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My invention relates to cathode ray tubes.- A
cathodétaytube comprises essentially-an evacu-
ated-envelope ‘containing.a source- of- electrons,

ordinarily’ a filament and an ‘anode charged pos-
-to- the filament. - The elec-
trons'in ‘moving: from the cathode to- the anode
give-Tise to"a “bundle of rays termed for con-
venience “cathode rays”. "The latter are capable
of ‘penetrating ‘materials to*varying- depths de-
pending upon-the specific gravities of the respec-
tive materials ‘and-the veldeity of the ‘electrons,
and are” useful “in ‘the 'arts for ‘many‘purposes,

such ‘s examining the genuinéness of gems, pro-

dueingacceleration of: chemical reactions; eaus-
ingJﬁziijticmar’_iphs’(sidogical effects, et - .
“+THeanode of a‘cathode'ray tubeis usually made
as & lohg’ h6llow: cylindér ‘5o that when. the elec-
tronsiare’ attracted thereto by the positive eloc.
trostatic ' field, the rays‘are: constrained ‘to pass
through the‘interior of the ariode from -which they
emeige’ into°the exterior spaces. The ‘outer end
of ‘theanode cylinder is-closed and hermetically
sealed by a window through which the ‘rays'must
travel. ‘Thé pieseént invention is ‘cohcerned with
the nature and construction of the ‘window, also
with the’ mariner'of  preducing an effective -seal
between the windew and the hollow . cylinder.,
The seal, produced ifi accordance with the inven-
tion, -described- hereinafter;’ is ‘so -effective that
the-cathodé'ray tube may be ‘permanently ‘sealed
from the»'pump»andnoper?.teq In this'manner,
- Various substances including metals have been
proposed for the window material but it has been
found -that” when this material is of - sufficient
thickness, considering its diametral size, to with-
stand & high'vacuum on otie side and atmospheric
Dressure on‘the other side; ‘the energy lost: by the
electrons ‘in: fraversing the ‘material ‘ is -consid=
erable. . Moreover, it s difficult ‘to secure a thin
windowto' the énvelope. of an electiic discharge
device and:this:difficulty is enhanced.as the de-
gree of: thinfiess. ‘approaches-that necessary to
allow ready propagation of electrons through the
window when:accelerated by g relatively low volt-
age; ‘The difficulty lies in the fact that heat nor-
mally._is.required to render the securing means
effective: and metal of extreme thinness readily
fuses. upon .the application of heat. The solu-
tion: to the problem would appear to Teside: in
providing the windows with sufficient thickness to
withstand the heat.treatment but in this case
the metal normally would seriously obstruct the
bassage.of rays.- It is known that the permeabil-
ity of.a given substance with -respect: to_cathade
ray penetration, i. e, the facility with ‘which the
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rays traverse the material is an inverse function
of its specific gravity so that many non-metallic
materials allow greater Tacility of electron trav-
erse -than the metals, However, the latter -are
breferable for window-
lighter metals, such as aluminum,wbery,llium,» on
account of their greater ruggedness in shéet form,
Notwithstanding the relatively low specific grav-
ity of aluminium, beryllium, hence, the compar-
ative ease offered to cathode ray ‘movement
therethrough; it has been found that when the
metal is sufficiently thick to withstand exposure
to heat and the pressure differential referred- to
above, most of the rays still fail to reach the
exterior of the window. ' Co
- -An object of the present invention is to provide
metallic windows for cathode and similar ray
tubes which are of sufficient thickness-to lend
themselves readily to the application of heat so
as 'to be secured to the envelope and sufficiently
rugged to withstand high bressure differentials,
yet not offer undue obstruction to the passage of
electrons therethrough. This object is’ attained
in brief, by utilizing metal of practical working
thickness, having relatively low specific gravity,
and providing the window with alternate ‘lands
and grooves which are cut to such a depth as'to
leave ‘between the lands, a series of extremely
thin portions through-which the electrons may
readily move. The thin bortions are flanked
along both edges with thicker portions .Which
serve as strengthening ribs and facilitate the con=
duction of heat through the material of the win-
dow. Another object is to Improve the technique
of hermetically sealing thin meta] windows  to
the envelope of cathode ray tubes. ; T
Other objects and features will be ‘apparent
as the specification is perused in connection with
the accompanying drawing in which Fig. lis a
view in perspective of g cathode ray tube pro-
vided with the improved window; Fig. 2 shows a
clamping device used in the breparation of the
window prior to sealing; Fig. 3 illustrates the
condition of the window after being removed from
the -device shown in Fig. 2 and g ring of solder
applied -thereto, as explained hereinafter; Pig. 4
shows a punch for pressing lands and grooves
in the window; Fig. 5 depicts in perspective a
hand-operated press which receives the punch
shown in Fig. 4 and with a window blank- in
place;" Fig. 6 illustrates g window sealed to the
tubular anode while Fig. 7 shows a modified con-
struction of the window and an alternative
method of sealing the same to the cathode ray
tube. -
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Referring to Fig. 1, numeral | designates a
highly evacuated envelope containing a filament
2 and the usual focusing cup 3. ‘The anode
consists of a relatively long hollow copper tubing
5 sealed intermediate its length to the envelope
by means of an ordinary sealing cone 8.
anode is terminated by a metal window 7 im-
proved in accordance with my invention. The
manner of operating a tube of this sort is well
knowrt; - It is sufficient to ‘state that when a
relatively high voltage of proper polarity is im-

