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OBJECT:

The objective of this contract is to establish cost-effective lens fabrication techniques for germanium
operating in the 8-12 micrometer wavelength. All factors required to fabricate lenses with both spherical
and aspherical surfaces such as tooling, material, forming time, finishing, and testing will be considered.
Testing of each individual lens and the afocal and imaging FLIR assemblies will be performed.

DISTRIBUTION STATEMENT

UNCLASSIFIED: *“*Approval for public release; distribution unlimited.”
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Purpose

This Manutacturing Methods and Technology (MM&'T) contract was undertaken to estabhsh improved
methaods for producing the sphencal and asphene germanium lenses requived for Forward Looking Intra
red (FLIR) systems. Cureent systems primarily use germanium elements with spherical surtaces that
can be made by conventional lens fabrication techniques; however, such clements are very expensive
Germanmum requires wasteful grnding and laborious finishing and inspection operations. In addition,
conventional systems require more elements — a total of about nine, versus the six or seven used i an
aspherical system. Efficient production techniques for aspherical optical surtaces, however, have not
been available, and thewr high cost may ht their advantages.

By studyving torm-to-shape optical tabrnication techmqgues that minimize the use of germanium and e
duce final optical fimishing, this program will determine cost-eftective wayvs of producing both spherieal
and asphenical surtaces. Seven lenses and one mirror will be tabricated, assembled, and tested to meet the
drawing and speaitication requirements given in Appendixes A and B.

The major milestones of this program consist of (1) delivery of samples produced by tour ditterent pro
cosses representing conventional and torm-to-shape approaches; (2) delivery ot 36 lenses made by the
most cost-eftective approach identified in Task 1; (3) dehivery of tour aspheric aluminum mirrors pro
duced by single point diamond turning; and (4) delivery of eighi sets of optical elements that have been
assembled and tested,

v
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Section |
Engineering Approach

This section discusses the approach this program will take to deternune more cost-effective methods ton
tabricating the optical elements required in FLIR syvstems,

A. DEVICE DESCRIPTION

A Forward Looking Infrared (FLIR) System s a thermal tnaging approach ot scanning tor wtraved
emittance typically in the 3 to Sum or 8 to 12um region. This svstem has demonstrated its performance in
a vanety of day and might sensors for military surveillance and tracking svstems,

The target being scanned emits a radiation signature that is amphtied and then displaved on a real-time
basis. Dual atocal telescope modules with a wide angle and narrow angle tield of view for target acquist

tion and wdentification, respectively, concentrate the emittance to the IR imaging optics, which tocus the
signal on a cryvogenically cooled detector avray. A mirvor scanning mechanism s also required to produce
the complete display.,

This particular MM&T program will focus on the needs for low-cost germanium optical tabrication ap
proaches suitable tor the atocal telescope and TR imager in FLIR systems where the number ot lenses in
the svstem have been muimimized by the use of aspherie surtaces to produce a hghter weight, morve com
pact system.,

B. PROBLEM DEFINITION

The high cost assoctated with the optical components in present FLIR svstems operated i the 8 to 12am
wavelength has and will be one of the primary himitations as to how extensively these svstems will be de
veloped by DOD. Dozens of ditterent optical designs have evolved from the varous developers ot these
svstems. There s now a concentrated eftort to modularize and reduce the variety of optical assemblies
down to a few standard modules. Such an effort by the Army's Night Vision Laboratory on the 1R
imager has alveady been accomphished. However, cach FLIR systom sall requires a different interchan
geable pair of afocal telescopes tor narrow angle and wide angle fields of view. Each of these telescopes
contains about four optical lenses made primanily from germaniam,

In addition to modularization, other workers have made signiticant progress in reducing the high cost as
sociated with these optical svstems, Aspherical surtaces have been utilized in a RPV (Remotely Piloted
Vehicle) FLIR System to elimimate several sphevical lenses ! Both substantial matenal cost and weight
savings have been realized with this approach. The higher cost of producing aspheric surtaces, however,
needs the turther attention of this current MM&T effort.

The hot-forged, alkali halide lens torming process has also shown much promise toward being able to pro
duce form-to-shape optical lens elements
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It has algo been shownt 4 that two form-to-shape processes (casting and hot forming) for germanium
are teasible. Production techniques for producing the dies and determining the limits and cost effective-
ness of these capabilities must be established by this program.

Caretul dimensional controls on the curvature, homogeneity, and thickness of each lens element are nec-
essary to achieve maximum OTF performance of each assembly. Small deviation in uniformity could re-
sult in loss of system performance as seen on the real-time display.

C. DESIGN AND SPECIFICATION REVIEW

The germanium lens elements and assemblies covered by this contract are illustrated in the drawings in
Appendix A. Each was reviewed during the proposal phase of this contract, and it was determined that
the drawing requirements were not capable of meeting the Modulation Transfer Function (MTF) specifi-
cation in the MMT 779845 specification dated 28 December 1976, “‘High Performance FLIR Lens and
Lens Elements™ reprinted as Appendix B. During the first portion of this program, considerable effort was
spent on the computer evaluation of the lens and mirror assemblies to correct this problem. An error in
the exponents tor the sag equations was found, and these have been corrected in the drawings in Appendix
A. While the lens and mirror elements now appear to be correct, other minor changes to the M'TF specifi-
cation or positioning of apertures and other adjustments may still be required to obtain maximum
performance from the assemblies. Other comments on various paragraphs of these specifications are given
below.

1. Design and Construction

Drawing SK-AB116-1/ for an aluminum mirror specifies a honeycomb material and curved backing of
undefined dimensions. We will use solid aluminum for a more economical material with a backing and
mounting approach suitable for the assembly test cell to be built for evaluation of the optical elements in
this assembly.

2. Edge Chips, Surface Quality, and Handling

Elmination of coarse grinding operations is expected to greatly improve the chip resistance, surtace fin-
ish (scratches and digs), and general handling of these lenses. The surface finish of a diamond-turned lens
or mirror cannot be measured by the present scrateh dig method (MIL-0-13830). Where single point dia-
mond turning (SPDT) is evaluated as a finishing operation for the infrarved region, this specification s
not applicable by nature of the operation and the relative insensitivity of the IR wavefront to these ma-
chine marks. Consequently, our evaluation approach for SPD'T surtace tinishes produced under this pro-
gram will be modified as discussed below.

“All drawings are in Appendix A.
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Interterence microscope measurements will be made of both the lenses and mirrors. A vetlective optical
svstem 1s now bemng built where surtace wregulanties, contours, and thin-film thickness may be mea
sured with a vertical resolution ot better than 0.25am. Horzontal resolution in the object plane s better
than Loum. Results of these measurements will be compared with exiing data trom diamond-turned
surtaces to assess their relative fimsh quality

Such measurements will be compared with the performance of lapped pohished samples tor simular intra
red applications using the techniques of Curcio.{8) As data becomes available, comparisons will also be
made to other investigators' results where scatter is used as a measure of surface roughness

3. Performance

In order to venty the apphcabihity of the Optical Transter Function (OTF) specitications as given w the
proposal, the optics were computer ray traced and manutacturning allowances were added tor Objectinve
Assembly A and Objective Assembly B during the proposal eftort. Both assemblies showed an M TE con

siderably below the design requiremient. In addition, there appeared to be two aperture stops in Objectinve
Assembly B that are not imaged onto one another.

After these discrepancies were examined by Honevwell with the Avmy at the beginning ot the program, it
was shown that changing the exponents of aspherie surtaces produced truer aspherie surtaces. Figures 1
and 2 show computer ray traces after the exponent change and a manutacturing allowance tor each as
sembly tor the on-axis and 10mm format requirements. Both assembhies appear to come very close to
meeting the onginal specitication tor the on-axis sttuation. Assembly A was also satistactory tor thas
LOomm tormat; however, Assembly B s signiticantly lower mn the 10mm tormat. 1 s recommended that
the tour curves in Figures 1 and 2 be used as a mmumum specification for these situations. A significant
design ettort would be requuired to alter Assembly B tor the 10mm tormat

4. Workmanship, Environmental Conditions, Identitication, and Marking

No radioactive materals in the AR coating ot these lens and mirror elements will be used

D. REVIEW OF FABRICATION PROCESS

In the tollowing sections, the current process used tor tabricating and testing Ge spherie and asphene 1R
lenses s reviewed and compared with our proposed process. A typical tlow diagram tor the present
process as understood at the beginning of the program is given in Figure 3.

1. Raw Materials and Purification

Currentiy, the lens tabricator has to procure Ge eyvhndrncal blanks trom a company such as Bagle
Pitcher Industries, Inc® A typreal 2.5 mch diameter by 10-inch thick blank ot optical grade Ge carvent v
costs about $190 i quantities of 100, In this analysis it s assumed that the blank s ground and pohished
to the final lens shape as discussed in the following sections. ln our hot torming approaches, o will be
shown that substantially less matenal, and thus less waste matenal salvage, can be realized. For i
stance, we expect to achieve a 25 to 50 percent cost saving on the material cost by using smaller optical
blanks such as those shown in Figure 4.
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Figure 4. Lens Forming from Ge Blank

If powdered materials can be used, they will be melted and then casted to the approximate shape. The
purity and doping level of the starting material will, of course, have to be controlled.

During the early 1950's a technique was developed for the casting purification of Ge to fabricate transis-
tors and related semiconductor components. Ge in powder form was melted under closely controlled at-
mosphere and thermal conditions in a quartz boat. The ingot was subsequently chemically etched using
a common CP-4 (HF, HNO', and acetic acid mixture) etchant and purified by zone refining in a multi-
zone furnace. Single crystal growths were successfully produced on a production basis.

2. Lens Forming

Present methods of rough forming the lens shape start with a Ge cvlindrical blank such as those indi-
cated in drawing number SM-C-773478 (Appendix A). As shown in Figure 4, a typical blank such as that
required for the SK-AB114-2 lens uses less than 30 percent of the Ge in this blank. While scrap material
is commonly reclaimed, its collection is expensive, only partially recovered, and only 85 percent of its
value is recovered.

The present method of generating a lens from the Ge blank is to use grinding tools to take oft the major
part of the material. A cup grinding tool is spun by one shaft while the Ge blank is spun by a second
shaft. Depending on where the spin axes cross, the surface generated will be convex or concave, and the
radius of curvature is controlled by the inclination of the two axes, as shown in Figure 5.

*Eagle-Pitcher Industries, Inc., Compounds and Metals Department, PO Box 737, Quapaw, Oklahoma
74362,
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The surtaces are then brought close to the desived radius and diameter by grinding and then fine grinding
with cast won tools and diminishing grit sizes ot abrasive. "T'he surtace s then ready tor polishing

In this program three hot form-to-shape approaches will be compared with the conventional method de
seribed above, Not only do we expect a significant cost advantage to vesult from these torm-to-shape ap
proaches, but we expect a substantial performance immprovement. This will vesult trom the tact that the
conventional approaches described above induce significant surtace damage into the Ge. Ground surtaces
may have a rupture stress as low as 7000 psit? Polishing may improve the rapture stress to about 15,000
pst, but the extent of this improvement is directly related to how much material s vemoved. Matenal
cast to shape or hot worked to shape will contain minimal surtace damage, and only shight mechanical or
chemical polishing will increase the strength to about 16,000 psi. At least one of the hot forming ap
proaches described below should produce high-strength optical blanks very close to the tinal shape re
quired and, at a minimum, eliminate the need tor rough shape grinding. Thus, substantial matenal and
cost savings assoctated with the rough grinding operations should be realized. Casting ot Ge lens shapes
in molds should be the most divect approach available tor minimizing the total etfort involved i the pro
duction of close-tolerance lens blanks.

