SECTION V
PICKUF TUBE DEVELOPMENT

Considerable development work to lmprove the sensitivity of
television pickup tubes and to reduce the size of the tele-
vision camera had been done by RCA before Government contracts
were awarded for the purpose. The Signal-Multiplier Iconoscope,
the Image lconoscope and the portable Orthicon Camera are his-
toric examples of this. Thus, the work under Navy Contract
OEMsr-171, begun in 1941 and later merged with NDRC Contract
OEMsr-441, was a development and refinement, looking toward
increased sensitivity, lmproved signal-to-noise ratio and
greater resolution. Much thought was also glven to solving
problems in production, culminating in the product design of
the 2P21 standard size Image Orthicon and the 2P22 Miniature
Image Orthicon.

At the beginning of the contract, effort was spread over several
types of pickup tubes, but as the work progressed, it became
evident that one type of structure, that of the Orthicon,
offered the greatest promlse of increased sensitivity. Hence,
the Orthicon became the subject of development, and work on
other types of picture tubes was stopped.

Pickup Tubes Originally Considered
in the Developmental Contract

Tube RCA Status

¢ o As of July, 1941
K" Lconoscope Commercial Type 18&0
11" Iconoscope Commercial Type 1848
)l" Orthicon (magnetic focusing) Commercial Type 1840
L' Orthicon (electrostatic focusing) Developmental
2" Orthicon Developmental

4" Orthicon (with image multiplication)  Experimental
" Orthicon (with signal multiplication) Experimental
4" Orthicon (with image and signal

: multiplication) Experimental

Low-Velocity Scanning in the Orthicon: 'The promise of increased
sensitivity afforded by the Orthicon derived from its operating
principles, which differed fundamentally from those of the
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Iconoscope. In the Iconoscope, the target, which 1s operated
at a much higher potential than the electron gun, 1ls scanned

by a beam of electrons travelling at high velocity. Under bom-
bardment by this beam, the target emits secondary-emission
electrons which are in turn redistributed on the target,
neutralizing the positive charges caused by the departure of
photoelectrons from an optical image focused on the target.

The secondary-emission electrons not required for neutralization,
return to the collector. This otherwise uniform flow of secon-
dary emission from the target to the collector is thus modulated.

In the Orthicon tube, the target is operated at only a few volts
above cathode potential. As the low-velocity beam strikes the
target, it deposits enough electrons to bring the target to
cathode potential, and, untlil an element of the target is
lighted by the image and photoelectrons are released, the beam
returns to the collector and no further electrons reach the
target. When an element of the target is lighted, photoemission
is drawn to the collector, and the target element 1s thereby
driven positive during the time when it 1s not scanned by the
beam. When the scanning beam ggain arrives, it deposits enough
negative charge to drive the target potential back to cathode
potential. The beam current is thus modulated depending on the
electron requirements of the target.

In high-velocity scanning, which is the method employed 1n the
Iconoscope, the redistribution of secondary-emission electrons
is not uniform over the target surface and therefore glves
rise to a spurious signal known as the "dark spot”. The dark
spot, a nonuniform shading of the picture, limits the usable
beam current and amplifier gain.

In low-velocity scanning, the absence of electron redistribution
prevents the formation of a dark-gpot signal. Furthermore, the
collector field can be made sufficiently high with respect to
the target to saturate photoemisslon and secondary emission from
the target, making possible one-hundred-percent efficlency. .

A direct comparison of the operation of the Iconoscope and the
Orthicon cameras was provided in flight tests made in 1943 by
the National Broadcasting Company in the development of "RING!
equipment for the Navy. The object of the RING project was %o
determine what useful visual information could be transmitted
to a remote receiving location by a television-equipped plane
engaged in reconnalssance.

Other studies within the scope of the investigation included:
a trial of lenses to determine desirable optlical systems, a
study of optical filters and their ability to penetrate haze
and clarify the television picture, determination of the re-
liable range of a television transmitter with a given antenna
and rated power output, a study of directive antenna recelving
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Figure 111. The Four-Inch RCA 1480 Orthicon Pickup
Tube. This tube was too large to be adopted as
standard military equipment.
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Figure 113. In this new design of the Orthicon with signal
multiplication, the defining aperture was
drilled in the multiplier plate iiself.
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Figure 112. Schematic of An Early Two-Inch Orthicon
with a Stage of Signal Multiplication.

Figure 114. Three of these cameras using the two-inch
Orthicon with a single multiplier stage were constructed
for the National Defense Research Commitiee. A feature
of the camera was the automatic iris which kept the
average light on the mosaic constant under wide
variations in outside illumination.

Figure 115. The Two-Inch Orthicon Camera Removed

from its Case.

















































