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My present invention relates to television
transmitting tubes and electrode siructure and
more particularly to methods of manufacturing
electrode structures suitable for use in tubes of
the low velocity electron beam scanning and
electron image types. This application is a con-
tinuation in part of my copending original ap-
plication Serial No. 357,543, filed September 20,
1940, for which application Serial No. 631,441
was filed November 28, 1945, as a continuation,
after which application Serial No. 357,543 was
abandoned.

In television pickup tubes utilizing high veloc-
ity electron beam scanning with optical or elec-
tron image projection on a surface other than the
surface scanned by the high velocity beam it has
been proposed to utilize double-sided mosaic-type
targets, as disclosed in British Patent 442,666,
Such target electrodes are exceedingly difficult to
coustruct, the task of forming a structure having
over 100,000 electrically discrete highly insulated
metal plugs extending through the target and
insulated from a signal screen embedded in the
target being a tedious and difficult manufacturing
problem. In addition, such electrodes, even
though prepared with exceptional care, produce
& spurious signal not representative of the elec-
tron or opitcal image, due to electrical or me-
chanical nonuniformities over the target surface.

In my above mentioned copending application
I disclosed a tube incorporating and a method
of manufacturing electrodes equivalent to dou-
ble-sided electrodes, which tube I claimed in
said application, and I will here set forth and
claim my previously described method of manu-
facture as well as an improved modification of
the method. The article produced by the im-
proved method will be described below in gen-
eral terms. A fuller and more detailed descrip-
tion of my new electrode structure is set forth in
my application filed concurrently herewith and
patented July 2, 1946, No. 2,403,239,

It is an object of my invention to provide elec-
trode structure for a television transmitting tube
having higher sensitivity and Iower distortion
than tubes constructed heretofore as well ag a
method whereby such structure may be manu-
factured with ease and at low cost. It is 5 fur-
ther object of my invention to provide methods

of manufacturing television transmitting tube 5

electrodes suitable for use with low velocity elec-
tron beam scanning which are capable of excep-
tionally high sensitivity with substantial elimi-
nation of all spurious signal, and it is a still fur-
ther object to provide such a tube and target
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structure therefor which is easy to manufacture.

In accordance with my invention I provide an
imperforate homogeneous target of electrically
semi-conducting or semi-insulating material
which is very thin in comparison with the elec-
tron beam diameter or picture element size, and
& signal screen electrode very closely adjacent or
adjoining thereto. Further, in accordance with
my Invention I provide a method of manufactur-
ing a target of vitreous material wherein the ma-
terial is stretched taut over a support member
which in one modification may be the signal
screen electrode. These and other objects, fea-
tures, and advantages of my invention will be
apparent when taken in connection with the fol-
lowing description and accompanying drawing in
which:

Figs. 1 and 2 are views of portions of the elec-
trode structure;

Fig. 3 is a greatly enlarged sectional view of a
bortion of a target structure and associated sig-
nal screen made in accordance with an improved
modification of my method of manufacture.

Fig, 4 is a section illustrating g modified meth-
od of applying the target film.

Figs. 5 and 6 show details relative to the mount-
ing of the glass film on the screen.

Fig. 7 illustrates a modification.

The target of my invention comprises a very
thin imperforate target sheet 19 of homogeneous
electrically semiconducting material, the prop-
erties of which have been set forth in my said
original application, and reference is made to it
for a disclosure thereof as well as for the manner
of utilizing the target. Closely associated with
the target sheet 19 of semiconducting material
and preferably adjacent or adjoining one surface
of the sheet I provide a signal screen 208 coexten-
sive with and very closely spaced with respect
to the surface of the semiconducting sheet. The
enlarged fragmentary section of Fig. 3 shows a
target sheet 19’ and a type of adjoining signal

creen 29’ more particularly described and
claimed in my currently filed application when
made in accordance with my improved method.