A diagram of a two-zone vacuum furnace for in situ lens casting s shown i Figurve 6. With this approach,
the starting material, either Ge powder or chunks, s first melted i the mold and then cooled trom the
bottom until the desired temperature gradient 18 established by independent power adjustient of the
upper and lower heating elements. This promotes unidivectional sohiditication, ensuving that sohditiea
tion begins at the mold bottom and proceeds upward so that the final matevial to solidity s at the top
surface. I the free surface of the melt is allowed to solidity betore the interior, the expansion of Ge upon
solidification will cause the ingot to crack, or grossly distort.

The melt is cooled at rates slow enough so that impurity materials, voids, and inclusions are excluded
trom the ingot. However, the slowest possible cooling rate will not produce the most desirable material. A
fine grain size, produced by more rapid cooling, will give the blanks greater strength and avoid the 1 1um
absorption band observed in single-crystal Ge.(8) Thus, a compromise intermediate cooling rate that

7
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Figure 6. Furnace and Mold tor Casting Concave-Convex Ge Lens Blanks

simultaneously vields acceptable microstructure, purity, and continuity will be used. These process
parameters will be established during the period of this program.

After sohdification of the blank is completed, the power to the heaters is readjusted to minimize the tem
perature gradient between the center and edge. The blank is then cooled to room temperature at an ap
propriate schedule to avoid high residual stresses and accompanying optical birefringence. Stress reliet by
plastic tlow also oceurs in the plastic temperature region,

I'his basic casting technique has been shown to be applicable to formation of optical blanks trom a wide
range of materialy, among them alkaline earth fluoridest 10 and silicon (1)

Uhere are some fundamental difficultios to be dealt with in the casting of Ge, as with the casting of optical
material. Many potential mold materials will be eliminated trom consideration due to their shight solubil
ity in molten Ge. However, the low melting point of Ge makes a wide range of mold materials available. 1t
18 expected that many of these will be semipermanent and only require an oceasional retinishing and
cleaning. This will be easy for spherical surfaces but present more of a problem for aspherical surtaces
Quartz s an acceptable mold material in this respect. A sticking problem between soliditied Ge and the
quartz material can be overcome by depositing a thin laver of carbon on the mold. Alumina, mullite, and
plassy carbon may also be acceptable as mold materials

Ideally, the outer part of the mold, adjacent to the convex tace of the lens blank, will have a thermal
expansion coefticient less than that of Ge, so that upon cooling the lens blank will have contracted more
than the mold and release trom it. Quartz should be a good mold material tor this apphication. Likewise,
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the part of the mold adjacent to the concave face of the lens blank should have a thermal expansion coef
ficient greater than that of Ge, so that it contracts away from the blank during cooling. Alumina is a
possible mold material for this application. It should be noted that large numbers of such shapes can be
cast as described above, and that zone refinement by directional solidification can be accomplished in
such a manner that the impurities are concentrated in the noncritical mounting region of the lens

Those lenses that have a fairly uniform thickness, such as SK-AB115-2, may be most economically
formed by hot deformation of a sliced disc of Ge (Figure 7). The temperature associated with this process
will be lower than those encountered in casting: therefore, improved surface finish and dimensional
control is expected from this hot deformation process.

In an expired patent, Gallagher(4) has shown that single crystal Ge can be plastically deformed at tem
peratures above 670°C to as high as 50 percent deformation as shown in Figure 8 Similarly, single crystal
silicon can be deformed at temperatures of about 1100°C. Honeywell has verified that silicon, the more
diffitult material, can be deformed. A silicon wafer 0.040-inch thick was hot deformed at 1390°C in an
argon gas atmosphere. Similarly, recrystallized alkali halide lenses have been produced at Honevwell by
Bernal(2} with the hot deformation process.

This current program will evaluate the feasibility of this process by producing hot detormed cvlindrical
blanks of single crystal and polycrystalline (cast) Ge. Each of these materials will be hot deformed into
larger diameter cylindrical blanks with up to about 50 percent reduction in their original thickness.

(ie is brittle at room temperature, but it has been known for some time that this covalently bonded ma

terial readily deforms at elevated temperatures.(4.10) Since the major point of this discussion relates to
the feasibility of forging Ge into shapes suitable for IR optical elements, a comparison of the deformation
behavior of GGe and the alkali halides is in order. The alkali halides (e.g., KCI) are also brittle at room
temperature but have been quite successtully forged into IR optical elements at elevated temperatures.(2)
Materials with the rock salt structure slip on {110} <110> systems at room temperature. Only two of the
{110} <110> slip systems are independent, and five are needed to maintain strain continuity during
forging. (.11 Thus the alkali halides must be worked at high temperatures where slip also occurs on {100}
<110> systems. The added slip systems provide the five necessary for strain continuity, and the billets
can be forged to high strains without fracturing.(2) This is why alkali halide optical elements are forged

In Ge the situation is different. Ge has the diamond cubic crystal structure and deforms by slip on {111}
<110> systems,(11) j e, the same slip systems that operate in face centered cubic metals. There are 12
independent {111} <111> systems and strain continuity is not a problem. Ge is brittle at room tempera

ture because of the strong covalent bonding in the structure. The lattice resistance to the propagation of

dislocations is high and the yield stress at ordinary temperatures generally exceeds the fracture stress. At
elevated temperatures, however, the resistance is overcome by thermal activation and the material can be
plastically deformed.

(e can be deformed at temperatures exceeding about 500°C. Two predominant deformation mechanisms
operate in Ge at high temperatures. At high strain rates and stresses deformation occurs by the conserva
tive motion of dislocations by glide through the lattice. In Ge, the stress above which deformation occurs
only by glide is about 10 (i, where G is the shear modulus(12) or 75,400 psi. At stresses lower than this
and at strain rates usually encountered in slow forging operation, Ge most likely deforms by dislocation
creep.(12) In dislocation creep, deformation results from dislocation glide and diffusion-controlled climb
around obstacles. (12.13) The deformed microstructure consists of dislocations aggregated into cells or
subgrains,
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The deformation mechanism operating in a material at different strain rates and temperatures is con

veniently illustrated with the aid of a “deformation mechanism map."(12, 13) In such a map, the normal

ized stress, o/(3, is plotted as a function of the homologous temperature, T/ Ty, where T is the working
temperature and Ty is the melting point both in degrees absolute. The stress-temperature space of the
map is then divided into regions in which a single deformation mechanism is rate controlling or dominant

Also plotted on the map are contours of constant steady-state strain rate. Thus for any material for which
a deformation mechanism map exists, one can determine the steady-state strain rate and dominant
deformation mechanism for any combination of stress and temperature.

A deformation mechanism map tor Ge is shown in Figure 9 from Ashby.{ 12) Only one strain rate contour
line is shown on the map. This is the bottom line on the figure and separates the elastic regime (where no
plastic-deformation is expected) from areas in stress-temperature space where deformation occurs by,
e.g.. dislocation glide and dislocation creep. Each deformation mechanism map depends on the sensi

tivity of the microstructure. The one shown here has been developed for polyverystalline Ge with a gram
size of 32um. The cross-hatched area on the map indicates the range of stresses and temperatures antici

pated during forging. The stress range is from 10,000 psi to about 50,000 psi, and the temperature range is
from 600 to 800°C, Note that under these conditions the dominant deformation is by dislocation creep

Although not shown on the tigure, the steady-state strain rates in the cross-hatched region are probably in
the range of 10°° to 107 sec .

Residual stresses from the hot deformation process may introduce optical nonunitormity to the bulk Ge;
however, annealing on the lens cooling cvele can be emploved to relieve these residual stresses

J. Lens Finishing

After the lens curvature has been generated by the currently used rough grinding and lapping operations,
the surface damage produced must be removed. The tinal lens thickness, finish, and optical figure must
be simultaneously generated during this final polishing or diamond turning operation

Polishing of the lens is done on a low viscosity tar pitch lap using fine alumina or cerium oxide polishing
compounds. The lap material is chosen to be soft enough to conform to the surtace being generated, but
not 8o soft as to smear the germanium. Waxes, such as beeswax, are used tor bonding of lenses to blocking
plates.

From the standpoint of thermal stability, the cutting speeds, lubricants, and lubricant flow vates should
be similar to those used tor glass; that s, the rate of heat generation during polishing and the thermal
deformation charactenstics of the lens material indicate that germanium is equivalent or supenor to visi
ble-region optical glass in these respects,

Sphencal surtace lenses with large radii are commonly gang-polished i groups of three ov more, depend

g upon the size of equipment available and the radius bemng genevated. Highly carved elements must be
polished mdividually or on multiple spindle machines. Aspherical lens shapes can be done only one at a
time, or at best, on multiple spindle machines using comphant laps: Due to the constantly changing pol

whing characteristics of the compounds and the lack of true contormance over the required area ot the
lap, much individual hand polishing s normally requived tor asphenical lenses, producing lagher tabica

tion costs. Cleaning of polished lenses i performed i a vapor degreaser using trichloroethy lene or other
solvent
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Our proposed approach in this program will minimize the amount of material removed during the tinish
ing operations. We have purchased a six-spindle lens polishing machine where the speed of each spindle,
the motion of each lapping arm, and the pressure applied to the lap are all controlled by a single control
power-drive. All parts being produced therefore “'see’ the same polishing action and presumably result in
identical surface figures. Thus, optical monitoring of one surface being produced on one spindle reason
ably assures the operator that all other parts are the same. Numerical control from the optical monitor
to the central power-drive will consequently supply feedback to all spindles. While this more automated
approach appears to be the most cost-effective approach for generating spherical and slight (five-tringe)
aspherical surfaces, strong aspheric surfaces will probably be best generated by numerically controlled
single point diamond-turning (SPDT) equipment. Establishment of the optimum finishing process (dia
mond turning by itself, or followed by the automatic lapping operation for this production-type fabrica
tion in Ge) will constitute an important, significant part of this MM&'T program.

The applicability of diamond turning to the generation of infrared optical quality surfaces in Ge has been
demonstrated by Johnson and Saito.(1) In this program, conducted for the Air Force Materials Labora

tory (AFML), Rank Optics Ltd. fabricated a diamond-turned Ge aspheric detector-lens using their stan

dard two-step technique: figuring on their R-6 turning machine, then performing a post-turning, auto

matic compliant lap final polish. Performance testing of this element satistied system design goals for
spot-size and OTF, as measured by the Tropel Model 2000 computerized OTF svstem.

Under a follow-on program (Contract AF33615-76-C-5243), Bell and Howell tabricated a wide-field Ge
aspheric lens. Their three-axis Moore Machine was used without the need tor a post-polishing opevation
Testing of this element is still in process and will provide a valuable technology input to this MM&'T pro

gram. Figure 10 shows a few of the diamond-turned Ge lenses that have been produced for varous 1R sys

tems.

