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COMPACT OPTOELECTRONIC MODULES 

TECHNICAL FIELD 

[0001] This disclosure relates to optoelectronic modules such as optical proximity sensor 

modules, ambient light sensors and flash modules, among others. 

BACKGROUND 

[0002] Smartphones and other devices sometimes include miniaturized optoelectronic 

modules such as light modules, sensors or cameras. More generally, various 

optoelectronic modules may be integrated into a wide range of small electronic devices, 

such as bio devices, mobile robots, surveillance cameras, camcorders, laptop computers, 

and tablet computers, among others. For example, an optical proximity sensor can be 

provided in a mobile phone or other handheld device to detect the position or location of 

an object. Likewise, ambient light sensors can be provided to detect the light conditions 

surrounding the mobile device, for example, to adjust display brightness. Light emitting 

module such as flash modules can be provided as well. Space, however, often is at a 

premium in such devices. Thus, it is desirable to make the optoelectronic modules as 

small and compact as feasible. Other issues that can arise in designing small 

optoelectronic modules such as optical proximity sensors and ambient light sensors relate 

to optical crosstalk between channels and the detection of stray light by the module. 

Light tight packaging also can be desirable to avoid light leakage in light emitting 

modules. 

SUMMARY 

[0003] Compact optoelectronic modules are described that, in some implementations, can 

have reduced heights, while at the same time having very little optical crosstalk or 

detection of stray light. 

[0004] For example, in one aspect, an optoelectronic module having optical channel 

includes a support on which is mounted an optoelectronic device arranged to emit or 

detect light at a particular one or more wavelengths. The module has a cover including 
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an optically transmissive portion over the optoelectronic device. The optically 

transmissive portion is surrounded laterally by sections of the cover that are substantially 

non-transparent to the one or more wavelengths. A passive optical element is present on 

a surface of the optically transmissive portion. A spacer separates the support from the 

cover. 

[0005] The cover can be relatively thin so that the overall height of the module is 

relatively small. For example, in some implementations, the thickness of the cover is no 

more than 150 |xm and can result in a module whose height is no more than 750 jxm. 

Different dimensions may be applicable for other implementations. 

[0006] In some implementations, the non-transparent sections of the cover is composed, 

for example, of a PCB, polymer or ceramic layer, which can have a coating of a non-

transparent material on a least one side. In some cases the coating is composed of a metal 

or polymer. The thickness of the coating can, in some instances, be as small as 20 p.m 

and, in some cases, no more than 1 jum. In some cases, for example, where the non-

transparent sections of the cover are composed of a carbon-fiber-reinforced polymer, the 

coating can be omitted; in some implementations, it may still be desirable to include the 

coating. 

[0007] The foregoing features can be incorporated into both single channel and multi­

channel modules. In addition, wafer-level fabrication techniques are described to 

facilitate the manufacture of multiple modules. 

[0008] The details of one or more implementations are set forth in the accompanying 

drawings and the description below. Other aspects, features, and advantages will be 

apparent from the description and drawings, and from the claims. 

DESCRIPTION OF DRAWINGS 

[0009] FIG 1 illustrates an example of an optoelectronic module according to the 

invention. 
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[0010] FIGS. 2A- 2B, 3A - 3C and 4 illustrates steps in a wafer-level fabrication process 
for making modules as shown in FIG 1. 

[0011] FIG 5 illustrates another example of an optoelectronic module according to the 
invention. 

[0012] FIGS. 6A - 6D illustrates steps in a wafer-level fabrication process for making 
modules as shown in FIG. 5. 

[0013] FIG. 7 illustrates a further example of an optoelectronic module according to the 
invention. 

[0014] FIGS. 8A - 8D illustrates steps in a wafer-level fabrication process for making 

modules as shown in FIG 7. 

DETAILED DESCRIPTION 

[0015] As illustrated in FIG. 1, a module 20 includes first and second optoelectronic 

devices 22A, 22B mounted on a printed circuit board (PCB) or other support substrate 24. 

In the illustrated example, the first optoelectronic device 22A includes a light emitting 

element such as a LED, an IR LED, an OLED, an IR laser or a VCSEL. The second 

optoelectronic device 22B includes a light detecting element such as a photodiode, CCD 

or other light sensor that is arranged to detect light at one or more wavelengths (e.g., 

infra-red) emitted by the light emitting device. Although the illustrated module 20 has 

two channels, one for light emission and one for light detection, the light tight packaging 

techniques described here also can be used for single channel modules such as ambient 

light sensors or light emitting modules. 

