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INFRARED CHOPPER USING BINARY 
DIFFRACTIVE OPTICS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to a chopper formed in a 
plastic sheet for use primarily in forward looking infrared 
(FLIR) systems and principally, but not limited to such 
systems, of the type utilizing uncooled ferroelectric infrared 
pyroelectric detectors. 

[0003] 2. Brief Description of the Prior Art 

[0004] ForWard looking infrared (FLIR) systems generally 
utiliZe a detector and a chopper system in conjunction With 
the detector for calibration of the detector. Such calibration 
is generally performed on-line and betWeen detector scan 
ning operations. Prior art infrared detectors have generally 
been of the cooled variety, operating at temperatures in the 
vicinity of liquid nitrogen, about 77° K. More recently, FLIR 
systems have been developed Which use uncooled detectors, 
such systems being preferred When suf?cient sensitivity can 
be obtained therefrom. An uncooled detector system utiliZ 
ing a ferro-electric detector is intrinsically a differencing 
detector Whose signal is the difference betWeen that of the 
vieWed scene and that of a reference source. In order to 

minimize dynamic range problems in the detectors, it is 
desirable to match the reference ?ux as closely as possible 
to the average scene ?ux. This is typically accomplished 
With the chopper Which alternately permits the detector to 
vieW the scene and then vieW a reference source represent 
ing the average scene ?ux. 

[0005] For purposes of minimiZing the scene ?ux/refer 
ence ?ux delta, some FLIR systems have used as a reference 
source an image of the system exit pupil or an approximation 
of the system exit pupil. The most simple technique to 
approximate the exit pupil is to defocus the optical system. 
In the present day systems, this is accomplished in one of 
tWo Ways, these being either (1) With a thick ?at plate Which 
is cut out in appropriate areas to pass the scene radiation, 
Whereby, in solid areas, an optical defocus occurs, resulting 
in a pupil approximation or (2) With a solid ?at plate Which 
is covered With small ground lenslets in a pattern matching 
the solid area of a scanner, these lenslets accomplishing the 
defocus. 

[0006] A problem With prior art choppers of the second 
type described above has been cost. In order to provide a 
chopper of the above described second type having a plu 
rality of lenslets, it has been necessary to grind the lenslets 
individually, generally in germanium, to provide a prede 
termined pattern. Such prior art choppers have also been 
fabricated using binary diffractive optic pattern generated 
photomasks in conjunction With a high precision laser Writer 
folloWed by etching of the desired lens patterns into the 
germanium Wafer. Such processes have been costly. It is 
therefore desired to provide choppers at greatly reduced 
cost, preferably at a small fraction of the present cost. 

SUMMARY OF THE INVENTION 

[0007] In accordance With the present invention, there is 
provided a chopper and a method of fabrication thereof 
Which meets the above noted economic goals. The chopper 
is designed for rotation about its central axis. 
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[0008] Brie?y, the chopper in accordance With the present 
invention is fabricated by initially generating a photomask. 
The photomask is generated in conjunction With softWare, 
the preferred softWare being set forth herein in the APPEN 
DIX. The softWare, Which uses the language AutoLISP by 
AUTOCAD, consists of four macro routines Which generate 
an exact scale graphical pattern of the lens array. Several 
lens design and chopper system variables are input and the 
softWare generates a tWo level data ?le of the graphical 
pattern. 

[0009] Upon initiation of the ?rst macro, the operator is 
queued for the design variable and then performs the cal 
culations generating the spiral shaped boundary and ?lls the 
space Within the boundary With an array of Fresnel phase 
plate lens structures. Several operator design inputs are 
required during the construction of the ?le. Once the ?rst 
macro is loaded, all remaining macros self-load and pass 
calculated data to the next macro. 

[0010] Each macro routine is summariZed as folloWs: 

[0011] SPIRAL.LSP generates the spiral shaped boundary 
Which is siZed to modulate the detector for a speci?c period 
of the detector sampling time. User inputs are several 
detector and chopper Wheel assembly shape parameters. The 
spiral is generated using an Archimedes spiral math func 
tion. 

[0012] BDO.LSP generates a single unit cell lens contain 
ing all of the lens structure. User inputs are the index of 
refraction of the substrate, lens diameter, spherical radius 
and design Wavelength. The unit cell lens structure is 
generated using equations that model Wavefront diffraction 
theory. 
[0013] PGON.LSP takes the single circular lens and trims 
it to a hexagon shaped pattern for perfect nesting of the 
lenses Without overlap or gaps. There are several operator 
steps to identify Which segments of the lens to eliminate. 

[0014] BDOMATRIXLSP generates a honeycomb array 
of hexagons and blocks the hexagon shaped unit cell into 
each hexagon of the array. 

[0015] The softWare accordingly generates a mask having 
the lens design to be ?nally stamped onto the chopper 
element as explained herein beloW. 

