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Description 

The  invention  relates  to  a  device  for  inspecting  an 
interference  filter  having  a  cut-off  wavelength  for  a 
projection  television  display  tube,  which  device  com- 
prises: 

-  at  least  one  first  light  source  for  generating  a 
first  light  beam  which  propagates  along  a  first 
light  path, 

-  means  for  positioning  the  interference  filter  in 
the  first  light  path, 

-  means  for  providing  the  first  light  beam  with  a 
spectral  distribution  in  a  wavelength  range 
around  the  cut-off  wavelength  of  the  interfer- 
ence  filter  and  at  least  one  first  detector  for 
measuring  the  intensity  of  the  first  light  beam 
after  it  has  traversed  the  interference  filter  or 
has  been  reflected  thereon. 

As  compared  with  a  television  having  a  conven- 
tional  direct-view  screen,  currently  known  projection 
television  systems  have  a  moderate  brightness,  a  col- 
our  rendition  which  is  not  very  good,  a  moderate  con- 
trast  and  some  loss  of  resolution.  The  moderate  col- 
our  rendition  is  mainly  caused  by  the  fact  that  the  con- 
ventionally  used  Tb-activated  green  phosphor  has  too 
high  a  contribution  of  orange  and  red  spectral  lines. 
The  defocus  is  caused  to  a  considerable  extent  by  the 
chromatic  aberration  in  the  lenses,  particularly  for 
conventionally  used  green  (Tb-activated)  and  blue 
(ZnS:Ag)  phosphors. 

To  cope  with  these  problems  it  has  been  pro- 
posed,  for  example  in  EP-A  0,170,320  to  arrange  an 
interference  filter  between  the  phosphor  layer  and 
the  glass  of  the  display  screen.  Within  the  range  of 
visible  light,  the  proposed  interference  filter  is  a  short 
wavelength  transmission  filter.  It  transmits  light  of  the 
desired  wavelength  in  the  forward  direction  and  at  an- 
gles  of  up  to  approximately  35°  to  40°  to  the  normal. 
At  a  larger  angle  to  the  normal  of  the  display  screen 
the  interference  filter  reflects  the  light  into  the  phos- 
phor  layer.  It  is  scattered  there  and  may  subsequently 
leave  the  phosphor  layer  approximately  in  the  for- 
ward  direction  so  that  it  is  passed  by  the  filter.  Thus, 
the  interference  filter  causes  an  increase  of  the  light 
of  the  desired  wavelength  in  the  forward  direction. 

At  a  smaller  wavelength  the  angular  range  with 
respect  tothe  normal  at  which  light  still  passes  is  larg- 
er,  so  that  the  relative  increase  of  the  light  in  the  for- 
ward  direction  with  the  angle  of  acceptance  of  the 
projection  lens  is  smaller.  At  a  longer  wavelength  the 
angular  range  is  smaller  or  the  light  is  even  complete- 
ly  blocked.  Thus,  the  interference  filter  operates  col- 
our-selectively  in  such  a  way  that  the  colour  of  the 
light  transmitted  by  the  tube  improves,  the  brightness 
increases  and  the  chromatic  aberration  in  the  lenses 
decreases. 

It  will  be  evident  that  the  quality  of  the  image,  and 
particularly  the  colour  rendition,  depends  on  the  qual- 

ity  of  the  interference  filters.  It  is  therefore  necessary 
to  inspect  at  least  a  representative  part  of  the  filters 
from  each  production  batch. 

Afiltercan  be  measured  by  determining  its  trans- 
5  mission  and  reflection  properties  at  a  number  of  wa- 

velengths. 
As  an  example,  reference  can  be  made  to  DE-B 

1  ,266,255  which  discloses  a  device  for  comparing  the 
transmission  over  the  whole  visible  spectrum  range 

10  of  a  filter  with  the  sensitivity  of  the  human  eye.  This 
device  uses  as  the  means  for  providing  the  spectral 
distribution  a  reference  filter.  This  filter  is  a  complicat- 
ed  element  and  comprises  a  number  of  sub-filters, 
each  of  which  is  transmissive  in  another  wavelength 

15  range. 
The  Abstract  of  the  Japanese  patent  application 

no.  61-66139  discloses  a  device  for  inspection  of  a 
first  filter  by  means  of  a  second  reference  filter.  In  this 
device  t  he  first  filter  should  be  rotated  very  accurately 

20  with  respect  to  the  second  filter  in  order  to  determine 
the  transmission  of  the  first  filter  as  a  function  of  the 
angle  of  incidence  of  the  measuring  beam. 

It  is  desirable  to  have  a  simple  fast  and  inexpen- 
sive  test  in  which  a  minimum  number  of  parameters 

25  to  be  measured  suffices. 
It  is  an  object  of  the  invention  to  provide  a  device 

for  such  a  test  which  is  to  be  performed  by  someone 
who  is  not  specially  skilled  to  perform  optical  meas- 
urements.  To  this  end  the  device  according  to  the  in- 

30  vention  is  characterized  in  that  the  spectral  distribu- 
tion  has  a  gradient  opposite  to  the  gradient  to  be  im- 
posed  on  the  first  light  beam  by  the  interference  filter. 

The  invention  utilizes  the  fact  that  the  desired  in- 
terference  filters  have  a  short  wave  transmission 

35  characteristic.  For  light  with  a  short  wavelength  the 
transmission  coefficient  is  close  to  one,  light  with  a 
long  wavelength  is  substantially  completely  reflected. 
Between  these  two  ranges  there  is  a  transition  range 
in  which  the  transmission  coefficient  decreases  from 

40  approximately  unity  to  approximately  zero.  The  loca- 
tion  of  the  transition  range  is  given  in  the  first  instance 
by  the  cut-off  wavelength  which  is  defined  as  the  wa- 
velength  for  which  the  transmission  coefficient  is  V2. 

