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Vacuum System Modification

'4                 , One of the problems encountered in electron microscopy is the

contamination film formed on any surfaces struck by the electron

beam.  The contamination film is due to the hydrocarbon molecules

in the vapor phase inside the vacuum system which form an adsorbed

layer a few molecules thick on all surfaces.  The adsorbed layer

is normally only a few molecules thick because a balance is reached

between adsorption and reevaporation of the hydrocarbon molecules.

However, if an electron beam strikes the surface, the hydrocarbon

molecules are polymerized as Ebon a6 they arrive and do not re-

evaporate. Since there is a continual deposition of hydrocarbon

molecules, the contamination film continues to build  up  as  long  as

the electron beam strikes the surface in question.

,,··             If an ion pump is used in the vacuum system, the contamination

rate can be substantially reduced because the ion pump breaks down

the· hydrocarbon molecules and traps them within  the  ion pump. Since

the main problems concerning contamination are due to sample conta-

mination, only the specimen chamber region of the electron micro-

scope needs to be pumped by an iod pump.  By means of valves and

apertures, it is easy to isolate the specimen chamber region from

the rest of the vacuum system without interferring with the normal

operation of the microscope.

The ion pump modification developed for the Hitachii HUllB used

on this project is shown in Figure 1.  The ion pump is an Ultek

model 150 which was selected because it is designed to have low

stray magnetic fields. The pump is connected to a regular port on
'.
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Figure 1: Elect*on microscope lon pump modification.     .-
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the specimen chamber by a manifold containing a sylphon bellows.

The specimen chamber is partially isolated from the rest of the

vacuum system by the fixed condenser aperture, by a 13 mil diamet-

er fix6d objective aperture located below the · movable objective ap-

erture, and by a gate valve in the pumping manifold leading to the

diffusion pumps.  In preparing the system, all interior parts of

the ion pumped region were cleaned with acetone to remove oil lay-

ers.'.The normal 0-rings are used in the ion pumped region.  A few

0-rings which require lubrication such as the air lock 0-ring are
-

lightly greased with apiezon type L grease.

Operation of the microscope during observation and specimen

changing is not affected by the ion pump modification.  As long as

the specimen holder is pumped for 30 seconds or. more, the specimen

chamber pressure will rise when the specimen is changed but will

soon return to its normal level of 3 x 10-7 mm Hg.  The ion pump

has its own internal protection system which automatically shuts

off the pump if it is exposed to air.

Operation of the microscope during pumpdown after the column

has been exposed to air is·slightly changed. ·First the specimen

chamber is pumped down with the diffusion pumps in the normal man-

ner through the open gate valve.  Then the ion pump is turned on

and the.gate valve is closed as soon as the specimen chamber pres-

sure drops below  1  x  10-4  mm  Hg. It then takes   an  hour  or  more   to

reach the final pressure of 3 x 10-7 mm Hg depending on how long

the ion pump has been exposed to air.

Maintenance of the system is simple. The air lock 0-ring needs
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to be greased about every month since the grease is gradually pumped

away by the ion pump'. About every eight months the ion pump needs

to be cleaned.  The ion pump is supported on a platform so that it

can be slid back from its normal position for cleaning.  When the

ion pump is slid back, the microscope column can be disassembled

in the normal manner.

Contamination Measurements                        '

The usual method of observing the growth of contamination is

to  measure the lateral growth   of  the. edge   of a contamination   film.

All observations reported here used· this method to determine con-

tamination growth.  It is usually assumed that the lateral extent

of the contamination film edge is approximately equal to the con-

tamination thickness. Contamination growth was measured on two

types of samples, holey carbon films. and holey gold crystal films.

With the holey carbon films, the decrease in diameter of a hole as

a function of time can be observed to determine the contamination

rate.  With the holey gold crystal films the lateral growth of

the contamination film can be directly observed since the contrast

of the gold is significantlY different fram the contrast of the

contamination film.  Unfortunately, the contamination rate was

observed   to vary significantly from sample to sample    so   that    it   .was

not possible to make significant measurements as a. function of the
07

experimental conditions.  The lowest contamination observed was lA

per minute.  In this case the illumination from the pointed fila-

ment was focused so as to give adequate visibility on the obser-
\

vation screen at a magnification of 200,000.  Decreasing the il-
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lumination produced a ten fold intrease in the contamination rate.

Evidently the local specimen temperature is sufficiently affected

by the electron beam so as to significnatly change the local adsorp-

tion of hydrocarbon molecules and consequently the contamination

rate.

Effect of Contamination on High Resolution Contrast

In the initial attempt to determine the effect of contamination

on high resolution contrast, lattice fringes were observed in potas-

sium chloroplatinate and potassium chloroplatinite with axial il-
0

lumination as shown in Figure-2.  The. 4A fringes can be seem in
0

circled area and the 5A fringes can also be seen.  Originally, it

had been planned to photograph the fringes before and after the

formation of a contamination film.  However, it turned out that

.. _.   thi.s_ was not possible since the fringe contrast was observed to

change due to other factors.  The crystals were significantly

4
changed in structure and orientation by the electron beam irith a

4

consequent unpredictable change in fringe contrast.

/4The second attempt to determine the effect of comtamination

on high resolution contrast utilized the observation of Fresnel  -  <
0

fringes around holes in gold crystals about 4OA. thick..In this
*                                                                                                                                                                                             -

case, the Fresnel contrast of the gold edge should change as the

contamination builds up.  Figure 3 shows a typical holey gdld
t

crystal.     The hole inside the circle shows both a Fresnel fringe

around,the gold edge and around the contamination edge inside the
*

hole in the ·gold.  This mdthod was dropped when no high resolution
':I.

Fresnel fringes were observed near exact focus.
6.
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-                        The third attempt to determine ·the effect of .contamination

on high resolution dontrast was directed towards the observation

lattice fringes in gold crystals.  Tilted illumination was used so

as to eliminate · chromatic aberrations.  Again,. it was plahned to

observe the contrast of the fringes before and after contamination..

In this case the intensity of the diffracted beam as observed on

the screen is quite stable over extended periods of time.  However,

no lattice fringes were observed even though the presence of the

diffracted beam on the image indicated that the fringes should be

present. In investigating various possibilities  for the absence

of the lattice fringes, it was discovered that the objective lens        '

axis was not exactly centered on the intermediate lens axis.  Con-

sequently, during the normal voltage centering alignment, it was

...not.possible to accurately align the illumination. axis with the

objective axis.  As a result, the illumination could not be tilted

so as to align the direct and diffracted beams symmetrically about

the optical axis.  The particular microscope used did not have

provision for translating the objective relative to the interme-

diate· lens.  A minor  modification was.carried out so that it is

now possible to translate the objective relative to the interme-

diate lens.

,»        Future Plans

'                    As soon as good lattice fringes are obtained which are stable

over periods of time of a few minutes, the effect of various con-4                        1
tamination thicknesses on the lattice fringe contrast will be in-

vestigated.

"


