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PLASMA DEPOSITED AMORPHOUS SILICON NITRIDE INTERLAYER
ENABLING POLYMER LAMINATION TO GERMANIUM

Field of the Invention

The present invention relates to the field of optics and more specifically to a germanium-

lens having a polyethylene coating.

Background

The long-wave infrared region is the largest continuous IR transmittance window in the
Earth’s atmosphere. Military aircraft, for example, use the IR communication window
via known communication devices having IR sensors. One of the components involved

in IR sensors is a primary lens.

An IR primary lens is an IR transmissive structure. An IR transmissive structure
transmits IR energy of wavelengths between about 0.1 microns and 20 microns,
preferably between 1 and 15 fnicrons, and most preferably between 2 and 12 microns.
- A lens is IR transmissive if greater than about 75% of IR transmission occurs. One
material that exhibits these 6harac’:teri§fics and is conﬁndhly used aé an IR 'lehs“ is
germanium. Germanium is a favorable material because it has a singular, br binary

crystalline structure that is essentially transparent in the IR spectrum. -

The shape of the IR primary lens is typically aspheric. The parabolic shape of an
aspheric lens is ideal for fnanipulating the focal point of the IR energy waves. Asphetic
germanium lenses are nofmally manufactured by diamond point turning, a very costly

- and time consuming process. -

In comparison with an aspheric lens, a spherical lens is less expensive to manufacture.

- However, a spherical lens has a comparably lesser quality image due to Chromatfc ‘

1
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irregularities associated with spherical surfaces. The image quality of a spherical lens
can be significantly improved when the lens is coated with a film that can be shaped to
mimic thé parabolic contours of an aspheric lens. A material that is IR transmissive and
has proven industrial coating applications is polyethylene. Unfortunately, polyethylene

does not adhere to a germanium substrate.

Summary

An objective of the invention is to provide a spherical lens having a germanium
substrate and a polyethylene coating, where the coating shape mimics an aspheric
shape. 'According to this objective, an optical component and method for
manufacturing the comprising is disclosed that comprises an IR transmissive substrate.
The substrate is coated with an IR transmissive adhesive, comprising hydrogenated
amorphous silicon nitride film (a-SiN:H). The adhesive is coated with a top laminate,

whereby the optical component obtains a predetermined shape.

Brief Description of the Drawing

In order that the manner in which the above-recited and other advantages of the
invention are obtained, a more particular descripﬁon of the invention briefly described
above will—bérendered--by-»reference~to- specific embodiments thereof-which ér‘g
illustrated in the appended drawing. Understanding that this drawing depicts only a.
typical embodiment of the invention and is not therefore to be considered to be limiting
of its scope, the invention will be described and explained with additional specificity |

and detail through the use of the accompanying drawing in which:

The Figure is a front view of the components of the invention.
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Detailed Description of the Invention

Reference will now be made to the drawing. It is to be understood that the drawing is a
diagrammatic representation of the embodiment of the present invention and is not

drawn to scale.

Turning to the figure, there is illustrated IR lens 1. IR lens 1 comprises wafer 2 that, for
purposes of illustration, has a cdnvex shape. One skilled in the art would understand
that a lens within the scope of the invention is not limited by thickness, can be a
converging lens, a diverging lens, or any combination thereof. Wafer 2 can be any size

to accommodate the appropriate IR application.

Wafer 2 is a germanium substrate, or core, manufactured in a method known in the art.
For example, wafer 2 is melt formed and cast or slumped into most any size or shape.
Wafer 2 maybe cleaned for subsequent processing via an argon etching process, known

in the art.

Adhesive coating 4 covers wafer 2. COating 4 consists of hydrogenated amorphous
silicon nitride (a-SiN:H). Coating’4 is the reaction product of plasma enhanced
chemical Vapdr de'position‘ (PECVD), known in the art. PECVD is based on the
decomposition of a reagent, in this case SiHy, near the surface of wafer 2. As compa'red'
with other deposition processes, PECVD can sucbessfully occur at low temperatures
(see below). PECVD provides the amorpho_ﬁs characteristic of coating 4 that is highly
malleable as compared to'a crystalline structure that results from other deposition
processes. PECVD also requires no curing time and produces highly uniform

characteristics as compared to, for example, a bath deposition process.

