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1

This invention relates to cathode ray tubes and
has particular reference to novel means of im-
proving the definition and contrast. of images
produced on the screens of such tubes.

In conventional types of cathode ray tubes such
as used in television receiving apparatus or sim-
ilar devices images are produced on a fluorescent
screen when the particles forming said screen are
bombarded by an electron beam and are caused
to fluoresce in proportion to the intensity of the
electrons of said beams. In such s device when
o fluorescent particle has been made to fluoresce
by the electrons, some of the light emitted from
said particle is reflected back onto the screen
from the surfaces of the tube face. This will
cause illumination of other particles of the screen
by the light so.reflected and produce undesirable
halations. Such halations tend to reduce con-
trast and defnition of the image formed on the
screen, .

Therefore, it is a principal object of this in-
vention to provide a cathode ray tube with means
for reducing halation by eliminating to a sub-
stantial degree the amount of light reflected from
the surfaces of the tube face onto the fluorescent
sereen. .

Another object is to provide means for reduc-
ing halation in a cathode ray tube by providing
the outer surface of the tube face with a reflec-
tion reduction coating for substantially decreas-
ing the amount of light which may be reflected
onto the fluorescent screen from said outer sur-
face and to simultaneously reduce reflections
from said surface caused by light rays from
sources outside the tube.

Another object is to provide the inner surface
of the tube face with a reflection reduction coat-
ing between the material of the tube face and
the fluorescent screen, which coating, due to its
natural characteristics, will considerably reduce
the amount of reflected light reaching the fluor-
escent screen.

Another object is to provide a cathode ray tube
with means on the periphery of the face portion
thereof .for preventing light rays striking sald
periphery from being reflected back toward the
fluorescent screen, said means being in the form
of a highly polished surface for permitting said
light rays to escape, or & jight absorbing coat-
ing on said periphery for absorbing the light
rays. :

z\nother object is to provide a cathode ray tube
with means whereby fluorescent material on the
tube face outside of the desired image area wi_ll
be prevented from fluorescing and causing possi-
ble additional halation within the image area.
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Other objects and advantages of the invention
will become apparent from the following descrip-
tion taken in connection with the accompanying
drawings in which: .

Fig. 1 is a side elevational view partly in sec-
tion of a cathode ray tube embodying the inven-
tion; i

Fig. 2 is an enlarged fragmentary- sectional
view of a portion of the tube face taken on line
2—2 of Fig. 1; S

Fig. 3 is a fragmentary side elevational view
of the forward end portion of a cathode ray fube;

PFig. 4 is a diagrammatic illustration of light
rays emitted by a fluorescent particle in accord-
ance with conventional prior art devices of this
nature; :

Fig. 5 is a diagrammatic illustration of effect
of the present invention upon the light rays
emitted by a fluorescent particle;

Fig. 6 is a fragmentary sectional view of a con-
ventional tube face adjacent the periphery there-
of; and

Fig. 7 is a fragmentary sectional view similar
to Fig. 6 illustrating a further feature of the in-
vention. -

Referring to the drawings wherein like charac-
ters of reference designate like parts throughout
the several views, Fig. 1 illustrates a cathode ray-
tube embodying a neck portion (8, substantially
conical sides 11, and a face portion 12 all of which
may be formed integrally of a suitable glass.
However, the sides |1 and neck {0 may be formed
of metal and the face portion i2 alone formed of
glass, if desired, whereupon the glass- must be -
suitably sealed to the metal. The inner surface
of the tube face portion (2 is provided with a
fluorescent screen 18 composed of a myriad of -
contiguously related tiny particles which -are
adapted to fluoresce when bombarded by an elec-
tron stream and thereby produce an image which
may be viewed by an observer through the face
portion {2, Suitable means may be provided for
projecting an electron stream upon the fluores-
cent screen 13 such as by providing an electron
gun (not shown) within the neck portion 10, -

When a fluorescent particle-or spot on the
fluorescent screen, designated by numeral (4 in-
Fig. 4, is caused to fluoresce, the light emitted
thereby will pass into and through the glass of
the face portion 12 substantially as illustrated
diagrammatically in Fig. 4. Light rays 15 pass-
ing through the glass along paths normal to the
surfaces of the glass will emerge from the outer
surface 16 thereof with no deviations. However,
light rays 1T directed through the glass at an
angle less than the minimum angle of total re-. .



