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AN AUTOMATIC OPERATION OF VACUUIMI SYSTEM
   FOR ELECTRON MICROSCOPIC PREPARATIONS

                       by

      Susumu HoNJo,* Nachio MiNouRA*
            and Tomitaro KoyAMA**

           (with 1 Table and 2 Text-figures)

(Contributions from the Department of Geology and Mineralogy,

     Faculty of Science, Hokl<aido University, No. 1083)

    The electron microscopic observation of geologic or paleontologic samples

usually applies single stage or two stage replica technique (HoNJo and FiscHER,

196S, HoNJo, 1968). In the replica preparation procedure, the vacuum evaporation

of metals for shadowing technique, or vacuum deposition of carbon film is found to

be a neck throughout the entire fiow of the preparation procedures. The most of

the time which is consumed during the vacuum evaporating preparation is indeed

devoted to obtain high vacuum at pressures about 10rm5 torr. or less. The scanning

electron microscopy also requirs coating of samples with vacuum evaporation tech--

nique and usually a great amount of the processing is required for such research

worl<s (HoNJo and OKADA, 1968).

    Therefore, the efliciency of the entire preparation procedure is said to be de--

cided by the eficiency of the vacuum plant for evaporation. This situation is

analogous to the productivity of an automobile factory which depends on its steel-n

press capaclty.

    The final quality of replica or metalic coating much depends on the vacuum

technique. Particularly, an operator should endeavor to prepare a better vacuum

as possible in a shadowing procedure to secure the finer grainity of metals or carbon

which plays a decisive role in the demarl<ation of electron photomicrographs. Or,

if the pressures are not low enough, the mechanical strength of a carbon film will be

inferior due to the trapped gas molecules among the deposited carbon particles. An

instrument to provide a higher vacuum within a shorter time has been thus required

by electron microscopic laboratories.

    Recent development of high vacuum technology has provided us many methods

to obtain such high vacuum. Among them, one of the most classical systems, i.e.,

a combination of a rotary pump and an oil diffusion pump, is found to be the most
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handy method for an electron microscopic as well as a scanning electron microscopic

preparation in terms of the economy and the simplicity of the operation. The

evaporation of metals or carbon is satisfactorily coRducted under the pressures of

10m5 torr. or lower. This is approximately the lowest paressurs which can be at-

tained by the combinatlon of rotary and oil diffusion pumps without high tempera-

ture baking technique.

    Basically, the speed of evacuation depends on the size of a space to be evacuated,

the pumping speeds, the leak and out-gas factors and other miscellaneous factors

such as drags caused by the complex apparatus which are installed in a belljar. The

evacuation speed of above mentioned system is usualiy reasonable. The use of an

over-sized oil diflinsion pump slgnificantly improves the evacuation speed. How-

ever, the installation of an eMcient liquid nitrogen cooling trap is essential to trap

the backstream of oil vapor from hot diffusion oll.

    Besides such basic factors, the timing to switch the system from the rotrgh ewacu--

ation to the high vacuum evacuation is an important factor fbr the total eMciency.

Or, a device to inform an operator that the pressures are low enough to operater

vacuum evaporation works, helps to minimize the waste of time.

    Misoperation of a high vacuum instrument is easily comitted, mainly because

the valve operation is somewhat cemplex for a novice operator. A typical one is

to open the byrlbass valve during the .fore walve is left open and diffusion oil remains

hot, or to open the main Talve when the bells'ar pressures are high. Such accident

leads to contaminate samples or to spoil diffusion oil.

    Based on the above consideration, we deslgned an automatic vacuum unit
herewith described. The vacuum unit is operated with the six manual push-button

type switches. They are S[lrANDBY, START, OPEN, RESET, STOP and
CI{AMBER LEAK switches. The all valves are properly opened and clesed by
electronically controlled pneumatic drivers. The main walve is opened or closed at

the proper pressures where the oil diffusion pump works with the maximam eficien-

cy. When the belltl'ar space is evacuated down to the desired pressures, preset

relay system rings chime sounds to call attention.

    The fail-safe circuit detects wrong setting of valves and informs it to an op-

erator. Especially, the fail-safe system protects the unit from admitting air into the

hot difliusion pump throughout the entire procedure. Therefbre, the instrument

can be operated safely with a constant eMciency by an operator who entirely lacks

the backgroun of vacuum technique. The unit can be switched to manual opera-

tion immediately if desired at any phase of the automatic operation.

    The sequence chart of the automatic operation of our vacuum unit is shown in

Table 1. The explanation of the detail motion of the unit during outomatic opera-

tion is as fallows.

   O The entire electricity surply for the instrument is stopped (except to the air

      compresser). All valves are closed except to the pump leak walve is left



Table 1. Sequence diagram of the automatic vacuum unit.
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      open.
  O.l The STANDBY switch is manually thrown-in, then
        O.1.1 the rotary vacuum pump starts, and

        O.1.2 the punip leak walve is closed gradually. The pneumatic delay

              reserver tank NDR, shown in Fig. 2, slows down the dirver.
              When the air pressures are not high enough, the seguence stays

              here.
        e.1.3 Cooling water is admitted into the water jacket of oil difftision

              pump by opening a magnetic valve through a waterpressure switch

              (PSW in table 1), then

        O.1.3.1 delay relay no. 1 (DRi in table 1) holds the action of IS seconds.