The advantages provided by the application of N /O diamond turning to the production tabrication pro
cedure for infrared optical components center on the inherent accuracy and repeatability of the process.
Not only can these characteristics be brought to bear tor the simpler spherie surtaces, but aspherie com
ponents can be produced where conventional finishing ditficulties would almost eliminate consideration
of aspherics as a production system component,

The introduction of generalized aspheric surtaces into system designs will normally permit a savings of
an average of one optical element per such surface. Thus the inherent advantage of N C diamond turm-
ing will be to permit the designer access to general aspheric elements tor production systems, and thereby
permit savings in components, volume, weight, and cost.

4. Mirror Finishing

While the technique of N/C diamond turning has not progressed to production requirements for Ge lenses,
this capability has been demonstrated on a production scale for flat and contoured infrared mirrors.
Production capability for flat surface diamond machining is now being demonstrated at Honevwell, as
shown in Figure 11 on the AN/AAD-S Infrared Reconnaissance Set production program. This figure shows
a four-axis spin mirror with each optical surface being machined to within 14 arc seconds of its adjacent
surtface. All surfaces are flat to less than 1/10 X\, Ongoing Honevwell programs are working toward the
extension of this capability to contoured mirror surfaces,

1-13

47356




i
|
{
q
|

Figure 10. Ge Lenses Machined on a Two-Axis N/C Diamond Turning
Lathe for Honeywell FLIR-Type Programs
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Recent encouraging results at the University of California’s Lawrence Livermaore Laboratory (LLL)
have shown that because the Moore N/C diamond-turning machines are extremely repeatable, their pe
riodic errors can be “programmed-out.” By “survey” measuring and accurately recording the errors with
respect to “x" and "v" slide travel, the reverse sign can be programmed into the machine tool’s computer
Honeywell is currently working with Moore to combine its computer expertise with Moore's precision
machining experience to improve the N/C function.

5. Antireflective Coatings

While this program does not intend to establish more cost-effective AR coating approaches, one of Honey
well's existing broadband AR coating designs for Ge will be used on all fabrication test blanks and proto
type lens parts. These coatings are required to maximize the optical transmission through the system
The high refractive index of (ie causes almost 40 percent reflection at each surface. Thus, AR coatings are
a very necessary part of IR optical systems using Ge. In addition, they environmentally protect the
polished surtace of each lens to stabilize its optical performance over long periods of time. The require
ments of MLAR 306 type coatings for Ge can be met within the existing capability in production. This
should be an integral part of the facility doing the final polishing of each element. The elimination of an
intermediate transfer of the polished material decreases the chance for coating damage that may other
wise result from more extensive handling. Automation of the AR coating process and minimization of the
number of layers in the AR coating design should be future goals of other MM&T programs.

Extensive work in the area of coatings for Ge has been performed and the technology base and general
coating experience for producing coatings exists, A present program (Contract F33615-77-C-5037) to de
velop multilayer thin film coatings to laser harden missile and FLIR | ptical trains will address the prob
lem of AR coating Ge in the 8 to 12um region. This program is expected to provide valuable experience in
AR coating Ge that will be directly applicable to this current MM&T program on optical fabrication.

6. Optical Assembly and Testing

While the establishment of cost-effective optical assembly techniques is bevond the scope of this pro
gram, it s necessary to assemble the lenses and mirrors from Tasks 2.0 and 3.0 and obtamn their assem
bled optical performance. Tests and measurements at specified stages of construction will be made to
assess their quality and ability to meet general infraved syvstem requirements: These tests are categorized
as tollows:

® Those required to determine the suitability of prefinished lens elements whose figures are thermally
tormed close to tfinal dimensions.

¢ Those required to determine surface accuracy during final finishing and while still mounted for
finishing.

® Those required to determine lens element suitability as measured through assembly or svstem
performance.

Initially, flat samples produced by each of the torm-to-shape processes shall be measured to assess the
suttability of thewr bulk properties. Sigmificant, bulk defects can effect optical pertormance i two wan s
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(1) Large inhomogenetties of refractive index can perturb the wavetront and thereby degrade the abihity
to torm sharp images, and (2) entical scatter centers may cause some of the radiation i transmission to
spread over the tield, causing a decrease i contrast,

The bulk properties of the Ge elements must be demonstrated as being suitable for infraved appheations
independent of their surtace properties. In addition to indicating the presence of pertormance degrada
tion due to the bulk properties of the material, information concerning the mechanism involved may be
necessary. It so, an iterative technique tor process improvement will be used. Three existing tests to 1so
late the bulk and surtace properties are available tfor this process analysis:

e \isible (6328A) interferometnie technigques will be utilized to assess the surface charactenstes ot the
lens elements.

e Infrared (10.60m) interferometry will be performed by Honeywell i cooperation with Dro James
Wiant, of the University of Arizona’s Optical Sciences Center, on the process samples and on the spe
cifted lens assemblies. These test results, i conjunction with the surtace wavetront characteristios
trom test (1), will present the wavetront distortion introduced by the bulk matenal defects.

e Intrarved optical transter function (OTEF) measurements will be performed usig the Tropel Model 2000
automatic OTF (Optical Transfer Function) Lens Testing Svston (Figure 120 modified for 8-12um
performance, on the process samples and the lens assemblies: Tics system s avalable and speafically
built for testing FLIR components. Information from these testsom addition to quantifying assembly
spatial frequency response, will assist inidentifving the type of bulk detects present it any: that s,
those due to index variations from those due to forward scattering phenomenon, Present m-house ca
pability will also allow the measurement of 10.6am scatter on the imtal tabrcation test samples to
quantify their bulk and surface scatter.

As shown in Figure 12, modifications to the Tropel Model 2000 OTF Tester to permit 8 12um 1R mea
surement have already been made and include a blackbody source, 8-12u spectral filter, an IR colhmator
with all retlective opties, and a Reader thermopile detector assembly.

Additional testing will be performed to measure material electrical vesistivity, optical absorption, and
mechanical strength to thoroughly define the uniformity ot material produced by the various processes

The surtace tigure of the lens elements will be monitored during the final timishing operation to mmimnuze
the time required tor iterating the test and fimsh sequence.

There are tour alternate wavs of testing surtace figure apphicable to spherie and asphene figures:

e sphencal test plates

e Interferometry, using a svnthetic hologram as a reference

e Interferometry using a null corrector lens

e P'rofile measurement by sty lus contact

Spherical test plates are appropriate for spherical or near spherical figurves: This method is simple, eco
nomical, and conventional. 1t s based on the interference of radiation between a sphencal sample and
the sphenical test plate, which is sutficiently close i shape to provide interference definimg difterences ot
atew visible waves
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The LUPI (Laser Unequal Path Interferometer), Figure 13, 1s a modified Twyman-Green interferometer.
It uses a helium-neon laser as a light source so that it has the capability of working at widely unequal
optical paths in the test and reference arms. The modification from Twyman-Green is a converging lens
in the test arm. This changes the plane wavefront to spherical. This spherical wavefront comes to a focus
and it placed at the center of curvature of a sphere, or in the image plane of an optical system set up for
autocollimation, the wavefront will go through the system and return to the beamsplitted where it is re-
combined with the reference wavefront. Any aberrations produced on this wavetront by the system will
show up as tringes of equal optical path difference (OPD) and is a measure of the quality of the system.

Interferometric systems such as a LUPI can be used with a null corrector or a synthetic hologram for
measurement of a spheric surface which departs from a sphere by an amount significantly exceeding five
visible waves. In general, synthetic holograms are much less expensive than null correctors. However, for
a large production run, null correctors might be cost effective.

For severe aspheric surfaces, wavetront correction by synthetic holograms or null correctors may not be
cost effective. In this case, surface measurement through the use of low contact pressure stylus can be
made. Such an approach would be practical and easily adapted to the initial on-machine measurements.

The application of interferometric methods involves different implementation considerations for convex
and concave surfaces, though the principle remains the same. In the case of a concave surface, a small
laser beam and a microscope objective provides a focus near the center of curvature of the best fit sphere.

The sample surface then refocuses the image near this center of curvature for subsequent interterence
with the reference wavetront in the interferometer. In the case of a convex surface, the laser beam must
be expanded and converged by an auxiliary lens onto the sample surface. The convergence must be such
as to focus at the center of curvature of the best fit sphere. The return beam is then recollimated and
returned to the interferometer for subsequent interference with the reference beam.

The dimensions of the specific elements defined in Appendix A are summarized in Table 1. Note that of
the seven aspheric elements, two surfaces are aspheric but small enough difference with a best fit sphere
that, although identified as aspheric, could be tested with a spherical test plate.

The remaining aspheric surfaces would preferably be tested with a synthetic hologram as a reference, but
could also be tested with null correctors or a stylus.

Figure 14 shows a summary matrix defining the test method applicable to each surface referenced in
Table 1. The basis of selection is to use a spherical test plate tor all convex spherical or near spherical
surfaces and a LUPI tor all concave spherical or near spherical surfaces. Actually, either test method is
applicable to both types of surfaces, but this assignment allows minimum surface contact, while keeping
within the guidelines of existing test equipment. If the LUPT were used for convex surfaces, an accurate
converging lens would have to be constructed and the system modified to accommodate it.

In the case of the aspheric surfaces of SK-AB 108-2 and SK-AB 115-1, either a synthetic hologram or a
stvlus could be used and are included in the matrix. Null correctors, while technically suitable, would be
more costly for this program.
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The testing of two assemblies for assessment of system performance will be performed on the two as-
semblies identified as Objective Assembly A and Objective Assembly B, Objective Assembly A consists of
a wide-angle atocal assembly with an IR imager; Objective Assembly B consists of a narrow-angle atocal
assembly with the same 1R imager.

One Type A and one Type B test cell will be built and eight sets of the identified assemblies will be eva-
luated tor compliance with the specified field of view, aperture, MTF, linear distortion, and optical trans-
mittance in accordance with Section 4.6 of the specification (Appendix B).

Linear distortion and field of view measurements, which are based on relating field angle with image lo-
cation, will be measured with the same fixturing available with the Tropel automatic OTF measuring
equipment.

Optical transmittance will be measured with coated witness samples. Adherence, abrasion, humidity,
and salt spray tests shall be performed in accordance with the specification drawings and on the coating
witness samples only.

7. Cost Analysis

The potential cost savings that can result from this MM&'T program are very significant. Based on a pro-
duction rate of 1000 lenses per month and an average lens (SK-AB 115-2), we estimated at the start of
this program that an uncoated lens produced by conventional approaches would cost $458 each, as op-
posed to $202 each for those produced by the hot forming approach. Table 2 shows the basis for these es-
Gmates.

The largest potential saving should be realized in surface finishing: however, much of this saving is gen-
erated by the tact that the hot formed lens is very close to its final shape. Other significant savings occur

in the Ge used (hot forming consumes less than 50 percent) and the rough forming operation. The cost of

the initial tooling and its maintenance are higher for the hot torming method.

