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- making the seal.

Urute a

3102 130 |
APPARATUS FOR MAKIN G ELECTRO\T TUEES |
-J ack A. McCullough, Los Altos, and William R. Stuart,
San Carlos, Calif., assignors to Ritel-McCullough, Inc.,

- San Carles, Calif., a corporation of Califermia "
Orlgmal application Dec. 5, 1957, Ser. No. 700,853, now

Patent Ne. 2,996,347, dated Aeg 15, 1961.. Divided
and this applrcatmu Se ¢, 29, 1960, Ser. Ne 59,265
. _- 6 Claims. (Cl 219—-—-9 S) -

This invention relates te apparatus for makmg elec-
tron tubes.

apparatus for making electron tubes having pressure seals
‘The term “pres-

made between two metallic surfaces.
sure seal” is defined for use herein as a permanent,

at temperatures. below. the melting point of any of the

metals within the seal or any of the materrals around the
This 111veut10r1 is a divisional of our application

Serial No. 700,853, filed December 3, 1957 HOW Patent'

- seal.

No 2996 347, issued August 15, 1961,
- The construction of electron. tubes is such that prac-

tically all types have a shell or euvelope involving at
least two sections sealed together along an annular joint.
In the past it has been standard practice to join envelope -

" uum chamber of FIGURE 1 on an enlarged scale.
10

‘More specifically, the invention relates to

o 3 WZ ﬂ%@
Patented Awr. 27 1963

-'_gl

Refer rmg to the drawrugs .
FIGURE 1 is a side view partly in section showing a

~ vacuum - chamber and pressure exeriing ram in accord-
ance with the invention.
the chamber and the ram 18 pesrtleaed 11:1 pressure exert—-

~ ing contact therewith; | |

“An electron tube is shown in

FIGURE 2 is a Cross- sectmnal View showmg the vac-
The
tube is shown in cross section, and the position of the

ram is such that it is not exerting pressure on the tube; : .

FIGURE 3 is a view on line 3—3 of FIGURE 1;
“FIGURE 4 is an enlarged top view of the tube holdmg )

~jig of FIGURES 1 and 2; and

15

" vacuum-tight seal obtained by the appheatleu of pressure
- shows an exal
- of the invention.

20

"FIGURE 5 is a.side view efa cernpleted tube of the

type shown in FIGURE 2.

iple of a tube 10 made by the apparatus
The particular tube shown in the draw-
ings 18 eylmdrleal in shape and has an envelope wall -

‘made of a plurality of ceramic rings 11 and a plurality |
of metal rings 13-22. FIGURE 2 shows the tube 19

in cross-section, and the construction of the tube can be J

© best -understood by viewing both FIGURES 2 and 5.

sections by means 6f fused or melted bonds, such as the

cenventreual braze or weld joint.

It has previously been
proposed that a vacuum-tight seal could be made at
temperatures below the melting point 1f the surfaces to be

ioined were given an -optical polish. This optical polish 30

.tec,hmque ‘has -never: been- adopted commercially for a .

- number of reasons meludmg the fact that eptreal pehsh—' |
| . The terminal tabs are arranged 111 twe drametrreally-

mg is -expensive.

The present invention has as a bas1e object -the teach-.
-ing of an apparatus. by which electron tubes can be made

3 "Wlth pressure ‘seals on, a commercially practical basis.

- A more specific object of the invention is to provrde a

pressure sealing apparatus having a very short processing
cycle. An associated object of the invention is to provide
.a pressure seahng apparatus in which heating of the seal

is. accomplished by inducing an -R.F. eurrent dlreetly in

| the metal surfaces to be sealed together.

A further object of this invention is to provrde a -

pressure sealing apparatus which does not involve the
expense Of ebtammg
to be joined.

