
moving  the  photoconductive  layer  through  a 
charging  station  and  applying  an  electrostatic 
charge  to  the  carrier  as  it  moves  through  the 
charging  station,  said  step  of  changing  at  least 

75  one  variable  in  said  step  of  sequentially  for- 
ming  intermediate  images  includes  the  step  of 
decreasing  the  speed  of  movement  of  the  car- 
rier  through  the  charging  station  if  the  signal 
which  is  a  function  of  the  magnitude  of  particle 

20  density  corresponds  to  a  particle  density  which 
is  less  than  a  particle  density  corresponding  to 
the  density  of  the  area  of  known  density  on  the 
one  original  and  the  step  of  increasing  the 
speed  of  movement  of  the  carrier  through  the 

25  charging  station  if  the  signal  which  is  a  func- 
tion  of  the  magnitude  of  particle  density  cor- 
responds  to  a  particle  density  which  is  greater 
than  a  particle  density  corresponding  to  the 
density  of  the  area  of  known  density  on  the 

30  one  original. 

13.  A  method  as  set  forth  in  claim  10  wherein  said 
step  of  applying  an  electrostatic  charge  to  the 
photoconductive  layer  includes  the  step  of  es- 

35  tablishing  a  voltage  potential  between  portions 
of  the  carrier,  said  step  of  changing  at  least 
one  variable  in  said  step  of  sequentially  for- 
ming  intermediate  images  includes  the  step  of 
increasing  the  voltage  potential  established  be- 

40  tween  portions  of  the  carrier  if  the  signal  which 
is  a  function  of  the  magnitude  of  particle  den- 
sity  corresponds  to  a  particle  density  which  is 
less  than  a  particle  density  corresponding  to 
the  density  of  the  area  of  known  density  on  the 

45  one  original  and  the  step  of  decreasing  the 
voltage  potential  established  between  portions 
of  the  carrer  if  the  signal  which  is  a  function  of 
the  magnitude  of  particle  density  corresponds 
to  a  particle  density  which  is  greater  than  a 

so  particle  density  corresponding  to  the  density  of 
the  area  of  known  density  on  the  one  original. 

14.  A  method  as  set  forth  in  claim  10  wherein  said 
step  of  changing  at  least  one  variable  in  said 

55  step  of  sequentially  forming  intermediate  im- 
ages  includes  changing  a  variable  to  increase 
the  amount  of  particles  electrically  attracted  to 
the  surface  of  the  photoconductive  layer  if  the 

a  series  of  intermediate  images  includes  ex- 
posing  a  photoconductive  layer  of  material  on 
the  carrier  to  the  light  pattern  which  varies  in 
intensity  as  a  function  of  the  one  original  to 
render  the  photoconductive  layer  of  material 
conductive  to  an  extent  which  is  a  function  of 
the  intensity  of  the  light  pattern,  said  step  of 
exposing  a  photoconductive  layer  of  material 
includes  exposing  one  portion  of  the  photocon- 
ductive  layer  of  material  to  the  one  segment  of 
the  light  pattern  to  expose  the  one  portion  of 
the  photoconductive  layer  to  light  of  an  inten- 
sity  which  is  a  function  of  the  density  of  the 
area  known  density  on  the  one  original,  apply- 
ing  an  electrostatic  charge  to  the  photoconduc- 
tive  layer,  retaining  on  the  photoconductive 
layer  a  charge  which  varies  in  magnitude 
across  the  surface  of  the  photoconductive  lay- 
er  as  a  function  of  the  extent  to  which  the 
photoconductive  layer  was  rendered  conduc- 
tive  by  the  light  pattern,  said  step  of  retaining  a 
charge  on  the  photoconductive  layer  includes 
retaining  on  the  one  portion  of  the  photocon- 
ductive  layer  a  charge  of  a  magnitude  which  is 
a  function  of  the  extent  to  which  the  photocon- 
ductive  layer  was  rendered  conductive  by  the 
one  segment  of  the  light  pattern,  and  elec- 
trically  attracting  particles  to  the  surface  of  the 
photoconductive  layer  with  a  density  which 
varies  across  the  surface  of  the  photoconduc- 
tive  layer  as  a  function  of  variations  in  the 
magnitude  of  the  charge  retained  on  the  pho- 
toconductive  layer,  said  step  of  electrically  at- 
tracting  particles  to  the  surface  of  the  pho- 
toconductive  layer  includes  electrically  attract- 
ing  particles  to  the  one  portion  of  the  pho- 
toconductive  layer  with  a  particle  density  which 
is  a  function  of  the  magnitude  of  the  charge 
retained  on  the  one  portion  of  the  photocon- 
ductive  layer,  said  step  of  inspecting  at  least  a 
portion  of  at  least  one  of  the  intermediate 
images  including  generating  a  signal  which  is  a 
function  of  the  magnitude  of  the  particle  den- 
sity  on  the  one  portion  of  the  photoconductive 
layer. 

