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Description 

The  invention  relates  to  a  thermal  radiation  de- 
tector  comprising  means  having  a  temperature-de- 
pendent  characteristic  for  detecting  thermal  energy, 
wherein  the  detecting  means  are  supported  by  at 
least  one  flexible  film  which  is  substantially  transpar- 
ent  in  the  wavelength  range  of  the  radiation  to  be  de- 
tected  in  operation,  and  wherein  with  respect  to  the  di- 
rection  of  incidence  of  thermal  radiation  to  be  detect- 
ed,  said  one  flexible  film  precedes  the  detecting 
means.  The  invention  further  relates  to  an  array  of 
such  detectors. 

A  detector  as  set  forth  in  the  opening  sentence 
wherein  the  detecting  means  comprise  an  element  of 
pyroelectric  material  is  known  from  European  Patent 
Application  EP-A-0041297.  In  one  form  of  infrared 
detector  described  therein,  the  element  of  pyroelec- 
tric  material  is  supported  by  and  between  two  flexible 
plastics  films  of  polyimide  material  around  0.85nm  in 
thickness  which  transmit  approximately  80%  of  inci- 
dent  radiation  in  the  wavelength  range  of  8-14nm, 
and  the  detector  is  adapted  for  infrared  radiation  that 
is  to  be  detected  to  be  incident  on  one  of  the  plastics 
films.  The  plastics  films  support  electrically  conduc- 
tive  layers  providing  electrical  connections  to  the 
pyroelectric  element.  This  arrangement  enables  the 
detector  to  have  particularly  low  susceptibility  to  mi- 
crophony  as  well  as  low  lateral  thermal  conductance. 

A  problem  with  thermal  radiation  detectors  is  to 
absorb  sufficient  of  the  incident  radiation.  For  exam- 
ple,  pyroelectric  materials  suitable  for  good-quality 
detectors  typically  have  rather  low  absorption  over  at 
least  part  of  the  wavelength  range  for  which  it  is  de- 
sirable  to  provide  such  detectors;  furthermore,  the 
thinner  the  detector  (a  feature  which  is  desirable  to  re- 
duce  particularly  thermal  capacitance  as  well  as  its 
thermal  conductance  to  the  surroundings),  the  lower 
will  be  the  overall  absorption  of  the  incident  radiation 
by  the  pyroelectric  material  .  A  conventional  way  of  i  m- 
proving  absorption  has  been  to  apply  a  "black"  (black- 
ening);  however,  appropriate  materials  have  the  dis- 
advantages  of  being  awkward  to  apply  and  having 
poor  adhesion. 

The  paper  "The  application  of  thin  film  absorber 
coatings  to  enhance  the  sensitivity  of  fast  pyroelectric 
detectors"  by  Peter  C.  LaDelfe  et  al,  SPIE,  Vol.  380 
(1983),  pages  266-273,  refers  to  the  application  to  a 
pyroelectric  detector  of  a  three-layer  coating,  consist- 
ing  of  a  dielectric  layer  sandwiched  between  two  met- 
al  layers,  developed  by  Hilsum  and  Silberg  (as  descri- 
bed  in  "Infrared  Absorption  of  Thin  Metal  Films"  and 
"Infrared  Absorption  of  Three-layer  Films",  Journal  of 
the  Optical  Society  of  America,  Volume  44  (1954),  pa- 
ges  188-191  and  Volume  47  (1957),  pages  575-578 
respectively;  see  also  "Reflection  and  Transmission 
Interference  Filters"  by  L.N.  Hadley  and  D.M.  Denni- 
son,  Journal  of  the  Optical  Society  of  America,  Vol- 

ume  37  (1947),  pages  451-465,  referred  to  in  the 
above-mentioned  two  later  papers  in  the  same  Jour- 
nal).  The  paper  by  LaDelfe  et  al  refers  to  the  work  of 
Annis  and  Simpson  ("Absorption  of  Radiation  in  PLZT 

5  Pyroelectric  Detectors",  Infrared  Physics,  Volume  14 
(1974),  pages  199-205)  who  applied  the  theoretical 
work  of  Hadley  &  Dennison,  Hilsum  and  Silberg  to  a 
three-layer  structure  wherein  the  dielectric  sandwich- 
ed  between  the  two  metal  layers  was  the  pyroelectric 

10  material  itself  and  had  a  thickness  of  10-1  5p.m,  giving 
an  optical  thickness  of  roughly  2V2  wavelengths  in  a 
typical  operating  range.  LaDelfe  et  al  themselves  ap- 
plied  a  two-layer  coating  consisting  of  a  metal  layer 
and  an  anti-reflection  layer  to  chips  of  pyroelectric 

15  material  0.25  mm  thick. 
According  to  a  first  aspect  of  the  invention,  there 

is  provided  a  thermal  radiation  detector  for  detecting 
radiation  in  a  selected  wavelength  range,  comprising 
means  having  a  temperature-dependent  characteris- 

20  tic  for  detecting  thermal  energy,  wherein  the  detect- 
ing  means  are  supported  by  at  least  one  flexible  film 
which  is  substantially  transparent  in  said  wavelength 
range,  and  wherein  with  respect  to  the  direction  of  in- 
cidence  of  thermal  radiation  to  be  detected,  said  one 

25  flexible  film  precedes  the  detecting  means,  charac- 
terised  in  that  the  detector  comprises  an  electrically 
resistive  layer  which  has  a  net  effective  resistance 
per  square  of  substantially  377/(1  +n2)  ohms  per 
square,  where  n  is  the  refractive  index  of  said  one 

30  flexible  film,  and  is  disposed  immediately  adjacent 
said  one  flexible  film  between  the  flexible  film  and  the 
detecting  means  whereby  to  absorb  incident  radiation 
in  said  wavelength  range,  in  that  the  detecting  means 
are  thermally  coupled  to  the  resistive  layer,  and  in  that 

35  the  optical  thickness  of  substantially  transparent  di- 
electric  material  preceding  the  detecting  means  and 
comprising  said  one  flexible  film  is  one  quarter  of  a 
selected  wavelength  in  said  wavelength  range. 