The target sheet 19 or 19’ as indicated above is
of semicenducting material and I have found that
the specific resistance of the material used should
lie within the range of 10° to 102 ochm-centime-
ters. Preferably an exceptionally thin homoge-
neous sheet of vitreous material such as glass
having the desired specific resistance and being
smooth and of uniform thickness may be used. I
have found that a thin sheet of glass having 2
specific resistance of approximately 5x10!° ochm-
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centimeters is suitable and the glass described
below which I have used may be formed in very
thin films.

In accordance with the teaching of my inven-
tion the semiconducting material -such -as glass
may be Blown to forin & very thin glass'filh which
is laid upon a metal suppo1tmg ring 2{, where-
upon it will appear as shown in Fig. 1 bulging
downwardly at the center. The ring 21 is then

placed in & furnace very carefuily and ‘carefully :

heated until the glass film is in a semi-molten

state, whereupon by surface-tension the bulging
sheet of glass contracts to form a-subStantially
plane surface. During the heating the thin glass
film folds down against the edges of the ring 21
as shown in Fig. 2 as the film'preferably ovérlaps
the ring. The film may be inverted and:placed
on top of the frame with'the bulge upwards when
placed- in the furnace as shown in dotted lines in
Fgure'4. The wire meshsigrial sereén 20 is then .
‘assénibled’ in very “close proximity to the sheét 19
stich as by aslip’; rmg construction shown in Fig.
2’ Whereéin - the metal riig 22 suppofts the signal
séréen’20. I have made such assemblies Wherein

‘tHe thitkness of the sheet of glass is less than .

0.0002"7, which' is less than ‘one-fotirth the thick-
ness of hiica ustally uséd for high résistance
types of ‘mosdaic electrodes.

‘“Wihile ‘dn electrode made 'in ‘accordance with

the method deseribed above'is ‘satidfactory wheén ..

‘the ‘electrode area is rélatively small, T have found
that a ‘glass “sheét ‘mourted néar a fine mesh
seréén -cannot readily be spaced close enough or
umformly ‘enotigh to provide g6od insulation and
‘signal stréngth ovér rélatively ldrge target areas.
Thus, it is especially difficult to maintain uniform

spacing bétween the signal screen 20 ‘and the
sheet |9 as shown in Figure 2 wheh the target
is‘to-be’ of relatively large area.

In ‘accérdatice with a inodification of the above
‘deséribed ‘émpodiment of my invention I utilize
the prmcaples of shrmkmg a thin sheet of glass
by stirface tension ovér a’ supporting member or
foundation and so pérforin the’ process ‘that very
shiall areas of the sldss sheet dre in contact with
the supporting membér which in this modification
may be very, small elémental areds of ‘the ‘sighal
géreen 20’. To’ provi’de uniform spacing when
Autlhzmg o sighal sereén of the type shown in

.2, it'is desirable to’ 101l tHe screen so that the 5

Wires of the 'woof ‘and the wires -of-the waro are
'substantmlly éoplanar. ‘In the improved modi-
fication, however, and especially where target
‘electrodes for use in tubes of the type shown in
iy said original application of relatively large
aréas: afe to be utilized, I have found that it is
desirable to utilize woven wire mésh which is'not
“rolled 'or at least is not rolled to any greatb degree
so that altérnate points of the wire of the crossed
mesh wirés extend above the normal plane of the
‘§1g1ial 'seréeén. Thus the crimp promontories of
the crossed’ ‘wires extend above the main body of
the'screen. ‘It is also desirable in this modifica-
tion of my invention to provide a thin coating of
‘vitreous enamel or other vitreous material on
the' side ‘of ' the signal screen adjoining th: thin
‘glass “sheet - {9 for the purpose of bonding the
‘sereéen ' to the shieet over the raised promecntory
‘areas, and’ to insulate the screen from the thin
‘glass ‘sheet. While ‘athin glass sheet ‘may be
fused “to* an enanieled rolled fine mesh screen,
the' thin glass ténds to be drawn into the aper-
“tures’and “become thickened in the apertures’ if
"the temperature of the firing exceeds a prede-
termined maximum. In addition the electrical
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‘areas between the erogsed wires.

