
and are therefore capable of quantification with M T F 
metrology equipment. M T F testing offers the engineer 
and test technician a method for directly measuring the 
image features related to overall system performance. It is 
a well developed and understood concept and bridges the 
gap between the lens designers, optical fabricators, and me
trology engineers. 

MTF testing...bridges the gap between 
the lens designers, optical fabricators, 

and metrology engineers. 

W h e n is a surface clean? 
By Jean M. Bennett 

Recently I was asked how one can specify the cleanliness 
level o f a surface. After some thought, I had to admit 

I could not answer the question. It is almost as difficult as 
defining what a surface is. However, I may be able to shed 
a little light on the kinds of dirt one is likely to find on 
optical surfaces and ways to remove it. 

Dirt comes in two main forms: (1) particles that can 
produce pinholes or considerably increase the scattering 
level on film-coated surfaces, and (2) thin semi-continuous 
layers o f a foreign material. Examples of the latter might 
be cutting oil remaining from diamond turning of a metal 
mirror, or a layer produced by the reaction of a metal with 
constituents in the atmosphere, forming, for example, 
silver sulfide on silver,1 copper oxide on copper, or blue 
haze on electroless nickel. 2 Surface contamination layers 
will degrade the reflectance of a mirror, prevent thin films 
from adhering, and increase scattering levels. Additional 
kinds of dirt include fingerprints and cleaning residues. 

Procedures for cleaning optics depend on the material on 
the surface of the optic, the type of dirt, and the intended 
use of the optic after it has been cleaned. It is essential to 
have an adequate inspection technique to show when a 
surface is clean. 

Mass production cleaning of glass parts before coating 
with thin films has been thoroughly discussed in the 
chapter "Cleaning of substrate surfaces" in Coatings on 
Glass.3 Cleaning of semiconductor surfaces, particularly to 
remove particles, has been covered extensively in several 
published conference proceedings.4 Cleaning one-of-a-
kind optics is treated in the chapter "Cleaning and Inspec
tion of Surfaces" in Introduction to Surface Roughness and 
Scattering.5 The remainder of this article is based on 
material in the last reference. 

JEAN M . B E N N E T T , a research physicist at the Naval Weap
ons Center, China Lake, Cal i f , recently co-authored In
troduction to Surface Roughness and Scattering (OSA, 
1989). 

Seeing particles on surfaces 
A microscope illuminator used in a darkened room is a 

simple effective method to see particles on surfaces. With 
the light shining on the surface at an oblique angle, the 
observer should look at the surface at an angle almost back 
along the specularly reflected beam. (Particles scatter most 
strongly at angles close to that of specular reflection.) A 
differential interference contrast (Nomarski) microscope6 

is useful for seeing smaller particulate-type dirt, finger
prints, cleaning residues, and other discontinuous types of 
dirt (not monolayers or thicker continuous films). 

Note, however, that it is difficult to tell raised features 
from depressions on a surface in a Nomarski microscope. If 
a surface has scratches on it, which are usually easy to 
identify, one can note the side of the scratch that contains 
the shadow and compare the shadow on the scratch with 
shadows on unknown features. If there is doubt, one 
should try to profile the surface to verify whether a feature 
is above or below the mean surface level. 

Transparent surfaces such as bare glass are much more 
difficult to see in a Nomarski microscope than are opaque 
reflecting surfaces, but they can be easily observed by the 
special technique of total internal reflection microscopy 
(T IRM) , 7 which is shown schematically in Fig. 1. A T I R M 

FIGURE I. Schematic diagram of the TIRM apparatus 
for viewing contamination on transparent optics. 
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TABLE 1. Cleaning techniques 

Particulates Films 

Air bulb X 

Aerosol can X 
Drag wiping X X 
Vapor degreasing X 
Soap and water X X 
Ultrasonic cleaning X X 
Strip coatings X 
Glow discharge X 

system is easy to set up with a right angle prism (for 
coupling the light into the sample), a small He-Ne laser, 
folding mirror, index matching fluid, and small micro
scope. The sample is attached to the coupling prism with 
index matching fluid, the laser is directed onto the surface 
through the prism at the angle of total internal reflection, 
and the sample surface is observed in air using the small 
microscope. Any defects on the surface will scatter light 
out into the air and thus can be easily seen in the micro
scope. The principle of the T I R M technique is discussed 
in Ref. 7. Inspection for continuous surface films (mono
layer oil films, for example) is more difficult and requires a 
sophisticated instrument such as an ellipsometer.8 

Table 1 summarizes various useful techniques for clean
ing surfaces. If measurements are to be made on a coated 
surface, it may be sufficient to blow the dust off using a 
rubber bulb to which a glass tube necked down at one end 
is attached. A plastic and metal "puffer" is commercially 
available.9 It is helpful to inspect the surface while blowing 
to see that the dust is being removed. One can also use an 
aerosol spray can, preferably with a filter attached to the 
nozzle, to direct a stream of gas onto the surface and 
dislodge particles. The nozzle should be held far enough 
away from the surface that l iquid drops from the aerosol 
can do not fall on the surface. Blowing is useful for 
removing particles larger than 5 µm; smaller ones can only 
be removed by drag wiping, as described next. 

