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United States Government or any agency thereof. 
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CONTRACTUAL ORIGIN OF THE INVENTION 

The United States Government has rights in this 

invention pursuant to Contract No. DE-AC07-76ID01570 

between the U.S. Department of Energy and EG&G Idaho, Inc. 

BACKGROUND OF THE INVENTION 

The present invention relates to a process of 

manufacturing diffractions gratings, and more particularly 

to a method of applying a durable metallic diffraction 

grating or image directly onto the surface of a substrate 

such that the diffraction grating or image is able 

withstand the high temperature and pressure associated with 

the testing of ceramics and other advanced materials. 

A diffraction grating is an orderly, periodic pattern 

of lines, grooves or other such configurations inscribed or 

affixed to the surface of a substrate such that light 

incident upon the grating is deflected and dispersed 
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according to the well known principles of diffraction and 

interference. 

scattering properties are essential for the conduct of 

diffraction moire interferometry which provides a simple, 

yet precise, method of measuring distortion and strain in 

materials. 

Such diffraction gratings and their light 

Diffraction moire interferometry uses a reflective- 

type diffraction grating which is affixed to the specimen 

under study, such that, when the grating is illuminated by 

mutually coherent collimated beams, interference fringes 

(sometimes called moire patterns) representing a contour 

map of in-plane displacement can be observed. 

sensitivity of this technique is dependent on the frequency 

of the diffraction grating and the wavelength of light used 

to illuminate the grating. 

gratings be made as fine and accurate as possible. 

The 

Thus it is important that the 

Additionally, it is desirable that the material 

testing of specimens be conducted in an environment that 

simulates their normal operating conditions. This means 

that specimens such as ceramics and other advanced 

materials may be subject to high temperatures, pressures, 

humidity and other such conditions during testing, so that 

the diffraction grating must be durable enough to endure 

such conditions without significant degradation. 
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Typically, diffraction gratings are manufactured by 

applying a layer of adhesive such as epoxy, silicon rubber 

or W curing materials and subsequently pressing a master 

grating onto the surface of the adhesive to replicate a 

diffraction grating onto the surface of the substrate. 

replicated gratings, however, are not sturdy enough to 

withstand the extreme conditions associated with the 

testing of ceramics and other advanced materials. Also, 

the typical methods of manufacturing the master grating, 

such as drawing by hologram exposure, electron beam, ion 

beam, or ordinary photolitography, is too expensive as well 

as being time and labor intensive to be used effectively in 

applying diffraction gratings directly onto the surface of 

The 

a specimen that is to be tested. 

A well known method of applying a durable metallic 

diffraction grating onto the surface of a substrate is the 

use of ion beams to set a hologram exposure directly onto a 

layer of metal which has been applied to a substrate. 

this method, a thin layer of metal is applied to the 

surface of a substrate which is then overlaid with a layer 

of photo-resist material. Next, after a hologram image, or 

grating, has been exposed on the layer of photo-resist 

material, the image is processed with an ion beam (ion 

milling) to transfer the resist grating/image onto the thin 

layer of metal. Subsequently, the resist is removed to 

In 
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leave a durable metal grating which has been directly 

affixed onto the surface of the substrate to be tested. 

Although this method has proved effective and useful, it 

requires the use of expensive lasers and ion milling 

facilities, as well as being extremely time and labor 

intensive. 

In view of the foregoing, the general object of this 

invention is to provide a method of applying a layer of 

durable metallic diffraction grating or image onto the 

surface of a substrate which can withstand the high 

temperature, pressure, humidity, and other such conditions 

associated with materials testing. 

Another object of this invention to provide a method 

of manufacturing durable metallic diffraction gratings 

which is simple and inexpensive. 

Additional objects, advantages and novel features of 

the invention will become apparent to those skilled in the 

art upon examination of the following and by practice of 

the invention. 

SUMMARY OF THE INVENTION 

To achieve the foregoing and other objects, the 

invention provides a method of applying diffraction 

gratings or images, capable of withstanding high 

temperatures, pressures, humidity and other such conditions 

related to materials testing, directly to the surface of a 

- 
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substrate. 

substrate with an uniform layer of metal which is then 

overlaid with a layer of photo-resist material. Next, 

after contacting the photo-resist material with a master 

image containing regions of opacity and transparency, 

electromagnetic radiation is directed through the master 

image to expose the photo-resist material such that a 

contact print of the master image is produced on the photo- 

resist material. Then, after removing the master image, 

the photo-resist material is developed so as to remove 

unhardened portions thereof and leave corresponding 

portions of the metal layer uncovered. Finally, after 

removing or etching the uncovered portions of the metal 

layer, the remaining photo-resist material is removed to 

produce a metallic diffraction grating or image of 

predetermined size and pattern on the surface of the 

substrate. 