The  invention  is  further  based  on  the  recognition 
45  that  the  cut-off  wavelength  for  light  in  the  forward  di- 

rection  is  the  most  important  single  parameter  which 
determines  the  properties  of  the  interference  filter, 
provided  that  the  filter  has  substantially  no  absorp- 
tion.  This  will  be  described  in  greater  detail  herein- 

50  after.  The  invention  is  also  based  on  the  recognition 
that  the  value  of  the  cut-off  wavelength  can  be  accu- 
rately  determined  by  causing  a  light  beam  to  be  inci- 
dent  on  the  interference  filter  with  a  spectral  distrib- 
ution  in  the  wavelength  range  where  the  transition 

55  range  of  the  filter  should  be  located  and  whose  inten- 
sity  depends  to  a  considerable  extent  on  the  wave- 
length.  For  measurement  in  transmission  the  spectral 
distribution  of  the  light  beam  should  be  such  that  the 
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intensity  increases  with  a  larger  wavelength,  for  a 
measurement  in  reflection  the  reverse  is  the  case,  i.e. 
the  light  beam  should  have  a  large  contribution  of 
short  wavelengths  and  a  small  contribution  of  long  5 
wavelengths. 

The  intensity  measured  by  the  detection  system 
is  the  integrated  product  of  the  spectral  distribution 
within  the  light  beam  and  the  transmission  or  reflec- 
tion  coefficient  of  the  interference  filter.  10 

The  device  according  to  the  invention  preferably 
has  the  property  that  the  gradient  of  the  spectral  dis- 
tribution  in  the  said  wavelength  range  has  a  value  of 
between  approximately  7.106rrr1  and  approximately 
75.106rrr1.  Within  a  factor  of  3  this  corresponds  to  a  15 
relative  change  of  2.5%  per  nm  wavelength.  For  an  in- 
terference  filter  as  described  in  the  above-mentioned 
application  EP-A  0,170,320  2.5%  per  nm  means  that 
a  1%  displacement  in  the  value  of  the  cut-off  wave- 
length  corresponds  to  an  intensity  variation  of  ap-  20 
proximately  10%  in  the  intensity  observed  by  the  de- 
tector. 

The  spectral  distribution  can  be  realised  by 
means  of  a  light  source  which  generates  only  light  of 
the  desired  wavelengths,  but  the  device  according  to  25 
the  invention  preferably  has  a  light  source  which  is 
adapted  to  generate  a  white  light  beam,  and  means 
for  obtaining  a  spectral  distribution  comprising  a  filter 
arranged  in  the  first  light  path,  which  filter  has  a  wa- 
velength-dependent  transmission  coefficient.  Awhite  30 
light  source  means  that  the  intensity  of  the  generated 
radiation  in  the  relevant  wavelength  range  is  equal  for 
substantially  all  wavelengths.  The  desired  continuous 
spectral  distribution  can  then  be  accurately  imposed 
by  means  of  a  filter.  The  filters  may  be  bandpass  f  il-  35 
ters  which  pass  only  radiation  within  a  given  range  but 
they  may  also  be  different  filters,  for  example  long- 
wave  transmission  filters  or  coloured  glass  filters.  The 
most  important  requirement  to  be  imposed  on  the  fil- 
ters  is  the  behaviour  of  the  cut-off  characteristic  at  40 
the  short  wavelength  side. 

The  interference  filter  on  the  display  screen 
should  be  adapted  to  the  colour  of  the  display  tube. 
To  be  able  to  inspect  the  interference  filters  of  the 
"red",  the  "green"  and  the  "blue"  tubes,  the  device  ac-  45 
cording  to  the  invention  comprises  a  plurality  of  filters 
having  a  mutually  different  variation  of  the  transmis- 
sion  coefficient  as  a  function  of  the  wavelength, 
which  filters  are  exchangeable.  By  arranging  the  fil- 
ters  in,  for  example  a  rotary  or  movable  filter  holder,  50 
it  is  possible  to  change  over  from  one  type  of  filter  to 
another  type  in  a  simple  and  fast  manner. 

The  device  according  to  the  invention  also  has 
the  property  that  the  filter  is  arranged  in  the  first  light 
path  between  the  interference  filter  and  the  detection  55 
system.  In  this  way  scattered  light  from  the  ambience 
is  prevented  from  reaching  the  detection  system. 

The  display  screen  of  a  projection  television  dis- 
play  tube  may  be  curved  as  described,  for  example  in 

EP-A  0,271,  165.  To  obtain  a  good  operation  of  the  in- 
terference  filter,  this  publication  proposes  to  vary  the 
properties  of  the  interference  filter  in  dependence  of 
the  location  on  the  screen.  To  be  able  to  inspect  a  fil- 
ter  having  different  properties  at  different  locations, 
the  measurement  of  the  cut-off  wavelength  is  per- 
formed  at  different  locations  of  the  filter.  Since  it  is 
only  checked  whether  the  filter  is  correctly  provided, 
a  measurement  at  two  locations  is  generally  suffi- 
cient.  To  provide  for  this  possibility,  the  device  ac- 
cording  to  the  invention  has  the  property  that  for 
measuring  the  cut-off  wavelength  at  a  second  loca- 
tion  of  the  interference  filter  the  device  comprises  a 
second  light  source  for  generating  a  second  light 
beam  which  propagates  along  a  second  light  path  ex- 
tending  at  some  distance  from  the  first  light  path  and 
in  that  the  device  comprises  a  second  detector  for 
measuring  the  intensity  of  the  second  light  beam  af- 
ter  it  has  traversed  the  interference  filter  or  has  been 
reflected  thereon.  The  device  is  thus  doubled,  as  it 
were,  the  first  light  beam  being  used  for  inspecting  a 
central  location  on  the  screen  and  the  second  light 
beam  being  used  for  inspecting  a  peripheral  location. 
The  peripheral  location  is  preferably  chosen  to  be 
such  that  the  properties  of  the  interference  filter  are 
identical  to  those  in  the  central  part  of  the  filter.  The 
first  and  second  light  sources  may  actually  be  a  single 
light  source  from  which  two  light  beams  are  derived. 
If  necessary,  the  interference  filter  may  be  inspected 
at  more  than  two  locations.  To  this  end  the  measure- 
ment  can  be  performed  in  a  plurality  of  steps,  or  more 
than  those  two  light  beams,  filters  and  detectors  may 
be  used. 

