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[57] ABSTRACT

A method and apparatus for detecting optical radiation
by optically monitoring temperature changes in a mi-
crovolume caused by absorption of optical radiation to
be detected. More specifically, a thermal lens-forming
material is provided which has first and second oppo-
site, substantially parallel surfaces. A reflective coating
is formed on the first surface, and a radiation-absorbing
coating is formed on the reflective coating. Chopped,
incoming optical radiation to be detected is directed to
irradiate a small portion of the radiation-absorbing coat-
ing. Heat generated in this small area is conducted to
the lens-forming material through the reflective coat-
ing, thereby raising the temperature of a small portion
of the lens-forming material and causing a thermal lens
to be formed therein. The thus-formed thermal lens is
optically detected by irradiating the thermal lens by a
collimated light beam. The light beam, after having
passed through the thermal lens, is reflected by the
reflective coating back through the thermal lens, and
directed by a beam splitter to an optical detector. In a
further embodiment of the invention, the optical radia-
tion to be detected is passed through a template, thereby
defining a plurality of areas on the radiation absorbing
coating to be irradiated. A corresponding template is
provided in a spread, collimated light beam to define a
plurality of coherent light beams, each of which passes
through a thermal lens in the lens-forming material.
Each beam is then reflected by the reflective coating,
passes back through the thermal lens, and is directed by
a beam splitter to an optical detector. The invention is
particularly useful as a broadband infrared detector.

26 Claims, 9 Drawing Figures
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1.
BROADBAND OPTICAL RADIATION DETECTOR

ORIGIN OF THE INVENTION

The invention described herein was made in the per-
formance of work under a NASA contract and is sub-
ject to the provisions of Section 305 of the National
Aeronautics and Space Act of 1958, Public Law 85-568
(72 Stat. 435; 42 USC 2457).

BACKGROUND OF THE INVENTION

The invention relates to optical detectors or optical
detector arrays, and more specifically to infrared detec-
tors or detector arrays having high sensitivity and utiliz-
ing photothermal principles.

Optical detectors or detector arrays are typically of
two types, the first type being based on photoelectric
principles and the second type being based on thermal
principles. The first type of optical detector includes
photodiodes, photomultipliers, and the like. These de-
tectors utilize quantum mechanical processes involving
separation of charge due to absorption of a photon. The
second type of optical detector includes pyroelectric
detectors and thermistors. These detectors utilize all
types of couplings in which a temperature change
causes a direct change in voltage, resistance or capaci-
tance.

There is a generally recognized need for a highly
sensitive, broadband optical or infrared detector or
detector array both in government and in industry.
Utilizing conventional thermal detectors, high sensitiv-
ity can be achieved at certain wavelength ranges in the
infrared region by using detectors operated at cryo-
genic temperatures, one example being a Ge-Cu detec-
tor which operates at 1.4° K. Alternatively, pyroelec-
tric detectors can be utilized; however, these have re-
duced sensitivity and relatively flat wavelength re-
sponse. There is a need today for optical detectors
which have high sensitivity, broad wavelength re-
sponses, can be operated at room temperature (10°-40°
C.) and can be easily fabricated into detector arrays.
The optical detector provided by the invention meets
these needs.

SUMMARY OF THE INVENTION

The present invention provides a broadband, optical
radiation detector which incorporates a means for opti-
cally monitoring a volume element whose temperature
has been increased due to absorption of optical radiation
to be detected. The volume element is continuously
irradiated by a collimated light beam and its intensity
monitored after having passed through the volume ele-
ment, the intensity being related to the characteristics of
a thermal lens in the volume element.

In a specific embodiment, a lens-forming laminate is
formed of a lens-forming material, one surface of which
is coated with a reflective coating. The reflective coat-
ing in turn is coated with a radiation-absorbing coating,
the lens forming material, reflective coating and radia-
tion-absorbing coating all being in thermally conductive
contact with each other. The radiation-absorbing coat-
ing is irradiated by optical radiation to be detected, the
irradiation being continuously chopped 10 as to alter-
nately heat and not heat the radiation-absorbing coat-
ing. The thermal energy created by the radiation to be
detected is thermally conducted by the reflective coat-
ing to the lens-forming material, & small volume of
which is heated so that a therma! lena is formed therein.
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The thermal lens is dissipated during periods when the
optical radiation is blocked from the radiation absorbing
material. The thermal lens is continuously monitored by
a collimated light beam or monitoring beam which is
directed to the volume in which the thermal lens is
formed. This beam is orthogonally directed with re-
spect to the reflective coating. Portions of the light
beam reflected by the reflective coating back through
the thermal lens are provided to an optical detector by
a beam splitter located in the collimated light beam. In
another embodiment of the invention, a plurality of
thermal lenses are formed by the optical radiation to be
detected, and a plurality of optical detectors are pro-
vided to monitor the thermal lenses. Output signals
from the detectors can be used to form a profile of the
field of view of the aoptical radiation to be detected.