According to the invention, PECVD occurs within a spéciﬁc low temperature range,

dictated by wafer 2. Hgating wafer 2 above SO degrees Celsius is required' to increase _

3
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the bondiyng characteristics betWeen wafer 2 and coating 4. However, heating wafer 2
beyond 100 degrees Celsius permanently increases the intrinsic stress of wafer 2.
Preferably, PECVD occurs at 55 degrees Celsius. ‘

The thlckness of coating 4 is independent of the size of wafer 2. The thickness of
coating 4 is at least 50 nanometers to insure adhesion for subsequent processing and at
most 100 nanometers to minimize stress. Preferably, the thickness of coating 4 is 50 .

nanometers.

- Top layer of polyethylene 6 covers IR lens 1 and laminates adhesive coating 4. The
process for laminating top layer 6 to IR lens 1, known ih the art, retjuires heating solid
-polyethylene above 100 degrees Celsius, past the glass transition stage, so that the
polyethylene can be shaped without tearing. On the other hand, the lamination process -
requires heating below 200 degrees Celsius, to prevent burning the polyethylene,

Preferabfy the lamination process occurs at 170 degrees Celsius.

During the lamination process, top layer 6 is shaped, in a method known in the art, to
provide an aspheric form, defined by parabolic curvature, to IR lens 1. The thickness of

- top layer 6 is dependent on the specific application of IR lens 1, and readily
configurable by one skilled in the art.

Depositing an interlayer of amorphous silicon nitride enables a consistently improved
adhesion of polyethylene over a germanium‘substrate The adhesive beneﬁt is
appreciable when compared to non—coated germanium substrates and germamum
| substrates coated with other films, such as amorphous GeC:H, diamond like carbon
/(DLC), and amorphous Si:H. Although amorphous Si:H produces margmally, improved
" adhesion over bare germanium, the addition of Nitrogen in the process produces far

superior adhesion.

The polyethylene laminate on a lens comprisihg a spherical germanium wafer enables

the manufacturing of an IR lens with an asphen’c shape. A lens comprising a spherical

4
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germanium substrate used in place of an aspheric substrate greatly reduces the time and
cost of manufacturing the lens, making IR communication systems more affordable.
Such a structure, as applied to an IR lens, provides high quality IR communications that

are comparable with aspheric germanium lenses.

The present invention may be embodied in other specific forms without departing from
its spirit or essential characteristics. The described embodiments are to be considered in
all respects only as illustrated and not restrictive. The scope of the invention is,
therefore, indicated by the appendéd claims and their combination in whole or in part
rather than by the féregoing description. All changes that come within the meaning and

range of equivalency of the claims are to be embraced within their scope.
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Claims:

1) An optical component coinprising:
an IR transmissivé substrate;
, an IR transmissive adhesivé coating the substrate, the adhesive
comprising hydrogenated amorphous silicon nitn'de film (a-SiN:H); and

a polymer top laminate, on the adhesive.

2) The optical component of claim 1, wherein the substrate is germanium.
3) The optical component of claim 2, wherein the substrate is spherical.
4) The optical component of claim 2, wherein the thickness of the adhesive

coating is between 50 nanometers and 100 nanometers.

5) = The optical component of claim 4, wherein the thickness of the adhesive

coating is 50 nanometers.

6) The optical component of claim 5, wherein the top laminate is

polyethylene having a parabolic surface cbntour.

| 7 The optical component of claim 3, wherein the thickness of the adhesive

coating is between 50 nanometers and 100 nanometers.

8) The optical component of claim 7 , wherein the thickness of the adhesive

coating is 50 nanometers.
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9 The optical component of claim 8, wherein the top laminate is

polyethylene having a parabolic surface contour.