flection, called the critical angle and indicated
diagrammatically by dot-dash line (8, will be
‘partially reflected, as illustrated at (9 back
through the glass toward the screen and will
cause illumination of other particles 14a, as
shown, which particles {4a also comprise part of

the fluorescent screen and are in contact with-

the rear surface 20 of the tube face. Light rays

21 emanating from the fluorescent particle {4 -

and directed toward the outer surface 16 of the:
glass at an angle greater than the critical angle
:will be totally reflected by the outer surface: 18
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and will pass rearwardly through {He- glass as-

indicated by numeral 22 to the réar surfhace 20¢

where they will cause illumination of still cther

particles 14b of the fluorescent screen which: are:

in optical contact with said glass. Such hght
‘rays which strike the front surface 1§ of the glass
at angles greater than the critical angle will be
ed back and’ forth from” the respeetive
fand rear surfaces 16 and:19 a5 well as:the.
end'-walls~ 237 of "the: fzce portlon 12: unt11 they‘
are dlssmated

The ‘present invention, however—,l provides
mesns ‘whereby - the light” rays: IT strikihg: the
surface 6 at angles less than the critical angle:
will'émerge from- the: surface- 18, with only a
négligible-amount: of light being reflected rear-

wardly from said surface 18§, as indicated’ by-nil--

meral 24°in-Fig. 5, which will greatly” reduce .the
possrble 111um1nat10n "of particles’ 4.
means_ resrdes 1n the- prov1smn of-a reflection re-

ductio

tHe tube Tace ‘portion §2; which coating: may-be-

of any suitable type which is adapted to reduce
the* amount of light reflected fiom’ the surface.
Sudh: a coatifig may be' any one of the many

well-known types such as is-produced-by evaporas -

tiohr- of calclum or- other fhuorides: oh a-glass sur-
fade, or Tormed: by wetting the glass with- silicie
acid and treating with hydrochloric acid to-pre-
clpltate ‘the sﬂmon dioxide, another type is made
asa film ef Parium’ stearaté Which:is produced:
by d1pp1ng the glass in water containing baritim:

ad ‘h ‘vmg a layer of stearlc ac1d on top,

tions: of salts:
‘ The preferred reﬁectron reductlon coatmg,

0. to 60 per- cent by: wewht of sub-mmroscoprc,’

microgranular diserete- partrcles of-solid .anhy~'

drous-‘transparent material such ag mggnesium:
fluoride; "litHium fluoride, strontium fluoride,
calcium-flucride; barium. fluoride: or-eryolite sub=
stantially uniformly-dispersed in a volatile:liguid
ineft o “the particles, with theé- particles being
approximately ‘spherical in° shape and:less-than’
625" angstroms in diameter. = A’glass surface can’

This’

51% coatmg 25- on- the outer surface {6 . of-

-~ -~

: 4
the concentration of the particles in the irregu-
larities decreasing from the surface of the tube
face outward, and the material of the particles
being such that the effective index of refraction
of the coatings varies from substantially unity at
the layer-ajr interface to an'index:valuie: which
progressively-increases as it-approaches:-the ma-
terial of the tube face portion {2 until it sub-
stantially approximates the index of refraction
of the.glass of the tube face portion. Such a
coating will increase the transmission of light
rays-26: from the:surface 16 with a consequent

decrease-in the-reflected light rays 24 (Fig. 5)

as-compared with: the normal reflection {9 (Fig.
4). By comparing Figs. 4 and 5, it will be under-
stood that by providing the surface 1§ with the
coating 28, a negligible amount of light will be
refléeted toward the fluorescent screen 13 from

- light rays striking the surface 1§ at angles less

20

23

b~
P

5

than: the:critical angle.  Consequently: particles
t4a:will be.only:slightly if- at-all 111ummated by:
such:refiections.