11.  A  method  as  set  forth  in  claim  10  wherein  said 
step  of  changing  at  least  one  variable  in  said 
step  of  sequentially  forming  intermediate  im- 
ages  includes  the  step  of  increasing  the  mag- 
nitude  of  the  electrostatic  charge  applied  to  the 
photoconductive  layer  if  the  signal  which  is  a 
function  of  the  magnitude  of  the  particle  den- 
sity  corresponds  to  a  particle  density  which  is 
less  than  a  particle  density  corresponding  to 
the  density  of  the  area  of  known  density  on  the 
one  original  and  the  step  of  decreasing  the 
magnitude  of  the  electrostatic  charge  applied 
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material,  said  step  of  inspecting  at  least  a 
portion  of  the  one  intermediate  image  includes 
inspecting  the  one  intermediate  image  on  the 
one  segment  of  the  strip  of  material,  said  step 
of  exposing  a  carrier  to  a  series  of  originals 
further  includes  exposing  a  segment  of  the 
strip  of  material  which  next  succeeds  the  one 
segment  of  the  film  strip  in  the  series  of  seg- 
ments  to  an  original  after  having  performed 
said  step  of  inspecting  the  one  intermediate 
image  on  the  one  segment  of  the  strip  of 
material  so  that  the  one  intermediate  image  on 
the  one  segment  of  the  strip  of  material  is 
inspected  before  the  next  succeeding  segment 
of  the  strip  of  material  is  exposed  to  an  origi- 
nal. 

signal  which  is  a  function  of  the  magnitude  of 
particle  density  is  less  than  a  particle  density 
corresponding  to  the  density  of  the  area  of 
known  density  on  the  one  original  and  the  step 
of  changing  a  variable  to  decrease  the  amount  5 
of  particles  electrically  attracted  to  the  surface 
of  the  photoconductive  layer  if  the  signal  which 
is  a  function  of  particle  density  is  greater  than 
a  particle  density  corresponding  to  the  density 
of  the  area  of  known  density  on  the  one  origi-  w 
nal. 

15.  A  method  as  set  forth  in  claim  1  further  includ- 
ing  the  steps  of  moving  the  carrier  along  a 
path  extending  through  an  array  of  stations  75 
including  an  exposure  station  where  said  step 
of  exposing  the  carrier  to  a  series  of  originals 
is  performed  and  a  transfer  station  where  said 
step  of  transmitting  radiation  through  interme- 
diate  images  to  form  projected  images  is  per-  20 
formed,  forming  index  indicia  on  the  carrier  at 
the  exposure  station,  and  detecting  when  the 
index  indicia  is  in  a  predetermined  location 
relative  to  the  transfer  station  to  determine 
when  an  intermediate  image  on  the  carrier  is  in  25 
a  predetermined  position  relative  to  the  trans- 
fer  station. 