4
properties of such a structure are unsatisfactory
especially where the wire screen is greater than
150 mesh per inch. While such an assembly is
satisfactory when utilizing a relatively coarse
mesh screen, such as less than 150 mesh per inch,

-the ‘sttucture is far fromm satisfactory when

utilizing a fine mesh screen, such as from 150 to

.950 mesh per inch. I have found that, when
“utilizing my method of shrinking the glass by
‘surface ‘tension, ‘the thin sheet of glass is sub-
stantially tangent to the surface of the woven

wire mesh at the crimp promontories. Thus, it

'is'important that ‘the screen following weaving

should not be rolled to the extent of flattening
the normal crimp that appears in the wires, in
fact,the existance of the crimp permits the glass

to touch-only at the crimp promontories and still

be spaced on the average far enough from the
signal screen to provide'the desired target capac-
itance as deéscribed’in my said original applica-
tion.

‘Following the weaving of the-wire mesh screen
to form the signdl sereen’ 20’ as'shown in Fig. 3,

‘tlie mesl is preferably immersed in a high'current

eleetiolytic ~étching solution ‘to obtain a high
polish on the niesh and to increase the interstitial
y , "Forexample, 2
230 1ésh per inch’ screen may be’ etched to about

"65% lighit’ transmission, the etching solution be-

ing ¢hosen with respect to the” parmcular metal
of which the signal screen is made. .I'have used
stainless steel wire mesh’ inasmuch as'its ‘coeffi-
cienit of expansion isssufficiently close ‘to that of
the glass, ‘alfhough ‘dn ‘even closér match be-

‘tieen’ the “coefficients’ of “éxpansion may be de-
‘strable to eliminate all erinkling '6f the glass upon

‘tooling,

The “etched ‘sereén is suppoited from 1ts two
opposite sides for exaniple on’a “tripod "and held
by suitable clamps’43'ds shown in'Fig. 5, so as to

‘form.a ¢ylindrical shape urideér the weight of a

¢ylindrical form such as “heavy. glass tubing 44

‘arid ‘the-seréén is then fired-in air.-in an oven,

while stupporting the glass tubing, at a relatively
16w témperature for a sufficient-léength of ‘time to
form- o light coating of oxide and to fix the shape
of the séréen.

"Pollowing the ‘firflng operation ‘the screen is

‘énanieled at léast -on the convex. 'side which, as

1atqr described, is the side next to -the glass
diaphragm wi’qhia jow temperature- high- resist-
ance enamel. ‘This ‘enameling operation-may be

‘performed by ‘a-spraying method -wherein -the
-enamel is suspended. in.a finiely divided state in

a suitable Suspending agent whieh is sprayed over
either one or both:sides-of the secreen. -The thick-
ness of the: enamel should be-insufficient to reduce
the’ hght transmission of the.screen below 50%

and hkewzse sheuld be.of insufficient-thickness to
‘destroy the erimp-contour -of the ‘woven wires.

I have- found-thickness of approximately .0001
to .0002-iné¢h. sufficient.to provide:a-gooed.-bond
betwéen the metal.and.glass-sheet -without -de-
stroying the crimp .confour. One .particular
eriamel which. I have found. satisfactory: is- that
of the following composition by weight.

:Percent

e e e e e e B Sl it o o S e i

-Following the application of the enamel to the
wire mesh, the wire mesh is fired at a sufficient
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temperature to vitrify the enamel particles and
to form a smooth coating over the-wires of the
screen while still retaining the crimped character
of the wire mesh. In this manner the crimp
promontories coated with the vitrified enamel
extend above the surface of the screen. A sec-
tion of thin glass which approximates the cylin-
drical contour of the formed screen is taken pref-
erably from a bubble blown from glass chosen to
have a soffening point somewhat above that of
the enamel. This glass is then sealed to the in-
sulated crimp promontories of the screen. For
use with wire mesh screens coated with the above
enamel a glass of the following composition is
particularly satisfactory wherein the percentages
are by weight: :