pressed between the cathode and anocde the elec=*
trons emitted by the filament are accelerated:

with high velocity toward the anode and travel
through the tubular electlode as-a beam Whlch
emerges from the window T.

The window may consist of light metal stock
such as aluminum, as pure as possible, of:one-
half mil or other suitable thickness and is char-
acterized by a series of parallelly arranged lands
and. grooves. - It is apparent that the desirable
thlckness of window depends. not. .only on.its di-
am@tral size. apd. the pressure.differential, but
is also a- functlon of the voltage applied:;to.-the
tuberand in the case of extremely high voltages

y. be fairly large. The grooves.are formed
pzqfqra.bly by .2 stamping or pressing opezation
and fog, thl,s purpose &-press-or punch member 8

lg 4) may be prov:uded thch termingtes. in a
cox:r ated surfage corresponding tq the impres-
sions, desired in the window.- The.corrugated
§u.z;£ace advantageoqsly may CODSISthf alternate
grogyes of. rectangulay shape with -adjacent pro-
dections alsg. rectangular, although.it will be. un-
dersf,ood that any conﬁgura.tlon of ‘groove.. or
mcuqctuon may :he employed ., There is a thick

nggta} gnq member g fnctwqauy secured to the
punch 8, the purpose of. which will be explained
pregently.

The fa.bncatlon of the Wmdow and the pre—
ferred ‘mode of sea.hng the same to the tube is

‘follows; the window. blank is:cup from alumi-
nun; ‘sheet stock.and a’ ring of solder:9’, (Fig, 2)
anpliéd oyer that portion of the window sur-
face. whlch is to..confact with the, metal of the
""" Aluminum soldex, without a flux is used
for. fhas purpose. and;. a,pphed .as: a_ very_ thin
layer fact, so thxn that the operatmn may be
cons'ldeled purely 25.a émnmg or plating, process.
Tihe use of flux is. dehbera.te]y avoided, so-as-not
toAg‘r,owde the slightest source of qarmsmn, with
p‘pss’ble ai léakage, when the window. is. affixed
in. place Due to the thmness of, the alummum
piéce, if. is not. feasihle to play a Bunsen flame
dfrecﬂ’y qn the material since the metal may
mielt ‘bt I have, found it practical.to, employ an
indirect method of heatmg the, wmdow The im-~
proved method utilizes a block 10 af any suitahble
metalt upon which the thin metal Jpiece is placed
and. held in posmon by any convement form.of
clamp (1 so that the fAame may be directed -on
the lock and the heat communicated to, the
window. by conduction. For convenience, the
block 18 of the clamp a.rrangement may be slidab-
ly supported on a metal base 12 and provided with
rods. {3 which serve as handles in rotating the
block 5o a5 to present fresh surfaces-to be heated
by. the burner {4, The clamp K comprises a ver-
tlcal rod, 15 free to move in a pair of bearings (6,
the-latber being held rigidly by screw clamp sup-
port, IT. 'The rod is forced downwardly by g
compression spring {8 which seats itself between
the upperrbearing-member {6 and an adjustable
collary {9. The window is placed: in, the Lilock {0
by pushing the rod {5 upwardly against.the
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force of the spring. After being positioned on
the block and before the solder is applied it may
be desirable to clean the metal, particularly in
the case of aluminum by briskly rubbing steel
wool or other abrading material over the surface.
The Bunsen flame is then directed on the block
which may be rotated by means of the handles
{3 and solder from a stick 20 applied simultane-
ously tor the upper surface ‘of ‘iheiwifidow. The
excess solder may be renioved by rubbmg‘“t’he sur-

