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ABSTRACT

The construction, operation, and desired
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described. The program followed in developing
a satisfactory scanning tube is reviewed.
Comparative results of the different steps in
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page 1l2. The tubes were supplied by the
National Union Radio Corporation.
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CONCLUSIONS

The present tube represents a compromise
between performance, time, effort, and money
available. The major improvement in noise
level was accomplished by reducing the opera-
ting voltages to lower the beam current, and
the introduction of shield rings on the headers
to improve the stability. The noise level was
reduced to the point where the tube could be
used with only one preamplifier on each grid.
The noise level of the tube finally adopted was
504V operating at a frequency of 350 ke, band-

pass 50 ke, and scanning at a rate of 10,000
_élemehts pér second.
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The high picture rate and high resolution requirements of
the Mark III and Mark IV U.O0.L. equipments made a high scanning
rate absolutely essential. It was felt that the scanning rate,
50,000 elements per_seqond, was above the practical upper limit
of the Mark II capgqity scanner, To accomplish the high scanning
rate, the Multi-Element Radial Beam tube was adapted for use with
the Us0.L. The tubes are supplied by National Union Radio
Corporation. In the course of the initial development, five
changes were made in the tube structure before a reasonably satis-
factory tube was developed for our application. The resultant
tube, now in use, does not represent the ultimate design for this
application. The noise level is high and the electrode voltages
are somewhat critical. The present tube represents a compromise

between performance and time, effort, and money available.

ANTRODUCTION

The general method of obtaining target position and/or size
information in sonar systems is to insonify the field with sound
energy and receive the reflected energy from targets with as
highly directional a receiver as possible. The field of view
is covered by pointing the receiver beam successively toward

different parts of the field.
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The UsO0oL. systems use the same basic techniques except that,
effectively, a largé_numbgr of very directional receivers are
used so that information can be received from a larger field all
at one time. The necessity for absorbing this information and
presenting it in usable form on the face of a cathode ray tube
creates the problem of "scanning" or successively and rapidly
reading the signal being received on each of the large number of
receivers.,

The Mark II U.0.L. utilized a capacity type scanner (see report
No. 33206). The capacity scanner was basically a series of small
capacitors, one plate (stator) of each capacitor being connected
to each receiving element. The other capacitor plate was rotated
with a small motor so that it coupled energy successively from the
receivers as it moved over each stator plate. In this way, the
output of each receiver element was read with each motor revolution.

Because of the physical construction and mechanical drive, it
is felt that a practical maximum scanning rate of about five or
six thousand elements per second can be obtained with the capacity
scanner.

The Mark III U.O.L., because of the picture rate resolution,
and number of receiver elements, required a scanning rate of
50,000 elements per second. This scanning rate requirement led
to the adoption of the MERB tube (Multi-element radial beam tube).
This tube is supplied by the National Union Radio Corporation.
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GENERAL DESCRIPTION

Photograph No. 1084814 shows the MERB tube. The physic;l
construction and relative location of elements is similar to a
standard pentode.. A cut-away view tube structure is shown in
photograph 1084817. The MERB tube has a common heater and cathode
at the center as an electron source. The next element out from
the center is the inner grid or accelerating grid, common to
all elements. Next the screen, also common to all elements; then
the signal grids, and finally the plate.

The signal grids are located between the screen and plate in
what is normally the suppressor grid position. REach signal grid
is separated from the adjacent signal grid by a post. The tube
has 25 separate signal grids.

In operation, the tube is placed in a strong, uniform magnetic
field so that the electron stream from the cathode is.focused into
a beam which flows through one of the signal grid elements to the
plate. By varying the voltage on this signal grid, the current
to the plate can be varied. By rotating the field, the electron

stream can be focused successively on each signal grid. Practically,

the rotating field can be obtailned from a standard two or three
phase two-pole motor stator. The speed of field rotation, and,
consequently, the scanning rate, 1s détermined by the frequency at
which the motor stator is excited. The strength of the rotating
field, and, hence, the focusing, is controlled by the amount of

voltage exciting the field. _
CONFIDENIIAL
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‘The focusing action of the field produces a double ended
electron streamJas indicated in Figure 2. Since there are an
odd number of signal grid elements, when one end of the beam is
centered on an element, the other end of the beam is between two
elements and is centered on a post. Thus, as the electron beam
1s rotated, the elements are scanned, first on one end and then
on the other, in numerical order as shown in Figure 2, and all the
elements are scanned twice with eacﬁ revolution of the beam. The
scanning rate is, then, 2NF elements per second. Where:

N = number of elements in the tube

F = frequency of field excitation (CPS)

In order to scan 50,000 elements per second, it is necessary to

use 1,000 cps field excitation.

DESIRABLE ELECTRICAL CHARACTERISTICS OF A SCANNER

There are four important features or characteristics of a
scanner which determine its usefullness:

1, Signal to Noise Ratio and Gain

2. Diserimination

3. Stability and Interchangeability

4, Qutput Wave Shape

The best compromise between these characteristics is the most
desirable design.