[0016] The devices 22 A, 22B are protected by a cover 26 that serves as the top of the 

module. Transmissive portions 28 of the cover 26 that are aligned, respectively, with the 

module's optical emission and detection channels 38 A, 38B are composed of a material 

(e.g., glass, sapphire or a polymer) that is transparent to the wavelength(s) of light 

emitted by the light emitting device 22A and detectable by the light detecting device 22B. 

The transmissive portions 28 of the cover 26 are embedded within sections 29, 29A of the 

cover 26 that preferably are substantially non-transparent to the particular wavelength(s) 

of light emitted by the light emitting device 22A and detectable by the light detecting 
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device 22B (e.g., infra-red or near infra-red). Furthermore, the transmissive portions 28 

are separated from one another by one of the non-transparent sections 29A. 

[0017] In some implementations, the non-transparent sections 29, 29A of the cover 26 is 

composed, for example, of a layer 30 that has a thin non-transparent material layer (e.g., 

coating) 32 on at least one side. The coating 32 can be composed, for example, of a 

metal or polymer material that is substantially opaque to the particular wavelength(s) of 

light emitted by the light emitting device 22 A and detectable by the light detecting device 

22B. Suitable metals for the coating 32 include, for example, copper or chrome. In some 

implementations, the metal surface is oxidized to obtain a dark or black surface. 

Examples of suitable polymers for the coating 32 include non-transparent photoresists, 

such as PMMA (poly(methyl methacrylate), phenol formaldehyde resin, or epoxy based 

photoresists. In the example of FIG. 1, the coating 32 is disposed on the device-side of 

the layer 30. In other implementations, the coating 32 can be disposed on the opposite 

side of the layer 30. In yet other implementations, non-transparent metal or polymer 

coatings can be provided on both sides of the layer 30 (cf. FIG. 4, discussed below). The 

non-transparent sections 29, 29A of the module's cover can help reduce the amount of 

stray light that is detected by the light detecting device 22B and the amount of optical 

cross-talk between the channels 38 A, 3 8B. 

[0018] Preferably, the material for the layer 30 itself is substantially non-transparent to 

the wavelengths(s) of light emitted by the light emitting device 22A and detectable by the 

light detecting device 22B. For example, the layer 30 can be composed of a PCB, 

polymer or ceramic layer 30. Examples of suitable PCB materials include G10 and FR4, 

which are grade designations assigned to glass-reinforced epoxy laminate materials. At a 

thickness of about 300 - 400 microns (fJ.m), such materials can be substantially non-

transparent, for example, to infra-red (IR) radiation. On the other hand, at smaller 

thicknesses (e.g., on the order of about 150 (j.m or less), such materials may allow some 

IR light to pass through. Adding a thin non-transparent coating 32 on at least one side of 

the layer 30 allows the overall thickness (t) of the cover to be relatively small, and yet 

remain substantially non-transparent to light emitted by the light emitting device 22A and 
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detectable by the light detecting device 22B. In some implementations, the thickness of 

the coating 32 is less than 20 (xm. For example, a coating of 0.5 |im - 20 |xm can be used. 

In some implementations, the thickness of the metal coating is in the range of 5 - 15 |im. 

In other implementations, a very thin film (e.g., of photoresist) having a thickness in the 

range of 0.5 - 1.0 jim can be provided. Using such a relatively thin coating 32 can result 

in cover 26 having an overall thickness (t) in the range of 100 - 150 p.m. The relatively 

thin cover 26 can result in a module 20 having a small overall height. 

[0019] In some implementations, the cover 26 can have a thickness of 150 pm or less 

(e.g., in the range of 100 - 150 (im), and yet the non-transparent portions 29, 29A of the 

cover 26 be composed of a material that is sufficiently non-transparent to light at the 

particular wavelength(s) such that a coating 32 is not needed. For example, the non-

transparent portions 29, 29A can be composed of a carbon-fiber-reinforced polymer. 

Although in some cases, it may be still be desirable to provide a coating 32 one or both 

sides of the carbon-fiber-reinforced polymer layer, in other cases, the coating can be 

omitted. 