,face again with the steel wool while the solder

is in a melted condition. The window may now
be .taken::from the clamp and soft solder 2!
melted .over the ring of aluminum solder, as
shown ‘more ¢clédily in Fig. 3. The solder 21 is

“gapplied w1th the minimum amount of flux and

such flux a§’is necessary is of the non-corrosive
kind. The window.may be provided with grooves

and projections and for this purpose is placed in
-2 hand-operated press (Fig. 5) or similar ap-

paratus which-has:an upper movablesscrew mem-
ber 22 and-.& statmnary base: plate;23. . ‘The.wins
dow:blank: may rest on a metal- -block. 224 -which
preierably has a. ground and polished. uppex sur,
face. The punch 8 shown in Fig. 4-is.then-placed
between: the ram, 2¢ and. the blank; with the cors
rugated. surface;ofthe punch pesitioned.next to
the blank and: the screw 22 rotated; . The down-
ward pressure. on the punch leaves-an: impression
on the window ma«.erxa.l correspondlng 1o therpor~
rugated surface of the punch which in the case
of. rectangula.r lands..and ETOOVES CaUses: & Sub~
stantlal thinness of the metal. at the bottom of
the grooves and forces this metal. -Inte.the ads
jacent pro:ectlons Durmg the pressmg&pmcgss,
the. lower, surface, of ring 8:lies Aat. against the
wmeWr and prevents bucklmg of, the Ahin.mates
rial., The initial vertwal ahgnment,oi the;punch
dumng thls operatlon ds;net critieal because ithas
been found .that when pressure -is applied-to.ihe
punch causing the metal -of the window: te: fcald
flow” outwardly, the. punch, tends) autoa;atxgally
to align.itself in such: a manner that. 4he: corpue
gated. surfaae Iies. substantla.uy parallei m +he
plane of:thewmdowblank R T T R RTIP P
.. The effect. of the grooving operation; 13 (:o pre-
sent aiternate .portions-ef thick snd thin sections
of metal {0 ithe. cathode rays and i, isr ohviotts
that the. wxdth -of -each: groove: or,thin.portion
should be, as. great :as-is consistent with, the-me«
chanical strengbh provided, by the: -adjacent :pras
Jections..or ribs.. The latter. serve:not only. to
strengthen but also- to- facilitate the, cconduetion
of heat through the material of. the window.. .. dn
order to lend: optimum .strength,_and heat.pone
ductmn tothe, window: without affering.severe-ob-
structlon to- the cathode -Tays, therectapgular: pPro-
Jjections advantageously may be of: ohlong:cross-
section -of which -the:shorter; sidedliesralong: ‘the
main; portion: of; the: window:-and the longer; side
extends normal. thereto. " The:iribs: ate: interrd}
with the - window and:present.an.“all-metal® high
conductivity -path- to: the-heat:: -generated: iy the
window by the impinging: electrons; therribsalso
offer a large sectionf-thru:whiclrzthéiﬁeatiﬁlawbe
canducted ‘to: the contiguous: window:: frame,
When aluminum is: used: for windovws:materfal;:it
has.been found practical to-have.the grooved
portions:in: the: aggregate extend overmore than
two-thirds of: theientire active: widthsof: thé Wit
dow. : The window is now ready for sealmg ﬁb
the ancde.

- As:shown:in Fxg 6 therlatter'ls prmded‘withxa
cap plece ‘25, of ‘copper which ‘is securadsto: the
anode byhard: silver:solder 26 and Has g osntiul
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aperture 27. The window is pressed with the
soldered side against the cap piece and a small
flame played about the periphery to melt the
solder 21, thereby hermetically sealing the win-
dow fo the cap. Solder may also be applied be-
tween the inner surface of the window and the

- outer periphery of the cap piece as indicated by

reference character 28 which, in addition to the
layer of solder 21 holds the window securely to
the anode. The solder 28 is applied with the
minimum amount of non-corrosive flux as in the
case of solder 21.