Based on this projected savings tor an average type lens and an estimate that 24,000 lenses per year will
be used, the Army could save about $6 million per yvear. Other savings from the diamond turning of mir-
rors based on 3000 per vear should amount to about $100 each or about $300,000 per vear. The $6 million
savings presented still does not represent all that is possible from other IR systems.
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Table 2. Cost Analysis for Ge Lens

Cost in Dollars/Each*

Current MM& T

Process Approach Approacn
Raw Material:

Germanium Blank ($151) less

Salvage 82

Germanium Powder($69) 32
Rough Forming:

Grinding and Lapping 83

Hot Forming 41
Finishing:

Conventional Polishing 248

Automatic Polish/SPDT 62
Evaluation: ) 41 41
l'ooling 4 26
l'otal $458 $202

" Based on Quantity of 1000/ month




Section Il
Program Progress and Status

A description of the work to be done in each program task and subtask for this MM&'T" program is in-
cluded below, along with the progress and status of each subtask and overall program schedule given in
Figure 15.

A. TASK 1.0 PROCESS ANALYSIS

Task Objective: This task will establish the materials and processes necessary for the production of
more cost-effective Ge lenses typical of those required for IR systems operating in the 8 to 120 wave
length.

1.1 Procure Ge/Refine - Subtask Objective

An established source tor the Ge powder and crystal blanks will be compared with material from a new
source in this task. If necessary, this material will be purified and regrown to meet the program objec
tives,

Progress — During this period germanium raw material was ordered from two sources and in several
different forms. Three blanks 1.5-inch diameter X 0.5-inch thick of optical grade germanium and [((K)
grams of 99.999 percent Ge (first reduction), 100-mesh powder were ordered earlier from Eagle-Pitcher
and transferred to this program. A 1000-gram Bridgman grown ingot of Ge doped to 5-20 ohm ¢m, 12
blanks of Bridgman growth stock, and 12 blanks of replicated (cast) germanium stock were ordered from
Exotic Materials. These were received in January and will be used to evaluate the various processing
approaches of this task. Half of each group of 12 blanks were ground to 3.0-inch convex by 2.75-inch
concave radii for the hot deformation portion of this task.

The 100-mesh powder will be used for our casting-to-shape study, and if it proves to be optically satistac-
tory, we will consider using this material for other portions of the program,

1.2 Shaping - Subtask Objective

Three hot shaping approaches will be compared with the conventional, rough shaping of tlat dises. Fiest,
powdered or recycled Ge will be imtially melted, refined if necessary, and then cast to shape. In the sec
ond approach, slices of refined single crystal Ge will be hot deformed as close to the final shape as pos-
sible. The third approach will use cast material that is hot deformed as close to shape as possible.

Progress — The first hot deforming test was made on Eagle-Pitcher 1-1/2-inch diameter curved disc,
loaded to 175 psi at a targeted temperature of 850°C. Some edge melting at 940°C occurred, but about 25
percent of the desired deformation did take place. A thermocouple was added to the system and a second
1-1/2-inch diameter curved disc was loaded to 170 psi at 850°C. The hot forming setup used is shown in
Figure 16. Note the use of fused quartz and vitreous carbon platens. Very little deformation was obtained
with this run; therefore, this part was repressed at 305 psi and 850°C. After the first run, the apparatus
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Figure 16. Hot Deforming Equipment




was revised to add alumina thermal insulating pedestals at either ends of the furnace. About 90 percent
deformation occurred with the third run. Some peripherial edge chipping took place, but this was related
to the wavy surface of the fused quartz pressing plate. The success of this deformation run verifies earlier
results obtained with silicon. No sticking occurred between the germanium and polished fused quartz or
glassy carbon die faces.

This was also true for carbon when melting occurred. Thus, two die materials have been identified that
will be suitable for both the casting and hot deforming-to-shape processes.

1.3 Material Analysis - Subtask Objective

Material produced by each of the shaping processes will be chemically, mechanically, electrically, and
optically analyzed to establish that such processing does not have a detrimental influence on the perfor-
mance of the Ge optical component.

Progress — Samples of each type of material obtained from Exotic Materials and Eagle Pitcher are
being prepared for optical, electrical and mechanical evaluation. Discs will be optically polished to ob-
tain IR transmission and optical absorption information, then cut into mechanical test bars that will
first be electrically tested by a four-probe approach, then mechanically tested in the bending mode.

1.4 Finishing - Subtask Objective

Conventional polishing, single point diamond turning (SPDT) and a combination of SPDT with a final
polish will be evaluated to determine what degree of final finishing is required for each shaping method
used.

Progress — Work on conventional finishing approaches was initiated. One of the Eagle Pitcher blanks
was cut in half to yield two discs about 0.23-inch thick. Curve generation grinding equipment was used to
prepare the initial two thin and two other thick 1/2-inch blanks with a concave radius of 5.6 inches. The
second side was then ground to a similar convex radii. These were used in subtask 1.2 to hot deform to a
flat disc shape. A conventional polishing approach was used to generate a convex spherical surface with a
radius of 3.22 inches. Lapping compounds, oils, laps, and mounting approaches are being established that
will maintain their shape during long duration use. Such conditions will be encountered with more au-
tomated polishing equipment. A six-spindle polishing machine has been ordered and received from Pris-
moid Optical that will be installed and used for the conventional, more automated polishing approach on
this program.

The work on single point diamond turning of the first set of flat samples will be performed with the
equipment shown in Figure 11.

1.5 Evaluation - Subtask Objective

An optical monitoring approach suitable for in-process measurement of the optical figure of a lens will be
established. Standard Honeywell lens-testing procedures will be evaluated to establish their suitability
for low-cost production.

Progress — Work on a process for optical monitoring has not yet been initiated; however, final testing of
lens shapes can be done with the Tropel Interferometer. An interferogram of the 3.22-inch convex radius
polished surface (from subtask 1.4) with the Tropel equipment is shown in Figure 17. Such interfevo-
grams can be computer analyzed to produce data on the departure from the desired sphericity or aspheri-
city.
2-4
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Figure 17.

Fropel Interferogram Showing Contormity
to a Spherwetty of 5, 22-Inch Radius
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1.6 Cost Analysis - Subtask Objective !

A material and process cost analysis of all of the techniques examined will be projected to volume pro-
duction (1200/month) for each lens type. Inactive.

1.7 Process Selection - Subtask Objective

Based on the performance and cost anaiysis determined, a first choice process for each lens configuration
will be selected and recommended to the contract monitor for his approval. Inactive.

1.8 Deliver Samples (4) - Subtask Objective

A minimum of four samples of the processes examined will be submitted for further customer evaluation.
Inactive.

B. 2.0 LENS FABRICATION

Task Objective: This task will implement and verity all of the prototype equipment, tooling, and any
new test equipment required to produce and evaluate the IR lenses required tfor this MM&T program

No active effort on this task was planned or made during this period.
2.1 Design/Build Initial Tooling - Subtask Objective

The equipment and tooling necessary for both spheric and aspheric lens fabrication will be imitially de-
signed, based on SK-AB-114-2 and SK-AB-115-2 lenses, respectively.

2.2 Process Proofing/Interactions - Subtask Objective

Prototype lenses will be fabricated from the initial tooling built. Any tooling modifications and process
interactions required to establish the final lens fabrication process will be accomplished in this subtask.

2.3 Lens Monitoring/Evaluation - Subtask Objective

An in-process lens monitoring technique will be established and a lens acceptance test setup will be es-
tablished.

2.4 Process Specification - Subtask Objective
A tentative process description will be written for each lens tyvpe.
2.5 Build Final Tooling - Subtask Objective

All equipment and tooling not previously built will be completed and debugged for the lens tabrication
verification part of this task.

2-6
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2.6 Fabricate Lenses - Subtask Objective

A minimum of 36 uncoated lenses will be fabricated to fulfill the SLIN 0001AB requirement.

2.7 Product Acceptance - Subtask Objective

Each of the lenses produced will be evaluated to determine its conformance to the drawing and para-
graphs 3.2-3.4 specification requirements. The data obtained will be documented and submitted for ap-
proval.

2.8 Deliver Lenses (36) - Subtask Objective

Customer in-house acceptance of the 36 deliverable uncoated lenses will be obtained in order that these
units can be used in Task 4, Assembly Testing.

C. TASK 3.0 MIRROR FABRICATION

Task Objective: Honevwell's single point diamond turning equipment will be used to fabricate the four
SK-AB-116-1 mirrors required for this program.

3.1 Material Specification - Subtask Objective : 1

The mirror drawing SK-AB-116-1 will be reviewed with the customer to determine the most cost-effec-
tive material and mounting approach to be used in the test assembly for Task 4.

Progress — A meeting was held at Night Vision Laboratory at Fort Belvoir 25 January 1978 with Jim

Kelly, David Helm et al. to discuss the mirror drawing requirements on SK-AB-116-1. As indicated in our ]
proposal, we requested that the honeycomb structural material be deleted to allow single point diamond

turning to be used for this aspheric mirror. It was agreed that this could be done, and we will submit a

revised drawing for this component.

3.2 Process Specitication - Subtask Objective

All of the tooling equipment and processes required to build the mirrors will be determined and specified.
Inactive.

3.3 Fabricate Mirrors - Subtask Objective
Four mirrors will be fabricated according to the specification in 3.2, Inactive.
3.4 Product Acceptance - Subtask Objective

Each of the'mirrors will be evaluated to determine its conformance to drawing SK-AB-116-1. The data
obtained will be documented and submitted for approval. Inactive.
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3.5 Deliver Mirrors (4) - Subtask Objective
Customer in-house acceptance of the four mirrors built will be obtained in order that these units can be

evaluated further in Task 4. Inactive.

D. 4.0 ASSEMBLY/TESTING

Task Objective: The existing FLIR testing facilities will be used to evaluate each lens element individ-
ually and collectively in its respective wide field and narrow field objective assembly.

4.1 Optical Lens Analysis - Subtask Objective

A detailed computer optical analysis of each element lens used in each objective assembly will be made
to determine the projected OTF performance of each Type A and Tvpe B assembly.

Progress — See 4.2 below.
4.2 Lens Specification Review - Subtask Objective

A specification review based on the optical analysis conducted in 4.1 will be made with the customer to
obtain approval for any specification modifications that may be necessary.

Progress — In the 25 January 1978 meeting discussed above, we also reviewed the lens drawing require-
T A

ments versus the optical assembly performance specifications in MM&T 779845 of Appendix B.

A conflict between the lens drawing requirements and the optical assembly test specifications, originally
identified in our proposal, was found by D. Helm to have been caused by an error in the drawings with
the exponents for the aspheric surface description. These changes were made and the lenses again com-
puter evaluated for conformance to the OTF optical assembly specification. The new OTF curves are
given in Figures 1 and 2 for each assembly. After the exponent changes were made to the lens drawings,
the specification for the wide angle afocal assembly was found to be satisfactory: however, the specifica-
tion for the narrow angle afocal assembly will need a minor correction in the performance curve to allow
for manufacturing tolerances and physical locations of several optical apertures. Honevwell was re-
quested to submit a recommended specification change.

4.3 AR Coating of Lenses - Subtask Objective
An antireflective coating meeting the requirements for radiation and MLAR 306 specification (Dwg. SM-
C-773691 dated 20 March 1976) will be applied to each lens surtace of the 36 lenses made in Task 2.0, In-

active.

4.4 Assembly Test Procedure - Subtask Objective

A test plan for the assembly test will be documented and submitted to the customer tor approval. Inac-
tive,
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4.5 Assembly Testing - Subtask Objective

One test assembly cell for each of the Type A and Type B objectives will be built and four mirror/lens sets
will be evaluated for each type of assembly. Inactive.

