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PREFACE

In many instances, the image contrast of a specimen which one 
desires to observe in the electron microscope is so' low that very little 

detail is observable„ There are four possible methods of enhancing the 
contrast and all four are used. The first method is decreasing the 
accelerating potential of the electron beam, thus increasing the possi
bility of having electrons scattered through wide angles as they pass 
through the specimen. The result is greater contrast, since these 

electrons are eliminated from the beam; however, there is also a marked 
decrease in the image intensity on the viewing screen. This decrease in 

intensity makes focussing more difficult, and necessitates the use of 

extremely fast photographic film which generally is large grained.
Large grain in photographic film is undesirable because it decreases the 

sharpness of the image at high optical magnification. Also, contamina
tion of the specimen occurs very rapidly in a low voltage electron 
microscope, The contamination, which is a carbon deposition on the sub

strate due to electron bombardment of oil vapors in the column, rapidly 
masks detail of a specimen. The second method is a staining technique 

which consists of permeating a tissue with heavy molecules. The heavy 
molecules act as scattering sites, thus increasing the contrast. How
ever, the tissue may be distorted due to the chemical treatment, and 

artifacts may be added to the specimen grid which may also give false 
information. The third method is the use of apertures. This is a 
standard practice in microscopy in general. The aperture blocks out
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electrons scattered through wide angles, allowing only the undeflected 
electrons and electrons scattered through small angles to pass* This 
method also decreases the intensity $ however, it is generally not a 
problem with most commercial instruments* The fourth method, and the 
one which this thesis deals with specifically, is shadowing or the 
deposition of metal atoms on the specimen surface and surrounding sub

strate to enhance the contrast by acting as scattering centers* This 
method is effected by heating a metal to its vaporization point in a 
vacuum, and allowing the atoms which are evaporated to strike the 

specimen* Generally, this process is carried on with the specimen at 

an oblique angle to the shadowing material, thus giving the effect of 

a shadow* The atoms are deposited with varying thickness on various 

elements of the specimen, thus leaving one region more transparent to 
the beam than another* This variation in deposition gives much infor
mation about the size and shape of the given specimen due to shadow 
length and configuration* In the case of shadowing, there are certain 

drawbacks just as there are in the other methods discussed* The speci
men may be distorted due to the radiated heat of the molten metal, and 

hot filament* The shadow may be too thick and mask detail, or the 
shadow itself may distort the given specimen* This problem is not in
herent in shadowing, but may be attributed to person performing the 

deposition* It is also possible for artifacts to be introduced during 
the shadowing process* So one can see that none of the above described 
methods are answers in themselves, however, each conveys information 

which the others do not, thus making each useful*



Metalp when It is evaporated, tends to have a definite grain 

size when observed under high magnification in the electron microscope0 
Also, some metals react noticeably under the bombardment of electrons 
while others do not* This reaction may be a melting process due to 

heat given to the metal film through inelastic collisions, or it may 
be a migration, a crystallisation, or a recrystallization process*
In either ease, it is undesirable0

Ideally, one wants a metal of high atomic weight, high melting 
point, and consequently small grain size* The high atomic weight metal 
provides a more efficient electron scatterer, thus enabling a relatively 
thin layer to scatter a large number of electrons, whereas a low atomic 
weight metal would require several atomic layers to provide the same 
scattering effect. The result of the increased thickness of shadow from 

the low atomic weight metal would be a loss of detail at high magnifica
tion, but mainly distortion due to the thick layer. The high melting 

point provides for less chance of structural changes in the metal film 

due to the heat produced by the electron beam. Finally, the smaller the 
grain size, the greater the resolution possibilities with shadowing, and 
the less probability that the grain will mask any fine detail.
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ABSTRACT