[0020] In general, the thickness of the transmissive portions 28 of the cover 26 should 

have about the same thickness as the non-transparent sections 29, 29A. In some 

implementations, optical elements 34 such as lenses or diffusers are disposed on one or 

both of the top and bottom sides of each transmissive portion 28 of the cover 26. As 

shown in FIG. 1, a first pair of lenses 34 is aligned with the optical emission channel 

38A, and a second pair of lenses 34 is aligned with the optical detection channel 38B. 

The optical elements 34 can be formed, for example, by a replication technique (e.g., 

such as etching, embossing or molding). 

[0021 ] The cover 26 is separated from the substrate 24 by a spacer 36. The spacer 36 

preferably is composed of a non-transparent material, which surrounds the optoelectronic 

devices 22A, 22B laterally and serves as sidewalls for the module 20. Furthermore, a 

portion 36 A of the spacer 36 serves as an interior wall that separates the emission and 

detection channels 38 A, 38B from one another. The portion 36A of the spacer that serves 
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as the interior wall can be disposed directly below the non-transparent section 29 A of the 

module's cover 26. As noted above, these features can help reduce optical cross-talk 

between the channels 38A, 38B and can help reduce the amount of stray light entering the 

module. In some implementations, a baffle is provided over the cover 26 to reduce stray 

light and/or optical cross-talk even further. In some implementations, the thickness of the 

baffle is about 100 pm or less. 

[0022] The optoelectronic devices 22A, 22B can be mounted to the substrate 24, for 

example, using flip chip technology or wire bonding technology. In some 

implementations, the underside of the devices 22A, 22B can include conductive contacts 

that electrically couple the optoelectronic devices 22A, 22B to conductive pads on the 

surface of the PCB substrate 24. The PCB substrate 24, in turn, can include plated 

conductive vias that extend from the conductive pads vertically through the substrate 24 
and that are coupled to one or more solder balls or other conductive contacts on the 

exterior side of the substrate 24. The conductive contacts on the exterior of the substrate 

allow the module 20 to be mounted, for example, on a printed circuit board in a handheld 

device such as a mobile phone, tablet or other consumer electronic device. 

[0023] The foregoing module can be made relatively compact with a relatively small 

footprint. Further, the overall height can be made relatively small. For example, in some 

implementations, the overall height (H) of the module (i.e., the combined height of the 

support 24, the height of the spacer 36, the height of the cover 26, and the height of the 

baffle, if present; but not including any lenses 34 on the exterior side of the cover 26) can 

be on the order of about 750 pm, or less. As a particular example, the thickness (T) of 

the substrate 24 can be about 150 pm, the height (h) of the spacer 36 can be about 400 

pm, the thickness (t) of the cover 26 can be about 100 pm, and the thickness of the baffle 

can be about 100 pm. Different dimensions may be appropriate for other 

implementations. Such small, compact modules can be particularly advantageous for 

mobile phones and other devices in which space is at a premium. 
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[0024] Modules such as the one illustrated in FIG. 1 and described above can be 

fabricated, for example, in a wafer-level process. Wafer-level processes allow multiple 

modules 20 can be fabricated at the same time. Generally, a wafer refers to a 

substantially disk- or plate-like shaped item, its extension in one direction (y-direction or 

vertical direction) is small with respect to its extension in the other two directions (x- and 

z- or lateral directions). In some implementations, the diameter of the wafer is between 5 

cm and 40 cm, and can be, for example, between 10 cm and 31 cm. The wafer may be 

cylindrical with a diameter, for example, of 2,4, 6, 8, or 12 inches, one inch being about 

2.54 cm. In some implementations of a wafer level process, there can be provisions for at 

least ten modules in each lateral direction, and in some cases at least thirty or even fifty 

or more modules in each lateral direction. 