The method includes coating the surface of the 

. 

Where appropriate, an index matching fluid is placed 

between the layer of photo-resist material and the master 

image before exposing the photo-resist material to the 

electromagnetic radiation to reduce reflections and 

interference fringes. Normally, the index matching fluid 

is removed before developing the photo-resist material. 
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The process of removing the uncovered metal layer may 

differ according to the chemical properties of the metal 

that is to be removed. If the metal chosen is aluminum, 

the portions that are uncovered are normally removed during 

development of the photo-resist, so no further removal 

processing is needed. 

metals, however, the exposed metal must first be converted 

to a soluble form by subjecting it to appropriate agents 

such as various elemental halogens. 

then removed by dissolving in suitable solutions. Gold, 

for example, is first subjected to elemental iodine and 

then removed by an aqueous solution of potassium and 

iodine. 

In removing gold or other such 

The converted metal is 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated in the 

accompanying drawings where: 

FIG.1 is a cross-sectional view of the substrate 

assembly including the substrate, metal layer, photo-resist 

material, index-matching fluid, and master image; 

FIG. 2 is a view of the substrate being coated with a 

fine layer of metal; 

FIG. 3 ia a view of the photo-resist material being 

applied to the substrate; 
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FIG. 4 is a view of the substrate assembly being 

subjected to electromagnetic radiation to expose the photo- 

resist material; 

FIG. 5 is a view of the substrate being immersed in a 

resist developing solution to develop the photo-resist and 

remove unhardened portions thereof; 

FIG. 6 is a view of the substrate being exposed to 

chemicals to remove or etch the uncovered portions of the 

metal layer; 

FIG. 7 is a view of the substrate after the uncovered 

portions of the metal layer have been removed; and 

FIG. 8 is a view of the substrate after all of the 

remaining photo-resist material has been removed to reveal 

a metallic diffraction grating on the surface of the 

substrate . 
DESCRIPTION OF THE PREFERRED -EMBODIMENT 

As shown generally in the drawings, the invention 

provides a simple and inexpensive method of applying 

metallic diffraction gratings or images directly onto the 

surface of a substrate which is to be subjected to 

mechanical or stress testing. In the embodiment of the 

invention disclosed herein, the substrate 11 is coated with 

a fine, uniform layer of metal 13 which is then overlaid 

with a layer of photo-resist material 14. After exposing 

the photo-resist 14 through a master grating or image 15, 
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the photo-resist is then developed and processed to remove 

unhardened portions thereof. 

of the substrate removes the metal layer 13 unprotected by 

the photo-resist 14 such that when all of the photo-resist 

14 is finally removed, a fine metal grating or image 

remains on the surface 12 of the substrate 11. 

Further chemical processing 

Elemental metals do not adhere well to smooth 

surfaces, so the surface 12 of the substrate 11 must be 

thoroughly cleaned before any metal can be applied to the 

substrate 11. 

similar to that of cleaning sensitive optics. 

optical wipes, degreasers, and forceps, the surface 12 is 

carefully cleaned while minimizing contact with human 

fingers since they can contaminate the surface 12 of the 

substrate 11 with oil. 

metal coating 13 is only in the range of about 600-800 

nanometers, even a mono-layer of oil can hinder the 

adhesion of metal 13 to the substrate surface 12. 

The cleaning should be conducted in a manner 

By using 

Since the typical thickness of the 

Once the substrate surface 12 is cleaned, it is then 

overlaid with a fine, uniform layer of metal 13. The 

choice of metal depends on the desired performance 

characteristics of the diffraction grating that is required 

during testing of the substrate 11. 

embodiment, the method of practicing the invention using 

aluminum and gold is described, as these metals are fairly 

In the preferred 
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durable and the methods of their etching are well known. 

Other metals which may be suitable for use as high 

temperature diffraction gratings include: platinum, 

rhodium, iridium, osmium, tungsten, zirconium, columbium, 

vanadium, chromium, molybdenum, palladium, rhenium, 

hafnium, and titanium. 