1. Signal to Noise Ratio and Gain

One of the most important scanner characteristics

is the inherent noise level of the scanner referred to
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the input circuit. The lower the inherent noise level,
the fewer the number of'stages of preamplification
required ahead of the scanner. Any reduction in noise
level is effectively multiplied by the number of input
elements as far as its effect on input circuit complexity
is concerned. The inherent noise level limits the
minimum signal which can be detected. |

The inherent noise level of the MERB tube is
determined by the changes in tube output current as the
field rotates. The actual noise level observed in
operation is that portion of the output current frequency
spectrum which is accepted by the circuits following the
MERB tube. High scanning rates, better discrimination,
and lower operating frequencies all tend to increase
the amount of noise accepted by the circuits following
the scanner. All design changes and adjustments in
focusing of the tube beam aim at reducing the output
current variations as the field rotates without the same
reduction in signal gain through the tube, and without
changing the discrimination. Any reduction in scanning
output variation without a proportional reduction in gain
results in an improvement in signal to noise ratio. This

is true only as long as the noise level is not limited by

CONFIDENTIAL
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the input or output impedance levels. The object
is to reduce the scanning noise below the input
impedance "Johnson" noise. If this cannot be done,
the input circuit noise must be raised above the
scanner noise by preamplification.

The gain or loss through the scanner is not
in itself too important except for its effect on the
overall signal to noise ratio and discrimination.
The gain must also be high enough so that any stray
coupling between input and output is small in comparison
to the wanted signals.
Discrimination

The ability of the scanner to separate signals on the
input grids is called the "discrimination". The discrimina-
tion can be measured by exciting two elements separated
by one unexcited element (in order of scanning) and
observing the output waveshape on an "A"™ scope. The
amount of "dip" between the two signal peaks is a
sensitive indication of discrimination.

The discrimination of the MERB tube is limited by
the focusing action in the tube, coupling between input

cirecuits, and coupling between input and output circuits.

CONFIDENTIAL
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With careful design of the associated circuits,
the coupling between input circuits and input and output
circuits will be limited by the direct interelectrode
capacities of the tuba. To get the best results the
effects of the interelectrode capacities should be reduced
to a minimum so that the focusing action will be the prime
factor controlling discrimination.

The input grid to grid capacities will limit the
maximum impedance which can be used on the input circuits
at any operating frequency. The input to output capacity
imposes similar limitations on the output impedance. In
the present MERB tube, the input to output coupling is
kept to a minimum by using the cathode as the output
element and by bringing the output out the top of the
tuﬁe as far as possible from the input leads. The effect
of input to output coupling can be reduced by operating
the tube as a converter and tuning the output to the sum
or difference frequencies. This method of operation
reduces the signal to noise ratio because of the conversion
losse.

The focusing action of the tube is limited by the
construction and the action of the rotating field and
electrode voltages. The best focus adjustment is that
which gives highest signal to noise ratio with adequate

discrimination.
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Stability and Interchangeability
Ultimately, it is desirable not to have to make

adjustments. If adjustments are necessary, they should
not be critical (precise) and should not have to be
read justed periodically. Adjustments should be the
same on all scanning tubes so that the scanning tubes
can be interchanged without circuit readjustment.
OQutput Waveshape

The output waveshape is the envelope produced by
scanning a single excited element. This waveéhape
should be controlled primarily by the discrimination
requirements. The object is to keep the high frequency
components generated by the scanner to the minimum
required to give the discrimination. Waveshape control
is important in applications like the type C U.O.L.
where more than one signal channel is fed through the
tube. If excessive high frequency components are generatad
in the wave shape, the adjacent signal channels must be
separated farther in frequency to prevent the high
frequency components from causing adjacent channel

interference.

CONFIDENTIAL
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MERB TUBE DEVEIOPMENT PROGRAM

The program described here was carried on with the National
Union Radio Corporation, Research Division, supplying the tubes. .
No formal development program was set up, but improvements were
requested on each new tube order, based on tests made on the
previous tubes. The original order was for a tube whose scanning
characteristic would present a flat field of view. An output wave-
shape approximating a cosine function with adjacent elements over-
lapping at the 0.707 voltage point was requested. This initial
order was made to determine the applicability of the MERB tube to
the scanner problem.

Credit for the changes made in the tube design is primarily
due to Dr. A.M.Skellett and H.J.Koch of National Union Radio
Corporation. Our aim was to modify the tube originally developed
by Dr. Skellett* so that it could be used as a scanner in the
Underwater Object Locator. The test results were obtained by
personnel of the General Engineering and Consulting Laboratory of
the General Electric Company at Schenectady.

The general manufacturer's designation for the MERB tube
is RB2070-25. To this number has been added a suffix type 1,
type 2, etc., to separate the different stages of development.