[0025] As part of the fabrication process, multiple optoelectronic devices 22A, 22B can 

be mounted (e.g., by pick-and-place equipment) on a PCB or other support wafer 102 

(see FIG. 2A). In some implementations, an array of devices 22 is mounted on the PCB 

support wafer 102, with each light emitting device 22A mounted adjacent to a light 

detecting device 22B. A spacer wafer 104 then can be attached, for example, to the 

device-side of the PCB support wafer 102 (FIG. 2B). Alternatively, the spacer wafer 104 

can be attached to optics wafer 116 described below. In some implementations, the 

spacer wafer 104 is made of a UV- or thermally-curing epoxy (or other polymer) 

containing carbon black or other dark pigment. Various polymer materials (e.g., epoxy 

resin, acrylate, polyurethane, or silicone materials) can be used as the base material for 

the spacer wafer 104, with the addition of one or more pigments or other adhesives to 

reduce the optical transmission characteristics of the spacer wafer at the wavelength(s) of 

interest (i.e., the wavelength(s) of light emitted by the device 22A). The spacer wafer 

104 includes openings that correspond to the locations for the optical emission and 

detection channels. The spacer wafer 104 thus surrounds each of the devices 22A, 22B 

laterally, with a portion of the spacer wafer separating adjacent devices 22 A, 22B from 

one another. In some implementations, instead of a separate spacer wafer 104, spacers 

can be formed, for example, on the device-side of the PCB support wafer 102 or on the 

optics wafer 116 by a replication or vacuum injection molding technique. 
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[0026] In addition to the foregoing fabrication steps, an optics wafer that includes 

passive optical elements (e.g., lenses) on transparent portions of the optics wafer is 

prepared. FIGS. 3A - 3C illustrate a technique for fabricating such an optics wafer. As 

shown in FIG. 3 A, a thin coating 106 of a non-transparent material (e.g., metal or 

polymer) is provided over a surface of a wafer 108 composed, for example, of a PCB, 

polymer or ceramic material to form a composite substrate 110. As indicated by FIG. 3B, 

openings are formed in the composite substrate 110 and are filled with an optically 

transmissive material (e.g., a plastic that is transparent to wavelength(s) of light emitted 

by the device 22A and detectable by the device 22B) to form transmissive windows 112. 

Next, passive optical element (e.g., lenses) 114 are formed on one (or both) surfaces of 

each transmissive region 112 (FIG. 3C). The lenses 114 can be formed on the 

transmissive regions 112, for example, by a replication technique. The result is an optics 

wafer 116 that includes passive optical elements 114 on transmissive regions 112 of the 

optics wafer, where the transmissive regions 112 are surrounded laterally by non-

transparent sections composed of a thin coating 106 of a non-transparent material (e.g., a 

metal or polymer) on a thicker layer 108 of PCB, polymer or ceramic material. In some 

implementations, passive optical elements can be replicated directly into openings in the 

composite substrate 110. 

[0027] Next, as illustrated in FIG. 4, the optics wafer 116 (which may be referred to as a 

cover wafer) is attached to the top of the spacer wafer 104 such that the spacer wafer 104 

is sandwiched between the optics wafer 116 and the PCB support wafer 102. In some 

implementations, a baffle wafer, which can be provided as a separate wafer, also is 

attached on top of the optics wafer 116. Alternatively, baffle features can be formed on 

the top surface of the optics wafer 116, for example, by a vacuum injection technique. 

The wafers can be held together, for example, by an adhesive. The result is a wafer stack 

118, which can be separated (e.g., by dicing) along lines 120 into individual modules like 

the module 20 of FIG. 1. 

8 



WO 2015/076750 PCT/SG2014/000543 

[0028] In the illustrated module 20 of FIG 1, the cover 26 includes a thin coating 32 on 

the device-side of the layer 30. In other implementations, the coating 32 can be disposed 

on the opposite (i.e., outer) side of the layer 30. As also mentioned above, in some 

implementations, a thin coating of a non-transparent material is provided on both sides of 

the layer 30. FIG. 5 illustrates an example of such a module 20A. 

[0029] The module 20A is similar to the module 20 of FIG. 1, except that the cover 26 A 

includes a first coating 32A of a non-transparent material (e.g., a metal or polymer) on 

the device-side of the layer 30 and a second coating 32B on the outer side of the layer 30. 

FIGS. 6A - 6D illustrate fabrication steps for making multiple modules 20A as part of a 

wafer-level process. FIGS. 6A - 6C show steps for making an optics wafer 116A and are 

similar, respectively, to FIGS. 3A - 3C, except that thin coatings 106A, 106B of a non-

transparent material (e.g., metal or polymer) are provided over both surfaces of a wafer 
108 composed, for example, of a PCB, polymer or ceramic material to form a composite 

substrate 110A. The coatings 106A, 106B can be composed of the same or different non-

transparent materials. The transmissive windows 112 and lenses 114 are provided to 

form the optics wafer 116A (FIG. 6C). Then, as illustrated in FIG. 6D, the optics wafer 

116A is attached to the top of the spacer wafer 104 such that the spacer wafer 104 is 

sandwiched between the optics wafer 116A and the PCB support wafer 102. The 

resulting wafer stack then can be separated (e.g., by dicing) to form individual modules 

like the module 20A of FIG. 5. 

