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1

This invention. relates to apparatus for auto-
matically. controlling vacuum pumping systems
and, more particularly, to apparatus for auto-
matically controlling systems having both a fore
pump for low vacuum and a d1ﬁusmn pump for
high vacuum.

In general, there are two different types of ap—
paratus utilizing chambers requiring the use of
vacuum pumping systems for obtaining high vac-
uum conditions therein. -One of these types is ex-
emplified by the vaguum tube which comprises a
sealed ‘chamber containing a number of elec-
trodes. - Usually, the chamber is exhausted to a
very high vacuum and permanently sealed so that
the interior is never agaifi exposed to the at-
mosphele during the life of the tube. The seecond
type, which is exemplified by the specimen cham-
ber-of an electron microscope, also requires the
obtaining of a very high vacuum but is frequently
opened to the atmosphere for loading and un-
loading during its lifetime. This type needs a

(CL 315--110)
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vacuum pumeing system of & high degree of ef-

ficiency and dependability in order to keep it in
proper working condition. Although the control

system of the present invention may be used with
‘either of these two types of equipment; it has par-
ticular advantages when used with the second
type.. ,

In any vacuum pumping system, for exhaust-
ing gases from a vacuum chamber, which in-
eludes both a fore or “roughing” pump and a
diffusion pump, the use of four main valves rep-
resents optimum  requirements. One of these
valves is in the line connecting the intake of the
fore pump to-the outlet of the diffusion pump.
A second is in-the line. connecting the vacuum
‘chamber to the intake of the fore pump, a third
‘i in the line connecting the intake of the diffu-
Fion pump.to the.vacuurh chamber and a fourth
ig-ih-the passageway leading from the vacuum
chamber to the atmosphere., In previous vacuum
systems, such as used in electron microscopes or
high 'vacuum evaporation.apparatus, these valves
‘have been operated manually. -Thisrequires close
attention on the part of the operator and diligence
in making certain that the right valve is closed
before others are opened, and vice versa.

Another type of manual: control upon which
the system of the present invention is an im-
provernént-is the use of a valve block containing
all the valves used in the equipment and a sys-
teth of ‘gears and eams controlled by a crank
lever for advancing the. system. through ‘va:ious
operating steps. In this type of prior art system,
the turring of the confrol crank results in ac-
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complishitg the valving operations which accom-
pany the particular operation being carried out
with' the equinment. “Thus, in an electron micro-
scope, for ‘example, ‘there are four positions of the
crank corfesponding to “loading,” “pre-pump,”
“operate” and “neutral.” This type, although an
advance over systems requiring individual con-
trol, by -the ‘oper ator, of each separate valve, still
requires the constant attendance and close at-
tention of an operator who must constantly ob-
serve-various gauges and meters in order to op-
erate the crank at the prope: times.

In any of these previously used manual Sys-
tems of control, there are serious disadvantages,
other than wasted operator’s time, which the sys-
tem of the present invention avoids. For exam-
ple, in manual systems, there is always present
the hazard of inco:rect valving sequence. This
cannot oceur in the automatic control system of
the present invention, In manual systems, which
all depend to some éxtent on the judgment of the
operator as to what isthe proper time for manip-
ulating the valves for the next step of the cycle,

‘there is much lost time whén the operating vac-

uum might be utilized for carrying out the work
operation: Another great disadvantage in the
mahual and mechanically operated systems pre-
viously émployed :lies in the inefficiency of the
vacuum seals which are commonly employed in
conhection with operating rods and levers which
extend through the walls of the vacuum cham-
ber. ‘There have usually been employed €ylphon
bellows, which are very thin flexible brass tubes
subject to failure, due to fatigue and corrosion,
particula:ly at the soldered junctions. Other im-
proved - seals iricluding rubber grommets . have

‘heen substituted for the Sylphon bellows but these
‘require the use of a great deal of power to move

the: control rods -extending through the rubber
seals. - In the automatic system of the present in~
vention, electrically operated solenoid valves, hav-
ing no' such disadvantages, may be employed.