In addition, it is. pointed. out: here. that: the-
coating- 25 wiu also: prevent- reflection: inta an
observer’s: eyes: of “light. rays: striking the: tube;
face: portion from sources.outside the. tube;. This;
feature is:particularly desirable:sinece it consid=:
erably: improves: the: visibility-of: the-image, -

To further-elimirnate halations.the inner: sur-
face 29 of the:tube; face portion 12:may be.pro-:
vided: with-a similar-reflection :reduction-coating:
27, the: conting. 21! being: disposed: between:. the:
surface: 20 and:the: fluorescent: screen;: 13;

‘Fig.’2:i$ a. greatly:enlarged fragmentary: dia=:
grammatical sectional view. through a: portion:of-
the: tube- face. 12: and. diagrammatically: shows:
the:coatings 21-and 2§ provided on the inner.and:
outer -surfaces -20. and ' 16 respectively. It: will.

- be noted that the coatings are disposed on:the.
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surfaces of the tube face ag'a plurality: of minute

irregularities 28:each.of: which:is formed:of a. .
plurahty of minute particles 29, The fluoréscent:
screen [3:may- be formed of any:desired material::
capable 6f fluorescéing: when hombatrded: by:elec=:

- trons such as zinc silicate, zinc sulphide,ﬂ, betea:.

zine silicate, zine beryllium: silicate, zine cadmium
sulphide; zine: beryllium:zirconium. silicate;. zine:

* bordte, ' cadmium: tungstate,; and: other " known:

materials of mixtures thereof;

Tt will be noted that the particles:14: comprising=
the” fluorescent: scréen: aré- substantra,lly larger:i:
than the’ barticles: 287 of- the: reﬁectlon reduction:
coatings, being from 1 to:6 microns:in diameter:
if applied by spraying, However, Still 1larger: par-:
ticles; ‘from- 10 ‘to’ 30 microns in- dlamefer, are
usually depos1ted on the sereen’ by dusting: ort
settling through air. Thus, when:a fluorescent.-
coating 137 g apphed -over- the- inner: reflection-

© reduétion’ coatmg 27, the particles 14 will; due.-to:

60

be- 'perded’ with the”coating by-applying-to- the: .

surface a't n'layer of the‘apove composition: and

subjectmg it to heat to- evaporate the-liquid” and'

ledve, & dry coating of the particles‘on-the:sur-

face, it being-desirable- ‘to- control- the ‘amount of-

the" composmon appLed and_the- congentration
of the partmles in the suspension so as to produce

a coatmg havmg a- resultant- thickness of - ap-_'

proxrmately one quarte1 wave-lehgth of light.
Phe forming- of -such: a- coating on the glass
surface ‘will-"Comprise -sub-microscopic, - discrete;

m1cro'-granu1ar transparéent solid- particles which

are- depos1ted on-the glass surface-so -as ‘to-form:

minute: projecting irregularities ‘on- said surface;
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theéir large’ sive, engage ‘the. irregularities. 28.in:
such fashion that a plurality of vacant:spaces:
30 will be prov1ded between the coating 27 and
sereen {3,

Upon again: comparing Figs: 4-and-5; it will'be; -
seénthat halation {s-rediiced:by: applymg"the res:
flection: Téduction coating:27 to: theuinner surface:
29° ofthe- tube fage:portion 12:as’ déscribed since.

, the light rays-21: which -strike-the surface. 16.at

anglés greater than the: critical’ angle-and are
totally reflected back through the glass to the:
surface. 20 ‘thereof - will- be' prevented by-the.re-
ﬂectron reductlon coatmg 21 from- dlrectly~str1k-

. ing’and- conseqnently 111um1natmg— partmles 145

of the fllorescent-sereén: It ‘Will- be' inderstood:
that if' the: parhcles 13%-ate ini-diréet engagement
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with the surface 20, as in the conventional cath-
ode ray tube, they would be illuminated by the
light rays 22, but by spacing the particles from
the surface 20, the reflected light rays will be
prevented from . directly illuminating the parti-
cles. The inner reflection reduction coating 21
also greatly minimizes reflection back into the
fluorescent material of light from the inner sur-
face 20 of the glass {2.