[0030] In the foregoing examples, each of the coatings 32, 32A, 32B is provided on an 

outer surface of the layer 30. In other implementations, a thin coating 32 of non-

transparent material (e.g., metal or polymer) can be sandwiched between two PCB, 

polymer or ceramic layers 30A, 30B (see the module 20B of FIG. 7). In some cases, the 

two layers 3 OA, 3 0B are composed of the same material, whereas in other 

implementations, they can be composed of different materials. 

[0031] FIGS. 8 A - 8D illustrate fabrication steps for making multiple modules 20B as 

part of a wafer-level process. FIGS. 8 A - 8C show steps for making an optics wafer 
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116B and are similar, respectively, to FIGS. 3 A - 3C, except that a thin coating 106 of a 

non-transparent material (e.g., metal or polymer) is sandwiched between two wafers 

108 A, 108B each of which is composed, for example, of a PCB, polymer or ceramic 

material to form a composite substrate 110B. The wafers 108A, 108B can be composed 

of the same or different materials. The transmissive windows 112 and lenses 114 are 

provided to form the optics wafer 116B (FIG. 8C). Then, as illustrated in FIG. 8D, the 

optics wafer 116B is attached to the top of the spacer wafer 104 such that the spacer 

wafer 104 is sandwiched between the optics wafer 116B and the PCB support wafer 102. 

The resulting wafer stack then can be separated (e.g., by dicing) to form individual 

modules like the module 20B of FIG. 7. 

[0032] As used in this disclosure, the terms "transparent" and non-transparent" are made 

with reference to wavelength(s) of light in the visible and/or non-visible portions (e.g., 

infra-red) of the spectrum emitted by the light emitting element or detectable by light 

detecting element in the optoelectronic devices. Thus, for example, if a particular feature 

of the module is non-transparent, the feature is substantially non-transparent to the 

particular wavelength(s) of light emitted by or detectable by the light emitting or light 

detecting elements in the optoelectronic device. The particular feature may, however, be 

transparent or partially transparent with respect to other wavelengths. 

[0033] Various modules and fabrication techniques for making the modules are described 

here. In some implementations, the modules can be substantially light-tight (i.e., 

allowing very little, if any, stray light to enter the module and reducing the amount of 

optical cross-talk between the emission and detection channels 38A, 38B. Further, the 

modules can have very small dimensions (e.g., about 2.0 mm (length) x 2.3 mm (width) x 

0.75 mm (height)), including a relatively small overall height. 

[0034] The foregoing implementations are intended as examples, and various 

modifications will be readily apparent to one of ordinary skill. Accordingly, other 

implementations are within the scope of the claims. 
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What is claimed is: 

1. An optoelectronic module having optical channel, the module comprising: 

a support on which is mounted an optoelectronic device arranged to emit or detect 

light at a particular one or more wavelengths; 

a cover including an optically transmissive portion over the optoelectronic device, 

wherein the optically transmissive portion is surrounded laterally by sections of the cover 

that are substantially non-transparent to the one or more wavelengths, the cover having a 

thickness of no more than 150 pm, and the transmissive portion of the cover having a 

same thickness as the non-transparent sections; 

a passive optical element on a surface of the optically transmissive portion; and 

a spacer separating the support from the cover. 

2. The optoelectronic module of claim 1 wherein a combined height of the support, the 

cover and the spacer is no more than 750 pm. 

3. The optoelectronic module of any one of the previous claims wherein the non-

transparent sections of the cover are composed of a PCB, polymer or ceramic layer 

having a coating of a non-transparent material on a least one side. 

4. The optoelectronic module of claim 3 wherein the non-transparent material of the 

coating is a metal or polymer. 

5. The optoelectronic module of claim 3 or 4 including a non-transparent material 

coating on both sides of the PCB, polymer or ceramic layer. 

6. The optoelectronic module of any one of claims 3-5 wherein the thickness of the 

coating is no more than 20 pm. 