The principal -object, then, of the present in-
vention is to provide a vacuum pumping control
system which is-fully automatic.

Another:object of the invention is to provide
an improved vacuum control system which may
be applied to any equipment having an evacuable

- chamber which must frequently be opened to the
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atmosphere ‘between perlods when it.is under high
vacuum,

Another ob;ect of the present invention is to
provide an automatic system fo: conftrolling the
operation of valves in'a vacuum pumping system

‘in response to predetermined signals.
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Another object of the present invention is to
provide an automatic system for controlling the
operation of valves in a plurality of vacuum sys-
tems by a single operator.

Still another object of the present invention is
to provide an improved automatically controlled
evacuating system for maintaining the pressure
within a vacuum chamber at a desired level.

Other objects of the invention will be apparent
and the invention will be more readily under-
stood from a reading of the following specifica-
tion, including the accompanying drawings, of
which: .

Fig. 1 is a block diagram showing the arrange-
ment of the principal valves in relation to the
main comvonents of a typical vacuum system
with which the present invention may be used;

Fig. 2 is a block diagram indicating circuits
connecting various parts of a control system con-
structed in accordance with the present inven-
tion:

Figs. 3a, 3b and 3¢ are diaerammatic cross sec-
tional views of a typical vacuum chamber show-
ing valve positions for different operating condi-
tions;

Fig. 4¢ is a wiving diagram including the re-
lavs and valve solenoids showine the vositions of
the valve vistons and relay contacts with al
relavs ard solenoids “at rest” or de-enersized in
a svstem constructed in accordance with the pres-
ent invention;

Fies. 4b. 4c and 44 are similar wirine diagrams

showine relav contaet positions and valve pis-
ton rositions dvring different portions of 2 com-
plete overations cycle;
- g, 5 is a diaeram showing conditions of elec-
trical crrrent in relation to valve operation tim-
ing nresent drring each vart of a complete cycle
of aoperation of a typical svstem constructed in
accordance with the oresent invention;

Fig. 6 is a block diagram of another embodi-
ment of the svstem shown in Fig. 2. and

Fig. 7 is a detail diaeram of nart of the circuit
indirated more generally in Fig, 2 and Fig. 6.

Referring now to the drawings. a tynical em-
bodiment of the invention will be descriked in
connection with the evacnation. to a high de-
gree, of a vacimm chamber which mav be the
colvmn of an electron microscope. althongh it
ohviorslv could be any other piece of earipment
in which it was desired to obtain a condition of
high vacunm.

In a tvpical system, as shown in Fig. 1, theve
mav he an evacuable chamber 2 to which is con-
nected an outlet passage 4 having a three-way
opening 6. To one of these opbenines, there is
connected the intake of a diffusion pump §
through a passageway 10, A valve C for main-
tainine the passageway 10 in a closed or open
condition, as desired, is positioned therein. To
another of the openings, there is connected the
intake of a fore or roughing pump 12 by means
of a passageway 14. The passageway 14 has a
valve B positioned therein. The outlet of the
diffusion pump 8 is connected to the intake pas-
sageway {4 of the fore pump 12 through a pas-
sageway {6, the connection into the passageway
14 being located between the pump 12 and valve
B. The passageway 16 also has in it a valve A.
The third ovening to the vacuum chamber 2 is
connected through a passageway 18, having a
valve D positioned therein, to the atmosphere.
preferably through a filter dryer 20.

In a typical eycle of operation of the system,
as applied to an electron microscope, for exam-
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ple, including the valves, shown in Fig. 1, the
valves may be opened and closed in proper se-
quence by a system of the general type shown
in Fig. 2.

The complete system may comprise, in general,
a vacuum pumping unit comprising a diffusion
pump 8 and a roughing pump 12 which is designed
to evacuate the vacuum chamber 2 to a desired
degree of vacuum and maintain the vacuum as
long as desired. The roughing pump is operated

‘by a motor associated therewith. The vacuum

system also includes a number of solenoid-oper-
ated valves, indicated generally at 22, which are
controlled through the operation of a relay sys-
tem 23 connected to the solenoid valves through
the circuit indicated generally at 24.