- An addrtronal ebject of the invention is to provrde a
- pressure sealing -apparatus. which eliminates need for the
~ usual exhaust tubulauen on tubes.
18 to prevrde a-pressure sealing apparatus which -com-
~ bines into a closely related system the formation of the -
~ pressure seal and the normal tube processing procedures -

“such as exhaust, bakeeut and- cathode formation.
Another object of ‘the invention is to provide an elec-

~‘tron tube having an envelope cemprrsmg 1wo members

joined together by a pressure seal.

An associated object ..

~of the tube.

It will be noted that the tube is a double triode so that
‘metal ‘rings 14 and 21 both form anodes at the ends
| ‘Metal rings 15 and 20 form suppurts for
- control grids; rings 16 and 19 form cathode supports;
‘and rings 17 and 18 form 1eads for the srugle heater which

is inside the double cathode. The end rings 13 and 22
are ‘merely to protect the anode rings against damage.
BEach of the electrode rings is provided with-a terminal

- tab for which primed reference numerals are employed.

40
o ueual exhaust pumplucr system (not. shewu)

In essence, the invention resides in the making of -
electron tube pressure seals by the appheatmn of high

-p1essu1es and high temperatures in a vacuum.

Although |

60

“high temperatures are utilized, they are of course below
‘the melting point of any of the materials involved in

The components of the apparatus re-
“main relatively cool as the ruetalhe sealing surfaces are
elevated in temperature -
The invention possesses other objeets and features of
advantage, some of which, with the foregoing, W

| _' of the clalms |

will be
set forth .in the following ‘description of the invention.
-~ It is to be understocod that the invention is not limited

“to the disclosed species, as variant embodiments thereof

are contemplated and may be adepted wrthm the. scope -
| | | S has an faeeurately maehmed elosed ﬁt in eeuplrng 72 and

30

50

| (uot shown).

positioned rows. .=

Coming now to the nevel apparatus of the 1r1ventren,t"'
FIGURE | dlscleses the stand pipe 30 of a conven-

upper end of pipe 30 a water cooled mountmg disk 33

' :': is attached as by brazing, and a sealing ring 35 is seated
45 in a recess on the upper surface of the disk. A support

| eptrcal pohsh 011 the surfaees O -.ring 37 is attached to disk 33 by means of screws 33.-

A base member or plate 46 is meuuted in the center of

suppert ring 37 by means of screws 41. As shown best

in FIGURE 2, the base plate 49 has a central aperture

43 and two 31de apertures 44. In addition, the plate 40
has a central seating recess 45 and an annular recess in

which sealing ring 47 is positioned. = A coil of tubing 48
~ encircles plate 4@ 111 the area of seal 4’7 to perrmt ceehng

~ of the seal.

A platforru 50 is mounted on support ring 37 by means -

| 'ef three rods 51 which are attached to ring 37 by screws -

52 and the platform- 50 by screws 53. In turn, platform
50 supports a conventional hydraulic eyhuder and piston

unit 55 by means of three rods 56 held in place by screws

57. The cylinder and piston unit is connected by pipes
69 and 61 to a eouventlenal hydrauhe pumprng system-;_

- A piston rod 63 ea:tends dewu from the umit 53 and is

threaded into-a eouaphug 64 and fixed by lock nut-65. A o

| 65

rod 67 is accurately guided by a bushing 69 which is
- mounted on platform 58 by screws 78. Rod 67 fits into

~ coupling 64 with considerable play in order to accom-
- modate any- misalignment between bushing 69 and the

TO-

“piston rod 63.

A couplmg 72 is myounted on the end. of
rod 67 where it is held in place by a screw 73 which en-

 gages a recessed wall portion 75 on rod 67. The rod 67

Referrmg to the drawmgs in more detaﬂ FIGURE 5' -

| Altheugh a. specific tube has been d1selosed for con-
venience in describing the apparatus, it will be under-' |
“stood that other. tube couﬁguratrens can be made by
‘the invention. -

‘At the .