The following lists the differences in construction of sach of
the tubes:

— e o e S e G e S G a0 e G Gy G e e O s S e e e e e e M S S e e

* A.M.Skellett, "Magnetically Focused Radial Beam Vacuum Tube",
Journal of Applied Physics, October, 1944, Volume 15, pages
704-709, CONFIDENTIAL
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RB2070-25 type 1.
Original tube, element arrangement as shown in
Figure 1.
No mica shield ringse.
No grid laterals.
RB2070-25 type 2.
Same as type 1 except for the addition of a shield ring
between inner grid and screen on the mica headers and
20 laterals per inch wound on the grid posts.
RB2070~-25 type 3.
Same as type 2 but with 2 times as many grid laterals per
inch. By mistake, this tube had 27 elements instead of
25.
RB2070-25 type 4.
Same as type 2 but with the relative position andlalign—
ment of the screen, posts, and signal grids altered to
give a minimum number of beam interruptions with rotation.
Figure 2 shows new element arrangement. Signal grids
have 40 laterals per inch. The length of the cathode
has been reduced from 1 inch to 1/2 inch, and an additional
mica shield ring located between plate and signal grids.

5. RB2070'25 type 5.

Same as type 4 but with "ruggedized" construction.

Cathode brought out the top of the tube; a dummy lead

CONFIDENTIIAL
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is supplied in place of the original cathode lead.
Side rods on grids made of non-magnetic chrome copper.

For rapid comparison purposes, the noise levels on the above
tubes are summarized on Chart l. The results have been normalized
to, as nearly as possible, the same operating conditions of
scanning rates, output frequency, band pass, etc,

It should be remembered that optinum operating conditions
vary between tubes of any one type. Near optinum operation can
be obtained with several variations in relative tube element
voltages, A trial and error method is used to select the best
operating conditions for any one tube.

The following is a list of the MERB tube's more important
circuit design characteristics when operated under low noise level
conditionss

. Outline drawing and pin connections - M9660621
Adjacent input grid to_grid capacity = .4 - .5/$ﬂfﬁ
Input to output capacity - Plate output - .1 A44fd
cathode output - less than .0L/fd

Focusing field intensity - 150 gauss (approximately)
Input-capaeitg - 3.5 44 fd
Qutput_capacity
Plate output = 12,g4fd
Cathode output - 9 A4fd
Filament - 6.3 volts, 0,35 amperes
CONFIDENTIAL
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Average
Iype Noise level*
1 10,000~-20,00Q4v
(estimated)
2 1,000 Av
(estimated)
2 1504V
3 1504 v
4 100 A v

5(early) 100AvV

5(later) 50A v

5(die
stamped
. headers)

NOI‘I&Q 1ized

504 v

— —

Gain
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Construction

Original tube manufacturers
recommended operating
condition.

Original tube with reduced
electrode voltage.

Shield rings on each header
between inner grid and
screen., 20 laterals per
inch on signal grids.

40 laterals per inch on
signal grids to raise
gain. This tube had 27
elements by mistake

Relative radius of elements
changed. Angular position
set to give minimum beam
interruptions. Cathode
length reduced to % inch
from 1 inch. Additional
shield ring added on headers
between signal grids and
plate.

Ruggedized construction.
Cathode brought out top of
tube.

Ruggedized construction.
Cathode brought out top of
tube.,

Used die-stamped headers to
try to improve uniformity
of tube operating character-
isties.

Scanning rate 10,000 elements/second
B guency 350 kc Discrimination 80% (See page 6)
an

pass 5

Remarks

Too noisy.

| Unstable, not

usable.

Shield ring helps
the stability but
needs to be
improved. Tube
must be used as
a mixer because
of high signal
grid to plate
capacity

Change in grid
laterals did not
improve gain or
change operating
characteristics
when adjusted foz
best signal to
noise level.

Operation
satisfactory
except for
coupling to
cathode from
near-by grid
leads.

Tube used in UOL
equipments.

No explanation
for lower noise
level.

No improvement
in uniformity
from tube to tube
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Type 1 Tube
l. Initial recommended operating conditions:

_ Heater 6.3 volts
Field strength 225 gauss (approximately)
Inner grid 22,5 volts
Screen 100 volts
Anode 240 volts
Signal grid - 4  volts
Posts - 4  volts
Anode current 2 milliamps
Inner grid current 2 milliamps

When operated in the above manner, the noise level was
too high to be usable. Very little data was recorded on this
tube. When adjusted for reasonably low noise levels, the
instability was such that the tube would break into an apparent
oscillation or noise at the slightest provication. Very careful
ad justment of the operating voltages was necessary to get any {
operation at low noise levels. Static field tests could not be
made because of the instability. The lowest noise level measursd
was 3004 v scanning at 1500 elements per second and operating
at a frequency of 750 kceo

Discussions with Dr. A.M.Skellett and H.J.Koch at National
Union brought out the possibility of electron charges being built
up gradually on the mica headers and suddenly discharging at a






















