  1.2 When O.1.3.1 is completed,

        1.2.1 the electric surply to the Pilani meter is turned on, and

        1.2,2 the STANDBY pilot lamp is turned on, and
        1.2.3 apilot lamp indicates that the air ls ready to be admitted iRto

              the bell--jar, in case the main valve is closed (c s w in Fig. 2).

Out of sequence: The CHAMBER LEAIK switch is thrown-in to let the air into

the bell-jar through the pneumatic chamber leak valve. The Ieak rate is variable

onthedemand. Liftthebellljar. Preparationforevaporationworksinthebelljar
such as to set samples, carbon arcs, etc. The bell--jar is then closed.

  3.4 Throw-in the S"IiART switch, then

        3.4.1 the chamber leak valve is closed, and

        3.4.2 the by:pass valve is opened.

  4.S When the Pilani meter (PAO indicates the pressures of 6× 10m2 torr. (set
      position is variable upon the back presures of the oil diffusion pump),

        4.5.1 thefore valve is opened, and

        4.5.2 the electric heater for the oil diffusion pump is turned on, and

        4.5.3 the timer no. 1 (TYi) holds the next action for the intervals

              between 10 to 40 minutes (enough to heae up the diffusion

              pump).
  5.6 The timer no. 1 actuates to close the by:z)ass valve after 4.S.3 is completed,

        5.6.1 the delay relay no. 3 (DR,) holds the action for 10 seconds.

  6.7 After DR4 completes the iRterval,

        6.7.1 the main valve is opened, and

        6.7.2 the electric source for Philips gauge is turn on.

  7.8 The Philips gauge stays on action.

   8 At the preset vacuum on the Philips gauge such as 2× 10-5 torr. (set posi-
      tion is variable), the chime rings for attention. (Turn the snap-switch off

      manually to stop the chime.)

  8.1 The evaporation heater source (200 A, 30 V at the maximum) is turned on

      through a magnetic relay.
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Fig. I
BIock diagram of automatic vaccuum unit. Solid lines; control. Brol<en lines; checl<ing, Dot-

dash-lines ; operation.

Out of Sequence: Vacuum evaporation works.
 9.10 To open the bell-jar, throw-in the OPEN swjtch, then

       9.10,1 the Philips gauge is shut off, and

       9.10.2 the evaporation heater source is shut off, and

       9.10.3 the main valve is closed.
       9.10.3.1 The fail-safe switch (fsw in Fig. 2) of the main walve is actuated

              by closing of the main valve, and a pilot lamp indicates that the

              chamber leak Talve is ready to be opned, and

       9.le.3.2 the chamber leak valwe is ready to be opened.
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Fig. 2

Arrangement of the valves and manifolds of the automatic vaccum unit Bold lines ; pneuniatic

operation. Thin lines;electric control. csw;clieck switch, fsw; fail safe s"Titch, C[li;liquid

nitrogen cold trap, NDR. ; pneumatic delay relays.

Out of sequence: Throw-in the CHAMBER LEAK switch to open the belljar.
Preparation for evaporation works. Then close the bell-jar.

11.12 Throvir-in the RESE']] switch, then

       11.12.1 the chamber leak valve is closed, and

       11.12.2 thefore walve is clesed,

12.13 The delay relay no. 4 (DR,) holds action for S seconds, and

       12.13.1 the by:pass walve is opeRed when DR, completes the interval.

13.14 Return to 12, and repeat the sequence from 12 through 22.

22.23 To stop tl}e vacuum unit, throvgr-in STOP switch, at any time when thefore
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       valwe is left open.

         22.23.1 the main valve and the by-pass valve are ciosed if they are, or one

                 of them is, left open.

         22,23.2 the heater source of the oil diffusion pump is shut off, and

         22.23.3 the Philips gauge is shut off, and

         22.23.4 the Pilani meter is shut off, and

         22,23.S the timer no. 2 (TY2) holds action for any preset interval be-

                 tween 20 to 40 minutes.
23.24 The timer no. 2 actuates to close the fore walve after TY2 completes the

                 interval, then

         23,24.1 the delay relay no. 4 (DR,) holds action for S second.

                   23.24.1.1 After DR, completes the interval, the rotary pump

                             is stopped, and

           23.24.1.2 the pu"rp leak valve is opened, and

           23.24.1.3 water supply for the oil diffutsion pump is shut off by closing

                     the magnetlc valve, and the sequence returns to O.

    Our automatic vacuum evaporator is equipted with a 4 iRch diameter, 400 1lsec.,

oil diffutsion pump and a rotary vacuum pump of 300 11min. capacity. The bell-

jar space is approximately 56I. It takes approximately five minutes for rough

evacuation to 6× 10-2 torr. and less than ten minutes to evacuate the belljar space

down to the pressures of 2× 10m5 torr. A shadowing and carbon film deposition on
plastic first replicas or rotary metalic coating on the samples for scanning electron

microscopic study, can be operated approximately every thirty minutes at the

optlmum use.
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