o ‘ingof the aer-,tlrurr T1NgS. -

""thereof Radio frequency current is passe |
S Teoil 85 ‘and: coolmg ‘water is 4passed therethrouﬂ'h ~The
" coil is arranged to move. up and. down with. the . eylmder,
. as will now be described. .
w '._-'-‘-‘"'-.__*-.”materral is split at one eud and. clamped to coupling 72 -
. by means of screw 88. The ends of the coil 85 are at-
e "-;"‘-"‘taehed to platform 87 to support the coil and are provrded
_.fi""_'f---'_-_W1th fittings 89 for connection. to ﬂearble Water hoses.
-~ .The ends-of coil 85 and the ﬁttlng are joined to metal -
7 plates 90 whloh are attached to platform 87 and to which
T U flexibles copper etrap leads- 91 are attached by screws.92

o The leads 91 are connected to a. oouven—-._
.+ tional source of radio frequency power -(not. shown).
e -T.le structure thus’ far described provides the operatmg_.
. mec hanism for rualtrng a'tube ‘according to the invention.
. The remajning structure shown within the cylinder 80 in
:_-".PIGURES 1 and 2 consists of the tube and the jigging
Cosh s for it
S be seen best in FIGURES 2 and 4 that the titbe parts are -
-+ loaded in a cylindrical jig 94. having a central bore 95 and
R 'The grooves 96 must be at least
S0 equal e nurnher to the ~numbe1 of Tows of terminal tabs -
7 onthe tube, ‘assuming of cotirse that the tube under con-.-
. wstruction has this type of terminal arrangement. -
~ .. -be seen-in FIGURE 4 that jig 94 has four groovee 96
R ._.j-;_-"-__;whereas tuihe 10 has only two rows of terminal tabs. -
. two extra grooves are desirable for free passage of air -
-"ffrom the tube to the exhaust chamber
7of dielectric material such as ceramic. | -
. o The jig 94'is supposed on'a Cylmdrreal stand 98 Whroh'
s received in the seatrug recess 45 in plate 40. A short
"'elevatmg ring 100 is received in the upper end of stand
o 98, ¢ A pressure ting 182 rests on the top of the tube and
..~ isprovided with a central bore 103.  Ram 82 is provided - _
. with-a tapered tip 104 which engages the rim of bore 103
S0t dssure ‘even apphcatlon of pressure. |
" rings 100 and ‘102 are made of cér amic or other dieléctric -
R '-'materral +havmg high strength and Tow heat eonduotmty
- Jig 94 is provided with two apertures 106 opening.

~ (FIGURE 3).

S __-:'%Ilongrtudmal grooves 96.

- . " T, ' '
HEC R ! . ' ' .
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'
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the reeess 75 is provrded §0° that the SCIEW - ’73 wrll uot;-r-' ”
AN ;}__1 oughen the accurately machined portron of the rod, o
© - :The lower end of eouplmg 72 has a recessed portrou_'_ -

e -"lrned with two seahng rings 77 and 78 (FIGURE 2).
- cooling tube 79 is attaehed tocoupling 72 to preveut heat—l ‘5

- A glass.cylinder.80 is held in the
- endof ‘coupling 72 by frrettoual engagement with sealing -
.. rings 77 and 78, A ram 82 is held wedged between the
TN "---'reoessed end of eouplruar 72 and the upper end of cylinder
.7 -80. Ram 82 is made of ‘ceramic or other dielectric ma-.
'--_""terral havmg high strength ‘and low heat eouduotrwty

A tubular coil 85 surrounds eylmder 86 ahout the center

“'The tube 10 has talready been described. Tt:will

Jrﬂ-‘ 94- 15 made

SRR ratus in the manufacture of a tube will now be. explained.. -~
. " FIGURES 1 and 2 show a tube 18 positioned inside the =~
“: .. vacuum-tight chamber formed by the base member 40. in
.. -cooperation with the wall structure ooruprrsmg eyltuder
- 80 and couplmg 72. - Naturally, the first step is to insert
. the tube parts into. the vacuum ehamber
e tubes =parts such as parts 13-22, are - loaded into: the jig,
.+ -such as jig 94, before plaemg the jig in the vacuum. cham- -
e bel‘
o iring 1@@ jig 94, the tube parts, and ring 102 outside the -
. © vacuum chamber and insert them as a unit,
. -'-_"-_V”'apparent from FIGURE 1 that by operating the cylinder -
..~ and prston unit 55 to raise plstou rod 63, the glass eyulrnder'_

In (praetrce it is “desirable to assemble stand - 98,

30 can thereby be l1fted S0 that 1ts bottom edge 1s above

along the

It Wl].].'_.