The  device  according  to  the  invention  also  com- 
prises  a  further  light  source  for  generating  a  further 
light  beam  which  propagates  along  a  further  light 
path,  further  means  for  imposing  a  spectral  distribu- 
tion  on  the  further  light  beam  which  is  substantially 
completely  within  a  wavelength  range  for  which  the 
interference  filter  is  substantially  completely  trans- 
parent,  and  a  further  light-sensitive  detector  for 
measuring  the  intensity  of  the  further  light  beam  after 
it  has  traversed  the  interference  filter.  In  fact,  since 
the  quality  of  the  filter  is  not  only  determined  by  the 
cut-off  wavelength  but  also  by  the  absorption  in  the 
filter,  this  absorption  should  be  measured.  It  is  suffi- 
cient  to  measure  the  absorption  coefficient  at  one  lo- 
cation  of  the  filter  because  the  vapour  deposition 
process  with  which  the  filter  is  provided  takes  place 
under  equal  conditions  over  the  entire  surface  of  the 
filter. 

The  further  light  source  is  preferably  adapted  to 
generate  a  white  light  beam  and  the  further  means  for 
imposing  a  spectral  distribution  comprise  a  bandpass 
filter.  In  this  way  the  spectral  distribution  can  be  easily 
changed  by  replacing  the  bandpass  filter.  Also  for 
measuring  the  absorption  coefficient  the  bandpass 
filter  may  be  arranged  between  the  interference  filter 
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to  be  measured  and  the  light-sensitive  detector. 
In  a  preferred  embodiment  of  the  device  accord- 

ing  to  the  invention  the  further  light  source  is  identical 
to  the  first  light  source,  the  further  light  path  partly  co-  5 
incides  with  the  first  light  path  and  the  device  com- 
prises  a  beam  splitter  for  separating  the  further  light 
path  from  the  first  light  path.  By  using  the  same  light 
source,  both  for  measuring  the  cut-off  wavelength 
and  the  absorption  coefficient,  the  device  can  be  re-  10 
alised  in  a  simpler  manner.  This  has  a  certain  cost- 
saving  effect. 

In  the  device  according  to  the  invention  at  least 
one  of  the  detectors  is  adapted  to  measure  the  radio- 
metric  intensity.  It  has  been  found  that  the  radiometric  15 
intensity  for  each  wavelength  to  be  measured 
changes  by  approximately  10%  for  the  "blue",  "green" 
and  "red"  interference  filters,  if  the  value  of  the  cut- 
off  wavelength  changes  by  1%. 

The  invention  will  now  be  described  in  greater  de-  20 
tail  by  way  of  example  with  reference  to  the  accom- 
panying  drawings  in  which 

Fig.  1  shows  the  transmission  coefficient  as  a 
function  of  the  wavelength  fora  "green"  short  wa- 
velength  transmission  interference  filter,  25 
Fig.  2  shows  the  transmission  coefficient  for  the 
same  filter  as  a  function  of  the  angle  of  incidence 
for  light  having  a  wavelength  of  545  nm, 
Fig.  3  illustrates  the  method  according  to  the  in- 
vention,  30 
Figs.  4a,  4b  and  4c  show  the  variation  of  the 
measured  intensity  as  a  function  of  the  value  of 
the  cut-off  wavelength, 
Fig.  5  shows  a  first  embodiment  of  the  device  ac- 
cording  to  the  invention,  and  35 
Fig.  6  shows  a  second  embodiment  of  the  device 
according  to  the  invention. 
In  Fig.  1  the  transmission  coefficient  T  is  shown 

asafunctionofthewavelengthXforlight  which  is  per- 
pendicularly  incident  (at  0°  relative  to  the  normal)  on  40 
the  screen.  The  transmission  characteristic  is  that  of 
a  filter  for  a  "green"  display  tube.  The  short-wave 
transmission  behaviour  and  the  broad  reflection  band 
between  570  and  780  nm  can  be  read  directly  from 
the  graph.  A  number  of  spectral  lines  of  a  typical  45 
green  phosphor  is  also  shown  diagrammatically. 

Fig.  2  shows  the  transmission  coefficient  of  the 
same  interference  filter  as  a  function  of  the  angle  a  
of  the  direction  of  incidence  of  the  light  relative  to  the 
normal  of  the  filter  for  a  wavelength  of  545  nm.  The  50 
value  of  a  for  which  the  transmission  coefficient  is 
50%  is  approximately  35°.  Light  which  is  incident  on 
the  filter  at  a  larger  angle  is  largely  reflected.  Figs.  1 
and  2  are  derived  from  EP-A  0,170,320  to  which  ref- 
erence  is  made  for  further  details  about  the  interfer-  55 
ence  filter. 

Fig.  3  shows  the  operation  of  the  inspection  de- 
vice  according  to  the  invention.  In  this  Figure  the 
curve  10  denotes  the  spectral  distribution  around  a 

wavelength  X  for  a  hypothetical  light  source.  The  va- 
riation  can  be  obtained,  for  example  by  arranging  a  fil- 
ter  in  the  light  beam  generated  by  a  white  light  source. 
The  curve  I  diagrammatically  illustrates  the  variation 
of  the  transmission  coefficient  T  of  an  interference  fil- 
ter  to  be  inspected  whose  cut-off  wavelength  is  Xc. 
The  intensity  of  the  light  beam  after  passing  the  in- 
terference  filter  is  proportional  to  the  integrated  prod- 
uct  of  the  curves  I  and  10.  In  the  Figure  this  is  denot- 
ed  by  the  shaded  area  under  the  curve  1. 

