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The Tricolor Vidicon

Color television cameras now widely used require three separate pickup
tubes to supply the simultaneous primary color information transmitted by the com-
patible system. This bulletin describes a new developmental tube, called the
tricolor Vidicon, which permits a single-tube camera whose compactness and
technique of operation resemble that of a black-and-white camera. The ability to
generate the three simultaneous signals is achieved in the tricolor Vidicon by
means of an intricate target structure having three interlocking groups of color-
sensitive strips connected to separate output terminals for each primary color. A
single low-velocity electron beam scans the photoconductive target. No special
requirements are made on the beam with respect to focus or scanning accuracy.
Registry of the three signals is inherent in the design of the target.

Introduction

The signal transmitted in the compatible color
television system used in this country is formed by en-
coding three simultaneous independent video signals.

! the simultaneous information

In the widely used camera
is derived from three separate pickup tubes. The light
from the scene is split by means of dichroic mirrors, as
shown in Fig. 1, to form separate red, green, and blue
images on the sensitive surfaces of the three tubes.
Optical and electrical registry of the three images is

maintained in order to preserve the required resolution.

For the past several years research has been in
progress at the RCA Laboratories on a new tricolor
camera tube which generates directly the three simultan-
eous signals. The resulting single-tube camera uses
conventional lenses and resembles a black-and-white

camera in compactness and operation.
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Fig. 1 — Optical lens system of a color television
camera using three image orthicon pickup tubes.

1. J.D. Spradlin **The RCA Color Television Camera Chain”
RCA Review, Vol. XIII p. 11, March, 1952.

This bulletin will describe the basic principles
and operating characteristics of the new tube which is
called the tricolor Vidicon. The present developmental
form of the tube has a sensitivity well below convention-
al pickup tubes; achievement of the sensitivity desired
for studio pickup must await the development of improved
photoconductors. Considerable tube development work
also remains to be done before the tricolor Vidicon can
be made commercially available.

General Description of the Tricolor Vidicon

The ability to generate three independent simul-
taneous video signals is achieved in the tricolor Vidicon
by means of an intricate target structure having three
interlocking groups of color sensitive strips connected
to a separate output terminal for each primary color. An
experimental model of the tricolor Vidicon is shown in
Fig. 2 with a standard black-and-white image orthicon in
the background. The light-sensitive target of the Vidicon
has a picture diagonal of 1.5 inches, the same as that of
the image orthicon. The new tube can be operated in a
modified black-and-white image orthicon camera using
standard lenses.

A cross sectional diagram of the tricolor Vidicon is
shown in Fig. 3. A low velocity electron beam from a
single gun scans the light-sensitive color target whicn is
formed on the inside face of the tube. No special require-
ments are made on the electron beam, either in terms of
focus or scanning accuracy. Registry of the three signals
in inherent in the design of the target.
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Fig. 2 — A developmental Tricolor Vidicon with a standard black-and-white Image Orthicon in the background.

Description of the Color-Sensitive Target

COLOR-SENSITIVE
TARGET

L FOCUSING COIL ] Anenlarged view of an experimental tricolor Vidicon
) T target is shown in Fig. 4. Color filters are built into the

target in a repeated sequence of very fine vertical strips
of red, green, and blue transmission. Covering the filter
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Fig. 3 — Cross-sectional diagram of the developmental be d ibed h s v 2 ; P h
Tricolor Vidicon. Three separate output terminals near to: be es.crl € as approxxm‘ate y 290 strips of eac
the target provide simultaneous color signals. color, making a total of 870 strips.
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Fig. 4 — Cut-away diagram of the Tricolor Vidicon
target as viewed from the electron gun of the tube.

Fig. 5 shows in greater detail the method of con-
necting the signal strips to the bus bars, which extend
along the top and bottom of the picture area. The signal
strips consist of a film of metal, so thin as to be semi-
transparent, laid down in strips approximately 0.001 inch
wide. The space between tne strips is a few ten-thousand-
ths of an inch wide. The bus bars are relatively thick
metallic strips deposited on the glass. Cross-over insula-
tion for the signal strips is provided by the filters them-
selves which extend over the inner bus bars as shown.
By connecting the signal strips to bus bars at both the
top and bottom of the target the possibility of open strips
arising from defects is greatly reduced. Many experimental
targets have been made which were entirely free of either
open lines or shorts.