The |

B Thef

Preferably the

A platform 87 of .insulating .

45

-Stand 98 and the

60

“ployed.

~cathode.

. . ' . . "
) ) . ' oL . ' . . L . . .
R v L . . ) . L ' e _ )
. . . ' . [ .. i Lo . . <o .o . . . .
- . . L ) - VLt . - - '
' . . o . , . ' '
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'
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the [posrtrou of rrug 11.02 to pemut easy 1nsettlou of the_:_-""-".;_

" tube and associated ceramic parts 98, 180, 94 and 162.
o After the tuhe and assocuated ceramic parts have been.-' .
placed in processing posrtron with stand % eeated in reeess-_ o
435, the ends of heater leads 108 and 109 are inserted -
'.-through slots 106 so that the contact fingers, on the leads =

engage the heater termrnals 118 and 317", Wext, the

,}]eylruder and piston unit 55.is operated to lower the glass
- cylinder 80 until its lower end makes sealing contact with
sealing ring 47 ‘but before ram 82 makee eontaet wrth rmg.'_,z" -
""'-__192 as shown in’ FIGURE 2. - . I

~Next, the stand pipe 38 1 is oonneeted as by surtable Valv-:_ | '

mg, to a 'conventional vacuum: system to obtam a vacuum -
- In the cylinder 86 and hence within tube 10. - At this point -
it should be explained that the. separate- metal and ‘metal-
| 12;ed ceramic-envelope parts have eealmg surfaces which
- are not provided with an optical finish. ~ In faet the seal-

mng surfaces which are pressed together need not be pol-.. -
] rshed at all, although coining to obtain flatness is désired.

In addition to saving the- expense of optical polishing,

the use “of sealtug surfaees which have a finish. rougher
o _l-'.than an"optical -finish permits the tube to be qurekly and.
fully pumped in a vacuum chamber without resorting to -
some means for holding the sealing surfaces separated
during pumping. It will be understood by- those skilled
-~in the art that if the sealrug surfaces have an. optical
'*-_'-polreh they will fit so. closely together that the paesage:_'?;;;"’-j'
- of gas therebetween will be at best so slow as to requlre L
-an unreasonably long pumping perlod R
After connecting the vacuum ohamber to the pumpmg -
~ system, the tube is heated and allowed to ‘outgas for a.
‘period eommensurate wrth its ‘size. SR
‘desired to emphasize the fact that the heatrng is ac-
- complished by inducing. a radio frequenoy current: di- -
~rectly into the metal: portions ‘of the tube. |
“to any- beneficial effect the hrgh frequency current. may -
~have in the: aottou which causes: the: sealmﬂ' surfaces to o
- bond together upon the application of pressure, the direct: =
induction of radio’ frequency current eliminates the pro- ..
longed heating and cooling period -which would be re-
- quired-if -a couventlonal oven type of heatmg were. em-jr_.-’_- o
| In this connection it should be understood that =~
- one-'of the reasons for making parts 98, 1¢0, 102, 82,
-and particularly jig 94 out of . dielectric material is so
that they will not prevent or diminish the induction of -
- R.JF. current in the metal parts: of the tube.

“ . the vacuum, -as otherwise: omdes Would form- and deetroy.-_._
the toleranees for parts 98 1@0' 1@2 1@4 and partloularly S

94, |

55

. formrug temperatrure

65

~When forming of the eathode and outgassm has been e
S completed the next step. is to make the pressure seals.
- The pressure seals are made by operating the cylinder
and piston unit 55 to move prston rod 63 downwardly e
until ram 82 engages pressure ring: rea ‘with sufficient

- force to apply to-the sealing surfaces a unit pressure |

substantrally in excess of that which would be provided by ..