This coatactless probing or monitoring of the vol-
umes in which the thermal lenses are formed results in
several advantages not achieved by conventional detec-
tors. First, electrical noise which is limiting for pyro-
electrical detectors is removed, thus eliminating tangent
delta loss and Johnson noise. A surface area less than 0.1
square millimeter is sufficient for the volume to be mon-
itored. Thus a very large element array can be concen-
trated in a small area. Sensitivity of the detector is ex-
tremely high since modulation of the probe beam can be
determined with high precision. The invention is espe-
cially useful for detecting the infrared wavelength
range between 0.85 and 24 microns for which conven-
tional thermal detectors often require elaborate, costly
and sometimes unreliable cooling means in order to
achieve a desired detectivity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. tis a block diagram showing an optical detector
provided by the invention;

FIG. 1 is a ray trace diagram showing the path of the
collimated light beam passing through a thermal lens;

FIG. 3 is a waveform diagram of intensity versus time
as scen by the optical detector;

FIG. 4 is a waveform diagram of the output of the
optical detector after having a DC bias removed;

FIG. § is a graph showing voltage versus time of a
voltage whose magnitude is related to formation and
dissipation of the thermal lens;

FIG. 6 is a block diagram of a second embodiment of
the invention in which a detector array is provided;

FIG. 7 is a perspective view of portions of the detec-
tor areay shown in FIG. §;

FIG. B is a partial perspective diagram of a third
embodiment of the invention in which optical fiber
bundles are utilized to transmit collimated light beams
to the thermal sensor; and

FIG. 9 is a schematic representation of one of the
optical fiber bundles shown in FIG. 8 incorporating a
beam splitting means for transmitting reflected light to
an optical detector.

DETAILED DESCRIPTION

Detailed illustrative embodiments are described
herein which exemplify the invention and are currently
considered to be the best embodiments for such pur-
poses. However, it is to be recognized that other means
for transmitting the optical radiation to be detected to
the radiation-absorbing material, and other means for
detecting the presence of thermal lenses in the lens-
forming material could be utilized. Accordingly, the
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specific embodiments disclosed are repuesentative =
providing a basis for the claims which defiac the scope
of the presoat Savention.
As previonsly cxplained, the mvention provides a
broadband optical radistion detector which & ex-

mublocked 50 a5 30 alscrnatcly heat and 201 heat 2 small
portion of the radiation sbsorbing costing. Heat from

the portion being iradistod s thermally comdecsed 20

through the refloctive coating 80 the lews forming make-
cisl im which thermal lemses are alicrmatcly formed and
dissipated. A collimatod Kigit beam is prowided 8o momsi-
tor the thormal lems formod within the lens-fonming

material. This coliamsted Sight beam s orthogosally 25

mwumu»um«-

thercby
However a5 a thermal lens is formed, Ihl:e-pw‘"

through i is broadencd, therchy roducing the amoust of

Rght impinging wpon the optical detechor. This redeced 35

asmowet of Sight camues the optical detoctor 10 provade a
rodeced outpet. AC conpling of the optical dcsoctor
output 50 2 Monoriag mcens provides a sigual whose

is relsted $0 the magnitade of the theomal less

asmplitadc
formed within the lcas-forssing saatcrial, and thes 30 the

optical adiation 10 be detectod.