According  to  a  second  aspect  of  the  invention, 
40  there  is  provided  a  thermal  radiation  detector  for  de- 

tecting  radiation  in  a  selected  wavelength  range, 
comprising  means  having  a  temperature-dependent 
characteristic  for  detecting  thermal  energy,  wherein 
the  detecting  means  are  supported  by  at  least  one 

45  flexible  film  which  is  substantially  transparent  in  said 
wavelength  range,  and  wherein  with  respect  to  the  di- 
rection  of  incidence  of  thermal  radiation  to  be  detect- 
ed,  said  one  flexible  film  precedes  the  detecting 
means,  characterised  in  that  the  detector  comprises 

50  an  electrically  resistive  layer  which  is  disposed  imme- 
diately  adjacent  the  side  of  said  one  flexible  film  re- 
mote  from  the  detecting  means  and  which  has  a  net 
effective  resistance  per  square  so  as  to  absorb  inci- 
dent  radiation  in  said  wavelength  range,  in  that  a  re- 

55  fleeting,  electrically  conductive,  layer,  which  reflects 
incident  radiation  in  the  thermal  radiation  range,  sub- 
stantially  coextensive  with  the  resistive  layer  is  dis- 
posed  between  said  one  flexible  film  and  the  detect- 
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ing  means,  in  that  the  detecting  means  are  thermally 
coupled  to  the  resistive  layer,  and  in  that  the  optical 
thickness  of  substantially  transparent  dielectric  mate- 
rial  preceding  the  detecting  means  and  comprising 
said  one  flexible  film  is  one  quarter  of  a  selected  wa- 
velength  in  said  wavelength  range. 

Suitably,  the  optical  thickness  of  said  one  flexible 
film  is  one  quarter  of  said  selected  wavelength.  This 
avoids  difficulties  such  as  "crazing"  which  would  be 
liable  to  arise  if  a  layer  of  suitable  dielectric  material, 
which  typically  is  brittle,  were  to  be  deposited  on  a 
flexible  film  to  make  up  a  total  optical  thickness  of  a 
quarter  of  the  selected  wavelength. 

The  invention  involves  the  recognition  that  a  flex- 
ible  film  which  is  used  to  support  the  detecting  means 
and  which  can  provide  the  mechanical  advantage  of 
low  microphony  and  the  thermal  advantage  of  low 
thermal  conductance  can  also  be  used  as  part  or,  pre- 
ferably,  the  whole  of  the  thickness  of  a  quarter-wave- 
length  optical  layer  in  combination  with  an  electrically 
resistive  layer  for  improving  the  absorption  of  incident 
thermal  radiation.  The  resistive  layer  has  a  net  effec- 
tive  resistance  per  square  such  that  it  absorbs  a  sub- 
stantial  proportion  of  incident  radiation  in  the  wave- 
length  range.  The  selected  wavelength  is  that  at 
which  it  is  desired  that  the  absorption  of  incident  ra- 
diation  by  the  resistive  layer  should  be  substantially 
a  maximum.  If  the  electrically  resistive  layer  is  elec- 
trically  in  parallel  with  one  or  more  adjacent  further 
layers  having  some  electrical  conductivity,  then  eith- 
er  the  resistance  per  square  of  the  further  layer(s) 
should  be  sufficiently  high  not  substantially  to  reduce 
the  effective  resistance  per  square  of  the  first- 
mentioned  electrically  resistive  layer,  or  the  resis- 
tance  per  square  of  said  electrically  resistive  layer 
should  be  selected  so  that  in  combination  with  the  fur- 
ther  layer(s),  its  net  effective  resistance  per  square 
has  a  suitable  value  for  substantially  absorbing  radi- 
ation  in  the  desired  operating  wavelength  range.  A  de- 
tector  embodying  the  invention  can  be  relatively  easy 
to  make,  and  the  means  used  to  improve  the  absorp- 
tion  of  radiation  need  add  only  relatively  little  thermal 
capacitance  to  the  detector. 

Said  selected  wavelength  may  be  such  as  sub- 
stantially  to  maximise  the  absorption  of  incident  radi- 
ation  by  the  detector  over  said  wavelength  range. 

It  may  be  noted  that  UK  Patent  Application  GB  2 
1  00  058  Adiscloses  a  thermal  radiation  detector  com- 
prising  an  element  of  pyroelectric  material  supported 
by  and  between  two  flexible  films  of  polyimide  mate- 
rial  each  having  a  thickness  of  about  l^m  and  further 
comprising  a  layer  for  absorbing  incident  radiation 
that  is  disposed  between  one  of  the  flexible  films  and 
the  pyroelectric  element;  the  absorbing  layer  may  be 
of  antimony  50  nm  thick.  In  that  detector,  however,  the 
absorbing  layer  is  contiguous  with  a  coextensive  elec- 
trically  conductive  further  layer  which  may  be  of  alu- 
minium  about  0.5p.m  thick.  The  latter  layer  has  a  very 

low  resistance  per  square,  so  that  the  net  effective  re- 
sistance  per  square  of  the  absorbing  layer  is  at  least 
as  low.  Consequently,  the  absorption  of  incident  ra- 
diation  by  the  absorbing  layer  will  depend  on  process- 

5  es  not  concerned  with  the  electrical  conductance  of 
the  layer. 

In  the  form  of  detector  according  to  the  second 
aspect  of  the  invention,  with  respect  to  the  direction 
of  incidence  of  thermal  radiation  to  be  detected,  the 

10  resistive  layer  may  be  immediately  preceded  by  free 
space,  and  in  this  case  the  resistive  layer  suitably  has 
a  resistance  per  square  substantially  equal  to  the 
characteristic  impedance  of  free  space. 

Preferably,  the  total  thermal  capacitance  of  said 
15  layer  or  layers  and  of  the  portion  of  said  one  flexible 

film  coextensive  therewith  is  much  less  than  the  ther- 
mal  capacitance  of  the  detecting  means. 

According  to  a  further  aspect  of  the  invention,  in 
a  detector  wherein  the  detecting  means  have  a  sur- 

20  face  adjacent  to  the  layer  which  is  disposed  between 
the  detecting  means  and  said  one  flexible  film  and 
that  layer  extends  over  substantially  the  whole  of  said 
surface  of  the  detecting  means  and  substantially  be- 
yond  at  least  part  of  the  periphery  thereof,  that  layer 

25  may  supply  to  the  detecting  means  at  said  surface 
thereof  thermal  energy  from  radiation  incident  on  ev- 
ery  part  of  said  resistive  layer.  The  above-mentioned 
U  K  Patent  Application  GB  2  1  00  058  A  d  iscloses  a  de- 
tector  of  thermal  radiation  wherein  thermal  energy  is 

30  supplied  to  detecting  means  (in  this  case  a  pyroelec- 
tric  element)  from  radiation  incident  on  an  operative 
surface  region  of  the  detector  substantially  larger 
than  an  adjacent  face  of  the  pyroelectric  element. 
This  aspect  of  the  present  invention  involves  the  rec- 

35  ognition  that  the  layer  disposed  between  the  detect- 
ing  means  and  the  flexible  film  in  an  embodiment  of 
the  present  invention  can  extend  substantially  be- 
yond  at  least  part  of  the  periphery  of  the  adjacent  face 
of  the  detecting  means  and  can  be  used  to  supply  to 