A uniform layer of photoconductive material is de-
posited over the top of the signal strips as shown in the

"BUS BARS"

SIGNAL STRIPS

Fig. 5 — Detail of the Tricolor Vidicon target showing
signal strip-bus bar connections. The insulating filter
strips permit the signal strips to cross over the inner
bus bars as shown.

sectional view of the target of Fig. 6. The thickness of
the various layers is greatly exaggerated in this drawing.
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Fig. 6 — Cross section of the Tricolor Vidicon target
with the signal strips viewed end-wise.

Fabrication of the Tricolor Target

Several widely different techniques for producing
the tricolor target structure are possible. The choice of
method is considerably narrowed by the rigid specifica-
tions on fineness and precision and by the requirement
that the target withstand tube processing.

The target described above was formed by evapora-
tion of the filter and signal strip materials through fine
grills. A precision jig was developed having the necessary
controls to permit many operations to be carried out in
sequence with one evacuation. This technique has
many advantages for experimental targets. An evaporator
and jig suitable for making color targets is shown in

Fig. 7.

The filters now used are of the multilayer interfer-
ence type consisting of alternate layers of high and low
index materials. In the optical design of these filters, it
is necessary to take into account the reflectance of the
thin metal signal strip as well as the optical character-
istics of the photoconductor. Fig. 8 shows a typical set
of transmission curves for each of the primary filters in
combination with its conducting signal strip. Theordinates
show a peak transmission relative to air of about 30 to
60 percent with rejection bands which fall to less than
one percent of the peak.
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Fig. 7 — View of an evaporation system with the precision jig in place for making Tricolor Vidicon targets.
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Other types of filters have also been used. These
include absorption filters and interference filters of the
Fabry-Perot type using layers of thin metal separated by
a dielectric spacer. In the latter type the filter and signal
strip are one integral unit.
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Fig. 8 — Transmission characteristics of a set of multi-
layer interference filter strips overlaid with conducting
signal strips as used in the Tricolor Vidicon.

Operation of the Tricolor Vidicon

The light from the sceneto be transmitted is imaged
by means of a standard turret-mounted lens on to the
color-sensitive target. The charge-discharge cycle of
each elemental area of the photoconductor is identical
tothat of the black-and-white Vidicon.? The signal strips
may be operated at a common potential, some thirty or
forty volts positive with respect tothe thermionic cathode
of the gun. In the absence of light the scanned surface
of the photoconductor is charged to gun cathode potential.
Light from the scene passes through the filters and is
absorbed in the photoconductor causing its conductivity
over each strip to be increased in accordance with the
intensity of that primary color component. Three inde-
pendent but interlocking charge patterns build up on the
surface of the photoconductor during the interval between
scans, the brightest areas becoming several volts posi-
tive with respect to the gun cathode. The simultaneous
discharge of the three charge patterns by the scanning
beam causes separate video signal currents to be in-
duced in each set of signal strips. By connecting each of

2. Weimer, Forgue and Goodrich, **The Vidicon—A Photo-
conductive Camera Tube.’”’ Electronics, May, 1950.

the three output leads to an amplifier of proper design,
independent color signals are obtained for each primary
color.

Effect of Capacitance Between Signal Strips

The large capacitance existing within the target
between the three sets of strips would cause severe mix-
ing of the colors if used with conventional camera pream-
plifiers. An equivalent circuit of the target is represented
in Fig. 9 by a delta in which the vertices are the signal
strips, and the arms are the cross-coupling capacitances
whose value in the target described is about 600 ppuf.
This corresponds to a reactance of about 200 ohms at a
frequency of 1.3 mc, the upper limit of desired signal
separation. Thus, if one wishes to obtain separable color
signals directly from the target, the amplifier input im-
pedance should be small compared to 200 ohms. The con-
ventional camera preamplifier has an input resistor of
50,000 ohms, a value which gives a satisfactory signal-
to-noise ratio. If one attempts to achieve the required low
impedance by simply reducing the input resistor of the
amplifier, the thermal noise and tube noise will rise in
comparison to the signal to an excessively high value.
The problem is readily solved by employing large input
resistors and separating the color signals by suitable
circuitry. A method which has proved especially simple
employs negative feedback in each amplifier, to reduce
the input impedance. By this means satisfactory separa-
tion of the color signals with an acceptable signal-
to-noise ratio has been obtained.