If  the  cut-off  wavelength  of  the  interference  filter 
is  slightly  smaller,  for  example  ifthe  interference  filter 
has  a  variation  as  denoted  by  the  curve  II,  the  inten- 
sity  of  the  light  beam  after  passing  the  interference 
filter  is  much  lower.  This  is  shown  in  the  Figure  by 
means  of  the  area  under  the  curve  2. 

The  intensity  of  the  light  beam  after  the  interfer- 
ence  filter  is  much  higher  ifthe  cut-off  wavelength  of 
the  filter  is  slightly  larger,  for  example  as  denoted  by 
the  curve  III  and  the  area  under  the  curve  3.  By 
means  of  this  method  a  small  displacement  (for  ex- 
ample  1%)  of  the  cut-off  wavelength  may  thus  lead 
to  a  well  measurable  variation  (for  example  10%)  of 
the  intensity  of  the  light  beam  which  is  received  by 
the  detector  behind  the  interference  filter. 

As  is  apparent  from  the  Figure,  the  spectral  dis- 
tribution  of  the  light  beam  on  the  long-wavelength 
side  is  not  important.  A  narrow  band  light  beam  (curve 
10a)  or  a  broadband  light  beam  (curve  10b)  yield  the 
same  result  for  the  measured  intensity. 

Figs.  4a,  4b  and  4c  show  the  intensity  as  a  func- 
tion  of  the  cut-off  wavelength,  received  by  a  detector 
for  a  "blue",  "green"  and  "red"  interference  filter,  re- 
spectively.  Use  is  made  of  a  white  light  source  and  a 
bandpass  filter  having  an  FWHM  value  of  40  nm  and 
a  central  wavelength  of  480  nm  for  the  "blue"  filter, 
580  nm  for  the  "green"  filter  and  650  nm  for  the  "red" 
filter.  The  FWHM  value  thus  is  8  to  6%  of  the  value 
of  the  central  wavelength.  On  the  one  hand,  the  short 
wavelength  edge  of  the  bandpass  filter  is  sufficiently 
large  with  respect  to  the  required  1%  reproducibility 
of  the  cut-off  wavelength.  On  the  other  hand,  the 
edge  is  sufficiently  steep  so  that  the  transmitted  light 
intensity  varies  to  a  sufficiently  strong  extent  at  a 
small  displacement  of  the  cut-off  wavelength. 

The  cut-off  wavelength  is  plotted  on  the  horizon- 
tal  axis  and  the  observed  radiometric  and  photomet- 
ric  intensities  lr  and  lp  are  plotted  in  relative  quantities 
on  the  vertical  axis.  As  is  shown  in  Fig.  4a,  the  radio- 
metric  intensity  lp,  or  a  similar  entity  as  an  absolute 
calibration  is  not  required,  gives  the  best  dependence 
between  the  intensity  and  the  cut-off  wavelength. 
Around  the  desired  cut-off  wavelength  (480  nm)  lr  va- 
ries  approximately  2%  per  nm,  which  is  equivalent  to 
a  variation  of  almost  10%  when  varying  the  cut-off 
wavelength  or  the  filter  thickness  by  1%.  The  photo- 
metric  intensity,  denoted  by  lp,  has  a  less  large  vari- 
ation  around  the  desired  cut-off  wavelength  and  is 
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thus  less  suitable  as  a  measuring  quantity. 
Fig.  4b  shows  that  both  the  radiometric  and  the 

photometric  intensity  have  a  comparable  variation  as 
a  function  of  the  cut-off  wavelength  in  the  relevant  5 
range  around  580  nm.  The  variation  in  lr  is  2.3%  per 
nm,  i.e.  13%  intensity  variation  for  every  1%  of  dis- 
placement  in  the  cut-off  wavelength. 

Also  for  the  "red"  interference  filter  the  radiomet- 
ric  intensity  lr  is  a  better  measuring  quantity  than  the  10 
photometric  intensity  lp.  Fig.  4c  shows  an  intensity  va- 
riation  of  1  .6%  per  nm,  which  is  equal  to  1  0.5%  for  ev- 
ery  percent  of  filter  thickness  variation  for  lr. 

Thus,  it  is  preferred  to  use  the  radiometric  inten- 
sity  as  a  measuring  quantity.  A  variation  of  1%  in  the  15 
thickness  of  the  interference  filter,  and  hence  in  the 
cut-off  wavelength,  leads  in  all  three  cases  to  a  vari- 
ation  of  approximately  10%  of  the  measured  intensity. 
The  method  is  thus  both  simple  and  sensitive. 

An  additional  advantage  is  that  in  the  absence  of  20 
the  interference  filter  the  relative  intensity  must  be 
100%.  Calibration  of  the  system  is  thus  very  simple. 

If  the  bandpass  filters  for  imposing  the  spectral 
distribution  on  the  light  beam  have  a  smaller  pass  re- 
gion,  hence  an  FWHM  value  which  is  smaller  than  40  25 
nm,  the  relative  sensitivity  of  the  method  increases, 
the  term  relative  being  understood  to  be  meant  with 
respect  to  the  detected  light  signal  without  an  inter- 
ference  filter  in  the  light  beam.  If  the  FWHM  value  is 
chosen  to  be  larger  than  40  nm,  the  relative  sensitiv-  30 
ity  is  smaller.  However,  the  absolute  sensitivity  re- 
mains  equal  in  both  cases. 