40  the  detecting  means  at  that  face  thermal  energy  from 
radiation  incident  on  an  operative  surface  region  larg- 
er  than  that  face.  Where  the  layer  disposed  between 
the  detecting  means  and  the  flexible  film  is  a  resistive 
layer,  the  extent  of  that  layer  generally  constitutes  the 

45  operative  surface  region  of  the  detector,  and  thermal 
energy  from  radiation  incident  on  a  portion  of  the  lay- 
er  not  overlying  the  detecting  means  may  be  supplied 
laterally  to  the  detecting  means  along  the  flexible  film 
as  well  as  along  the  layer  itself.  Where  the  layer  dis- 

50  posed  between  the  detecting  means  and  the  flexible 
film  is  an  electrically  conductive  layer,  the  operative 
surface  region  of  the  detector  is  generally  constituted 
by  the  extent  of  the  resistive  layer  on  the  opposite 
side  of  the  flexible  film.  Thermal  energy  from  radia- 

55  tion  incident  on  the  resistive  layer  in  any  case  has  to 
travel  through  the  flexible  film  and,  in  the  case  of  ra- 
diation  incident  on  a  portion  of  the  resistive  layer  not 
overlying  the  detecting  means,  can  travel  laterally  to- 

3 
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wards  the  detecting  means  more  readily  along  the 
electrically  conductive  layer  than  along  the  resistive 
layer. 

Adetecting  array  may  comprise  a  plurality  of  sub- 
stantially  similar,  substantially  uniformly  spaced  such  5 
detectors,  wherein  said  one  flexible  film  is  common  to 
all  the  detectors,  and  wherein  the  gap  between  the  re- 
spective  layers,  disposed  between  the  detecting 
means  and  said  one  flexible  film,  of  adjacent  detec- 
tors  is  substantially  smaller  than  the  gap  between  the  10 
respective  detector  means  thereof. 

Suitably,  in  a  detector  embodying  the  invention, 
the  detecting  means  comprise  an  element  of  pyro- 
electric  material. 

Embodiments  of  the  invention  will  now  be  descri-  15 
bed,  by  way  of  example,  with  reference  to  the  dia- 
grammatic  drawings  which  are  not  to  scale  and  in 
which:- 

Figure  1  is  a  cross-section  of  a  first  embodiment 
wherein  a  resistive  layer  is  disposed  between  de-  20 
tecting  means  and  a  supporting  flexible  film; 
Figure  2  is  a  cross-section  of  a  second  embodi- 
ment  wherein  a  conductive  layer  is  disposed  be- 
tween  detecting  means  and  a  supporting  flexible 
film  and  a  resistive  layer  is  disposed  on  the  other  25 
side  of  the  flexible  film; 
Figures  3  and  4  show  further  embodiments  cor- 
responding  to  those  of  Figures  1  and  2  respec- 
tively  wherein  the  layer  disposed  between  the  de- 
tecting  means  and  the  flexible  film  extends  be-  30 
yond  the  periphery  of  the  adjacent  face  of  the  de- 
tecting  means; 
Figure  5  is  a  cross-section  of  part  of  a  detector  ar- 
ray  embodying  the  invention,  and 
Figure  6  is  a  plan  view  of  the  part  of  the  array  35 
shown  in  Figure  5. 
Referring  to  Figure  1  ,  a  detector  of  thermal  radi- 

ation  comprises  an  element  1  of  pyroelectric  material 
supported  by  at  least  one  flexible  film  2.  The  detector 
is  adapted  for  radiation  that  is  to  be  detected  to  be  in-  40 
cident  in  the  direction  of  the  arrow  3,  the  flexible  film 
2  (which  thus  precedes  the  pyroelectric  element  1) 
transmitting  a  substantial  majority  of  incident  radia- 
tion  in  the  operating  wavelength  range  of  the  detector. 
When  the  temperature  of  the  pyroelectric  element  1  45 
changes  owing  to  the  absorption  of  thermal  energy 
from  incident  radiation,  charges  are  developed  at  op- 
posed  faces  of  the  element,  in  this  case  the  upper  and 
lower  major  surfaces  (as  drawn)  4  and  5  respectively, 
and  may  be  detected  via  electrical  connections  (not  50 
shown)  made  to  those  faces;  the  surfaces  4  and  5  are 
in  this  embodiment  provided  with  respective  elec- 
trode  layers  6  and  7.  Since  charges  are  developed  at 
the  faces  4  and  5  only  while  the  temperature  of  the 
element  1  changes,  the  radiation  incident  on  the  de-  55 
tector  must  vary  with  time  in  order  that  it  may  be  de- 
tected.  This  may  inherently  be  the  case  where  it  is  de- 
sired  that  the  detector  should  respond  to  changes  in 

an  otherwise  substantially  unchanging  environment 
as  for  example  in  an  intruder  detector;  it  may  alterna- 
tively  be  achieved  by  scanning  the  detector  across  a 
scene  being  viewed  or  by  chopping  the  incident  radi- 
ation. 

Since  the  pyroelectric  element  1  (especially  if  it 
is  very  thin)  as  well  as  the  flexible  film  2  may  gener- 
ally  absorb  relatively  little  of  the  incident  radiation 
over  at  least  part  of  the  operating  wavelength  range, 
it  is  desirable  to  increase  the  absorption  of  radiation 
in  order  to  increase  the  sensitivity  of  the  detector.  This 
may  be  done  by  choosing  the  thickness  of  the  flexible 
film  2  so  as  to  reduce  the  reflection  of  incident  radia- 
tion  and  by  providing  between  the  pyroelectric  ele- 
ment  1  and  the  flexible  film  2  an  electrically  resistive 
layer  8  with  a  suitable  resistance  per  square  substan- 
tially  to  absorb  radiation.  Reflection  is  a  minimum  at 
wavelengths  for  which  the  optical  thickness  of  the  film 
2,  i.e.  the  product  of  its  physical  thickness  and  its  re- 
fractive  index  n,  is  an  odd  number  of  quarter  wave- 
lengths,  and  is  a  maximum  at  wavelengths  for  which 
the  optical  thickness  is  an  even  number  of  quarter  wa- 
velengths.  The  greatest  bandwidth  over  which  reflec- 
tion  is  reduced  is  obtained  by  making  the  optical  thick- 
ness  substantially  one  quarter  of  a  selected  wave- 
length;  the  wavelength  suitable  is  selected: 

(i)  bearing  in  mind  that  reflection  increases  fairly 
rapidly  to  a  maximum  as  the  wavelength  of  the  in- 
cident  radiation  decreases  from  the  selected  val- 
ue  to  half  the  selected  value  but  increases  much 
less  rapidly  as  the  wavelength  increases  from  the 
selected  value,  and 
(ii)  taking  into  account  the  spectral  absorption 
characteristic  of  the  pyroelectric  material;  some 
of  the  radiation  which  may  not  be  absorbed  by  the 
resistive  layer  but  is  transmitted  by  it  can  then  be 
absorbed  by  the  pyroelectric  material.  In  view  of 
(i)  above,  the  selected  wavelength  may  for  exam- 
ple  be  slightly  below  the  lower  limit  of  the  wave- 
length  range  over  which  it  is  intended  to  operate 
the  detector.  Other  factors,  such  as  the  spectral 
characteristic  of  a  window  behind  which  the  de- 
tector  is  mounted,  may  also  be  taken  into  ac- 
count. 
Since  radiation  is  absorbed  by  the  resistive  layer, 

it  is  of  course  necessary  that  the  pyroelectric  element 
should  be  thermally  well  coupled  to  it  in  order  for  the 
temperature  of  the  element  to  be  changed  by  the  ther- 
mal  energy  of  the  absorbed  radiation. 