Two evaporating units* the electron beam, unit and the hot 

filament unit* are compared under similar conditions for evaporation 
of gold* chromium* palladium* platinum-carbon* ruthenium* tantalum* 

tungsten* platinum and uranium for use in electron microscopy. Also* 
a preliminary investigation was made on.the metals mentioned above to 

determine which should be investigated further with regard to grain 
size. The electron beam evaporating unit was found to be the superior 

unit of the two due to the ability to control film thickness more 

accurately* and the ability to evaporate metals such as tungsten* 
platinum* and tantalum. The metals which bear further investigation 

as shadowing materials were found to be tantalum* tungsten* platinum* 

uranium* and platinum-carbon.
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OBJECTIVES

Deposition of metal atoms via evaporation on the surface of 
thin specimens is a procedure developed in 1944 to enhance image con
trast of a specimen (Williams and Wyckoff 1944)« Improved methods have 
been developed since that time which give better control and more in
formation concerning the types of metals suitable for a given situation, 
however, there is still a need for improved equipment and improved 
means for deposition,,

This deposition may be achieved in several manners, the most 
common of which is vaporisation from a hot tungsten filament or from 
carbon rods In a vacuum evaporator. This method is satisfactory in 

many instances, however, drawbacks become evident as one becomes 

familiar with the process. First, metals which alloy with tungsten or 
which have melting points approaching that of tungsten, may not be used 
for obvious reasons. Second, the thickness of the deposition may not 
be controlled accurately. Third, in the case of carbon rods, carbon 
is also deposited, which in many instances hides the fine structure 

which one may wish to see. Also, sputtering of the carbon tends to 

rupture the specimen substrate which is. undesirable since specimens 
resting in this region are destroyed. Fourth, metals which are easily 
evaporated from a tungsten filament may tend to migrate and form 
crystals when exposed to the electron beam. Fifth, many of the metals 
which may be evaporated from a tungsten filament have a low atomic

/

1



2
•weight, and are therefore not as good electron seatterers as those 
of higher atomic weights.

As one can see, there is a necessity for improving this process. 
One possibility is the electron beam evaporator, which will be tested 
and compared to the hot filament unit in order to determine which unit 
will give the better performance in evaporation of materials.



EQUIPMENT

The standard electron beam unit is made up of three main parts® 
One is the vacuum chamber consisting of an aluminum or stainless steel 
collar, commercially made by Materials Research Corporation, which 
carries the specimen holder, the evaporating unit and the bell jar® 
Second is the pumping station which maintains the proper vacuum for 

the system to operate. Third is a power supply which provides the 
power necessary for the evaporation process (See Elate l)„

The aluminum collar is provided with several ports which allow 
various equipment to be inserted into the system® Among these are the 
specimen holder, the hearth holder and water cooling unit, the vacuum 

discharge gauge and high voltage leads (See Plate 2)„
The pumping station consists of a 4 inch CVO diffusion pump 

using DO 705 silicone oil, backed by a Welsh Duo-seal mechanical pump, 
but which also serves as a roughing pump for the chamber® A 4 inch 
liquid nitrogen cold trap is inserted between the diffusion pump and 

the 4 inch valve which is located directly below the base plate which 
supports the collar and bell jar. The valves are CVC gate, straight- 
through, hand operated type.

The power supply is an MRC type with a five kilovolt, five 
hundred milliamp beam supply output, and a filament current supply.

At this point, the water cooling unit needs to be discussed in 
somewhat more detail, since its proper operation is imperative to the 
successful use of the unit. At the end of two pieces of concentric

3



Plate 1: Electron beam evaporating unit, pumping station, and power unit.
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Plate 2: Aluminum collar with cooling unit and specimen stage
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tubing is found a bored out copper block with about 1/2 inch of copper 
above the bore (See Plate 3)• In this region are three threaded holes, 
each of which contains a copper cup called a hearth and two holes with 

protruding screws for insulators. Due to the need for good heat con

duction, very good metal-to-metal contact must be made lest the hearth 
itself melt and evaporate under the intense heat produced by the 
electron beam. Water, at a temperature of 70° F. or less flows into 
the unit through the outer tube, and out through the smaller diameter 
inner tube. This flow configuration is necessary for two reasons.
First, since the water may be heated to a high temperature in the cop

per block, it must be evacuated through the inner tube, for if it were 
not, the high temperature might possibly heat and damage the 0-ring 
seal. Second, the smaller diameter evacuation tube creates a positive 
pressure drop inside the block, thus allowing better filling of the 

bore and permitting a more efficient heat exchange between the copper 
and the water coolant.