The relay system is, in turn, partially con-
trolled by the operator pressing the “start” switch
36 and the “release” switch 37 connected to the
relay system through circuits 29 and 3@, respec-
tively. The relays also operate automatically in
response to information received from the ther-
mogage 32, through circuit 39.

A power supply 46 supplies D.-C. power to the
relay system through circuits indicated general-
ly at 48 in Fig. 2 and having connections more
particularly shown in Figs. 4a-4d. The power
supply 48 also supplies D.-C. power to the sole-
noid system indicated generally at 22 in Figs. 2
and 6, through circuits indicated generally at 50.
The solenoid power connections are also illus-
trated in defail in Pigs. 4a-4d.

The system further provides for turning the
high voltage supply to the electron gun 26 on and
off automatically in response to information re-
celved from the ionization gage, preferably by
the switching means described in U. S. Patent
2,383,600 and for preventing the high voltage
from being connected to the electron gun except
when the pressure within the vacuum chamber
has been reduced to the proper value, by means
more particularly illustrated in Fig. 7.

A more specific embodiment of that part of the
invention which includes the automatic opera-
tion of the vacuum system valves indicated in
Fig. 1 will now be described with reference to
Figs. 3a to 3¢ and Figs. 4a to 4d.

Referring first to Figs. 1 and 3a to 3¢, the vac-
uum system is assumed to be in “load” condition
(Fig. 3a) with the vacuum chamber 2 open to
the atmosphere as for the insertion of a new
specimen.  Both pumps have previously been
turned on and remain on throughout the opera-
tions. In the “load” condition, the valves are
positioned, as shown in Fig. 3a, with valves A and
D open and valves B and C closed. The fore
pump 12 continuously pumps the diffusion pump
8. The operator then initiates an operations cy-
cle by pressing a starting button 26. The appa-
ratus first assumes the condition designated as
“pre~-pump” (Fig. 3b). Valves A and D close,
after which valve B opens, valve C remaining
closed. - Thus, the passageway to the atmosphere
is sealed off and the fore pump 12 switches from
rumping the diffusion pump and begins to rough
pump the vacuum chamber 2. At the same time,
the diffusion pump 8 is held at low pressure due
to the fact that valves A and C are closed.

When a cerfain pressure; i. e., about 10 microns
of mercury, has been attained within the vacuum
chamber 2, which pressure is indicated by a
thermogage 32 in the fore pump line, another
part of the cycle designated “operate” (Fig. 3¢)
automatically begins. - For this part of the cycle,
valve B closes and D remains closed. Valves A
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and C open after valve B is closed,  This results
.in the fore'pump 12 no longer being dlrect]y con-
nected to the vaciium chamber 2. The opening
of valve A connects the intake of fore pump 12
to the outlet of the diffusion ‘pump 8 while the
diffusion pump is now connected to the vacuum

chamber 2 due fo the opehing of valve €. Both

pumps are thus connected to the vacuum cham-
ber in series.

With: both pumps .evacuating the vacuum

' chamber in series, the pressure within the cham-
ber is reduced to a value requ1red for certain op-
erations within the chamber. In the case of an
electron microscope, this may be 5% 10~ mm.. of
‘mercury. The low pressure reading is indicated,
preferably, on an ionization type gage 34 con-
nected to the chamber 2.

When the “operate”. cycle is completed, the
apparatus may be returned to the “load” position,
by the operator pressing “release” switch 31, with
the valves in the position deseribed previously in
connection with this part of the cycle and shown
in Fig. 3a.

In order to accomplish the above cycle 1n a
completely. automatic manner, a novel system,
forming an important part of the present-inven-
tion, has ‘been devised and-. one embodlment is
shown schematically in Figs. 4a to 4d.