A  theoretical  analysis  shows  that  the  absorption 
A  of  radiation  at  the  selected  wavelength  by  a  resis- 
tive  layer  preceded  by  dielectric  material  with  an  opt- 
ical  thickness  of  a  quarter  of  that  wavelength  is  given 
by  the  expression 

A  =  4  c  n2/(c  +  1  +  n2)2 
where  n  is  the  refractive  index  of  the  dielectric  mate- 
rial  and  c  =  377/R  where  R  is  the  resistance  per 
square  of  the  resistive  layer.  Improved  absorption 

4 
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should  therefore  be  obtained  if  the  resistance  per 
square  of  the  resistive  layer  is  adapted  in  dependence 
on  the  refractive  index  of  the  dielectric  material,  and 
in  particular  should  be  a  maximum  if 

Rppt  =  377/(1  +  rf). 
In  that  case,  the  expression  for  the  absorption  simpli- 
fies  to 

Amax  =  n2/(1  +  rf) 
If  n  =  1  .8,  the  value  of  Rppt  is  about  90  ohms  per  square 
and  the  value  of  Amax  is  about  76%. 

The  above  theoretical  analysis  strictly  applies 
only  if  the  resistive  layer  is  immediately  succeeded  by 
free  space.  Where  the  resistive  layer  is  followed  by 
further  material  comprising  for  example  a  pyroelectric 
element,  the  actual  value  of  A  will  vary  with  wave- 
length  between  alternate  local  maxima  and  minima 
(whose  spacing  in  wavelength  will  for  example  de- 
pend  on  the  thickness  of  the  pyroelectric  element), 
the  maxima  lying  on  the  theoretical  curve  for  A. 

The  pyroelectric  element  1  may  be  mounted  in 
the  manner  described  in  the  above-mentioned  Euro- 
pean  Patent  Application  EP  41  297  A,  suitably  using 
a  second  flexible  film  (not  shown)  adjacent  the  lower 
face  5  of  the  pyroelectric  element  so  that  the  element 
is  sandwiched  between  the  films.  The  pyroelectric 
material  may  for  example  be  PLMZT,  and  the  element 
1  may  for  example  have  major  surfaces  which  are 
square  with  a  side  of  0.5  mm  and  may  have  a  thick- 
ness  of  20  urn,  obtained  by  polishing  down  a  thicker 
slice  of  the  material.  The  flexible  film(s)  may  be  of 
polyimide  material.  In  the  case  of  a  detector  for  which 
it  is  desired  to  maximise  absorption  of  radiation  by  the 
resistive  layer  at  a  wavelength  of  8  urn,  and  taking  a 
value  for  n  of  1  .8,  the  thickness  of  the  flexible  film  2 
should  be  1  .1  urn.  The  electrode  layers  6  and  7,  which 
suitably  are  provided  if  the  pyroelectric  material  is  a 
ceramic  to  ensure  good  electrical  contact  to  the  sur- 
faces  of  the  pyroelectric  element,  may  be  of  sputtered 
nickel/chromium  alloy.  The  resistive  layer  8  may  also 
be  of  a  nickel/chromium  alloy,  provided  by  evapora- 
tion  or  sputtering  on  the  flexible  film  2  before  the 
pyroelectric  element  with  its  deposited  electrodes  is 
brought  up  to  the  film.  Good  electrical  and  thermal 
contact  between  the  electrode  6  and  the  resistive  lay- 
er  8  can  be  obtained  by  wetting  the  surfaces  with  an 
organic  solvent  which  will  then  evaporate  by  perme- 
ation  through  the  film  2. 

The  above  analysis  has  neglected  the  effect  on 
the  resistance  per  square  of  the  electrically  resistive 
layer  8  of  the  contiguous  coextensive  electrode  layer 
6.  Preferably,  either  the  resistance  per  square  of  the 
electrode  layer  6  should  be  sufficiently  high  not  sub- 
stantially  to  reduce  the  net  effective  resistance  per 
square  of  the  electrically  resistive  layer  8  (which  may 
be  quite  acceptable  for  high-impedance  detecting 
means  such  as  a  pyroelectric  element),  or  the  resis- 
tance  per  square  of  the  layer  8  per  se  should  be  such 
that  in  parallel  with  the  layer  6,  its  net  effective  resis- 

tance  per  square  has  a  suitable  value  for  substantially 
absorbing  radiation. 

Figure  2  is  a  cross-section  of  a  second  embodi- 
ment  of  the  invention  wherein  the  same  reference  nu- 

5  merals  are  used  as  in  Figure  1  for  corresponding  in- 
tegers.  In  this  embodiment,  an  electrically  conductive 
substantially  reflecting  layer  9  is  disposed  between 
the  pyroelectric  element  1  and  the  flexible  film  2,  and 
an  electrically  resistive  layer  1  0  coextensive  with  the 

10  layer  9  is  disposed  on  the  other  side  of  the  film  2.  As 
a  result,  incident  thermal  radiation  which  is  transmit- 
ted  rather  than  being  absorbed  by  the  resistive  layer 
1  0  can  be  reflected  back  by  the  layer  9  for  further  ab- 
sorption  by  the  layer  10;  the  optical  thickness  of  the 

15  film  2  is  again  one  quarter  of  the  selected  wavelength. 
Where,  as  in  this  particular  embodiment,  the  resistive 
layer  10  is  immediately  preceded  by  free  space,  the 
resistance  per  square  of  the  resistive  layer  is  suitably 
equal  to  the  characteristic  impedance  of  free  space, 

20  i.e.  substantially  377  ohms.  It  is  considered  that  for 
the  reflecting  layer  9,  a  resistance  per  square  of  the 
order  of  1  ohm  should  be  adequately  low.  This  em- 
bodiment  can  be  made  in  a  similar  manner  to  that  of 
Figure  1;  the  reflecting  layer  9  suitably  comprises  a 

25  nickel/chromium  "seed"  layer  coated  with  a  gold  layer 
(both  formed  by  vacuum-deposition). 