It was discovered that the 3/8 inch copper hearth, which has 

a concave surface, is a poor receptacle for evaporation of high temper
ature metals because if a small charge is used, the copper may be heated 
to an excessively high temperature and fuse with the charge, and if a 
large charge is used, a great deal of energy is necessary to make the 

metal molten, which increases the probability of specimen damage and 

high voltage breakdown in the system. These faults were contrary to 
the data received from Materials Research Corporation, so they were 
notified and responded with the following modification of the hearth.
A l/8 inch diameter hole was drilled into the center of the cup to a



Plate 3: Water cooling unit



8
depth of 1/8 Inch, and a 1/8 Inch diameter, 5/16 Inch long carbon rod 

was inserted Into the hole (See Plate 4)» The surface of the carbon 
rod was made concave in order to hold the metal chargee This adaption 
cuts the power necessary to melt the charge by a factor of three, de
creases contamination of the insulators, and the concave copper cup 
catches debris which may be produced, and it has so far proven to be 
quite successfulo

During the first operations of the electron beam unit, it be

came evident that a specimen holder would have to be designed for holding 
the electron microscope grids. The evaporating unit is located below 
the specimen stage, therefore, the specimens must be held in an upside 
down position, A holder which was found to be quite satisfactory is the 
one shown in Plate 4« An aluminum plate was milled smooth and three 
rows of four holes ,0005 inch deep and 1/8 inch diameter were milled in 
(Grid thickness ,001 inch). Slots were then milled down the center of 
each row. The holes are to position the grids and the slots and are to 
allow forceps to fit under the grid and aid in picking up the grids. 
Another plate was milled flat and three bevelled grooves milled in, 
which fit directly over the holes. However, the grooves were made 

,002-.003 inch narrower than the 1/8 inch hole. Two pins were put in 
the bottom piece and corresponding holes drilled in the top. This was 
to insure correct positioning each time. Finally, four holes, one on 

each side, were drilled through both plates and then tapped. This was 

to provide clamping. In general, this holder has proven adequate. It 
might be mentioned that the small area on either side of the specimen 
grid which is covered by the top of the holder is of no consequence

\
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because it is also covered by a clamp in the electron microscope„

The standard hot filament unit is made up of three parts also: 
the vacuum chamber, the pumping station, and a power unite The vacuum 
chamber consists of a base plate with six protruding electrodes and a 
bell jar. The pumping station is a commercial Kinney type and the 
power supply is a variae with a power transformer which is used to heat 
a tungsten filament or boat to extremely high temperatures. Pieces of 
metal placed on the tungsten filament at a "V16 in the filament are 
heated to the temperature of the tungsten and evaporate when their 
vaporization temperature is reached, assuming the metal doesn’t alloy 
with the tungsten.



EQUIPMENT OPERATION

The operation of the electron beam evaporator is quite simple0 
In brief# this is what occurs during an evaporation process. In a 
vacuum, a circular tantalum filament is heated to an extremely high 
temperature. The carbon rod with its metal, charge is located at a 
point directly below the center point of the circular filament, A high 
potential is applied between the filament and the metal to be evaporated 
(Anode)„ This may be done in two ways. One is to put the filament at 
ground potential and the anode at high positive potential, The other 
is to put the filament at a high negative potential and the anode at 
ground. The latter method is used since the anode is attached to the 
cooling unit which protrudes from the collar. If the anode were at a 
high potential, one might be injured by accidentally touching the cool
ing arm. In either case, electrons drawn from the filament are attracted 
to the anode. The kinetic energy of the electrons is given up to the 

metal charge, thus causing melting and evaporation when a high enough 

temperature is reached. The advantage of the small carbon rod may be 
seen here. It is nearer the filament than the copper cup, thus attract

ing a larger number of electrons to a smaller area (higher current den
sity) , consequently, causing a higher temperature with a smaller power 

input. The evaporation rate may be controlled by the power input to the 
charge. As the temperature increases, the evaporation rate will increase. 
Evaporation would occur in all directions equally, were it not for point 
contact with the carbon rod. Effective evaporation occurs over 180° of