The  behaviour  of  the  bandpass  filter  on  the  short 
wavelength  edge  is  decisive  for  the  sensitivity.  The 
bandpass  filter  may  be  replaced  without  any  problem  35 
by  a  long-wave  transmission  filter,  although  the  sys- 
tem  can  be  more  easily  calibrated  if  a  bandpass  filter 
is  used.  Instead  of  a  bandpass  filter  it  is  also  possible 
to  use  a  coloured  glass  filter.  The  firms  of  Schott  and 
Hoya  market  coloured  glass  filters  with  a  bandpass  40 
or  long-wave  transmission  characteristic.  These  fil- 
ters  are  suitable  for  use  in  the  device  according  to  the 
invention,  provided  that  the  short  wave  edge  is  suffi- 
ciently  steep  and  is  approximately  at  the  correct  val- 
ue.  Such  filters  are,  for  example  Schott  OG530  or  45 
OG550  for  the  "green"  interference  filter,  Schott 
RG610  or  RG630  for  the  "red"  filter  and  Schott 
GG435forthe  "blue"  filter. 

Fig.  5  shows  diagrammatically  a  first  embodiment 
of  a  device  according  to  the  invention.  A  transparent  50 
display  screen  20  with  an  interference  filter  30  provid- 
ed  thereon  is  present  between  a  light  source  40  and 
three  detectors  51,  52  and  53.  The  light  source  40 
generates  three  light  beams  which  are  incident  on  the 
three  detectors  via  the  display  screen.  In  addition  to  55 
the  display  screen,  a  filter  for  imposing  a  spectral  dis- 
tribution  on  the  light  beam  is  arranged  in  the  light  path 
of  each  light  beam. 

The  filter  42  arranged  in  the  light  beam  which  is 

incident  through  the  centre  of  the  display  screen  com- 
prises  a  bandpass  filter  for  measuring  the  cut-off  wa- 
velength.  The  intensity  detected  by  the  detector  52  is 
thus  a  measure  of  the  value  of  the  cut-off  wave- 
length.  The  filter  43  is  also  a  bandpass  filter  whose 
short  wavelength  edge  is  located  at  the  position  of 
the  desired  cut-off  wavelength.  With  the  aid  of  this  fil- 
ter  and  the  detector  53  the  cut-off  wavelength  is  thus 
measured  at  a  second  location  of  the  interference  fil- 
ter.  Preferably,  this  second  location  should  have  the 
same  desired  cut-off  wavelength  as  the  centre  of  the 
screen,  but  a  deviating  value  is  of  course  not  exclud- 
ed. 

The  filter  41  is  a  bandpass  filter  whose  transmit- 
ted  wavelengths  are  located  in  the  range  for  which 
the  interference  filter  is  transparent.  The  intensity  de- 
tected  by  the  detector  51,  which  receives  the  light 
passing  through  the  filter  41  and  the  interference  fil- 
ter  30,  is  a  measure  of  the  absorption  occurring  in  the 
interference  filter  30. 

To  be  able  to  measure  the  three  different  types 
of  interference  filters  in  a  simple  manner  by  means  of 
the  device,  the  filters  42  and  43  are  arranged  in  a  ro- 
tatable  wheel  44.  In  addition  to  the  two  filters  shown 
the  wheel  also  comprises  bandpass  filters  for  meas- 
uring  the  interference  filters  with  a  different  desired 
cut-off  wavelength.  By  rotating  the  wheel  44  by 
means  of  a  drive  46  about  a  shaft  45,  t  he  filters  42  and 
43  are  replaced  by  filters  for  performing  a  measure- 
ment  of  an  interference  filter  with  a  different  cut-off 
wavelength. 

The  filters  41  ,  42  and  43  may  be  arranged  at  any 
position  in  the  light  beams,  not  only  between  the  light 
source  and  the  interference  filter  to  be  measured  but 
also  between  the  interference  filter  and  the  detec- 
tors.  In  this  case  it  is  sufficient  to  have  a  light  source 
which  generates  only  two  light  beams.  An  embodi- 
ment  of  the  device  according  to  the  invention,  in 
which  this  is  used,  is  shown  diagrammatically  in  Fig. 
6.  In  this  Figure  comparable  details  have  the  same 
reference  numerals  as  in  Fig.  5. 

The  light  source  40  emits  two  light  beams  which 
traverse  the  interference  filter  30  at  two  different  lo- 
cations.  One  of  the  light  beams  traverses  the  band- 
pass  filter  43  after  it  has  passed  the  interference  filter 
30  and  is  incident  on  the  detector  53.  As  in  the  above- 
described  embodiment,  this  determines  the  cut-off 
wavelength  at  a  peripheral  location  of  the  interfer- 
ence  filter. 

After  it  has  traversed  the  interference  filter  30, 
the  other  light  beam  is  incident  on  a  beam  splitter  48, 
for  example  a  semi-transparent  mirror  or  a  splitting 
cube.  The  two  sub-beams  coming  from  the  beam 
splitter  are  each  incident  on  one  of  the  two  filters  41 
or  42,  possibly  via  a  mirror  49.  Thefilter41  is  a  band- 
pass  filter  whose  transmitted  spectrum  is  completely 
passed  by  the  interference  filter  30.  Thus,  this  deter- 
mines  the  absorption  of  the  interference  filter.  The  f  il- 
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ter  42  is  a  bandpass  filter  with  which  the  cut-off  wa- 
velength  is  determined. 

tance  from  the  first  light  path,  and  a  second  de- 
tector  (52)  for  measuring  the  intensity  of  the  sec- 
ond  light  beam  after  it  has  traversed  the  interfer- 
ence  filter  (30)  or  has  been  reflected  thereon. 