10) A method of making an optlcal component comprising:
providing an IR transmissive substrate
depositing an IR transmissive adhesive onto the IR substrate, the
adheswe compnsmg hydrogenated amorphous silicon nitride (a-SiN:H);

depositing a polymer top laminate on the adhesive.

11)  The method of claim 10, wherein the step of providing the IR .
transmissive substrate comprises melt forming, casting or slumping germanium into a

predefined shape.

12)  The method of claim 11, wherein the step of depositing the adhesive
coating comprises plasma enhanced chemical vapor deposition (PECVD), wherein the

deposition temperature is between 50 and 100 degrees Celsius.

13)  The method of claim 12, wherein the PECVD temperature is 55 degrees -

Celsius.

14) ' The method of claim 13, wherein the PECVD process includes
depos1t1ng the a-SiN:H so that the a-SiN:H has a thickness of between 50 and 100

nanometers.

15)  The method of claim l4,_wher‘ein the PECVD process includes
depositing the a-SiN:H so that the a-SiN:H has a thickness of 50 nanometers.

, 16) - The method of claim 15, wherein the step of depositing the top lammate
includes heating polyethylene to between 100 and 200 degrees Celsius and deposmng
the polyethylene onto the adheswe layer ‘
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17)  The method of claim 16, wherein the temperature for heating the -
polyethylene is 170 degrees Celsius.

18)  The method of claim 17, including shaping the polyethylene so that the

surface of the polyethylene has a parabolic contour,

19)  An articlé of manufacture comprising:
' a germanium core; | ’
an adhesive coating the core, the adhesive comprising hydrogenated
amorphous silicon nitride film (a-SiN:H); and

a polymer top laminate, on the adhesive.
20)  The optical component of claim 19, wherein the core is spherical.

21) . The optical component of claim 19, wherein the thickness of the

adhesive coating is between 50 nanometers and 100 nanometers.

22)  The optical component of claim 21, wherein the thickness of the

adhesive coating is 50 nanometers.

23)  The optical component of claim 22 wherein the top laminate is

polyethylene having a parabolic surface contour.

24)  The optical component of claim 20, wherein the thickness of the

adhesive coating is between 50 nanometers and 100 nanometers,

| 25)  The optical component of claim 24, wherein the fhiékness of the

adhesive coating is 50 nanometers.
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26)  The optical component of claim 25, wherein the top laminate is

polyethylene having a parabolic surface contour.

- 27) A method of making an optical compenent comprising;
providing a germanium core;
 depositing an adhesive onto the IR core, said adhesive comprising
hydrogenated amorphous silicon nitride (a-SiN:H);

depositing a polymer top laminate on the adhesive.

28)  The method of claim 27, wherein the step of providing the core

comprises melt forming, casting or slumping germanium into a predefined shape.

29) The method of claim 28, wherein the step of depositing the adhesive
coating comprises plasma enhanced chemical vapor deposition (PECVD), wherein the

deposition temperature is between 50 and 100 degrees Celsius.

30)  The method of claim 29, wherein the PECVD temperature is 55 degrees

‘Celsius.

31)  The method of claim 30, wherein the PECVD process includes
depositing the a-SiN:H so that the a-SiN:H has a thickness of between 50 and 100

nanometers.

32)  The method of ‘elaim 31, wherein the PECVD process includes
depositing the a-SiN:H so that the a-SiN:H has a thickness of 50 nanometers. ,

33)  The method of claim 32, wherein the step of depos1t1ng the top coatmg
1nc1udes heating polyethylene to between 100 and 200 degrees Celsius and deposmng -
the polyethylene onto the adheswe layer. '
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34)  The method of claim 33, wherein the temperature for heating the
polyethylene is 170 degrees Celsius.

35)  The method of claim 34, including shaping the polyethylene so that the

surface of the polyethylene has a parabolic contour.

10



WO 2004/102228 PCT/US2004/014828

1M1




	Abstract
	Bibliographic
	Description
	Claims
	Drawings