[0016] A silicon Wafer is then etched by reactive ion 
etching, using the photomask to provide the pattern, result 
ing in a silicon Wafer master of the chopper pattern With 
regions in the shape of lenslets to be formed of desired 
dimension. The chopper pattern on the silicon Wafer is then 
replicated With a hard material Which can be easily stripped 
from the silicon Wafer Without damaging either the Wafer or 
the hard material, such material preferably being ?lm (index 
of refraction=1.52) and a Wavelength of 10 pmeters, the lens 
structure depth is approximately 9 pmeters (0.00035 inch). 
Success has been achieved at 0.003 inch ?lm thickness over 
the environmental temperature spectrum of the sensor With 
out distortion of the small lens structure shapes. 

[0017] The system is designed to operate in the 8 to 13.5 
micron range and the APPENDIX is designed for operation 
in this range. Accordingly, the individual lenses are fabri 
cated for operation in this range by the softWare. The 
softWare is designed for an individual lens, each lens having 
a perimeter preferably in the shape of a hexagon. Aplurality 
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of equally sized such hexagons are positioned on the ?lm 
Within an envelope in the shape of a spiral With the radius 
increasing proportional to the angle of rotation. An involute 
spiral and Archimedes spiral are the preferred envelope 
shapes. The hexagonal shape is preferred because hexagons 
can be ?tted together such that they cover all of the area 
Within the involute or spiral With no spaces betWeen lenses. 

[0018] The softWare generates tWo ?le layers. The ?rst ?le 
layer is the spiral shaped pattern and the second layer is the 
array of hexagons. The hexagon ?le layer contains a hidden 
layer Which compresses the ?le to a manageable siZe. These 
tWo ?les are doWnloaded to a database pattern compiler 
Which translates the data into a format that is readable by the 
laser patterning system Which then fabricates the photomask 
by Writing the pattern onto the surface of an emulsion 
covered glass slide, the emulsion being, for example, AGFA 
photomask plates, Part No. PF-HD. There are many different 
types of emulsions that can be used and these Would be 
apparent to one skilled in the art. 

[0019] The hexagon array ?le layer is generated by the 
softWare in a rectangular WindoW shaped pattern Which 
overlies the spiral ?le layer. The hexagons that are com 
pletely exterior to the boundary of the spiral are eliminated 
from the ?le by the operator to reduce the ?le siZe. Those 
lens cell structures that stagger the spiral boundary and all 
those Within the boundary are printed by the photomask 
Writing equipment. The portion of the lens structure that falls 
external to the spiral is hidden by the boundary of the spiral 
?le When the photomask is fabricated and thus it is not 
necessary to trim this lens structure aWay. 

[0020] Each individual lens is a diffractive structure 
designed to defocus incident energy by a predetermined 
amount. The purpose is to achieve a defocused image of the 
exterior scene for use as a reference source for image 

differencing. 
[0021] The exact shape of each lens is determined by the 
modulo at behavior of the desired Wavefront deformation. 
FIG. 3 shoWs this modulo at behavior Wherein the resultant 
shape for the individual lens is a concentric grating With 
grating depth determined from 

[0022] Where TOpt is the optimum thickness for a 2n phase 
shift, and is given by TOpt =>\,/AII, and lI'F(r) is the desired 
radial phase shift function. Normally, An is the deviation of 
the refractive index of the Zone material from that of the 
surrounding medium (air) and )t is the design Wavelength. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] FIG. 1 shoWs a chopper in accordance With the 
present invention; 
[0024] FIG. 2 is an enlarged vieW of one of the hexago 
nally shaped lenslets of FIG. 1; and 
[0025] FIG. 3 is a graph of the phase shift function for a 
Fresnel phase plate. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0026] The present invention is similar to the second 
technique discussed above, hoWever the ground lenslets on 
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germanium in the shape of an involute are replaced With an 
array of lenslets formed from binary diffractive elements on 
a ?lm. This array performs the same function as the ground 
lenslets, but is much easier and economic to fabricate. The 
chopper uses a lenslet array composed of binary diffractive 
elements to perform the uniform defocusing required for 
calibration. The purpose of the lenslets is to defocus the 
radiation falling on the detector during the scan dead period 
of the imaging system. This defocused radiation is an 
approximation of the pupil irradiance and is used for dif 
ferencing. 