7. The optoelectronic module of any one of claims 3-5 wherein the thickness of the 

coating is no more than 1 pm. 
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8. The optoelectronic module of any one of claims 1 - 2 wherein the non-transparent 
sections of the cover are composed of a non-transparent material sandwiched between 
first and second layers of a PCB, polymer or ceramic material. 

9. The optoelectronic module of any one of the previous claims wherein the 
optoelectronic device emits infra-red light or is operable to detect infra-red light. 

10. An optoelectronic module having an optical emission or detection channel, the 
module comprising: 

a support on which is mounted a light emitting or light detecting element; 
a cover including an optically transmissive portion over the light emitting or light 

detecting element, wherein the optically transmissive portion is surrounded laterally by 
sections of the cover that are substantially non-transparent to one or more wavelengths of 
light emitted by or detectable by the light emitting or light detecting element, and 
wherein the non-transparent sections of the cover are composed of a PCB, polymer or 
ceramic layer having a coating of a non-transparent material; 

a lens on a surface of the optically transmissive portion; and 
a spacer separating the support from the cover. 

11. The optoelectronic module of claim 10 wherein the non-transparent material of the 
coating is a metal or polymer. 

12. The optoelectronic module of any one of claims 10 or 11 wherein a height of the 
module is no more than 750 pm. 

13. A wafer-level fabrication method for making a plurality of optoelectronic modules, 
the method comprising: 

providing a support wafer on which are mounted a plurality of optoelectronic 
devices each of which is arranged to emit or detect light at a particular one or more 
wavelengths; 
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providing an optics wafer that includes optically transmissive portions surrounded 

laterally by sections that are substantially non-transparent to the one or more 

wavelengths, each of the transmissive portions including a respective passive optical 

element on its surface, wherein the non-transparent sections have a thickness of no more 

than 150 pm; and 

attaching the support wafer to the optics wafer by way of a spacer to form a wafer 

stack. 

14. The method of claim 13 further including separating the wafer stack into multiple 

optoelectronic modules each of which includes a light emitting channel and a light 

detecting channel. 

15. The method of any one of claims 13 or 14 wherein a combined height of the support 

wafer, the optics wafer and the spacer is no more than 750 pm. 

16. The method of any one of claims 13-15 wherein the non-transparent sections of the 

optics wafer are composed of a PCB, polymer or ceramic layer having a coating of a non-

transparent material on a least one side. 

17. The method of claim 16 wherein the non-transparent material of the coating is a metal 

or polymer. 

18. The method of any one of claims 16 or 17 wherein both sides of the PCB, polymer or 

ceramic layer include a non-transparent material coating. 

19. The method of any one of claims 16-18 wherein the thickness of the coating is no 

more than 20 pm. 

20 The method of any one of claims 16-18 wherein the thickness of the coating is no 

more than 1 pm. 
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21. The method of claim 13 wherein the non-transparent sections of the optics wafer are 

composed of a non-transparent metal or polymer material sandwiched between first and 

second layers of a PCB, polymer or ceramic material. 

22. An optoelectronic module having an optical emission channel and an optical 

detection channel, the module comprising: 

a support on which are mounted a light emitting device and a light detecting 

device; 

a cover including a first optically transmissive portion over the light emitting 

device and a second optically transmissive portion over the light detecting device, 

wherein the optically transmissive portions are surrounded laterally by sections of the 

cover that are substantially non-transparent to one or more wavelengths of light emitted 

by the light emitting device and detectable by the light detecting device, and wherein the 

non-transparent sections of the cover are composed of a PCB, polymer or ceramic layer 

having a coating of a non-transparent material; 

a lens on a surface of the first optically transmissive portion, and a lens on a 

surface of the second optically transmissive portion; and 

a spacer separating the support from the cover. 

23. The optoelectronic module of claim 22 wherein the cover has a thickness of no more 

than 150 pm, and the coating has a thickness of no more than 20 pm. 

24. The optoelectronic module of any one of claims 22 - 23 wherein the coating 

comprises a metal or polymer. 

25. The optoelectronic module of any one of claims 22 - 24 wherein the module has a 

height of 750 pm or less. 

26. The optoelectronic module of any one of claims 22 - 25 wherein the coating is 

composed of a material selected from a group consisting of: copper, chrome, poly(methyl 

methacrylate), phenol formaldehyde resin, and an epoxy based photoresist. 
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