Refoxrimg now 0 FIG. L, 2 leas-forming taminate or
semsor B9 inchedes a leos-forming maticrial 12, on one
side of which is deposited a refioctive costing 3. A

costing 16 & deposted over the 43

radiation-sbsorbing
mbﬂneoumll.,lhebyh—'alwu—-

radistion-shsothing couing Wmpotast
that the three materials 12, 34 and 16 be in thereally
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which is 10 be itermittestly inradisted by the optical
radiation 80 be detected. A collimated hight sowrce
which in this cosbodiment is a laser 26 is provided. A
collimated Eght beam 28 from the laser 26 is focused by
a focesimg Icns 30 st a poist withts the lcas forming
malerial 12, dhis focal poast typically beiag at the inter-
forming satevial 12 and slong the axis of the optical
sadiiatinm ko be detocted. The collimated hgit beasa 28 is
vweflocted backwandlly along #s axis from the refiective
coating 18 0 2 beam splitter 34 from which it is re-
flocend 40 am optical detector 36 It is impostant that the
optical detector 36 kawe 2 detoction arca ssalier than
the cross section of the reficcted beam so that it will be
abic w0 detnct imtewsity changes sesaliting from beam
defocusing by a therssal Iems in the lens forming mate
nall 12

The lems forming material 12 is sulbstantially trasopar-
cul 10 the collimated Egit beam 28 and has 2 larpe
chamge i refractive index with respect 30 a change in
Scmpecatwre {da/dt) This isssncs that maxissam defo-
ch‘lhow*h_ﬂsuh

rubbess, Rgmids haviag plaur trassitions at the trespera-
tore at which the thenmal Iews is 10 be formed, cae
example of which is carbon scirachioride, and fenrodiec-
tic ssaterialc. Also, somee macrisls may be coolod
shighily 30 improwe their kews-formmiag and disipation
characecxistics. This would be cxpocially trme for 2 ma-
seriall i which a phase trantitiion is desined 2t 2 tesmapeea-
tmrc at which the thermal lomses ane formed.

The refloctive coating 3 cosld be 2 s film of ale-
minmm, sitver, gold or any other matevial kaving high
thermal conductivity and high rcfloctivity at the oolli-
-au@nu-.wmm

g contimg $6 shoeld provide maxisssm sbsorption at
&wuudwd&m
0 be desectod. it cosld e formed of lamp black, gold
biack, or platisess biack For a typical Jews-forming
lammimatie 30, the Scus-forming material 12 could be ™
thick, the reflociive coating 34 approsimatcly S00 ang-
stroms thick, aad the adation-sbsorbing coating 16

dissipetc ot smrounding and defining 2 thermal leas

condactive costact with each other. Optical radistion 30 within the saaterial. Thes, 2 thermal Jens cam be forsaed
© be deteciod is absotbed im the form of hest by the during the time the radisttion-sbsorbing conting 16 is
adistion-absorbing costing 16 and thermally com-  iadisned, amd cam be quickly dissipated whon the opti-
ducsed throngh the reflective costing 34 o the lkews <al radistion 10 be dicsecsed s blocked by the chopper
forming matcrial 12, therchy forming 2 thermal bews 22 |t has been fowmd that a chopper 22 winch passes
which Gm be desecied im 2 masmer 10 be described 35 radiation 80 Be desecsed for & § of a thme
below. An optical radistion sowrce or hoat somrce 20 imterval and blocks radiation Sor § of the tme interval
provides the optical radiation 10 be detocted. This opti- provides a sacems for desection of wwmperstare changes
cal redidion could have waveiongths ranging between . as small a5 10 Expl —5) degrees K at imtervals as closcly
the sliraviolet and Sor infrareod wavelengths, adthough it spaced as | microsecond. The laser 26 providimg the
s ficlh tat ithe svestion s particelmly sselfel im detect- @ collienaiiod ight bosm 38 cowld be a helame-noon Iaser
img wirared waveleangths betweoen 085 and 25 microms. having an outpuat wavelongth of aboet 500 samomerers.
Light from the optical radiation sowrce 3 & periodi-  However, it is mot mecessary that a Jasix be wilieed for
wwwamnmuuw hM%&h—lqu&utywd

coating  Althowgh omly one apervere 24 s shown, it should be
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appreciated that any number of apertures defining the
optical radiation 32 to be detected could be utilized.