As shown more particularly in FIGS. 1 and 2, the layer 

of metal 13 is applied to the surface 12 of the substrate 

11 by means of a vacuum evaporation device 20. 

substrate 11 is placed on a support 21 within the vacuum 

chamber 22 of the evaporation device 20, and then all air 

is evacuated from the chamber 22. 

23 within the vacuum chamber 22, a layer of metal 13 is 

evaporated onto the surface 12 of the substrate 11. The 

procedure results in a fine layer 13 of metal of about 800 

nanometers being placed on the substrate surface 12. 

The 

By use of an evaporator 

Next, as shown in F I G .  3, after removing dust or 

foreign particles from the metal layer 13, it is then 

sprayed with an uniform layer of photo-resist material 14. 

Although a variety of high performance photo-resist 

materials 14 may be used, in the preferred embodiment, a 

resist 14 designed for use in semiconductor wafer 

processing such as Microposit Photo Resist S181842, 

manufactured by the Shipley Company, Inc. of Newton, MA, is 
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used. 

Professional Model 150, the resist 14 is carefully applied 

to the substrate 11 to obtain an uniform and thin layer of 

photo-resist 14. 

Using an air brush 31 such as the Badger 

Alternatively, an uniform layer of photo-resist 14 may 

be obtained by spinning the substrate 11 after applying the 

photo-resist 14. To use the spin method (not illustrated), 

the substrate 11 is placed into a spinner and securely 

clamped. 

a photo-resist material 14 and rotated within the spinner 

at approximately 500 rpm for about four seconds. 

the rotation is increased to about 1000 r p m  for about 25 

seconds before the spinner is turned off. 

results in a layer of photo-resist material 14 

approximately 1.5 microns thick. 

process all lights must be turned off and care exercised so 

that the resist 14 is not exposed to any extraneous light. 

Only yellow or amber light should be used until the resist 

14 is developed. 

Next the substrate 11 is completely covered with 

Finally, 

The process 

During the spinning 

After application of the photo-resist 14, the 

substrate 11 is baked for about 30 minutes at a temperature 

of approximately 95+5C. 

residual solvents, should be done in accordance with the 

resist manufacturer's instructions. 

The baking, which helps to remove 

In the preferred 
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embodiment, a grav i ta t iona l  c i rcu la t ion  furnace was used t o  

bake t h e  substrate 11. A f t e r  baking, the substrate 11 

should be allowed t o  cool t o  room temperature before 

proceeding fur ther .  

Referring again t o  F I G .  1, before placing the  master 

image 15 i n  contact with t h e  photo-resist 14 ,  it is 

desirable t o  introduce an index matching f l u i d  1 6  between 

the  resist 1 4  and t h e  master image 15 t o  reduce re f lec t ions  

and interference fringes,  sometimes called Newton's rings. 

An index matching f l u i d  1 6  w i t h  an index of re f rac t ion  of 

about 1.5 is su i t ab le  f o r  t h i s  purpose. 

f l u i d  16 contains dissolved gases, so it is desirable t o  

heat  the  f l u i d  1 6  t o  remove the gases before it is applied 

to t h e  substrate surface 12.  Preferably, t he  f l u i d  is 

heated t o  a temperature of 115k5C f o r  about f ive minutes. 

The index matching 

To apply the  index matching f l u i d  1 6  on the resist 14, 

place a continuous bead of f l u i d  1 6  a t  one end of the 

resist. 

matching f l u i d  1 6  has been placed, l a y  the  master image 15 

on the  resist 14  so as t o  spread the  f l u i d  1 6  throughout 

t he  contacted area. Once a l l  a i r  has been expelled f r o m  

t he  contact area such t h a t  only f l u i d  remains between the  

master image 15 and the  resist 14,  the  e n t i r e  substrate 

assembly 17 is clamped together t o  achieve intimate contact 

between the master image 15 and the  resist 14 .  

Next, beginning a t  the end where the  index 

For best 
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results, the pattern or the emulsion 18 on the master image 

15 should be placed closest to the resist 14, Thus, for a 

photographic master image 15, the emulsion side 18 of the 

master image 15 should rest against the resist 14. 