11



12
the surface, and the atoms of the metal will be deposited on that 
with which they come in contact, specifically, the specimen to be 
shadowed, which is directly above the molten metalo

The evaporation procedure is a two step operation# The first 
step is putting the metal into proper form for evaporation# Scrap 

metal, powder, foil or wire, is placed in a copper hearth# The bell 
jar is placed on the pumping unit and brought to a pressure of at 
least 10"^ torr (preferably 5 X 10"5 torr) in order to insure a mean 
free path for electrons greater than the distance from the filament 
to the metal charge which is about 2 cm® The filament is heated to 
white heat, which generally causes a great deal of outgassing due to 
adsorbed gas on the filament and the surrounding area, and the poten
tial is increased slowly. As the metal or powder warms, outgassing 
again occurs. When the pressure is again in the desired region, the 
potential may be increased until most of the powder or the metal has 

melted into a ball, approximately 3/32 inch diameter. Then the voltage 

is decreased and the filament current brought to zero (an increase of 

voltage beyond this point may cause the metal charge to alloy or weld 

with the copper cup). After a cooling period of five to ten minutes, 

the vacuum is broken and the metal ball is placed in the modified cup 

described previously. This leads to the second step which is the evapor
ation process. The specimen is placed in its proper position directly 
above the anode eup (10 cm.) and a shutter, which may be operated from 
outside the chamber while the system is under vacuum, is placed between 
the specimen and the anode eup. After evacuation of the system to 
5 x 10“5 torr, one increases the filament current as previously described.
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The potential is increased more slowly than before* as the carbon rod 
tends to outgas a great deala When outgassing is no longer a problem 
and the vacuum is sufficient* the potential is increased until the 
metal becomes molten, which is easily determined after a few trials. 
This process must be observed with a set of polarising lenses or a 
colored glass filter of some sort. The voltage or the current is then 
increased slightly to increase the evaporation rate. During this 

process the pressure should be as low as possible because as the pres
sure decreases, the temperature for vaporizing a given metal decreases 
(See Table l). This rate may be controlled to a reasonable degree of 
accuracy by increasing or decreasing the temperature of the molten 
metal through the voltage or current controls. The shutter is then 
opened and the specimen exposed for the desired period of time, which 
must be determined by practice. The shutter is closed, the voltage 

and current turned off, and a five to ten minute cooling period is 
allowed, which helps prevent oxidation of the film and the filament.

It was found that an aperture was needed in order to decrease 

the heat radiated onto the specimen and also to allow our source to 
approach a point source. The commercially designed instrument was 
developed for use with or without an aperture. A tantalum disc with 

1/8 inch diameter hole is quite satisfactory. The addition of an 

aperture, of course, decreases the number of atoms deposited on the 
specimen per unit time, however, the thickness of the shadow may be 
controlled by higher evaporation rate or longer exposure time.
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'SAWM l*

Vaporization Temperatures 
of

Several Elements at Different Pressures

Atomic Atmospheric
Elements wt.' Pressure 1Q”4 torr 10-6 torr 10~8

G 12 4200° G 2410® 0 2140° 0 1930°
Or 100 decomposition 1430 1250 1110
Au 197 2600 1405 1220 1080
Ed 106 2200 1465 1265 1115
Pt 195 4300 2020 1765 1565
Ru 101 ? MOT LISTED