The results of a rigorous analysis of the pream-
plifier noise problem for the tricolor Vidicon may be
summarized as follows:

(1) The inherent noise level in each color signal

|_TARGET _\

G AMPL

—_— e — . — e —

Fig. 9 — The interstrip capacity C of the Tricolor
Vidicon target which permits cross coupling of
color signals unless special low impedance pre-
amplifiers are used. The value of C in the target
described is approximately 600 puf.
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may be resolved into two components: a small
component whose magnitude is comparable to
that obtained with usual black-and-white tar-
gets, and a second, much larger component
whose magnitude is proportional to the inter-

strip capacitance.

The larger, and predominate, noise components
arising in the three channels by virture of the
interstrip capacitance are so correlated that the
noise in one channel is equal and opposite to
the sum of the noise currents in the other two
channels. Thus, if the output signals from all
three preamplifiers were combined, the large
correlated noise component in each channel
would be completely cancelled out, leaving a
smaller residual component whose value is
only slightly larger than that obtained with a
conventional Vidicon target and amplifier.

A desirable consequence of the correlated nature
of the noise arising from interstrip capacitance is that
its effect can be largely confined to the chrominance
signals and excluded from the luminance signal. The
mixed highs circuit shown in Fig. 10 permits an effective
noise reduction by taking advantage of the fact that the
system is not required to transmit separate color informa-
tion in the high frequency portion of the spectrum. The
interstrip noise does not contribute to the high frequency
signal because it is cancelled out in the addition process.

Although this noise component is not removed circuit wise
for the low frequencies, its visibility is reduced at the
kinescope because of correlation. In practice, a signal
output of approximately 0.2 microampere in each color is
sufficient to produce a color picture which is substan-
tially free of noise. '

Performance

Developmental models of the tricolor Vidicon have
been operated in an experimental camera the same size
as the black-and-white image orthicon camera. Motion
picture film, color slides, and studio scenes have been
used for tests. Color pictures have been transmitted which
although not of broad-cast quality may be considered en-
couraging for a developmental pickup tube. Further de-
velopment leading to production under factory-controlled
conditions is, of course, necessary to meet the high
picture quality standards of commercial broadcasting.

Resolution

Color pictures transmitted by the tricolor Vidicon
have been photographed in black-and-white and in color.
Fig. 11 is a reproduction of a test pattern as seen on a
10 inch* black-and-white monitor with the applied signal
formed by adding the separate signals from the red, green,
and blue preamplifiers. Fig. 12 is the same picture in
which the signal from only the red channel is displayed.
The video passband is limited to about 3.5 megacycles
by means of low pass filters to simulate the picture as
viewed on a black-and-white receiver.

The vertical streaks visible in some parts of the
transmitted pictures shown in Figs. 11 and 12 are caused
by non-uniform spacing of the evaporation grills used in
making the experimental targets. If the grills were evenly
spaced no streaks would be observed since the basic
strip pattern is too fine to appear directly in the trans-
mitted picture even when the signal from each channel is
examined separately. The frequency generated by a well-
focused beam scanning across the strips is about 5.5

*Diagonal measurement.
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Fig. 10 — ‘Mixed-high’ circuit for reducing the noise arising from the interstrip capacity
in the Tricolor Vidicon target. This procedure can be used profitably without deterioration
of color response for television systems which do not require color discrimination for the

high frequency portion of the video signal.
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Fig. 11 — Photograph of a test pattern transmitted by a developmental Tricolor
Vidicon. Three output signals were added together and displayed on a black-
and-white monitor. The streaks visible in some parts of the picture are not

inherent but arise from non uniform spacing of the evaporation grill used in
fabricating the target.

Fig. 12 — Photograph of a test pattern transmitted by a developmental Tricolor
Vidicon similar to Fig. 11 except that the signal from only the red channel
was displayed and photographed.
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Fig. 13 — Photograph of a half tone color slide transmitted by the Tricolor
Vidicon and displayed as in Fig. 11.

megacycles for the present target having 290 strips in
each color. This frequency is not passed by the 3.5 mc
video channel.