70
It will be

exposing the outside of the tube to atmospheric pressure
with a vacuum on the ruerde

At thrs Poutrt 1t 18

In addttrou- S

S1m11ar1y, R
it will be appreciated that the elimination of metal as o
“the ‘material for parts which are eub]eet to ht,,h tempera-
ture makes it- possible: to raise oylmder 80 immediately -
after forming the “pressure seals. o
SR . 1t-would be riecessary to have a eoolmg perrod mthm
SRR into diametrically opposed recessés 96 so that electrical =
-7+ connection can be made to heater tabs 17 and 18, |
7 connection - is made by leads 108 and 169 which: pass .
'through aperture 44 in plate 40 and are counected to ter- .
. 'minals110 and 211 (FIGURE 1) which are mounted on -
L but msulated from stand pipe 30. The upper ends of o
‘-_,-;5{-=~_;-:'ﬁleads 108 and- 169 are provrded ‘with contact ﬁngers
= ‘which: pass throunrh apertures 1@6 aud eugage tabs 187 -
’?-?'l_z-_"-_;:;and 17, 'respeotlvely e
' The method of usrug the herembefore descrrbed appa—-_

“If metal were used___“:"':";“

Durmg the outgaesmg pertod an},r requlred oathode.._ o
. forming is accomplished.  ‘The particular tube shown in .
the drawings employs a. eouventroual ‘oxide coated--.*-_';:-
Formmg of the cathode is accomplished by . -
~applying power to the leads 168-and 1@9 which energizes -
the heater to the exteut uecessary to rarse the oathode to

Tt should ‘be understood -
" that evacuation of the vacuum chamber and induction -

heating of the sealing eurfaeea are ‘continued ‘when the
~ sealing pressure -is apphed After the sealing . pressure -
- has been applied and a vacuum - tight seal has been -
formed the hea‘turﬂr ourrent in eod 85 is eut off stand_. R



plpe 3@ is dlseonneoted from the vaeuum pump, eylmder |

80 is. ra1s,..d tube 1¢ and jig 94 are removed from the

vacuum chamber aud ﬁnally the tube is removed from |

the jig.

Although the exaet nature of the sealmg aetlon may |
~ not be known with provable certainty, it seems reasonably
" clear that the practical success of the pressure sealing -

‘method of this invention depends primarily on the fact -
. that the metal surfaces to be sealed together are heated
- in- a vacuum prior to the application of pressure and
are not handled or removed from the vacuum between
. heating and the application of pressure.
that metal surfaces to be pressure sealed must be .almost
“entirely free of dirt, occluded gases, oxides and - other
One of the best ways of accomplishing’ such

o -1mpur1t1es
_' _roleanmg is to heat the: surface in a uon—oxrdrzmg en-
vironment, as for example in-a vacuum ‘or iner{ gas.

Incidental to this understanding is the realization that the

The poin{ 15

10

15

~ method of the invention can be used to make gas filled "

tubes. employmﬂr one of the inert gases such as helium,
~or other gases stich as hydrogen where the other gas

~does not form compounds with any of the particular
- metals out of which the sealmg surfaces are made.

20

| Naturally, it is not only necessary -that the metallic

-sealing surfaees be cleaned some time’ prior to the applica-
‘tion of pressure, but they must also be kept clean be-
 tween the cleaning step and the pressure step. The
‘present invention provides the only practical method of
ely, the method of pressing
30

- mamtarmug cleanliness; na

- the metallic sealing surfaces tonrether in Ithf: same ehamber
~ in which they were cleaned.

‘Perhaps in theory, perfectly smooth, perfectly clean
metallic sealing surfaces would bond together in a-

___Ivaeuum tight seal without the application of any pres-

- sure.,

. Prowde a praetleal mass production method of makmg'

However, the -purpose of the invention being to

electron tubes does not admit of such perfection. Thus,

it is proposed that substantial pressure be used. One

purpose of the pressure is to overcome the lack of
smoothiess.