4.6 Product Acceptance/Delivery (8) - Subtask Objective
The data obtained for each assembly will be documented and the two test cells and eight mirrorlens sets

will be delivered.

E. TASK 5.0 PROGRAM MANAGEMENT

Task Objective: The technical data items and capabihty demonstration program to be pertormed
throughout the MM&'T program will be pertormed i this task.

5.1 Program Evaluation and Review Technique (PERT) - Subtask Objective

I'he work breakdown structure detined in this section will be reviewed with the customer and modified as
required by any contract negotiations that may nfluence this structure. A PERT charvt will then be sub
mitted with at least 75 elements tor the contract momtor's control of this program. Pertodic revisions ot
this chart will be made as required

Progress — A PERT chart has been prepared, reviewed and revised several nimes to retlect the extended

time required to define the program changes related to the lens and mirror drawings. The final version ot
this chart will be submitted next quarter.

5.2 Financial Status Reports - Subtask Objective
Submit monthly tunds expenditure reports which contorm to DE-A-S003R, dated 8 October 1975,

Progress — All monthly cost status reports tor each month ot the period were submitted prior to the
distribution of this quarterly report.

5.3 Radiation Test Plan - Subtask Objective

Submit a radiation test plan in accordance with supplementary information DIST-1903, dated 15 De
cember 1968,

Progress — A radiation test approach has been established that should be more accurate than the Alpha
probe approach recommended in Section F.10.C.3 of the proposal. This approach uses a 1'2-inch diameter
measuring area with an event counter (surface barrier detector). The final test plan will be submitted
next quarter for approval.

5.4 Lens Test Plan - Subtask Objective

Submit a lens test plan in accordance with DEETA1906, dated 15 December 1969 Inactive
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5.5 Assembly Test Plan - Subtask Objective

Submit an assembly test plan i accordance with DETA1906, dated 15 December 1969 Inactive
§.6 Demonstration Plan - Subtask Objective

Submit a demonstration test plan in accordance with S:H138, dated 1 October 1967 Inactive
5.7 Radiation Test Report - Subtask Objective

Submit a vachation test and X-vay diffraction test report to demonstrate Honeywell's capability to mea

sure radiation and chemistey for a controlled set of government standards, as well as routine imcoming

raw matenals and vendor coatings. Inactive,
5.8 Monthly Reports - Subtask Objective

Submit monthly progress reports within 10 days after the end of each month i aceordance with DS
1800 and addendum Noo 2, dated 1H December 1969 and 12 July 1974, respectinely

Progress — All monthly veports have been submitted priov to the disteibution of this quartery veport
5.9 Quarterly Reports - Subtask Objective

Submut quarterly progress reports within 30 days aftor the end of vach qeaceter o accardance with DS
1800, dated 15 Decembey 1969

Progress — This quarterly veport covers the imtial peviod of the program through 1 Febiary 1908 Thas

more extended period was caused by the delay in obtaming vesolution of the Tens and mnvor changes
5.10 Final Report - Subtask Objective

Submit a final technical report within 30 davs after the completion of the technical effort m accordance
with DESI800, dated 15 December 1969 Inactive

5.11 Capability Demonstration - Subtask Objective
Make a capability demonstration to an imvited hist of no more than 50 representatives of industiy and

rovernment within 30 days atter completion ot the final veport and approval of the demonstration plan
Inactive

2:10
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Section Il
Conclusions

The mitial matenals required for this program have been received and used to demonstrate the feasibil-
ity of hot deforming germanium to the desired shape, Initially, the desived shapes ave flats, but lens
shapes will, of course, be considered next. Spherical surface polishing and evaluation techniques have
also been imitially established for this program. Several drawing modifications have been made based on
a computer analysis technique to vield better aspherical surfaces. These now appear to be suitable to
neet the required optical assembly performance.

-
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Section IV
Program for Next Interval @

During the next quarter, most of the work on the initial Task [ effort on Process Analysis will be com
pleted. At least four optical flat samples for each of the four processes being analyzed in this task will be
prepared, optically polished, and optically evaluated, |

The final specifications for each lens and mirror to be fabricated in Tasks 2 and 3 will be resolved, along
with the optical performance specifications for the Task 4 effort on assembled optical components,
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Section V
Publications and Reports f

No reports, talks, or publications were made on the work associated with this program during the current '
quarter.

Vi A S AR A AT

v &

A W TR IR TGN A

6-1
47356

B N e e e e s Gee Gas e oae NN O G T BB W W o




During the first quarter of this program the following personnel worked the indicated hours in their areas

Section VI
Personnel

of responsibility. More detailed background on each professional person follows:

Individual
W.B. Harrison

F.E. Johnson

I.R. Abel

W.T. Boord

M.E. Curcio

(.0, Hendrickson
L..F. Hiltner

L..W. Luban

T.J. McGran
J.E. Starling
D.F. Marotte
M.P.T. Murphy
M. Sandberg

Responsibility Hours

Program Manager, 1156
Co-Principal Investigator,
Lens Fabrication and Evaluation

Co-Principal Investigator, 56
Diamond Turned Optical Fabrication
Assembly Evaluation

Optical Design Verification 20
AR Coating Design and Fabrication 0
Optical Programming Control 10
Germanium Fabrication 90
Quality Assurance 12
Optical Component and Assembly 0
Evaluation

Single Point Diamond Turning 6
L.ens Finishing and Evaluation 119
Technician, Lens Finishing 50
Technician, Germanium Fabrication (\]
Technician, Germanium Machining 160

W.B. HARRISON, Senior Principal Ceramic Engineer

Education: BS, Ceramic Engineering, Virginia Polytechnic Institute, 1950,
MS, Ceramic Engineering, Virginia Polytechnic Institute, 1951,

Program Responsibility: Program Manager and Co-Principal Investigator on lens fabrication and eval-

uation,

Experience: As a Senior Principal Ceramic Engineer, Mr. Harrison is presently program manager of an
AFML. contract on halide materials processing for high power, infrared laser windows. In this program,
large, high strength alkali halide windows for high power CO, lasers have been developed by use of three
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basic strengthening approaches — recrystallization, solid-solution alloying and the dual process of alloy-
ing and recrystallization. Using this approach, KCl-KBr, KCI-RbCl and KCI-EuCl, alloys with vield
strengths greater than 6000 psi have been produced. Mr. Harrison has organized the Ceramic Center's
optical measurement capabilities for controlling the optical quality of halide windows.

In his 18 years at Honeywell, Mr. Harrison has also been ¢ngaged in development work on the chemistry
and processes involved in obtaining submicron particles of such materials as MgO, NiO, TiC and various
compounds in the solid-solution series of lead zirconate-lead titanate. Coprecipation processes based on
oxalate techniques, as well as alkoxide techniques, were studied.

Complete fabrication techniques for all types of magnesium oxide products have been developed and

. placed into commercial production at the Ceramics Center. Among Mr. Harrison's accomplishments was
the successtul development of transparent MgO material, as well as controlled high porosity formula-
tions. Extensive product development activities were carried out in the use of high purity MgO materials.
Among these were property studies made on corrosion resistance and strength at temperatures to 4500°F
and infrared transmission characteristics as a function of microstructural variations such as grain size,
porosity, and purity.

Publications: Mr. Harrison's publications include the following:

¢ “Influence of Surface Conditions on the Strength of Polycrystalling Mg0," ). Am. Ceramic Society,
Volume 47, Number 11, page 573 (1964).

e “Mechanical Behavior of Polycrystalline Ceramics,” Final Report, AROD ContractDA-11-022-
ORD-3441, April 1965.

e “Unconventional Processes for Fabricating Ceramics,” Final Report, Sandia Contract 58-4450, No-
vember 1969.

e “Halide Materials Processing for High-Power Infrared Laser Windows," AFCRL-TR-73-0372(11)
Special Reports, No. 162, 19 June 1973, Conference on High Power Infrared Laser Window Materi-

als, p. 391, October 1972,

¢ “Mechanical and Optical Properties of Recrystallized Alkali Halide Alloys,” AFCRL-TR-74-

i 0085(11) Special Reports, No. 174, 14 February 1974 Third Conference on High Power Infrared Laser
i Window Materials, p. 615, November 1973.

' e “The Girowth, Characterization and Recrystallization of Alkali Halide Alloved and Doped KCl1,"
¥ Proced. 4th Conference on Infrared Laser Window Materials, p. 599, January 1975.

{ FLOYD E. JOHNSON, Senior Principal Engineer

|

i Education: BSME, Purdue University, 1952,

l Giraduate studies, Brooklyn Polytechnic Institute and Northeastern University.

; Program Responsiblity: Co-Principal Investigator on diamond turning lenses and mirrors and assembly
’ evaluation,

1
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Experience: Mr. Johnson is currently Program Manager on the Manufacturing Methods and Technology
contract for FLIR Cost Reduction sponsored by the Air Force Materials Laboratory, WPAFB, OH. The
program's objective is to prove acquisition and life cycle cost saving feasibility of advanced materials and
techniques applied primarily to the Air Force Common Modular FLIR AN/AAQ-9 (XA-2). Program re-
sults will also apply to other FLIRs, as well as to other thermal imaging systems. One example of eval-
uations being conducted is the feasibility of using hot-forged salt lenses to replace expensive infrared
transmitting materials.

As a staff engineer, Mr. Johnson provided key technical contributions during development responsibility
for components critical to thermal imaging systems: cryogenic coolers, vacuum dewars, ultra high speed
ball bearings, high resolution multibeam CRTs, lenses, mirrors, coatings, etc. Mr. Johnson was previously
Project Engineer on the AN/AAD-5 Infrared Reconnaissance Set during its highly successful development
for the Air Force. Other project engineering assignments at Honeywell Radiation Center included: the
ALERTS project, which built a scan converter-driven display for a forward looking laser line scanner and
an IR/Optics module for the Redeye Trainer.

Prior to joining Honeywell in 1964, Mr. Johnson was employed at two small business concerns that de-
veloped and marketed precision photo/optical instrumentation. He was Vice President of Sales for Vertex
Development Corporation and Director of Engineering for Photomechanisms, Inc.

IRVING R. ABEL, Senior Principal Engineer

Education: BS, Optics, University of Rochester, 1944,
MS, Physics Syracuse University, 1948,
Graduate courses in Physics (fulfillment PhD course requirements), New York University.

Program Responsibility: Optical design verification.

Experience: As a Senior Principal Engineer, Mr. Abel is leading the optical design activity for FLIR
systems.

Mr. Abel has 27 vears of experience in the field of Optical Design, Optical Engineering, and Radiation
Physics at Honevwell, Bausch & Lomb Optical Co., Farrand Optical Co., Norden Division of United
Aircraft and Baird-Atomic, Inc., including telescopic, periscopic, and viewing systems, using moderate
and large-scale digital computers. Designs include airborne and spaceborne systems.

Recently, Mr. Abel invented the optical system for the Skvlab S-192 Multispectral Scanner and has led
the optical design activity for FLIR systems.

Patents: Mr. Abel's work includes the following patents:

High Aperture Wide Field Varifocal Scanning System, Patent No. 3,519,325,
Collimated Viewing System, Patent No. 3,446,916,

Infrared Imaging Apparatus, Patent No. 3,728,545,

Optical Instruments, Patent No. 3,782,835,

Wide Field Reflective Optical Apparatus, Patent No. 3,811,749,
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W. TIMOTHY BOORD, Principal Research Scientist

Education: BS, Physics, Case Institute of Technology, 1966.
MS, Physics, Case Western Reserve University, 1969.
PhD, Physics, Case Western Reserve University, 1973.