To remove tiny particles that stick tenaciously, optics can 
be "drag wiped," a technique in which a piece of lens tissue 
is moistened with an appropriate solvent (for example, 
methanol or ethanol) and slowly pulled across the surface, 
as illustrated in Fig. 2. The boundary between the wet and 
dry portions of the tissue traps particulate matter and drags 
it across the surface and over the edge. Large particles that 
could scratch the surface should be removed first by 
blowing or rinsing with a liquid stream. 

The drag wiping technique is especially recommended 
for surfaces that are clean except for a small amount of dust 

that cannot be removed by blowing. Diamond-turned 
surfaces can also be cleaned by drag wiping; trichloroeth
ylene is a good solvent to remove cutting oil used during 
the diamond-turning process. The drag-wiping technique 
should not be used to clean soft surfaces or those coated 
with soft films, such as aluminum, silver, or gold, unless 
there is a protective dielectric overcoat. 

After a part has been optically polished, pitch residue 
from the lap can be removed in a vapor degreaser: a large 
heated tank containing a low-boiling-point organic liquid 
such as one of the chlorinated and fluorinated hydrocar
bons. The part is placed in a basket in the hot vapor, which 
then condenses onto the part and dissolves pitch and other 
organic residues. The liquid drains off and drips into the 
bottom of the degreaser. Further cleaning is necessary to 
remove the residue from the degreaser. 

Soap (detergent) and water accompanied by mild to 
brisk scrubbing is a good general-purpose method for 
cleaning optics and also many types of machined surfaces 
that are not damaged by soap and water. Detergents such 

FIGURE 2. Illustration of the drag wiping method for 
cleaning optics. 

FIGURE 3. Schematic illustration of the "water break" 
test for determining when a surface is clean. 
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as Microclean, 1 0 used by the microelectronics industry, are 
excellent for cleaning fused-silica optics, but may etch 
glasses and produce a leached surface layer1 1 because of the 
alkalinity of the solution. Following the detergent clean
ing, the part should be thoroughly rinsed in distilled or 
deionized water. 

To determine whether the surfaces are free of films, the 
"water break" test shown schematically in Fig. 3 can be 
used. In this test, the sample is slowly removed from the 
water. The water will drain off in a smooth sheet except 
where there are dirt or grease spots; the water will form 
droplets around these, and the piece should then be re-
cleaned. 

Long rinsing, drying important 
The most important parts of the soap and water cleaning 

are the long rinsing in distilled or deionized water and the 
drying. Any cloth or paper that touches a wet surface will 
probably leave a residue in the form of a streak. Although 
this cannot be seen on an uncoated glass surface, it wil l 
show up clearly after the surface has been coated with, for 
example, an aluminum film. If possible, the surface should 
be dried by spinning. Alternately, the wet sample can be 
held vertically so that most of the water drains off by 
gravity. Small droplets that form at the bottom of the 
sample may be carefully blotted off with a piece of lens 
tissue. Clean nitrogen gas released through a nozzle and 
filter can also be used to chase remaining water off the 
surface. A l l water drying operations should be done in a 
clean area since dust will easily stick to a wet surface. 

Ultrasonic cleaning 4 , 1 2 , 1 3 is well suited for assembly line 
cleaning of optics. The sample is placed in a container 
holding detergent solution or deionized water that is 
agitated using ultrasonic energy. Small bubbles imploding 
against the surface loosen particulate matter and films, 
which can subsequently be rinsed off in deionized water. 

Diffraction gratings and other delicate materials can 
sometimes be cleaned with collodion or one of the com
merical "strip coatings." The material is poured onto the 
surface as a viscous liquid, allowed to dry, and then stripped 
from the surface; the stripping is shown schematically in 
Fig. 4. The material is supposed to surround particles that 
are then removed along with the coating. The layer should 
be thick enough that all o f it comes off in one piece rather 
than leaving little bits on the surface. However, if this 
occurs it is sometimes possible to pour on more liquid that 
will partly dissolve the pieces on the surface, and then can 
be removed as a unit after it dries. 