The thermal lens detecting means can be further un-
derstood in reference to FIG. 2. In FIG. 2, the colli-
mated light beam 28 passes through the beam splitter 34
and into the lens forming material 12. The optical radia-
tion 32 to be detected heats the radiation-absorbing
coating 16, the heat being thermally conducted through
the reflective coating 14 and forming a thermal lens 38
in the lens-forming material 12. The dotted line defining
the thermal lens 38 is merely outlining a volume within
the lens-forming material 12 where the refractive index
of the material is changed as a result of the heat gener-
ated by absorption of the optical radiation 32 to be
detected. The collimated light beam 28’ is spread or
diffused as it enters the thermal lens 38, is reflected by
the reflective coating 14, and spread again as it leaves
the thermal lens 38. The thus-spread collimated light
beam 28’ is reflected downwardly by the beam splitter
34 and subtends an area one dimension of which is indi-
cated by the parenthesis at 40. In the absence of a ther-
mal lens 38 in the lens forming material 12, the colli-
mated light beam is reflected by the beam splitter 34 to
the optical detector 32 and subtends an area one dimen-
sion of which is shown by the parenthesis at 42. As one
can appreciate, so long as the active area of the optical
detector 32 is smaller than the area defined by the
spread collimated light beam 28’ then the output of the
optical detector 32 will be lower than when it is irradi-
ated by an unspread reflected collimated light beam.
Thus, the output signal 44 from the optical detector 32
will vary from a maximum when there is no thermal
lens in the lens forming material 12, to a value lower
than the maximum when the thermal lens 38 is spread-
ing the collimated light beam so that portions of the
spread beam do not irradiate the optical detector 32.

The optical detector output 44 is shown in FIG. 3. In
FIG. 3, the thermal lens is at a maximum as represented
by the voltage shown at 46, and begins to dissipate until
it is fully dissipated as represented by the voltage at 48.
In order to eliminate the rather large DC bias corre-
sponding to a voltage related to the voltage at 48, an
AC coupling means 50 is provided, the output thereof
being an alternating voltage 52 shown in FIG. 4. Thus,
the magnitude of the alternating voltage 52 is directly
related to the thermal lens 38 formed in the lens-forming
material 12, and can be displayed by any suitable display
means 54 which could be a vidicon, a strip recorder, or
a display means associated with a processing computer.
Characteristics of thermal lenses formed in the types of
materials above-described can be seen in FIG. §. In
FIG. 5, an optical detector output voltage 56 is shown
for a radiant input of 10 nanoseconds to a lens-forming
material, the output voltage 56 being related to the
formation and dissipation of the thermal lens formed
therein.

A second embodiment of the invention is shown in
FIG. 6. The chopper 22, lens-forming laminate 10 and
the laser 26 are the same as in the first embodiment.
However, in this embodiment the optical radiation from
portions of an entire scene is to be detected. An optical
radiation source 60 outputs a beam 62 of optical radia-
tion to be detected. A first template 64 is provided be-
tween the radiation-absorbing coating 16 and the opti-
cal radiation source 60, the template 64 defining a plu-
rality of openings, as will be explained below, so that
selected portions of the optical radiation beam 62 to be
detected can pass therethrough and irradiate the radia-
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tion-absorbing coating 16. A second template 66 is pro-
vided on the other side of the lens-forming material 12,
the second template 66 defining a plurality of openings
each of which corresponds to an opening in the first
template 64. For reasons to be explained below, the two
templates 64 and 66 are aligned with respect to each
other by a holding bracket 68. A collimated light beam
70 from the laser 26 is provided to a conventional beam
spreader 72 which outputs a spread beam 70 suffi-
ciently large to irradiate an area defined by the openings
in the second template 66. Thermal lenses in the lens-
forming material 12 are formed in front of each of the
openings in the first template 64 and are irradiated by
light passing through corresponding openings in the
second template 66. Light reflected by the reflective
coating 14 defines a reflected beam 70" which is re-
flected by a beam splitter 73 to an optical detector array
74, the detector array 74 having a detector correspond-
ing to each of the openings in the second template 66.
Outputs from the detector array are provided to a dis-
play means 76. As one can appreciate, the reflected light
beam 70" actually comprises a plurality of smaller light
beams, each being formed by part of the spread beam
70" and defined by the various openings in the second
template 66.