Ta 10S 4100 2860 2510 2230

W 103 4900 3030 2680 2390
u 238 1855 2600 1405

torr
G

* Sloan Instruments Oorporation Reference Notebook„
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The operation of the hot filament instrument* a fairly well- 

known operation* is as follows« One takes a tungsten wire and bends 
it into a "V* shape or wraps it around a wood sorew to form a basket 
to hold the metal evaporant* The filament is damped to two of the 
electrodes* the metal charge put in place* and the specimen to be 
shadowed put in the proper position* The bell jar is set on the base
plate and brought to a vacuum of lO"*̂  torr. The filament is heated 
slowly to allow outgassing to occur. As soon as outgassing is no 
longer a problem, the filament is brought to a temperature high enough 

to evaporate the metal charge, held there for a few seconds and then 
turned off. If the charge has not fully evaporated, the filament is 
again heated until the entire charge, or as much as one desires, is 
evaporated. The chamber is allowed to cool for five to ten minutes.
The vacuum is then broken and the specimen removed,

Note that here there is only a one-step process which would seem 
to be an advantage, however, the metal ball obtained by the first step 
in using the electron beam unit may be used a number of times before it 

is necessary to make another ball of a given metal* Also having to 
weigh out a given amount of shadowing material, which is necessary be

fore putting it on the filament before every evaporation process, may 

be tedious, where this will not be necessary with the electron beam unit 
when an evaporation rate is determined.



PREPARATION OF SPECIMEN

Preparation of the specimen is an extremely important procedure 

in electron microscopy, for without proper preparation, observed results 
do not have the reliability that one needs when conducting investiga

tions on the microscopic scale0 Dirty substrate or erroneous artifacts 
can cause much consternation after one has spent many hours observing 
and preparing a given specimen,.

The preparation employed is a standard one and is reasonably 

simpleo One puts a drop or two of c25% formvar in ethylene dichloride 

or 1% collodion in amyl acetate (cellulose nitrate plastic) onto the 
surface of clean distilled water. The formvar or collodion solution 

spreads out forming a thin layer on the surface, and the solvent evapor
ates leaving a plastic film. (The solvents are specifically chosen so 
they will spread on the surface of water.) Specimen grids are placed 
on this film and picked up by putting filter paper over them and letting 

the plastic film adhere to the paper. After drying, the grids are 

coated with a thin layer of carbon by evaporation. The specimen is 
then placed on the supporting membrane in suspension and allowed to dry. 
It is ready for the shadowing. Here it is necessary to note that all 

of the above steps are carried out with extreme care. The water sur
face must be dust and oil free, and the drying procedures carried out 

under a covered petri dish so that dust will not fall on the grid.

16
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After drying, the grids are placed in a holder and put on the 

specimen stage in the electron beam evaporator and tilted at an angle 
of 10° to 30° for the shadowing process®

When necessary the thickness of the shadow may be determined by 
two methods® First, it may be done by ealoulatioa* With a hot fila
ment, or with flash evaporation, evaporation occurs over a solid angle 
of Let "Rn be the distance between specimen and the source® The
surface area of a sphere radius ' W  is 4wR^. If wtw is the desired 
film thickness, and t «  R, then the volume of material needed to obtain 

this thickness at a 90° evaporation angle is 4 7T/?V „ However, if the 
specimen is at an angle with the horizontal, then the volume must be 
divided by the sine of the angle j therefore, ¥= ^ —  , or mass m,

> where Mdn is the density (Pease I960) „ This may be done 
in either the electron beam evaporator or the hot filament evaporator®

The second method is that of determining the rate of evaporation 
and timing the evaporation to get the proper thickness® This may be 
done quite successfully with the electron beam apparatus® First one must 
determine the evaporation rate of a given material with a given power in

put® Then one supplies this power and may then expose the specimen for 
the proper time to obtain a satisfactory shadow® This has not yet been 

done at this laboratory, ^



OBSERVATIONS AND CONCLUSIONS

In order to compare these two instruments, several metals were 
evaporated with the purpose of shadowing in mind. This test was actually. 

twofold. First, it was to compare the relative efficiencies of the 
electron beam evaporator and the hot filament evaporator. Second, it 

was to test various metals to see which were preferable to use as 
shadowing material for fine grain and stability.