7.  A  device  as  claimed  in  any  one  of  the  proceeding 
Claims,  wherein  the  device  comprises  a  further 
light  source  (40)  for  generating  a  further  light 
beam  which  propagates  along  a  further  light 
path,  further  means  (41)  for  imposing  a  spectral 
distribution  on  the  further  light  beam  which  is 
substantially  completely  within  a  wavelength 
range  for  which  the  interference  filter  (30)  is  sub- 
stantially  completely  transparent,  and  a  further 
light-sensitive  detector  (51)  for  measuring  the  in- 
tensity  of  the  further  light  beam  after  it  has  trav- 
ersed  the  interference  filter  (30). 

8.  A  device  as  claimed  in  Claim  7,  wherein  the  fur- 
ther  light  source  is  adapted  to  generate  a  white 
light  beam  and  the  further  means  for  imposing  a 
spectral  distribution  comprise  a  bandpass  filter 
(41). 

9.  Adevice  as  claimed  in  Claim  8,  wherein  the  band- 
pass  filter  (41)  is  arranged  in  the  further  light 
path  between  the  interference  filter  (30)  and  the 
further  light-sensitive  detector  (51). 

10.  Adevice  as  claimed  in  Claim  7,  8  or  9,  wherein  the 
further  light  source  is  identical  to  the  first  light 
source  (40),  the  further  light  path  partly  coin- 
cides  with  the  first  light  path  and  wherein  the  de- 
vice  comprises  a  beam  splitter  (48)  for  separating 
the  further  light  path  from  the  first  light  path. 

11.  Adevice  as  claimed  in  anyone  of  the  proceeding 
Claims,  wherein  at  least  one  of  the  detectors  (51  , 
52,  53)  is  adapted  to  measure  the  radiometric  in- 
tensity. 

Claims 

1  .  A  device  for  inspecting  an  interference  filter  (30) 
having  a  cut-off  wavelength  (Xc)  for  a  projection 
television  display  tube,  which  device  comprises:  10 

-  at  least  one  first  light  source  (40)  for  gener- 
ating  a  first  light  beam  which  propagates 
along  a  first  light  path, 

-  means  for  positioning  the  interference  filter 
in  the  first  light  path,  15 

-  means  (42)  for  providing  the  first  light  beam 
with  a  spectral  distribution  in  a  wavelength 
range  around  the  cut-off  wavelength  (Xc)  of 
the  interference  filter  and  at  least  one  first 
detector  (52)  for  measuring  the  intensity  of  20 
the  first  light  beam  after  it  has  traversed  the 
interference  filter  (30)  or  has  been  reflected 
thereon, 

characterized  in  that  the  spectral  distribution  (10) 
has  a  gradient  opposite  to  the  gradient  (I,  II,  III)  25 
to  be  imposed  on  the  first  light  beam  by  the  inter- 
ference  filter  (30). 

2.  A  device  as  claimed  in  Claim  1  ,  wherein  the  gra- 
dient  of  the  spectral  distribution  (10)  in  the  said 
wavelength  range  has  a  value  of  between  ap- 
proximately  7.1  06rrr1  and  approximately 
75.1  06m-1. 

30 

3.  A  device  as  claimed  in  Claim  1  or  2,  wherein  the  35 
light  source  (40)  is  adapted  to  generate  a  white 
light  beam  and  the  means  for  providing  the  spec- 
tral  distribution  (10)  comprise  a  filter  (42)  ar- 
ranged  in  the  first  light  path,  said  filter  having  a 
wavelength-dependent  transmission  coefficient  40 
CD- 

4.  A  device  as  claimed  in  Claim  3,  wherein  the  de- 
vice  comprises  a  plurality  of  filters  (42)  having  a 
mutually  different  variation  of  the  transmission  45 
coefficient  (T)  as  a  function  of  the  wavelength 
(X),  said  filters  being  exchangeable. 

5.  Adevice  as  claimed  in  Claim  3,  wherein  the  filter 
(42)  is  arranged  in  the  first  light  path  between  the  50 
interference  filter  (30)  and  the  detection  system 
(52). 

6.  Adevice  as  claimed  in  Claim  1  ,  2,  3,  4  or  5,  where- 
in,  for  measuring  the  cut-off  wavelength  at  a  sec-  55 
ond  location  of  the  interference  filter  (30),  the  de- 
vice  comprises  a  second  light  source  (40)  for  gen- 
erating  a  second  light  beam  which  propagates 
along  a  second  light  path  extending  at  some  dis- 

35 

Patentanspruche 

1  .  Vorrichtung  zur  Prufung  eines  eine  Grenzwellen- 
lange  (Xc)  aufweisenden  Interferenzf  ilters  fur  ei- 
ne  Projektionsfernsehbildrohre,  wobei  die  Vor- 
richtung  folgendes  umfalit: 

-  mindestens  eine  erste  Lichtquelle  (40)  zur 
Erzeugung  eines  sich  entlang  eines  ersten 
Lichtweges  fortpflanzenden  ersten  Licht- 
bundels, 

-  Mittel  zur  Positionierung  des  Interferenzf  il- 
ters  in  dem  ersten  Lichtweg, 

-  Mittel  (42),  urn  eine  Spektralverteilung  des 
ersten  Lichtbundels  in  einem  Wellenlan- 
genbereich  urn  die  Grenzwellenlange  (Xc) 
des  Interferenzf  ilters  herum  zu  erhalten 
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und  mindestens  einen  ersten  Detektor  (52) 
zur  Messung  der  Intensitat  des  ersten  Licht- 
bundels,  nachdem  es  das  Interferenzfilter 
(30)  durchlaufen  hat  oder  von  ihm  reflek-  5 
tiert  worden  ist, 

dadurch  gekennzeichnet,  dali  die  Spektralvertei- 
lung  (10)  einen  dem  dem  ersten  Lichtbundel 
durch  das  Interferenzfilter  (30)  aufzuerlegenden 
Gradienten  (I,  II,  III)  entgegengesetzten  Gradien-  10 
ten  hat. 