Program Responsibility: AR Coatings design and fabrication.

Experience: Dr. Boord joined Honeywell in September 1973. He has been the principal investigator on
three programs dealing with optical coatings on transparencies. One of the programs involved research on
the application of semiconducting films for eye protection from IR lasers. The other two programs concern
the development of antistatic coatings and heat- and abrasion-resistant coatings for aircraft transpar-
encies. He has also been involved in programs to develop protective antireflection coatings for high energy
laser windows.

His graduate research was in solid-state physics and modern optics. His thesis concerned the design and
development of an optical isolator for high powered carbon dioxide lasers. The isolator used the free
electron Faraday rotation in the semiconductors. His graduate work also involved studying defects in
semiconductors and alkali halides using the electron nuclear double resonance technique, and the growth
of lead tin telluride crystals by the vapor transport method.

Publications:

e W.T. Boord, Y.H. Pao, F.W. Phelps, Jr., and P.C. Claspy, ‘‘Far-Infrared Radiation [solator,” IEEE
J. Quantum Electron, Vol. QE-10, pp. 273-279, February 1974.

e W.T. Boord, Y.H. Pao, F.W. Phelps, Jr., and P.C. Claspy, ‘“Far-Infrared Radiation Isolator,"
presented at the IEEE/OSA Conference on Laser Engineering and Applications, Washington, D.C.,
May 1973.

e W.T. Boord, A.Y.B. Mar, W. Harrison and J. Sterling, “The Development of Antireflective Thin
Films for Polycrystalline Alkali Halide Laser Window Materials,” Proceedings of the Fifth Annual
Conference on Infrared Laser Window Materials, 1976.

e Also report AFML-TR-76-160 by the same title.

G.0. HENDRICKSON, Senior Materials Engineer

Education: BS, Metallurgical Engineering, Michigan Technological University, 1957.

Program Responsibility: Material Purification and Lens Shaping.

Experience: Mr. Hendrickson joined the development engineering staff of the Ceramics Center in June

1972 and is currently investigating machining, hot forging and thermal processing of halide crystals for
high power laser windows (AFML Contract No. F33615-72-C-2019).
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He transferred from the Honeywell Aerospace Division where for 12 years in the Materials and Process
(M&P) Engineering Section he worked on the application of ceramic-to-metal, glass-to-metal and anodic
bonding to aerospace hardware. During this time, he was assigned to a consulting specialty in both non-
destructive testing and experimental stress analysis.

Included in Mr. Hendrickson's prior assignments as a materials and process applications engineer were:
(1) design and production engineering support on numerous aerospace programs; (2) specialist in module
interconnect welding fabrication; (3) establishment of a failure analysis laboratory and directing me-
chanical and metallurgical analysis; and (4) specialist in experimental stress analysis and electronic
module welding process development.

Betore joining Honeywell, Mr. Hendrickson worked for Marquette Manufacturing Co., as a laboratory
development metallurgist with primary responsibility for developing flux coatings for welding electrodes.
He assisted in training sales personnel and resolving customer technical problems.

Publications: Mr. Hendrickson's publications include:

¢ “Halide Materials Processing for High-Power Infrared Laser Windows,” AFCRL-TR-73-0372(11)
Special Reports, No. 162, 19 June 1973, Conference on High Power Infrared Laser Window Ma-
terials, p. 391, October 1972,

e “Mechanical and Optical Properties of Recrystallized Alkali Halide Alloys,” AFCRL-TR-74
0085(11) Special Reports, No. 174, 14 February 1974, Third Conference on High Power Infrared
Laser Window Materials, p. 615, November 1973,

LEON F. HILTNER, Senior Quality Engineer
Education: BS, Mechanical Engineering, University of Minnesota, 1960.
Program Responsibility: Quality Assurance

Experience: Mr. Hiltner is currently serving as the Lead Quality Engineer at the Honeywell Ceramic
Center. In his present assignment, he directly supervises Quality Assurance engineers and technicians on
both development and production programs.

Mr. Hiltner's prime specialty is Statistical Quality Assurance. He is certified by the American Society for
Quality Control (ASQC).

Mr. Hiltner has worked in the Honeywell Quality Department for the past 15 vears. His most recent
previous assignment involved total quality program responsibilities for Sandia/AEC Inertial Switch
development and fabrication. Among other assignments, Mr. Hiltner served on the Quality Director’s
staff. During this time, he developed and taught a 60-hour, in-plant training program in Industrial Sta-
tistics, prepared divisional operating procedures, and was liaison between the Quality Department and
the Data Systems Planning group.
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MICHAEL E. CURCIO, Senior Development Engineer

Education: BS, Physics, Manhattan College, 1968.
Graduate studies: 34 quarter hours toward MSEE, Northeastern University.
15 credit hours in Physics, Syracuse University.

Program Responsibility: Control of SPDT lens/mirror fabrication.

Experience: As a Senior Development Engineer, Mr. Curcio is the project engineer for the design and
implementation phases of the N/C diamond turning for the IR Optics Program, and for the vacuum/
cryogenic Low-Background Calibration Facility for IR radiometers.

In his four years of experience at Honeywell, Mr. Curcio has designed and implemented the sensor off-axis
rejection and mirror-low-scatter measurement facilities; implemented an IR heterodyne detector test fa-
cility; completed calibration, alignment and systems testing of navigational star trackers for the Viking
Orbiter 75 and Application Technology Satellite (ATS) programs; and has full technical responsibility
for the ATS baffle evaluation. Prior to joining Honeywell, Mr. Curcio was a project engineer in electro-
optical methods for reconnaissance exploitation with the Department of the Air Force at the ane Air
Development Center (RADC).

Publications: Mr. Curcio published the following:

e “Evaluation of Low-Scatter Technology for Aspheric Metal Mirrors,” SPIE Vol. 65 (1975) Metal
Optics.

VLADIMIR W. LUBAN, Senior Principal Development Engineer.

Education: MSEE (equivalent) studies in Mathematics and Physics at Wagner College, and Electrical
Engineering at Cooper Union School of Engineering.

Program Responsibility: Lens/mirror evaluation.

Experience: Mr. Luban is a Senior Principal Development Engineer who directs an optical test group of
10 engineers and five data reduction personnel. He has responsibilities in opto-mechanical design and
optical testing, mirror and mount design for a number of high performance systems, including ELS,
ELMS, HEAO-B, AAD-5 and HIRIS; directing team which developed alignment procedures and ran
proving laboratory tests on the highly advanced Type 18 submarine periscope; releasing ‘‘hold’ order on
major program by redesigning flotation support, originally costing $50,000, of 60-inch diameter flat mir-
ror, which held flatness to 1/8\ peak-to-peak, at a fixed cost of $3,000 including materials and labor;
assembling and aligning a 50-inch diameter Cassegrainian collimator; designing and building two types
of stable frequency helium neon lasers; working with Dr. Roland Shack on developing equipment for
measuring Modulation Transfer Function of high resolution photographic systems; and Optical Engineer
responsible for performance on four — $1,500,000 ROTI MKII tracking cameras, one of which took the
first American photograph of Sputnik I.
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Mr. Luban is a Senior Principal Development Engineer whose 22 years of experience at Honevwell, Itek,
Perkin-Elmer and American Bosh Arms Corp. include directing engineering groups, research and in-
strument development, system design and alignment, and testing of state-of-the-art high resolution
photographic systems. These activities were coordinated with other disciplines, such as electronics, high
vacuum, high altitude problems, cryogenics, etc. Specifically, the experience includes: design of produc-
tion optical test station for test of AAD-5 components; design and build of a LUPI (Laser Unequal Path
Interferometer), which is being used as a basic optical alignment and test instrument both at HRC and
at some of our optical vendors; conceiving and implementing a technique based on white light inter-
ferometry for measuring equality of multiple arm lengths to accuracies of 6 microinches.

THOMAS J. McGRAN, Manager of Manufacturing
Program Responsibility: Single point diamond turning.

Experience: As Manager of Manufacturing, Mr. McGran is presently responsible for electronic pack
aging engineering, design drafting, material control, manufacturing engineering, model shop and tabri-
cation and assembly operations. Recent experience includes integration and direction of these activities
on the ICECAP/HIRIS program, as well as AAD-5 Mapping and S192 13-Band Scanner systems.

Mr. McGran's 17 years of previous manufacturing experience at Honeywell includes: management of
manufacturing operations on the AOSO FINE SUN SENSOR program, which included material control,
model shop, production engineering and fabrication groups; production manager on IRATE, and super-
visor of manufacturing, assembly and planning on the Trump Radiometer.

JOSEPH E. STARLING, Development Engineer.

Education: BS, Ceramic Engineering, University of Missouri-Rolla, 1967.
MS. Ceramic Engineering, University of Missouri, Rolla, 1971,

Program Responsibility: Lens/finishing and evaluation.

Experience: Mr. Starling is assigned to the alkali halide infrared laser window program. He is respon-
sible for the hot forging recrystallization studies on such halides as N¢Cl, KCl, KBr and their allovs. In-
cluded in his tasks are microstructural analysis, finishing, optical polishing and mechanical strength be-
havior of these as well as other ceramic materials.,

At the University of Missouri-Rolla, he was a PPG Fellow. His graduate study included work on stress-
gradient biased diffusion of alkali ions in glasses. He was previously employed as an engineer in the R&D
department of Chicago Vitreous Corp., where his work included thermally insulating enamels and enam

els with specific electrical properties.

Professional Affiliations: Mr. Starling is a member of the American Ceramic Society, Keramos (Ceramic
Engineering Professional Fraternity), and Tau Beta Pi.
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Publications: Mr. Starling's publications include:

6.

9.

10.

11

13.

“Halide Materials Processing for High-Power Infrared Laser Windows," AFCRL-TR-73-0372(11)
Special Reports, No. 162, 19 June 1973, Conference on High Power Infrared Laser Window Ma-
terials, p. 391, October 1972,

“Mechanical and Optical Properties of Recrystallized Alkali Halide Alloys,” AFCRL-TR-74-

0085(11) Special Reports, No. 174, 14 February 1974, Third Conference on High Power Infrared
Laser Window Materials,p. 615, November 1973,
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Glossary

Afocal — An optical system whose object and image point are at infinity.

Anti-reflective (AR) Coatings — A single or multilayer coating applied to a surface or surfaces of a sub-
strate to decrease the reflectance of the surface and increase the transmission of the substrate over a
specified wavelength range.

Casting — A method by which a molten material is formed, solidified, and then cooled in a confining die
or mold.

Diffusional Flow — The spontaneous movement of atoms to an extent sufficient to cause mass flow of
material.

Dislocation Glide — The slip or movement of atoms along planes through dislocations in bulk material.

Dislocations — Defects in the atomic lattice of a crystal represented by the presence of excess atoms or
absence of atoms in the normal perfect atomic structure of material.

Dispersion — The process by which rays of light of different wavelength are deviated angularly by dif-
ferent amounts as with prisms and diffraction gratings. Also applied to other phenomena that cause the
index of refraction and other optical properties of a medium to vary with wavelength.