If the surface to be cleaned is covered by a film, particu
larly a soft metal film, a small area near the edge should be 
tested to be sure that the film does not come off as the strip 
coating is removed. One problem with commercially 

available strip coatings is that they leave small amounts of 
residue on a surface.14 Therefore, they should not be used 
to protect optical surfaces during shipping or storage 
unless further cleaning is to be done. 

A vacuum glow discharge is often used to clean samples 
before coating. Energetic particles in the glow discharge 
bombard the samples and remove thin surface layers of 
hydrocarbons and water. In the process, however, material 
is also removed from the walls of the coating chamber and 
may be deposited on the sample. The added material can 
act as a binder layer and improve the adhesion of a vapor-
deposited coating. 

Surfaces generated by single-point diamond turning are 
normally coated with oil during the diamond-turning 
process. This oil should be removed immediately while the 
sample is still on the machine. Otherwise it can polymerize 
and be much more difficult, i f not impossible, to remove 
later. Trichloroethylene, a good solvent for most cutting 
oils, can be liberally sprayed onto the sample while it is still 
spinning on the machine. Centrifugal force will act to spin 
dry the sample. Diamond-turned samples that become 
dusty can often be carefully drag wiped to remove the dust. 

"Quick and dirty" not enough 
"Quick and dirty" cleaning by rubbing with a dry tissue, 

as is sometimes done for eyeglasses, is never appropriate for 
optical surfaces. The dry cleaning will only rearrange the 
dust, not remove it. Furthermore, any hard dust particles 
such as sand will probably scratch the surface. It is much 
better to clean eyeglasses with a commercial liquid glass 
cleaner that contains ammonia and then carefully wipe 
them with a soft cloth or tissue. Soap and water followed 
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FIGURE 4. Schematic illustration of removing a dried 
layer of "strip coat" from an optical surface. 
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TABLE 2. Cleaning problems 

Material Type of Dirt Cleaning Process 

Uncoated fused silica 

Multilayer-coated glass 

Aluminum-coaled glass 

Diffraction grating 

Silicon wafer 

Gallium arsenide wafer 

Diamond-turned metal 

Fingerprints, dust 

Dust, cleaning marks 

Dust 

Dust, cleaning marks 

Dust, fingerprints 

Dust 

Oil 

Soap and water, spin dry 

Aerosol can; drag wipe 

Aerosol can 

Collodion; strip coat 

Organic solvent; spin dry 

Aerosol can 

Trichloroethylene; drag wipe 

by liberal rinsing with clean water and drying with a soft 
cloth is probably the easiest way to clean glasses. 

Coated camera lenses, projector lenses, telescope lenses, 
and microscope eyepieces, for example, are difficult to 
clean by any of the above methods because they are 
mounted in metal housings. Dry cleaning with a soft cloth 
rearranges the dust and may scratch the lens coating. One 
can take a piece of lens tissue, form it into a loose swab, 
liberally wet it with ethanol or methanol, and gently move 
it over the lens surface. Then take a clean lens tissue and 
repeat the process, going over the lens in a different 
direction. Repeat this process until no smudges or particles 
can be seen on the surface when the lens is illuminated by 
a strong light. Water may be used i f no ethanol or methanol 
is available. However, acetone should never be used as a 
solvent because it will probably remove the black from the 
metal lens mount and leave a residue on the lens surface. 

Problems and solutions 
Table 2 shows examples of various cleaning problems 

and suggested solutions among those described above. In 
general, if a surface has a light coating of dust from being 
in an open laboratory or from being wrapped in lens tissue, 
try blowing off the dust or drag wiping the surface. Freshly 
polished or other uncoated optics or those that have been 
through a vapor degreaser can normally be cleaned by 
detergent and water followed by rinsing and spin drying. 
(The material should not be soluble in water!) Other 
delicate optics that cannot be cleaned by the above meth
ods can sometimes be cleaned using collodion or a com
mericially available strip coating to remove particulate 
contamination. However, it is much better to protect 
delicate optics so they do not need to be cleaned. 

Among the few papers in the literature discussing clean
ing of optics, Evans and Breault 1 5 describe a method for 
cleaning a 19-cm-diameter off-axis paraboloid before gold 
coating. Although their cleaning method differs somewhat 

from procedures described here, the intent is the same—to 
remove dirt in the form of both surface films and particu
lates. Another paper describes experiments and analyzes 
adhesion forces relevant to dust removal from mirrors. 1 6 

After having considered the subject of cleaning surfaces 
in some depth, perhaps we are in a better position to answer 
the question, "When is a surface clean?" M y answer would 
be that cleanliness is in the eye of the beholder! 
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