25

Clearly, if metallic sealing surfaces which

40
are not. perfectly smooth. are brought together, they will .

" metals such as copper

39 formed the longer will be the period for emptylﬂg the tube

~of the gases given off

thin.

meramte pleees 08, 1&0 102, and 82. There are two
‘reasons for preventmg a good heat conducting path one

is that it would be undesirable to drain heat from the seal-

ing surfaces at the exact period of sealing, and the other
~ reason is that sudden cooling of the tube eeramtes Would
- cause them to crack.

Utilizing the basic teachmgs of the mvent;lon it is pos-

sible by experimentation to determine the minimum tem-

peratures, pressures and duration of application which are

necessary to obtain satisfactory seals between the various -
materials which might be used. By way of example ex-

periments have been made with tubes which comprise the -

following envelope construction: a high alumina ceramic
“member such as rings 11, a conventional molybdenum-
manganese metalizing coating on the ceramic, and a nickel
layer forming a sealing surface plated on the metalizing
coating; a thin sealmg ring of copper; and a metal en-
- velope ring such as rings 13-22 of Kovar or nickel.
“metalizing, the nickel plating, and the copper rings do not
appear in the drawing because the invention is not limited

The

to any specific materials and because they are extremely

the metalizing and nickel plating are each only .0002 inch
thick. - Tubes having satisfactory seals with these ma-

' terials have been made according to the followmg Pro- "
_cedure utilizing the apparatus of the invention: Place the
" tube parts in the vacuun

chamber, exhaust the chamber,
induce R.F. current in the sealing surfaces for about three
minutes to raise the temperature of the surfaces to about
750° C,, lower ram 82 with sufficient force to deliver be-

 tween 111 000 and 18,000 pounds per square inch pressure
‘at the sealing surfaces, and maintain this pressure for
 about two and one-half minutes.

The cathode must be
formed prior to applymg pressure and the earlier it is

during forming.
- Not only are the method and apparatus of the lnventlon .

~ not limited to certain specific materials, they make it pos-

‘not be in contact over their entire surfaces but ouly at a

number of separate pomts

strength, they will very likely not form a. continuous wall,
or vacuum tight seal. The invention requires, then, that

enough -pressure be applied to assure sufficient contact

between the sealing surfaces to form a vacuum-tight. seal.

In addstron it has been found that the yield of good .
50

seals is increased if sufficient pressure is applied to ac-

“Although the points in con- -
tact may bond together to form a joint of appre(:lable_ :

sible to effect pressure seals even using easily oxidized

use copper, which is a desirable metal in electron tubes ?’

is made possible because the sealing surfaces are not re-
~ moved from the non-oxidizing environment between the
~_ time they are cleaned by heatmg and the time they are -
45 .pressed together. | | | - |
- Having thus described the mvenhon what is ela1med |

as new and desired to be secured by Letters’ Patent is:

tually cause radial deformation or extrusion of the metal

- in the sealing surfaces, or at least of the softer metal
ferent =
This 1mprovement is believed to be explainable

55

- 1. the sealmg surface’ where the surfaces are of di
- motals
~ by the theory that any surface oxides which might not
have been removed by the high temperature cleaning can
be broken up by deformation to expose clean . metal

- This theory also provides an additional reason for using

 metallic sealing surfaces having a finish which is rougher

than an optical finish, the thought being that surface
' oxides can be more easily ruptured when relatively. rough
 surfaces are pressed together than 'when optleally smooth

‘surfaces are used. |

. In connection with the applteatton of pressure, it should
_be.noted that the apparatus provides a very rapidly oper-
‘ating and simple arrangement.-
apparatus eliminates the need for complicated - bellows

arrangements by making the pressure exertmg means or -
~ ram 82 movable with the chamber wall 80. Thus, the
| 70
82 almost in pressure exerting contact, and the movement |
which removes the pressure of ram 82 also opens the -
ehamber so a finished tube can be immediately extracted.