In  the  embodiment  of  Figure  1  ,  an  electrical  con- 
nection  to  the  upper  electrode  layer  6  may  be  made 
by  forming  the  electrically  resistive  layer  8  with  an  ex- 

30  tension  to  provide  such  a  connection.  The  dimensions 
of  this  extension  may  be  selected  as  a  compromise 
between  minimising  thermal  conductance  (to  reduce 
the  loss  of  thermal  energy  from  the  detector)  and  min- 
imising  Johnson  noise  due  to  the  connection.  An  elec- 

35  trical  resistance  for  the  connection  (for  example  to  an 
amplifier)  roughly  of  the  order  of  1  kilohm  may  be  suit- 
able.  In  the  embodiment  of  Figure  2,  a  similar  connec- 
tion  may  be  provided  by  a  further  electrically  resistive 
layer  on  the  flexible  film  2  (on  the  lower  surface  there- 

to  of  as  drawn)  overlapping  an  edge  portion  of  the  elec- 
trically  conductive  layer  9.  In  each  embodiment,  an 
electrical  connection  to  the  lower  electrode  layer  5 
may  for  example  be  provided  in  the  manner  described 
in  the  above-mentioned  European  Patent  Application 

45  EP  41  297  A. 
Compared  with  the  embodiment  of  Figure  1,  the 

embodiment  of  Figure  2  has  the  disadvantage  that 
the  thermal  energy  of  radiation  absorbed  in  the  resis- 
tive  layer  1  0  has  to  be  conducted  through  the  flexible 

so  film  2  to  reach  the  detecting  means  (the  pyroelectric 
element  1)  but  the  advantage  that  it  can  achieve  high- 
er  absorption  of  the  incident  radiation.  Although  a 
plastics  material  typically  used  for  the  flexible  flim 
has  low  thermal  conductivity,  the  thickness  of  the  film 

55  is  generally  so  small  (typically  about  1  urn)  that  the 
thermal  conductance  is  fairly  high,  and  overall  it  is 
considered  that  the  advantage  will  usually  outweigh 
the  disadvantage. 

5 
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In  the  embodiments  of  Figures  1  and  2,  the  area, 
from  radiation  incident  on  which  area  thermal  energy 
is  supplied  to  the  pyroelectric  element  1,  is  substan- 
tially  equal  to  the  area  of  the  upper  major  surface  4 
of  the  pyroelectric  element.  It  may  be  desirable  for  5 
thermal  energy  to  be  collected  from  radiation  incident 
on  a  larger  area:  Figures  3  and  4  show  two  further  em- 
bodiments  corresponding  respectively  to  those  of 
Figures  1  and  2  in  which  this  is  the  case.  The  resistive 
layer  8A  in  the  embodiment  of  Figure  3  and,  in  the  em-  10 
bodiment  of  Figure  4,  the  conducting  layer  9Aand  the 
coextensive  resistive  layer  1  0A  extend  over  the  whole 
of  the  surface  4  of  the  pyroelectric  element  and  sub- 
stantially  beyond  the  periphery  thereof,  in  this  case  at 
least  on  two  opposite  sides  of  the  periphery  (i.e.  to  the  15 
left  and  to  the  right  as  drawn).  The  pyroelectric  ele- 
ment  may  be  situated  substantially  centrally  with  re- 
spect  to  the  layer(s),  but  this  is  by  no  means  critical; 
it  is  however  important  that  thermal  energy  from  ra- 
diation  incident  on  a  part  of  the  detector  remote  from  20 
the  detecting  means  should  be  supplied  to  the  detect- 
ing  means  by  thermal  conduction  over  a  distance 
which  is  substantially  less  than  the  thermal  diffusion 
distance  (which  depends  on  the  maximum  frequency 
of  operation  of  the  detector),  as  discussed  in  the  25 
above-mentioned  UK  Patent  Application  GB  2  100 
058  A.  The  layer(s)  need  not  be  of  the  same  shape  as 
the  adjacent  surface  of  the  pyroelectric  element;  for 
example,  where  the  latter  is  square  (as  mentioned 
above),  the  layers  may  be  rectangular  or  circular.  The  30 
embodiments  of  Figures  3  and  4  may  be  made  in  a 
similar  manner  to  those  of  Figures  1  and  2.  In  the  em- 
bodiment  of  Figure  3,  since  the  electrically  resistive 
layer  8A  extends  beyond  the  electrode  layer  6,  it  may 
be  desirable  for  the  latter  layer  to  have  a  relatively  35 
high  resistance  per  square  so  that  the  net  effective  re- 
sistance  per  square  of  the  electrically  resistive  layer 
8A  does  not  vary  greatly  across  the  layer  8A. 

An  embodiment  of  the  invention  wherein  the  layer 
disposed  between  the  detecting  means  and  the  flex-  40 
ible  film  extends  substantially  beyond  the  periphery 
of  an  adjacent  surface  of  the  detecting  means  may  be 
particularly  suitable  for  forming  an  array  of  detectors, 
especially  where  it  is  desired  that  the  gap  between 
two  adjacent  detectors  should  be  small.  Figures  5  and  45 
6  are  respectively  a  cross-section  and  a  plan  view 
from  the  underside  of  part  of  a  linear  array  of  detec- 
tors  each  of  the  form  shown  in  Figure  3;  the  three  de- 
tectors  shown  comprise  respective  pyroelectric  ele- 
ments  11,  21  and  31  and  respective  resistive  layers  50 
18A,  28Aand  38A,  and  are  supported  on  a  common 
flexible  film  2.  Each  two  adjacent  resistive  layers  are 
separated  by  a  respective  narrow  gap  40.  The  gaps 
may  be  produced  by  evaporation  of  the  resistive  met- 
al  through  a  mask,  or  by  photolithograpy  and  etching  55 
of  a  continuous  resistive  coating  for  the  complete  ar- 
ray. 

The  pyroelectric  elements  may  each  be  squares 

of  0.5  mm  side,  and  the  resistive  layers  may  measure 
0.5  mm  x  0.6  mm,  i.e.  an  average  overlap  of  50  urn 
on  each  of  two  opposite  sides  of  the  associated  pyro- 
electric  element;  the  gap  between  adjacent  resistive 
layers  may  be  20  urn  wide. 

Thermal  detecting  means  other  than  a  pyroelec- 
tric  element  may  be  used  in  an  embodiment  of  the  in- 
vention,  for  example  a  dielectric  element  whose  ca- 
pacitance  changes  with  temperature,  changes  in  ca- 
pacitance  being  measured. 