An exploded view of certain portions of the second
embodiment shown in FIG. 6 can be seen in FIG. 7.
Referring to FIG. 7, the first template 64 is shown in
which a plurality of openings are provided. The number
of openings can vary greatly. A typical opening for
detection of infrared radiation would have a diameter
between 0.05 millimeters and 0.1 millimeters, and be
spaced-apart 0.5 millimeters with respect to each other.
One of the openings 77 in the first template 64 allows a
portion of the radiation to be detected to pass there-
through, that portion defining a light beam 78 which
strikes the radiation-absorbing coating 16. As a result of
conduction of heat through the radiation absorbing
coating 16 and the reflective coating 14, a thermal lens
T’ is formed in the lens-forming material 12. This ther-
mal lens T' is formed in a volume intersected by the axis
of the light beam 78 passing through the first template
64. A portion of the collimated light beam 70’ passing
through the beam splitter 73 passes through an opening
79 in the second template 66, this opening being posi-
tioned so that the axis of the collimated light beam
passing therethrough will be colinear with the axis of
the optical radiation 78 passing through the correspond-
ing opening 77 in the first template 64 and will intersect
the thermal lens T’ formed in the lens-forming material
12. The collimated light beam passing through the
opening 79 in the second template 66 is reflected by the
reflective surface 14 and passes backwardly along its
axis through the opening 79. It is reflected downwardly
by the beam splitter 73. The detector array 74 is posi-
tioned so that a corresponding detector element D' is
intersected by the beam of collimated light passing
through the opening 79 in the second template 66. Thus,
a decrease in light intensity measured by the detector D’
is related to spreading of the collimated light beam as it
passes through the thermal lens T'. As in the first em-
bodiment, the absence of a thermal lens T” will result in
a maximum irradiation of the detector D', and the pres-
ence of a thermal lens T" will result in a spreading of the
collimated light thereby reducing the intensity of light
at the detector D'. In a corresponding manner, each of
the other detectors comprising the detector array 74
corresponds to an opening in the second template 66
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which, as previously explained, corresponds to an open-
ing in the first template 64. Thus, each detector of the
detector array 74 provides an output related to optical
radiation passing through one of the plurality of open-
ings in the first template 64.

Referring to FIG. 8, a plurality of optical fiber bun-
dles 84 are provided in a third embodiment of the inven-
tion. The output from the beam spreader 72 irradiates
one end of the optical fiber bundles 84, the other end
being terminated in a template 66’ which is positioned
with respect to the first template 64 in the same way as
the second template 66 was positioned. The optical fiber
bundles could be utilized whenever it would be imprac-
tical to orthogonally direct the output 70’ from the
beam spreader 72 at the second template 66. A second
plurality of optical fiber bundles 86 is also provided,
each of which is connected to one of the first plurality
of optical fiber bundles. The second plurality of optical
fiber bundles 86 is terminated in a detector array 74', the
end of each of the optical fiber bundles being oriented
so as to irradiate an individual optical detector. The
detector array 74 again provides a plurality of outputs,
each of which corresponds to one of the openings of the
second template 66’. Refering to FIG. 9, an enlarged
portion of an area designated as 88 in FIG. 8 is shown.
Here, one of the optical fiber bundles is shown having a
beam splitting means 90 provided therein. Light re-
flected from the beam splitting beams 90 is provided to
one of the second optical fiber bundles 86.

It is theorized that if 80-90% of incident radiation is
absorbed by the thermal lens-forming material having
output characteristics as shown in FIG. 5, and a thermal
lens is formed in the lens-forming material 12 by a circu-
lar chopper rotating at 20 Hz and having a 115° win-
dow, then the radiation to be detected will correspond
to a continuous radiation level 28 X 10 Exp(—9) watts
over an absorption area of 10 Exp(—4) square centime-
ters. Using the above parameters, it is further theorized
that responsivity will be approximately equal to 2x 10
Exp(—9) volts/watt-cm Exp(2), the noise equivalent
power will be 1.1 X 10 Exp(—10) watts Hz Exp(—$),
and D* will be equal to 9X 10 Exp(7) watt Exp(— 1)Hz
Exp(—4%) cm.

Thus, it should be apparent from the foregoing de-
scription that a high sensitivity optical detector has
been described in which optical radiation to be detected
is directed to form one or more thermal lenses in a
lens-forming material. Each thermal lens is probed by a
collimated light beam which, after having passed
through the thermal lens, has characteristics which are
related to the optical radiation to be detected.