Another cause of halation, particularly in the :

edge areas of the image, is shown in Fig. 6, where-
in the fluorescent screen 13 is disposed directly
upon the inner surface 20 of the tube face (2 by
conventional methods which causes a supply of
the fluorescent material 13 to be deposited on the
inner surface of the side walls {1 of the tube ad-
jacent their junction with the face portion 2.
Thus, when fluorescent particles in this area are
made to fluoresce when bombarded by an elec-
tron beam 32, light rays therefrom will pass in
all directions and will, as indicated by lines 3,
illuminate other portions of the fluorescent screen
{3, subsequently causing a reduction in contrast
diserimination in the image. To overcome this,
several methods may be used. For example the
fluorescent material in this marginal area may
be removed or covered with a coating of ma-
terial which would prevent the particles so cov-
ered from being effected by the electron beam,
or means may be provided internally of the tube
for limiting the image area by preventing the
electron stream 32 from striking the fluorescent
material in these areas. Therefore,-means such
as a ring-like member 33 may be inserted in the

tuhe during the fabrication thereof with the size =

of the central opening of said member 33 being
controlled so that the electron beam 32 will be
prevented from striking the fluorescent screen
{3 in the marginal areas thereof and thus will
limit the size of the desired effective image area.
Fig. 7 illustrates this feature and shows the elec~
tron beam 32 striking the fluorescent screen 13
at the margin of the desired image area, with
the ring-like member 33 functioning as a bafile
or stop for preventing the electron stream 32
from striking the fluorescent material in the mar-
ginal area 34 of the screen 18, and thus prevent-
ing undesirable halations from this source.

To reduce further the amount of undesirable
light within the material of the tube face portion
12 which may be reflected upon the ‘flucrescent
sereen 13 and cause undesirable halations, some
of the light rays within the glass, particularly in
the marginal areas of the face portion {2, can
be made to emerge from the glass by providing
the outer edge of the face portion 12 with a high-
1y polished peripheral surface 23 (Fig. 3). This
will permit without diffusion the escape of stray
light rays which strike this surface at angles less
than the critical angle as shown by dotted lines
29¢ in Fig. 5. It should be understood that juhis
portion may be coated on either or both surfaces
With reflection reduction coatings to reduce re-~
Aection below the critical angle. : _

Tf desired, the ‘peripheral surface 23 may be
coated with a light-absorbing material such as
a suspension of graphite particles in oil or cement
such as Canada balsam, or black laequer, which
coating should possess an index of refraction
equal to or higher than the index of refraction
of the tube face -portion 12 for maximum
efficiency. - -

Thus, light rays 22 (Fig. 5) striking the various
surfaces at angles less than the critical angle
may be either permitted to escape through the
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highly polished surface 23 as shown by dotted
lines 22a, or may be.absorbed by the absorbent
coating 35.

From the foregoing, it will be seen that means
and methods of a novel nature have been em-
ployed for accomplishing all of the objects and
advantages of the invention.

‘While the novel features of the invention have
been shown and described and are pointed out
in the annexed claims, it will be understood-that
many changes may be made in the details shown
and described without departing from the spirit
of the invention. I, therefore, do not wish to be
limited to the exact details shown and described
as the preferred only are set forth by way of
illustration.

T claim: i : :

1. A cathode ray tube embodying a transparen
face portion having a coating of transparent
material on the rear surface thereof with a coat- -
ing of fluorescent material on said fransparent
material having its effective portion confined to
substantially the area desired of the resultant
image and spaced from the inner surface of said
transparent face portion by said transparent ma-
terial, said face portion having a transparent -
light transmission increasing reflection reduction
coating on the front surface thereof and having
lisht controlling means surrounding the periph-
ery therecf, said tube having means for produc- -
ing a beam of electrons and for directing said
electrons onto said fluoreseent coating to produce
a luminous spot thereon, said luminous spot hav-
ing light rays emanating therefrom:and striking
the inner side of the front surface of said trans-
parent face portion at angles less than and at
angles greater than the critical angle, and said
reflection reduction coating on the outer surfsece -
of the transparent face portion having an optical

