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Several fundamental dj-fferences distlnguish the tri-color kinescope
fron black-and-ûhite kinescopes. Although these differences requlre àd-
ditional engineering and roanufacturing techniques, they are of juch a
nature that if adequate rnanufacturing care and diligence are pursued, pro-
ductlon of the tri-color kinescope will irnpose no nore serious problenè
than those which were experienced in the early days of black-and-whlte
klnescope production. the nosù obviously different feature of the color
tube i6, of course, its phosphor view"ing screen. In contrast to the uni-
formly coated phosphor nixture used in bLack-and-{hite kinescopes, the
color tube screen i.s composed of three sets or arrays of d.ots, accurately
deposlted in lnterlaced pos!.tions on a supporting gtass surface. Each set
of dots emits a differeat color light upon bombard,nent by electronsj one
set gives out deep bluel one, green; ànd one, red. The phosphor dots
enitting these colols nust be kept separate rithout rraste of spece end yet
rithout overlapping. ft is lnportant, for exarnple, that the eLectron bêan
intended to strike the red-emitting set of dots will not accldentally strike
some green-emitting crystal.s in adJacent dots.

.â. second difference in the color tube is the aperture mask. trYon the
position of the tube viener, the nask is located palalleL to and just back
of the phosphor-dot plate. the mask provides coLor separetion by shadoû_
ing certain phosphor dots fron the el_ectron beam, nhile exposlng- others
to bombardrnent. thus, the bearn which is to produce red portionl of the
plcture, for instance, is so directed toward the rnask tùat, upon pe66ing
through the apertures in the nask, it can strike only the red-enilting 
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phosphor dots. For the productlon of pure col"ors, it is essential th;t
the holes in the nask be properl,ir aligned ûith the phosphor dots conpos_
ing the screen. In order thet proper alignnent can be obtained, the roask
and ttre phosphor-dot plate are rnade fIat, contrary to the conventlonal
practice for black-end-rhite tubes, vhich use a eurved. viering screen on
the inner surface of the tube face. Likerrise for accuracy, nàsk and phos_
phordot prate ere rno'nted together in an essenbly rhich hords these ele-
ments in proper alignnent. lhis assenbly is then placed in the tube by
ar accurate jlegrng nethod to be subsequently descrlbed.

A- third distinguishing featwe of the color tube is its three-gun
assenbly. Three parallel, closely spaced, el_ectron guns, built lnf,o a
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unit, provide separate beans for excitation of the tl1fee different phos-

pirors.- Thus, iL is posEible to control the brightness o! each of the

inr"" 
"ofot" 

- 
indepenàently of the other two. As compated ."ith the single

guns used. in black-and-vrhite kinescopesl this three-gun as senbly has-a -
i".!"r nl*t"t of parts and requlres careful aligÛûent of each gr:n and of

;h;'g; aesernbly.- The gr:n asJembly is seal-ed into the tube neck in good

aligËnent ïri tà the neck and the riening-screen assenbly'

I nab lack -and - rh i t ek ineocoPer theang lea t rh i ch thebeans t r i kes
the viering screen is im0aterial, whereas in tÀe color tube the approach

anele ts iilportant because it determines the color of light output ' Be-

caise stra;r rnagnetic flelds nay affect the approach angle and, hence,
êffect thê co1ôr output, an inner shel1 of soft magnetic rnaterial is
provj.ded for the color tube.

The ewelope of the color tube differs fr|on that of a black-and-rùite

roetal tube ln tro r€spects:

1. À rçelded flange located a short distance back of the rin of the
tube constitut€s the final envelope seal, and is uEed, rathe!
than a face-plate seal, to avoid possible heat damage to the

viewing-screen assemblY.

2. The neck has a 2-inch dianeter in place of the usual L-7 /LÇ
inch diaDeter to provide space for the tàree electron guns'

)
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th6 &ûelope AsseubJ.y

tr'or the developnentel tri-color tube sholrn in Fig. l, the 16-inch
round netal shell, used i'or the I6APlr, was selected because of its slze
and the desirability of havlng a strong netallic support for the viering-
screen asserobly. The shell as senbly for the tri-color tube actually
consists of tro pleces (an upper and a Lolyer section), mad.e of spun
chrorne-iron and flanged at adjacent ends which are subsequently nelded
together.