Form-to-Shape — A forming process that converts an irregular shape material into a predetermined final
shape as defined by a die or mold cavity.

Homologous Temperature — The relationship (ratio) between the working temperature of a material
and its melting point, both in degrees absolute.

Hot Deforming — The deforming of a material above its recrystallization temperature which is sufficient
to cause bending and distortion of that material into a permanent new shape.

Imager — A single or multiple set of optical elements that form an image by collecting a bundle of light
rays diverging from an object point and transforming it into a bundle of rays converging toward another
point.

Infrared — The electromagnetic radiation beyond the red end of the visible spectrum (0.768 to 40um).
Heat is radiated in the infrared region. The FLIR ranges of interest are 3 to S5um and 8 to l4um.

Interference — A term used to denote the additive process, whereby the amplitudes of two or more over
lapping waves are systematically attenuated and reinforced.

Interferometer — An instrument employing the interference of light waves for purposes of measurement.,
such as the accuracy of optical surfaces by means of Newton's rings, the measurement of optical paths,
and linear and angular displacements.
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Modulation — A measure of the variation of illuminance across an image of a sine wave object. Defined
as M = (Ijax — Imin/Umax + Imin) where Imax and Imjn are the maximum and minimum
illuminance in the image.

Modulation Transfer Function (MTF) — The function describing the modulation intensity of the image
of a sinusoidal object with increasing frequency. It describes the results obtained on passing through an
optical system. Also called “sine wave response” and ‘‘contrast transfer function."

Optical Transfer Function (OTF) — The function describing modulation and spatial phase shift of the
image of a sinusoidal object with frequency as the independent variable as a result of passing through an
optical train.

Sag — Abbreviation for sagitta, the height of a curve measured from the chord (as applied to optics).
Single Point Diamond Turning (SPDT) — A relative new turning technique which uses precision
spindles and movements (usually air bearing movements), a high speed single point diamond turning tool
that can be moved in microinch stages. This technique has been shown to be especially useful for turning

metal mirrors as well as other optical components.

Special Phase Shift — The displacement of the image of a sine wave object from its ideal position.
Usually measured in degrees, with 360 degrees assigned to a full cycle of the image.

Thermal Imaging — A representation of an object's thermal profile by means of its IR light rays.
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B APPLICABLE DOCUMENTS

) The following documents are part of this test procedure to the extent
specified herein, The most recent fssue shall be used unless otherwise
specified. [f any document should conflict with this procedure, this
procedure shall take precedence.

Orawings Description

USAECOM

SM-D-772005-1 Afocal/Cover Assesdly

Specifications

USAECOM

82-2301020102 Development Specification, Afecal/Cover

Assembly, AN/TAS-4

82-2301020'08 Development Specification, lmager,
Optical, Infrared AN/TAS-4

SM-A-7749%3
e T — I wcas | nev | 4
A8
47356




S N N S AN P b N B S i

l 3. DESCRIPTION OF TEST APPARATUS
} A8 | The following instrumentation or equivalent s required for the performance
| I tests listed herein, Verify that test equipment certification is current
' Equipment Description
' Infrared Source Infrared Industries Mode! 463
Chopper Infrared Industries Mode! 827/828,
8lade N 1
k
' Collimator 174 inch focal length, off axis, mirver :
diameter 12", resolution .02 mill{radion,
l useable in the applicadble spectral range.
Sandpass Filter 80% transmission points at 7.6 and 1
11.6 microns
l Imaging Lens Per Specification B1-2301020100
Varisble S1{t Hilger Model F1497
l Detector KBr window, Thermopile, Charles N. Reeder
and Company Model NSL-68
l Edge Translating Device Tropel Mode! Miniscan 2100 1
Arplifier Ithaco Phase Lock Amplifier Mode! 353
l Optical Bench Beck Ealing Model 23-0714 *
SM-A-774953
[ )
l @ e w2 scae [»ev Jourr §
l A9 ]
47356 1
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3.2 ABBREVIATIONS
3.2.1 . Addreviation

Meaning
wr Unit Under Test
MTF Modulation Trensfer Functien
AFOCAL Afocal/Cover Assenbly
IMAGING LENS Imager, Optical, Infrared,
MN/TAS-4
WFOV Wide Field of View
NFOY Narrow Field of View
1p/mm Line Pairs per Mi1limeter
JO
SM-A-774953
oo-on_.:___. scae | wev lwarr ¢
”~
A-10
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4.
4.
400

4.2
4.2

4.2.2
4.2.2.0

4.2.2.2

TEST PROCEDURES

Recording Data

Al data required during performance of the Acceptance Test shall be
recordeJ on the Acceptance Test Data Sheet. Should the WT fail eny
test requirement, the fatled parameter shall be clearly {dentified.
Any required data which {s produced on a separate chart, graph or
tadble, and any informational comment required for their understanding
shall be attached to and becoms part of the Acceptance Test Data Sheet.
Such attachments shall clearly indicate the related Acceptance Test
Procedure paragraph. The most recent issue of this Acceptance Test
Procedure shall be used.

Visual Inspection

The UUT shall be examined to verify that all parts materials, processes,
subassemblies, and assembly techniques are 1n accordance with USAECOM
drawing SM-0-772005 (Check). Record the UUT MSN (Record).

Functional Test, Fleld of View Change and Focusing Adjustment.

Rest the Afocel on & steady, level surface. Cushioning may be added to
protect the surface finish,

While steadying the unit with one hand, grasp the field of view shange
lever with the free hand. Visually confirm the NFOV position of the
switch places the NFOV lens in the optical axis of the unit. Likewise
confirm operation of the WFOV position of the lever positions the

WFOV lens and baffle in the optical axis. (Check).




Continue with the Afocal/Cover Assesdbly positioned as in 4.2.1.2. Grasp
the focus control and rotate it from one extreme to the other extrewe
while visually confirming motion of the traveling lens carriage. (Check)
Optical Inspection
Modulation Transfer Function (MTF)
Assemble the apparatus as described in Figure 1. Alternatively, any
layout may be used which places the elements of the required equipment
at their proper optical locations. The test will be performed at
infinite conjugates.

4.3.1.2 Operate the infrared source at approximately 1000 degrees centigrade.
Set the chopper in motion to interrupt the source at approximatelv

40 Hertz. Instal) the variable slit at the collimating optics focal

point. Obtain a focused image of the slit at the knife edge on the
optical axis of the imaging lens.
4.3.1.3 Adjust the imaging lens for best focus. Translate the knife edge acress

the slit image. Record the detector output versus the lniu bdgo.

position (Record). Compute the on-axis modulation transfer function
. (MTF) of the imaging lens between O and 1S line pairs per millimeter,
either in discrete steps or continuously (Record).

4.3.1.4 Repeat ¢4.3.1.3, except that the folding mirror and detector must now be
repositioned to measure and compute the off-axis modulation transfer
function on both sides of center at 1/2 the azimuth field of view (Record).
Reposition all components on the optical axis.

SM=A-774953

|var g




4.3.1.0  Instal) the Afocal/Cover Assembly {n the optical axis. See Figure ).
Place the Afocal/Cover Assembly in the WFOV position. Attach the
imaging lens to the rear of the assembly, See Figure |, Focus the
afoca)l for the bast image at the imaging lens focal plane. Do not
adjust the imaging lens focus.

4.3.1.6 Repeat 4.3.1.3 through 4.3.1.4, except do not adjust the imaging lens
focus. The computed modulation transfer function will be the cascaded
MTF of the afocal and imaging lenses. (Record). Repeat with the afoca)
in the NFOV position. (Record).

SM-A-774953
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6. ACCEPTANCE TEST DATA SHEET

ACCEPTANCE TEST DATA SHEET
FOR
AFOCAL/COVER
USAECOM DRAWING SU-94/TAS-4

SM-A-774983

| CET)

At 1

47356
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6. ACCEPTANCE TEST DATA SHEEY
6.\ The following paragraphs are nusbered te correspond with their paregraphs
in the Acceptance Test Procedure.
4.2, Assembly in accordance with SM-D-772008-1, (Check)
UUT MSN (Record)
4.2,2,2  NFOV lens positioned with engagement of FOV switching lever at
NFOV position, (Check)
4.2.2.3 Carriage motion observed when afocal focus {s varied. {Check)
4.3.1.3  MTF between O and 15 line pairs per mi)limeter. (Record, or attach record)
Line patirs/mm MTF Line pairs/m NTF
0 e 8
| 9
2 10
) n
4 Sl 12
8 3
6 4
? 15
4.3.1.4 Off-axis MTF, (Record, or attach recerd)
LEFT RIGNT
Line patrs/mm MTF Line paire/mm WTF
0 0
1 )
2 TN—— t r——————
) b I A RSN
4 T 4
-] )
. R — ‘ s e
L1 L — swcae l"" I.., 2




i

4.3.1.4 Continued:
LEFT RIGNT
Line patrs/m NTF Line pairs/m WTF |
7 ? ;
B s
% FVR ’ F A
10 10 hR S |
n n
1”2 12 4
13 13
4 14
15 15
4.3.1.6 Afocal MTF. Record value equal to (MTF Read). Corresponding NTF from :
4.3.1.3) (Record). For Test Limits, Se~ specification B2-2301020102,
Figure 1. ]
ON AXIS LEFT RIGHY 1
Line pairs/rm  NTF Line pairs/mm NTF Line pairs/mm NTF 1
° ° 0 i
\ 1 1 i
4 2 2 1
3 Rl 3 LB, 3 o 2
. S 4 SRR ‘ S |
s SR s e s S |
) [ ¢ 1
(] Lo (] =L s [ e |
’ p— ’ =R .o A ;
10 10 0
" n "
1’ ] ? |
- RN " REneR 1" M |
" " "
1% 15 15 P—— |
—EW]o-..mm 7
A| 80063 l SH-A-774953
eowemo scae | wev | wanv 1y
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Tes!, Performed By Date
[“C00k CANT WO JORAWING NO
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Appendix B
High Performance FLIR Lens and Lens Element Specification
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HIGH PERFORMANCE FLTIR LENS AND LINS NLIMENIDS

1. SCOPP

1.1 This specification covers the requiraments {or lens elaments fon
high performance forward looking infrarod (FLIR) abjective lenses.

2. APPLICABLE DOCUMENTS
2.1. "1he following docunents, of 1ssue in eftfect on the date of 1nvitation
for bids or request for proposal, form a part of this specificaticn o the

extent spoecifiad herein.