i« thickness and effective index of refraction such -

that it, while functioning to reduce reflection -
from light exteriorly of the tube, will simul-
taneously function to reduce the reflection of said
rays within the critical angle by increasing the
transmission of said light rays through said outer
surface, and said coating of material between
said fluorescent coating and the inner surface of
the tube functioning to reduce the illumination
of the fiuorescent material by light rays at angles-
greater than the critical angle reflected from the
inner gide of the front surface of the face portion
and said lisht rays at angles greater than the
critical angle when at the periphery of the face
portion being effectively obviated by said periph- -
eral light controlling means, o ,
2. A cathode ray tube embodying a transparent
face portion having a fluorescent screen adja-
cent its inner surface, means for. producing a -
beam of electrons and directing it upon said
fluorescent screen to produce a luminous.spot
thereon, said luminous spot emitting light rays
striking the surfaces of said transparent face
portion at angles both less than and greater than
the critical angle, and means for reducing un--.
desirable illumination of said fluorescent screen ;

comprising a reflection reduction coating dis-.. .

posed upon the outer surface of said transparent
face portion for reducing reflection of light-from
sources outside the tube, said reflection reduction -
coating being formed of transparent material .
having an optical thickness and an effective index .
of refraction as to simultaneously increase trans-
mission of light rays from said luminous spot by
reducing reflections of said light rays emitted by
said luminous spot and striking said outer sur- -



A(OBYTIY

7

féce: ab angles: less: than: the: critieal angls, o
transparent ‘coating on:thesinner surface of:sald-
‘transparent face portion for supporting: said:
fluoreseent screen . in: spaced relation with: said
transparent face portion and:reducing:reflections-
of-light' rays: emitted :by said-Tuminous spot-and:
striking said outer surfacezsat angles grester-than
the.critical angle; and means-on: the peripheral
edge dfzsaid: transparent:face:portion for-reducs-
ing; reflection: of “light” rays: emitted: by said.
luminous: spot-and striking: said peripheral edge:

-3¢ A cathoderaytubeembodyingsa:transparent”

face - portion: having: ac fluorescent: sereen: adja~.
cent:its:inner: surface:composed. of a:plurality:of
contiguously related particles:of fluorescent:ma=-
terial, means for producing a beam of. electtons:
and directing it upon said. particles: ofr the
fluorescent: screen: to: produce: a:. lwminous -spot
thereon;: said luminous:spet emitting: light rays.
striking: the: surfaees . of: said: transparent. face:
portion at-angles both less than and greater tham
the critical angle, and:means .for reducing: un=
. desirable: illumination: of- said -fluoresecent screen:
comprising a: reflection: reduction coating dis-
posed upoen: the-outer surface of said:-transparent;
face: portion-for reducing reflection of light from:
sources: outside: the- tube and- for reducing: re-
flections of light-rays. emitted by said luminous.
spot, and striking. said- outer surface at. angles:
less than the critical-angle; a-transparent:.coats
ing on the:inner surface. of-said transparent face-
portion- for - reducing:-reflection of light rays:-
emitted by said luminous spot. and striking said
outer: surface: at; angles: greater-than. the critical -
angle; said. transparent. coating - comprising: a
layer: of sub-migroseopic; discrete; micro-granu-
lar; transparent solid partieles of a; size consider--
ably- smaller; than; the-fluorescent particles: and-
forming. minute irregularities: on said- inner sur-:
face which: canse said particles: of the fluorescent
scre
transpavent. face - portion; and means: on the:
peripheral edge: of said transparent face -portion:
forr reducing- reflection. of ‘light rays: emitted by
said: luminous. spot:and- siriking, said -peripheral. ,
edae; ,