Two different specimens of known size and shape were used for 

shadowing purposes. One was a polystyrene latex particle which was 
spherical in shape and had a diameter of approximately 2600 angstroms. 
This is large particle and thus gives information about the shadowing 
of gross objects. The other was a ferritin molecule which is a cube 
approximately 100 angstroms on a side (Farrant 1954)« This will give 
information on a much finer scale.

In comparing the two instruments, the following materials were 

used for shadowing: gold, chromium, palladium, platinum, ruthenium,
tantalum, platinum-carbon, tungsten, and uranium 238, The materials 

evaporated with both instruments were gold, chromium, palladium, 
platinum-carbon, and uranium, with the following results. Shadowing of 

the macro-moleeule resulted in comparable sharpness with both instru

ments (See Plates 5 through 14), With the ferritin molecule, platinum- 
carbon and uranium were the only metals with small enough grain size to 
give any information. The hot filament evaporator could not be con

trolled finely enough to prevent the burying of the molecule« There
18



Plate 5: Gold shadowed polystyrene latex particle . Electron beam 
evaporation. (Magnification, 256,500x) 
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Plate 6: Gold shadowed polystyrene latex particle. Hot filament 
evaporation. (Magnification, 256,500x) 
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Plate 7: Palladium shadowed polystyrene latex particle. Electron 
beam evaporation. (Magnification, 256,500x) 
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Plate 8: Palladium shadowed polystyrene latex particle . Hot 
filament evaporation. (Magnification, 256,500x) 
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Plate 9: Chromium shadowed polystyrene latex particle . Electron 
beam evaporation. (Magnification 256, 500x) 
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Plate 10: Chrow..ium shadowed polystyrene latex particle . Hot 
filament evaporation. (Magnification 256, 500x) 

24 
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Plate 11: Platin~carbon shadowed polystyrene latex particle . 
Electron beam evaporation. (Magnification 256, 500x} 
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Plate 12: Platin~carbon shadowed polystyrene latex particle . 
Hot filament evaporation. (Magnification 256,500x) 



Plate 13: Uranium shadowed polystyrene latex particle. Electron 
beam evaporation. (Magnification 256, 500x) 
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Plate 14: Uranium shadowed polystyrene latex particle . Hot 
filament evaporation. {Magnification 256,500x) 

28 



was also some difficulty with the electron beam evaporator# however, 
shadows of the molecule were obtained and with practice, there should 
be little or no difficulty in obtaining extremely thin shadowing layers0

The metals such as tantalum, tungsten, platinum, and ruthenium 
are virtually impossible to evaporate via hot filament, due to their 
high vaporization points« The same metals were evaporated with rela
tive ease in the electron beam unit. In the electron beam evaporator, 

these metals were used to shadow the latex molecule and the ferritin 
molecule. The results were very satisfying for both specimens with 
sharp images for the latex molecule and less sharp, but shadowed images 
of the ferritin molecules (See Plates 15 through 18).

The electron beam unit has the following advantages over the 

hot filament types
1) Ease of operation5
2) Better control of shadow thickness;
3) Ability to evaporate high melting point metals;
4) Ability to evaporate metals that alloy with tungsten;
5) The specimen is above the shadowing material;
6) One can determine when evaporization occurs;
7) Better control of evaporation rate;
8) Less heat radiated to specimen because filaments can 

be shielded from specimen.

There are several disadvantages also, although they are of little con
sequence when compared to the increased performance of this instrument. 
The first is the cleanliness of the system. It must be kept extremely 

clean in order to prevent high voltage breakdown and arcing. Second
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Plate 15: Ruthenium shadowed polystyrene latex particle . Electron 
beam evaporation. (Magnification 256,500x) 
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Plate 16 : Platinum shadowed polystyrene latex particle . Electron 
beam evaporation. (Magnification 256, 500x) 
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Plate 17: Tantalum shadowed polystyrene latex particle. Electron 
beam evaporation. (Magnification 256,500x) 
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Plate 18: Tungsten shadowed polystyrene latex particle. Electron 
beam evaporation. (Magnification 256, 500x) 
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is the number of moving parts which are controlled from without, thus 
necessitating O-ring seals, which are potential sources of vacuum leak. 
Third, cooling water is circulated in the vacuum system and the seals 
must be properly cared for in order to prevent a water leak into the 
vacuum. Fourth, the difference in price between the two units may be 
prohibitive.