Fig. 4o illustrates the positions of the various
relay contacts and valve pistons of this embodi~
ment, when ho.current is flowing in any of the
relay coils or valve solenoids. In the relay 100,
which controls the solenoid of valve A, contacts
¢, b and ¢ are open, while contacts d and e are

closed. : In the relay 102 which controls the sole- :

noid of valve B, the single contact a is open. In
the relay (04, which is energized in response to
information recelved from the thermogage 33,
éontacts e and ¢ are open while contacts.a, band

d. are normally closed.  In the rélay 108, which -

controls the solenoid of valve C, the single con-
tact @ is closed. - In the relay 1088 which is ener-
gized by the release.switch 37, the contacts a, b
and ¢ are open while contact-d is closed. ' In the
relay 110, which controls the solenoid of valve D,
" both contacts ¢ and b are open. When any of
these relays is energized, its contacts assume DO-
sitions opposite to those indicated above.
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It is'also apparent, asillustrated in Fig. 4a, that .

when no current is flowing in any of the valve so-
lenoids, valves A and C are open while valves B
and D are closed. ‘

" 'When mltlatmg a cycle of operatmns, a. mo-

mentary impulse is.given .the relay 103 by the‘

pressing of the starting ‘button 36 by the op-
erator.

As a result of the 1n1t1at1ng impulse, the follow—
ing events ocecur, resulting in the various relay
contacts and valve. pistons takmg the pos1t10ns
shown in Fig. 4b: .

1. Relay 100 is energized, closmg its contacts a,
and ¢ and opening its: contacts d and e. It
locks closed ‘by being conhnected . to the power

supply 46, through the élosed contacts 104a of ¢

unenergized relay 104 and through 1ts own

- "closed power contacts 1004.
2, The closing of contacts I00b energ1zes the SQ=
lenoid 38 of valve A, thereby closing the valve

A, which ‘is between the. fore pump 12 and

diffusion pump 8. .
3.'The :closing ' of" contacts 100c applles power
" through- the closed contacts . 104b of unener-
gized relay 164 to energize the delayed actlon
- 'relay 102, 'The closing of contacts IOZa of Ter
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6 :
lay 102 applies energizing power fo.the solenoid
40 of valve B and apens this valve. The slow-
operating characteristics of relay 102 provide a
desired time delay for the opening of valve B
after the closing of valve A.

4, Simultaneously with the closing of valve A, and ‘
before the opening of valve B, contacts 100d of
relay 100,  which are connected through con-
tacts 110a, breaks the power connection to the
solenoid ‘42 of valve D, even though the con-
tacts 110a of relay {10 may still be closed. This
de-energizes solenoid 42 of valve D and closes
the - valve, thus disconnecting the vacuum
chamber 2 from the atmosphere. (The valve
D is adapted to close when its solenoid is de-
energized.) The opening of contacts 100d,
which dre connected through s second path to
contacts 108a, also removes locking current for
relay 108 through its contacts 108a, thus de-
energizing relay 108.- The de-energizing of re-
lay 108 opens contacts 108c which are con-
nected to one side ‘of relay 110, thus de-ener-
gizing relay 110, :

5. The opening of contacts 100e of relay {00,
which ‘dare connected to contacts (10b, also
opens the locking current path to relay 1190,

Through the ‘occurrence of all of the above
described operations, the “pre-pump” part of a
cycle has been initiated.

Pre-pumping continues until the pressure with-
in: the vacuum chamber 2 is low enough to sup-
port the diffusion pump. When this point is
reached, further solenoid valve switching takes
place. This is accomplished as @ result of im-
pulses supplied by the thermogage portion 32 of
the vacuum gage system. The thermogage 32
comprises a thermocouple located in the passage
between the fore pump {2 and valve B. As the
pressure -is - decreased, the energy radiated by
the hot. thermocuple ‘is decreased, its tempera-
ture is increased, and the thermoelectric voltage
through the thermocouple is increased.

When the circuit of thermogage 32 produces a

current equivalent to that of a pressure of ap-

proximately. {0 microns of mercury, a relay 33
associated therewith is actuated, closing contacts
35 which closes a power circuit energizing relay

104,

With the energizing of relay 104, the follow-

ing ‘events take place with the resulting final po-

sitioning of relay contacts and valve pistons as
shown in Fig. 4c:

1. Contacts 104c close; thus relay 164 locks itself
through contacts 104¢, in series with the closed
contacts 108d of de-energized relay 108, these
two pairs of contacts being connected.