4, A.cathode ray.-tube embodying a-transparent.
face:portion having:a:fluorescen en adjacent
its.inner-surface; means for-producing a; beam: of-
electrons: and directing: it upon: said fluorescent. ;
screen: to produce :a luminous-spot; thereon, said:
luminous: spot; emittinig:-light rays -striking: the:
surfaces of: sgid: transparent face portion. at.
angles; bothr less:-than.and; greater-than the criti--
cal angle,-and means: for:-reducing: undesirable:
illymination; of said: fluorescent.sereen  comprigs
ing:a:firstlight transmigsion:increasing refiecfion:
redugtion.coating: of: transparent: material; dig=
pased: upon-the cutersurface of:said: transparent:
face.portion- for-reducing:reflection:of:light- from:
sources:outside:the:tubeand-for:increasing trans-
mission; of - light- rays:emitted: by, said: luminous:.
spob-and: striking: szid; outer: surface: at-angles:
lesszthan: the:criticalrangte; saiddight transmis=
siorinecreasing refiection reduction:coating: coni=-.
prising:a:thitr layerzof: sub=microseopic, diserete;:
miere~granular; transparent:solid-particlesdorny. -
ing>minute: irregularities on:said: outer surface;
the- concentration - of ' the . said ‘particles: in: the:
irregularities-decreasing from:said:outer- surface-
outwardly-and the'materialiof said particles:being:
suchi:tHat the effective-index of refraction of said:.
coating- varies- from- sabstantially unity- at’ the:
layer-air- interface- to - aw index” value which:
progressively-increnses-in-a-direction:inwardly of% r5-
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sald-coating and approaches-the:index:of refrag--
tion-of the:material of said:face portion; a steond:
reflection reduction coating-on-the: inner: surface:
of-said transparent face. portion;.said seconid:re=
fiection reduction:coating being:similar: to- said
first, reflection: reduction: cogting: with: the:irreguys
larities- thereof’ causing-said- fluorescent: sereen:.
to be retained in spaced” relation: with: said:
transparent face portion to reduce:the:illiming~
tion- of the- fluorescent’ sereen. by*the-light rays
emitted: by- said-luminous- spot'and:-reflected By-
said outer-surface; and:means-on:-the!peripheral:
edge-of ‘said ‘transparent face-pertion-for rediic~
ing: reflections- of * light* rays' emitted: by- said:
lumineus-spot and striking: said: peripheral edge:-

5: A cgthiode ray-tube'embodying a transparent:
face portion:having-a- fluorescent sereen: adjacents
its inner-surface; means-for producing a:beam:of:
electrons: and -direeting: it- upon said fAuorescent:
screenr to produce: a’luminous spot: thereon; sald:
luminous- spot- emitting : light - rays: striking: the:
surfaces- of - said’ transparent- face- portion: at:
angles-both-less than-and greater than:the:criti«-
cal’ angle, means for- reducing undésirable:-
illumination: of: said- flucrescent: sereen: compriss-
ing-a-reflection-reduction coating- disposed: upon:
the outer surface of 'said transparent face-por-
tion-for reducing reflection of-light’ from-sources-
outside the tube and for increasing transmission:
of“light rays emitted by:said: luminous-spot- and”
striking said outer-surface at-angles-less:tharthe-
critical-angle, a transparent coating:on the-inner:
surface; of said’ transparent face-portion for-re--
taining-said fluorescent screen-inx spaced relation
withy said, transparent face portion-and: redicing:
the illumination of the fluorescent -sereen-by light

- rays emitted by said luminous:spot-and reflected”

by said outer surface, and-means for-eliminating:
some, of the light rays normally: trapped within-
the material of: said face, portion to prevent, re=
flection thereof ‘onto said fiuorescent screen com-
prising - a hizghly polished: outer- surfgce" formed:
ori:the peripheral edge: of said. face portion: for:
permitting:- light; rays striking said surface-to-
emerge. . )

6. A cathode ray tube embodying a transpsrent:
face portior-having a fluorescent sereen adja‘cent%v
its inmer surface; means for:producing a beanr.of’
electrons ‘and directing: it: upon: said fluorescent.
screen. to_produce: & luminous spot; thereon;. said:
luminous® spot. emitting: light- rays striking the
surfaces. of:. said . transparent. face" portion at:
angles ‘both less than:and greater than ‘the eriti~-

" cal’ angle, means. for' reducing’ umndeésirable’

llumination. of. said. fluorescent.: sereen” compris=-
ing a-transparent coating. disposed upon the outer
surface of said tranisparent face.portion and hav=-
ing; an optical thickness. and.an. effective index.
of. refraction.such.as.to, reduce refiéction of light’:
from sources outside.the. tube and increasing the.
transmission. of. light rays. emitted by said
luminous:spot.and. striking, said-outer. surface at’
angles less than the critical anglg; a.transparent.