16.  A  method  as  set  forth  in  claim  1  wherein  said 
step  of  sequentially  forming  on  the  carrier  a  30 
series  of  intermediate  images  includes  con- 
ducting  a  flow  of  toner  solution  through  a  con- 
duit,  electrostatically  attracting  toner  particles 
from  the  toner  solution  to  the  carrier,  and  de- 
tecting  a  variation  in  the  amount  of  toner  par-  35 
tides  in  the  toner  solution  conducted  through 
the  conduit,  said  step  of  detecting  a  variation 
in  the  amount  of  toner  particles  in  the  toner 
solution  including  directing  a  light  beam 
through  the  flow  of  toner  solution  in  the  conduit  40 
and  detecting  a  change  in  the  intensity  of  the 
light  transmitted  through  the  flow  of  toner  solu- 
tion  in  the  conduit. 

17.  A  method  as  set  forth  in  claim  16  wherein  said  45 
step  of  changing  at  least  one  variable  in  said 
step  of  sequentially  forming  images  includes 
changing  the  amount  of  toner  particles  in  the 
toner  solution. 

50 
18.  A  method  as  set  forth  in  claim  1  wherein  the 

carrier  is  a  strip  of  material,  said  step  of  expos- 
ing  a  carrier  to  a  series  of  originals  includes 
exposing  one  segment  of  a  series  of  segments 
on  the  strip  of  material  to  an  original,  said  step  55 
of  sequentially  forming  on  the  carrier  a  series 
of  images  including  forming  the  one  intermedi- 
ate  image  on  the  one  segment  of  the  strip  of 

19.  A  method  as  set  forth  in  claim  1  wherein  the 
carrier  is  a  strip  of  material,  said  method  fur- 

20  ther  including  moving  one  segment  of  the  strip 
of  material  through  a  charging  station  to  an 
exposure  station,  applying  an  electrostatic 
charge  to  the  one  segment  of  the  strip  of 
material  as  it  moves  through  the  charging  sta- 

25  tion  to  the  exposure  station,  said  step  of  ex- 
posing  a  carrier  to  a  series  of  originals  includ- 
ing  exposing  the  one  segment  of  the  strip  of 
material  to  an  original  while  the  one  segment 
of  the  strip  of  material  is  at  the  exposure 

30  station,  said  step  of  exposing  the  one  segment 
of  the  strip  of  material  to  an  original  including 
at  least  partially  discharging  the  electrostatic 
charge  on  the  one  segment  of  the  strip  of 
material,  moving  the  one  segment  of  the  strip 

35  of  material  from  the  exposure  station  through  a 
toner  station  to  an  inspection  station,  said  step 
of  forming  on  the  carrier  a  series  of  intermedi- 
ate  images  including  electrostatically  attracting 
particles  to  the  one  segment  of  the  strip  of 

40  material  as  it  moves  through  the  toner  station 
to  the  inspection  station  to  thereby  at  least 
partially  form  the  one  intermediate  image  at 
the  one  segment  of  the  strip  of  material,  said 
step  of  inspecting  at  least  a  portion  of  the  one 

45  intermediate  image  being  performed  while  the 
one  segment  of  the  strip  of  material  is  at  the 
inspection  station,  after  inspecting  the  one  in- 
termediate  image,  moving  a  second  segment 
of  the  strip  of  material  which  next  succeeds 

50  the  one  segment  of  the  strip  of  material 
through  the  charging  station  to  the  exposure 
station. 

20.  A  method  as  set  forth  in  claim  19  wherein  said 
step  of  moving  the  one  segment  of  the  strip  of 
material  from  the  exposure  station  through  the 
toner  station  to  the  inspection  station  includes 
moving  the  one  segment  of  the  strip  of  ma- 

18 



EP  0  450  218  A1 34 33 

ing  at  least  one  variable  in  said  step  of  se- 
quentially  forming  intermediate  images  being 
completed  prior  to  exposing  to  an  original  a 
segment  of  the  strip  of  material  which  is  next 

5  to  the  segment  upon  which  the  one  intermedi- 
ate  image  is  formed. 