What is claimed is:

1. A broadband optical radiation detector compris-
ing:

a thermal lens-forming laminate comprising:

a lens-forming material in which a thermal lens can
be formed;

a reflective coating in thermal contact with one
surface of said lens-forming material; and

a radiation-absorbing coating in thermal contact
with said reflective coating;

means for periodically irradiating said radiation-

absorbing coating by optical radiation to be de-
tected at a rate sufficiently slow that a thermal lens
formed in said lens-forming material will substan-
tially dissipate prior to formation of the next suc-
ceeding thermal lens; and
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means for detecting at least one thermal lens formed
in said lens-forming material, said thermal lens
being formed by a change in refractive index of
said lens-forming material by heat transferred from
said radiation-absorbing coating to said lens-form-
ing material through said reflective coating, the
characteristics of said thermal lens being related to
said optical radiation to be detected.

2. The detector of claim 1 wherein said means for

periodically irradiating comprises:

means for alternately blocking and unblocking said
optical radiation to be detected; and

means for defining a predetermined area of said radia-
tion-absorbing coating to be irradiated by said opti-
cal radiation to be detected.

3. The detector of claim 1 wherein said means for

detecting comprises:

means for generating a collimated light beam directed
to irradiate a thermal lens formed in said lens-form-
ing material; and

means for determining the intensity of at least a por-
tion of said collimated light beam after having
passed through said thermal lens, said intensity
being related to said optical radiation to be de-
tected.

4. The detector of claim 3 wherein said collimated
light beam is reflected from said reflective coating after
having passed through said thermal lens, said means for
determining comprises:

a beam splitter located in said collimated light beam
portion having passed through said thermal lens
and reflected from said reflective coating; and

means for measuring intensity changes in said colli-
mated light beam portion reflected from said re-
flective coating and reflected by said beam splitter.

§. The detector of claim 4 wherein said means for
measuring intensity comprises an optical detector hav-
ing an output signal related to intensity of said colli-
mated light beam reflected portion.

6. The detector of claim 5 wherein said means for
measuring further comprises AC coupling means for
removing DC biases from said optical detector output
signal.

7. The detector of claim 3 wherein said means for
generating a collimated light beam comprises a He-Ne
laser.

8. The detector of claim 1 wherein said means for
irradiating comprises:

a first template forming a first plurality of openings,
said first template being located so that optical
radiation to be detected passes though said plural-
ity of openings and irradiates said radiation absorb-
ing-coating; and

means for alternately blocking and unblocking said
optical radiation to be detected, thereby resulting
in a plurality of thermal lenses being formed in said
lens forming material.

9. The detector of claim 8 wherein said means for

detecting comprises:

means for generating a collimated light beam directed
to irradiate said plurality of thermal lenses formed
in said lens-forming material; and

means for determining the intensity of portions of said
collimated light beam after having passed through
said thermal lenses.

10. The detector of claim 9 wherein said means for

generating comprises a second template forming a sec-
ond plurality of openings, each of which corresponds to
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one of said plurality of thermal lenses, said second tem-
plate being located in said collimated light beam so that
collimated light passing through each of said second
plurality of openings will form a light beam portion
which will pass through a corresponding thermal lens in
said lens forming material.,

11 The detector of claim 10 wherein said means for
detecting comprises:

beam splitting means located in said collimated light
beam portions having passed through said thermal
lens in said lens-forming material; and

means for measuring intensity changes of said colli-
mated light beam portions reflected by said beam
splitting means.

12. The detector of claim 11 wherein said means for
measuring intensity comprises a plurality of optical
detectors positioned so that one is in each of said colli-
mated light beam portions reflected by said beam split-
ting means, the intensity profile of said collimated light
beam portions being related to the intensity profile of
said optical radiation to be detected.

13. The detector of claim 8 wherein said means for
detecting comprises:

a plurality of optical fiber bundles, one of which
corresponds to each of said thermal lenses formed
in said lens-forming material;

means for generating a collimated light beam directed
at one end of said plurality of optical fiber bundles;

means for holding the other ends of said plurality of
optical fiber bundles so that light radiating from
each of said other ends will pass through its corre-
sponding thermal lens; and

means for determining the intensity of said light radi-
ated from each of said plurality of optical fiber
bundles after having passed through its corre-
sponding thermal lens.