Percent

Na2G 37
L0 1
BaOs 16
AlOs . 2
Si0: e 44

'The thin glass section 45 from the cylindrical
blown bubble is laid over the enamsled surface
of the wire mesh screen supported on the cylin-
drical glass tubing Pig. 6 and fired in an oven
al or slightly above the softening point of the
thin glass, whereupon the surface tension of the
thin glass draws it taut over the surface of the
enameled screen. Since the enamel has g lower
temperature softening point than that of the thin
glass, it tends to adhere to the thin glass sheet at
the points of contact. such as at the crimped
promontories. The promontories tend to prevent
the glass from drawing into the intersticies of
the mesh and the firing is controlled over such a
short period of time or at such a low temperature
to prevent such action. Firing for too long a
period of time or at too high g temperature per-
mits the thin glass to sink into the holes of the
screen. The temperature and time control pre-
vents this unsuitable result. Following the seal-
ing of the thin glass sheet to the glass promon-

tories, the assembly is lifted from the section of

tubing and fAattened by firing it on a plane sur-
face at a relatively low temperature insufficient
to replastize the thin glass sheet. Due to the
xtreme thinness of the film and screen and the
heating,
plane surface, whereupon after cooling the as-
sembly remains flat and is ready for use.
Referring to Fig. 3 which shows a, structure
made in accordance with this latter method the
wires 49 are covered with the thin film of enamel
4! in such o manner that the crimped promon-
tories 42 are not destroyed. It will be observed
irom the fisure that the thin glass sheet 19’ is
in contact with the enamel screen only at the
crimped promontories 42 and that the enamel
4! has become sealed to the glass sheet. In this
manner uniform spacing between the sheet 19’
and the wires of the mesh is maintained even
over a relatively large area. .‘While I have de-
scribed an assembly wherein the wire mesh screen
may be coated over its entire exposed area with
a thin film of enamel, the use of such an insu-
lated screen requires the use of an auxiliary elec-
trode to collect secondary electron emission. In
the absence of a longitudinal magnetic field, such
as developed by the coil 41 (Pig: 7), the accelerat-
ing electrode coating 48 may . serve to collect
secondary electrons developed by impinging pri-
mary electrons from the photocathode 49, If,
however, the longitudinal magnetic field pro-

the assembly sinks down flat upon the 5
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duced by coil 47 is utilized, I have found it de-
sirable to provide a relatively coarse wire mesh
sereen 48 between the photocathode 49 and the
target assembly to collect the secondary elec-
trons. However to avoid the use of such an
auxiliary electrode the signal screen 20’ of Fig. 3
may be enameled on only one side; that is, the
side adjoining the thin glass sheet. The second-
ary electrons may then be collected by the screen
at the unenameled side. : .

-*While I have described the use of an inter-
mediate thin coating of enamel upon the wire
mesh of insufficient thickness to destroy the
crimped promontories, the thin glass sheet may
be sealed directly to these crimped promontories
without the use of such an intermediate enamel
film. For example, the above steps may be per-
formed with the exception of those relating to the:
application and firing of the enamel, thereupon
the thin glass upon firing and shrinking by sur-
face tension becomes' attached directly to the
crimped promontories which are of exceedingly
small area in comparison to the elementa] pic-
ture area. Such electrode structure, however, is

5 more difficult to utilize, inasmuch as the glass of

the sheet 19’ is of relatively low electrical resist-
ance and it is therefore necessary to provide
substantially uniform electron beam velocity over
the entire scanned areas. '

The target, whether of the form shown in Fig.
2 or that shown in Fig. 3, is supported in the tube
as described in connection with my said original
abplication and in operation high velocity photo
electrons representative of an electron image of
the picture to be transmitted are focused on the
rear surface of the thin target sheet to form a
positive electrostatic image on this rear surface
by secondary electron emission. Other methods
of forming a positive electrostatic image on the
target sheet may be utilized, such as by scanning
the rear surface of the sheet with 3 modulated
high velocity electron beam or by providing 3 dis-
continuous coating of caesium or other light sensi-
tive material on the rear surface of the sheet
which, by emission of photo-electrons, forms an
electrostatic image consisting of positive charges
representative of the optical image to be trans-
mitted. Thus in the latter case the light from
the object may be focused directly on the rear
surface of the target sheet 18.