27.  A  method  as  set  forth  in  claim  1  wherein  the 
carrier  is  a  strip  of  material,  said  step  of  se- 

10  quentially  forming  a  series  of  intermediate  im- 
ages  includes  forming  the  one  intermediate 
image  on  a  first  segment  of  the  strip  of  ma- 
terial  and  forming  a  second  intermediate  image 
on  a  second  segment  of  the  strip  of  material, 

75  said  second  segment  of  the  strip  of  material 
being  located  next  to  the  first  segment  and 
being  the  next  segment  of  the  strip  which  is 
exposed  to  an  original  after  exposure  of  the 
first  segment,  said  step  of  forming  the  one 

20  intermediate  image  includes  forming  the  one 
intermediate  image  with  an  area  of  known  de- 
sired  density,  said  step  of  inspecting  the  one 
intermediate  image  includes  determining 
whether  or  not  the  actual  density  in  the  area  of 

25  known  desired  density  of  the  one  intermediate 
image  is  the  same  as  the  desired  density,  said 
step  of  changing  at  least  one  variable  in  said 
step  of  sequentially  forming  intemediate  im- 
ages  being  performed  before  exposing  the 

30  second  segment  of  the  strip  of  material  to  an 
original  if  the  density  in  the  area  of  a  known 
desired  density  is  different  than  the  desired 
density. 

35  28.  A  method  as  set  forth  in  claim  1  wherein  the 
carrier  is  a  strip  of  material,  said  step  of  se- 
quentially  forming  a  series  of  intermediate  im- 
ages  includes  forming  the  one  intermediate 
image  on  a  first  segment  of  the  strip  of  ma- 

40  terial  and  forming  a  second  intermediate  image 
on  a  second  segment  of  the  strip  of  material, 
said  second  segment  of  the  strip  of  material 
being  located  next  to  the  first  segment  and 
being  the  next  segment  of  the  strip  of  material 

45  which  is  exposed  to  an  original  after  exposure 
of  the  first  segment,  said  step  of  sequentially 
forming  a  series  of  intermediate  images  on  the 
carrier  includes  electrostatically  attracting  par- 
ticles  to  the  first  segment  of  the  strip  of  ma- 

50  terial  and,  thereafter,  electrostatically  attracting 
particles  to  the  second  segment  of  the  strip  of 
material,  said  step  of  changing  at  least  one 
variable  in  said  step  of  sequentially  forming 
intermediate  images  including  chaging  a  vari- 

55  able  which  results  in  a  change  in  the  quantity 
of  particles  which  are  electrostatically  attracted 
to  the  strip  of  material  after  inspecting  the  one 
intermediate  image  and  before  exposing  the 

terial  through  a  first  distance,  said  step  of 
moving  the  second  segment  of  the  strip  of 
material  through  the  charging  station  to  the 
exposure  station  includes  moving  the  second 
segment  of  the  strip  of  material  through  a 
second  distance  which  is  smaller  than  the  first 
distance. 

21.  A  method  as  set  forth  in  claim  19  wherein  said 
step  of  moving  the  one  segment  of  the  strip  of 
material  from  the  exposure  station  through  the 
toner  station  to  the  inspection  station  includes 
moving  the  strip  of  material  in  a  first  direction, 
said  step  of  moving  a  second  segment  of  the 
strip  of  material  which  next  succeeds  the  one 
segment  of  the  strip  of  material  through  the 
charging  station  to  the  exposure  station  includ- 
ing  moving  the  strip  of  material  in  a  second 
direction  opposite  to  the  first  direction. 