Preferably, the master image 15 should be made of a 

material which is sufficiently transparent to the 

wavelength of light required to expose the resist 14. 

Although there are many types of gratings or images, 

including commercially produced gratings or images, that 

may be used as the master image 15, in the embodiment 

disclosed herein the master image 15 is custom made and is 

of the type known as llholographic diffraction gratings.I1 

Using a patented grating maker, U.S. Patent No, 5,016,951 

(Deason et al,), entitled Fiber Optic Diffraction Grating 

Maker, the master image 15 is made by exposing a high 

resolution holographic plate to intersecting laser beams. 

The beams interfere and produce light and dark regions 

which in turn expose the emulsion of the holographic plate 

to produce a pattern of parallel light and dark stripes 

when the plate is developed. 

as described, the master image 15 is that of a simple 

grating pattern created by intersecting laser beams, but 

the master image 15 is not limited to such and may include 

In the preferred embodiment 
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a wide variety of holographic or other such images. 

shown in FIG. 1, the holographic plate or master 'image 15 

comprise high resolution silver halide/gelatin emulsion 18 

on a clear glass backing plate 19. 

As 

Referring to FIG. 4, after placing the master image 15 

on the index matching fluid 16, the resist 13 is exposed by 

placing the substrate assembly 17 under an ultraviolet lamp 

41 with the master image 15 facing the lamp 41. 

time is determined by conducting a standard photographic 

multiple exposure test to determine the length of time 

required to achieve the best diffraction efficiency. 

this procedure, a test grating is made by exposing 

different parts of the resist 14 to successively longer 

periods of time before it is developed and processed. 

Diffraction efficiency is determined by passing a light 

beam through each region of the variably exposed and 

processed grating to observe the relative amplitudes of the 

diffracted beams. 

most intense diffracted beams is used for the actual 

production of the diffraction grating as described herein. 

Exposure 

In 

The exposure time which produces the 

After exposure, carefully remove the master image 15 

so as not to scratch the thin layer of resist 14 and metal 

13. After removal, rinse the substrate 11 in para-xylene 

or an appropriate solution to wash off the index matching 
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fluid 16. In the preferred embodiment, the substrate 11 is 

rinsed separately in three distinct containers of para- 

xylene to insure complete removal of the index matching 

fluid 16. 

Next, the resist 14 is developed in accordance with 

the resist manufacturer's instructions. Typically, as 

shown in FIG. 5, development involves immersing the 

substrate 11 in a resist developer 51 such as an aqueous 

alkaline solution while agitating the substrate il to 

remove essentially all of the resist 14 unhardened or 

weakened by exposure to the ultraviolet radiation. 

shown in FIG. 6, the removal of the resist 14 results in 

portions of the metal layer 13 being left uncovered or 

exposed. In the preferred embodiment, Microposit Developer 

452 manufactured by the Shipley Company, Inc. is used to 

develop the resist 14. 

As 

After removing the substrate 11 from the developer 51, 

it is then placed in a bath of demineralized water to wash 

the substrate 11. Next, the substrate 11 is dried with 

pressurized air to prevent spotting. 

the manufacturer of the resist 14 used in the preferred 

embodiment specifies that the process, beginning with the 

application of the resist 14 to the completion of its 

development, should be completed within eight hours. This 

For optimal results, 
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insures that the resist 14 retains its light sensitivity 

and resolution. 

remove its unhardened portions, the substrate may again be 

exposed to visible light. 

Once the resist 14 has been developed to 

Referring to FIG. 6, after removal of the unhardened 

or weakened portions of the resist 14, the uncovered 

portions of the metal layer 13 are removed or etched by 

subjecting the uncovered portions to chemicals 61 or agents 

which dissolve or weaken the metal 13. Typically, the 

removal process is conducted by placing the developed 

substrate 11 into a covered container 62 with appropriate 

chemicals 61 for a time sufficient for the chemicals 61 to 

react with the uncovered portions of the metal layer 13. 

Next as shown in FIG. 7, the weakened metal 13 is removed 

by washing or immersing the substrate 11 in appropriate 

solutions 71 to reveal a pattern of metallic grating 72 

which is overlaid by resist 14. 

8, all of the remaining resist 14 is removed to leave a 

fine pattern of durable metallic grating 72 deposited 

directly on the surface 12 of the substrate 11. 

Finally, as shown in FIG. 