- movement which initially closes the chamber places ram

It is also 1mportaut to note that when pressure is ‘applied
| to the tube 1t is doue with poor heat eonduetors such as

60_' said cylinder over a greater area than the area of contact o
between the cylinder and the first mentioned sealing ring

1. Apparatus for makmg pressure seals, said apparatus
comprising a base member having an exhaust aperture
therethrough, said member having a circular recess on one

~ side thereof into which said aperture opens, sealing ring
means in the side wall of said recess, a cylinder coaxial

W‘lth sa1d recess, said cylinder havmg one end receivable
in said recess in sliding contact with said sealing ring
means, a closure member for the other end of said cylin-
der, said closure member havrng a recess in which said

‘other end of the cylinder is received, sealing ring means

in the side wall of said recess in the closure member the
last mentioned sealing ring means being in contact with

means, means for moving said closure member toward

- and away from said base member, and a ceramic ram

65

More specifically, the

] projeetmg from said closure member toward sald base

member inside said cylinder.

| 2. Apparatus for making pressure. seals, said apparatus § h
comprising a base member having an exhaust aperture
_therethrough, said member having a circular recess on one

side thereof into which said aperture opens, sealing ring

" means in the side wall of said recess, a cylinder coaxial o
':"wrth said recess, said cylinder having one end receivable
in sald recess in sliding contact with said sealing ring

* means, a closure member for the other end of said cylin- B

der sard elosure member having a recess m which said |

For example, the copper ring 1s .003 inch thick and '

‘The advantage of being able to



Gther end of the cylmder is- 1'ecelved sealmg rmg means' |

'_ - in the side wall of said recess in the closure member, the -

- last mentioned sealing ring means being in contact with

<00 said. cyhnder over a-greater area. than the area of con- -
o tact between the cylinder and the first mentioned sealing

~ ring means; and a ram positioned within said ¢ylinder, said

3 Appamtus for malf.:mg pressurre seals compnsnp a

:_.;-_,-{_'

| '-ram ha_vmg a rim portion clamped between the end of . -
AR sald cyhnder and the end of sald recess. 111 the closure .

,"'-"basa member and said wall structure ‘durin ¢ the termmal-f

- said base mamber a ceramic ram. p051t10ned w1th1n said

- wall structure and movable therewith, “and said ram and
'jwall structure | being so connected that any movement of
. said ram toward said base member is necessarily accom-
R Pamed by movement of said wall structure - toward said -

. base member, and an mductlon heatmg cml surround—_'f
fmg said wall structure. e o S
4 Apparatus as - clalmed 111 Fr.:l::mn 3 m Wthh sald .

R portion of said movement of the wall structure toward = |

| :25

‘means for movmcr the Wall stmctunre relratwe to seud base.;_,_'
member  comprises an actuating unit having a ‘cylinder
“element and '@ piston: element, and connecting means <
]ommg said wall structure and ram to one’of sald actuat-..;ﬁ.f'-'_;_i_,j';.-
ing elements and joining Sﬂld base mﬂmber to 'the other-f-;
,-'__of said actuating elements. R RO e A S

5. Apparatus as claimed in cLalm 3 further complns-._"f Ul
ing a ceramic work supporting member seated on said
- base member and pm}e:ctmg :toward sald ram 1n31de sald_;"_:.ﬂi{:‘i
SR base member, a dielectric wall structure engageable with

.7 said base to f&rm a vacuum chamber having an exhaust

- aperture therein, means for moving said rwall structure
w7 toward and away fmm said base member, a Se»almg ring
" o engaging ‘'said base member and the side of said wall

. structure and forming a vacuum tight seal between said

wall structure.

6. Apparatus as clmmed in cla:zm 5 further 'comfprnsmﬂ_

a cylindrical ceramic work holdmt, ]1g mounted on. md_'-.'.-:-.[f___-;i-_'-

_work suppaolrtmg member

Rei’eremefr Cm.l 111 the ﬁle of thIS patunt
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