22.  A  method  as  set  forth  in  claim  19  wherein  said 
step  of  moving  the  one  segment  of  the  strip  of 
material  from  the  exposure  station  through  the 
toner  station  to  the  inspection  station  includes 
again  moving  the  one  segment  of  the  strip  of 
material  through  the  charging  station. 

23.  A  method  as  set  forth  in  claim  22  wherein  said 
step  of  again  moving  the  one  segment  of  the 
strip  of  material  through  the  charging  station 
includes  maintaining  the  electrostatic  charge 
on  the  one  segment  of  the  strip  of  material 
constant. 

24.  A  method  as  set  forth  in  claim  19  further 
including  the  step  of  again  moving  the  one 
segment  of  the  strip  of  material  through  the 
toner  station  for  another  time  during  movement 
of  the  second  segment  of  the  strip  of  material 
through  the  charging  station  to  the  exposure 
station. 

25.  A  method  as  set  forth  in  claim  1  wherein  said 
step  of  exposing  a  carrier  to  a  series  of  origi- 
nals  includes  directing  light  from  a  source  of 
light  against  the  original,  said  step  of  changing 
at  least  one  variable  in  said  step  of  sequen- 
tially  forming  intermediate  images  includes 
changing  the  intensity  of  the  light  directed 
from  the  source  of  light  against  the  original. 

26.  A  method  as  set  forth  in  claim  1  wherein  the 
carrier  is  a  strip  of  material,  said  step  of  se- 
quentially  exposing  a  carrier  to  a  series  of 
originals  includes  sequentially  exposing  a  se- 
ries  of  equally  spaced  segments  of  the  strip  of 
material  to  originals,  said  steps  of  inspecting 
the  one  of  the  intermediate  images  and  chang- 
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31.  A  method  as  set  forth  in  claim  1  wherein  the 
carrier  is  a  strip  of  material,  said  step  of  for- 
ming  a  series  of  intermediate  images  includes 
forming  the  one  intermediate  image  on  a  first 

5  segment  of  the  strip  of  material  and  forming 
the  second  intermediate  image  on  a  second 
segment  of  the  strip  of  material,  said  second 
segment  of  the  strip  of  material  being  located 
next  to  the  first  segment  and  being  the  next 

10  segment  of  the  strip  of  material  which  is  ex- 
posed  to  an  original  after  the  exposure  of  the 
first  segment,  said  step  of  sequentially  forming 
a  series  of  images  on  the  carrier  includes 
moving  the  first  segment  of  the  strip  of  ma- 

75  terial  through  a  charging  station  and  applying 
an  electrostatic  charge  to  the  first  segment  of 
the  strip  of  material,  and,  thereafter,  moving 
the  second  segment  of  the  strip  of  material 
through  the  charging  station  and  applying  an 

20  electrostatic  charge  to  the  second  segment  of 
the  strip  of  material,  said  step  of  changing  at 
least  one  variable  in  said  step  of  sequentially 
forming  intermediate  images  including  chang- 
ing  the  speed  at  which  segments  of  the  strip  of 

25  material  are  moved  through  the  charging  sta- 
tion  after  inspecting  the  one  intermediate  im- 
age  and  before  moving  the  second  segment  of 
the  strip  of  material  through  the  charging  sta- 
tion  if  the  actual  characteristic  of  the  one  inter- 

30  mediate  image  is  different  than  the  desired 
characteristic. 