Although  in  the  embodiments  of  the  invention  de- 
scribed  with  reference  to  the  drawings  the  flexible 
film  2  constitutes  all  the  substantially  transparent  di- 
electric  material  preceding  the  detecting  means,  such 
material  (whose  total  optical  thickness  is  a  quarter  of 
the  selected  wavelength)  might  comprise  other  di- 
electric  material  as  well,  the  thickness  of  the  flexible 
film  being  reduced  accordingly.  For  example,  a  layer 
of  other  dielectric  material  could  be  vacuum-deposit- 
ed  on  the  flexible  film  on  the  side  thereof  remote  from 
that  on  which  the  thermal  detecting  means  are  dis- 
posed;  if  this  other  dielectric  material  had  a  refractive 
index  higherthan  that  of  the  flexible  film  material,  this 
would  mean  that  the  total  physical  thickness  of  the  di- 
electric  material  would  be  reduced.  This  might  be  ad- 
vantageous  in  embodiments  wherein  the  resistive 
layer  is  on  the  side  of  the  flexible  film  remote  from  the 
detecting  means,  in  that  the  path  length  for  the  trans- 
mission  of  thermal  energy  from  the  resistive  layer  to 
the  detecting  means  would  be  reduced  (the  thermal 
conductivity  of  the  other  dielectric  material  must  of 
course  also  be  taken  into  account).  However,  the  de- 
position  of  a  thin  layer  of  relatively  brittle  dielectric 
material  on  a  flexible  film  is  liable  to  result  in  the  thin 
layer  breaking  up  or  "crazing". 

Claims 

1.  A  thermal  radiation  detector  for  detecting  radia- 
tion  in  a  selected  wavelength  range,  comprising 
means  having  a  temperature-dependent  charac- 
teristic  for  detecting  thermal  energy,  wherein  the 
detecting  means  are  supported  by  at  least  one 
flexible  film  which  is  substantially  transparent  in 
said  wavelength  range,  and  wherein  with  respect 
to  the  direction  of  incidence  of  thermal  radiation 
to  be  detected,  said  one  flexible  film  precedes  the 
detecting  means,  characterised  in  that  the  detec- 
tor  comprises  an  electrically  resistive  layer  which 
has  a  net  effective  resistance  per  square  of  sub- 
stantially  377/(1  +n2)  ohms  per  square,  where  n  is 
the  refractive  index  of  said  one  flexible  film,  and 
is  disposed  immediately  adjacent  said  one  flex- 
ible  film  between  the  flexible  film  and  the  detect- 
ing  means  whereby  to  absorb  incident  radiation  in 
said  wavelength  range,  in  that  the  detecting 
means  are  thermally  coupled  to  the  resistive  lay- 
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er,  and  in  that  the  optical  thickness  of  substantial- 
ly  transparent  dielectric  material  preceding  the 
detecting  means  and  comprising  said  one  flexible 
film  is  one  quarter  of  a  selected  wavelength  in 
said  wavelength  range. 

2.  A  thermal  radiation  detector  for  detecting  radia- 
tion  in  a  selected  wavelength  range,  comprising 
means  having  a  temperature-dependent  charac- 
teristic  for  detecting  thermal  energy,  wherein  the 
detecting  means  are  supported  by  at  least  one 
flexible  film  which  is  substantially  transparent  in 
said  wavelength  range,  and  wherein  with  respect 
to  the  direction  of  incidence  of  thermal  radiation 
to  be  detected,  said  one  flexible  film  precedes  the 
detecting  means,  characterised  in  that  the  detec- 
tor  comprises  an  electrically  resistive  layer  which 
is  disposed  immediately  adjacent  the  side  of  said 
one  flexible  film  remote  from  the  detecting 
means  and  which  has  a  net  effective  resistance 
per  square  so  as  to  absorb  incident  radiation  in 
said  wavelength  range,  in  that  a  reflecting,  elec- 
trically  conductive,  layer,  which  reflects  incident 
radiation  in  the  thermal  radiation  range,  substan- 
tially  coextensive  with  the  resistive  layer  is  dis- 
posed  between  said  one  flexible  film  and  the  de- 
tecting  means,  in  that  the  detecting  means  are 
thermally  coupled  to  the  resistive  layer,  and  in 
that  the  optical  thickness  of  substantially  trans- 
parent  dielectric  material  preceding  the  detecting 
means  and  comprising  said  one  flexible  film  is 
one  quarter  of  a  selected  wavelength  in  said  wa- 
velength  range. 

3.  Adetectoras  claimed  in  Claim  2,  characterised  in 
that  with  respect  to  the  direction  of  incidence  of 
thermal  radiation  to  be  detected,  the  resistive  lay- 
er  is  immediately  preceded  by  free  space  and  has 
a  resistance  per  square  substantially  equal  to  the 
characteristic  impedance  of  free  space. 

4.  A  detector  as  claimed  in  Claim  1  ,  2  or  3,  charac- 
terised  in  that  the  optical  thickness  of  said  one 
flexible  film  is  one  quarter  of  said  selected  wave- 
length. 

5.  A  detector  as  claimed  in  any  preceding  claim, 
characterised  in  that  the  total  thermal  capaci- 
tance  of  said  layer  or  layers  and  of  the  portion  of 
said  one  flexible  film  coextensive  therewith  is 
much  less  than  the  thermal  capacitance  of  the 
detecting  means. 

6.  A  detector  as  claimed  in  any  preceding  claim, 
characterised  in  that  the  layer  which  is  disposed 
between  the  detecting  means  and  said  one  flex- 
ible  film  extends  over  substantially  the  whole  of 
a  surface  of  the  detecting  means  adjacent  that 

layer  and  substantially  beyond  at  least  part  of  the 
periphery  thereof,  and  through  which  thermal  en- 
ergy  from  radiation  incident  on  every  part  of  said 
resistive  layer  is  supplied  to  said  surface  of  the 

5  detecting  means. 

7.  A  detector  as  claimed  in  any  preceding  claim, 
characterised  in  that  the  detecting  means  com- 
prise  an  element  of  pyroelectric  material. 

10 
8.  An  array  of  substantially  similar,  substantially 

uniformly  spaced  detectors  each  as  claimed  in 
Claim  6,  characterised  in  that  said  one  flexible 
film  is  common  to  all  the  detectors,  and  wherein 

15  the  gap  between  the  respective  layers,  disposed 
between  the  detecting  means  and  said  one  flex- 
ible  film,  of  adjacent  detectors  is  substantially 
smaller  than  the  gap  between  the  respective  de- 
tector  means  thereof. 