In judging the relative merit of the metals used, the following 

observations were made, some of which have been made previously. Gold 
is a material which can be used at low magnifications, but at higher 
magnifications, where the electron beam intensity is high, it migrates 
to form extremely large grains and is therefore useless for high resolu
tion work. Chromium and palladium are relatively fine grain and stand 
up under intense beams. However, their grain size is still too large 
and their atomic weight too low to be of much use in determination of 
fine detail. Platinum-carbon has a very fine grain and is used a great 

deal in the standard evaporating unit. Here again the film is too thick 
to produce extremely fine detail due to the light weight of the carbon, 

which is mixed with the platinum. Uranium, the last of the metals 
which can be evaporated on the hot filament unit, appears to have ex
ceedingly fine grain. However, uranium is a very active metal and the 

thin film oxidizes immediately upon contact with air (Wyckoff 1949).
This change in structure may well change the original information given 
by the shadow and therefore should be treated with suspicion. Tantalum, 
tungsten and platinum all give very fine grains as shadowing materials, 
with tungsten appearing to be the best of the three, which agrees with 
L. Bachmann's (1962) observations. These three should be investigated

$
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further. Finally, ruthenium is fairly fine grained and is comparable 
to the platinum-carbon grain size.

Here it should be mentioned that several factors may go into 
determining the grain size of a shadowing material. One is the thick

ness of the shadow. Too thick a shadow will sometimes appear quite 
grainy or may cause the metal to migrate or crystallize under electron 

bombardment. Another is the roughness of the supporting or substrate 
material. An extremely fine grain shadowing material will tend to 
appear larger grained because it will take on the grain size of the 
substrate. Therefore, as one can see, the observations made here are 
merely the gross observations necessary to determine the metals which 
should be studied further as a shadowing medium.

While these experiments were being performed, the electron beam, 
evaporator was used for some other experimental work in the laboratory 
which consisted of stablizing collodion membranes with carbon LIP and 

810. The thickness of the 810 was extremely important because it had 
to be thick enough to be self-supporting, but thin enough to be trans
parent to the electron beam. This was necessary because certain bio

logical specimens were placed on the 810 or LIP stablized collodion and 
then ashed in an RF coil which oxidized all of the organic material, 

including the collodion membrane, leaving only the minerals and salts 

remaining on the 810 or LIP membrane. The thickness of the films has 
been far more reproducible in an electron beam evaporator than it was in 

the hot filament evaporator. The carbon stablized films are also much 
more uniform and there is a much greater percentage of usable carbonized 
grids prepared with the electron beam evaporator than was consistently
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available with the other unite This is a time saving factor as well 
as a money saving factor.

Also included in the usefulness of the electron beam unit is 

the preparation of specimens for the electron micro probe. In order 

to conduct heat and current from a probe specimen, which may be of 
the order of microns? thick films of carbon or aluminum are evaporated 
onto the surface of the specimen. It is necessary to be reasonably 
accurate in the thickness of the film, for if the film is too thick,
.most of the information will be masked, while if the film is too thin, 
the specimen may burn (McKinley, Heinrich and Wittry 1966). In either 
case, a specimen and its entire preparation is wasted. With the electron 
beam evaporating unit, films of the desired thickness may be evaporated 
onto the specimen with relative regularity.

In conclusion, it must be stated that the electron beam evapora
tor is a superior instrument to the hot filament evaporator for the 

work discussed within this paper. Its ease of operation and its ability 

to reproduce results with regularity make it a valuable instrument to 
have in a laboratory where evaporated thin films are commonly needed.
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