Fig. 2 shows diagrannnatieally a crcss section of the najor tube
parts and their relative positions. Screen-assembly support posts of
stêel- are bolted and welded to the lower shell sectiôn, àite ofri.ct ttre
free ends of the posts are nachined down to a plane perpendlcular to the
J-ong exis of the envelope. Th€ posts are then drilled and tapped. The
plene of their free ends is used as a reference during firther lteps
in tube assably. The glass neck-and-fururel asssnbly consists of lwo

F i g .  z  -  C r o s s - S e c t i o n a l  D i a g r a n  o f  T r i - C o t o r  K i n e s c o f e
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sections. The I'irst of these is a piece of tubing 2 inches 1n dianetel,
shrunk on a mandrel for acclu.êcy of inside dieneter and then flared at
one end. The second is a section of a blorm-glass buLb. The flared
end of the tubing and the bulb when joined give a contour which provides
naxiûrxn clearance for the deflected electron beams nhen the tube is in
operation. The glass fururel is sealed to the l_o{er netal section W
means of a Jig bolted to the screen-assenbly support posts. Thls Jig
has a shaft, centered betreen the support posts and perpendieular to
the reference plane, which fits closely in the shrunk neck tubing and
tàus insures that the proj ected neck axls rill strike the refelence
pl,ane at a 90o angLe and nidway betûeen the screen-support posts.

A conductive coatlng is applied to the inner ûaLl of the glass funne_
and the upper neek. Next, the shi.eLd of soft nagnetic material (!01
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PROJECTED
APÉRTURE MASK HOLES

B = BLUE
G =  G R E E N
R  =  R E D

V I E W E D  F R O M  G U N  E N D
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R =  R E D

S C A N N I N G
BEAMS

PHOSPHOR -  DOT
PLATE
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nlcker-iron al"Joy) is placed inside the lo,rer shell section and fastened.
to the post borts. The. three-gun assembly is then sealed into the neck,agein by mears of an alignnent jig bolteù to the screen_support posts.
This jig has a centrar shaft whi ch flts into the top of tàè- gur às seobly,thus_ provlding the needed accuracy not only i'' ninimizing trii anà-Àiiset
of the gun assenbly *ith respect to the neck axis and titË r"ier"n""-pi!rru,
but-slso in, locating the gun assembly rotationally rlth respecl t;-d;-position which the phosphor-dot platè is 1ater to have in tire tube.

_. Iext the vterring-screen assembl"y is bolted to the sane support posts.
the front cap, consisting of a curved crear-g1ass faceplat" 

"ààrea 
i.riothe flanged netal rim, is then placed over tËe screen as.enbly and theupper and lower shell- flanges are sealed together with a continuous rerd.by neans of an inert-gas arc.

. after exhaust, a 1L-pin diheptar base is added. The base is fiIIedwith plastic in orrier to avor.d breakdom between the tube i*a"-ariile-
high-voJ. tage oper€tion.

3be Vleybg-Scre en Asseobly

. The viewing-screen assenbly consists of three maJor parts! en alær_tune nask, a phosphor-dot plate, and a spacer frarne rhich serves to ioldmask and. phosphor-dot plate in correct rèl.tlve positions. Iie. 3 shorsa projection of the vieryi.ng-sgrgen assernbly as seen fron the gô éna oi-the. tube.. The heavy circles indicate the âperture posltions nith res_pect to the phosphor dots. The hor.es in the rnask Àa trre prr""prr."- À"t,on lhe glass pl_ate present a hexagonal patternj that is, ti:e nàfes and-
dot: .19. both ârranged in ncûs oriented at éOo to each other. In alisn_nent with each aperture of the nask is a trlo of phosphor aots.- 1-l.io-of riots consists of one each _of blye_, green_, and reà_enitting pfrospttors.
The apertures are approxirnately O.OO9 inch ln dianeter, spacedîi023'
irtch between centers, nhile the phosphor dots are approrinateJ.y 0.01,11
inch in dlaneter, spaced 0.011+ inch bêtlyeen centers, i.e., taneent toeach other. Each mask contains approxinately Lgs roco itorér 

"rtï.t 

-"or-

re spond to 5BS,OOO phosphor dots.