An electrode structure made in accordance
with my invention may be distinguished from
the conventional double-sided type of mosaic
such as the type described in my U. S. Patent
2,213,173 in that I provide no conductive plugs
extending through and insulated from a wire
mesh screen embedded in high resistance insula-
tion such as vitreous enamel. In this type of
construction it is necessary to provide excep-
tionally high resistance between the plugs and
the embedded screen for the express purpose of
preventing electrical leakage between the plugs
and the screen. In my improved television trans-
mitting tube I avoid the difficulties attendant up-
on the prior art structure by wholly eliminating
the embedded screen. I have found it disadvan-
tageous to provide any good metal contact be-
tween the semiconducting target sheet 19, which
must be homogeneous, and any other electrode
in the tube such as the signal screen 20. As in-
dicated above, this desirable feature is obtained
either by supporting the signa] screen 20 out of
contact with the glass sheet 19 or by providing a,
thin coating of high resistance enamel between
the-screen and- glass sheet, The signal screen
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207 must; therefore be and. is substanfially insu-
tated: from the. sheet 197 so that. electricall con=
tacts between the signal screen: and: the sheeb: 48/
are. g minimum. My invention is: further- dis-
tinguishied: over the. prior art whichr utilizes a
mica: foundation. for a.mosaic electroder or” any
othrer: insulation: having high electrical:resistance
_such: gs mica which is of the order:-of 102°-ohm-
centimeters; My’ invention: should. therefere: ot
be confused with tubes using these types-ofielec~
trodes. In. fact, I have attempted. to operate
tnbes of this type: wherein: the: target: consisted
of a mica: foundation scanned:on:one side by @
low: velocity electron: beam) the -electrostatic
imzge: being formed on. the. opposite: side: and!
Yeve found that such tubes will not-operate: with:
& low velocity: electron: beam because affer a.few
seansions: of the: beam; elemental areas of the
target: hecome charged up o the secondary’elec~
tron: collector potential thereby preventing: any:
further operation.. With: my: new: and: improved
tube, however, I have obtained: fiom:31to L0-Himes.
the: sensitivity: usually obtained in tubes. of the:
“Orthicon’” fype as described. in: UL 8. Patents
2,213:174~6 which;, in: turn; are from: 10! tor 50
times' more: sensitive than the conventional
“Iconoscope” which: utilizes a higir velocity elec-
tron: beam: Consequently, the television: trans-~
mitting tubes utilizing electredes made: i ac-
eordancewith my invention when utilized imcen-
junctienr witlzlow: velocity electron:beant scanning:
have: produced. sensitivities. of the order of: 30 to
500:times the:sensitivity-of the well-known Icono-
scope type of tube..

While I have indicated the preferred. embodi-
ments: of my; invention and have indicated the
specific. application: as: directed to:the production
of electrodes. for cathede ray: television: fransmit-
ting. tubes;, it will be: apparent: that my inventiom
is by: no: means-limited: to' the purpose’ of: tele~
vision-transmission and thatmany variations:may
be:made in. the particular metHod. and:structure
disclosed: without departing: from:the:scope of'the
invention as.set. forth in the appended claims:

I claim:

1. The-method:of manufacturing;a:target elecs
trode for a: television: transmitting tube compris=
ing:forming: a-bubble-of vitreous;materigl, cuttilig
a.section of film therefrom; supporbing said: film
on g horizontal frame, heating: said film: and
frame:-while said frame-is:;in:a.horizental position
to: @ temperature sufficient. to render said film
semiplastic, and maintaining said: temperature
untilithe surface tension of said:vitreous material
causes:said film- to: contract and tighten: onisaid
frame:

2. The-method:of manufacturihg a:target elec-
trode: for- a: television- transmitting: tube. which
comprises placing a thin non-planar film.of vitre-
ous. material: over a: horizontgl suppeort hawving
areas.to-which said film muay-be-sealed;. and:heat-
ing: said film. and support to' 2. temperature: at
which it becomes-attached:to said horizontal'sup=
port. and. at which. the. film: material is- plastic
and’ the surface tension of the: film. material
causes.the film to flatten.