2.  Vorrichtung  nach  Anspruch  1  ,  wobei  der  Gradient 
der  Spektralverteilung  (10)  in  dem  genannten 
Wellenlangenbereich  einen  Wert  zwischen  unge-  15 
fahr  7-1  06  rrr1  und  ungefahr  75-1  06  nr1  hat. 

3.  Vorrichtung  nach  Anspruch  1  oder  2,  wobei  die 
Lichtquelle  (40)  fur  die  Erzeugung  eines  weilien 
Lichtbundels  eingerichtet  ist  und  die  Mittel  zum  20 
Verschaffen  der  Spektralverteilung  (10)  ein  in 
dem  ersten  Lichtweg  liegendes  Filter  (42)  umfas- 
sen,  wobei  das  Filter  einen  wellenlangenabhan- 
gigen  Transmissionskoeffizienten  (T)  hat. 

25 
4.  Vorrichtung  nach  Anspruch  3,  wobei  die  Vorrich- 

tung  mehrere  Filter  (42)  mit  untereinander  unter- 
schiedlichem  Verlauf  des  Transmissionskoeffizi- 
enten  (T)  als  Funktion  der  Wellenlange  (X)  um- 
falit,  wobei  diese  Filter  austauschbar  sind.  30 

5.  Vorrichtung  nach  Anspruch  3,  wobei  das  Filter 
(42)  in  dem  ersten  Lichtweg  zwischen  dem  Inter- 
ferenzfilter  (30)  und  dem  Detektionssystem  (52) 
angeordnet  ist.  35 

6.  Vorrichtung  nach  Anspruch  1  ,  2,  3,  4  oder  5,  wo- 
bei  die  Vorrichtung,  zum  Messen  der  Grenzwel- 
lenlange  an  einer  zweiten  Stelle  des  Interferenz- 
f  ilters  (30),  eine  zweite  Lichtquelle  (40)  zur  Er-  40 
zeugung  eines  sich  entlang  eines  zweiten,  in  ei- 
nigem  Abstand  vom  ersten  Lichtweg  verlaufen- 
den  Lichtweges  fortpflanzenden,  zweiten  Licht- 
bundels  umfalit  sowie  einen  zweiten  Detektor 
(52)  zum  Messen  der  Intensitat  des  zweiten  45 
Lichtbundels,  nachdem  es  das  Interferenzfilter 
(30)  durchlaufen  hat  oder  von  ihm  reflektiert  wor- 
den  ist. 

7.  Vorrichtung  nach  einem  der  vorhergehenden  An-  50 
spruche,  wobei  die  Vorrichtung  eine  weitere 
Lichtquelle  (40)  zur  Erzeugung  eines  sich  entlang 
eines  weiteren  Lichtweges  fortpflanzenden,  wei- 
teren  Lichtbundels  umfalit  und  weitere  Mittel 
(41),  urn  dem  weiteren  Lichtbundel  eine  Spektral-  55 
verteilung  aufzuerlegen,  die  nahezu  vollstandig 
in  einen  Wellenlangenbereich  fallt,  fur  den  das  In- 
terferenzfilter  (30)  nahezu  vollstandig  transpa- 
rent  ist,  sowie  einen  weiteren  lichtempfindlichen 

Detektor  (51)  zum  Messen  der  Intensitat  des  wei- 
teren  Lichtbundels,  nachdem  es  das  Interferenz- 
filter  (30)  durchlaufen  hat. 

8.  Vorrichtung  nach  Anspruch  7,  wobei  die  weitere 
Lichtquelle  zur  Erzeugung  eines  weilien  Licht- 
bundels  eingerichtet  ist  und  die  weiteren  Mittel 
zum  Auferlegen  einer  Spektralverteilung  einen 
Bandpali  (41)  enthalten. 

9.  Vorrichtung  nach  Anspruch  8,  wobei  der  Band- 
pali  (41)  in  dem  weiteren  Lichtweg  zwischen  dem 
Interferenzfilter  (30)  und  dem  weiteren  lichtemp- 
findlichen  Detektor  (51)  liegt. 

10.  Vorrichtung  nach  Anspruch  7,  8  oder  9,  wobei  die 
weitere  Lichtquelle  mit  der  ersten  Lichtquelle  (40) 
identisch  ist,  der  weitere  Lichtweg  teilweise  mit 
dem  ersten  Lichtweg  zusammenfallt  und  die  Vor- 
richtung  einen  Strahlteiler  (48)  zum  Trennen  des 
weiteren  Lichtweges  vom  ersten  Lichtweg  ent- 
halt. 

11.  Vorrichtung  nach  einem  der  vorhergehenden  An- 
spruche,  wobei  mindestens  einer  der  Detektoren 
(51  ,  52,  53)  fur  die  Messung  der  radiometrischen 
Intensitat  eingerichtet  ist. 

Revendications 

1.  Dispositif  pour  verifier  un  filtre  d'interference  (30) 
presentant  une  longueur  d'onde  de  coupure  (Xc) 
pour  un  tube-image  de  television  a  projection,  le- 
dit  dispositif  comportant: 

-  au  moins  une  premiere  source  lumineuse 
(40)  pourengendrerun  premier  faisceau  lu- 
mineux  qui  se  propage  suivant  un  premier 
trajet  lumineux, 

-  des  moyens  pour  positionner  le  filtre  d'in- 
terference  dans  le  premier  trajet  lumineux, 

-  des  moyens  (42)  pour  obtenir  un  premier 
faisceau  lumineux  presentant  une  reparti- 
tion  spectrale  dans  une  gamme  de  lon- 
gueurs  d'onde  situee  autour  la  longueur 
d'onde  de  coupure  (Xc)  du  filtre  d'interfe- 
rence  etau  moins  un  premier  detecteur  (52) 
pour  mesurer  I'intensite  du  premier  fais- 
ceau  lumineux  apres  que  celui-ci  a  traverse 
le  filtre  d'interference  (30)  ou  qu'il  a  ete  re- 
flechi  sur  ledit  filtre, 

caracterise  en  ce  que  la  repartition  spectrale  (1  0) 
presents  un  gradient  oppose  au  gradient  (I,  II,  III) 
que  le  filtre  d'interference  (30)  doit  imposer  au 
premier  faisceau  lumineux. 

