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RARE-EARTH PHOSPHORS FOR COLOR-TV TUBES

By R. C. MILLER, Engineering Manager inh i :
B s G RV VR o e e vginer A new red phosphor which improves brightness by

Electron Tube Div., Sylvania Electric Products Inc. ‘ 43 percent is being used in color-TV picture tubes.
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BREAK-THROUGH in color-television picture tubes

was announced by Sylvania Electric Products Inc. in

June, 1964—a new red phosphor for use in making
color-television screens. Since that time, the company has
been using the new red rare-earth phosphor. With the utili-
zation of the new phosphor, an improvement of 43% in bright-
ness gain over the existing industry standard tubes was
realized. The use of the new red allowed using the green
phosphor to its fullest brightness capabilities instead of sub-
duing it because of balance requirements with the previous
red. To some extent this applies to the blue phosphor as well.
Opening up the green along with the brighter red led to the
new brighter color tube.

Although the brightness gain is important, still another
equally important advantage is realized. The new red phos-
phor is a richer red; and unlike the color of the previous () 400 800 1200 1600 2000 2400
red phosphor, the new red color remains a rich red even CURRENT-MICROAMPERES
when made considerably brighter by using higher gun-current Fig. 2. Brightness comparison for various beam currents.
density. The previous red phosphor shifted to orange under T
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these same conditions.

Other manufacturers of color tubes are also obtaining the
necessary rare-earth raw materials so that they too can make
the new red phosphor. The whole industry has swung into
the rare-earth camp and set manufacturers are employing
the new rare-earth color-television picture tube types.

One of the four elements used in making the new red
phosphor, europium, is of the rare-earth series and yttrium
is similar to the rare-earth series of elements. The remaining
two are oxygen and vanadium. The phosphor is actually
yttrium vanadate activated by europium (YVO ,:Eu). See Fig.
1 for the spectral energy characteristics of the all-sulfide and
rare-earth phosphors.

For true color rendition, it is important that each of the 89, 500 1000 500 2000
primary colors, i.e., red, green, and blue, stay the same color BEAM CURRENT-MICROAMPERES
throughout the various conditions of light mixing so that small Fig. 3. Luminous efficiency for the red-emitting phosphors.
amounts, or large, as needed, will result in truer representa-
tion. Since the new red phosphor color stays the same whether
a low 100-za. beam current or a high 2000-xa. beam current
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excites it (a ratio of 20 to 1), a truer color representation re-
sults over the various ranges of brightness called for in color-
television pictures. (See Figs. 2 and 3 for details).

Viewing resolution, crispness of picture, and color fidelity

Fig. 1. Spectral energy emission characteristics of phosphors. . . A X
in the high-brightness areas of a TV scene have all been im-
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100 roved by the rare-earth screen system. Specifically, the
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a0 necessity for driving the red electron gun current to high
70 / \_/ \ levels compared to the green and blue to obtain white has
80 / been eliminated. Previously, the increased red gun electron
50 . . . . g
ht beam size at the higher current (high brightness) condition
% 3oF / degraded resolution and resulted in color fringing in dark
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5 2y i p— w2 areas suuqqndmg high light areas. .
« > 545 s¢ An additional fact about the new rare-earth phosphor is
L0 = ! . . . :
Z that its unexcited appearance as a powder is white, like table
a oV ,
& o 722 SULFIOE “RARE-€ARTH Tvpe (vANADATE) T salt. As a result, the new color-television screens do not have
w ogof  (NOTE:AMPLITUDE REDUCED TO SHOW N the vellowish look of the older types. Instead, they are much
£ 80 whiter in appearance with only the green sulfide phosphor
3 3
@ :z“ having a very faint tint of color.
ol Color-tube manufacturers also find some processing im-
40 provements in making the new rare-earth red screen. Since
ol 7002 706.9 e . . . :
o 5954 it transmits ultraviolet light in the 3650 A range instead of
0 P GREEN \/\‘@D v absorbing most of it, as did the sulfide red, this action of the
0 I L al new red in the photoresist exposure step is used in making
DOMINANT WAVELENGTHS IN MILLIMICRONS (SHORT VERT. LINES) WHEN PRODUCING
STANDARD WHITE the color phosphor dot patterns. A
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