14. The detector of claim 13 wherein each of said
plurality of optical fiber bundles comprises a beam split-
ting means, and said means for determining the intensity
comprises means for measuring intensity changes of said
collimated light having passed through said thermal
lenses, reflected back through said thermal lenses to said
optical fiber bundles other ends by said reflective coat-
ing, and reflected by said beam splitting means.

15. The detector of claim 14 wherein each of said
plurality of optical fiber bundles comprises a second
optical fiber bundle which is attached thereto so that
light reflected by said reflective coating and said beam
splitting means will enter said second optical fiber bun-
dle, said means for determining the intensity comprises
a plurality of optical detectors positioned so that each
measures the intensity of light radiating from the end of
said second optical fiber bundles.

16. The detector of claim 1 wherein said lens-forming
material is a plastic material, rubber, liquid or ferroelec-
tric material,

17. The detector of claim 1 wherein said reflective
coating is silver, gold or aluminum.

8. The detector of claim 1 wherein said radiation-
absorbing coating is lamp black, gold black, or platinum
black.

19. A broadband infrared detector comprising:

a thermal lens-forming sensor comprising a lens-
forming material having first and second oppostte,
substantially parallel surfaces, a reflective coating
formed on said first surface, and a radiation-absorb-
ing coating formed on said reflective coating;
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means for alternately blocking and unblocking infra-
red radiation to be detected at a rate sufficiently
slow to allow a thermal lens formed in said lens-
forming material to substantially dissipate prior to
formation of the next thermal lens;

means for defining a predetermined pattern on said

radiation-absorbing coating which is to be irradi-
ated by said unblocked infrared radiation to be
detected;

means for generating a collimated light beam orthog-

onally directed at said lens-forming material sec-
ond surface; and

means for measuring intensity changes of a portion of

said collimated light beam passing through a ther-
mal lens formed by a change in refractive index of
said lens forming-material by said infrared radia-
tion to be detected.

20. The detector of claim 19 wherein said means for
generating comprises means for dividing said colli-
mated light beam into a plurality of smaller light beams,
said smaller light beams defining a pattern on said lens-
forming material second surface related to said prede-
termined pattern on said radiation-absorbing material so
that each of said smaller light beams will pass through a
thermal lens formed in said lens-forming material by
infrared radiation irradiating said heat-absorbing mate-
rial.

21. The detector of claim 20 wherein said means for
dividing said collimated light beam into a plurality of
smaller light beams comprises a plurality of optical fiber
bundles between said collimated light generating means
and said lens-forming material second surface, each of
said optical fiber bundles carrying one of said smaller
light beams.

22. The detector of claim 20 wherein said means for
measuring intensity changes comprises:

beam splitting means located in said plurality of

smaller light beams, said beam splitting means re-
flecting light reflected by said lens-forming sensor
reflecting coating; and

a plurality of optical detectors positioned in a manner

related to said predetermined pattern so as to be
irradiated by portions of said smaller light beams
having passed through thermal lenses formed in
said lens-forming material by said infrared radia-
tion to be detected.

23. The detector of claim 19 wherein said means for
generating a collimated light beam comprises a laser.

24. A method for detecting optical radiation compris-
ing the steps of:

providing a thermal lens-forming sensor comprising a

lens-forming material in which thermal lenses can
be formed, one side of said material having a reflec-
tive coating in thermal contact therewith, and a
radiation-absorbing coating in thermal contact
with said reflective coating;

intermittently irradiating said radiation-absorbing

coating by said optical radiation to be detected at 4
rate sufficiently slow to allow a thermal lens
formed in said lens-forming material to substan-
tially dissipate prior to formation of the next ther-
mal lens; and

detecting a thermal lens formed by a change in refrac-

tive index of said lens forming material.

25. The method of claim 24 in which said detecting
step comprises the steps of:
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generating a collimated light beam directed to irradi- 26. The method of claim 25 wherein said determining

ate said thermal lens formed in said lens-forming  Step comprises the steps oft ) .
material: and inserting a beam splitter in said collimated light beam

determining the intensity of at least a portion of said ?ntgra}:ivmg been reflected by said reflective coat

cqllimated light beam after having passed through measuring intensity changes of said collimated light
said thermal lens and being reflected by said reflec- beam reflected by said beam splitter.
. * *

tive coating. * =
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