However, the appropriate procedure for removing the 

uncovered portions of the metal layer 13 must be 

individually tailored to the chemical properties of the 
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metal that is to be removed. 

described herein, the removal or etching processes for gold 

and aluminum are described. 

In the preferred embodiment 

Aluminum is the simplest to process, since it is 

soluble in sodium hydroxide, 

developers which contain sodium hydroxide are used to 

develop the photo-resist, the aluminum is etched away as 

soon as the overlying unhardened or weakened portions of 

the resist 14 are removed, Once the resist 14 has been 

developed and the uncovered aluminum removed, the remaining 

When commonly used resist 

resist 14 is removed by rinsing the substrate 11 in an 

appropriate resist thinner as specified by the resist 

manufacturer for about 10-15 seconds. Afterwards, the 

substrate 11 is placed in a vertical position to allow the 

resist thinner to run-off, leaving a fine diffraction 

grating 72 of aluminum deposited directly on the substrate 

surface 12. In the preferred embodiment, Microposit 

thinner type P is used to remove the resist 14. 

In certain high temperature applications, gold 

diffraction gratings are preferred since gold has a higher 

melting point than aluminum. However, because gold is much 

more chemically inert than aluminum, further chemical 

processing, after development of the resist 14, is needed 

to remove the uncovered gold. 

14 to remove its unhardened or weakened portions as 

After developing the resist 
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described above, hard bake the developed resist 14 in a 

gravitational circulation furnace for about 30 minutes at 

11555°C to harden the resist 14 and make it more durable. 

The baking also swells the resist 14 to increases its 

thickness by about 0.5 micron. Afterwards, cool the 

substrate 11 to ambient temperatures and place it into a 

jar containing crystals of elemental iodine or other such 

halogens. When iodine is used, it will sublimate and 

combine with the uncovered portions of the gold to form 

gold iodide (AuI) which is soluble in a solution of 

potassium and iodine. 

appropriate solutions to remove portions of the gold which 

have reacted with the halogen should be used. 

preferred embodiment described herein, the solution of 

potassium and iodine was prepared by standing a 0.06 molar 

solution of potassium iodide (KI) in water over iodine 

crystals to form a 0.03 molar iodine solution. 

When other halogens are used, 

In the 

After the substrate 11 is subjected to the iodine 

for about 20 hours, it is washed in a solution of potassium 

and iodine for about 75 seconds to remove the weakened or 

reacted gold. Next, the substrate 11 is placed in a bath 

of demineralized water for about one minute and then dried 

with pressurized air. Finally, the remaining resist 14 is 
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removed by rinsing the substrate 11 in a resist thinner as 

described above to leave a fine diffraction grating 72 of 

gold on the substrate surface 12. 

The foregoing description of a preferred embodiment of 

the invention has been presented for purposes of 

illustration and description. 

exhaustive or to limit the invention to the precise form 

disclosed, as there are many other types of metals or 

etching processes that may be used to deposit diffraction 

gratings or images directly onto the surface of a 

substrate. Likewise, the master image need not be limited 

to simple grating pattern as describe herein and may 

encompass a large variety of holographic or other such 

images. 

principles of the invention so that others skilled in the 

art may practice the invention in various embodiments and 

with various modifications as suited to the particular use 

contemplated. It is intended that the scope of the 

invention be defined by the claims appended hereto. 

It is not intended to be 

The embodiment described herein explains the 
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ABSTRACT OF THE INVENTION 

A method of applying diffraction gratings or images 

directly to the surface of a substrate wherein the gratings 

or images are capable of withstanding high temperatures, 

pressures, humidity and other such conditions related to 

materials testing. 

of the substrate with an uniform layer of metal which is 

then overlaid with a layer of photo-resist material. 

after contacting the photo-resist material with a master 

image containing regions of opacity and transparency, 

electromagnetic radiation is directed through the master 

image to expose the photo-resist material such that a 

contact print of the master image is produced on the photo- 

resist material. Then, after removing the master image, 

the photo-resist material is developed so as to remove 

unhardened portions thereof and leave corresponding 

The method includes coating the surface 

N e x t ,  
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portions of the metal layer uncovered. 

removing or etching the uncovered portions of the metal 

layer, the remaining photo-resist material is removed to 

produce a metallic diffraction grating or image of 

predetermined size and pattern on the surface of the 

substrate. I 

Finally, after 
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