2. Contacts - 104d - are opened, thereby opening
the circuit through contacts 182a, and thereby
breaking the power circuit through solenoid
40 and thus de-energizing this solenoid which
closes valve. B. At the same time, contacts

184b are opened, de-energizing slow-operating
“relay 102, which opens the contacts 102a and,
hence, also opens the circuit of the solenoid
40 of valve B. Although either one or the
other. of these two events would appear to be
unnecessary, the de-energizing of relay 102 is-
undesirably slow because it is a delayed action
type. Provision is therefore made for de-
energizing solenoid 40 in a more rapid man-
ner.

3. Contacts 104e are closed, energizing slow-op-
erating relay 106, thereby opening contacts
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106a, which, in turn, de-energizes the solenoid
44 of valve C and opens this valve.

4. Contacts 104a are opened, thereby unlocking
relay 100 and de-energizing it.” This opens the
contacts 100, de-energizing the solenoid 38 of

* valve A, opening the valve. e o
The above events result in the occurrence of
the second or “operate” step of the cycle; Valve

B closes just before valves A and C open.  -The

fore pump thus switches ‘from pumping the

vacuum chamber 2 to pumping the. diffusion
pump 8 now, itself, connected to the vacuum

chamber. : o
With - both pumps exhausting the vacuum

chamber 2, a pressure is soon attained which is

sufficiently low to allow the desired work opera-
tion of the equipment to proceed. In the- case
of an electron microscope, a signal light or audi-
ble sound may be given to indicate that the in-
strument is in operating condition. . The electron
gun, as well as high voltage, may also be turned
on automatically, allowing the operator to. ob-
serve a specimen chamber. As-applied to other
types of equipment, such as molecular evapora-
tion apparatus, heating current may be auto-
matically turned on in the filaments. As ap-
plied to the microscope (Fig. 2), the impulse

which initiates these operating: functions may be

supplied from a circuit, indicated generally -at
28, associated with the ionization type gage 34,
which is connected to the vacuum chamber 2.
This gage may be of the type comprising a two
element tube having a cold cathode.
passes an amount of current which depends upon
the degree of ionization of the residual gas with-
in the vacuum chamber to. which it is connected.
The degree of ionization is, in turn, a function
of the pressure within the chamber.

The electronic circuit for turning on high volt-
age current to the electron gun is preferably as
shown and described in U. S. Patent 2,383,600.
However, in order to prevent this circuit from
being energized while valve C is closed, an inter-
lock circuit, Fig. 7, is provided as part of the
present invention. With the: opening of valve
C, contacts 25 are closed. When the contacts
of relay 82 are also closed in response to in-
formation received from ionization gage 34, cur-
rent is supplied from high voltage supply to
electron gun 26 through transformers 54 and
55. (Relay 52 corresponds to relay 2{ in the
above mentioned Patent 2,383,600.)

When the operator has finished observing the

specimen within the chamber, where the equip-
ment being operated is an electron microscope, he
presses a button temporarily closing, then re-
leasing the ‘“release” contacts 37 and thus op-
erating relay 108. The operation of relay (08
produces the following events, illustrated in
Fig. 4d:

1, Contacts 108a are closed, locking relay 108
through closed contacts t00d of de-energized
relay 180.

2. Contacts {88b close, thus energizing solenoid
44 and thereby closing valve C. '

. Contacts [88¢ close, energizing delayed action
relay H10, which closes contacts 110b and locks
the relay (1§ through closed contacts {00e.

4. Contacts 140a close and through closed con-
tacts (004 the solenoid 42 is energized, opening
valve D. i

5. Contacts 108d are opened, thereby breaking
the circuit through relay {04 and de-energizing
this relay. : . : -

w0
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With the completion of the above events, the
vacuum chamber 2 has been placed in condition
for reloading. Valve D has been opened after
valve C has closed, thus connecting the vacuum
chamber to the atmosphere. The fore pump (2
continues to pump the diffusion pump 8.