The basLc principre of operation of lhe tri-color tube is best shorm
by a diagram such as that of fig. [. The electron beams from the three
gys ".." 

shonn converged to a single aperture in the rnask. Upon passing
through the aperture, thelr continue along stralght paths to ti.,e pio"pt àLdot pLate where each bean strikes a dlfférent pùosphor dot and 

"âu""" "different prfunary color ol 11ght to be enitted. yfhen the deflecting
field i-s applied, the three beans are rnoved si.murtaneously across tienask. As the beams scan aperture after aperture in the râsrc, ir.ày-"i"it"in sequence the corresponding trios of phoçhor dots.

The phosphor dots are applied to the flat glass plate by a n sglarrscreen process. In this process a plojected photogràph of ihe aperture
nask is first prlnted on a photosensitized gelatin shèet. After thegelatin is developed and applled to a stretËhed rire nesh, it is usedas a stencil through which _phosphor paste is squeegeed onio the gl_assplate. An exploded rien o.f the viering-screen essenbly 

"pperrs 
inFig. 5, shoring not only the najor conionents (nast, frame, ,rrà pnosptror_
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dot, plate) but also the clarops and scrers-' -After 
the phosphor-dot plate

;;;;;;;3;-anà aluninized, it is assernbled to the netarric spacer

i..ilï""""-;ri; th" r""t 
-*â" 

stretched. before pbotographin*. Accuracy

ls required in a1l- the 
"Lp"-of 

screen-naking in order to produce an

assenbly ha\ring the masx 
-iiiel 

anà- the ohospËor dots correc tly aligned'

Fig. 6 shows tlvo viel, a of the finished viewing-scteen essembly ready

for mointing in the envelope shell'
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The Three4un tsseubly

The gun assenbl-y used in the tri-color kinescope is shorfln in Fig. 7.
The assenbly, in i{hich the nàjor parts are of non-nagnetic stainlesé
steel-, consists of three single parallel guns spaced equidistant fron,
and at angles of 12oo about the axi.s of the assenbly. 

-Each 
of the three

guns i.ncludes an indilectly heated cathode and grids No. 1, 2, 3, and !
Grids No. lr open into a colnmon cup, to which thèy are connected.. yjhen
the tube is in operation, there exists between this cup and the conduc-
tive neck coating an electrostatic lens which serves tô converge the
beâns at the apertu.re nask. Although this converging lens a1sà tenCs
to focus the indi'idual beams, additional bea.m-foôusing is needed and'is provided by three separate- lenses between grids No.-3 and lr. Âlinough
the three beans rnrst ultinately be made to converge at the nrask, there 

-

are tro roaj or reasons for using a parallel-gun stncture. Firsi. the

GRID No. 4 CY|INDER
Common lo All Gsns

BLUE GUN

GREENGUN

REDGUN

G R I D  N o . 4
Converging Electrode

cRlD No. 3
Focvsing Electrode

CETTER I.OOP

GRID No. 2
Acceleroling !lecfrode

GRID No. I
€ontrol Ëlectrode

,
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pârellet arrangenent -is conpact and thereforle 'pennitg' use of a treck of

minj-num diameter; *c 
"u"ord, 

it al1pws the use of a paralle1-lenberèd. -
;il;-hi;;t té.arlv ue ke;t in good allgnment, both for mount assenbl-v

and for rnount sealing.
i

separa te leadsarebroughtou t th rought t rebasef ro rn the threecathodes,
*re lrriàe grids.No. I, and ihe three grids lio. 2 to perrlt adjustnent of

irrài"ia""f-a"ive characterlstlca. There is a coûnon base pi-n for the

liiru"-à"ia" 1Ùo. :. Ttre ttrree heaters are cormected in parallel to tro

base pins. :

r. Seelen concluded his talk rith a sunna:y
of soee of the oore signlficant operatlon consid-
erâtions covered in the tube bulletin on the ffA
Derielopnental Kinescçe C-7 3293-C.
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