32.  A  method  as  set  forth  in  claim  1  wherein  the 
carrier  is  a  strip  of  material,  said  step  of  for- 

35  ming  a  series  of  intermediate  images  includes 
forming  the  one  intermediate  image  on  a  first 
segment  of  the  strip  of  material  and  forming 
the  second  intermediate  image  on  a  second 
segment  of  the  strip  of  material,  said  second 

40  segment  of  the  strip  of  material  being  located 
next  to  the  first  segment  and  being  the  next 
segment  of  the  strip  of  material  which  is  ex- 
posed  to  an  original  after  exposure  of  the  first 
segment,  said  step  of  sequentially  forming  a 

45  series  of  images  on  the  carrier  includes  estab- 
lishing  a  voltage  potential  between  portions  of 
the  first  segment  of  the  strip  of  material  and, 
thereafter,  establishing  a  voltage  potential  be- 
tween  portions  of  the  second  segment  of  the 

50  strip  of  material,  said  step  of  changing  at  least 
one  variable  in  said  step  of  forming  intermedi- 
ate  images  including  changing  the  magnitude 
of  voltage  potential  established  between  por- 
tions  of  the  segments  of  the  strip  of  material 

55  after  inspecting  the  one  intermediate  image 
and  before  establishing  a  voltage  potential  be- 
tween  portions  of  the  second  segment  of  the 
strip  of  material  if  the  actual  characteristic  of 

second  segment  of  the  strip  of  material  to  an 
original  if  the  actual  characteristic  of  the  one 
intermediate  image  is  different  than  the  desired 
characteristic. 

29.  A  method  as  set  forth  in  claim  1  wherein  the 
carrier  is  a  strip  of  material,  said  step  of  se- 
quentially  forming  a  series  of  intermediate  im- 
ages  includes  forming  the  one  intermediate 
image  on  a  first  segment  of  the  strip  of  ma- 
terial  and  forming  a  second  intermediate  image 
on  a  second  segment  of  the  strip  of  material, 
said  second  segment  of  the  strip  of  material 
being  located  next  to  the  first  segment  and 
being  the  next  segment  of  the  strip  which  is 
exposed  to  an  original  after  exposure  of  the 
first  segment,  said  step  of  sequentially  forming 
a  series  of  intermediate  images  on  the  carrier 
includes  applying  an  electrostatic  charge  to  the 
first  segment  of  the  strip  of  material  and,  there- 
after,  applying  an  electrostatic  charge  to  the 
second  segment  of  the  strip  of  material,  said 
steps  of  inspecting  the  one  intermediate  image 
and  changing  at  least  one  variable  in  said  step 
of  sequentially  forming  intermediate  images 
being  performed  before  performing  said  step 
of  applying  an  electrostatic  charge  to  the  sec- 
ond  segment  of  the  strip  of  material. 

30.  A  method  as  set  forth  in  claim  1  wherein  the 
carrier  is  a  strip  of  material,  said  step  of  se- 
quentially  forming  a  series  of  intermediate  im- 
ages  includes  forming  the  one  intermediate 
image  on  a  first  segment  of  the  strip  of  ma- 
terial  and  forming  the  second  intermediate  im- 
age  on  a  second  segment  of  the  strip  of  ma- 
terial,  said  second  segment  of  the  strip  of 
material  being  located  next  to  the  first  segment 
and  being  the  next  segment  of  the  strip  of 
material  which  is  exposed  to  an  original  after 
exposure  of  the  first  segment,  said  step  of 
sequentially  forming  a  series  of  intermediate 
images  on  the  carrier  includes  applying  an 
electrostatic  charge  to  the  first  segment  of  the 
strip  of  material,  and  thereafter,  applying  an 
electrostatic  charge  to  the  second  segment  of 
the  strip  of  material,  said  step  of  changing  at 
least  one  variable  in  said  step  of  sequentially 
forming  intermediate  images  including  chang- 
ing  a  variable  which  results  in  a  change  in  the 
magnitude  of  the  electrostatic  charge  applied 
to  a  segment  of  the  strip  of  material  after 
inspecting  the  one  intermediate  image  and  be- 
fore  exposing  the  second  segment  of  the  strip 
of  material  to  an  original  if  the  actual  char- 
acteristic  of  the  one  intermediate  image  is  dif- 
ferent  than  the  desired  characteristic. 

20 
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the  one  intermediate  image  is  different  than 
the  desired  characteristic. 
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