- coating:on:the.inner. surface:of sajd; transparent

face -portion.- for.- supporting - said . fluorescent.
screen:in-spaced: relition. with-said, transparent

face portion.and reduging the.illumination of the,.
fluerescent.screen<by:light xays-emitted: by, said..
lumineus:spot-and reflected by said:outer.surface, .
and.means:for:eliminating-some.of -the_light.rays;
normally frapped within the material of saidAfaee:

Dportion: to prevent: reflection  thereof: ontos said

fluorescent: screen: comprisingsazcoating.: - lght
ahsorbing: materiat: disposed: oni-the: peripherad; -
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edge of sald face portion for absorption of light
rays striking said surface from within.

7. A cathode ray tube embodying a transparent
face portion having a fluorescent screen disposed
adjacent the inner side thereof, means for direct-
ing electrons upon said fluorescent screen for

producing a luminous spot thereon and a trans-

parent coating on the outer surface of said face
portion which is formed of a material having an
optical thickness and effective index of refraction
such as to reduce reflections of light from sources
outside the tube and to simultaneously increase
transmission of light rays emitted by said
Iuminous spot and striking the outer surface of
sald transparent face portion at angles less than
the critical angle. T

8. A cathode ray tube embodying a transparent
“face portion having a fluorescent screen disposed
adjacent the inner side thereof, means for direct-
ing electrons upon said fluorescent screen for
producing a luminous spot thereon, and a light
transmission inereasing reflection reduction coat-~
ing on the outer surface of said face portion
which has an optical thickness and effective index
of refraction such as to reduce reflections of light
" from sources outside the tube and to simul-
taneously increase transmission of light rays
emitted by said luminous spot and striking the
outer surface of said transparent face portion at

angles less than the critical angle, said light 3

transmission increasing reflection reduction coat-
ing comprising a thin layer of sub-microscopic,
discrete, micro-granular, transparent, solid par-
ticles forming minute irregularities on said outer
surface, the concentration of the said particles
in the irregularities decreasing from said outer
surface outwardly and the material of said par-
ticles being such that the effective index of re-
fraction of said coating varies from substantially
unity at the layer-air interface to an index value
which progressively increases in a direction in-
wardly of said coating and approaches the index
of refraction of the material of said face portion.

9. In a cathode ray tube embodying a trans-
parent face portion having a fluorescent screen
disposed adjacent the inner side thereof and
means for directing electrons upon said fitores-
cent screen for producing a luminous spot there-
on, means for reducing halation produced by
light rays emitted by said luminous spot and
striking the outer surface of said transparent
face portion at angles greater than the critical
angle and which are reflected back upon said
fluorescent screen comprising a transparent sur-
face refiection reducing coating disposed on said
inner surface of the transparent face portion
between said inner surface and the fluorescent
sereen, said reflection reduction coating com-
prising a thin layer of sub-microscopic, discrete,
micro-granular, transparent solid particles piled
in the form of minute irregularities on said outer
surface, the concentration of the said particles
in the irregularities decreasing from said inner
surface in a direction toward the fluorescent
sereen and the material of said particles being
such that the effective index of refraction of said
coating varies from substantially unity adjacent
the fluorescent screen to an index value which
progressively increases in a direction inwardly
of said coating and approaches the index of re-
fraction of the material of said face portion, the
high points of said irregularities engaging said
fluorescent screen and maintaining it in spaced
relation with said inner surface to reduce illu-
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mination of the screen by said reflected light
rays. .

10. In a cathode ray tube embodying a trans-
parent face portion having a fluorescent screen
disposed adjacent the inner side thereof -and
means for directing electrons upon said fluores-
cent screen for producing a luminous spot there-
on, said luminocus spot having light rays emanat~
ing therefrom at angles both less than and
greater than the critical -angle, and means for

© eliminating the major portion of said light rays
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which are at angles greater than the critical
angle comprising a highly polished surface on
the peripheral edge of said transparent face por=
tion for permitting said light rays striking said
highly polished surface to pass therethrough.