The complete cycle can now he repeated as
above described and as soon as desired. How-
ever, in order to re-initiate the “pre-pump” por-
tion of the cycle, additional circuit descriptions
must be included.

Relay 100, on being energized by the start im-
pulse caused by the operator pressing sfarting
button 36, opens its contacts 108d, thereby de-
energizing relay (08 by breaking the circuit
through its locking contacts 168¢.  Upon the re-
lease of relay 108, contacts 108b open but valve
C remains closed because contacts 108¢ remain
closed. The opening of contacts 108¢c removes
locking current from relay (10 while, at the
same time, the opening of contacts 183d breaks
the circuit through contacts 119a, de-energizing
solenoid 42 and closing valve D. This double-
series contact control permits the immediate
de-energizing of solenoid 42, closing valve D
through operation of relay 100, thereby over-
coming the slower release characteristics of relay
f10.

The pulse from the circuit controlled by
thermogage 32 is continuous and relay (84 is
held locked despite its own locking circuit until
relay 108 is energized. The thermogage circuit
is never opened, once closed, unless the pressure
in the fore pump line increases to some small
amount above 10 microns of mercury. This, of
course, would be analogous, under normal con-
ditions, to the point in the cycle where the system
was switching from “load” to “pre-pump.”

It will be noted that in the embodiment of
the circuit operation described, the solenoids of
some of the valves are energized when the valve
is closed and, in others, current flows in the
solenoids when the valve is opened. This is best
illustrated in Fig. 5, which also shows the rela-
tive opening and closing occurrences of each
valve. The reason for this apparent non-con-
formity is that it is desired to have no current
flowing through the solenocids when the instru-
ment is in “operate’” condition, in the case of an
electron microscope, since stray currents of all
types affect the fine focusing of the electron
beam. With other types of equipment, such as
evaporators, it way not matter whether energiz-
ing of its solenocid opens or closes a particular
valve,

Although the invention has been illustrated as
applied to the operation of an electron micro-
scope, it may be applied just as well to other types
of vacuum equipment, either with or without
further modification. For example, it may be
applied to apparatus for depositing coating ma-
terials by evaporation techniques of the general
type shown in U, 8. Patent 2,338,234. The cir-
cuits for operating this type of system are shown

5 diagrammatically in Fig. 6.

In operation, the operator presses a start but-
ton 58, releasing a first interval timer 5§9. This
interval timer may be any of several conventional
types well known to the industry; having a syn-
chronous motor with gears, shafts, cams and
cam operated contacts to control various associ-
ated circuits at desired intervals. - This first
timer 59 may, first of all, close a pair of con-
tacts actuating a circuit 60, supplying current,
causing vacuum chamber 2 to be closed off from
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the atmosphere as by starting a motor for lower-
ing a bell jar in place. After the bell jar is low-
ered in place, the timer may then cause the clos-
ing of starting button 36 through a circuit 61,
similar to circuit 29 in Figs. 4a-4d, initiating an
operations cycle of the vacuum equipment after
the manner previously described.

The pumping cycle is automatically carried on,
with proper valve switching ‘as previously  de-
seribed under the “pre-pump” step, until in-
formation is received by the second interval {im-
er 62 from jonization gage 34 over circuit 63 that
8 suitable low pressure has been reached.

When this information is received, the sec-
ond timer 62 then starts up, generating another
series of pulses which may close a circuit 64,
energizing either a single filament evaporating
‘8 coating material, a plurality of filaments for
simultaneously evaporating a number of ma-
terials, or a number of filaments in timed se-
quence for applying a plural layer coating. The
valves are in the “operate” position previously
indicated (Fig. 4¢).

Just as in the previous example, means sre
provided to make certain that the valve C is in
open position before energization of the filaments
can take place. As indicated in Fig. 7, the con-
tacts 25 must be closed due to the opening of
valve C before the circuit can be. completed
through the power supply and the evaporation
heater filament or filaments.