The tube may then be finished and exhausted
in the usual manner. The grooved portion has
a diametral size corresponding to that of the
aperture 27 so that the cathode rays which go
through the opening are obstructed in a large
degree only by the thin sections of metal. In
the case of parallel grooves, the cathode stream
emerges as sheets of rays in parallel planes and
separated from each other by the thickness of
each land or projection.

As a modified construction, I may employ the
arrangement shown in Fig. 7 in which the win-
dow is obtained by counter-boring a solid alumi-
num or other light metal member 38 and leaving
a thin section of metal 31 which is attached by
butt-welding to a heavy flanged cap piece 32 made
of copper and secured to the end of the tubular
anode 5 by solder as in the previous construction.
This modification offers some advantage over
that shown in the other figures in that the win-
dow is an integral part of the cap member and
the rings of solder 8’ and 21 are not necessary.
Moreover, the solder which secures members 5
and 32 together is far removed from the window
position.

While I have described my invention more par-
ticularly with reference to aluminum, it will be
understood that the process of grooving or other-
wise producing thin localized sections of metal to
offer facility of traverse to an electron stream is
applicable to all metals, also to non-metallic ma-
terials. However, I prefer to employ metals, par-
ticularly those of low specific gravity on account
of their ready transparency to cathode rays.

It is evident that my invention is not limited
to any specific form or shape of groove but in-
cludes surface indentations and deformations of
all kinds and shapes whereby certain portions of
a window which ordinarily would be impenetrable
to cathode or other rays are rendered penetrable
in a substantial degree.

In will also be understood that the use of inte-
gral ribs and projections for strengthening the
window, as described hereinbefore, does not pre-

clude the employment of additional supporting .

structure where necessary in the case of large
windows. Indeed, the ribs, particularly those of
rectangular section, lend themselves readily to
the use of ordinary supporting grids which may
abut that surface of the ribs, the furthermost re-

3

moved from the thin portion of the window. An
extensive window may thus be supported in two
lateral directions, if desired, in one direction, by
the parallel ribs and in another direction, prefer-
ably normal thereto, by the grid on which the ribs
rest. Purthermore, the invention is not limited
to cathode ray propagation but is sufficiently
broad to cover electrical rays of all wave lengths
including X-rays, also alpha rays, which have to
pass through a window of a tube in which such.
rays are generated.

What I claim as new and desire to secure by
Letters Patent of the United States, is:—

1. An electric discharge device comprising an
evacuated envelope, a cathode and an anode
therein cooperating to produce cathode rays, a
metal window secured to the envelope and elec-
trically connected to the anode, said window be-
ing a single sheet of material provided with alter-
nate and integral relatively thin and relatively
thick portions, the thin portions allowing ready
penetration of the material by the rays.

2. An electric discharge device comprising an
evacuated envelope, a cathode and an anode
therein cooperating to produce cathode rays, a
corrugated metal window secured to the envelope
and electrically connected to the anode, said win-
dow being a single sheet of material and the metal
at the bottom of the corrugations being suffi-
ciently thin to offer the minimum practical
amount of obstruction to the passage of the rays.

3. An electric discharge device comprising an
evacuated envelope, a cathode and a hollow anode
therein cooperating to produce cathode rays,
said anode terminating in a metal window, said
window being a single sheet of material provided
with parallel lands and grooves of rectangular
section, the thickness of material at the bottom
of the grooves being sufficiently small to allow
ready passage of the electrons therethrough.

4. An electric discharge device comprising an
evacuated envelope, a cathode and an anode
therein cooperating to produce cathode rays, a
metal window secured to the envelope and elec-
trically connected to the anode, said window
being a single sheet of material provided with
parallel lands and grooves, and having a thick-
ness at the bottom of the groove of less than one-
half mil.

5. An electric discharge device comprising an
envelope, a cathode and a hollow cylindrical
anode therein cooperating to produce an elec-
tron stream, said anode being hermetically closed
by a window consisting of metal of relatively low
specific gravity and being a single sheet of mate-
rial provided with integral strengthening ribs.

6. A window for an electric discharge device,
said window being fabricated of aluminum and
being a single sheet of material provided with a
plurality of integral strengthening ribs.
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