11. A cathode ray tube embodying a trans-
parent face portion having a fluorescent screen
adjacent its inner surface, means for producing
a beam of electrons and directing it upon said

" flucrescent ‘screen to produce a luminous spot

490
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thereon, said luminous spot emitting light rays
striking the surfaces of said transparent face
portion at angles both less than and greater than

5 the criticel angle, and means for reducing un-

desirable illumination of said fluorescent screen
comprising a reflection reduction coating dis-
posed upon the outer surface of said transpar-
ent face portion, said coating being formed of
& transparent medium having an effective opti-
cal thickness and index of refraction such as to
reduce reflection of light from sources outside
the tube and to reduce reflections of light rays
emitted by said luminous spot and striking said
outer surface at angles less than the critical
angle while simultaneously increasing the frans~
mission of light rays from said luminous’ spot
through said outer surface, and a transparent
coating on the inner surface of said transparent
face portion for maintaining said fluorescent
screen in spaced relation with said transparent
face portion for reducing the illumination of said
fluorescent screen by reflections of light rays
emitted by said luminous spot.

12. A cathode ray tube embodying a transpar-
ent face portion having a fluorescent screen ad-
jacent its inner surface composed of contiguously
related particles of fluorescent material, means
for preduecing a beam of electrons and direct-
ing it upon said particles of the fluorescent
screen to produce a luminous spot thereon, said
luminous spot emitting light rays striking the
surfaces of said transparent face portion at an-
gles both less than and greater than the criti-
cal angle, and means for reducing undesirable
illumination of said fluorescent screen compris-
ing a reflection reduction coating of transparent
material disposed upon the outer surface of said
transparent face portion and having an effective
optical thickness and index of refraction such as
to reduce reflection of light from sources outside
the tube and to increase transmission of light
rays emitted by said luminous spot and striking

5 sald outer surface at angles less than the criti-

cal angle, and a transparent coating on the in-
ner surface of said transparent face portion for
reducing the illumination of said fluorescent
screen by reflections of light rays emitted by said
luminous spot, sald transparent coating compris-
ing a layer of sub-microscopie, discrete, micro-
granular, transparent solid particles of g size
substantially smaller than said fluorescent par-
ticles and forming minute irregularities on said
inner surface which cause said fluorescent screen
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: 4o-bexetained in spaced.relation-with said frans-
parent face portion.
43.:A-eathode ray fube embodying a franspar-
-enbsface portion baving-a Auoreseent-screen:ad-
- siacent dts inner surfaee, Ineans-for producing a
.- hegm-of eleetrons:and direeting it-upon said flu-
.s0Fescent - sereen -to Pproduece a Juminous -spot
<thereen,-said Jduminous:spat emitting: light rays
- wstriking the - surfaces-of :said fransparent .face
- -portionat-angles both less-than-and.greater than
:the eritical -angle, :and means for redueing un-
~desirable illamination -of said fAuorescent:sereen
caImprising -a -first reflection reduction coating
-ispesed aponthe -outer surface of -said frans-
parent :faee -portion :for reducing .refleetion of
light from:seurces-outbside ‘the tube:and for re-
;dueing reflections of Jight rays emitted by -said
- Ayminous:spol-and striking said outer.surface-at
- angles-less than the eritical angle, said reflection
_zreduction-coating eomprising a-thin layer of sub~
-micrescopie, discrete, micro-granular, transpar-
-entsolid particles forming minute jrregularities
-on - said outer . surfaee, the .concentration of the
-said particles in the irregularities decreasing from

_sald puter-surface outwardly and the material of 2:

-Said. particles being such that- the effective index
. .of refraction.of said coating varies from substan-
tially.unity.at-the layer-air interface to an index
- .walue -which . progressively .increases in a direc-
Aion inwardly.of said coating and approaches the
dndex . of refraction of the material .of said face
portion,.and a second . reflection reduction coat-
Jng .onthe inner surface.of said transparent face
Jortion,.said second reflection reduction coating
“being ~similar to said first. reflection .reduction
coating :with ‘the irregularities thereof . causing
-said fhiorescent screen -to_be retained in. spaced
;relation with said transparent. face partion fo re-~
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duce-the: illummatian of :gald flnoreseent sereen
by reflections of Jight- Tays emmed by said.Ju-

-minous.spob.
ROBERT BOWLING. BARNES
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