The finite number of strips results in a spurious
moiré pattern in the vertical wedge of a test pattern.
This effect has nothing to do with the scanming process
but arises from an optical beating between the scene and
the strips. Since the moiré pattern is different in each
channel it may result in a faint spurious background
color superimposed over the fine vertical bars in the test
pattern. So far, this effect has not been considered ob-
jectionable in actual operation, even with scenes having
considerable detail. If further experience should prove
otherwise, targets can be made with more strips. Fig. 13
shows a half tone color picture photographed under the

same conditions as Fig. 11.

Color Reproduction

The overall spectral response of each color channel
can be measured by illuminating the face of the tube with
monochromatic light. Measured response curves are plotted
in Fig. 14. No correction was made for the high red con-
tent of the 2800 degree K incandescent light source used

with the monochromator. The curves are only approximate--

ly equal to the product of the spectral response of the
photoconductor and the transmission of the filters shown
in Fig. 8. Of the total signal produced at any given wave-
length, only a few percent appear in an improper channel.
The slight dilution of color resulting from insufficient
rejection of the unwanted color can be removed by elec-

trical masking, if necessary. Although provision for
electrical masking was made in the test camera it has
been found unnecessary with properly designed targets.
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Fig. 14 — The overall spectral response of a develop-

mental Tricolor Vidicon tcrget obtained by illuminating
the face of the tube with light from a monochromator
and measuring the output of each preamplifier with an
oscilloscope. (The ordinates were raised to the 1.4
power to correct for the less-than-unity gamma charac-
teristics of the photoconductor)
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Sensitivity

The operating sensitivity of any pickup tube de-
pends to a large extent upon the characteristics of the
photosensitive material. The photoconductive layer in
the experimental tricolor Vidicon described here is a
form of antimony sulfide, similar tothat used in black-and-
white Vidicons of the 6198 type.® This material has
fairly high sensitivity for black-and-white operation when
operated at high target voltages, but may, under certain
conditions, exhibit an objectionable lag, or blurring of
moving objects. The amount of lag depends upon the in-
tensity of the light falling on the photoconductor; lower
illumination gives relatively more lag.

The tricolor Vidicon requires substantially higher
scene illumination than an equivalent black-and-white
Vidicon because of the loss of light in the filters and, to
a lesser extent, because of the increased noise level
arising from the interstrip capacitance. There is also a
greater tendency for lag because of the larger target
area and the reduced intensity of the light reaching the
photoconductor.

Developmental tricolor Vidicon cameras using anti-
mony sulfide have been found to give pictures with a
good signal-to-noise ratio and acceptable lag for motion
picture film and slides, where ample light is available.
For studio pickup their sensitivity is considerably less
than three-tube image orthicon cameras. Although the
tricolor Vidicon camera has beenoperated in the studio
using an f-1.9 lens with 400 ft-candles incident illumina-
3. Vine, Janes and Veith **Performance of the Vidicon, A

Small Developmental Television Camera Tube?® RCA Review
March, 1952.
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tion, the resulting pictures have too shallow a depth of
focus and too much lag for most broadcast purposes.
Operation under these conditions would be practical,
however, for many scientific and industrial applications.
A more sensitive photoconductor having reduced lag
would permit wider application of the tricolor Vidicon.

The present type of tricolor target could have been
designed for use with a photoemissive surface rather
than a photoconductive layer. More emphasis has been
placed on photoconductive targets because they are be-
lieved to hold greater ultimate promise for satisfactory
color pickup under adverse lighting conditions.

Conclusions

A new tricolor pickup tube capable of supplying
three simultaneous color signals for use with the compa-
tible color television system has been described. This
type of tube is convenient to operate, has inherent image
registry, and can be operated with simple equipment. Its
present limitations in sensitivity restrict its uses to
motion picture film, slides or industrial pickup. Sensi-
tive photoconductors will eventually be develeped and
will permit wider application of this tube.

The tricolor Vidicon is still undergoing develop-
ment and is not available commercially. Important factors,
such as life and cost, although encouraging from a re-
search point of view, cannot be properly evaluated at the
present time.
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