20 

Patentanspruche 

1.  Detektor  fur  thermische  Strahlung  zur  Detektion 
25  von  Strahlung  in  einem  selektierten  Wellenlan- 

genbereich,  aufweisend  Einrichtungen,  die  eine 
temperaturabhangige  Charakteristik  zur  Detekti- 
on  thermischer  Energie  aufweisen,  in  welchem 
die  Detektoreinrichtungen  von  zumindest  einer 

30  flexiblen  Folie  getragen  sind,  die  in  diesem  Wel- 
lenlangenbereich  im  wesentlichen  transparent 
ist,  und  in  welchem  diese  eine  flexible  Folie  mit 
Bezug  auf  die  Einfallsrichtung  derzu  detektieren- 
den  thermischen  Strahlung  den  Detektoreinrich- 

35  tungen  vorgestellt  ist, 
dadurch  gekennzeichnet, 
dali  der  Detektor  eine  elektrische  Widerstands- 
schicht  aufweist,  die  einen  Gesamtwirkwider- 
stand  pro  Oberflachenquadrat  von  im  wesentli- 

40  chen  377/(1  +n2)  Ohm  pro  Flachenquadrat  auf- 
weist,  wobei  n  der  Brechungsindex  dieser  einen 
flexiblen  Folie  ist,  und  die  unmittelbar  angren- 
zend  an  diese  eine  flexible  Folie  zwischen  derf  le- 
xiblen  Folie  und  den  Detektoreinrichtungen  ange- 

45  ordnet  ist,  urn  hierdurch  einfallende  Strahlung  in 
diesem  Wellenlangenbereich  zu  absorbieren, 
dali  die  Detektoreinrichtungen  thermisch  mit  der 
Widerstandsschicht  gekoppelt  sind  und  dali  die 
optische  Dicke  von  einem  im  wesentlichen  trans- 

50  parenten  dielektrischen  Material,  das  den  Detek- 
toreinrichtungen  vorgestellt  ist  und  diese  eine  fle- 
xible  Folie  umfalit,  ein  Viertel  einer  selektierten 
Wellenlange  im  Wellenlangenbereich  betragt. 

55  2.  Detektor  fur  thermische  Strahlung  zur  Detektion 
von  Strahlung  in  einem  selektierten  Wellenlan- 
genbereich,  aufweisend  Einrichtungen,  die  eine 
temperaturabhangige  Charakteristik  zur  Detekti- 
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on  thermischer  Energie  aufweisen,  in  welchem 
die  Detektoreinrichtungen  von  zumindest  einer 
flexiblen  Folie  getragen  sind,  die  in  diesem  Wel- 
lenlangenbereich  im  wesentlichen  transparent 
ist,  und  in  welchem  diese  eine  flexible  Folie  mit 
Bezug  auf  die  Einfallsrichtung  derzu  detektieren- 
den  thermischen  Strahlung  den  Detektoreinrich- 
tungen  vorgestellt  ist, 
dadurch  gekennzeichnet, 
dali  der  Detektor  eine  elektrische  Widerstands- 
schicht  aufweist,  die  unmittelbar  angrenzend  an 
die  von  den  Detektoreinrichtungen  abgewandte 
Seite  dieser  einen  flexiblen  Folie  angeordnet  ist 
und  die  einen  Gesamtwirkwiderstand  pro  Fla- 
chenquadrat  derart  aufweist,  urn  die  einfallende 
Strahlung  in  diesem  Wellenlangenbereich  zu  ab- 
sorbieren,  dali  eine  ref  lektierende,  elektrisch  lei- 
tende  Schicht,  die  einfallende  Strahlung  im  Be- 
reich  der  thermischen  Strahlung  reflektiert,  im 
wesentlichen  in  gemeinsamer  Ausdehnung  mit 
der  Widerstandsschicht  zwischen  dieser  einen 
flexiblen  Folie  und  den  Detektoreinrichtungen 
angeordnet  ist,  dali  die  Detektoreinrichtungen 
thermisch  mit  der  Widerstandsschicht  gekoppelt 
sind  und  dali  die  optische  Dicke  von  einem  im 
wesentlichen  transparenten  dielektrischen  Mate- 
rial,  das  den  Detektoreinrichtungen  vorgestellt  ist 
und  diese  eine  flexible  Folie  umfalit,  ein  Viertel 
einer  selektierten  Wellenlange  im  Wellenlangen- 
bereich  betragt. 

3.  Detektor  nach  Anspruch  2, 
dadurch  gekennzeichnet, 
dali  bezuglich  der  Einfallsrichtung  zu  detektie- 
render  thermischer  Strahlung  der  Widerstands- 
schicht  unmittelbar  ein  Freiraum  vorgeschaltet  ist 
und  die  Widerstandsschicht  einen  Widerstand 
pro  Flachenquadrat  im  wesentlichen  gleich  der 
Kennimpedanz  vom  Freiraum  aufweist. 

4.  Detektor  nach  Anspruch  1  ,  2  oder  3, 
dadurch  gekennzeichnet, 
dali  die  optische  Dicke  dieser  einen  flexiblen  Fo- 
lie  ein  Viertel  der  selektierten  Wellenlange  be- 
tragt. 

5.  Detektor  nach  einem  vorhergehenden  Anspruch, 
dadurch  gekennzeichnet, 
dali  die  gesamte  Warmekapazitat  der  Schicht 
oder  Schichten  und  des  sich  hiermit  gemeinsam 
ausdehnenden  Teils  der  einen  flexiblen  Folie 
sehr  viel  geringer  als  die  Warmekapazitat  der  De- 
tektoreinrichtungen  ist. 

6.  Detektor  nach  einem  vorhergehenden  Anspruch, 
dadurch  gekennzeichnet, 
dali  die  Schicht,  die  zwischen  den  Detektorein- 
richtungen  und  dieser  einen  flexiblen  Folie  ange- 

ordnet  ist,  sich  uber  im  wesentlichen  die  Gesamt- 
heit  einer  Oberflache  der  Detektoreinrichtungen 
erstreckt,  die  an  diese  Schicht  angrenzt,und  im 
wesentlichen  uber  zumindest  einen  Teil  deren 

5  Umfangsbegrenzung  hinaus,  und  durch  die  War- 
meenergie  aus  auf  jeden  Teil  dieser  Widerstands- 
schicht  auftreffender  Strahlung  dieser  Oberfla- 
che  der  Detektoreinrichtungen  zugefuhrt  wird. 

10  7.  Detektor  nach  einem  vorhergehenden  Anspruch, 
dadurch  gekennzeichnet, 
dali  die  Detektoreinrichtungen  ein  Element  aus 
pyroelektrischem  Material  umfassen. 