SPRCIFICRIICS

Military

MU,—(/-() 5

MIL~G-174

MI1~0-13830

MIL~0O-16898

STARDARDS
MI1~STD-130
MIL~-S11-150

MIT~STD=-1241

DRAW TGS
SM=C-772320
SM-C-804143

SM-C=77309]

THIS PAGE IS BEST QUALITY PRACTICABLE
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Coating of Glass Optical Elements (Anti-
Reflection)

Glass, Optical
Optical Cowponents for Firve Control InsCiunents,
General Specifications Governing the Manufactuve,

Assonbly, and Inspoection or

Optical Elawents, Packing of

:

Identification Marking of U.S. Military Property
Photographic Lenses
Optical Terms and befinition
Label, Radioactivity
Lens Blank, Optical Commanian
Specification (o Maltilayer Anti- ]
Reflection (MIAR) Coatings of Infrarad
Optical Elomen s

B-1 3

47366



SM-A=774953

SK-AB 108-1
SK-AB 108-2
SK-AB 114
SK-AB 114-1
SK-AB 114-2
SK-AB 115
SK-AB 115-1
SK-AB 115-2
SK-AB 116
SK-AB 116-1
SK~-AD 116-2
3. RIQUINMS

3.1 Itowm Dof_i_nitions;

SK-AB 115

SK-AB 114

SK-AB 116
SK-AB 114

THIS PAGE IS BEST QUALITY PRACTICABLEF
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Accoptance ‘Tost Proovdure for Afccal/Cover
SU-94H/ 75 -4

Intermadiate Lens Aspheric TADS
lLens No. 3X, IR Imaging, Small
IR Imager

Primary Lens, IR Imager
Secondary Iens, IR Imager

WOV Afocal

Primary Lens, WFOV Afocal
Scocomdary lens, WhOV Afocal
NFOV Afocal

Primary Mirror, NFOV Afocal

Scecondary Lens, NFOV Afocal

The lens elavents described in the following drawings camprise
two (2) objective lens assenblies and two (2) individual lens elements.

J.1.1 Objective Assanbly A:

3.1.2 Objective Assanbly B:

3.1.3 Individual Elonents:

Elanent © SK.AB 108-1
Elemnt D SK.AB 108-2
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3.2 Design and Lg_)_x}i.t.x_nctmw The objective assamblics and individua
clements Listad 1n paragraph 3.1 shall conform to the mechanical dinensions
and optical data speciilead on the drawings.  Lens clapnts coatings shall
conforn to the applicable drawing and to drawing $M=C-773691. ‘The len
clawnt materials shall confonmn to the applicable drawing and to drawings
SM-C-773477, SM-C-773478, and SM-C-804142. (Sce 4.3.1)

3.3 Bdge chips  Edge chips and fractures shall be in accordance with the
A

roquircaent “idge chips" of MIL-0-13830 as applicd to "Lenses".  (See 4.3.2)

3.4 Surface quality The scratches and digs as Jdefinad by MIL-0-13530 shall
be in contornance with the applicable drawing. Coating scratches shiall lu
in accordance with "Coating scratches" of MIL-0-13830 and "Coating process'

and “Surfacc quality" of MIL-C-675. (Sce 4.3.2)

3.5 Handlirj During handling, shipping, and sterage, all optical elemonts
shall be pi otected fram physical damage to the material or coatings by clean,
lint-free packaging materials. During assombly, white, lint-frec gloves

shall be worn to prevent leaving fingarprints or foreign materjal on the
elaments which will degrade the optical preperties or detoriorate thie ooatings.
(Sce 4.3.9)

3.6 Perforwmiance  The characteristics of an afocal optical systan roqire
that all measuranents of perfomance characteristics boe made in canhinatics
with an auxiliary inaging lens.

3.6 Objective Astaably A, The ravuiranents of t“v following paragraphs
RIES )\\ sou on nvmn e to the drawings listad in 3.1.1 and an conformance
to the other applicable requiragments of this «;m\‘thuon for an 16 malli-

meter di.'.;nutu tmmn -

J.6.1.1 Ficld of view  The ficld of view of the WMLV optical systam shall
be 30,0 + 0.4 degroes (see 4.35.7)

3.6.1.2 MNertwe The clear aperture of the claments shall be as specifiad

on the re l\ vant draw 1mgs.  (Sce 4.3.8)

3.6.1.3 Mdulot op tronsfor function (MIT)  he objective shall provide
an Mt which 1 qoeater than that shown In Figue 1. (See 4.3.9)

3.6.1.4 Linear distortion The linecar distortion of the objoctive assiobly
shall be between d-porcent pincachion and 4-=porcent barrel. (Sce 4.3.10)

3.6.1.5 Optical ti m'*utt.mn* The average optical tronsmittance of tho
objoective assably, in the § to 12 micrancter rogion, shall bo greater than
83 pvn,\nt. (Soe 4.3.11) :

B-3
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3.6.2 Onjoctive Assembly B 1he rcqunun mts of the foliming pua;ru'\hJ
are busad on contormance to the drawings listad in 3.1.1, and on confornu:.
to the other applicable roequiranents of this specification for an 18 mu.-

moter diaet oy forawt.

3.6.2.1 lield of view The field of view of the optical system shall be
5.0 + 0.4 “dogreas. (See 4.3.7) .

3.6.2.2 Aperture The clear aperture of the lens elements shall be as
specified on the relevant drawings. (See 4.3.8)

3.6.2.3 Modulation transfer function The objective lens assembly shall
provide an MTI' which 1s equal to or greater than that specified in Figure
1. (Seec 4.3.9)

3.6.2.4 Linear distortion The linear distortion of the objective

as s ably shall Le Detween 4-percent pincushion and 4-percent barrel. (See

4 o) .

3.6.2.5 Optical transmittance The average opt.xcal transmittance in the 8
to 12 micrameter range of the objective assanbly in the NI'OV shall be greater
than 79 percent. (See 4.3.11)

3.7 Workmanship  All details of workmanship shall be in accordance with
high grade optical manufacturing practice. (See 4.3.4)

3.8 Enviramental conditions

3.8.1 Aldherence and Abrasion fThere shall be no visible damage to the area
of a coatad surface used for the adherence test or to the rubbad zuoa of a

ocoatad surface after being subjectad to the "adherence and abrasion" tests
specifiad in drawing SM=C-773691. (See 4.3.12)

3.8.2 Humidity There shall be no visible cvidence of film deterioration
after being subjected to the conditions specified for "mumidity" tests in
drawing SM-C-773691. (See 4.3.13)

3.8.3 salt spray (foq) There shall be no visible evidence of film d:tcrim

ration after the coated optical element has been subjected to the tes
specified in drawing SM—C-773691. (See 4.3.14)

3.9 Identxfn.atxon and marking  Each element (1ncludmg those bolonqmq to
objective assenblies) shall be individually marked in accordance with the
applicable drawing with the drawing nunber for the elawent, type of material,
material melt number and coating run nuber, and manufoacturer's name or coae
symbol. Each clawent shall be individually baggal and the bhag marked in
accordance with MIL-STD-130 with the above data. The radicactivity label, as
required, descrilxd in drawing SM-C-772326, shall be fimmly arfixed to the bag.
(Sce 4.3.0)

i e
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4. QUALITY ASSURNKI PROVISTIONS

1.1 Regsponsibility for inspection  Unless otherwis: specificd in the
contract or purchase order the supplier is responsible for the performano:

of all inspection requirements as specificd hercin. FX ept as otherwice
specified, the supplier may use his own or any other facilities suitable

for the performance of the inspection requirements specificd herein.  Inspoec-
tion records of the examinations and tests shall be kipt camplete and available
to the Government as specified in the contract. The Government rescrves the 1
right to perform any of the inspections set forth in the purchase description
where such inspections are deemad necessary to assure that supplies and
services conform to the prescribed requirements.

(a) Time schedule and sequence of examinations and tests.
(b) A complete description of the methad of test and procedures.

(c) Complete identification and description of each inspection instnmont
and date of nost recent catibration.

4.2 1Inspection conditions Unless otherwise specified, all inspections
shall be porformad 1n accordance with the test conditions specified in 4.6.
All test methods wherein latitude is granted in test details due to
variability of approach and test tacilities require Govermment approval prior
to initiation of any testing.

4.3 Test procedures

4.3.1 Design ard Constructicon  For spherical surfaccs, standard optical
surface test plates shall e placed in contact with the subjoct clament wed the
difference in surface accuracy and radii is determined by the interterence frimes
found. The radius differcnced, R, can be calculatod LrA R =N A\ (2R/A) <,

where N is the number of fringes, ) is the illuaination wavelength, K is the
racilus of the test plate,and d is the diameter over which the measuranent is
made.  Surface accuracy is deteimined by visually examining local arcas of the
interference rings for deviations fram circular shape. For aspherical surfaces
the Foucault knife adge test shall be used to detennine the differences botwoen
measured focl values and calculated foci values from the equation for the aspixric
surtace for various zones across the element.  (See 3.2)

4.5.2 Surface quality Surface quality shall be measured by cangarison to
a standard set of graded defect s in test procedures for “"surface quality",
MI1~0-13830, and "Coating proov and "Surface quality" of MIL-C=675.

(Sce 3.4)

1T
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4.3.3 rdge Chips Each clement shall be inspected visually in diffuee
illumination ot normal intensity. Chip dimensions shall be measurad with
standard measuring cquipnment. (See 3.3)

4.3.4 workmwship 1The fabrication processes, facilitics ard firal ol

1tem elunents wnd objective assuablies shall be abservad and inspected :"‘:’
conrormunce to the requirements.  (See 3.7)

4 3.5 Handling  The packing materials and storage arcas shall be
inspectad to verify adequate promuuon against physical darage to the
lcm materials and coatings. Observations of the handling techniques shall

be made to detemine that proper safuguards are being used to prevent

contamination of the lens elements or assemblics as specified her~in.  (See 3.5)

4.3.6 Identification and marking The elaments shall be visually
inspoctad to verily that the markings are in accordance with the applhcable
requirenents and drawings. (See 3.9)

4.3.7 rield of view The field of view of the objective assembly shall L.

measured 1n conjunction with the lincar (p ua 4.3.10) distortion test ovcr
the fonmat size specified. (See 3.6.1.1, 3.6.2.1)

4.3.8 Aperture  The exposed clear aperture of the cbjective assenbly shall
be measured using Method 3 of MIT~STD-150A. Pupil diancters shall be
established by ray trace analysis. (See 3.6.1.2, 3.6.2.2)

4.3.9 Modulation transfer function (MIT)  The MIVF of each abjective assembly
shall be measurad using a test set and methods similar to that shown in drowing
SM-A-774953, "modulation transfer function" section. The MIT shall be measared
either continuously or in 15 discrete steps between 0 and 15 line p.nr‘ ey
millimeter. The MIF test shall be run at infinite conjugates. Off-axis
measurenents shall be made in the same plane as that chosen for the on-axis
image, and shall correspond to an image translatiaon par.llcl to the long
dimension of the detector array. The lens eloments caprising an asscmbly
shall be mounted only in test lens holders. (See 3.6.1.3, 3.6.2.3)

4.5.10 Linear distortion The linear distortion of the objective asscubly
shall be easurad using either Method 25 or Method 28 of MIL-STD-150A, sub-
stituting a suitable detector for the spectral regicn of interest for the
microscope. (See 3.6.1.4, 3.6.2.4)

4 3.11 Optical tcansmittance The optical transmittance of the objective
ssembly will not be measured directly. Coated witness sanples fran each run
of lenses will be measurad for transmittance. From these data, the overall

trgnanittance wili: oo calculated. (See 3.6.1.5, 3.6.2.9)

473566
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4.3.12 Adherence and mrasmn The adherence and abrasion resistance shall

be moasured as roguired by drawing SC-M-773091.  (See 3.8.1)

4.3.13 Humidity The humidity resistance shall be measured as roquired
by drawing GC-M-173691. (See 3.8.2)

4.3.14 sSsalt spr ay. (fou) The salt spray (fog) resistance shall be meacured

as rogquired by drawlng SC-M-773091.  (See 3.8.3)

47356
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