After a desired time interval, controlled by the
setting of the second interval timer 62, the fila-
ments are de-energized, the release switch 37 is
actuated through- circuit 3¢ and the system re-
turns to the “load” condition (Fige. 4d).

"When the heating filaments have been de-
energized and the valves have returned to “load”
‘condition, the second timer 62 sends an impulse
to the first timer 89 over circuit 65 and the first
timer again starts up, closing contacts reversing
the bell jar controlling motor through circuit 60,
thus raising the jar and placing the system in
condition to be reloaded by the operator.

As in the previous example, pilot lights or
other indicating devices may be utilized to indi-
cate the condition of the system to the operator.
The ionization gage 34 may operate a pilot light
86 through a circuit 671 indicating when the “op-
erate” cycle is ready to begin and how long it con-
tinues, and another pilot light 68 may be op-
erated by the second interval timer 62 through
a circuit 69 to indicate when the cycle is complete
and ready for “load” operation.

There has thus been described a system which
provides for automatic operation of either one
or up to several vacuum units by a single op-
erator. The operator need only place the sys-
tem in condition for operation by loading and
unloading the vacuum chamber at the proper
times, if applied to & vacuum processing unit or
load, observe and unload the specimen chamber,
if an electron microscope. - The valving opera-
tions are all earried out automatically and various
other steps are also accomplished without the
operator touching the equipment. :

I-claim as my invention:

1. A vacuum system comprising an evacuable
chamber, a vacuum gage connected to said cham-
ber, means for exhausting said chamber, said
exhausting means being responsive to informa-
tion supplied thereto by said gage, and means
within said chamber for performing a work oper-
stion, said work means being operative in response

<t

10

15

25

30

35

40

e
W

50

55

60

85

70

10

to information supplied thereto by said vacuum
gage and by said exhausting means. :

2. A system according to claim 1 in which said
vacuum gage is an ionization type gage.

3. A system according to claim 1 in which said
work means comprises an electrically energizable
filament.

4. A system according to claim 1 in which said
work means comprises a source of electrons.

5. A vacuum system comprising an evacuable
chamber, a vacuum gage connected to said cham-
ber, means for exhausting said chamber, said
exhausting means comprising a vacuum pump,
an exhaust passage connected between said cham-
ber and said pump, and solenoid valves controlling
airflow through said passage, a relay system for
operating said valves, and means for operating
said relay system in response to the condition
of said vacuum gage.

6. A vacuum system comprising an evacuable
chamber, means for indicating the pressure of
said chamber, means for exhausting said cham-
ber, said ‘exhausting means comprising at least
one vacuum pump and solenoid valves, g relay
system for operating said valves, means within
said chamber for performing a work operation,
and means operative in response to information
received from said pressure indicating means for
actuating said relay system and for actuating
said work performing means.

7. A gystem according to claim 6 in which said
work operation performing means comprises a
source of electrons.

8. In a system for evacuating a vacuum cham-
ber comprising a fore pump and a diffusion pump
having a passageway, including a first valve, con-
necting the intake of said fore pump to the
outlet of said diffusion pump, a passageway, in-
cluding a second valve, connecting said fore pump |
to said vacuum chamber, a passageway, includ~
ing g third valve, connecting said diffusion pump
to said vacuum chamber, an air intake passage-
way, including a fourth valve, connecting said
vacuum chamber to the atmosphere, a first relay
energized by the closing of a starting switch for
simultaneously closing said first and fourth
valves, a second relay energized by operation of
said first relay for opening said second valve a
predetermined time after the closing of said first
and fourth valves, a third relay energized in
response to a predetermined pressure within said
chamber for closing said second valve and open-
ing said first valve, a fourth relay energized by
operation of said third relay for opening said
third valve, a fifth relay energized by an exter-
nal source of energy for closing said third valve,
and a sixth relay energized by operation of said
fifth relay for opening said fourth valve a pre-
determined time after the closing of said thlrd
valve.

9. A system according to claim 8 including, in
addition, means operative in response to another
predetermined pressure within said chamber for -
energizing an electrical element within said
chamber only when said third valve is open.

PERRY C. SMITH.
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