3. The . method. ofi manufacturing a target elecs
trode; for a. television transmitting tube com-
prising heating a-thin. film. of vitreous material
in.contact with a horizontal supporting member
to. cause said: vitreous. material: to. becoms. at~
tached:to said.member and continuing the:heat-
ing: until. said: film shrinks-by surface tension: to
become taut over said member..

" 4, .The method:of manufacturing a target-elecs
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trode: for a. television: transmitting: fube: compris-
ing Reating a:vitreous materiali to: a. temperature
2t which: it becomes: plastic, blowing. a. Bubble: of
the. vitreous; material, cutting @ section: of. film
therefrom; heating the thin film:of vitreous mate-

rizliin: contactwith:a. horizontal supporting mem-
pertio the softening temperature of said material
and: continuing: said: heating: until said. film: be-

comes: attackied to seid: member and. shrinks: by

: surface tension:to become: taut.

5. The'method of manufacturing a targetielec-
trode adapted: to:beiscanned by an electron beam:
comprising: heating an apertured’ crimped. wire
mesh screen’ in. Korizontal contact. with & thin
vitreous: material: it until the- fiim: seals: toand
becomes taut over the said screen: and: discon~
tinuing said heating before the film becomes suf-
ficlently soft. to sink into and become thickened:
in the apertures.of said screen. '

6. The method of forming a target. electrode
adapted to be scanned by an electron heam com-
prising supporting a non-planar thin glass film
in contact with an insulated woven mesh founda-
tion;. said: foundation having regularly spaced

. promontories’ over one- side’ thereof and being

horizontally: disposed, heating the filnr and con-
tinuing- said’ heating until’ said film becomes
sealed’ at -said promontories substantially-tangent
to-thie horizontal surface of said’ foundation.

T. The> method’ of forming a target electrode
adapted to-be scanned by an electron bBeanr.com-
prising; coating one side of a woven: wire mesh
screen with:  thin filin: of electyically insulating
material leaving the apertures of said screen un-
filled:. supporting: o thin glass film on: said. insu-~
lated® screen and heating said screen until the
film adheres: to small elemental’ aregs. over the
surface of said insulated’screen and becomes taut
by surface tension.

8: The method of manufacturing a.target elec-
trode for television transmitting tubes: compris-
ing supporting: o thin' glass film.on a horizontal
support member; heating said film and said'mem-
ber until said: film becomes. semi-plastic and be-
comes-sealed to said member. and:continuing:said
neating until the filmr shrinks by surface tension
andbecomes-taut and substantizlly plane between
separated points over the surface of said support
member.

9. The method of attaching a. thin. glass film
to g wire' screen,. comprising’ forming the screen
into a. cylindriegl surface; placihg. it oni top of a
eylinder with the convex. surface of the screen
extending upwards, placiitg the thin glass. film on
top- of the' screen; heating the screen.until. the
glass' film conforms' to the. shape of’ the screen,
fuses thereto andbecomes taut by surface tension,
cooling the' film' and screen’ and reheatiitg on a
flat ‘support until the screen and’ attachied film
flatten out-substantially to a'plane.

10: The method’ of attaching a. thin glass filn
to~ g wire screen, comprising: forming the screen
into’ a.cylindrical surface; enameling the screen,
supportihg  the: screen with: convex: surface. ex-
tending upwards; placing the-thin glass flm on
top: of” the sereen, heating the film and’ screen
untii the glass film: conforms to- the shape-of the
sereen;. fuses: to: tHe: enameled’ eross-over points
of. the: wites: of the screen: and becomes: taut” By
surface: tension,. cooling: the: filin: and:screen and
reheating om a-flat: support until the screen and
attached film: flatten: out:substantially to: a.plane.

11.. The'method of manufacturingatgrgetelec-
trode: for a- television: transmitting: tulle: compris+

- ing.placing. a:section of a-glass-bubble:on:a-frame
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and heating the glass section and frame to a
temperature at which the glass is plastic, be-
comes attached to said frame ang draws taut
thereacross by surface tension and cooling the
frame and attached film.

ALBERT ROSE.
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