15  8.  Anordnung  von  im  wesentlichen  gleichen,  im  we- 
sentlichen  gleichformig  beabstandeten  Detekto- 
ren,  jeweils  nach  Anspruch  6, 
dadurch  gekennzeichnet, 
dali  diese  eine  flexible  Folie  samtlichen  Detekto- 

20  ren  gemeinsam  ist,  und  dali  in  der  Anordnung  der 
Spalt  zwischen  den  jeweiligen  Schichten,  die  zwi- 
schen  den  Detektoreinrichtungen  und  dieser  ei- 
nen  flexiblen  Folie  angeordnet  sind,  benachbar- 
ter  Detektoren  wesentlich  kleiner  als  der  Spalt 

25  zwischen  den  jeweiligen  Detektoreinrichtungen 
der  Detektoren  ist. 

Revendications 
30 

1.  Detecteur  de  rayonnement  thermique  destine  a 
detecter  le  rayonnement  dans  une  plage  choisie 
de  longueurs  d'onde,  comprenant  un  dispositif 
ayant  une  caracteristique  de  variation  avec  la 

35  temperature,  destine  a  detecter  I'energie  thermi- 
que,  dans  lequel  le  dispositif  de  detection  est 
supporte  parau  moins  un  film  flexible  qui  est  sen- 
siblement  transparent  dans  ladite  plage  de  lon- 
gueurs  d'onde,  et  dans  lequel,  par  rapport  a  la  di- 

40  rection  d'incidence  du  rayonnement  thermique  a 
detecter,  le  film  flexible  precede  le  dispositif  de 
detection,  caracterise  en  ce  que  le  detecteur 
comporte  une  couche  electriquement  resistive 
qui  a  une  resistance  efficace  resultante  parcarre 

45  pratiquement  egale  a  377/(1  +n2)  Q  par  carre,  n 
etant  I'indice  de  refraction  du  film  flexible,  et  qui 
est  immediatement  adjacente  au  film  flexible  en- 
tre  le  film  flexible  et  le  dispositif  de  detection,  de 
maniere  qu'elle  absorbe  le  rayonnement  incident 

so  dans  la  plage  de  longueurs  d'onde,  en  ce  que  le 
dispositif  de  detection  est  couple  thermiquement 
a  la  couche  resistive,  et  en  ce  que  I'epaisseur  op- 
tique  de  la  matiere  dielectrique  pratiquement 
transparente  qui  precede  le  dispositif  de  detec- 

55  tion  et  qui  comprend  le  film  flexible  est  egale  au 
quart  d'une  longueur  d'onde  choisie  dans  la  pla- 
ge  de  longueurs  d'onde. 

8 
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2.  Detecteur  d'un  rayonnement  thermique  destine  a 
detecter  un  rayonnement  dans  une  plage  choisie 
de  longueurs  d'onde,  comprenant  un  dispositif 
ayant  une  caracteristique  variant  avec  la  tempe- 
rature  et  destine  a  detecter  I'energie  thermique,  5 
dans  lequel  le  dispositif  de  detection  estsupporte 
parau  moins  un  film  flexible  qui  est  pratiquement 
transparent  dans  ladite  plage  de  longueurs 
d'onde,  et  dans  lequel,  par  rapport  a  la  direction 
d'incidence  du  rayonnement  thermique  a  detec-  10 
ter,  le  film  flexible  precede  le  dispositif  de  detec- 
tion,  caracterise  en  ce  que  le  detecteur  comprend 
une  couche  electriquement  resistive  immediate- 
ment  adjacente  a  la  face  du  premier  film  flexible 
qui  est  distante  du  dispositif  de  detection  et  qui  a  15 
une  resistance  eff  icace  resultante  par  carre  telle 
qu'elle  absorbe  le  rayonnement  incident  dans  la- 
dite  plage  de  longueurs  d'onde,  en  ce  qu'une  cou- 
che  reflechissante  et  conductrice  de  I'electricite, 
qui  reflechit  le  rayonnement  incident  dans  la  pla-  20 
ge  de  rayonnement  thermique  et  ayant  pratique- 
ment  la  meme  etendue  que  la  couche  resistive, 
est  disposee  entre  le  film  flexible  et  le  dispositif 
de  detection,  en  ce  que  le  dispositif  de  detection 
est  couple  thermiquement  a  la  couche  resistive,  25 
et  en  ce  que  I'epaisseur  optique  de  la  matiere  die- 
lectrique  pratiquement  transparente  qui  precede 
le  dispositif  de  detection  et  qui  comprend  le  film 
flexible  est  egale  au  quart  de  la  longueur  d'onde 
choisie  dans  la  plage  de  longueur  d'onde.  30 

3.  Detecteur  selon  la  revendication  2,  caracterise  en 
ce  que,  par  rapport  a  la  direction  d'incidence  du 
rayonnement  thermique  a  detecter,  la  couche  re- 
sistive  est  immediatement  precedee  parun  espa-  35 
ce  libre  et  a  une  resistance  par  carre  pratique- 
ment  egale  a  I'impedance  caracteristique  du 
vide. 

gie  thermique  du  rayonnement  incident  tombant 
sur  toutes  les  parties  de  la  couche  resistive  est 
transmise  a  ladite  surface  du  dispositif  de  detec- 
tion  par  I'  intermedia  ire  de  cette  couche. 

7.  Detecteur  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterise  en  ce  que  le  dis- 
positif  de  detection  comporte  un  element  d'une 
matiere  pyroelectrique. 

8.  Matrice  de  detecteurs  sensiblement  semblables 
et  d'espacement  sensiblement  uniforme  selon  la 
revendication  6,  caracterisee  en  ce  que  le  film 
flexible  est  commun  a  tous  les  detecteurs,  et 
dans  lequel  I'espace  compris  entre  les  couches 
respectives,  disposees  entre  le  dispositif  de  de- 
tection  et  le  film  flexible,  des  detecteurs  adja- 
cents  est  nettement  inferieur  a  I'espace  compris 
entre  les  dispositifs  detecteurs  respectifs. 

4.  Detecteur  selon  la  revendication  1  ,  2  ou  3,  carac-  40 
terise  en  ce  que  I'epaisseur  optique  du  film  flexi- 
ble  est  egale  au  quart  de  la  longueur  d'onde  choi- 
sie. 

5.  Detecteur  selon  I'une  quelconque  des  revendica-  45 
tions  precedentes,  caracterise  en  ce  que  la  capa- 
city  thermique  totale  de  la  couche  ou  des  cou- 
ches  et  de  la  partie  du  film  flexible  qui  a  la  meme 
etendue  est  bien  inferieure  a  la  capacite  thermi- 
que  du  dispositif  de  detection.  50 

6.  Detecteur  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterise  en  ce  que  la  cou- 
che  qui  est  placee  entre  le  dispositif  de  detection 
et  le  film  flexible  est  disposee  pratiquement  sur  55 
toute  la  surface  du  dispositif  de  detection  qui  est 
adjacente  a  la  couche  et  pratiquement  au-dela 
d'une  partie  au  moins  de  sa  peripheric,  et  I'ener- 
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