[0027] The chopper is fabricated by generating a photo 
mask. The photomask is generated in conjunction With the 
softWare set forth herein as APPENDIX The softWare con 
trols a laser Which etches out the programmed pattern on a 
standard mask material, preferably AGFA Photomask Plates 
Part No. PF-HD. The mask noW contains the mask pattern 
and, accordingly, the lens design to be ultimately stamped 
onto the chopper element. A silicon Wafer is then etched 
through the mask by reactive ion etching in standard manner 
to provide a master of the chopper lens pattern on the silicon 
Wafer. The chopper pattern on the silicon Wafer is then 
replicated With a hard material Which can be easily stripped 
from the silicon Wafer Without damaging either the Wafer of 
the hard material, preferably a thin layer of silver of about 
500A over Which is electro-plated the nickel to a depth of at 
least 0.10 inch. The nickel replication of the pattern on the 
silicon Wafer is then separated from the silicon Wafer by 
placing the silicon pattern With silver and nickel layers 
thereon in a bath Which removes the silver selectively to the 
nickel, preferably photoresist, although gold ?lm provides a 
superior mask at added expense, the separated replication 
then being used in conjunc-tion With a heavy press as a 
stamp to stamp the lens pattern into individual sheets of an 
infrared transmissive material, preferably ?exible ?lm 
Which is preferably polyethylene. The infrared transmissive 
material is preferably heated prior to stamping so that the 
pattern on the stamp is more easily impressed into the ?lm. 
The ?lm With the lens pattern thereon is the chopper 
element. Such chopper elements can be continually stamped 
out on individual sheets of the ?lm in conjunction With the 
silicon Wafer and the heavy press Which drives the silicon 
Wafer into the ?lm, as above described, the silicon Wafer 
operating as a mold or die. 

[0028] The system is designed to operate in the 8 to 13.5 
micron range and the APPENDIX is designed for operation 
in this range. Accordingly, the individual lenses are fabri 
cated for operation in this range by the softWare. While the 
softWare is designed for an individual lens, a plurality of 
such lenses are positioned on the ?lm in a predetermined 
pattern, preferably Within an involute or spiral. 

[0029] FIG. 1 shoWs a chopper in accordance With the 
present invention Which has been fabricated in accordance 
With the present invention. There is shoWn a chopper 1 
having a plurality of lenslets 3, each lenslet being in the 
shape of a hexagon an being about 0.2 inches across 
opposing sides. The lenslets 3 are of the same dimensions 
and are positioned to be inter?tting With no spaces therebe 
tWeen. The lenslets 3 are disposed Within an involute 5. The 
lenslets 3 are impressed into a polyethylene ?lm (not num 
bered) having a thickness of at least 0.10 inch Which 
surrounds the involute 5. An aperture 7 is disposed at the 
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center of the chopper 1 for securing the chopper to a device 
Which Will rotate the chopper in standard manner. 

[0030] Referring noW to FIG. 2, there is shoWn an 
enlarged vieW on one of the lenslets 3 of FIG. 1. FIG. 3 
shoWs hoW a cross section through the lenslet Would appear. 
The lenslet is essentially a binary Fresnel Zone plate encod 
ing phase information required for focusing (or defocusing, 
in this case) the scene ?uX. 

[0031] Though the invention has been described With 
respect to a speci?c preferred embodiment thereof, many 
variations and modi?cations Will immediately become 
apparent to those skilled in the art. It is therefore the 
intention that the appended claims be interpreted as broadly 
as possible in vieW of the prior art to include all such 
variations and modi?cation. 

1. Amethod of making a chopper comprising the steps of: 

(a) providing an etchable base member; 

(b) forming a mask on said base member for providing a 
predetermined design on said base member; 

(c) etching said base member through said mask to form 
a lens pattern on said base member; 

(d) replicating said lens pattern onto a rigid material 
depositable on said base member and removable from 
said base member With substantially no damage to said 
pattern replicated on said rigid material or to said base 
member; and 

(e) stamping the pattern replicated on said rigid material 
onto an infrared transmissive deformable sheet capable 
of retaining the pattern pressed thereinto. 

2. The method of claim 1 Wherein said infrared transmis 
sive sheet is polyethylene. 

3. The method of claim 1 Wherein said base member is 
silicon. 

4. The method of claim 2 Wherein said base member is 
silicon. 
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5. The method of claim 1 Wherein said rigid material is 
nickel. 

6. The method of claim 2 Wherein said rigid material is 
nickel. 

7. The method of claim 3 Wherein said rigid material is 
nickel. 

8. The method of claim 4 Wherein said rigid material is 
nickel. 

9. A chopper Which comprises: 

(a) an infrared transmissive deformable ?lm capable of 
retaining a pattern pressed thereinto; and 

(b) a plurality of lenses disposed in said ?lm in a prede 
termined pattern, all of said lenses disposed Within a 
predetermined geometrical shape. 

10. The chopper of claim 9 Wherein said ?lm is a 
polymeric material. 

11. The chopper of claim 9 Wherein said ?lm is polyeth 
ylene. 

12. The chopper of claim 9 Wherein said lenses are 
polygonal. 

13. The chopper of claim 10 Wherein said lenses are 
polygonal. 

14. The chopper of claim 11 Wherein said lenses are 
polygonal. 

15. The chopper of claim 9 Wherein said geometrical 
shape is an involute. 

16. The chopper of claim 10 Wherein said geometrical 
shape is an involute. 

17. The chopper of claim 11 Wherein said geometrical 
shape is an involute. 

18. The chopper of claim 12 Wherein said geometrical 
shape is an involute. 

19. The chopper of claim 13 Wherein said geometrical 
shape is an involute. 

20. The chopper of claim 14 Wherein said geometrical 
shape is an involute. 