2.  Dispositif  selon  la  revendication  1,  dans  lequel  le 
gradient  de  la  repartition  spectrale  (10)  dans  la- 
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dite  gamme  de  longueurs  d'onde  presents  une 
valeur  comprise  entre  approximativement 
7.106rrr1  et  approximativement  75.106rrr1. 

5 
3.  Dispositif  selon  la  revendication  1  ou  2,  dans  le- 

quel  la  source  lumineuse  (40)  est  concue  pour  en- 
gendrer  un  faisceau  lumineux  blanc  et  dans  le- 
quel  les  moyens  pour  obtenir  une  repartition 
spectrale  (10)  comportent  un  filtre  (42)  dispose  10 
dans  le  premier  trajet  lumineux,  ledit  filtre  presen- 
tant  un  coefficient  de  transmission  dependant  de 
la  longueur  d'onde  (T). 

4.  Dispositif  selon  la  revendication  3,  dans  lequel  le  15 
dispositif  comporte  plusieurs  f  iltres  (42)  presen- 
tant  une  variation  mutuellement  differente  du 
coefficient  de  transmission  (T)  en  fonction  de  la 
longueur  d'onde  (X),  lesdits  filtres  etant  echan- 
geables.  20 

5.  Dispositif  selon  la  revendication  3,  dans  lequel  le 
filtre  (42)  est  dispose  dans  le  premier  trajet  lumi- 
neux  entre  le  filtre  d'interference  (30)  et  le  syste- 
me  de  detection  (52).  25 

6.  Dispositif  selon  la  revendication  1,  2,  3,  4  ou  5, 
dans  lequel  pour  mesurer  la  longueur  d'onde  de 
coupure  a  une  deuxieme  position  du  filtre  d'inter- 
ference  (30)  le  dispositif  comporte  une  seconde  30 
source  lumineuse  (40)  pourengendrerun  second 
faisceau  lumineux  qui  se  propage  suivant  un  se- 
cond  trajet  lumineux  s'etendant  a  quelque  distan- 
ce  du  premier  trajet  lumineux,  ainsi  qu'un  second 
detecteur  (52)  pour  mesurer  I'intensite  du  second  35 
faisceau  lumineux  apres  que  celui-ci  a  traverse  le 
filtre  d'interference  ou  apres  qu'il  a  ete  reflechi 
sur  ledit  filtre. 

7.  Dispositif  selon  I'une  quelconque  des  revendica-  40 
tions  precedentes,  dans  lequel  le  dispositif 
comporte  une  autre  source  lumineuse  (40)  pour 
engendrer  un  autre  faisceau  lumineux  qui  se  pro- 
page  suivant  un  autre  trajet  lumineux,  d'autres 
moyens  (41)  pour  imposer  a  I'autre  faisceau  lumi-  45 
neux  une  repartition  spectrale  qui  se  situe  pres- 
que  entierement  dans  la  gamme  de  longueurs 
d'onde  que  le  filtre  d'interference  (30)  laisse  pas- 
ser  presque  completement,  et  un  autre  detecteur 
sensible  a  la  lumiere  (51)  pour  mesurer  I'intensite  50 
de  I'autre  faisceau  lumineux  apres  que  celui-ci  a 
traverse  le  filtre  d'interference  (30). 

8.  Dispositif  selon  la  revendication  7,  dans  lequel 
I'autre  source  lumineuse  est  concue  pour  engen-  55 
drer  un  faisceau  lumineux  blanc  et  dans  lequel  les 
autres  moyens  pour  imposer  une  repartition 
spectrale  comportent  un  filtre  passe-bande  (41). 

9.  Dispositif  selon  la  revendication  8,  dans  lequel  le 
filtre  passe-bande  (41)  est  dispose  dans  I'autre 
trajet  lumineux  entre  le  filtre  d'interference  (30)  et 
I'autre  detecteur  sensible  a  la  lumiere  (51). 

10.  Dispositif  selon  la  revendication  7,  8  ou  9,  dans 
lequel  I'autre  source  lumineuse  est  identique  a  la 
premiere  source  lumineuse  (40),  I'autre  trajet  lu- 
mineux  coincide  partiellement  avec  le  premier 
trajet  lumineux  et  dans  lequel  le  dispositif 
comporte  un  diviseurde  faisceau  (48)  poursepa- 
rer  I'autre  trajet  lumineux  du  premier  trajet  lumi- 
neux. 

11.  Dispositif  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  au  moins  I'un  des 
detecteurs  (51  ,  52,  53)  est  concu  pour  mesurer 
I'intensite  radiometrique. 



EP  0  378  267  B1 

TV.) 

100 

50  i 

F I G . 1  

500 600 700 
i  X«(nm) 

T(7.)  100 
t  90- 

70- 

60- 

50- 

40- 

30 

20- 

10- 
F I G . 2  

10°  20°  30*  40'  50'  60*  70*  80*  90° 

a  • 



EP  0  378  267  B1 

F I G .   4 a  

460  480  500  520  5 4 0  
* -Xc(nm)  

T  1.0  1 

a.8n 

0 6 1  

0.4i 

F I G . 4 b  
o 1  

t  m  

0,8- 

0J5- 

0.4- 

0.2- 

540  560  580  600  
%  

620  640 

F I G . 4 c  0. 
620  640  660  680 700  720 

■*-Xc(nm) 

10 



EP  0  378  267  B1 

51  +  52  +  53- 

- K 6  4 0 - f -  

F I 6 . 5  

F I G . 6  

11 


	bibliography
	description
	claims
	drawings

